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The amount, variability, quality and spatial pattern of coarse woody debris (CWD) on
mineral soil sites was studied within a natural Pinus sylvestris L. dominated boreal
forest landscape in Russian Viena Karelia. Data on the total CWD was collected on 27
sample plots (20 m x 100 m) and data on large CWD was surveyed along four transects
(40 m wide and up to 1000 m long). The mean volume of CWD (standing and down
combined) was 69.5 m3ha!, ranging from 22.2 m3ha! to 158.7 m3ha™! from plot to plot.
On average, 26.9 m3ha~! (39%) of CWD was standing dead wood and 42.7 m3ha~! (61%)
down dead wood. The CWD displayed a wide range of variation in tree species, tree size,
stage of decay, dead tree type and structural characteristics, creating a high diversity of
CWD habitats for saproxylic organisms. Large CWD was almost continuously present
throughout the landscape and its overall spatial distribution was close to random, although
a weak autocorrelation pattern was found at distances less than about 50 m. On small
spatial scales total CWD showed wide variation up to a sample area of about 0.1 ha,
beyond which the variation stabilized. The fire history variables of the sample plots were
not related to the amount of CWD. This and the spatial pattern of CWD suggest that the
CWD dynamics in this landscape was not driven by fire, but by more or less random
mortality of trees due to autogenic causes of death.
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1 Introduction

Decaying, dead wood is an important part of
boreal forest ecosystems (Samuelsson et al. 1994,
Siitonen 2001). A decomposing tree affects both
ecological processes and species composition at
its locality. Decaying logs store nutrients and
water, and affect their flows. Logs are also an
important seedbed (Hofgaard 1993, Kuuluvainen
and Juntunen 1998) and serve as substrate for
nitrogen binding bacteria (Jurgensen et al. 1987).
Many species are dependent on dead wood, which
is used as concealment, reproduction, nesting
and feeding sites (Harmon et al. 1986). These
saproxylic species can be found in almost all
groups of organisms, including fungi, inverte-
brates, birds, bryophytes and lichens (Samuels-
son et al. 1994, Siitonen 2001); for example,
about 20-25% of the forest species in Finland
are estimated to be dependent on dead wood
(4000-5000 species, Siitonen 2001).

In forest ecosystems the dynamics of coarse
woody debris (CWD) is driven by disturbance
dynamics. In natural forests disturbances differ
greatly in size, strength, quality and recurrence
(van der Maarel 1993, Attiwil 1994, Engelmark
1999). There is also synergism among distur-
bances, i.e. one disturbance factor may affect
the probability of other disturbance factors occur-
ring. Tree mortality in the landscape is often
affected by a combination of autogenic and allo-
genic disturbances and their interaction (Kuulu-
vainen 2002, Rouvinen et al. 2002). Autogenic
disturbance agents operate continuously on small
spatial scales, causing single-tree death from
senescence, competition, and attacks by pathogens
and bark beetles and so on. Allogenic disturbance
factors such as fires and flooding occur more
discretely in time but operate on larger spatial
scales. Traditionally, fire is considered to be the
most important disturbance factor in boreal for-
ests. Low-severity surface fires, in which large
Pinus trees survive, are typical of Fennoscan-
dian natural forests (Zackrisson 1977, Granstrom
1996, Angelstam 1998). However, there is increas-
ing evidence of the importance of small-scale
autogenic disturbances to boreal forest structure
and dynamics (Kuuluvainen 1994, Lewis and
Lindgren 2000, Rouvinen et al. 2002).
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The amount of CWD in a stand is determined
by the input and decay rates of CWD (Siitonen
2001). The input rate is related to the successional
stage of the stand, but there is also seasonal
and annual variation (Harmon et al. 1986). Site
productivity affects the volume of CWD as well
(Lang 1985, Harmon et al. 1986, Spies et al. 1988,
Sturtevant et al. 1997). The decay rate of CWD,
on the other hand, depends on several factors,
such as tree species, tree size, wood quality, and
climate, which control the activity of decompos-
ing organisms (Hofgaard 1993, Harmon et al.
1986, Hytteborn and Packham 1987). In boreal
forests, the complete decay of a large tree trunk
might take hundreds of years (Arnborg 1942,
Hofgaard 1993); in general Pinus logs decay
more slowly than logs of Picea or deciduous trees
(Krankina and Harmon 1995).

Not only the amount, but also the quality of
CWD is of great importance for many saproxy-
lic species (Harmon et al. 1986, Renvall 1995,
Kuusinen 1996, Siitonen 2001). In natural forests,
a great variety of dead trees and their parts are
available, forming a continuum of differing dead
wood habitats, often missing from managed for-
ests. In natural forests there are many specialist
species with strict habitat demands (Esseen et
al. 1997). Large fallen trunks are considered
more important for biodiversity than small ones
(Esseen et al. 1997, McComb et al. 1999).

Because of the ecological importance of dead
wood, there is an increasing interest in the diver-
sity and dynamics of CWD in natural forest
ecosystems as compared to managed forests. In
Fennoscandian conditions the amount of CWD
in boreal old growth forests has recently been
examined in several studies (Siitonen et al. 1995,
Siitonen et al. 2000, Linder et al. 1997, Linder
1998, Kuuluvainen et al. 1998, Sippola et al.
1998, Rouvinen and Kuuluvainen 2001, Uotila et
al. 2001). However, many of these studies have
been carried out in Picea dominated forests and
at stand level, and there is much less informa-
tion on CWD in Pinus dominated forests and
at landscape level. This is obviously largely a
consequence of the lack of naturally dynamic
forest landscapes in the middle boreal vegetation
zone in Scandinavian countries.

For this study we selected a Pinus sylvestris L.
dominated landscape located in the the Vienan-
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salo wilderness area, Russian Viena Karelia, rep-
resenting one of the last large remnants of natural
boreal forest in Europe. Although in the past
some selective cutting has occurred in the study
area, the forests can be regarded as close to
its natural state, because of the relatively small
number of trees removed and because the natural
forest dynamics have prevailed for a long period
of time. The purpose of the study was to examine
the amount, quality, variability and spatial pattern
of CWD on mineral soil sites in a Pinus domi-
nated forest landscape. The relationship between
the CWD and past disturbances was also exam-
ined.

2 Material and Methods
2.1 Study Area

The study area is located in the Vienansalo wil-
derness area near Venehjérvi village in Russian
Karelia, (65°00’N, 30°05°E) (Fig. 1). The area
is 24 km? (4 kmx 6 km) in size and is part of a
larger roadless forest landscape, forming part of
the planned Kalevala park protection area (Volkov
etal. 1997). Selection of the study area was done
prior to visiting the area, using Landsat TM satel-
lite imagery and the following main criteria: (1)
the area should be remote to minimize potential
human influence, (2) the landscape should be
typical of the Vienansalo area and (3) there should
be water access to the area from the local vil-
lage of Venehjirvi, to facilitate the transportation
necessitated by the extensive research carried
out in the area. Criteria (1) and (3) represent a
compromise between minimal human influence
and accessibility.

The study area is situated near the border of the
middle and northern boreal vegetation zone (Fig.
1) (Kalela 1961, Ahti et al. 1968). In this study
the middle boreal vegetation types are used. The
area is located an average of 155 m a.s.l. (range
140-230 m a.s.l.). The length of the growing
season is approximately 140 days and the tem-
perature sum 900 degree days. The mean annual
temperature is +1°C, and the annual precipitation
650 mm. Lasting snow cover exists from early
November to mid May (Atlas of Finland 1988).
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Fig. 1. Geographical location of Vienansalo study area.
The borders of the vegetation zones are based on
Kalela (1961) and Ahti et al. (1968).

There are no specific data on soil properties in
the study area, but existing information concern-
ing the Vienansalo area as a whole probably
also applies quite well to our study area. In the
Vienansalo area the most common mineral soil
type is moraine, and glaciofluvial material is
scarce. The underlying parent rock is usually
gneiss with a large proportion of biotite. The
nutrient-poor soil often forms only a thin layer
above the parent rock surface (Gromtsev 1998).

