Ann. Zool. Fennici 31:19-34
Helsinki 31 January 1994

ISSN 0003-455X
© 1994 Finnish Zoological Publishing Board

Landscape structure and forest dynamics in
subcontinental Russian European taiga

Kimmo Syrjédnen, Risto Kalliola, Arto Puolasmaa & Jorma Mattsson

Syrjanen, K., Kalliola, R. & Puolasmaa, A., University of Turku, Dept. of Biology,
FIN-20500 Turku, Finland
Mattsson, J., University of Turku, Dept. of Geography, FIN-20500 Turku, Finland

Received 18 August 1993, Accepted 1 November 1993

The landscape structure and dynamics of NE-European forests were analysed using
data from Landsat TM in combination with systematic surveys in the field. The frontier
of intensive forestry meets forests undergoing natural dynamics in the image’s area. In
exploited areas the structural heterogeneity of the vegetation is pronounced, but the
most prominent differences between the landscapes in exploited and natural areas were
detected in the sizes and surroundings of stands of climax coniferous forests. The
distance to the nearest vegetation edge, as measured around random points, decreases
by 95% and the former landscape matrix turns to islands surrounded by deciduous
vegetation. In natural areas the dynamic processes controlling the landscape structure
include fires, windstorms and fluvial dynamics. Vegetation and the processes affecting
it vary according to site qualities. In dry sites frequent low-intensity wildfires create
small scale vegetation mosaics. In mesic sites post-fire successional stands of decidu-
ous trees are present close to river valleys. In mature Picea abies dominated forests birches
also remain essential components of the canopy layer, and forest regeneration occurs in
windstorm gaps along with tree mortality through pathogen stress. These steady state
boreal forests represent the climatic climax in the study area. The study suggests that
some frequently cited generalizations about fire dominated boreal forest dynamics may
be over-simplified.

1. Introduction

Boreal forests form a continuous circumpolar
vegetation zone, the taiga, which is the largest
terrestrial biome on Earth. Coniferous trees pre-
vail in all sites from dry to mesic, even wet, and
the environmental factors that determine the
vegetation pattern tend to be more or less alike

throughout the region. The most important natu-
ral disturbance is forest fire, while the other
processes maintaining ecological succession in
disturbance gaps include windstorms, snow-
breaks, flooding, paludification, insect outbreaks
and fungal diseases. The local details in vegetation
development depend on site conditions and the
timing and intensity of different disturbances
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(Berg 1950, White 1979, Turner 1989, Kuusela
1990).

Forest succession in the Russian European
taiga, i.e. the boreal forests between Fennoscandia
and the Ural mountains, usually starts by the
invasion of the broad-leaved pioneer trees of
white birch (Betula pendula), downy birch (Betula
pubescens) and aspen (Populus tremula). Scots
pine (Pinus sylvestris) is also a typical pioneer
tree of bare and treeless sites though it has an
ambiguous nature including climax qualities
(Kuusela 1990). In time the pioneer stands be-
come occupied by the true climax trees of Norway
spruce (Picea abies) and Siberian fir (Abies
sibirica), and these forests are considered steady-
state climatic climax (Tseplyaev 1965). While
still being internally dynamic, they maintain their
general nature until a new major external distur-
bance (fire) re-initiates the recovery process.

The average cycle between successive forest
fires varies in European and American forests
between 50 and 200 years, and the extremes in
humid refuges may reach 500-800 years
(Zackrisson 1977, Bonan & Shugart 1989). Fire
intensity and severity also vary by terrain and by
site conditions. Dry sites tend to present shorter
cycles than the moister ones, and usually it is
believed that the flammability increases with the
age of the stand due to accumulation of unburned
biomass (fuel) (Romme & Despair 1989). Again,
differences between years can be distinctive. In
normal years fires are few and only affect small
areas, whereas destructive fires can affect large
taiga areas in certain years (Engelmark 1984).
Consequently fire-intensive years may be re-
sponsible for the creation of a major proportion
of the successional stands in the landscape.

Vegetation dynamics promoted by wind-
storms resembles that of forest fires. In extreme
years windstorms can have a great role to play in
promoting natural forest regeneration (Foster
1988, Sernander 1936, Fischer 1992). In normal
years their impact remains local and in certain
sites it can be quite modest (Sirén 1955).

As a consequence of all of these processes, a
pristine taiga landscape should comprise a mosaic
of climax forests that alternate with stands un-
dergoing succession (cf. Hall et al. 1991). Each
forest type is floristically and faunistically dis-
tinctive, and the arrangement and relative pro-

portions of different stand types further enhance
the distribution and abundance of forest species
(Angelstam 1992, Forman & Godron 1986, Haila
etal. 1987). In man-dominated areas, by contrast,
the construction of the landscape and its species
composition reflect such factors as land holding
and forestry. Now, when pristine forests and many
original forest species are becoming increasingly
threatened by contemporary forestry all over
northern Europe (Barr & Braden 1988, Dudley
1992), a need has arisen to understand the struc-
ture and dynamics of those forest areas that have
retained their original character (Hansson 1992).

This study examines boreal forest structure
and dynamics in Russian European taiga where
the last representative fragments of near-to-natural
boreal forests in Europe can be found. Using
satellite imagery to detect structurally distinctive
forest and other landscape units, and ground-
truth data from the most critical forest types, we
will investigate the following problems:

1) which are the characteristic landscape-level
patterns in natural taiga;

2) which are the external processes that create
the observed patterns;

3) which forests represent steady state climatic
climax; and

4) how do the forest landscape elements change
after intensive harvesting.

The implications of the work’s findings in relation
to biodiversity management are discussed.

2. Study area and methods

The study area of 8100 km? (90 x 90 km) is de-
fined by the limits of the Landsat TM 5 image
(path 168, row 17, subquadrat B), which has its
centre at 61°48’N, 57°97E (Fig. 1). It represents
the NE corner of forest-covered Europe, ap-
proximately 400 km east of the city of Syktyvkar,
the capital of the Komi Republic of Russia.

