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Abstract. Background. One of the pressing aims of today’s natural resource management is its re-orientation to
preserving and restoring ecological functions of ecosystems, among which the function of biodiversity mainte-
nance plays an indicator role. The majority of today’s forests have not retained their natural appearance as the re-
sult of long-standing human impact. In this connection, refugia studies are becoming particularly interesting, as
they give us an insight into the natural appearance of forests. Materials and methods. Studies were performed in
dark conifer forests of the Pechora-llych reserve, in the lower reaches of the Bol’shaya Porozhnyaya River in 2013
yr. Vegetation data sampling was done at 50 temporary square plots of a fixed size (100 m2) randomly placed
within a forest type. A list of plant species with species abundance was made for each forest layer. The overstorey
(or tree canopy layer) was denoted by the Latin letter A. The understorey layer (indicated by the letter B) included
tree undergrowth and tall shrubs. Ground vegetation was subdivided into the layers C and D. Layer C (field layer)
comprised the herbaceous species (herbs, grasses, sedges) and dwarf shrubs together with low shrubs, tree and
shrub seedlings. The height of the field layer was defined by the maximal height of the herbaceous species, ferns,
and dwarf shrubs; the height varied from several cm to more than 200 cm in the ‘tall-herb’ forest types. Layer D
(bottom layer) included cryptogamic species (bryophytes and lichens). Species abundance in the each layer was
usually assessed using the Braun-Blanquet cover scale (Braun-Blanquet 1928). The nomenclature used follows
Cherepanov’s (1995) for vascular plants, and Ignatov & Afonina’s (1992). Results. The present article contains de-
scriptions of unique tall-herb boreal forests of European Russia preserved in certain refugia which did not experi-
ence prolonged anthropogenic impact or any other catastrophes. Comparative research into species and
ecological diversity of typical (anthropogenically transformed) and unique (tall-herb) boreal forests has been con-
ducted. On the basis of the collected field data, a map of the diffuse area for tall-herb boreal forests has been
compiled and a set of species characteristic for these forests has been determined. The obtained data fundamen-
tally change our notions of potential vegetation in boreal forests. Conclusions. Considerable species- and ecologi-
cal diversity of tall-herb forest flora fundamentally changes our notion of the appearance of European boreal
forests and determines their unique role in maintaining the highest possible level of biodiversity. The presence of
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tall-herb forests in various parts of eastern European taiga together with Eurasian habitats of most tall-herb spe-
cies lead us to a suggestion that it is exactly this type of forests that represented the prehistoric boreal forests. In
this connection, further research into still preserved fragments of tall-herb forests within the boundaries of north-
ern Eurasia acquires huge significance. This research will help put forward systems of forest management aimed at
restoring potential biodiversity of boreal forests in general.

