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Introduction

Cryptogamic "plants" are plants of a previously recognized taxonomic
group that included seedless plants such as ferns, mosses, liverworts (hepatics) and
algae. Lichens and fungi also belonged to this group. The world ‘cryptogamic’
derives from two Greek words: “kryptos” that means “hidden” and “gameein” that
means "to marry". Cryptogamic plants have no flowers and spread by spores and
various kinds of propagules. For hepatics, propagules are one or two (rarely 3-4)
celled gemmae. In lichens, groups of algal cells and fungal gyphae form soredia
and isidia — specialized organs of vegetative reproduction. Most representatives of
these groups can also disseminate by pieces of thallus or shoot breaking off.

In the arctic, cryptogamic plants play a very important role both in
vegetation cover and diversity. In Svalbard,the known diversity of cryptogamic
plants is very high. The number of taxa recorded so far, includes 208
cyanoprocaryota species, 757 species of lichens, 310 moss species and 108 species
of liverworts. The number of species of cryptogams in Svalbard exceeds the
number of vascular plants by almost eight times.

Different organisms adapt to the harsh arctic environments in different
ways. A common adaptation is that of miniaturization. This allows some to escape
from very low temperatures and wind desiccation by hiding in the numerous micro
habitats that are provided both by various permafrost processes (e.g., solifluction)
common in Svalbard. Cryptogams are mainly small to minute organisms from
several microns in cyanoprocaryota to several millimeters or centimeters in mosses
and lichens. Many of them form dense mats, turfs or cushions that represent a
mixture of several species. Temperature and humidity in bryophyte mats, turfs or
cushions are much higher than in surrounding environment because of dark color
and high density of shoots. Diversity of species in the small patches can be very
high. Sometimes in an area of about 5 x 5 cm, one can count up to 20 species of
bryophytes.

Lichens’ adaptations to the harsh arctic climate are even more impressive..
They are the most numerous group of cryptogamic organisms in Svalbard. Lichens
grow on all possible substrates that are not suitable for other organisms: bare rocks,
shallow soil and even stones under water, as they obtain organic substances from
the algae which are part of their thallus. Crustose lichens are the most common life
form, they look like a crust firmly attached to the substrate. Crustose lichens
comprise approximately 75% of the lichen diversity in Svalbard.

Lichens are able to enter a state of antibiosis that allows them to survive the
extreme temperatures of the arctic. In addition, there are a number of other
ecophysiological adaptations in lichens. These include a high content of protective
pigments and thickening of cell walls in the upper cortex, and an areolated thallus
structure which act as a protection against excessive solar radiation.

In 2008 and 2013, the authors sampled lichens, mosses, liverworts and
cyanoprokaryotes on the territory of Pyramiden town and adjacent areas. We found
38 species of liverworts, 147 mosses, 168 lichens and 68 cyanoprokaryota taxa.
For this atlas of cryptogamic organisms, 13 liverworts, 26 mosses, 40 lichens and
19 cyanoprokaryota species have been selected. The illustrated list includes both
widespread and rare species each of which is annotated by brief descriptions of
their morphology, ecology and range.



1. Overview

Geology, geomorphology, hydrology and soils

Pyramiden town is situated on West Spitsbergen Island in the eastern part of
Dickson Land on the western shore of Billefjorden. The highest point is Pyramiden
Mountain at 935 m. Our field excursion routes cover the mouth and valley of river
Mimer and its tributary Torelva, the west coast of Petunia Bay and coast of
Mimerbukta, as well as the territory of Pyramiden town situated at the foot of the
southern slope of Pyramiden Mt. (fig.1.1).

Fig. 1.1 Pyramiden Mt.. Foto by N. Konctantinova

The relief of this part of Svalbard is sharply dissected with hills reaching
800-1000 m and valleys in between. The main geology is from the Paleogene
period, rocks from the Lower Carboniferous are also widespread. The latter are
represented by conglomerates, sandstones and limestones with local occurrence of
coal. Also, there are Devonian rocks, composed of sandstones, siltstones, quartzitic
sandstones and mudstones.

The river system of the area is quite extensive. It is represented by the river
Mimer and its tributaries which occupy the central part of the Mimerelva valley.
The river is supplied by melting glaciers and to a lesser extent, by precipitation.
The river floods the valley in June and July, an annual? average water level is
observed in August (fig.1.2).



Fig. 1.2 Pyramiden town is located at the mouth of the river Mimer
Foto by N. Konctantinova

Soil profile is shallow and typical for the high Arctic. Soil cover is patchy;
the thickness and continuity of soil horizons are influenced by physical sorting of
coarse and fine particles by frost resulting in the formation of sorted circles,
polygons, and webs. Permafrost lies close to the ground surface.

Soils and vegetation are both influenced by a combination of cryogenic
processes and solifluction. Cryogenic processes, such as cryoturbation, ground ice
formation and freeze-thaw cycling are responsible for such landform as the
polygon pattern. Repetitive alteration of freeze and thaw causes more fine soil
particles to be drawn to the center of the polygon, and coarse rocky fragments are
pushed towards the edges. This continuous process results in sorted circles and
polygons, with a border of stones of various sizes surrounding a central area of fine
earth. When material moves down a slope elongated polygons can be formed; even
more often they are shaped as sorted stripes. The border of stones is almost
completely barren, sometimes with occasional clumps of mosses and lichens. The
central area of finer material can be carpeted by a variety of lichens,
cyanoprocaryotes, liverworts and mosses, which form a so called ‘biological soil
crust’.

Solifluction is the process of gravitational downslope movement of soaking
wet soil horizons also sorted by repeated freeze and thaw activity. Solifluction



lobes are often bordered by turves of mosses and dwarf shrubs, and the patches of
wet bare soil on lobes are occupied by fast-growing cryptogamic pioneer species”.

Natural habitats in the area of Pyramiden town are united in following
groups: 1. Arctic tundra, 2. Barrens, screes, young alluvia areas and glaciers, 4.
Wetlands and marshes, 5. Meadows and grasslands, 6. Anthropogenic open plant
communities.