The study area includes a range of forest
site types (Cajander 1926), including the dry
Cladina type (CIT), the dry Empetrum-Calluna
type (ECT), the dryish Empetrum-Vaccinium
type (EVT), the mesic Vaccinium-Myrtillus type
(VMT) and the fertile Geranium-Oxalis-Myrtillus
type (GOMT). The dryish or medium fertile site
types (EVT and VMT) clearly predominate in the
landscape (Pyykko et al. 1996). Mires cover only
a small percentage of the study area.

The forests in the study area are dominated
by Pinus sylvestris, but Picea abies (L.) Karst.
dominated forests also exist, especially in the
southern part and on the lower slopes of hillsides;
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however, the forests usually have mixed species
composition with various and spatially scattered
proportions of Salix caprea L., Populus tremula
L., Betula pendula and B. pubescens Roth. There
are some young deciduous stands by the streams
and former meadows. In general, the canopy
cover in the study area is continuous and no larger
gaps exist. Forests are generally multi-sized and
multi-aged, and old Pinus trees (age>250 years)
occur throughout the landscape (Kuuluvainen et
al. 2002).

2.2 Sampling and Measurements

The fieldwork was carried out during two expedi-
tions in summer 1998. For the sampling, six lines
running in an east-west direction within the study
area were marked in the field with the help of
satellite imagery, measuring tape, compass and a
GPS meter; the lines were 1000 m apart in the
north-south direction (Fig. 2). Secondly, random
points were located along the lines; random points
were accepted if (1) they were on firm land
and (2) the sample plot could be located within
a relatively homogeneous forest patch. Thus,
random points falling on water, peatland or eco-

B

Transect 4

#

Transect 3
Venehlampi
- B
I
Transect 2

—0_0 0 0 I o—n
I Transect 1

T N —— 500m B Plot (0.2 ha)

I Transect (4 ha)

150

tones between forest types were excluded. These
random points determined the location of the
sampling units for forest measurement.

Two sampling units were used in this study:
(1) a rectangular 20 mx 100 m sample plot (0.2
ha) was used for detailed measurement of all
CWD, including information on local scale spa-
tial arrangement, and (2) a 40 mx 1000 m transect
(4 ha) was used to measure the landscape scale
distribution of large CWD (Fig. 2).

The direction of the midline of the rectangular
sample plot (20 mx 100 m) from the random
point was selected randomly. Using this method
27 sample plots were located along five lines
crossing the study area. No sample plots were
located along the southernmost line, because
walking to this line from the base camp at Lake
Venehlampi would have been too time-consum-
ing. Four transects were positioned in a north-
south direction such that the transect mid point
was the random point on the line crossing the
study area; three of the transects were 1000 m
long and one only 740 m long, because the
remainder of the transect hit a lake (see Fig. 2).

100 m

20m

Fig. 2. Arrangement of the sample plots and transects
within the study area of 4 kmx6 km, and the
20 m x 100 m sample plot, divided into 20 squares
of 10 mx 10 m.
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2.2.1 Sample Plot Measurements

The site type and successional stage of each
20 mx 100 m sample plot in the forest were
determined. One to three dominant trees per plot
were cored at trunk base to determine the average
age of the forest. To measure the living and dead
woody material the sample plot was divided into
20 squares of 10 mx 10 m (Fig. 2). All living trees
(height>1.3 m) were identified by species and
their diameter at breast height (dbh) measured at
1 cm intervals. The height of trees with dbh>30
cm was measured to enable accurate estimation
of volume.

Dead woody material was measured as falling
within each 10 mx 10 m quadrate of the sample
plot. Dead wood consisted of standing dead
trees (height>1,3 m), down dead trees (within
the quadrate mid diameter>10 cm) and stumps
(diameter> 10 cm). The species of each piece of
dead wood was identified (sometimes not pos-
sible in very decayed down CWD) and its decay
stage was determined using five classes: 1) dying
less than a year before sampling, cambium still
fresh, 2) cambium eaten, knife penetrates some
mm, 3) knife penetrates less than 2 cm, 4) knife
penetrates 2-5 cm, 5) knife penetrates all the
way. The diameter of standing dead trees was
measured; the heights of trees with dbh>30 cm
and with broken trunks were measured.

For volume estimation, the length and mid
diameter (height and mid diameter for stumps)
of all pieces of down dead wood were measured
within each quadrate; the base diameter and
length of tops of down logs falling within a
quadrate were also measured. Stumps were classi-
fied as natural or cut by man. A dbh was estimated
for each dead tree grown on the sample plot and
the type of dead tree classified as: (1) standing
dead tree (snag), (2) standing dead tree with
broken down trunk (height>1.3 m), (3) natural
stump (height<1.3 m) with broken down trunk,
(4) cut stump, (5) uprooted log, (6) log snapped
at ground level.

2.2.2 Transect Measurements

The landscape level distribution of large stand-
ing and down dead trees was examined on four

40 m wide transects. All standing dead or down
trees which had grown within the transect were
measured if they met the following minimum dbh
requirements: Pinus and Picea 225 cm, Betula
>20 cm, Populus>15 cm and other tree species
>10 cm. Tree species, tree type (standing dead
tree/down dead tree/cut stump), dbh and decay
stage was determined. The height of standing dead
trees was measured. Whether a standing dead tree
had a broken trunk and whether a down tree had
fallen with roots (uprooting) was also noted. In
addition, all stumps of selectively cut trees were
recorded and their mean diameter measured.

The location of each dead tree (for down trees
the former growing location) along the transect
was determined by measuring its perpendicular
vertical distance from the middle line to the east
or west and the distance from the starting point
of the transect. The division of the transect length
into forest site types was also recorded.

2.3 Previous Logging

Some selective logging, scattered and low in inten-
sity, was carried out in certain parts of the area in
the 19t and early 20t centuries (see Table 1). In
every sample plot the number of naturally formed
stumps was considerably larger than the number
resulting from human activity. All the selectively
cut trees were Pinus, except on one sample plot,
where some Picea trees had also been cut. The
forest has developed naturally since these cuttings,
so that human influence on the present forest
structure was judged to be minimal.

The low human impact in the area studied
may be due to the remote location and poor and
paludified soils being unsuitable for agriculture.
The closest road is the one entering Venehjirvi
village, about 5 kilometers from the study area.
In general, the forests can be regarded as close
to its natural state because of the relatively small
number of trees removed and because the natural
forest dynamics have prevailed for a long period
of time.

Table 1. Number of cut stumps on the sample plots.

Cutstumpsha 0 5 15 25 30 35 40 45
Numberofplots 8 5 4 5 2 1 1 1
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2.4 Fire History

The fire history of the study plots in the area
was examined by Lehtonen and Kolstrom (2000),
who detected 25 forest fires. The earliest fire had
occurred in 1406 and the most recent in 1947.
The largest fire, in 1776, was detected on 16
sample plots out of 22 examined, whereas some
of the fires were apparently very small. The last
large forest fire occurred in 1831, burning 11 of
the 22 plots. The mean fire interval was 62 years,
varying from a shortest period of 16 years to 165
years. (Lehtonen and Kolstrom 2000.)

Human activities have probably affected the fire
history of the area. Fishing, hunting and slash-
and-burn cultivation were previously important
sources of livelihood in Viena Karelia (Virtaranta
1958), and the waterways have been used for
transportation (Lehtonen and Kolstrom 2000).

2.5 Computation and Analysis Methods
2.5.1 Sample Plots

In the sample plots the volumes of standing
intact living and dead trees were estimated using
the volume equations of Laasasenaho (1982) for
Pinus, Picea and Betula spp. The volume of all
deciduous trees was estimated using the equations
for Betula. When the height of a tree was meas-
ured (e.g. large trees) the equations using both
dbh and height as independent variables were
used. The height of standing trees with broken
trunks was estimated using Kilkki’s (1983) height
model and the volume was then computed using
the equations of Laasasenaho and Snellman
(1983). The volumes of pieces of down wood
within the 10 mx 10 m quadrates was computed
using the formulas for a cylinder (pieces of logs,
stumps) or a cone (for tops of logs). The volume
of the stumps was included in the volume of
down dead trees.