Key words: taiga (boreal forests), human impact, biodiversity, green moss spruce-fir forests, tall herb spruce
(-fir) forests, refugia of prehistoric boreal forest, signs of undisturbed boreal forest.
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AHHOTaumA. AKmyasnbHOCMb U yeau. AKTya/ibHble 3344 COBPEMEHHOMO NPUPOA0NO/Ib30BaHWA — ero rnepeopu-
€HTaLMA Ha COXPaAHEHWE U BOCCTAHOB/IEHUE 3KO/IOMMHECKUX PYHKLMIA SKOCUCTEM, CPeaAU KOTOPbIX MHANKATOPHYIO
po/ib urpaet GyHKUMA NogaepaHusa bruopasHoobpasusa. Bo/blias YacTb COBPEMEHHbIX /1eCOB YTPaTW/a NpUPOA-
HbIl 06/IMK BC/1€4CTBUE A/IMTE/IbHOMO @aHTPOMNOreHHOro BO34eMCTBMA. B ¢BA3M € 3TMM 0CcobbIi MHTepec npuobpeTa-
0T UCC/1e4,0BaHUA /1eCOoB B pedyrnymax, CyLeCTBYIOLWMX MHOMME COTHM /1eT 6e3 aHTPOMoreHHbIX BO34eNCTBUM.
Lles1b nccieg0BaHMiA BbIABUTb M OXapaKTepM30BaTb COCTAB U CTPYKTYPY YHUKA/IbHbIX BbICOKOTPaBHbIX /iecoB CeBep-
HOro Ypasia 1 Ha 3TOW OCHOBE COCTaBUTb NepeyveHb NMPU3HAKOB, XapaKTEPU3YIOLWMX NMPUPOAHbIE TaexkHble sieca Es-
porneiickoi Poccnn. Mamepuasel u memoosl. s 0CTUNKEHUA NOCTaB/IEHHOM Lie/IM NPoBeeHbl reoboTaHMYecKme 1
MOYBEHHbIE UCC/IeA0BAHUA B ABYX KOHTPACTHBIX TUMNax bopeasibHbIX /1eCOB: Hanbo/1ee LMPOKO pacnpoCTPaHEHHOM
TUME MUXTO-e/IbHUKE 3€/1EHOMOLLIHOM U B YHWKA/IbBHOM TWME MUXTO-e/IbHUKE C KeAPOM BbICOKOTPaBHbIM. [eoboTa-
HUYeCKMe, NMoYBEHHbIE U MOMY/ALMOHHO-OHTOreHeTUYECKMEe UCC/IeA0BaHNA NPoBeaeHbl N0 OOLLENPUHATLIM MeTo-
AVKaM; TWMbl COOBLLECTB OXapaKTepu3oBaHbl B COOTBETCTBUMM C pa3paboTaHHOW paHee 3KO0/10ro-LeHOTUYeCKOM
KAaccudukaumein necos Esponeiickoit Poccun (http://mfd.cepl.rssi.rufforest). Mo HaTypHbIM AaHHBIM COCTaB/EHA
KapTa TO4YEe4YHOro apeas/ia BbICOKOTPABHbIX TaeXKHbIX /1€COB U ONpeae/ieH KOMM/IEKC BUA0B, MAaPKUPYIOLLIMX 3TU /leca.
Pe3ysnemamel. ConocTaB/ieHVe gBYyX MCC/1€A0BaHHbIX TUMOB GOpeasibHbIX /18COB TMOKa3aso, YTO BbICOKOTPaBHbIE
neca 06/1343a0T NO/IHBIM HABOPOM MPU3HAKOB, XapaKTePU3YIOLLMX A/UTE/IbHO CYLLeCTBYIOLME B CMOHTAaHHOM pe-
KMMe TpUpPOAHbIE /1eca: NO/IHOY/IEHHbIE OHTOreHeTUYECKME CMEKTPbl €11 U MUXTbl, MO/IHOCTBIO CHOPMMUPOBAHHBIN
MUKpope/ibed, 3Ha4UnTe/IbHOE BUAOBOE HOraTCTBO M BUA0BAA HACbILEHHOCTb, OFPOMHOE 3KO/10r0-LeHOTUYECKOoe U
3KO/I0rMYecKkoe pasHoobpasue ¢p/opbl COCYAUCTbIX pacTeHUi. Mo/ydeHHble pe3y/bTaTthl Aa/M BO3MOXKHOCTb pe-
KOHCTPYMPOBATb NPUPOAHbIN 06/IMK TaeXHbIX /16COB aHa/IM3UPYEMOI TEPPUTOPUN. AHA/IU3 apeasia BbICOKOTPABHbIX
6opeasibHbIX /18COB MO3BO/IN/1 3aK/IKOUUTL, YTO MMEHHO TaKue /1eca HblIn pacnpocTpaHeHbl Ha 6o/blLel YacTu Teppu-
Topum EBponelickoi Poccum 1 3anagHon CMbupum B A0MCTOPUYECKME BpemeHa. Bbigoodbl. [10/1y4eHHble gaHHble Cylue-
CTBEHHbIM 06pa3oM MEHAIOT npegcTaB/ieHne 06 0b/MKe eBponenckon Tarn. HaxoAKu BbICOKOTPaBHbIX /1€COB B
Pas/IM4HbIX YACTAX BOCTOYHOEBPOMNENCKOM Talru, a TakxKe eBpasuiickue apeasibl 60/bluei YacT BbICOKOTPAaBHbIX BU-
£,0B TO3BO/IAOT MPEeANo/IOKUTb, YTO UMEHHO TaKue /ieca NpeACTaB/Aa/IN AOUCTOPUYECKUM 00/IMK Talrn. B cBA3m ¢
3TMM OFPOMHOE 3HaveHue MpUobpeTatoT yrayb/eHHble UCC/IeA0BaHUA eLle COXPaHUBLUMXCA B npesesnax CeBepHOW
EBpasun PpparmeHTOB BbICOKOTPABHbIX /1€COB. Takue UCC/1eA0BaHUA NO3BO/AT NPEA/I0XKUTb CUCTEMBI /1€COMO/1b30Ba-
HUWA, HanpaB/ieHHble Ha BOCCTAHOB/IEHWE MOTEHLMA/IbHOrO B10/10rM4eCcKoro pasHoobpasus TaekKHbIX /1€COB B Lie/I0M.