The image presents the headwater zone of the
River Pechora adjacent to the East European
platform of Mesozoic origin; in addition Paleozoic
formations are present near the Ural mountains
(Sidorenkova 1984). Some ridges which are lo-
cally known as parmas (Komi name) are also
present in the image’s area, although Quaternary
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sedimentary plains of low elevation (appr. 100—
200 m a.s.l.) prevail. The podzolic soils typical
of the boreal zone alternate with peatlands. The
northern margin of the River Pechora is marked
by a sandy terrace occupied by dry Pinus
sylvestris forest. Deciduous forests are most
commonly found in river valleys. Although for-
est fires have been suppressed in recent decades,
marks of fire, and forests in post fire successional
stages can easily be found in many places.

The Eurasian taiga can be divided into eco-
logically distinctive areas along a climatical gra-
dient from oceanic to continental. The monitored
area belongs to the subcontinental area of the
middle boreal vegetation zone, where summers
are cooler, the temperature range lower and
winters less severe than in the continental areas
east of the Ural mountains (Sector group OC in
Tuhkanen 1984). The average annual temperature
is 1.6°C and the annual precipitation is 470 mm
in the nearby town of Troitsko-Pechorsk
(Sidorenkova 1984). Winters are continentally
cold but summertime temperatures and the
amount of rainfall are quite similar to those in
central Fennoscandia.

The study area presents the current frontier of
advancing industrial-scale forest exploitation. The
Yaksha settlement, which is the local centre of
forest harvesting, lies a few kilometres away from
the study area. Extensive clear-cutting areas oc-
cupied by naturally regenerating vegetation of
deciduous trees continue hundreds of kilometres
to the west and south. The lowland part of the
Pechoro-Ilych Biosphere Reserve preserves a
fraction of the original vegetation near Yaksha.

The forests in the central and eastern parts of
the image’s area are much less affected by man.
Although riverine areas and other easily accessi-
ble places have traditionally been used as sources
of household timber, most forests have presum-
ably never been harvested. Also the peatlands
have retained their natural condition except for
riverside swamps and flooded meadows, which
are used for hay-making. There is thus good
reason to believe that in this part of the image’s
area most vegetation patterns and limits between
adjacent forest units are natural.

The Landsat TM image that was used in this
survey was recorded on 19th June 1988. It was
processed using data recorded in the TM channels

2 (0.52-0.60 wm), 4 (0.76-0.90 pm) and 7 (2.08—
2.35 um) in the National Land Survey of Finland.
A transparency was produced with a film scanner
to the scale 1:500 000, and further enlarged to
1:100 000 and 1:50 000 for visual interpretations.
The acquired image enhancement product is es-
pecially sensitive to fine scale variations in boreal
forest vegetation (cf. Kalliola & Syrjdnen 1991).

The visual interpretation of the TM image
was made in two phases. First, image examination
combined with small plane flight observations
over the most critical areas enabled us to develop
a general interpretation key. Thereafter the area
covered by the image was divided subjectively
into 7 regions or subregions representing human
influence, riverine areas, and other general fea-
tures of the landscape.

A quantitative-qualitative survey of the land-
scape structure was made at 577 random points.
These points we located on the image (scale
1:100 000) with the help of a transparent coordi-
nate plate. For each point, the following charac-
teristics were determined by the same person
(K.S.): region or subregion (based on rough visual
delimitation of major landscape elements, Fig.
1), ground cover and vegetation type (15 catego-
ries, Table 1), structural heterogeneity (the
number of colours within a radius of 500 m, i.e.
an indication of variations in the ground cover’s
reflectancy), distance to the closest edge of the
nearest neighbour (km), sharpness of the edge
(sharp, intermediate, smooth), type of the edge
(natural, unknown, man-made), patch outline at
2.1 km (recorded as the number of transections
by the same vegetation type at the perimeter of a
circle of radius 2.1 km) and patch extension per-
centage at 2.1 km (recorded as the percentage of
the perimeter of a circle of radius 2.1 km around
the point, crossed by the same vegetation type).

Data on forest structure was collected in
September 1992 along 20 transects near the River
Pechora, representing the major forested ground
cover types in the natural part of the image’s
area. The transects were 500 m long and were
placed so that they covered only one vegetation
type of the satellite image. 1-5 transects of each
colour type of the image were studied. The basal
area of the tree species was determined by
relascope surveys in 10 sites on each transect 50
m apart; in each site, an average individual of the
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Fig. 1. Landsat TM-image of the Pechora region in the Komi republic, Russia. Dark green = mature Picea forest,
dull green = mixed coniferous forest, light green = deciduous forest, dull red = dry pine forest, red = burned area,
grey = mixed forests and mires, orange-brownish = storm tracks, pinkish — white colours = open areas and
regenerating vegetation, blue = wet mires, black = water. (For a key to colours, see also Table 1). “ESA/1988/
EURIMAGE, National Land Survey of Finland, Remote Sensing and Thematic maps. — 1. Exploited plains, 2.
Riverine areas, 3. Unexploited plains; 3a. Dry Pinus taiga, 3b. Mixed taiga, 3c. Uniform taiga, 3d. Windstorm
taiga, 4. Elevated ridges. (see Table 2).

dominant species was selected to serve as an
example tree of the stand (Table 1).

The other set of tree data (Table 4) come
from a sampling corridor of 2 X 500 m (0.1 ha)
along which all the trees and shrubs were identi-
fied, the DBH (diameter at breast height) of the
trees was measured (tree = DBH over 5 cm), the
state of the trees was determined, and decom-

posing trunks crossing the middle line of the
transect were counted. The data were collected
separately for each section of 20 x 2 m. In the
present article these data are used so far as they
relate to the general landscape structure; in a
later article they will be used for a finer-grained
analysis of internal forest structure and dynam-
ics.



ANN. ZOOL. FENNICI Vol. 31 « Syrjdnen et al.: Structure and dynamics of taiga 23

3. Results
3.1. Landscape structure
Natural forests dominated by Picea abies com-

prise half of the image’s area (Fig. 1, Table 1)
the other half being a mosaic of ten other forest

classes, clear-cut areas, mires and some miscel-
laneous landscape types. Picea abies and Pinus
sylvestris are the most important coniferous trees
in most forests; Abies sibirica is also very fre-
quent but always remains less abundant. Betula
spp. form mixed forests together with coniferous
trees and/or Populus tremula. The other tree

Table 1. Colour-key for the Pechora TM image (Fig. 1) with reconnaissance data of ground cover and vegetation.
Relative coverage (RC) gives the percentage of hits out of 577 random points. Data of trees (mean + SD) are based
on relascope surveys in 10 sites per transect 50 m apart; in each site, a typical canopy-forming tree was studied
and the table gives their average height and diameter at breast height. N = number of relascope surveys, — no

data available.