Brief assessment of habitats and vegetation typology in Pyramiden area can
be found at www.forskningsradet.no and www.sci.muni.cz/CPR/8cislo/Koroleva-

web.pd.

Climate

Climate of the area is determined by the influence of several oceanic
currents, one of them, - a branch of the Gulf Stream, is of particular importance. It
is responsible for high air humidity and precipitation. Average annual temperature
in the Pyramiden area is — 5.5° C, the warmest month is July, with an average
temperature of +6.8° C. The coldest month is March, with an average temperature
-15.8° C. The average annual precipitation is about 400 mm. In absolute terms, the
quantity of water in the air is small, but due to constant low temperatures
throughout the year, the relative humidity of the air is high (83% in winter and
87% in the summer).

History of Pyramiden

In 1910, the Swede Bertil Hoghom got permission for coal mining in the
Pyramiden, and in 1911 he started construction of a mine. In 1927, the Russian
Trust "Severoles" bought the Pyramiden. In 1939-1941, the Trust “Arcticugol”
continued mine construction and built or started building a range of facilities and
accommodation in the area. A diesel station, warehouse, a dormitory and a
bathhouse were built following by houses, canteen, radio station, boiler room;
ventilation system and haulage drifts were started as well. The first shift of the
workers spent the winter on the site in 1940-1941. However in August 1941, all
people were evacuated from the island. Geological exploration rigs, vessels, fuel
and, coal were burnt and site explosives detonated. The diesel station, vehicles and
mining equipment were also destroyed. In August 1946, 609 workers returned to
Pyramiden. That was considered as the beginning of the construction of modern
mine. The first street in Pyramiden was built in March 1947. It stretched from the
newly built port to the town. Houses were constructed along both sides of the street
that is called in Finnish "Puukko knives”. Later, two-storey houses started being
built. The settlement was enlarging and its housing and living conditions were
gradually improved. One of the unique botanical objects in Pyramiden is its lawns,
which were planted with grass turfs imported from the mainland, and grasses
acclimatized in Svalbard (fig. 1.3).



Fig. 1.3 Lawn grasses in Pyramiden. Foto by D. Davidov

In 1947-1950 extensive geological explorations were undertaken, and coal
mining reached approximately 70 tons of coal per month. During exploitation of
the mines; the power station, port, garage, three reservoirs for drinking water, a
farm, greenhouse, and other industrial and social enterprises were built. At that
time, up to thousand workers lived in Pyramiden. (fig. 1.4, 1.5).

Fig. 1.4 The hotel and bar in Pyramiden. Foto by D. Davidov



Fig. 1.5
The memorial to the last ton of
ore mined in Pyramiden.
Foto by D. Davidov

Within the Conservation Program of cultural monuments in Svalbard, the
Trust Arcticugol, in February 2011, reached an agreement with the Governor of
Svalbard on joint implementation works for reparation and maintenance of the
settlement’s buildings.



2. Descriptions of some cryptogamic species

2.1. Bryophytes

Bryophytes are the most ancient group of higher plants. Despite the
relatively primitive organization they are quite well adapted to various and often
extreme environmental conditions. Their size is generally much smaller than the
majority of higher plants also known as "vascular plants" or "tracheophytes".
(Vascular plants include horsetails, club mosses, ferns, gymnosperms and
angiosperms, or flowering plants). Bryophytes rarely exceed 10-20 cm in length
and 1-2 cm in width. They can absorb water and solutes over their entire body
surface; they have no roots or well developed conducting tissues that usually serve
for the transportation of water and nutrients in other higher plants.

Bryophytes are subdivided into 3 divisions: mosses (Bryophyta), liverworts,
or hepatics (Marchantiophyta) and hornworts (Anthocerotophyta). Mosses and the
majority of liverworts have leafy shoots (fig. 2.1.1).
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The leaves are formed predominantly of a single layer of cells. Unlike the
most mosses, leaves of many liverworts are divided into lobes and usually have no
costa. Leafy hepatics often have only two rows of leaves, while the leaves of the
third row (on the ventral side) are smaller, can have a different shape or
significantly reduced in size. Some liverworts and hornworts have a thallus that is
not dissected into stem and leaves. Hornworts grow in areas with a warm and
humid climate and do not occur in Svalbard.

Bryophytes differ from vascular plants in their life cycle which means the
development of an individual plant "from spore to spore". Life cycle of bryophytes
can be briefly described as follows. Unicellular haploid (i.e. with one set of
chromosomes in a cell, n) spore germinates into small green thread-like or plate-
like protonema (in liverworts it is usually reduced to 2-3 cells), which produces
buds. Each bud develops into gametophyte — thallus or leafy plant. Gametophyte is
the haploid (n) generation in bryophytes. It produces gametangia (archegonia
and/or antheridia). Mobile spermatozoids leave the antheridia, but the ovum
remains in the archegonium, wherein fertilization takes place. Resulting diploid
(i.e. containing a double set of chromosomes, 2n) zygote develops into a
sporophyte which is the diploid generation of mosses.

Gametangia in liverworts are protected by modified leaves (bract) and
underleaves (bracteoles) or numerous specialized structures. Of these, the structure
that occurs most often, is the perianth. It is derived from the fused leaf bases and
forms(?) the tube surrounding the archegonia. The characters of these protective
structures are often used for the identification of the species. In class
Marchantiopsida, archegonia and antheridia are immersed in the thallus tissue or
located in the so-called “receptacles”, which are peculiar outgrowths of the thallus.
In mosses, gametangia are surrounded by special longer leaves that differ from the
stem leaves.