KntoueBble c/10Ba: Taiira (6opeasibHble /1eca), aHTPONOreHHble BO34eicTBus, pedyruymsl GuopasHoobpasus, 3e-
/IEHOMOLLHbIE MUXTO-€/IbHUKM, BbICOKOTPABHbIE NMUXTO-€/IbHUKM, MPU3HAKM 4OUCTOPUYECKMX BOpea/ibHbIX /1ECOB.

evaluation of the highest possible level of biodi-
versity) is gaining particular significance.

Introduction

At present, boreal forests of the Northern Hem-

isphere are attracting close attention of various ex-
perts. On the one hand, these forests are a valuable
commodity still preserved in vast little accessible
areas, especially across our country. On the other
hand, with tropical and subtropical forests being
destroyed at an increasingly fast rate, boreal forests
are beginning to play an ever-increasing role in ful-
filling ecosystem functions of forests in general.
These functions include biotic optimization of the
climate and hydrological regime, biogeochemical
cycle regulation, biodiversity maintenance and
others [1-3]. For this reason, evaluation of boreal
forest ecosystem functions (first and foremost,

Materials and methods

Studies were performed in dark conifer forests
of the Pechora—Ilych reserve, in the lower reaches
of the Bolshaya Porozhnyaya River in 2013. Vege-
tation data sampling was done at 50 temporary
square plots of a fixed size (100 m?®) randomly
placed within a forest type. A list of plant species
with species abundance was made for each forest
layer. The overstorey (or tree canopy layer) was
denoted by the Latin letter A. The understorey lay-
er (indicated by the letter B) included tree under-
growth and tall shrubs. Ground vegetation was
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subdivided into the layers C and D. Layer C (field
layer) comprised the herbaceous species (herbs,
grasses, sedges) and dwarf shrubs together with
low shrubs, tree and shrub seedlings. The height of
the field layer was defined by the maximal height
of the herbaceous species, ferns, and dwarf shrubs;
the height varied from several cm to more than
200 cm in the ‘tall-herb’ forest types. Layer D
(bottom layer) included cryptogamic species (bry-
ophytes and lichens). Species abundance in the
each layer was usually assessed using the Braun-
Blanquet cover scale (Braun-Blanquet 1928). The
nomenclature used follows Cherepanov’s (1995)
for vascular plants, Ignatov & Afonina’s (1992).

Results

In accordance with the dominant-ecocenotic classi-
fication by L. B. Zaugolnova (http://mfd.cepl.rssi.ru/
flora), the following forest types have been ana-
lyzed: (1) Piceeta (Abieta) fruticoso-hylocomiosa
dwarf shrub — green moss spruce-fir forests; (2)
Piceeta (Abieta) magnoherbosa — boreal tall herb
spruce(-fir) forests. We estimated plant diversity
(alpha diversity) for each forest type by calculating
total species richness of each forest type and spe-
cies richness per square unit, i.e. species density
according to Hurlbert (1971). Species density was
calculated as the average number of species per
sample plot of fixed size within a forest type.

Piceeta (Abieta) fruticoso-hylocomiosa dwarf
shrub — green moss spruce-fir forests (green-moss
taiga).

Prolonged human impact on boreal forests
(known in Russian research as northern and central
taiga forests) such as clear cutting, grazing, forest
litter removal, periodic man-caused forest fires,
have led to formation of low productive plant
communities with low biodiversity across vast ter-
ritories. These are represented by green-moss
spruce forests across most of the Russian Plain and
silver fir and spruce forests in the east of it, as well
as in the Urals and West Siberia. As of today, it is
exactly this type of forests that is considered natu-
ral. The following statements, made by A. I. Tol-
machev and cited across Russian research
community, confirm the abovementioned, "The
natural aspect of the taiga zone is obvious to each
and every. The taiga is the most wide-spread type
of vegetation outside the tropical latitudes of the
Northern Hemisphere" [4, p. 8]. "A typical dark-
coniferous taiga is not only characterized by a lim-
ited set of dominant tree species, but also by the
overall humble flora composition. Poor vegetation
coverage is in harmony with the limited species
composition; plants living beneath the canopy of
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the dark-coniferous forest form negligible biomass
only..." [4, p. 11].