Diameter distributions of dead trees grown on
the sample plots were also constructed. However,
natural stumps in decay stage 5 which had no
down log belonging to the same tree individual in
the same 10 mx 10 m square, were excluded from
these computations. Otherwise it was assumed
that there was a log associated with a natural
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stump. For various reasons only the stump diam-
eter for some dead trees was measured. The
dbh of these trees was estimated using the con-
structed regression models based on trees where
both stump diameter and dbh had been measured
(regression models are not shown).

Kruskal-Wallis analysis of variance was used
to compare CWD between the forest site types.
Where a significant difference in the dependent
variable was observed, pairwise comparisons
were applied using a method introduced by Zar
(1984). The nonparametric method was chosen
because of the relatively small sample size and
because both the variances and the distribution
patterns of the variables examined varied consid-
erably.

The small-scale variability of CWD was exam-
ined using the quadrate scale (10 mx 10 m) CWD
measurements carried out on the plots. To do this
the quadrates were grouped to form sampling
areas of 0.01 ha (10 mx 10 m), 0.02 ha (10 mx 20
m), 0.04 ha (20 mx20 m), 0.1 ha (20 mx50 m)
and 0.2 ha (20 mx 100 m). The coefficient of
variation (CV) of CWD of each sampling area
was then calculated and plotted as a function of
it.

The CWD dry masses were estimated for
Pinus, Picea and Betula using the data given by
Krankina and Harmon (1995). First, mass density
values for different CWD decay classes were
obtained by multiplying the carbon density values
by 1.96 (Krankina and Harmon 1995, Table 1,
p- 231). CWD masses were then calculated for
different decay classes by multiplying the mass
density values by the CWD volumes. In these
computations the decay classification used by
Krankina and Harmon (1995) equated the one
used in this study, except for decay stage 3, which
covered stages 3 and 4 in this study, and decay
stage 4, which was assessed as equating decay
stage 5 in this study. The mass density of Pinus
was used in the case of an unknown tree species,
and that of Betula for all deciduous species.

2.5.2 Transects
In the transects, down trunks were regarded as

whole and their volume was estimated from the
dbh using the Laasasenaho’s (1982) equations.
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The volume of cut stumps was estimated as a
cylinder, using the diameter and an average height
of 63 cm (this mean value was based on sample
plot measurements).

In the transect data the spatial distribution of
large dead trees was studied by calculating vol-
umes of standing dead trees, down dead trees and
cut stumps in the transects by 20 m x40 m (0.08
ha) rectangles. The location of down dead trees
was determined according to the origin of trees.
The spatial distribution of logs and log volume
was first examined by graphing the distribution
of log volume along the transects, by examining
the distribution of the 20 mx40 m quadrates
into log volume classes, and by calculating the
the proportions of rectangles with no CWD. The
Spearman rank correlations coefficient was used
to examine the relationship between variables.

Spatial autocorrelation of total log volume,
and as divided into different decay stages in
the contiguous 0.08 ha rectangles was examined
by one-dimensional semivariance analysis (Rossi
et al. 1992, Isaaks and Srivastava 1989). The
semivariance is the sum of squared differences
between all possible pairs of samples separated
by a given distance, arranged in distance classes.
The semivariogram estimator is identical to the
paired-quadrat approach (Ludwig and Goodall
1978, Cressie 1991, p. 596). The semivariogram
estimator is defined by Cressie (1991):

N(h)

YN O Ve 2 + I )
7= N Zl (2(x;) = 2(x; + h))

where N(h) is the number of pairs of points sepa-
rated by a distance s, and z(x;) and z(x; + h)
the values of variables, log volume in this case,
measured at locations separated by distance 4.

In the analyses we used a 30 m resolution and a
maximum lag distance of 500 m. In the analysis
procedure an experimental semivariogram was
first constructed so that semivariance was plot-
ted as a function of distance between samples.
Secondly, semivariogram models were fitted to
the experimental semivariogram data in order to
generalize the semivariogram.

3 Results

3.1 Amount and Variability of CWD

The plots were located on three different site
types: 16 plots on the mesic Vaccinium-Myrtillus
type (VMT), 6 plots on the dryish Empetrum-
Vaccinium type (EVT) and 5 plots on the
dry Empetrum-Calluna type (ECT). The mean
volume of CWD (standing and down combined)
was 69.5 m3ha~!, ranging from 22.2 m3ha~! to
158.7 m3ha~! from plot to plot. On average, 26.9
m3ha-! of CWD was standing dead wood and
42.7 m3ha! down dead wood. (Table 2).

On the mesic Vaccinium-Myrtillus type, the
mean volume of CWD was 79.5 m>ha~!, of which
64.2% was down dead wood. On the dryish
Empetrum-Vaccinium type, the mean volume of
CWD was 51.0 m3ha~!, 61.0% being down dead
wood. On the dry Empetrum-Calluna type, the
mean volume of CWD was 60.0 m3ha-!, which
was divided into 50% of both standing and down
dead wood. (Table 2).

The proportion of CWD of the total living tree
volume was on average 43.8%, ranging from 17.2
to 101.9%; on the Vaccinium-Myrtillus type the
mean proportion was 47.2%, the Empetrum-Vac-
cinium type 31.7% and the Empetrum-Calluna
type 47.7%. Dead wood comprised on average
30.4% of the tree volume (living and dead com-
bined), varying from 14.7% to 50.5%; on the
mesic Vaccinium-Myrtillus type this average pro-
portion was 32.1%, the dryish Empetrum-Vaccin-
ium type 24.1% and the dry Empetrum-Calluna
type 32.3%.

No correlation between the amount of CWD
and living trees was detected. There was no sta-
tistically significant difference between the site
types in proportion of CWD of the total living
volume or the total stand volume.

Based on the combined data on plots and
transects, the volume of large CWD (including
Pinus and Picea dbh > 25 cm, Betula dbh > 20
cm, Populus dbh > 15 cm and Salix dbh > 10 cm)
was on average 37.4 m3ha!. There were only
slight differences between the site types in the
volume of large CWD (Table 3). Based on the
plot data, representing all CWD, the proportion
of large dead trees of the CWD volume was on
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Table 2. Volumes and relative proportions of total, standing and down CWD in the sample plots as a whole and
by site types. VMT is the mesic Vaccinium-Myrtillus type, EVT is the dryish Empetrum-Vaccinium type and
ECT is the dry Empetrum-Calluna type. CV denotes the coefficient of variation (%).

All plots VMT EVT ECT
(n=16) (n=6) (n=5)
m3ha-! % m3ha-! % m3ha! % m3/ha %

Total CWD
Mean 69.5 100 79.5 100 51.0 100 60.0 100
Minimum 22.2 22.2 353 40.4
Maximum 158.7 158.7 76.9 79.1
Cv 41.4 39.2 33.7 31.3
Standing CWD
Mean 26.9 38.7 28.5 35.8 19.9 39.0 30.0 50.0
Minimum 10.7 10.7 13.5 18.1
Maximum 56.3 56.3 24.7 46.5
Cv 45.0 48.1 22.3 37.3
Down CWD
Mean 42.6 61.3 51.0 64.2 31.1 61.0 30.0 50.0
Minimum 7.9 7.9 16.8 19.2
Maximum 128.4 128.4 55.5 49.8
Cv 56.1 51.7 49.1 40.7

Table 3. Volume of large dead trees on the plots and
transects (including Pinus and Picea of dbh>25
cm, Betula of dbh>20 cm, Populus of dbh>15
cm, Salix of dbh=10 cm). The area sampled and
the proportion of large dead trees of total CWD
volume are also shown.