Colour Ground cover Example tree Average basal area (m¥ha)
Vegetation N RC height dbh Abies Larix Picea Pinus Pinus BetulaPopulus Salix Dead
m cm abies cembra sylv. spp. tremulacaprea trees
Dark Picea 50 48.0 16.7 26.2 35 02 179 13 09 40 0 0 1.9
green dominated 2.1 6.1 +37 106 6.8 +16 *28 =51 +2.5
forest
Dull Mixed 20 33 166 21.8 26 03 71 07 60 75 31 01 09
green coniferous +25 154 +32 206 57 *14 76 +40 +44 05 =+1.1
forest
Green Mixed 20 10.6 16.6 22.1 34 05 126 02 12 182 07 0 05
deciduous +0.1 £55 +33 23 6.0 04 +45 7.6 *1.2 +0.6
forest
Bright Deciduous 20 5.5 16.2 21.3 20 07 78 0 12 135 46 01 07
green forest +2.1 +0.6 +20 +14 +28 +1.6 161 *44 03 =*1.1
Grey Coniferous, 20 5.4 155 28.8 15 32 34 03 98 45 01 01 19
with heterogeneous +3.1 +10.4 +20 32 29 06 *69 £3.6 *03 *02 *1.2
green class
Grey Pinus mire 20 0.3 13.1 239 02 01 35 15 129 21 0 0o 21
+1.3 173 +0.7 +0.3 43 22 167 *14 +2.3
Dull Dry Pinus 20 1.6 149 26.8 0 0 0.1 0 220 08 0 0 13
red forest +1.8 189 +0.2 +7.0 14 +1.5
Red Dry Pinus 20 0.2 144 270 0 0 0 0 205 0 0 0 20
forest, burned +12 153 +4.7 +1.6
Whitish Recent 10.0 - - - - - - - - - - -
pink clear-cut area
Greenish Regenerating 10 3.6 9.9 152 0 01 0 0 49 49 0 0 02
pink vegetation +2.4 158 +0.3 +26 £3.7 +0.4
Orange  Windstorm 1.6 - - - - - - - - - - -
brown gap
Greyish  Sparse 6.6 - - . - - - - - - - -
brown coniferous
hill forest
White &  Open mire 2.8 - - - - - - - - - - -
blue
White Bare soil 0.2 - - - - - - - - - - -
Black Water 0.5 - - - - - - - - - - -
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species are less important components at the level
of the total landscape.

The image was visually divided into four
major landscape types (regions, for subregions,
see Fig. 1B and Table 2):

1) intensively exploited plains,

2) riverine areas,

3) predominantly unexploited plains and
4) elevated ridges (parmas)

The general appearance of the vegetation and the
overall landscape structure are very different be-
tween these regions.

The lowland plains are characterized by a
dissected relief of repeating river valleys. The
exploited and unexploited areas differ drastically
from each other in most of the characters meas-
ured to describe the landscape.

The intensively exploited plains (region 1)
present heterogeneous vegetation due to abun-
dant clearcut areas and stands of early succession.
Most of the edges between adjacent patches are
sharp, many are man-made and the patches dis-
play convoluted outlines. The distance to the
edge of the nearest neighbour is about 300 m.

The riverine areas (region 2) also appear
heterogeneous as they display four physio-

Syrjinen et al.: Structure and dynamics of taiga * ANN. ZOOL. FENNICI Vol. 31

gnomically different vegetation types within the
radius of 500 m. The distance to the edge of the
nearest neighbour stays at 200 m. Most vegetation
edges are natural, although some patches have
undoubtedly been created by man. Half of the
edges are sharp, while about a tenth of the edges
changes evenly between adjacent successional
stands. Several patches occur as relatively small
(1-25 ha) habitat islands of edaphically contrast-
ing site characters. The Picea-dominated areas are
predominantly minerotrophic mires with solitary
individuals of Pinus cembra being present. The
well-lighted terrace margins often harbour mixed
stands of Pinus sylvestris and Larix sibirica; the
undergrowth is formed by shrubs including Alnus
viridis and Lonicera caerulea. Picea and Abies
form dense patches of young trees, and sometimes
also Populus tremula is present. Furthermore this
region is characterized by small meadows, narrow
beaches and riverside thickets of Salix viminalis
(sensu lato). The typical size of these patches is
around one hectare or less, i.e. near or below the
resolution limit of the Landsat TM imagery.

In the predominantly unexploited plains (re-
gion 3), physiognomically uniform vegetation
patches are extensive. Distances to the edges of
the nearest neighbours are usually long, and most
forests represent the state of climatic climax. The

Table 2. Landscape characteristics (mean + SE) in different regions and subregions of the study area. N=number
of random points studied. Heterogeneity = number of different ground cover types within a radius of 500 m.
Distance to nearest neighbour in km. Patch outline = the number of transects by the same patch at a radius of 2.1

km. Patch extension = percent cover of same vegetation type at the perimeter of a circle with 2.1 km radius.

Regions and N Hetero- Nearest Edge characteristics (%) Patch
subregions geneity neighbour sharp smooth nat. artif.  outline extension
1. Exploited plans 178 3.9%0.1 0.3+0.06 71 5 55 26 22+02 211+19
2. Riverine areas 66 3.7+0.1 0.2+0.02 51 11 91 5 09+02 132%21.6
3. Unexploited plans
a. Dry Pinustaiga 8 3.6+03 0.2%0.05 38 0 83 12 1.8+0.6 16+ 6.3
b. Mixed taiga 33 29+01 1.2+0.52 64 3 9% 3 28+05 419176
c. Uniformtaiga 229 1.9+0.1 3.6 £0.40 54 11 94 6 22+0.1 73.8+2.2
d. Windstorm taiga 27 2.9%0.1 1.0+ 0.51 59 7 89 7 54+0.7 67.2+75
4. Elevated ridges 36 24+0.1 0.7+0.27 19 42 97 0 1.9+0.2 54.8+5.1
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dynamics of each of these subregions is to a
large extent characterized by forest fires of dif-
ferent frequencies and intensities.