According to the literature data [5, 6], a typical
dark-coniferous taiga is wide-spread across drained
water-dividing areas of the Russian Plain, in the
Urals and West Siberia. Such forests are represent-
ed by green-moss forests with dwarf shrubs and
green-moss short grass forests dominated by
spruce or spruce and fir with a fraction of the Sibe-
rian pine. The canopy of such forests is usually
formed by same generation trees; the understorey
is sparse and is represented by poorly developed
species; species composition and ecological-
coenotic diversity of herbs and small shrubs is
minimal. The moss cover in such forests, on the
contrary, is very well developed and is dominated
by green boreal mosses (Fig. 1). The moss forms a
prominent layer of slowly decomposing forest lit-
ter, poor in minerals and characterized by rapidly
changing moistening cycles. This layer quickly
gets wet and dries up just as quickly. Such a varia-
ble moistening cycle is unfavorable for advance
growth as well as many small shrubs and herbs.
Moreover, dry moss cover is in fact a combustible
substance, which significantly contributes to the
vast spread of forest fires.

As adult trees are small in size, their surface
root system is poorly developed and most trees
are contaminated by fungal pathogens, death of
trees is not accompanied by pedoturbations: twist-
ing of root systems together with earth clods and
formation of mounds or pits. The trunk of an old
tree usually breaks off at the base when the tree
dies. Over time, tree trunks and crowns plunge in-
to the moss cover, gradually getting covered with
green mosses. The moss cover of fallen trees be-
comes populated by pinewood and boreal shrubs:
lingonberry (Vaccinium vitis-idaea), blueberry
(Vaccinium myrtillus L.) and small boreal herba-
ceous plants — wood sorrel (Oxalis acetosella),
chickweed wintergreen (Trientalis europaea), and
May lily (Maianthemum bifolium) [7, 8]. These
plants obtain the necessary moisture from decom-
posing fallen trees, which unlike the moss cover
preserve it for a long time.

The spruce is the only tree species that most of-
ten regenerates on decomposing moss-covered tree
trunks (Fig. 2). Absolute dominance of this species
does not only reduce the overall biological diversi-
ty due to ultimate homogeneity of tree synusia, but
also enhances prevalence of fungal diseases among
trees. Layering of the ground cover is almost un-
pronounced: green mosses and small herbaceous
plants exist within one storey; assimilating shrub
organs (young blueberry and lingonberry shoots)
only slightly exceed the height of the moss cover.
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Fig. 2. Regeneration of the spruce on the fallen dead wood.
National park "Paanaiarvi (North Karelia)". By M. V. Bobrovsky
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Green moss forests have been formed under the
influence of clear or selective cutting, as well as fires.
Some traces of past fires may be detected in them in
the form of scorch marks on old pines or cedars and
soil composition. Soil types here are predominantly
illuvial- ferric, illuvial-humus-ferric podzols and
podzolic soils (Fig. 3). The humus thickness is very
small or absent altogether. Continuous presence of
coal is one of the characteristic features of the soil
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Fig. 3. llluvial-ferric podzol in a blueberry green-moss

forest. By A. D. Bovkunov

Piceeta (Abieta) magnoherbosa — boreal tall
herb spruce(-fir) forests (peony taiga).

Despite being a wide-spread boreal forest type,
dark-coniferous green-moss forests with low species
diversity are far from being the only type of boreal
forests. This has been backed by results of detailed
research into dark-coniferous forests in nature re-
serves, as well as by research into the historical ar-
chives data and cartographic data covering the history
of forest management [9-12]. Years of research have
uncovered considerable diversity of dark-coniferous
boreal forests [11]. A unique type of tall-herb boreal
forests has been specifically marked out (research by
Zaugolnikova, 2009) amongst the diversity of such
forests and closely examined. In the west of the ex-
amined site (west and centre of the Russian Plain)

Vol. 1(3), 2016

(Fig. 4). In most soils foliated coal was encountered
in the form of a layer on the borderline between the
forest floor and the mineral horizon. The coal layer
thickness occasionally reaches several centimeters,
which testifies to multiple crown and surface fires in
the past [9]. The anthropogenic nature of most fires in
boreal forests has been repeatedly confirmed by ob-
servations and recorded in materials produced by na-
ture reserves [3, 10].

