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An adequate understanding of an old-growth forest structure and its variability is 
needed for forest conservation and restoration. We studied the local scale structural 
variability of boreal old-growth forests on a Hylocomium–Myrtillus site type in the 
Pallas-Yllästunturi National Park in northern Finland. Principal component analysis 
(PCA) revealed that the main directions of structural and compositional variability 
were related to variables describing the total volume of coarse woody debris (CWD), 
volumes of living and dead Pinus sylvestris and volume of deciduous CWD. An aver-
age, living tree volume was 141.5 m3 ha–1, varying among the 252 sample plots from 
15.3 to 442.0 m3 ha–1. The mean CWD volume was 30.0 m3 ha–1 (0–99.3 m3 ha–1). 
Downed and standing CWD comprised on average 64.6% and 35.4% of the total CWD 
volume, respectively. In general, the diameter distributions of living, standing and 
downed dead trees followed a negative exponential shape. Our results demonstrate 
high variability in structure and composition of old-growth forests on a northern boreal 
mesic Hylocomium–Myrtillus site type. This natural variability should be taken into 
account in forest restoration and management at landscape level.

Key words: biodiversity, coarse woody debris, forest restoration, natural forest, natural 
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Introduction

Boreal forests have traditionally been consid-
ered as relatively simple and homogeneous eco-
systems. However, there is increasing evidence 
that especially late-successional boreal forests 
exhibit fi ne-scale complex heterogeneity in their 

structure and dynamics (e.g. Qinghong & Hyt-
teborn 1991, Lilja et al. 2006). This heteroge-
neity is affected by partly stochastic allogenic 
disturbances such as forest fi res with different 
severities (Zackrisson 1977, Lampainen et al. 
2004), but especially by small-scale autogenic 
gap disturbances (Kuuluvainen 1994). The pres-
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ence of large living and dead trees, an abun-
dance of decaying wood and a multi-layered 
tree canopy are regarded as essential structural 
characteristics of old boreal forests (Esseen et al. 
1997, Kneeshaw & Gauthier 2003, Rouvinen & 
Kouki 2008).

Because of their complexity, the structure of 
a natural forest cannot be simply described, for 
example, as mean values; rather the aim is to 
defi ne the crucial forest habitat characteristics 
and their limits of natural variability (Landres et 
al. 1999). This means that even on a given site 
type and in a given area a natural forest typically 
exhibits variability in structure and dynamics 
as a function of factors such as slope, aspect 
and disturbance history. However, this variabil-
ity expressed at landscape scale is still poorly 
understood in many forest ecosystem types. This 
is also the case considering old-growth for-
ests on a mesic Hylocomium–Myrtillus site type 
(sensu Cajander 1926) in northern Fennoscandia, 
although the main developmental and structural 
features of this important and wide-spread forest 
ecosystem type have been previously studied 
(Sirén 1955, Hyvärinen & Sepponen 1988, Wal-

lenius et al. 2005, Doležal et al. 2006, Lilja et al. 
2006).

It has been proposed that the natural forest 
can be used as a model for restoration and 
management of biodiversity in managed for-
ests (Haila et al. 1994, Fries et al. 1997, 1998, 
Angelstam 1998, Lähde et al. 1999, Kuuluvainen 
2002). However, an adequate landscape-level 
understanding of natural forest structure and its 
variability is needed for forest conservation and 
restoration. Natural variability, both spatial and 
temporal, has long provided ecologists insight 
into understanding ecological processes and the 
implications of ecological change (Landres et al. 
1999). Maintaining forest structure within a natu-
ral range of variability, or restoring current con-
ditions to that state, are possible situations that 
managers can face in future (Landres et al. 1999).

The purpose of this study was to examine 
the structure and its variability of old-growth 
forests growing on one forest site type, the mesic 
Hylocomium–Myrtillus site type in the northern 
boreal zone in the Pallas-Yllästunturi National 
Park. This area is one of the largest remnants of 
natural or near-natural forests in Finland (Akse-
nov et al. 1999). The specifi c aims of the study 
were to assess on one forest site type (1) the 
characteristics and variability of tree species 
composition, diameter distribution and living 
tree volume; and (2) the volume, quality and 
variability of coarse woody debris (CWD).