The sporophyte consists of a foot, seta and capsule. The sporophyte’s foot is
embedded in gametophyte providing a physical connection between two.. At the
initial stage of development, the sporophyte is green, it contains chlorophyll and
can synthetize the necessary organic substances on its own. when ripe, it loses this
ability and uses nutrients supplied from the gametophyte. In the capsules, special
cells undergo division (meiosis) whereby number of chromosomes halves, and
daughter cells become haploid (n). Of them haploid spores originate and leave the
capsule when mature. Then a new life cycle starts again. Thus, moss life cycle has
two consecutive phases: haploid (gametophyte) and diploid (sporophyte)
generations. In contrast to vascular plants with their long-lived sporophytes, the
sporophyte of bryophytes is short-lived, attached to the gametophyte and is mostly
dependent on it, whereas gametophyte is long-lived.

In addition to sexual reproduction, the majority of bryophytes can also
disperse using special vegetative propaguls: gemmae or brood bodies, or can even
regenerate into a whole plant from small fragments (such as a leaf or a part of the
shoot).

Bryophytes are well adapted to life in high Arctic. In Svalbard they occupy
extensive areas on banks of rivers and streams, on seepages, on rocks, in hollows
and hummocks, and so on. They comprise an essential part of the vegetation,
growing in swamps, tundra, cold polar deserts, on meadows, on cliffs and in waste
places.
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2.1.1. Mosses
The preliminary list of mosses includes 147 taxa, below we provide the
descriptions and photos of some cryptogamic species found in Pyramiden vicinity.

Aplodon wormskioldii (Hornem.) R.Br. (fig. 2.1.1.1, 2.1.1.2)

Tufts to 10 cm tall, light green. Leaves erect spreading, soft, rounded ovate,
obtuse, uppermost ones with long apices. Margins of leaf lamina without teeth,
cells large, hexagonal. Costa ending below the apex. Sporophyte with weak,
colorless or yellowish seta 1-2 cm tall. Capsule brown or blackish, consisting of
upper part (urn) and of more or less widened, rounded lower part (hypophysis).
Occurs on decaying remains of animals, nesting places of skuas, dung in moist
habitats, including sea coast. In mountains and Arctic.

Fig. 2.1.1.1. Aplodon wormskioldii (Hornem.) R.Br. Photo by O. Belkina.
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Included in “The 2010 Norwegian Red List for species”, but not so rare on
Svalbard.

Easily recognized by slender colorless or slightly yellowish seta, hardly
widened hypophysis, rounded, obtuse or pointed leaves.

Fig. 2.1.1.2. Aplodon wormskioldii (Hornem.) R.Br. Photo by O. Belkina
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Aulacomnium palustre (Hedw.) Schwigr. (fig. 2.1.1.3, 2.1.1.4)

Tufts 2-5 cm tall, yellowish-green, with numerous brown rhizoids in lower
part of stem. Leaves erect, spreading when wet and contorted when dry, oblong
lanceolate, with serrulate or rarely almost entire margins, costa strong, ending
below the leaf apex. Cells of lamina rounded, with thickened walls in the corners
of cell, with one papilla in the center. Capsule inclined, usually asymmetric.
Sometimes dense clusters of leaf-like structures are formed on the elongated
leafless shoot tip; they are used for asexual reproduction. Grows in bogs, moss
tundra, also near streams, puddles, and lakes. Very common on Svalbard, but rare
in the Pyramiden area.

Fig. 2.1.1.3. Aulacomnium palustre (Hedw.) Schwagr.
Photo by O. Belkina
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It can be identified by light green, yellowish color of turfs, oblong
lanceolate serrulate leaves combined with growing of humid places.

Fig. 2.1.1.4. Aulacomnium palustre (Hedw.) Schwigr.— plants with propagulas on
the tips. Photo by D. Davydov
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Brachythecium turgidum (Hartm.) Kindb. (fig. 2.1.1.5)

Carpets or sometimes cushion-like tufts, whitish-green to golden, 3—-10 cm
tall. Stems creeping, ascending or erect, irregularly pinnate-branching. Stem leaves
imbricate, concave, plicate, ovate-lanceolate, narrowed into long thin acute apex.
Leaf margins narrowly recurved, entire or slightly denticulate. Costa ends above
the middle of the leaf. Branch leaves are narrower and with longer costas. Leaf
cells are long and narrow, square in the basal corners. Capsule inclined, oval-ovate,
blended. The moss prefers moist and wet habitats: calcareous soils near streams,
fens, bedrock outcrops, tundra. Widespread on Svalbard and in the Pyramiden area.

Can be distinguished by the yellowish-green or golden color, rounded or
imbricate leafy shoots, straight leaves with narrowly pointed apex.

Fig. 2.1.1.5. Brachythecium turgidum (Hartm.) Kindb.
Photo by O. Belkina
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Campylium stellatum (Hedw.) C.E.O. Jensen (fig. 2.1.1.6)

Tufts loose, green, yellow-green, golden brown, glossy when dry, 3—10 cm
high. Stems ascending or almost erect, irregularly branched. Leaves gradually
narrowed from a rounded ovate base to squarrose (or more straight) fine long apex.
Costa absent or very short and double. Leaf cells linear, in the basal angles are
differentiated. Capsule inclined, elongate-cylindrical. Grows on moist and wet soil
in fens, swampy meadows near springs and creeks, moss tundra, on river alluvium.
Widespread on Svalbard and in the Pyramiden area.

Can be distinguished by recurved or squarrose leaves, wide, almost cordate
leaf base in combination with reflexed long narrow acute apex, often yellow-green
or golden-brown. From related species it differs by leaf features — lacking or short
double costa, entire margins, gradual transition of the base to the narrow tip.

Fig. 2.1.1.6. Campylium stellatum (Hedw.) C.E.O. Jensen.
Photo by O. Belkina
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Cinclidium stygium Sw (fig. 2.1.1.7)

The plants form green or red-brownish turfs, 3-10 cm tall. Leaves are erect-
spreading, not decurrent, from a narrow base rounded and obovate, with a short
acute apex, entire margins, with red-brown border and the same colored costa, that
protrudes from the leaf tip. Cells of leaf lamina are in the oblique rows, rounded-
hexagonal. Seta 3—5 cm, capsule is pendent, oval, rusty-yellow when mature.
Predominantly calcicole. It grows in tundra wetlands, rarely in damp gullies along
waterways.