Table 4. Estimated dry mass of CWD on the studied
plots as a whole and as separated by site type. VMT
is the the mesic Vaccinium-Myrtillus type, EVT is
the dryish Empetrum-Vaccinium type and ECT is
the dry Empetrum-Calluna type. CV denotes the
coefficient of variation (%).

Area, ha Volume of large dead trees
m3ha-!  Proportion of
total volume
of CWD, %
Vaccinium- 12.1 38.7 48.7
Myrtillus type
Empetrum- 5.1 35.1 68.8
Vaccinium type
Empetrum- 1.6 34.7 57.8
Calluna type
All site types 18.9 37.4 53.8

average 53.8%. The lowest proportion, 48.7%,
was found on the mesic Vaccinium-Myrtillus type
and the highest, 68.8%, on the dryish Empetrum-
Vaccinium type (Table 3)

The estimated dry mass of CWD on the
study plots was on average 16.6 Mg ha™!
(Table 4). On the dryish Empetrum-Vaccinium
and dry Empetrum-Calluna types, the CWD
mass was smaller than average, whereas on
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CWD mass All plots VMT EVT ECT
Mg ha™!

Mean 16.6 18.6 11.7 15.3

Minimum 6.8 6.8 8.0 10.1

Maximum 314 314 16.9 22.1

Cv 37.5 34.1 28.0 343

mesic Vaccinium-Myrtillus type the CWD mass
exceeded the mean mass (Table 4).

3.2 Quality of CWD
3.2.1 Tree Species Distribution of CWD

On all site types CWD consisted mainly of
Pinus, on average up to 75.3% of the CWD
volume, while Picea and all deciduous tree spe-
cies together formed 11.2%, and unidentified spe-
cies 13.5% of the volume. The proportion of
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Fig. 3. Volumes of total CWD, standing CWD and down CWD, and the proportional
distribution of total CWD volume by tree species and site type. VMT is the mesic
Vaccinius-Myrtillus type, EVT is the dryish Empetrum-Vaccinium type and ECT is

the dry Empetrum-Calluna type.

Pinus increased on poorer site types: on the mesic
Vaccinium-Myrtillus type the proportion of Pinus
was 68.3% but on the dry Empetrum-Calluna
type 95.7% of CWD volume (Fig. 3). The rela-
tive share of standing and down dead Picea of
total CWD was highest on the mesic Vaccinium-
Mpyrtillus type (6.7%), while there was practi-
cally no Picea CWD on poorer site types. The
proportion of deciduous dead wood was highest
on dryish Empetrum-Vaccinium type, 11.4% of
the total CWD (Fig. 3).

The tree species distribution of standing dead
trees was similar to that of down trees. Pinus
clearly dominated standing dead trees on all
site types, representing 85.3-98.7% of volume.
Standing dead Picea occurred only on mesic
Vaccinium-Myrtillus type (4.2% of volume). The
proportion of deciduous trees of the standing

CWD was almost equal on the mesic Vac-
cinium-Myrtillus type (10.2%) and the dryish
Empetrum-Vaccinium type (11.1%), whereas on
dry Empetrum-Calluna type it was very small
(1.3%). (Fig. 3)

Pinus also accounted for most of the volume
of down CWD, but the proportion was not as
high as that of standing dead trees. On the mesic
Vaccinium-Myrtillus type, the proportion of Pinus
was 58.8%, on the dryish Empetrum-Vaccinium
type 79.7%, and on the dry Empetrum-Calluna
type 92.6% of the volume of down CWD. The
proportion of Picea was highest on the mesic
Vaccinium-Myrtillus type (8.0% of down dead
trees), whereas the highest share of deciduous
trees was found on the dryish Empetrum-Vaccin-
ium type (11.6%); on the Vaccinium-Myrtillus
type deciduous trees made up 4.9%, and on the
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Empetrum-Calluna type 0.7% of down CWD
volume. Unidentified species of down dead
trees comprised 28.3% of down CWD on the
mesic Vaccinium-Myrtillus type, while on dryish
Empetrum-Vaccinium and dry Empetrum-Cal-
luna types the proportion was less than 10%. This
unidentified CWD was probably the dominating
tree species, most often Pinus (Fig. 3).

3.2.2 Diameter Distribution of CWD
The mean density of standing dead Pinus on the

plots was 103 trunks per ha. On average there
were 74 standing dead deciduous trees per ha and
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14 standing dead Picea trees per ha. Most of the
standing dead Pinus, Picea and deciduous trees
belonged to the smallest diameter class (dbh 0-9
cm) (Fig. 4). The number of trunks diminished
with increasing dbh of Picea and deciduous trees.
However, this pattern did not apply to Pinus,
which had more trunks in the larger dbh classes,
20-29 c¢cm and 30-39 cm, than in the 10-19
cm class. The largest standing dead Pinus trees
belonged to the 40—49 cm dbh class and Picea
trees to the 30-39 cm class, whereas there were
no standing dead deciduous trees with a dbh over
29 cm (Fig. 4).

Because small down logs (dbh < 10 cm) were
not measured, the number of down logs was
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Table 5. Volume of CWD on the sample plots by decay stage and tree species.

Decay stage Total
1 3

mha!l % m3ha! % m3ha! % m3ha! % mha! % m3hal %
Pinus
Mean 05 1.0 20.1 38.4 12.1 23.1 7.8 149 11.8 22.6 523 753
Range 0-3.4 4.4-51.6 3.0-26.0 0.1-19.6 0.2-65.1
Cv 208.4 54.8 554 59.9 109.8
Picea
Mean 02 62 1.3 40.6 0.5 156 0.6 1838 0.6 18.8 3.2 4.6
Range 0-4.6 0-8.7 0-11.0 0-4.4 0-6.6
Cv 431.8 196.8 378.8 215.0 249.0
Deciduous
Mean 04 88 1.4 304 1.1 239 0.6 13.0 1.1 239 4.6 6.6
Range 0-1.9 0-7.2 0-4.2 0-4.0 0-7.0
Cv 132.9 117.7 92.8 147.1 137.9
Unidentified
Mean 0 0 02 2.1 07 74 2.6 277 59 628 94 135
Range 0 0-2.8 0-4.1 0-14.0 0-26.0
Cv — 303.2 157.9 147.7 109.0
Total 1.1 1.6 23.0 33.1 14.4 20.7 11.6 16.7 194 279 69.5 100

smaller than that of standing dead trees. On aver-
age there were 71 down Pinus logs, 8 Picea logs,
20 deciduous logs and 13 logs of unknown spe-
cies per ha. Most of the Pinus logs were in the
10-19 cm and 20-29 cm dbh classes. Deciduous
trees were concentrated into the 10-19 cm dbh
class. The shape of the diameter distribution of
down logs of unknown species resembled that of
Pinus. (Fig. 4)

When all species were taken into account, the
density of both living and dead trees decreased in
a similar manner with increasing diameter (Fig.
5a). The highest proportion of standing dead trees
belonged to the smallest dbh class of 0-9 cm. The
largest dead trunks belonged to the 40-49 cm dbh
class, whereas the largest living trees belonged
to the 50-59 cm dbh class (Fig. 5b).

3.2.3 CWD Decay Stage Distribution

Taking all forms of CWD into account, decay stage
2 was most abundant (33.1%), followed by stages
5(27.9%), 3 (20.7%) and 4 (16.7%). Decay stage
1 (trees dying recently, cambium fresh) consisted
only of 1.6% of CWD volume (Table 5).

In Pinus stage 2 was most abundant, consisting

of 38.4% of CWD volume. Only 1% of the CWD
volume of Pinus belonged to stage 1. Decay stage
2 was also most abundant in Picea, consisting
of almost half of the CWD volume, while decay
stage 1 accounted for the smallest portion (6.2%);
the rest of the Picea CWD volume was quite
evenly distributed into stages 3, 4 and 5. The
CWD decay stage distribution of deciduous trees
was similar to that of Pinus. About one-third
of the CWD volume belonged to decay stage
2, while stage 1 only accounted for 8.8% of
the CWD volume. More than 90% of the CWD
volume of unidentified species belonged to the
advanced decay stages 4 and 5 (Table 5).