The sandy terraces north of the Pechora River
present a distinctive belt of lichenous-shrubby Pinus
sylvestris forests (subregion 3a). This dry Pinus
taiga subregion occupies a relatively small area
but it differs greatly from the surrounding forests
on less barren substrates. The heterogeneity of this
landscape is pronounced, as in riverine and man-
aged regions. Also, the distance to the edge of the
nearest neighbour — only 200 m — is distinctive
when compared to other subregions in unexploited
plains. The sharpness of the edge was in most
cases (60%) characterized as intermediate, which
means that no major physiognomical changes were
usually observed between adjacent vegetation
patches; in the remaining 40% of the cases such
edges are however sharp.

In the mixed taiga subregion (3b) north of the
Pechora River the landscape is a mixture of dryish
and mesic forests dominated by Pinus sylvestris
or Picea abies, and of various types of peatlands.
The vegetation is structurally heterogeneous and
many of these patches are relatively small and
intermingled. These characters are tied to the
dissected relief of the landscape, and to the vary-
ing soil conditions and drainage. The distance to
the nearest neighbour (1.2 km) is 6 times greater
than in the subregion of dry Pinus taiga.

The subregion of uniform taiga (3c) com-
prises most of the unexploited plains. The average
distance to the nearest neighbour is as long as 3.6
km, and the same landscape patch on average
crosses a circle drawn at 2.1 km around a random
point in 74% of the length of the perimeter (patch
extension %). About half of the natural limits
between adjacent patches of vegetation are sharp,
due mainly to abrupt changes in the relative pro-
portion of deciduous trees and the presence of
open mires. Differently sized stands of deciduous,
mixed deciduous, or mixed coniferous forests
follow the river valleys. Such areas are clearly
distinguishable patches of vegetation (Figs. 2A,
B), and in most cases they represent post-fire
succession, where large birches and aspens are
undergrown by coniferous saplings. However,
the prevailing forest type (78% of the subregion)
i8 Picea-dominated forest with Abies and Betula
spp. being present (Figs. 2D, E). The latter for-

ests are taken to represent the climatic climax,
though their internal dynamics appears complex:
patches of dead or dying trees are common at
any location. No marks of recent disturbance by
wildfires were detected in these forests.

One of the most eye-catching features in the
unexploited plains is the parallel chains of storm
tracks (windstorm taiga, subregion 3d). It is
possible that these were created by a single storm
in 1986-1987, and that the fallen trees were
turning brown at the time of the image’s registra-
tion about two years later. In 1992, no signs of
forest regeneration by deciduous trees were as
yet observed in these gaps (Figs. 2A, C), but due
to their sporadic occurrence the closed forest
outline in this subregion (3c) appears particularly
split. Consequently, compared to all the other
regions of the image, the relative patchiness of
this landscape type is the highest (patch outline
in Table 2).

The elevated ridges (region 4) present mossy
and sparse Picea abies forests which grade
smoothly into the surrounding taiga of the lowland
plains. The proportion of sharp edges is only
20%, which is the lowest value of all the regions
in this image area. When compared to uniform
taiga wildfires are likely to be even less important,
and human impact is lower than in the lowland
plains.

3.2. Vegetation type characteristics

Out of the 13 vegetation types recognized in the
satellite image the combined class of mature Picea
forests and mires appears structurally the most
uniform: 277 random points were studied in this
vegetation type, and on average only 2.2 struc-
turally distinctive vegetation types were discern-
ible within a radius of 500 m (Table 3). Thus,
within an area of 80 ha adjacent to any random
point of Picea forest, usually only one different
vegetation type is present, and according to a
rough estimation based on the “patch extension”
character, 70% of the surrounding 1000 ha at any
random point of mature Picea forest is formed by
the mature Picea stand itself.

Mixed forests and those dominated by Pinus
sylvestris are substantially less uniform and the
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Fig. 2. Photos from the image area. — A enlarged part of Fig. 1 from the region of unexploited plains; light green
= post-fire successional patch with Populus tremula, light orange brown = windstorm gaps in mature Picea forest,
dark green = mature Picea forest. — B oblique view of a deciduous patch of fire origin (shown in Figs. 1, 2A). —
C windstorm tracks in Picea dominated forest. — D relatively sparse steady state Picea forest, with dead stand-
ing spruces and deciduous trees. — E a mature Picea abies dominated forest with decaying logs, abundant
young trees and occasional birches. — F a mature dry Pinus sylvestris forest which has not been burned re-
cently. Note the patchiness of young and old pines, the latter having survived many fires. — Photos: Jorma
Mattsson and Risto Kalliola 1992.

unvaried patches remain relatively small in size.  often follow river valleys, thus repeating the
The closest vegetation edge can be found at a  branching pattern of the river. The windstorm
distance of a few hundred metres. The decidu-  gaps occur as small islands in the spruce forest
ous, and especially the mixed deciduous stands,  matrix; these tracks form loose chain-like corri-
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dors up to 50 km long. The mires of the study
area are structurally heterogeneous, yet they tend
to be isolated and small in size.

Man-created vegetation types are responsible
for the majority of sharp edges between adjacent
vegetation patches. The clearcut areas are very
extensive and express particularly convoluted
outlines. The latter is due to the administrative
rules in Russia which require buffer zones 200 m
wide to be left untouched along all rivers and
creeks. These remnant corridors of forests do not
have correspondences in the pristine landscape.

Fig. 3 examines the anthropogenic influence
in the level of vegetation types. Here the random
points representing different mesic forest types
are divided into two categories, depending on
whether the closest border is natural or made by
man. Any random point in forests of the exploited
plains (region 2) is also included in the ‘exploited’
group in order to demonstrate the differences
between natural and harvested forest areas. The
most dramatic changes can be observed in the
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combined class of Picea forests and mires
(marked as Picea forests in Fig. 3) where the
heterogeneity of the vegetation within 500 m
increases considerably. In natural forests only
one other vegetation type is to be found within a
radius of 500 m, whereas in the ‘exploited’ group
2.6 other types of vegetation are present.
Moreover the distance to the nearest neighbour
decreases from almost 4 km to 250 m, the edge
sharpens and the patches become less extensive
and show convoluted outlines.