Material and methods

Study area

The study was carried out in northwestern Fin-
land in the Pallas-Yllästunturi National Park 
(total area 1020 km²) (Fig. 1). More specifi cally, 
the sites of sampling are located in the Ylläs–
Aakenus region at altitudes of 217–386 m a.s.l. 
in mountainous landscape. This region is situ-
ated in the northern boreal zone (ca. 67°42´N, 
24°12´E) (sensu Ahti et al. 1968), including 
areas that still remain in a natural state. The 
mean annual temperature is –1 °C. The annual 
precipitation is about 550 mm and the effective 
temperature sum (5 °C threshold) varies from 
650 to 700 dd. (Vadja & Venäläinen 2003).

Fig. 1. Geographical location of the Pallas-Yllästunturi 
National Park. The borders of the vegetation zones are 
based on Kalela (1961) and Ahti et al. (1968).
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The forest vegetation is infl uenced by a con-
siderable variability in both the bedrock and 
the topography. On mineral soils in the Ylläs-
Aakenus region, the Vaccinium and Myrtillus site 
types (sensu Cajander 1926) are generally the 
dominating vegetation types and spruce (Picea 
abies) is usually the dominating tree species. 
Picea-dominated forests cover ca. 60% of the 
landscape. According to previous biological sur-
veys, the forests exhibit notable structural diver-
sity and in ca. 80% of the stands the dominating 
canopy trees are over 160 years old (Kuusisto 
2003). Nearly 90% of the forests in the region are 
considered unmanaged, and they show no or few 
signs of logging (Kuusisto 2003). Thus, the for-
ests can be regarded as close to their natural state 
because of the relatively small number of trees 
removed and because natural forest dynamics 
have prevailed for a long period of time.

Unfortunately, the forest history of the region 
has not been thoroughly studied. This also 
applies to natural disturbances, but it is generally 
regarded that fi re and wind are the most impor-
tant allogenic disturbance agents (Kuuluvainen 
1994). A recent study showed that fi re has been 
a less common disturbance in northern Fin-
land than hitherto thought: in Pinus sylvestris-
dominated forests the fi re rotation has been ca. 
350 years (Wallenius et al. 2008) and obviously 
longer in less fi re-prone Picea-dominated forests 
(e.g. Hyvärinen & Sepponen 1988). Long fi re 
rotation may also explain predominance of old-
growth forest in the Ylläs-Aakenus region and 
indicates that small-scale autogenic disturbances 
play a major role in forest dynamics (Kuulu-
vainen 1994). However, past fi res may still be 
an important underlying cause of structural and 
compositional variability of forests observed in 
the region (Lilja et al. 2006).

Site selection and data collection

The sampling of stands for data collection was 
based on pre-established polypore inventory 
lines crossing the landscape. The polypore inven-
tory was conducted in 1999–2001 (Niemelä & 
Dai 2000, Niemelä et al. 2000, Niemelä & Kin-
nunen 2002). The search for stands for the poly-
pore inventory was based on information from 

maps and local expertise. The stands are a repre-
sentative sample of the landscape, although they 
do not strictly represent a random or systematic 
sample (Fig. 2).

The sample plots accepted for the present 
study fulfi lled the following requirements: (1) 
they were located on a mesic Hylocomium–Myr-
tillus site type, and (2) no cut stumps existed on 
the sample plots. Data on the forest structure 
were collected from 252 sample plots located in 
55 forest stands. Of 252 sample plots, 150 were 
dominated by Picea abies (≥ 50% of living tree 
volume), 51 by Pinus sylvestris, 21 by Betula 
spp., and 30 sample plots occurred on mixed 
forest stands. Typically for Hylocomium–Myr-

Fig. 2. Map of the study area showing the locations of 
the inventory lines. Reproduced with permission of the 
National Land Survey of Finland (224/MML/09).
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tillus site type, the understorey was dominated 
by mosses (Hylocomium splendens, Pleurozium 
schreberi), blueberry and lingonberry (Vacci-
nium myrtillus and V. vitis-idaea).