Down CWD was on average more decayed
than standing CWD. About 75% of standing
CWD volume belonged to decay stages 1 and
2, whereas almost 50% of down CWD was in
decay stage 5 (Fig. 6).

Fig. 7 illustrates the variability of total CWD
as a function of tree species, decay stage and dbh.
In Pinus the proportion of more advanced decay
stages was highest in diameter classes 10-19 cm
and 20-29 cm, but smaller in the largest dead
trees. In Picea and deciduous trees the proportion
of more decayed wood increased with the larger
diameter classes.
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Table 6. Types of dead trees (dbh >10 cm) on the sample
plots.

Table 7. Occurrence of structural diversity characteris-
tics of dead standing trees on the sample plots.

Dead tree type No ha™! % Structural characteristic Number per ha  Range
Standing dead tree 51 249 Dead or broken tree top 2 0-15
Standing dead tree Broken stem 24 0-70
(height>1.3 m) with Leaning stem 12 0-45
broken downed stem 24 11.7 Crooked-grown stem 2 0-10
Natural stump Trunk with multiple tops 2 0-10
(height < 1.3 m) Old tree with round top 0 0-5
with broken downed stem 44 215 Damaged stem 6 0-20
Cut stump 14 6.8 Fire scar in the trunk/burned stump 19 0-55
Uprooted log 32 15.6 Large branches 5 0-30
Log snapped at ground level 40 19.5 Nesting tree with holes 1 0-10
In total 205 100 Trunk with polypore fruiting bodies 13 0-40
Trunk with malformed base 1 0-5
Offset group 0 0-5
3.2.4 Types and Structural Characteristics of ~ CV, %
CWD
150 + —a— Standing CWD
The average density of standing dead trees of —a— Down CWD
dbh > 10 cm was 75 trunks per ha. Most of these
trees had intact trunks, while the rest were broken 100 + —e—Total CWD
(Table 6). Natural stumps of a height of < 1.3 m
were also a common type of CWD (44 trunks per
ha), while cut stumps were rare (14 trunks per 07T —$
ha). Of the number of intact fallen trees, about
45% had formed an uprooting spot (pit-mound 0 ‘ . . ‘
mlcrotopogr.aphy), while trees snapped at ground 0.00 0.05 0.10 0.5 0.20
level comprised about 55% of down trees. Fallen Area, ha

CWD also consisted of pieces of trunks such as
broken upper parts of logs.

Standing dead trees were examined for struc-
tural diversity characteristics, such as ‘abnormal’
structures or malformations. The most common
structural diversity characteristic observed in
standing dead trees was a broken trunk (24 trunks
per ha). The density of standing dead trees with
fire scars was 19 trunks per ha. Polypore fruiting
bodies were also a fairly common feature, as well
as leaning trunks (Table 7).

3.3 Spatial Variability of CWD

Using the sample plot data, measured in 10 mx 10
m squares, the scale-dependent variation in CWD
was examined by computing the coefficient of
variation of CWD as a function of an increasing
sample area; the sampling scales were 0.05, 0.10,

Fig. 8. The coefficient of variation (Cv) of total CWD,
standing CWD and down CWD volume on the
plots in relation to the measurement scale.

0.15 and 0.20 ha. As could be expected, the coef-
ficient of variation (Cv) decreased with larger
sampling areas (Fig. 8). At small sample sizes
(0.01-0.04 ha) the Cv of standing CWD volume
was much higher than the Cv of the CWD
volume of down trees. This means that at a small
scale the spatial variation in standing CWD was
higher than that in down CWD. However, on
larger observation scales (0.1—0.2 ha) the Cv
of the two components of CWD became similar
(Fig. 8.).

The landscape-scale spatial distribution of large
CWD (encompassing Pinus and Picea of dbh>25
cm, Betula of dbh>20 cm, Populus of dbh>15
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Fig. 9. The volume of large dead trees in total, large standing dead trees and large down trees
on the transects as calculated in 20 m x40 m contiguous rectangles. The total volume

also includes cut stumps.

cm and Salix of dbh2>10 cm) was examined by
dividing the transects into contiguous 20 m x40
m rectangles (0.08 ha). Plotting the CWD along
the transects showed that there was an almost
continuous occurrence of large dead trees in the
landscape (Fig. 9). Large standing or down trees
occurred on 98% of the rectangles. The percent-
ages of standing and large down dead trees were
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86% and 88% respectively. However, at the rec-
tangle scale there was considerable variation in
large CWD volume and its two components, the
volumes of large standing trees and down trees
(Fig. 9). This can also be seen in the distribution
of rectangles into the volume classes of large
CWD (Fig. 10). Typically there were 0.5-3 m? of
large CWD per rectangle, but concentrations of



Karjalainen and Kuuluvainen

Amount and Diversity of Coarse Woody Debris within a Boreal Forest Landscape ...

(a) Standing CWD

H
o

8
l

Number of cells
n
o

oy
o

EnaZlE

2 3 45 6 7 8 9
Volume, m?

© Total CWD

o

0 1

8 8 &
]

Number of cells
]
|
|

3
|
I

=

2 3 45 6 7 8 9
Volume, m?

o

0 1

3.5 .

2.5

1.5

Semivariance

0.5

0 100 200 300 400 500
Lag Distance
Fig. 11. Variogram of the volume of large dead trees on
the transects. Large trees include Pinus and Picea
of dbh > 25 c¢m, Betula of dbh > 20 cm, Populus of
dbh > 15 cm and Salix of dbh > 10 cm.

large CWD occurred as well. The mean density of
cut stumps was 15 per ha, but they were unevenly
distributed and more than half of the rectangles
had no cut stumps.

(b) Down CWD
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Fig. 10. Distribution of transect rectangles (20 mx40
m) into classes of (a) standing, (b) down and (c)
total volume of large CWD. The total volume also
includes cut stumps.

Spatial autocorrelation analysis (semivariance)
of large dead trees showed that total CWD was
autocorrelated up to distances of about 50 m, but
that the proportion of spatially structured vari-
ance of total variance was relatively low (Fig.
11). When examined separately for standing and
down large CWD, no autocorrelation pattern was
detected.

3.4 CWD in Relation to Past Disturbances

Cut stumps were found on 19 out of 27 sample
plots, the mean number of cut stumps being 14
per ha (variation 0—45 per ha from plot to plot)
(Table 1). On transects, the mean number of cut
stumps was 15 per ha (variation 1-26 per ha from
transect to transect). There was a weak positive
correlation between the number of man-made
stumps and the volume of CWD on the plots,
showing an increasing CWD volume with an
increasing number of cut stumps (Fig. 12).

Since there was no correlation between CWD
volume and the calculated fire history parameters,
time since last fire and mean fire return interval,
in any of the site types examined (Fig. 13), fire
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cut stumps on the sample plots in different site
types.

occurrence could not be used to explain the occur-
rence of CWD in this Pinus dominated landscape
(Fig. 13).