The differences detected in deciduous and
mixed deciduous forests are of a less dramatic
nature. Within the monitored area, 15% of the
forests are deciduous or mixed deciduous occur-
ring in natural and an additional 17% in exploited
areas. The exploited areas also comprise open
land and regenerating stands which will soon
turn to deciduous forests. Intensive forest ex-
ploitation makes the successional deciduous
patches less outstanding elements of the land-
scape as compared to natural conditions. It can

Table 3. Landscape characteristics (mean + SE) in the major vegetation (habitat) types of the study area. For

explanations, see Table 2.

Type of N Hetero- Nearest Edge characteristics (%) Patch
vegetation geneity neighbour sharp smooth nat. artif.  outline extension
Windblow gap 9 3.9+£03 0.1+0.01 78 0o 77 0 0 0
New clearcut area 10 34+03 0.2+0.03 100 0 0 100 1.3+04 105+ 3.7
Clearcut area 47 4.0+0.1 0.2+0.1 70 9 70 4 29+04 257+ 34
Regenerating 21 3.9+02 0.8+0.47 67 5 76 5 39107 42.6+6.5
vegetation

Deciduous forest 32 34102 0.1+£0.01 75 3 84 6 09+03 8.1+42
Mixed deciduous 61 3.4+0.1 0.3+0.04 39 10 77 16 1.6+0.2 226+3.7
forest

Mixed coniferous 19 35102 0.31£0.04 58 21 58 32 1.3+05 23.2+6.8
forest

Dry Pinus forest 10 35+0.2 0.2+0.04 60 0 80 20 1.4+ 05 8.7+45
Mesic Pinus forest 31 3.6+0.1 0.2+0.03 52 10 90 10 1.1+£0.3 13.7+43
Picea forest/mire 277 22101 3.2+0.35 59 9 83 13 27+0.1 719120
Picea forest at ridges 29 24+01 0.8+0.34 24 48 100 0 1.8+0.3 55.6+5.9
Sparce Picea forest 9 27102 0.5+ 0.06 22 11 89 0 24+05 489%107
at ridges

Mires 18 3.9+0.2 0.1 £0.02 61 o 78 17 0.1+£0.11 1.9+1.9
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Fig. 3. Comparision of mature Picea forests/mires, deciduous forests and mixed deciduous forests in natural
(open bars) and exploited (solid bars) conditions. — A: coverage of the vegetation types in the study area, — B:
the heterogeneity (number of different ground cover and vegetation types within the radius of 500 m), — C:
distance to nearest neighbour (km), — D: percentage of sharp edges, — E: patch outline (the number of
transects by the same patch at the radius of 2.1 km), — F: patch extension -% (the % cover of same vegetation

type at the perimeter of a circle with 2.1 km radius).

be expected that in the near future the deciduous
forests will form 65% of the landscape. In fact
the whole landscape matrix is just about turning
upside down due to forest exploitation.

3.3. Structure of natural forests

Quantitative surveys of living and dead trees as
well as of decaying trunks were made along the
transects of 2 X 500 m in different site types (Ta-
ble 4, Fig. 4). The forests and mires dominated
by Picea abies are here distinguished although
they cannot be differentiated by colour in the
satellite image.

Dry Pinus forests were studied at five places
representing three types of succession history

(Fig. 4A). The young stand is recovering from a
relatively recent forest fire (approximately 30—
50 years ago) and contains 1040 small-sized trees/
ha, one third of them birches; the density of
saplings is 300/ha. Of the two mature Pinus for-
ests, one has been affected by a relatively recent
(appr. < 15 years) ground fire, whereas the other
has not been disturbed by recent wildfires (Fig.
2F). These forests have 450 and 735 trees/ha,
respectively, out of which one third are dead and
an additional 2-3% are weak or dying. In undis-
turbed forests 600 young trees/ha are present. In
the mature stands affected by recent ground fires
the amount of young trees is relatively low (70
trees/ha). Deciduous trees are rarely present in
the canopy level yet they comprise one third of
the small tree class. The amount of decaying logs
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is quite high in all of these forests, but least
abundant in burned stands.

Dryish Pinus-Larix forests were studied on
three ancient terraces of the Pechora River. Two
thirds of the standing trees were coniferous, but
in the small tree class conifers comprise only
57%. This result is indicative of good light con-
ditions at the terrace slopes and margins, which
promotes the development of an exceptionally
dense shrub layer (> 3000 individuals/ha), rich
in deciduous species. The amount of windfalls is
fairly low in these forests, which may result from
severe fires or timber harvesting.

The mesic Picea dominated forests (Figs. 2D
& E, 4B) contain 900-1500 trees/ha, and between

10% and 14% of the standing crop is formed by
dead trees; an additional 1-4% of the trees are
weak or dying. The number of tree seedlings varies
between 900 and 2000. The similar relative pro-
portions of deciduous trees and seedlings (15%
and 13%, respectively) suggests that these forest
are in dynamic equilibrium, with deciduous spe-
cies also being essential components of the tree
layer. The mixed coniferous forests show only a
few marks of slow directional vegetation change.
The mixed deciduous forests, on the other hand,
seem to be becoming more conifer-rich. The
amount of windfalls is high in the later succes-
sional mesic forests, almost reaching the frequency
of the standing crop in some mature stands.

Table 4. The structure of naturally regenerating forests of the study area as based on transect analyses. The total
number of canopy forming standing crop, percentage values of coniferous, deciduous and dead trees in standing
crop, amount of windfalls, and amount of young trees, are expressed. All the values are calculated per one
hectare area except the amount of windfalls (decomposing trunks crossing the transect).