In the field, the Cinclidium species can be recognized by the broad-rounded
leaves with clearly visible red-brown border. From other species of this genus C.
stygium differs by non-decurrent, non-concave and abruptly pointed leaves.

Fig. 2.1.1.7. Cinclidium stygium Sw.
Photo by D. Davydov
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Distichium capillaceum (Hedw.) Bruch et al. (fig. 2.1.1.8)

Tufts green, 1-5 cm tall. Stem simple, erect. Leaves arranged in two rows.
Leaf base whitish, shiny, with sheath, abruptly narrowed to squarrose, long green,
denticulate, limb. Costa wide, excurrent. Seta 0,5-2 cm, capsule almost erect,
symmetrical, cylindrical, light-brown. On calcareous bedrock outcrops and bare
soil in tundra, on disturbed or ruderal places. Widespread in Svalbard and the
Pyramiden area.

Can be distinguished by distichous long squarrose leaves with subula
whitish oblong sheath. D. capillaceum differs from D. inclinatum by erect capsule

vs. inclined, and less clear distichous leaves. From D. hagenii — by well-developed
peristome.

Fig. 2.1.1.8. Distichium capillaceum (Hedw.) Bruch et al.
Photo by O. Belkina
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Ditrichum flexicaule (Schwigr.) Hampe (fig. 2.1.1.9, 2.1.1.10)

Tufts green to brownish-green, 1-5 cm tall, often forming 10-20 cm
tussocks. Stem erect, mostly without branches. Leaves erect-spreading, lanceolate,
gradually or abruptly narrowed to a long fine tip. Costa very wide, not clearly
delimited from leaf blade. Cells thick-walled, in limb irregular, oval and square, at
base — rectangular. In lower part of leaf margins bordered by transparent narrowly
rhomboidal cells. Sporophytes very frequent. Capsule straight or slightly curved,
narrowly elliptic, red-brown. On calcareous soil in different habitats. Widespread
on Svalbard except in the region with acid bedrocks (e.g., granites). In the
Pyramiden area it is common.

Fig. 2.1.1.9. Ditrichum flexicaule (Schwégr.) Hampe.
Photo by O. Belkina
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Can be recognized by small size of plants, erect-spreading and not too
narrow-pointed leaves, straight, almost cylindrical dark capsules. From other
species of Distichium that are known on Svalbard, it differs by the characters
which could be seen only under miscroscope.

Fig. 2.1.1.10. Ditrichum flexicaule (Schwigr.) Hampe.
Photo by D. Davydov
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Encalypta procera Bruch (fig. 2.1.1.11)

Tufts loose, glaucous or brownish-green, 1-2 cm tall, or solitary plants. The
moss looks similar to rosette plant because of short, mostly simple stem and
lingulate obtuse or shortly apiculate leaves. Cells in upper part of leaf lamina
rounded-quadrate, densely papillose, whereas at the base they are almost smooth,
elongate, colorless, with brownish thick cross walls and thin longitudinal walls.
Capsules are covered by large cylindrical bell-like, fringed at base, calyptra.
Capsule is elongated-cylindrical, striated, furrowed when dry and empty.
Vegetative propagation by jointed filamentous brood bodies formed in axils of the
upper leaves. On calcareous soil and fine earth, in dry and moist habitats: in tundra,
polar desert, ruderal places. Sporadically distributed on Svalbard, in the Pyramiden
area common.

Can be recognized by the wide, lingulate or spathulate glaucous leaves,
membranous campaniform yellow calyptra. From other species of Encalypta it
differs by having a capsule with distinct strips and furrows , filamentose
propagules, fringe at the bottom of the calyptra, obtuse leaves and some other
features.

Fig. 2.1.1.11. Encalypta procera Bruch.
Photo by O. Belkina
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Hennediella heimii var. arctica (Lindb.) R.H. Zander (fig. 2.1.1.12)

Tufts loose, dark green or brownish, less then 2 cm tall. Leaves spreading
when moist and imbricate and slightly twisted when dry, concave, ovate or
rounded obovate, obtuse or shortly acute. Leaf margins often serrulate because of
cells protruding along the edge. Costa strong, usually terminates below apex. Cells
in upper part of leaf opaque, strongly papillose, at the base smooth and transparent.
Capsule oblong, erect. Lid elongated, remaining and rising above urn by column
attached to bottom of urn. Peristome is absent. On clay and calcareous soils, near
the sea, often in ornithogenic habitats.

This variety may be recognized by capsules with lids on, elongated column
even on mature plants. From the type species (Hennediella heimii (Hedw.)
R.H.Zander), it differs by obtuse leaves.

Fig. 2.1.1.12. Hennediella heimii var. arctica (Lindb.) R.H. Zander.
Photo by D. Davydov
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Hylocomium splendens (Hedw.) Bruch et al. (fig. 2.1.1.13, 2.1.1.14)

Carpets yellow-green, 2—-10 cm tall. Stems ascending or almost erect,
reddish brown, covered with dense, branched, thread-like structures — paraphyllia,
bi- and tri-pinnately branched. Stem leaves concave, imbricate, from a narrow base
rounded-ovate and narrowed into denticulate apex. Costa short and double or
absent. Cells of lamina linear, in basal corners - short, with thick walls , orange or
brown. Capsule elongate-ovate, inclined, slightly curved. On bare soils in tundra,
bedrock outcrops, tussocks in bogs. Widespread on Svalbard, sporadically
distributed in the Pyramiden area.

In southern regions H. splendens forms “annual floors”. Youngest shoot
initially rises vertically, but then branches in an almost horizontal plane. Next year
main shoot begin to grow upward again, so every annual growth of individuals is
visible. Stem leaves abruptly narrowed into tortuous denticulate apex. In Arctic,
the variety of this species — Hylocomium splendens var. obtusifolium (Geh.) Paris
is more frequent. It has wide ovate, not plicate obtuse stem leaves and dense
pinnate or bipinnate branching without forming “annual floors”.