4 Discussion
4.1 Quantity of CWD

The mean volume of total CWD was 69.5 m>ha~!
(range 22.2—-158.7 m3ha!), and the mean volume
of standing dead CWD was 26.9 m3ha~! (range
10.7-56.3 m3ha~!) and that of down CWD was
42.6 m3ha™! (range 7.9-128.4 m3ha!). Compari-
son of these figures with other published data is
hampered by the fact that most studies have dealt
with the northern boreal zone, while in the middle
boreal zone there are only a few studies on the
CWD of old-growth Pinus dominated forests.
Linder et al. (1997) investigated three Pinus
dominated protection areas in northern Sweden
and found 66—120 m3ha~! of total CWD, the mean
volumes of standing dead trees being 41 m3ha~!
and that of down CWD 50 m3ha~!. Kumpulainen
and Veteldinen (2000) examined a natural Pinus
dominated forest in the Nirdngéinvaara-Virmajoki
area in the northern boreal zone in Finland, find-
ing on average 89.9 m3ha~! of CWD; the mean
volumes of standing and down CWD were 26.9
m3ha~! and 62 m3ha! respectively. Kallio (1999)
examined old natural and selectively cut Pinus
dominated forests in Kuhmo in the middle boreal
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Fig. 13. (a) Volume of CWD in relation to time since
last fire on the sample plots. (b) Volume of CWD
in relation to mean fire interval on the sample
plots. The site type of the sample plot is indicated
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zone and found that in natural forests the mean
volume of CWD was 98.4 m3ha~!, divided into
46.4 m3ha! of standing and 52.1 m3ha~! of down
CWD. The corresponding figures in old selec-
tively cut forests were 55.3, 23.9 and 31.5 m3ha!.
In the study by Uotila et al. (2001) in eastern
Finland and Russian Karelia, the mean volume
of CWD was 87.6 m3ha™! in mesic old-growth
stands and 66.7 m3ha~! in sub-xeric old-growth
stands. This volume divided into 38.5 m3ha~! of
standing and 49.1 m3ha~! of down CWD in mesic
and 30.3 m3ha~! and 36.4 m3ha~! respectively in
sub-xeric stands. Our results are in general agree-
ment with these studies, although the documented
CWD volumes for Pinus dominated forests have
often been somewhat higher than those found
in our study. One reason for this may be that
our study was based on random sampling of
a large forest landscape, while in many other
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studies the measurements have been carried out
in protected areas representing fragments of the
original landscape. These protection areas may
not always be representative of the original lad-
scape matrix.

In our landscape, the proportion of CWD of
the living tree volume was 43.8% and 30.4% of
the total tree volume. Kallio (1999) got similar
results in the natural forests of Kuhmo (43.6%
and 30.3% respectively). In northern Sweden
Linder et al. (1997) found that CWD averaged
36% of the living tree volume and 26% of the
total tree volume. In the Hamra protection area
in the middle boreal vegetation zone in Sweden
the same proportions were 38% and 27% respec-
tively (Linder 1998). These studies suggest that in
natural Pinus dominated forests CWD accounts
for approximately 1/3 of total tree volume.

In northern Finland, Sippola et al. (1998) found
that the volumes of living and dead trees were
strongly correlated. However, in this study no
relationship was found between the volume of
living trees and that of CWD. This is probably
a result of the wider range of site types in their
study, covering sites from mesic Picea forests to
very dry Pinus heaths. CWD was not related to
quality of site type either (Table 2).

CWD mass was estimated from CWD volume
measurements and using CWD density values
suggested by Krankina and Harmon (1995).
These mass results must only be regarded as
rough estimates, because no CWD density meas-
urements for calculations were done in this study.
Moreover, Krankina and Harmon’s (1995) study
area had a more southernly location, where tree
growth and decay probably differ greatly from
those in the Vienansalo area.

4.2 Quality of CWD

In the landscape, Pinus accounted for most of
the CWD volume irrespective of site type. If it is
assumed that down CWD of unidentified species
was mostly Pinus (highly likely), the tree spe-
cies proportions of standing and down CWD
are quite similar. This would suggest that no
drastic changes in the tree species composition of
the area studied has occurred in the recent past.
There were some expected differences in CWD

characteristics among site types: Picea CWD
was most abundant on mesic Vaccinium-Myrtillus
sites; deciduous CWD was most abundant on
mesic Vaccinium-Myrtillus and dryish Empetrum-
Vaccinium sites, but was practically absent in the
dry Empetrum-Calluna sites.

Overall, the diameter distribution of dead trees
was such that small trees were most abundant
and the density of dead trees decreased with
larger dbh classes. However, in this respect Pinus
was an exception: small Pinus trees were most
abundant (the 0-9 cm dbh class), but the 10-19
cm dbh class had a smaller number of trunks than
the 20-29 cm and 30-39 cm dbh classes.

Pinus, Picea and deciduous trees were repre-
sented in all decay stages. Moreover, the decay
stage distributions of different tree species were
rather similar. Decay stage 2 (wood hard) was
most abundant (mean 33.1% of volume), fol-
lowed by the advanced decay stage 5 (mean
27.9% of volume). Decay stage 1 (dying recently,
cambium still fresh) was clearly most infrequent
(mean 1.6% of volume), apparently because it
only represents a short time window of less than
a year. Sippola et al. (1998) also found that
decay stage 1 was infrequent (on average 3.7%
of volume) in Pinus dominated stands in northern
Finland. On the other hand, in the study by Sip-
pola et al. (1998) decay stages 4 and 3 were most
abundant (38.3% and 23.9% of volume respec-
tively), and the proportions of decay stages 2 and
5 were less than 20% of the total volume. How-
ever, the decay stage distributions documented in
various studies are not fully comparable because
of the inevitably somewhat subjective assessment
of the decay stage.

Decay stage 1 was mostly composed of stand-
ing dead trees, while down CWD was almost
absent. It seems that at least recently a pattern has
prevailed where living trees rarely fall, and trees
usually die standing and fall later on.

Several types of dead wood were observed in
the study area. Intact standing dead trees were
most numerous (51 trunks per ha), but trees with
broken trunks were also common (24 trunks per
ha). Fallen trees broken at the trunk base were
more numerous than trees falling with a root
plate. The structural complexity of CWD was fur-
ther increased by leaning and fire scarred standing
dead trees or stumps. This variability in types of
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dead trees is ecologically important, because dif-
ferent types have different effects on their envi-
ronment (Samuelsson et al. 1994). Standing dead
trees cast shade, but it is only when they fall that
soil disturbance may occur and a canopy gap be
formed. The decay succession may also be dif-
ferent depending on the dead tree type. Standing
dead trees with broken trunks, fallen logs and
stumps of different stages of decay all provide
various habitats for decomposers, plants and ani-
mals (Renvall 1995, Bader et al. 1995, Esseen
et al. 1997).

4.3 Spatial Pattern of CWD

The spatial pattern of CWD was studied at a small
scale using the sample plot data on total CWD
and at landscape scale using the transect data on
large CWD. The analysis of the sample plot data
revealed that at fine spatial scales (0.01—0.08
ha) there was considerable variation in total
CWD, especially in the standing amount (Fig. 8).
However, the variation in CWD volume rapidly
decreased when moving up to the spatial scale
of 0.1 ha. At spatial scales larger than about 0.1
ha the variation in CWD volume was no longer
related to scale.

Spatial autocorrelation analysis of large CWD
on transects showed that total CWD was autocor-
related up to about 50 m distances, but that the
spatially structured variance as a proportion of
total variance was rather low (Fig. 11). No spatial
autocorrelation signal was detected when stand-
ing and down CWD were examined separately.
Overall, the analyses showed that at the larger
landscape scale the spatial distribution of large
CWD was close to random, although a weak
autocorrelation pattern was detected at smaller
spatial scales.

Rouvinen et al. (2002) studied the pattern of
tree mortality in the same study area, finding
that forest dynamics in this Pinus dominated
forest landscape was mainly driven by local-
scale autogenic mortality of individual trees or
small groups of trees. The overall pattern of tree
mortality was more or less continuous, although
there were some variation in the mortality rate as
related to differences in forest types. On a smaller
scale a tendency toward clustering of tree deaths
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was apparent, but not to the extent of forming
distinct gaps of neighboring dead trees (Rouvinen
et al. 2002). This pattern of tree mortality, slightly
aggregated on a small scale but random at larger
scales, nicely fits the occurrence of CWD in the
landscape documented in this study, suggesting
that the type of forest dynamics documented by
Rouvinen et al. (2002) has prevailed in the area
for a long period of time.