Fig. 4. Coals from soil cuts of spruce and fir
green-moss forests. Pechora-llych Nature Reserve.
By M. V. Bobrovsky

these forests are represented by spruce tall-herb for-
ests (Piceeta magnoherbosa), in the east (east of the
Russian Plain, in the Urals and West Siberia) — by
spruce and fir forests with tall-herb cedar (Piceeto-
Abieta magnoherbosa).

Although detailed research into tall-herb dark-
coniferous forests started some 15 years ago, at the
present moment these forests have been described
for European Russia, from Northern Karelia to the
Urals and for certain parts of West Siberia — in a
vast range of climate conditions: from northern to
southern boreal forests. Moreover, a unique area of
boreal tall-herb forests was described outside of
the forest belt, in the shrub tundra of the Gorno-
Khadatinsk state nature reserve in the Yamal-
Nenets Autonomous District (Fig. 5).
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Fig. 5. Diffuse area of tall-herb dark-coniferous forests

Tall-herb forests can be found in areas with var-
ious relief features and substrate surfaces [8, 13].
The majority of descriptions deal with forests lo-
cated in the eastern part of the East European Plain
and the Urals, probably because overall forests in
those areas are better preserved.

In terms of their physiognomy, tall-herb forests
are fundamentally different from green-moss bore-
al forests according to the following features. Their
forest floor is dominated by tall-herb herbaceous
flowering plants while the proportion of green
mosses in the forest floor is minimal; green-mosses

30°E 40°E S0°E

prevail in specific habitats, such as on fallen dead
trees in the first stage of decomposition and over-
growth; accumulations of trees and large meadows
are interspersed.

One of the most beautiful and wide-spread
herbaceous plants of the boreal tall-herbs is Pae-
onia anomala, commonly known as the peony.
This plant has been selected as a marker species
for tall-herb forests (Fig. 6). The unusual ap-
pearance of peony-dominated tall-herb forest has
given a name to the present article: peony taiga

(Fig. 7).
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Fig. 6. Natural area of the peony and the aconite
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Fig. 7. Tall-herb dark-coniferous forest in the phase of peony flowering.
Pechora-llych Nature Reserve. By A. A. Aleinikov

Dark-coniferous tall-herb forests differ drastical-
ly from green-moss forests according to the majority
of features. Their stands of trees are uneven-aged
and comprise uneven-aged groups of trees. The
prevalent tree species are spruce or spruce and fir
jointly; populations of these species are normal full-
member ones, which testifies to the stable flow of
generations. Birch, poplar, and other deciduous trees
as well as the Siberian pine grow in small numbers
in the Cis-Ural region, the Urals and West Siberia.
In these forests accumulations of trees of various
size and age are interspersed with large glades,
dominated by beautifully flowering tall herbs.

The multiple layers of tall-herb taiga

Tall-herb taiga has a multiple-layer polydomi-
nant ground vegetation cover. The first layer is
dominated by boreal tall herbs species and has some
large ferns. The plants can be up to 1-1.5 (2) m tall,
with a total projective cover of 80—95 %. The most
common of these are: Paeonia anomalia, northern
wolfsbane (Aconitum septentrionale Koelle), lark-
spur (Delphinium elatum L.), bugbane (Actaea
erythrocarpa, Fisch.), Cacalia hastata L., globe-
flower (Trollius europaeus L.), hawksbeard (Crep-
is sibirica L.), Thalictrum minus L., broad buckler
fern (Dryopteris dilatata (Hoffm.)) and Diplazium
sibiricum (Turcz. ex Kunze) Sa. Kurata).

According to 850 geobotanical descriptions cur-
rently collected, there are 45 species of tall herb
forests: 41 species of flowering plants and 4 spe-
cies of ferns (List of species). Comparative analy-
sis of data on the habitat of these species using the
"Areal" database (compiled by T. S. Prokazina
from literature and herbarium materials) has
demonstrated the following break-down: 2 species
are Ural endemics, 2 species — Euro-Siberian,
4 — Holarctic, 6 — European, and 31 out of the spe-
cies 45 analyzed are Eurasian.

The fact that tall herb forests are dominated by
species with Eurasian habitats gives evidence of
how wide-spread these forests were in the past.
Comparative analysis of habitat maps for the most
wide-spread tall-herb species is essential for a
larger search for tall herb forests in Russia’s east-
ern regions.