Fig. 2.1.1.13. Hylocomium splendens (Hedw.) Bruch et al.
Photo by O. Belkina
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Fig. 2.1.1.14. Hylocomium splendens (Hedw.) Bruch et al.
Photo by D. Davydov

In Svalbard intermediate form is common: plants have leaves with abruptly
narrowed, short, but almost smooth-edged tip and pinnate or bipinnate densely

branching shoots.
Can be distinguished by regularly pinnate branching, red-brown stem with
paraphyllia and imbricate leaves.
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Leptobryum pyriforme (Hedw.) Wils (fig. 2.1.1.15)

Plants form loose pale green turfs 1-3 cm tall. The leaves narrowed from the
lanceolate base to the straight tip, with entire margins, with a broad, indistinctly
delimited costa. Leaf laminal cells are linear. Sporophytes are very frequent.
Apical leaves around gametangia are longer than others. Seta 1-4 cm, capsule
horizontal or pendent, pear-shaped, yellowish-brown, later dark brown. Vegetative
reproduction by rhizoidal threads, short axillary branches or oval reddish-purple
gemmae formed in pairs in the leaf axils. Ruderal species. It occurs in damp or dry
soil in a variety of plant communities, mostly in disturbed places, including
anthropogenic habitats, for example in abandoned lawns, burnt patches, wasteland.
One of the most common mosses in Pyramiden.

Fig. 2.1.1.15. Leptobryum pyriforme (Hedw.) Wils.
Photo by O. Belkina

In the field, L. pyriforme can be identified by glossy, tilted down, bulb-
shaped (pyriform) capsules and narrow thread-like leaves.
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Meesia triquetra (Richter) Engstr. (fig. 2.1.1.16, 2.1.1.17)

Tufts 5-15 cm tall, green, rigid, dense. Stems erect. Leaves arranged in three
rows, erect decurrent, oval-ovate base squarrose-recurved. Upper part of leaf
narrow, keeled, with flat toothed margins. Cells shortly rectangular or rounded-
polygonal, below elongate. Sporophyte with very long seta (8—10 cm), capsule
curved, elongated pear-shaped, with long neck, yellow-brown. On seepages, fens,
especially under slopes, often partly in water. Sporadically distributed on Svalbard,
but rather rare in Pyramyden area.

Easily recognized by squarrose leaves arranged in three rows.

Fig. 2.1.1.16. Meesia triquetra (Richter) Engstr.
Photo by O. Belkina
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Fig. 2.1.1.17. Meesia triquetra (Richter) Engstr.
Photo by O. Belkina
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Niphotrichum canescens (Hedw.) Bednarek-Ochyra & Ochyra
(=Racomitrium canescens (Hedw.) Brid.) (fig. 2.1.1.18, 2.1.1.19)

Cushions yellowish- or greyish-green, 2—10 cm tall. Stems creeping to erect,
with regular and numerous short branches. Leaves erect and squarrose if moist, and
appressed and flexuous if dry, from ovate base, lanceolate, acuminate or
triangulate, keeled and canaliculate above, with hair at the top. Hyaline hairs
straight, slightly serrulate and spinulose, papillose. Costa flattened, terminates at
the middle of leaf, unclearly delimited at the top. Cells elongate-rectangular, square
towards apex, strongly sinuous, densely papillose, angular cells shorter, enlarged,
hyaline. Capsules straight, elliptical, reddish-brown. On stony soil, on siliceous as
well as calcareous rocks covered with soil or fine earth. Widespread on Svalbard
and sporadic in the Pyramiden area.

Fig. 2.1.1.18. Niphotrichum canescens (Hedw.) Bednarek-Ochyra & Ochyra.
Photo by O. Belkina

29



As many Grimmiaceae, N. canescens can be distinguished by recurved
leaves with hyaline hair-points, which gives to the cushions and tufts a hoary look.
From other close species it differs by short costa, high conical papillae on the
leaves, serrate and papillose hair, numerous short branches, often — grayish color.

Fig. 2.1.1.19. Niphotrichum canescens (Hedw.) Bednarek-Ochyra & Ochyra.
Photo by O. Belkina
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Orthothecium chryseon (Schwigr.) Bruch et al. (fig. 2.1.1.20)

The plants form loose turfs/carpets, stems are prostrate along the substrate,
ascending or erect, usually reddish, with acute, golden-yellow tips, sometimes
greenish-yellow. Leaves are straight, adpressed when dry, oblong-ovate-triangular,
costa short and double or absent. Leaf laminal cells are narrow, linear. Seta 2-3
cm, capsule is oblong-ovate, brownish. Sporophytes are rarely formed. Calcicole
species, widespread in Svalbard. It occurs on moist soil in tundra, wetlands, along
the banks of streams, on humus-covered bedrocks or on denudated stone surfaces.
In the vicinity of Pyramiden, it is one of the most common mosses.

In the field, species of genus Orthothecium are well recognized by their
reddish shoots with acute yellow tops, straight leaves and creeping tufts,
sometimes forming moss hillocks. From other species O. chryseon differs by
strongly longitudinally-plicate leaves with a short pointed tip.

Fig. 2.1.1.20. Orthothecium chryseon (Schwigr.) Bruch et al.
Photo by O. Belkina
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Plagiomnium ellipticum (Brid.) T.J.Kop. (fig. 2.1.1.21, 2.1.1.22)

Tufts green, 3—10 cm tall. Stems erect, covered with brown filamentous
rhizoids, especially below. Leaves rounded-ovate or wide-elliptic, abruptly
narrowed into short point, hardly decurrent. Leaf margins denticulate or rarely
almost entire, bordered with 2-3 rows of narrow long green cells. Other leaf
lamina cells rounded-hexagonal, arranged in oblique rows. In fertile plants, the
upper leaves are larger, rhomboid, with a longer narrow apex. Capsules pendulous,
oval. In moist and wet habitats: in fens, on stream banks, hollows in moss tundra.
Sporadically on Svalbard. In the Pyramiden area P. ellipticum is rare, probably
avoiding calcareous substrates there. This species was found near and under gull
colonies on buildings and other constructions.