Type of Standing crop Wind- Young trees Successional
vegetation ind/ha conif decid dead weak falls ind/ha conif decid status
Mesic sites
Picea forest 1000 855 145 11 3 985 1820 87.4 12.6  mature stand
“climax”
Pinus mire 1032 876 124 13 O 423 629 81.6 184  mature stand,
“climax”
Picea mire 1136 892 108 10 4 1113 1010 825 17.5  mature stand,
“climax”
Mixed conif- 900 778 222 14 1 1065 895 709 29.1 later after-
erous forest fire stage
Mixed decidu- 1543 467 533 10 2 563 1950 71.8 282  early after-
ous forest fire stage
Dryish sites
Mesic Pinus 1295 67.7 323 4 1 456 3029 574 426 after fire
forest stage
Dry sites
Dry Pinus 735 946 54 30 3 500 600 76.7 23.3 mature stand,
forest “climax”
Dry Pinus forest, 450 100 0o 27 2 465 70 643 357 recently
with ground fire disturbed
Mixed young 1040 644 356 1 1 340 300 73.3 26.7 early after
Pinus forest, fire stage

regenerating
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Picea mires very much resemble Picea forests
with regard to their tree species composition and
stand dynamics. The frequency of standing trees
equals that of fallen logs. The amount of young
trees is lower than the number of canopy forming
trees. In addition to occasional Pinus cembra the
most distinctive differences are found in the her-
baceous layer. Pinus mires are relatively densely
covered by low-growing P. sylvestris and P.
cembra. A clear distiction in their structure, as
compared to Picea mires, is the scarcity of
windfalls and young trees. The forest ground
layer contains Sphagnum mosses and dwarf
shrubs typical of peat bogs.

4. Discussion

4.1. Landscape structure and dynamics in dry
and dryish sites

Stand structure and dynamics in dry and dryish
sites is dominated by repeated forest fires. Espe-
cially the regeneration and maintenance of the
dry Pinus forests are characterized by low-inten-

sity fires which can occur in cycles of only 30 to
50 years (A. Blagovidov, personal communica-
tion). Fire cycles in dry sites are greatly en-
hanced by human activities. The recently burned
areas are relatively small in size (0.5-100 ha) —
in the satellite image they can be seen as red dots
— and often fire passes only through the under-
growth, consuming lichens, shrubs and litter. In
northern Sweden the common fire cycle in Pinus
forests is reported to be 80-90 years (Engelmark
1984), and sometimes in dry sites 50 years
(Zackrisson 1977). Due to such frequent fires the
density and age distribution of the trees is vari-
able; crown fires may be supressed by the
patchiness of the tree layer. Despite the single-
species dominance these forests can retain their
mosaic structure where the distance to the nearest
edge remains low, yet it should be remembered
that timber harvesting has enhanced the patchy
nature of these forests as well.

In dry sites, Pinus sylvestris is the first tree
species to occupy the recently burned sites.
Having thick bark at the lower half of the trunk,
large individuals survive fire and are able to set
seeds for the future tree generation(s). Due to
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frequent fires successional replacement by other
trees hardly occurs at all. The result is a rather
sparse forest with occasional clearings and
clumps of young trees. Due to frequent fires
such stands can maintain their general structure
for centuries.

In forests where fire has not occurred for
several decades, dense groups of young trees or
saplings may be found in otherwise sparse forest.
With time the impact of pathogens, snowbreaks
and wind contribute to the forest regeneration
dynamics. The amount of dead standing pines is
quite high both in climax and disturbed forests.
The most dense Pinus forests with relatively large-
sized individuals have escaped fires through their
occurrence in islands or peninsulas surrounded
by mesic forests or mires. It has also been re-
corded elsewhere that even large Pinus forests can
avoid wildfires if they are surrounded by open
mires (Engelmark 1984).

In dryish sites mixed coniferous forests pre-
vail. Picea abies and Abies sibirica can invade
sites which were earlier colonized by Pinus
sylvestris with occasional individuals of Larix
sibirica and Betula spp. Wildfires are probably
less frequent than in the dry sites, but after the
accumulation of flammable material the forests
are renewed through intense fires. Large gaps
created by wildfires or windstorms may change
the level of ground water and thus affect site
conditions and the tree species composition even
in adjacent plains (cf. Berg 1950).

4.2. Landscape structure and dynamics in
mesic sites

The extensive areas characterized by recent
windfalls cover thousands of hectares of mesic
forests in the image’s area, and the length of
some tracks exceeds 50 km. Although such de-
structive winds have probably been enhanced by
the enormous clear-cut areas of the Perm region
south of Komi, disturbance by windstorms is an
essential process in a boreal forest landscape. In
the Komi area extremely strong storms are rare
compared to the middle Russian plains (Lyakhov
1987). These storms may promote cyclic forest
regeneration somewhat comparable to the fire

dynamics. In the more humid areas in NE North
America (Foster 1988) and Fennoscandia (Ser-
nander 1936) the importance of great devastations
caused especially by forest fires is less pro-
nounced than in the continental areas of Siberia
and North America. In these more humid areas
the role of windfalls is more important at mesic
forests.

Over half of the natural landscape in the im-
age’s area is covered by mesic Picea forests which
represent the climatic climax. Mesic deciduous
and mixed deciduous forests are common at river
margins and in the valleys of small tributaries.
This pattern suggests a possible antropogenic
influence in the origin of the fires.

The landscape structure in these areas seems
to confirm the general scheme of post-fire suc-
cession in boreal forests (see Introduction). Betula
spp. and Populus tremula pioneer most burned
areas and become replaced by species of the
“dark taiga”. In the early stages of succession the
deciduous forest is dominated by birches and
aspen with young coniferous trees and saplings
arising from the herb-rich ground. Both the
amount of standing crop and the number of young
trees are relatively high.

During succession, competition between in-
dividuals increases and thinning occurs while the
volume of the individual trees increases. In the
late stages of succession, giant individuals of
Populus tremula are typically present in mixed
coniferous forests, which are otherwise dominated
by Picea abies with occasional birches (Betula
spp). The forest bottom contains more mosses
and shrubs than in earlier successional stages,
but still the amount of grasses and herbs is high.
Decaying logs are common, including deciduous
trunks, mainly aspen. The amount of young trees
is relatively low, probably due to the dense
standing crop and closed forest canopy. Still every
third young tree is deciduous.

Mixed coniferous forests are valuable from
the point of view of nature conservation because
of the presence of old deciduous trees. Many
endangered species (bryophytes, lichens, insects,
fungi) are dependent on old deciduous trees and
decaying logs, especially those of aspen. Ac-
cording to several models of forest growth, these
successional stages are slowly replaced by shade
tolerant climax trees (Leemans & Prentice 1987).
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However, varying small scale disturbances, such
as those reported in this study, are not included
in many of these models. It seems to us that such
causes as pathogens and windfalls, together with
waterlogging and uprooting of spruces, can pro-
vide disturbance gaps which allow the succesful
regeneration of Populus tremula, Salix caprea
and Betula spp. during several tree generations,
at least by vegetative means. According to Steijlen
& Zackrisson (1986) postfire succession will not
necessarily lead to a total spruce dominance in
fire refugia, while more complex tree species
composition is also possible.