The second layer of ground vegetation in these
forests is also quite peculiar. It is inhabited by
nemoral grasses. The latter include both the early
spring species or ephemeroids (Fig. 8) such as: Co-
rydalis bulbosa (L.) DC, yellow Star-of-Bethlehem
(Gagea lutea L. Ker-Gawl.) and Anemone altaica
Fisch. ex C.A; and the summer-vegetating species
such as: spring vetchling (Lathyrus vernus (L.)),
wood millet (Milium effusum L.), herb paris (Paris
quadrifolia L.) and greater stitchwort (Stellaria ho-
lostea L.). Their total cover reaches 10-20 %.

A. A. Aleinikov, N. S. Smirnov, O. V. Smirnova
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Fig. 8. Ephemeroids: Corydalis bulbosa (L.) DC, yellow Star-of-Bethlehem (Gagea lutea L. Ker-Gawl.) and Anemone
altaica Fisch. ex C.A on a tall-herb forest glade in spring. Pechora-llych Nature Reserve. By A. S. Efimenko

Nemoral species, and especially ephemeroids,
whose above-ground growth is before the canopy
formation, are closely connected to broadleaves
and aspen in terms of their habitat. Therefore, their
presence in dark-coniferous boreal forests looks
unexpected. However, the reconstruction of broad-
leaf trees’ habitats in the late Holocene has demon-
strated that they were spread much further to the
north than at present [14]. Consequently, we may
presume that their presence in dark-coniferous for-
ests marks a wider spread of broadleaves to the
north in the past. We have to note that ephemeroids
have only been preserved in tall-herb forests which
are characterized by rich soils with moisture-
holding capacity. They remain mostly on glades
where coniferous trees are absent and where in
spring and at the beginning of summer, when vege-
tation is just starting, there is quite enough light.

The third layer of ground vegetation cover is
inhabited by small herbaceous plants: wood sorrel
(Oxalis acetosella), chickweed wintergreen (7rien-
talis europaea), May lily (Maianthemum bifolium)
and other species, continuously present in green
moss forests. Their cover reaches 10 to 20 %.

The fourth layer is formed by surface-tending
hemiboreal mosses of the genus Plagiomnium,
joined by Barbilophozia lycopodioides, Brachythe-

cium reflexum, Rhizomnium magnifolium, Rhodo-
bryum roseum and others. Their cover reaches
5 to 10 %. Those species are rarely present in
green moss forests. It should be emphasized that
boreal green mosses, characteristic of green-moss
dark-coniferous forests, such as Pleurozium
schreberi (Brid.) Mitt and Hylocomium splendens
(Hedw.) Schimp. in B.S.G., do not grow on soil in
tall-herb forests. Trunks of large dead trees remain
the sole habitat where those mosses are both pre-
sent and dominant. Here in early stages of over-
growth these mosses form a complete cover (cover
reaching 90-95 %), with humble presence of small
boreal herbs and blueberry.

Another wonderful feature of tall-herb forests
consists in the following fact: at the bases of large
spruce and Siberian pines one can find lingonberry
(Vaccinium vitis-idaéa L.) and lichens of genera
Cladonia and Cladina — typical dwellers of lichen
pine forests. This amazing variety of ecological-
coenotical communities in the ground-vegetation
cover of tall-herb forests is the result of a large di-
versity of plant microhabitats.

In addition to downed dead wood, pits and
mounds are a common feature of tall-herb forests.
Pits are formed when falling trees turn out clods of
earth together with the root system. Mounds are
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formed from clods of overturned earth and skele-
ton roots of dead trees (Fig. 9). The pits are often
inhabited by nitrophilic plants that frequently in-
habit near-river alder forests such as alternate-
leaved golden saxifrage (Chrysosplenium alternifo-
lium L.), wood stitchwort (Stellaria nemorum L.),
and mead wort (Filipendula ulmaria (L.). Mounds
are inhabited by meadow species such as Bush
vetch (Vicia sepium L., Poa pratensis L.), mead-
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ow-grass (Poa pratensis) and others. As fallen
dead wood is decomposing, pits and mounds over-
grow, the more narrowly specialized species of
these microhabitats are replaced with generalist
species: the nemoral ones come first, followed by
tall-herb ones. As downed dead wood, mounds and
pits are being constantly formed, there is always a
vast diversity of ecologically distinct vascular
plants and mosses in tall-herb forests [15].

