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INTRODUCTION

The Helan Mountain Range, about 180 km
long with a maximum elevation of 3556 m, ex-
tends north as a fingerlike extension of the Qing-
hai-Tibetan Plateau. These mountains are situa-
ted at the western bank of the Huang He (Yellow
River) valley where the river flows north across
the Yinchuan Plain and separates the semi-arid
Ordos temperate steppes and desert regions of
the Alashan Plateau.

The lower elevations (ca. 1300-1700 m) and
steep xeric slopes have semi-arid shrubs and scat-
tered Ulmus pumila and U. glaucescens vegeta-
tion. In the interval of ca. 1700-2200 m, Pinus

tabulaeformis (two-needle pine) forest prevails,
sometimes with sufficient occurrence of Junipe-

rus rigida. Above 2200 m and to the timberline at

ca. 3000 m, the Picea crassifolia forest occurs,
covering both N and S-facing slopes on the east-
ern macroslope of the Helan Mountains (Fig. 1).

Climate of the whole area is given by Shi et
al. (1989) and discussed also by Zhao et al.
(2006). According to these data, the discussed
Picea forest occurs in interval of annual tempe-
ratures 0 to +3°C and precipitation 300-400 mm,
although direct observation is not available.

In historical time the forest of Helan Moun-
tain has been logged for timber, while at present,
the Helan Shan Nature Reserve (area of 1,570 km2)
provides strict protection of its flora and fauna.

Qinghai spruce (Picea crassifolia Kom.) is a
species of conifers restricted to the mountains and
deserts at the eastern margins of the Qinghai-Tibe-
tan Plateau. It is represented by three populations
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dominants of the moss layer under dense canopy of spruce. This composition is
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Резюме
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(in Qinhai west of Alashan Desert, in Helan and
small population occurs in Daqing Mountains fur-
ther to the East, in the middle range of Huang He
River. Genetic data demonstrated a considerable
difference of Helan population of this spruce from
its main population in Qinhai-Tibetan Plateau
(Meng et al., 2007). In addition, Helan spruce for-
est is unique being represented by large continuous
forest massives, while Qinhai population is repre-
sented now usually by a rather small groups of trees,
scattered in mountain slopes (Miehe et al., 2008),
although in the past it was more widespread there.

Bryophyte flora of Helan mountain was ac-
tively studied in the recent years, yielding in a
floristic account by Zhao et al. (2006) and a com-
prehensive flora by Bai (2010). In addition to
species description, these publications briefly dis-
cuss composition of different plant communities,
but one of them, namely the Picea crassifolia

forest, is so unusual, that we decided to describe
and illustrate it here additionally, mainly regar-
ding its moss composition.

OBSERVATIONS

This paper is based mostly on observation in
the N-facing slopes at Huangqikou area (ca.
38’40°N – 105’55°E).  Climbing up to this fo-
rest from ‘pine belt’ (1800-2200 m elev.) where
the absence or at least extreme rarity of bryophytes
among scattered xeric grasses looks quite natu-
ral, one reached the spruce forest with contras-
tingly continuous or at least well developed moss
layer and almost no vascular plants (only scat-
tered Carex lanceolata occurs at places). This
fact itself would not be surprising, as Picea is
one of the best shade-provider tree.  However,
almost throughout northern Holarctic region,
Picea forests are associated with such mosses as
Pleurozium, Hylocomium, Rhytidiadelphus tri-

quetrus. None of them were found in Helan.
Contrary to this, the most common and abun-

dant is Abietinella abietina, a moss that grows in
relatively open xeric places in most of its range
throughout northern part of the Holarctic region, al-
though rarely occurs in open forests (see below).
Further, in Helan spruce forest Timmia bavarica,

Hypnum vaucheri, Pseudostereodon procerrimus,

and Entodon concinnus are abundant and locally
dominating.

Among common, but less abundant species can
be listed also Distichium capillaceum, Ditrichum

flexicaule, Brachytheciastrum trachypodium, Tra-

chycystis ussuriensis, Thuidium assimile, Isoptery-

giopsis pulchella, Amblystegium serpens, Brachy-

thecium dahuricum (species recently segregated
from B. salebrosum s.l.), B. cirrosum, Campylium

hispidulum s.l., Didymodon rigidulus s.l.
Among more rare species there are Tortella

fragilis, Myurella julacea, M. sibirica, Voitia

nivalis, Brachythecium buchananii, Drummon-

dia sinensis, Fissidens bryoides, Hypnum fauriei,

Mnium spinosum, M. lycopodioides, M. hetero-

phyllum, Plagiomnium confertidens, Pohlia cru-

da, Pylaisia polyantha, Rhytidium rugosum, Sa-

nionia uncinata, Distichium inclinatum, Enca-

lypta rhaptocarpa.