Fig. 2.1.1.21. Plagiomnium ellipticum (Brid.) T.J. Kop.
Photo by O. Belkina
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Can be recognized by soft light green oval leaves with small tooth and little
acute apiculus. Differs from genus Cinclidium by decurrent base and absence of
reddish border.

Fig. 2.1.1.22. Plagiomnium ellipticum (Brid.) T.J. Kop.
Photo by O. Belkina
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Pohlia wahlenbergii (F.Weber & D.Mohr) Andrews (=Mniobryum
wahlenbergii (F.Weber & D.Mohr) Jenn. (fig. 2.1.1.23, 2.1.1.24)

Tufts light glaucous or light-green, 2—10 cm tall. Stems erect, simple,
reddish. Leaves distant, strongly cringe when dry, erect spreading when moist,
acute, ovate-lanceolate to (rarely) lanceolate, decurrent along the stem. Costa
strong reddish at the base, terminates below apex. Cells thomboidal-hexagonal.
Capsules inclined to pendulous, brown, ovate. Vegetative propagation by dark red
brood buds or short branches formed in leaf axils. In or near running water: in
springs and shallow creeks, river banks, flow-through swamps, late snow places.
Apparently “dislikes” calcareous substrates. Sporadically on Svalbard and in the
Pyramiden area.

Fig. 2.1.1.23. Pohlia wahlenbergii (F.Weber & D.Mohr) Andrews.
Photo by O. Belkina
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Can be easily distinguished by light glaucous color in combination with
suitable habitats, reddish weak simple stem, ovate-lanceolate leaves well-spread
along the stem. The latter helps to differentiates P. wahlenbergii from Philonotis
species, which often have similar color and reddish stem. But leaves of Philonotis
spp. are more narrowly pointed, with recurved margins on both sides.

Fig. 2.1.1.24. Pohlia wahlenbergii (F.Weber & D.Mohr) Andrews.
Photo by O. Belkina
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Polytrichastrum alpinum (Hedw.) G. L. Smith (fig. 2.1.1.25, 2.1.1.26)

Tufts loose, green or brownish, 2—8cm tall, often growing as spaced plants.
Stems erect, usually simple. Leaf has erect yellowish sheath at the base and
spreading or recurved narrow denticulate upper portion. Lamina of the upper part
is very rigid due to numerous longitudinally attached green lamellae. Lamellae
cover almost entire ventral (upper) surface of lamina . They participate in
photosynthesis. In cross section every lamella looks like one row of green | cells
containing chlorophyll, the terminal cell is rounded and strongly incrassate,
papillose at the top. Costa excurrent into a short brown toothed awn.

Fig. 2.1.1.25. Polytrichastrum alpinum (Hedw.) G. L. Smith.
Photo by O. Belkina
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Male and female organs are formed on different individuals. Fertile male
plants are easy to distinguish by a rosette of leaves around anteridia on the stem
top. Few "floors" of the previous rosettes can be seen on the fertile male plants.
Capsule mostly erect, cylindric, slightly asymmetric and curved, not ribbed. On
soil, sand, turf, fine earth in different humid habitats and in different plant
communities. Widespread on Svalbard and in the Pyramiden area.

Can be recognized by thick rigid needle-like leaves with brown awns at the
top. Margins of leaves are toothed, not incurved on upper side and not
membranous.

Fig. 2.1.1.26. Polytrichastrum alpinum (Hedw.) G. L. Smith.
Photo by O. Belkina
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Polytrichum hyperboreum R.Br. (fig. 2.1.1.27, 2.1.1.28)

Plants are similar to previous species. Leaf structure in general also looks
similar to Polytrichastrum species. But uppermost cell larger than other, thin-
walled , rounded conical or flask-like. Margins of leaf blade without teeth,
membranous, incurved to about the middle of the leaf, overlapping, completely
enclosing the lamellae. Costa excurrent into a bicolor awn: brown at the base and
colorless distally. Fertile male plants with crown of leaves around anteridia similar
to Polytrichastrum alpinum. Capsules erect, almost cubic shape, 4-angled, with
distinct hypophyses under urn. On soil, fine earth, turfs in tundra and polar desert,
on rocks, solifluction lobes, moraines and similar areas. This species more frequent
in Extreme North. Widespread on Svalbard and in the Pyramiden area.

Fig. 2.1.1.27. Polytrichum hyperboreum R.Br.
Photo by O. Belkina
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The habit of P. hyperboreum is similar to other species of Polytrichum and
Polytrichastrum, but P. hyperboreum has incurved membranous margins and
bicolor awn.

Fig. 2.1.1.28. Polytrichum hyperboreum R.Br.
Photo by O. Belkina
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Pseudocalliergon turgescens (T.Jensen) Loeske (Scorpidium turgescens
(T.Jensen) Loeske) (fig. 2.1.1.29, 2.1.1.30)

Tufts golden-yellow, yellow-green or brownish-green, 6-10 cm tall. Stems
prostrate, ascending or almost erect, irregularly branched. Leaves imbricate,
concave, broadly ovate, obtuse, with short narrow recurved apiculus. Costa short,
single or with branch. Cells narrow and long, incrassate, in basal corners - square
or oval. Sporophytes rare. Vegetative reproduction is by fragile apical buds.

Fig. 2.1.1.29. Pseudocalliergon turgescens (T.Jensen) Loeske.
Photo by O. Belkina
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On calcareous soils in wet habitats — on swampy tundra, seepages,
especially at the bottom of slopes rarer in fens and coastal meadows. Widespread
in some regions of Svalbard where calcareos bedrocks are present, including the
Pyramiden area.