Fig. 9. Elements of the soil complex attributable to windthrow: a mound and a pit in a tall-herb forest.
Pechora-llych Nature Reserve. By A. A. Aleinikov

The most common types of soils for tall-herb
forests are brown soils (either common or
coarse-humus types) (Fig. 10). Their distinctive
features are: a well-structured humus horizon, up
to 30-60 cm thick (and above), relatively high
organic matter content (3,5-5,5 %), neutral to
mildly-acidic pH (5,0-6,2), ample supply of cal-
cium, potassium and phosphorus compared to
other boreal forest soils. In contrast to green
moss forests, tall-herb forest soils have high
moisture-retention capacity, which significantly
reduces likelihood of fires. No signs of previous
fires were detected in soil profiles, in the majori-
ty of tall-herb watershed forests examined [15].

Comparative studies of vegetation and soil speci-
ficities in dark-coniferous tall-herb forests and
green-moss forests have fundamentally altered
our notions of the natural look of the least per-
turbed natural boreal forests.

Signs of undisturbed boreal forest

To date large amounts of information about for-
est dynamics have been collected in eastern Euro-
pean nature reserves. Plant communities which live
in similar ectopic (external) habitat conditions, but
with different lifespans and types of anthropogenic
adverse effects, have been identified. These find-
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ings allowed identifying a set of indicator features
to determine the successional state of forest com-
munities:

— percentage ratio of total basal areas in early
successional (pioneer) to late successional (climax)
species in tree synusia;

—types of ontogenetic spectra of late succes-
sional tree species;
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—presence of soil complexes attributable to
windthrow (mounds, pits and felled wood);

—diversity of the ecological-coenotical struc-
ture of the forest floor;

— species richness (number of species character-
istic of the community) and species saturation
(number of species per unit of surface) of vascular
plants and mosses in the forest floor.

Fig. 10. Coarse-humus brown soil in a tall-herb forest. Pechora-llych Nature Reserve. By A. D. Bovkunov

Analyzing changes of these indicators obtained
by studying forest communities with similar sub-
strates (by age of anthropogenic disturbances), we
have detected the following patterns in the changes
of indicator features during the regeneration pro-
cesses of natural forest’s appearance (autogenic
successions):

1. Total basal area of pioneer species in the
early stages of natural succession is nearing 100 %.
In the final stages, with the basal area of climax
species does not exceed 5—-15 %.

2. In the middle stages of succession, popula-
tions of climax tree species are invasive; in the fi-

nal stage these are normal saturated ones which at-
tests to the sustainable generation flow.

3. In the middle stages of succession, systems
of first-stage microhabitats (mounds, holes and
felled trees) are formed in the community, while in
the end stages microhabitat elements of all trans-
formation stages have been formed in approxi-
mately equal proportions.

4. In the early stages of community develop-
ment, after the canopy of the coniferous species
has closed, the ground vegetation is represented by
species of one or two ecological-coenotical groups,
which attests to the fact that systems of microhabi-
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tats are immature. In the end stages there are spe-
cies from all, or the majority of ecological-
coenotical groups. The latter fact reflects the great-
est possible diversity of microhabitats.

5. In the early stages of community develop-
ment, after the canopy of the coniferous species
has closed, species richness (number of species
characteristic of the community) and species satu-
ration (number of species per unit of surface) are
minimal. In the late stages, both reach their maxi-
mum for the given area. Thus, there is a favorable
combination of the following features: microhabi-
tat diversity, and the presence of the primordium
(seeds and spores) within the spread boundaries,
capable of colonizing these or those microhabitats.

A comparative study of green-moss and tall-herb
dark-coniferous  forests  (http://mfd.cepl.rssi.ru/
forest) against the listed features demonstrated that
it is exactly tall-herb forests that are characterized
by the highest prominence of the above- mentioned
features.

The ontogenetic spectra of spruce and fir are
normal, saturated in those communities, which at-
tests to the sustainable generation flow. There is a
full range of soil complexes attributable to wind-
fall, which ensures continuous maintenance of in-
ternal heterogeneity of tall-herb forests [16, 17].
Species richness of vascular plants in different
parts of the studied area reaches 150-200 species,
with local species saturation of 40—-60 species per
100 m?. Tall herbs dominate the ground vegetation
layer; according to total coverage and biomass, tall
herbs dominate the ground vegetation layer; the
proportion of mosses is minimal. In green-moss
forests all these indicators are substantially lower.