This account does not include species that
grow on rock outcrops (Grimmia, Leucodon,

Hymenostylium, Crossidium, Pseudoleskeella,

etc.), or at the edge of the forest (Syntrichia, Tortu-

la, Pterygoneurum, Weissia, etc.).

DISCUSSION

Although Picea forests have an overviewed
report worldwide (cf. Walter, 1968), their moss
composition has probably not been compared in
detail in a sufficiently broad scope. The moss com-
munities of most Picea forests are comprised of
Pleurozium and Hylocomium types. More wet and
oligotrophic habitats include Sphagnum (especial-
ly S. girgensohnii). The communities on rich soil
(along brooks, etc.) in boreal zone and also hemi-
boreal spruce forests (especially Oxalis-type) are
often characterized by abundant Brachythecia-
ceae, Plagiomnium and Rhytidiadelphus (in ad-
dition to ferns and herbs).

Pleurozium and Hylocomium forest types are
the characteristic not only of Picea, but also of
many northern types of Pinus and Larix forests,
although in more xeric regions the latter ones
include also Rhytidium, Aulacomnium, Tomen-

typnum, and Abietinella + Entodon types.

Figs. 1-7. Spruce forest in Helanshan. 1 – space photo of Helanshan (from http://www.worldwildlife.org/

wildworld/profiles/photos/pa/pa0508a.html); 2 – South-facing slopes; 3 – North-facing slope; 4-7 – views of

spruce forest, showing moss layer of Timmia bavarica (4), Abietinella abietina (5), Hypnum vaucheri (6) and

Pseudostereodon procerrimus (7).
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Abietinella and Entodon often grow together
in grassland in Caucasus, Mongolia, and South
Siberia. The typical habitats for them are open
and shrubby slopes, while in Mongolia and south
Siberia they commonly occur in Larix forests, and
in Mongolia also participate in Larix+Picea fo-
rests, and even pure Picea obovata+Pinus sibi-

rica forests (Tsegmed, 2002).  However, the moss
community in last mentioned forest type is still
dominated by Hylocomium, Rhytidium, Pleuro-

zium, with participation of Ptilium and Dicranum

spp. In pure Picea forests Abietinella grows usu-
ally only as an admixture. The mountain spruce
forests of South Siberia are usually more wet,
leaving no room for Entodon and Abietinella that
however are common in Larix forests in this area.
Hylocomium and Pleurozium are the most com-
mon there, and two latter species are usually do-
minating in Larix forests too, including the most
xeric area of Transbaikalia.

Likewise,  according to our observations, Pi-

cea obovata forests in northern Xinjiang include
Pleurozium and Hylocomium.

The same moss composition occurs in Picea

forests of the Russian Far East where the Hylo-

comium and Pleurozium carpet is commonly en-
riched by Dicranum majus, Plagiothecium eury-

phyllum, Pleuroziopsis ruthenica and Pogona-

tum japonicum, and very rarely Actinothuidium.
In China, Picea forests in the North-East are

similar to those in Russian Far East, while fo-
rests in Southwest China are very different, ha-
ving a high diversity of vascular plants. At the
same time, moss composition of the latter remains
essentially the same, with the important addition
of Actinothuidium. Dylis (1962) provided a nice
description of spruce forests in the eastern part
of Tibet Plateau at 27-34°N lat. (in Sichuan): co-
nifer forests are comprised by numerous types,
including the mossy one, where mosses cover 80-
90% of the soil surface. Among the latter the do-
minant species are Actinothuidium, Hylocomi-

um, Dicranum scoparium, Pleurozium schreberi,

Rhytidiadelphus triquetrus, Pogonatum spp.  Bao
et al. (2009) studied the secondary spruce forests
in Sichuan and listed the same moss carpet com-
position: Hylocomium, Actinothuidium, Thuidi-

um, and also Entodon concinnus, Dicranum, Pla-

giomnium, but with only very rare occurrence of
Abietinella.

The most similar with Helan spruce forest in
the moss species composition is the forest of Pi-

cea schrenkiana, a species closely related to P.

crassifolia. It grows in Tian-Shan Mountains,
mainly in Kazakhsan and in Xinjiang in China.
Korovin (1962) provided an overview of these
forests in Kazakhstan, indicating that the well
developed soil substrates have moss carpet of Hy-

locomium splendens and Abietinella abietina, and
closer to timber-line of Rhytidiadelphus triquetrus.
At the same time the moss composition on poor
undeveloped soils includes Tortella fragilis, Hyp-

num revolutum, and Schistidium gracile.
Bykov (1950) provided a more detailed clas-

sification of these Picea forests, reviewing data
from neighboring mountains of Kazakhstan, Tar-
bagatai and Dzhungar Alatau, and also some
ranges in Kyrgyzstan. He described a number of
concrete sites of different variants of forests with
more or less closed tree canopy, which we list
here in full, omitting details of herbaceous layer
and shrubs. The percentage value refers to the
total moss coverage:

70%,  prevailingly Brachythecium rutabulum;

100%, Rhytidiadelphus triquetrus (dominant), Sani-

onia uncinata, Dicranum scoparium, Brachythecium

sp., Mnium spinosum, Leptobryum pyriforme, Distichi-

um capillaceum, Polytrichum juniperinum, etc.);

95%, Rhytidiadelphus triquetrus, Hylocomium

splendens, Mnium medium, Hypnum revolutum, Di-

cranum scoparium;

90%, Rhytidiadelphus triquetrus, Entodon concin-

nus, Abietinella abietina, Thuidium recognitum;

75%,  Rhytidiadelphus triquetrus, Hypnum revolutum;

??%,  Abietinella abietina, Hypnum revolutum;

100%, Abietinella abietina, Homalothecium phi-

lippeanum, Timmia bavarica, Encalypta ciliata, Syn-

trichia ruralis;

100%,  Abietinella abietina, Dicranum scopari-

um, Syntrichia papillosissima;

100%,  Abietinella abietina (Zailisky Alatau);

100%, Hypnum revolutum, Rhytidiadelphus tri-

quetrus, Mnium spinosum, Ditrichum flexicaule, Poly-

trichastrum alpinum;

95%,  Hylocomium splendens;

??%,  Entodon concinnus, Sanionia uncinata, Syn-

trichia ruralis, Polytrichum juniperinum, Dicranum

scoparium.

Figs. 8-17. Spruce forest in Helanshan: 8 – Picea crassifolia; 9-10 – Timmia bavarica; 11 – Abietinella

abietina; 12-13 & 15 – Hypnum vaucheri; 14 – Trachycystis ussuriensis; 16-17 – Pseudostereodon procerrimus.



86 X.-L. BAI, D.-P. ZHAO, B.C. TAN, E.A. IGNATOVA & M.S. IGNATOV

Quite abundant moss layer was recorded in
many communities with well-developed herba-
ceous layer. The most common there are Rhytidia-

delphus triquetrus and Hylocomium splendens,

while among others are mentioned Sanionia un-

cunata, Dicranum scoparium, Brachythecium sp.,
Mnium spinosum, Plagiomnium medium, Ento-

don concinnus, Abietinella abietina, Thuidium

recognitum, Plagiothecium sp., etc.
This long list from Bykov (1950) publication

shows that the Tian-Shan spruce forests have
sufficient similarity with Helan spruce forest, al-
though the latter likely provides the extreme vari-
ant characterized by following:

1) Total absence of Pleurozium, Hylocomi-

um, Rhitidiadelphus, only singe occurrence of
Ptilium and Rhytidium (the latter is outside of
forest above timber-line)

2) The flora has no species Dicranaceae and
Polytrichaceae, which are common in boreal fo-
rests. The former family is totally absent in Helan,
while the only one species of Polytrichaceae, Poly-

trichastrum alpinum, has been found in alpine
meadow.

3) Hypnum vaucheri is common on forest floor.
Usually this species grows in open xeric places.

4) The presence of Pseudostereodon procer-

rimus. This is a rare species that grows in open
xeric places in Mongolia, SE Altai, East Cauca-
sus, Taimyr. We never saw it so abundant as in
Helan and never saw it under forest canopy.

5) The locally dominant xeric species are as-
sociated with species that are, in other parts of the
world, more mesophytic or even mesohygrophy-
tic, such as, Brachythecium cirrosum, Timmia ba-

varica, Isopterygiopsis pulchella, Campylidium

hispidulum s.l., Myurella julacea, M. sibirica, etc.
Published data on “Thuidium-type” of Picea

crassifolia forest [likely referring to Abietinella

abietina = Thuidium abietinum] in Qinhai indi-
cate probably the somewhat similar situation (Hao
et al., 2005), although detailed bryological stu-
dies were not done here yet.

It seems that along its long history, the for-
mation of xeric vegetation in Central Asia had
lost the ‘standard’ moss elements of Picea for-
ests, like Hylocomium and Pleurozium, and their
niches were substituted by ‘locally available’ can-
didates, especially Hypnum vaucheri and Pseu-

dostereodon procerrimus, that had developed

their ability to tolerate shady habitats. The areas
covered today by the xeric Picea forests were
somewhat wet in the geologic past; this is indi-
cated by the survival of the mesophytic and me-
sohygrophytic moss species that are primarily
temperate in range.
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