A mature Picea stand, which is the most
typical vegetation type in the unexploited part of
the image, is dominated by Picea abies and to a
lower extent Abies sibirica. The forest is relative
open and it is characterized by the presence of
dead standing trees and scattered birches. Every
fourth tree is either deciduous or dead. The
abundance of dead standing trees separates these
forests in a very clear manner from managed
forests. In the natural forests of northern Sweden
the amount of dead standing trees (1012 m*/ha,
in Linder & Ostlund 1992) is comparable to our
area. These natural Picea forests are also quite
open (1000 trees/ha) and have at least 20-50%
lower volume than the managed forests. This
means that tree biomass does not necessarily
accumulate and the flammability does not increase
with stand age, as has sometimes been presumed
(Romme & Despair 1989). Also, the severity of
fires may not be at the same level as in the more
dense successional stands. Much potential fuel is
lost through decaying logs on the forest floor,
and these forests are characterized by the number
of young trees and saplings exceeding that of the
canopy trees. No apparent marks of wildfires are
usually visible.

In wet places wildfires obviously have an
even minor role to play. Forested mires are typi-
cally characterized by scattered varyingly aged
individuals of Pinus cembra, which are sensitive
to fires due to their thin bark. Their presence is
thus indicative of the absence of wildfires. The
vegetation is probably in a steady state, but the
turnover time of successive tree generations can
be very long. Tree replacement is mostly based
on windfalls and changes in the surrounding
landscape.

4.3. Dynamics of climatic climax

It is a common belief that long term spruce-
domination causes negative changes in the micro-
environment, and that without disturbances cli-
max stands would slowly degrade (Kuusela 1990).
Such stands are reported to have regeneration
problems at least in thick moss sites throughout
the northern parts of the boreal zone (Picea abies
forests; Sirén 1955, Picea mariana forests; Bonan
& Shugart 1989), and therefore wildfires provide
the only successful natural regeneration mecha-
nism.

Our study suggests that forest fires can be
rare in mesic sites, forcing us to presume that
there are indeed successful regeneration mecha-
nisms operating even in the steady state climax
forests dominated by Picea abies. They may be
based on small-scale dynamics beyond the reso-
lution limits of the satellite imagery (scale < 1
ha). This observation is in agreement with the
idea of a dynamic species composition by Kuusela
(1990): ‘On and near the forest border,” where
‘the incidence of fire is relatively rare’ and ‘the
soil is loamy, compact and water retaining, spruce
dominates with a mixture of birch over limited
areas.’ (see also Jonsson & Esseen 1990). To us
it even seems possible that such areas with dy-
namical species composition indeed cover a great
part of the subcontinental taiga in pristine condi-
tions.

Wind is undoubtedly the most important
exogeneous disturbance factor in Picea stands
(Sernander 1936, Delin 1992); here and there in
the forest fallen logs and broken trees are common
consequences of windfalls, snowbreaks and up-
rooting. Local windstorm gaps and patches of
0.01-0.5 ha are very common. The formation of
such gaps may sometimes cause waterlogging
and thus increase the danger of freezing-up (tree
uplift through frost activity) and uprooting of
spruces (Delin 1992). Other important gap-form-
ing mechanisms in mature Picea stands include
fungal diseases which occur in synergism with
insect pests. In these gaps decaying logs together
with uprooted trees form important regeneration
niches on the forest floor. The deciduous litter of
birch also causes local variation in the soil chem-
istry (Bonan & Shugart 1989). Thus, the light
and soil micro-environment in the forest floor
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appears temporally and spatially variable and
provides sufficient regeneration niches for the
canopy-forming trees. The gap dynamics in
Russian Picea stands seem to have some of the
same mechanisms as in pristine forests in Scan-
dinavia, which are usually considered fire refugia
(Sernander 1936, Liu Qinghong & Hytteborg
1991, Hytteborg et al. 1987, Steijlen & Zackrisson
1987).

4.4. Biodiversity and the role of man

The most prominent impact of man in the boreal
forest landscape of the Russian European taiga is
the intensive and systematic exploitation of for-
ests. A landscape that was characterised by old
coniferous woods changes into one dominated
by deciduous stands. Natural forests are left intact
only along mires, rivers and brooks. These sites
may serve as dispersal corridors for forest species.
They also maintain a store of decaying wood in
moist conditions, which is needed by several
species of plants and animals. Whether the rem-
nant patches of mature forests indeed remain
effective refugia for the threatened forest species
is, however, not known.

The question of the steady state boreal land-
scape is of primary importance in discussions on
nature conservation. Most works on fire dynam-
ics predict that the overall forest landscape should
represent stages of post-fire succession. Thus,
the discovery of large spruce-dominated forests
where birches are also present, instead of veg-
etation mosaics, in the pristine parts of our study
area, was unexpected. The distribution of the
major deciduous forests along river valleys was
suggestive of human-enhanced fire dynamics in
the taiga. In research on fire cycles the role of
man should not be ignored.

According to our experiences, the plant spe-
cies richness in the study area is always highest
at riverine sites where river processes together
with traditional land use have created several
habitat types. In dry and dryish sites natural and
human-enhanced fire dynamics plays an impor-
tant role in maintaining forest structure. Prob-
ably also the mesic sites adjacent to dry sites
suffer from regular fires, whereas in large mesic
areas other processes seem to be responsible for

the present forest structure and species composi-
tion (see also Kuuluvainen 1994).

The Russian European taiga still offers a good
opportunity to study those natural processes that
affect both the spatial and the temporal aspects
of biodiversity in pristine boreal forests. We find
it necessary to use this unique opportunity effec-
tively because some widely cited generalizations
about boreal forests are based on conditions en-
countered in North America, and may thus not
be applicable to Europe. The massive forest ex-
ploitation in northern Russia appears most
alarming because the relative proportions of co-
niferous and deciduous forests are being altered
in a short time on a continental scale (Barr &
Braden 1988, Dudley 1992). Thus, it is important
to strive for international joint efforts with Russian
scientists to carry out research in the still existing
pristine forest areas. This necessity also reveals
the great value of large conservation areas, such
as the Pechoro-Ilych Biosphere Reserve.