For the sake of comparison, we would like to
provide some results obtained in the same areas
and similar relief positions in green-moss spruce
forests and spruce and fir forests. Species richness
of vascular plants is 30-50 species, species satura-
tion amounts to 5-10 species per 100 m”. The
ground vegetation layer is dominated by green
mosses according to such parameters as total cover
and biomass [8, 15].

Evaluation of the current state of tall-herb co-
niferous forests against the indicator features has
resulted in the following conclusion: these forests
are in their final stage of regeneration after disturb-
ances, while green moss forests are in the middle
stage of regeneration. Judging by the presence of
coal in soils of most boreal forests, intense crown
fires are the most likely cause of disturbances.

According to preliminary radiocarbon dating in
tall-herb forests of the Pechora-Ilych nature re-
serve, the latest fires date back to 600-1000 and
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more, whereas in green moss forests fires date
back to no more than 200-250 years.

It is quite likely that part of the examined tall-
herb forests have not experienced serious anthro-
pogenic impact and represent refugia of genuinely
natural boreal forests. However, at present it is im-
possible to clearly distinguish between these two
types of tall-herb forests as their biodiversity has
not been examined in full, and only the first data
covering specificities of their structural and func-
tional organization have been collected.

Discussion The prehistoric face of taiga

The results obtained allow reconstructing the
natural look of boreal forests in the examined area.
It may be suggested that it is exactly tall-herb for-
ests that largely determined the pre-historic ap-
pearance of taiga in the examined area. This is
evidenced by their spread from the northern
boundaries of the forest belt to the southern taiga,
their significant ecotopic diversity and their ability
to survive in harsh climates, while preserving
nemoral-boreal composition of flora.

This assumption largely echoes the theory on
the origin of today’s taiga zone which states that
the former emerged from arctic forests of the ter-
tiary period (i.e. forest widely spread in the polar
region in Miocene) as a result of gradual climate
change from the end of the Pleiocene Period until
the end of the Pleistocene Period. This theory was
independently formulated by A. 1. Leskov [18] and
V. B. Sochava [19], on the basis of biogeograph-
ical research, and by V. P. Grichuk [20] and
P. I. Dorofeev [21], on the basis of paleobotanical
research.

Accumulated data on the mixed nemoral-boreal
composition of the herb and shrub storey of the tall-
herb coniferous forests can also be considered as an
argument in favor of the above-mentioned theory
[13, 22]. This forest storey is characterized by co-
habitation of diverse boreal species (from shrubs
such as blueberries to tall herbs such as peony, aco-
nites and delphiniums) and nemoral species (such as
ephemeroids and summer vegetating ones).

To form the numeral-boreal herb-shrub storey,
the following conditions are necessary: presence of
deciduous tree litter (as nemoral species are more
frequently seen under deciduous tree cover), holes
and pits (commonly inhabited by nitrophilic plants
and hemiboreal mosses), felled trees of 2-3 over-
growth stages (covered by small boreal herbs,
small shrubs and boreal green mosses), crown gaps
with dominating tall herbs and other features. It
should be noted that presence of nemoral plants in
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the northern and middle taiga, which only has
small-leaved trees, can indirectly indicate past
presence of broadleaves there.

On the other hand, data collected on the highest
level of biodiversity in tall-herb forests in contrast
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Conclusion

Considerable species and ecological diversity
of tall-herb forest flora fundamentally changes our
notion of the appearance of European boreal for-

to all coniferous boreal forests of the analyzed ter-
ritory examined up to the present moment allow us
to regard these forests as the most significant ob-
jects for evaluating possibilities of fulfilling the
function of biodiversity by the taiga forest cover.
Tall-herb forests clearly stand out among all north-
ern taiga forests with their species diversity, their
ecosystem functions performance.

The research was conducted with the financial
support of the Russian Foundation of Basic Re-
search (RFFI), project number 13-04-01491a, Rus-
sian Academy of Sciences Presidium ‘Living
systems’, and Russian Federation Presidential
grant (MK-2102.2012.4).

ests and determines their unique role in maintain-
ing the highest possible level of biodiversity. The
presence of tall-herb forests in various parts of
eastern European taiga together with Eurasian hab-
itats of most tall-herb species lead us to a sugges-
tion that it is exactly this type of forests that
represented the prehistoric boreal forests. In this
connection, further research into still preserved
fragments of tall-herb forests within the boundaries
of northern Furasia acquires huge significance.
This research will help put forward systems of for-
est management aimed at restoring potential biodi-
versity of boreal forests in general.
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