Can be recognized by rounded leafy, turgid plants often with pencil-like tips, as
well as reflexed narrowed apexes of the leaves.

Fig. 2.1.1.30. Pseudocalliergon turgescens (T.Jensen) Loeske.
Photo by O. Belkina
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Psilopilum laevigatum (Wahlenb.) Lindb. (fig. 2.1.1.31)

Groups of spaced plants or tufts green, 0,5-2 cm tall. Leaves rigid, erect
spreading when moist and appressed when dry, concave, slightly cucculate,
elliptical, obtuse, in some places slightly bordered by rhomboidal cells, in upper
part with irregularly denticulate margins. Costa strong, with tall wavy lamellae on
upper (ventral) surface. The cells of lamellae are uniform, green , they substantially
increase the photosynthesizing surface of leaf. Cells of leaf lamina short, towards
the base more elongated. Capsule thick, curved, broadly oval. Occur on moist
sandy, clayey or loamy bare soils, often along rivers and stream. Widespread in
Svalbard, rarer in the Pyramiden area.

Psilopilum species can be recognized by lamellae in upper surface of costa,
imbricate shoots, small size. P. laevigatum looks similar to P. cavifolium (Wilson)
[.Hagen, which is also known from Svalbard. Differences between two can be seen
only under the microscope.

Fig. 2.1.1.31. Psilopilum laevigatum (Wahlenb.) Lindb.
Photo by O. Belkina
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Sanionia uncinata (Hedw.) Loeske (fig. 2.1.1.32, 2.1.1.33)

Carpets or tufts green, yellow-green or golden-yellow. Stems 2—10 cm tall,
creeping, ascending or erect, pinnately branched, with uncinate tops. Leaves sickle
curved, one-sided facing plicate, ovate-lanceolate, finely pointed. Costa thin, long,
terminates at the apex or lower. Cells of leaf lamina linear, vermiform; angular
cells few, short. Sporophyte with curved inclined or horizontal capsule. On wet or
dryer habitats: bogs, fens, tundra, bedrock outcrops, polar deserts. On various
substrates: soils, fine earth, stones, decaying wood. Widespread on Svalbard and in
the Pyramiden area.

Fig. 2.1.1.32. Sanionia uncinata (Hedw.) Loeske.
Photo by O. Belkina
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Can be recognized by its yellowish color, pinnate branching, strongly
uncinate shoots, falcate and secund leaves. From two other species of Sanionia (S.
georgicouncinata (Miill.Hal.) Ochyra & Hedenis and S. orthothecioides (Lindb.)
Loeske) it differs in fine details of morphology and anatomy of leaves and of
sporophyte structures.

Fig. 2.1.1.33. Sanionia uncinata (Hedw.) Loeske.
Photo by O. Belkina
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Splachnum vasculosum Hedw. (fig. 2.1.1.34)

The plants form compact green cushions or turfs 2-5 cm tall. Upper leaves
are larger, from a narrow base broadly ovate, narrowed in an obtuse apex, margins
entire or slightly denticulate. Leaf lamina cells are large. Seta 1-3 cm. Capsule
consists of a very wide, spherical dark purple-bordeaux lower portion — hypophysis
— and a narrow, short-cylindrical yellow-brown urn (fig. 2.1). It is confined to dung
in wet places. It is believed, to be entomophilous like other Splachnum-species.

In the field, it clearly differs from the other species of the genus Splachnum
by conspicuous reddish-purple capsules with a spherical inflated hypophysis and
very wide leaves with blunt tips.

Fig. 2.1.1.34. Splachnum vasculosum Hedw.
Photo by D. Davydov
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Stereodon revolutus Mitt. (Hypnum revolutum (Mitt.) Lindb.)
(fig. 2.1.1.35, 2.1.1.36)

Carpets brownish green, golden-brown. Stems prostrate or ascending,
pinnately branched. Leaves falcate or erect, plicate, concave, from narrowly ovate
base elongate lanceolate, shortly acuminate. Leaf margins entire, revolute from
base to apex. Costa short and double. Cells linear. slightly flexuose, incrassate, in
angles of the leaf base - numerous, square, yellowish. Sporophytes very rare. On
calcareous rocks covered with fine earth, in dry and exposed habitats, sometimes in
moist places. Scarce on Svalbard, common on rocky places in the Pyramiden area.

Fig. 2.1.1.35. Stereodon revolutus Mitt.
Photo by O. Belkina
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Can be recognized by the prostrate yellowish-brown carpets, pinnate stems,
slightly falcate leaves, all these features in conjunction with occurrence on rocky
substrate.

Fig. 2.1.1.36. Stereodon revolutus Mitt.
Photo by O. Belkina
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Syntrichia ruralis (Hedw.) F.Weber & D.Mohr (=Tortula ruralis (Hedw.)
P.Gaertn., B.Mey. & Scherb.) (fig. 2.1.1.37, 2.1.1.38)

Tufts brownish-green, yellow-green, sometimes reddish-brown below, 1-10
cm tall. Leaves incurved, appressed when dry and squarrose when moist, keeled,
oblong, narrow lingulate, with obtuse apex. Costa excurrent from the leaf top into a
long toothed colorless hair. Cells of leaf rounded, square to hexagonal, densely
papillose, opaque in upper part of lamina. At base, cells elongate, smooth and
transparent, form a border. Sporophyte with erect, slightly bent, narrow ovate to
cylindrical, brown capsule.

Fig. 2.1.1.37. Syntrichia ruralis (Hedw.) F.Weber & D. Mohr.
Photo by O. Belkina
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Teeth of peristome long, very narrow, spirally twisted. In dry habitats: stony
soils on slopes, bedrock outcrops, stable screens, in tundra, polar deserts as well as
near sea birds colonies. Widespread on Svalbard and in the Pyramiden area.

Can be recognized by the long hyaline hairs and obtuse brownish squarrose leaves.