Rouvinen et al. (2002) also found that mortal-
ity was highest in the most fertile site types, the
herb-rich Geranium-Oxalis-Myrtillus forests and
Picea mires, and decreased toward less produc-
tive site types, being lowest in dry Empetrum-
Calluna sites. However, the quantity of CWD
was not straightforwardly related to site type
(see Table 2), perhaps because of variability in
mortality over time. Other factors than site type
may also affect the long-term mortality rate. For
example, topography appeared to have an effect
at least on short-term mortality rates (Rouvinen et
al. 2002). In addition, the probability and severity
of allogenic disturbances, as well as the decay
rate of dead wood may vary due to factors other
than site type (Franklin et al. 1987).

4.4 CWD and Disturbances

Somewhat surprisingly, there was a weak positive
correlation between the number of cut stumps and
the amount of CWD in the study plots. Appar-
ently the number of cut trees has been so low
that the effect of harvesting on long-term input
of CWD has been negligible. It is also possible
that selective cuttings of high quality timber were
carried out on sites with more timber than the
average for the landscape.

The amount of CWD did not correlate either
with the time since last fire or with the mean fire
return interval, as determined from the dendro-
chronological analysis (Lehtonen and Kolstrom
2000). This would suggest that past fires have
been low-severity surface fires that have not killed
larger trees that would have contributed signifi-
cantly to the volume of dead trees. This is the
result of the fire-resistant character of large Pinus
trees. The surface fires kill small understory trees
(Picea and deciduous trees), which may either
burn or decompose quite quickly. However, as
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large Pinus trunks take hundreds of years to decay
beyond decay stage 5 (Krankina and Harmon
1995), the most decayed stage recorded in this
study, several past fires may have an effect on
current CWD volume at a given site. This may
obscure the relationship between CWD volume
and the fire regime parameters.

5 Conclusions

The results of this study reveal the large quantity
and diversity of CWD in a naturally dynamic
Pinus dominated landscape. This diversity of
CWD encompasses a wide range of variation in
tree species, tree size, decay stage, dead tree type
and other characteristics increasing the structural
complexity of dead wood. Altogether this varia-
tion creates a large diversity of CWD habitats for
saproxylic organisms.

At the landscape scale, large CWD was almost
continuously present and its overall spatial distri-
bution was close to random, although a weak spa-
tial autocorrelation pattern was found at distances
less than about 50 m. Analysis of the sample plot
data showed that at small spatial scales variation
in total CWD was scale-dependent, so that the
variation decreased up to a sample size of about
0.1 ha, after which the variation stabilized. The
fire history variables of the sample sites were
not related to the amount of CWD, suggesting
that the past (low-severity) fires did not have a
long-term effect on CWD volume.

These findings and those of Rouvinen et al.
(2002) indicate that the CWD dynamics in this
landscape was not driven by fire or other severe
allogenic disturbances, but by more or less
random mortality of large overstory trees due to
autogenic causes of tree death.

Acknowledgements

Our warmest gratitude is extended to Sergei
Tarkhov and Boris Kashevarov (Kostomuksha
Nature Reserve). Raimo Heikkild from the
Friendship Park Research Center in Kuhmo as
well as all the inhabitants of Venehjirvi village,

especially Santeri Lesonen, are thanked for their
help with the practical arrangements. We also
thank Vellamo Ahola, Riina Ala-Risku, Meri
Bickman, Eeva-Riitta Gylen, Minna Kauhanen,
Keijo Luoto, Marjaana Lindy, Mari Niemi, Anne
Muola, Juha Miki, Tuuli Mékinen, Juho Pen-
nanen, Timo Pulkkinen and Seppo Rouvinen for
assisting in the fieldwork. Thanks also to Dr.
Kari Korhonen and one anonymous referee for
their valuable comments and Roderick McCo-
nchie for linguistic corrections. This work was
financed by the Academy of Finland and is part
of the Finnish Biodiversity Research Programme
FIBRE (1997-2002).

References

Ahti, T., Himet-Ahti, L. & Jalas, J. 1968. Vegetation
zones and their sections in northwestern Europe.
Annales Botanici Fennici 5: 169-211.

Angelstam, P. 1998. Maintaining and restoring biodi-
versity in European boreal forests by developing
natural disturbance regimes. Journal of Vegetation
Science 9: 593-602.

Arnborg, T. 1942. Lagaforyngring i en syd-lappléndsk
granurskog. Svenska Skogsvardsforeningens Tid-
skrift 40: 47-78.

Atlas of Finland. 1988. Folio 131. Climate. Publishers:
National Board of Survey & Geographical Society
of Finland. Helsinki. 32 p.

Attiwil, PM. 1994. The disturbance dynamics of forest
ecosystems: the ecological basis for conservative
management. Forest Ecology and Management 63:
247-300.

Bader, P., Jansson, S. & Jonsson, B.G. 1995. Wood-
inhabiting fungi and substratum decline in selec-
tively logged boreal spruce forests. Biological
Conservation 72: 355-362.

Cajander, A.K. 1926. The theory of forest types. Acta
Forestalia Fennica 29. 108 p.

Cressie, N.A.C. 1991. Statistics for spatial data. John
Wiley & Sons Inc. New York. 900 p.

Engelmark, O. 1999. Boreal forest disturbances.
In: Walker, L.R. (ed.). Ecosystems of disturbed
ground. Ecosystems of the World 16: 161-186.

Esseen, P.-A., Ehnstrom, B., Ericson, L. & Sjoberg,
K. 1997. Boreal forests. Ecological Bulletins 46:
16-47.

165



Silva Fennica 36(1)

research articles

Franklin, J.F., Shugart, H.H. & Harmon, M.E. 1987.
Tree death as an ecological process. The causes,
consequences, and variability of tree mortality.
BioScience 37: 550-556.

Granstrom, A. 1996: Fire ecology in Sweden and
future use of fire for maintaining biodiversity. In:
Goldammer, J.G. & Furyaev, V.V. (eds). Fire in
ecosystems of boreal Eurasia. Kluwer Academic
Publishers, Netherland.

Gromtsev, A.N. (ed.). 1998: Inventory of natural com-
plexes and ecological feasibility study of Kalevala
National Park. Preprint of the paper presented at
the session of the Research Board of the Forest
Research Institute, Karelia Research Centre, RAS,
held on 27 November 1997. Forest Research Insti-
tute. Karelian Research Centre. Russian Academy
of Sciences. 56 p.

Harmon, M.E., Franklin, J.F., Swanson, EJ., Sollins, P.,
Gregory, S.V., Lattin, J.D., Anderson, N.H., Cline,
S.P., Aumen, N.G., Sedell, J.R., Lienkaemper, G.W.,
Cromack, J.R. & Cummins, K.W. 1986. Ecology
of coarse woody debris in temperate ecosystems.
Advances in Ecological Research 15: 133-302.

Hofgaard, A. 1993. 50 years of change in a Swedish
boreal old-growth Picea abies forest. Journal of
Vegetation Science 4: 773-782.

Hytteborn, H. & Packham, J.R. 1987. Decay rate of
Picea abies logs and the storm gap theory: a re-
examination of Sernander Plot I, Fiby urskog, cen-
tral Sweden. Arboricultural Journal 11: 299-311.

Isaaks, E.H. & Srivastava, R.M. 1989. Applied geo-
statistics. Oxford University Press. New York.

Jurgensen, M.E,, Larsen, M.J., Graham, R.T. & Harvey,
A.E. 1987. Nitrogen fixation in woody residue
under north climatic conditions. Canadian Journal
of Forest Research 17: 1283-1288.

Kalela, A. 1961. Waldvegetationszonen Finlands und
ihre Klimatischen Paralleltypen. Archivum Soc.
Vanamo 16: suppl.