Acknowledgements. We are especially grateful to
Alexei Blagovidov, Kornely Megalinsky and also to all the
other staff members of The Pechora-Ilych Biosphere Re-
serve in Yaksha for providing working facilities, hospital-
ity and interesting conversations. Many thanks are due to
Dr. Veronica Tarbayeva from the Ural division of the
Russian Academy of Science in Syktyvkar for her invalu-
able help. This study was financed by the Academy of
Finland, Turku University Foundation and the Scientific-
Technical Committee between Russia and Finland.

References

Angelstam, P. 1992: Conservation of communities — the
role of edges, surroundings and mosaic structure in
man-dominated landscapes. — In: Hansson, L. (ed.),
Nature conservation by ecological principles — a boreal
perspective: 9-70. Elsevier, London.

Barr, B. M. & Braden, K. E. 1988: The disappearing
Russian forest — a dilemma in Soviet resource man-
agement. — Rowman & Littlefield, London. 252 pp.

Berg, L. S. 1950: Natural regions of the USSR. — In:
Morrison, J. A. & Nikiforoff, C. C. (eds.), The
Macmillan Company, New York. 436 pp.

Bonan, G. B. & Shugart, H. H. 1989: Environmental fac-
tors and ecological processes in boreal forests. —
Ann. Rev. Ecol. Syst. 20:1-28.

Delin, A. 1992: Vascular plants of the taiga — adaptations
to continuity or to disturbance (In Swedish with Eng-
lish summary) — Svensk Bot. Tidskr. 86(3):147-176.

Dudley, N. 1992: Forests in trouble: a review of the status
of temperate forests worldwide. — WWF & Banson,
London. 260 pp.



34 Syrjdnen et al.: Structure and dynamics of taiga + ANN. ZOOL. FENNICI Vol. 31

Engelmark, O. 1984: Forest fires in the Muddus National
park (northern Sweden) during the past 600 years. —
Can. J. Bot. 62:893-98.

Fischer, A. 1992: Long term vegetation development in
the Bavarian mountain forest ecosystems following
natural destruction. — Vegetatio 103:93-104.

Forman, T. T. & Godron, M. 1986: Landscape ecology. —
John Wiley & Sons, Inc., New York. 619 pp.

Foster, D. R. 1988: Species and stand responce to cata-
strophic wind in central New England, USA. — J.
Ecol. 76:135-151.

Haila, Y., Hanski, I. H. & Raivio, S. 1987: Breeding bird
distribution in fragmented coniferous taiga in southern
Finland. — Ornis Fennica 64:90-106.

Hall, F. G., Botkin, D. B, Strebel, D. E., Woods, K. D. &
Goetz, S. J. 1991: Large-scale patterns of forest suc-
cession as determined by remote sensing. — Ecology
72(2):628-640.

Hansson, L. 1992: Landscape ecology of boreal forests. —
Trends Ecol. Evol. 7(9):299-302.

Hytteborn, H., Packham, J. R. & Verwijst, T. 1987: Tree
population dynamics, stand structure and species
composition in the montane virgin forest of
Vallibdcken, northern Sweden. — Vegetatio 72:3-19.

Jonsson, B. G. & Esseen, P.-A. 1990: Treefall disturbance
maintains high bryophyte diversity in a boreal spruce
forest. — J. Ecol. 78:924-936.

Kalliola, R. & Syrjanen, K. 1991: To what extent are
vegetation types visible in satellite imagery? — Ann.
Bot. Fennici 28:45-57.

Kuuluvainen, T. 1994: Gap disturbance, ground micro-
topography, and the regeneration dynamics of boreal
coniferous forests in Finland: a review. — Ann. Zool.
Fennici 31:35-51.

Kuusela, K. 1990: The dynamics of boreal coniferous for-
ests. — Finnish National Fund for Research and De-
velopment, SITRA 112. 172 pp.

Leemans, R. & Prentice, I. C. 1987: Description and simula-
tion of tree-layer composition and size distributions in a
primeval Picea-Pinus forest. — Vegetatio 69:147-156.

Linder, P. & Ostlund, L. 1992 : Changes in the boreal
forests of Sweden 1870-1991 (In Swedish with English
summary.) — Svensk Bot. Tidskr. 86(3):199-215.

Liu Qinghong & Hytteborg, H. 1991: Gap structure, dis-
turbance and regeneration in a primeval Picea abies
forest. — J. Veget. Sci. 2:391-402.

Lyakhov, M. Y. 1987: Tornadoes in the midland belt of
Russia. — Soviet Geography, Oct: 562-609.

Romme, W. H. & Despair, D. G. 1989: Historical per-
spectives on the Yellowstone fires of 1988. —
Bioscience 39(19):695-699.

Sernander, R. 1936: The primitive forests of Granskir and
Fiby. (In Swedish with English summary) — Acta
Phytogeogr. Suec. 8:1-232.

Sidorenkova, T. P. (ed.) 1984: Atlas of USSR. (In Rus-
sian) — Glavnoe upravlenie Geodeziy i Kartografiy
pri Sovete Ministrov SSSR, Moskva. 259 pp.

Sirén, G. 1955: The development of spruce forest on raw
humus site in northern Finland and its ecology. —
Acta Forest. Fennica 62:1-362.

Steijlen, I. & Zackrisson, O. 1987: Long-term regeneration
dynamics and successional trends in a northern Swedish
coniferous forest stand. — Can. J. Bot. 65:839-848.

Tseplyaev, V. P. 1965: The forests of the USSR. — IPST
No. 2117, Jerusalem. 521 pp.

Tuhkanen, S. 1984: A circumboreal system of climatic-
phytogeographical regions. — Acta Bot. Fennica
127:1-50.

Turner, M. G. 1989: Landscape ecology: the effect of pattern
on process. — Ann. Rev. Ecol. Syst. 20:171-97.

White, P. S. 1979: Pattern, process and natural disturbance
in vegetation. — Bot. Rev. 45:229-99.

Zackrisson, O. 1977: Influence of forest fires on the north
Swedish boreal forest. — Oikos 29:22-32.