Fig. 2.1.1.38. Syntrichia ruralis (Hedw.) F.Weber & D. Mohr.
Photo by O. Belkina
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Timmia austriaca Hedw. (fig. 2.1.1.39, 2.1.1.40)

Tufts green, yellowish-green to olive-green, 5—-10 cm tall. Leaves slightly
curved when dry and spread when moist. Leaf elongate-lanceolate, differentiated in
two parts: brownish-orange sheath and limb; limb—sheath transition abrupt, sharply
angled. Leaf margins roughly serrate. Cells square or irregular in shape, with one
conical mamilla on ventral (upper) surface and smooth on back) side. Sheath
lamina cells smooth or with papillae on underside. Costa strong, reddish-brown.

g
ey

Fig. 2.1.1.39. Timmia austriaca Hedw.
Photo by O. Belkina
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Capsules oval, incline, furrowed when dry. On shale and limestone bedrocks
covered with humus and fine earth, in tundra and polar deserts. Common on
Svalbard and in the Pyramiden area.

Can be recognized by the spreading elongate serrate leaves with brownish-orange
sheaths.

Fig. 2.1.1.40. Timmia austriaca Hedw.
Photo by O. Belkina
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Tomentypnum nitens (Hedw.) Loeske (fig. 2.1.1.41)

The plants form the yellow-green, often large tufts or tussocks. Stems erect,
pinnately branched, up to 2-8 cm tall. Leaves upright, straight, triangular-
lanceolate, long-pointed, longitudinally plicate, margins entire. Costa simple,
terminates the top. Leaf cells are linear, shorter in the base of the leaf blade.
Sporophytes are rare. T. nitens grows in moss tundra, bogs, and wetlands along
streams. Usually in moist and damp habitats, but sometimes in a rather dry tundra
with Dryas octopetala.

Fig. 2.1.1.41. Tomentypnum nitens (Hedw.) Loeske.
Photo by O. Belkina
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One of the most common mosses in the Pyramiden area. Co-dominates in
some plant communities.

In the field, it can be identified by a yellow-green color, acute straight
triangular strongly longitudinally plicate leaves, pinnate branching.

Fig. 2.1.1.42. Tomentypnum nitens (Hedw.) Loeske.
Photo by O. Belkina
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2.1.2. Liverworts
A preliminary list of liverworts in the surroundings of Pyramiden town
includes 38 taxa. Thirteen of them are included in the Atlas.

Photos and descriptions of some liverwort species

Aneura pinguis (L.) Dumort. (fig. 2.1.2.1)

Dark green liverwort with simple not or only sporadically furcated fleshy
opaque thallus without any midrib ca. 27 mm wide and 10-15 homogeneous cells
high. Cells of thallus contain numerous (up to 40-50 per cell) oil bodies. Male
plants are smaller than female ones, androecia usually in groups of 3—4 pairs of
antheridia. Female plants with clavate calyptra that are hairy or scaly, to 15 mm
long. One of the commonest liverwort in Svalbard. In surroundings of Pyramiden
town the species is also quite common. It is restricted to well moistened sites on
slopes of brooks, banks of streams, and on walls of solifluction lobes . It occurs
mainly as solitary thalli on bare soil or on bryophytes or mixed with mosses and
lichens.

Fig. 2.1.2.1. Aneura pinguis (L.) Dumort. (dark green thalli between mosses).
Photo by N. Konstantinova
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Anthelia juratzkana (Limpr.) Trevis (fig. 2.1.2.2)

A very small liverwort, it does not exceed 1-3 mm wide and 7 mm long. It
often forms quite characteristic thin bluish-grey or grey crust or whitish grey mats
on exposed sites or occurs as scattered shoots among other bryophytes and then it
can have yellow-brownish secondary pigmentation. Shoots are three-ranked, with 2
lobed lanceolate leaves divided up to 0.5-0.65 of their length and similar in shape
and size to underleaves (the third row of leaves). Both leaves and underleaves are
usually appressed and closely imbricate to the stem. The species has paroicous
“inflorescens” (male gametangia are situated just below female) and is often fertile.
Female bracts and bracteoles are larger than sterile leaves and underleaves.
Perianth is wide ovoid and hidden in bracteoles. The species is very common on
Svalbard but, it occurs in Pyramiden area rather sporadically because of a
preference to acid substrates that are rather rare in this area. Restricted to snow bed
communities, occurring as well on soil on spots in spotty tundra, on sides of
hillocks, on dead mosses and in crevices and under crust of lichens.

Fig. 2.1.2.2. Gray carpet of Anthelia juratzkana (Limpr.) Trevis.
Photo by Konstantinova
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Clevea hyalina (Sommerf.) Lindb. (fig. 2.1.2.3)

Thalli (3)5-8 cm long and 1.5-6 mm wide, pale green to brownish, often
with a reddish tinge, simple or dichotomously branched, occasionally with ventral
innovations. Ventral scales are hyaline at least apically, in 2 rows, often numerous
especially near apex and project over the sides of the thallus. The cells of scales
have no oil bodies. Male and female plants intermixed, male plants are smaller and
antheridia are scattered in the middle of thallus. Female plants are characterized by
dorsal position of gynoecium. Arctic-alpine circumpolar species which was
referred as a rare hepatic in Svalbard by Frisvoll & Elvebakk (1996). It seems to be
not rare in calcareous areas in surroundings of Pyramiden. The species grows on
moist clay, along the edges of bare soil in spotty tundra, on clay soils under rocks
in rock fields, at the bottom of slopes of brooks, on bare soil at the bottom of
hillocks. Besides the typical variety, var. rufescens is not rare in the area.

Fig. 2.1.2.3. Clevea hyalina (Sommerf.) Lindb. with female receptacles originated
from the middle of thallus.
Photo by N. Konstantinova
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Gymnomitrion concinnatum (Lightf) Corda (fig. 2.1.2.4)

Small plants, usually 0.3— 0.5 mm wide and 5-20 mm long,