Kallio, E. 1999. Luonnontilaisten, harsittujen ja
talouskdyttoon kunnostettujen vanhojen minty-
valtaisten metsien rakenteellinen monimuotoisuus
Kuhmossa. Master’s thesis. University of Helsinki,
Dept. of Forest Ecology. 99 p. (In Finnish)

Kilkki, P. 1983. Sample trees in timber volume estima-
tion. Acta Forestalia Fennica 182. 35 p.

Krankina, O.N. & Harmon, M.E. 1995. Dynamics of
the dead wood carbon pool in northwestern Rus-
sian boreal forests. Water, Air and Soil Pollution
82:227-238.

166

Kumpulainen, K. & Veteldinen, P. 2000. Puusto-
inventointi. In: Virkkala, R. & Anttila, 1. (eds).
Eteld-Kuusamon vanhojen metsien ja soiden luonto-
inventointi. Pajupuronsuo, Romevaara, Naringén-
vaara, Virmajoki. Alueelliset ympiristojulkaisut
153. Pohjois-Pohjanmaan ympdristokeskus. p.
24-50. (In Finnish)

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

— 2002. Natural variability of forests as a reference
for restoring and managing biological diversity in
boreal Fennoscandia. Silva Fennica 36: 97-125.
(This issue)

— & Juntunen, P. 1998. Seedling establishment in
relation to microhabitat variation in a windthrow
gap in a boreal Pinus sylvestris forest. Journal of
Vegetation Science 9: 551-562.

— , Miki, J., Karjalainen, L. & Lehtonen, H. 2002.
Tree age distributions in old-growth forest sites
in Vienansalo wilderness, eastern Fennoscandia.
Silva Fennica 36: 169—184. (This issue)

— , Syrjdnen, K. & Kalliola, R. 1998. Structure of
pristine Picea abies forest in northeastern Europe.
Journal of Vegetation Science 9: 563-574.

— , Syrjdnen, K. & Kalliola, R. 2000. Logs in a
pristine Picea abies forest: occurrence, decay stage
distribution and spatial pattern. Ecological Bul-
letins 49: 105-113.

Kuusinen, M. 1996. Epiphytic lichen flora and diversity
in old growth boreal forests of Finland. Helsingin
yliopiston kasvitieteen julkaisuja 23. 29 p.

Laasasenaho, J. 1982. Taper curve and volume func-
tions for pine, spruce and birch. Communicationes
Instituti Forestalis Fenniae 108. Helsinki. 74 p.

— & Snellman, C.G. 1983. Minnyn, kuusen ja koivun
tilavuustaulukot. Metsintutkimuslaitoksen tiedon-
antoja 113. Helsinki. 91 p. (In Finnish)

Lang, G.E. 1985. Forest turnover and the dynamics
of bole wood litter in subalpine balsam fir
forest. Canadian Journal of Forest Research 15:
262-268.

Lehtonen, H. & Kolstrom, T. 2000. Forest fire history
in Viena Karelia, Russia. Scandinavian Journal of
Forest Research 15: 585-590.

Lewis, K.J. & Lindgren, B.S. 2000. A conceptual model
of biotic disturbance ecology in the central interior
of B.C.: How forest management can turn Dr. Jekyll
into Mr. Hyde. Forestry Chronicle 76: 433-443.



Karjalainen and Kuuluvainen

Amount and Diversity of Coarse Woody Debris within a Boreal Forest Landscape ...

Linder, P. 1998. Structural changes in two virgin
boreal forest stands in central Sweden over 72
years. Scandinavian Journal of Forest Research
13: 451-461.

— , Elfving, B. & Zackrisson, O. 1997. Stand struc-
ture and successional trends in virgin boreal forest
reserves in Sweden. Forest Ecology and Manage-
ment 98: 17-33.

Ludwig, J.A. & Goodall, D.W. 1978. A comparison
of paired- with blocked-quadrat variance methods
for the analysis of spatial pattern. Vegetatio 38:
49-59.

van der Maarel, E. 1993. Disturbance and its relation
to diversity and stability. Journal of Vegetation
Science 4: 733-736.

McComb, W. & Lindenmayer, D. 1999. Dying, dead
and down trees. In: Hunter, M.L. Jr. (ed.). Main-
taining biodiversity in forest ecosystems. Cam-
bridge University Press.

Pyykko, J. (ed.). 1996. Survey in Russian Karelian
natural forests in Vienansalo. WWF Finland. 33
p. + 3 app.

Renvall, P. 1995. Community structure and dynamics
of wood-rotting Basidiomycetes on decomposing
conifer trunks in northern Finland. Karstenia 35:
1-51.

Rossi, R.E., Mulla, D.J., Journel, A.G. & Franz, E.H.
1992. Geostatistical tools for modeling and inter-
preting ecological spatial dependence. Ecological
Monographs 62: 277-314.

Rouvinen, S. & Kuuluvainen, T. 2001. Amount and
spatial distribution of standing and downed dead
trees in two areas of different fire history in a
boreal Scots pine forest. Ecological Bulletins 49:
115-127.

— , Kuuluvainen, T. & Siitonen, J. 2002. Tree mortal-
ity in a Pinus sylvestris dominated boreal forest
landscape in Vienansalo wilderness, eastern Fenno-
scandia. Silva Fennica 36: 127-145. (This issue)

Samuelsson, J., Gustafsson, L. & Ingelof, T. 1994.
Dying and dead trees — a review of their impor-
tance for biodiversity. Swedish Threatened Species
Unit, Uppsala. Swedish Environmental Protection
Agency report series, Report 4306. 109 p.

Siitonen, J. 2001. Forest management, coarse woody
debris and saproxylic organisms: Fennoscandian
boreal forests as an example. Ecological Bulletins
49: 11-41.

— , Martikainen, P., Punttila, P. & Rauh, J. 2000.
Coarse woody debris and stand characteristics in
mature managed and old-growth boreal mesic for-
ests in southern Finland. Forest Ecology and Man-
agement 128: 211-225.

— , Martikainen, P., Kaila, L., Nikula, A. & Punt-
tila, P. 1995. Kovakuoriaislajiston monimuotoisuus
eri tavoin késitellyilld metsdalueilla Suomessa ja
Karjalan tasavallassa. In: Hannelius, S. & Niemeld,
P. (eds). Monimuotoisuus metsien hoidossa. Met-
santutkimuslaitoksen tiedonantoja 564: 43—63. (In
Finnish)

Sippola, A.-L., Siitonen, J. & Kallio, R. 1998. Amount
and quality of coarse woody debris in natural and
managed coniferous forests near the timberline in
Finnish Lapland. Scandinavian Journal of Forest
Research 13: 204-214.

Spies, T.A., Franklin, J.F. & Thomas, T.B. 1988.
Coarse woody debris in douglas-fir forests of
western Oregon and Washington. Ecology 69:
1689-1702.

Sturtevant, B.R., Bissonnette, J.A., Long, J.N. & Rob-
erts, D.W. 1997. Coarse woody debris as a func-
tion of age, stand structure, and disturbance in
boreal Newfoundland. Ecological Applications 7:
702-712.

Uotila, A., Maltamo, M., Uuttera, J. & Isomiki, A.
2001. Stand structure in semi-natural and managed
forests in eastern Finland and Russian Karelia.
Ecological Bulletins 49: 149-158.

Virtaranta, P. 1958. Vienan kansa muistelee. WSQY,
Helsinki. (In Finnish)

Volkov, A.D., Gromtsev, A.N. & Sakovets, V.I. 1997.
Climax forests in the north-western taiga zone
of Russia: natural characteristics, present state
and conservation problems. (Preprint of the report
for the meeting of the Learned Council, Forest
Research Institute, Karelian Research Centre, Rus-
sian Academy of Sciences.) Karelian Research
Center of the Russian Academy of Sciences, Forest
Research Institute. Petrozavodsk.

Zackrisson, O. 1977. Influence of forest fires on the
North Swedish boreal forest. Oikos 29: 22-32.
Zar, J.H. 1984. Biostatistical analysis. Englewood

Cliffs, NJ: Prentice-Hall. 718 p.

Total of 57 references

167