The measurements were conducted in 4–7 
sample plots per forest stand. In each stand, the 
sample plots were approximately evenly distrib-
uted along the pre-established polypore inven-
tory line using a rough step measure. As far as it 
was possible, the fi rst circular plots in each stand 
were located in the forest stand interior to avoid 
potential edge effects. The number of sample 
plots per polypore inventory line within a forest 
stand varied in relation to polypore inventory line 
length as follows: four plots in 0–400 m lines, 
fi ve plots in 400–700 m lines, six plots in 700–
1000 m lines, and seven plots in > 1000 m lines.

For each sample plot the basal area (m2 ha–1) 
of living tree species was estimated using a rela-
scope. All recorded living trees were further clas-
sifi ed into fi ve diameter (diameter at breast height; 
1.3 m DBH) classes (2–10 cm, 10–20 cm, 20–30 
cm, 30–40 cm, > 40 cm), based on visual estima-
tion. The CWD measurements were conducted on 
circular sample plots (radius of 9.78 m; 0.03 ha). 
Rapid measurements of the distance were made 
possible by a Vertex-measuring device, also used 
to measure tree heights of broken snags. CWD 
units originating within the plot were included in 
the measurements. Six categories of CWD were 
recorded and measured: (1) intact standing dead 
trees, (2) broken snags (length > 1.3 m), (3) natu-
ral stumps (length < 1.3 m), (4) uprooted downed 
logs, (5) downed logs broken at base, (6) pieces 
of downed logs or tree tops.

From each circular sample plot, all intact 
standing dead trees, broken snags and downed 
logs, with a minimum diameter of ten centime-
tres (10 cm) at breast height (1.3 m DBH), were 
measured. A height of 1.3 metres was considered 
the threshold between a stump and a broken 
snag. All stumps, pieces of downed logs and tree 
tops with a mid-diameter (diameter at middle 
point of length) of over ten centimetres (10 
cm) were also included. Tree species, diameter 
(DBH or mid-diameter) and decay stage were 
recorded for each dead tree. The diameters of all 
trees were estimated with the accuracy of one 
centimetre (1 cm). Dead trees which were not 
possible to identify by tree species in the fi eld 

because of advanced decay stage were counted 
as “unidentifi ed tree species”. The height of 
broken snags and stumps was recorded. The 
length of pieces of downed logs with missing 
crowns or stumps was measured. A group of 
stems was considered as one tree if the stems 
were connected from their base; if not, they were 
counted as separate trees. The original diameter 
of a broken stump was roughly estimated and 
reported along with an estimation of the remain-
ing volume percentage of its original volume. 
Downed logs which were broken into many 
pieces were considered as one.

Classifi cation of CWD according to decay 
stage was done using a fi ve-stage classifi ca-
tion. The most important criterion was the hard-
ness of the wood, which refl ects its density, 
that is, how far the decaying process has pro-
ceeded. The hardness of wood can considerably 
vary in different parts of the log so the decay 
stage was determined according to an average, 
with emphasis on the basal part. The classifi ca-
tion generated by Karjalainen and Kuuluvainen 
(2002) was used as a basis and further modifi ed. 
This decay stage classifi cation was used to esti-
mate both standing and downed trees:

1. Recently dead (during the past year), phloem 
still fresh (no holes of bark beetles visible).

2. Phloem eaten, a knife penetrates only a few 
millimetres.

3. A knife penetrates up to two centimetres (2 
cm). Twigs and small branches fallen down. 
On coniferous trees, bark is loosened or 
missing.

4. A knife penetrates from two to fi ve centime-
tres (2–5 cm).

5. The blade of a knife can be easily pushed all 
the way to the wood. The log is still easily 
perceived. Knife penetration represents aver-
ages of several pricks per each piece of 
CWD.

Calculations and analysis methods

The volumes of both living trees and intact stand-
ing and downed dead trees were estimated using 
the volume equations of Laasasenaho (1982) for 
Pinus, Picea and Betula. Equations using both 
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DBH and height as independent variables were 
used. The equation for Betula was also used to 
estimate the volumes of other deciduous trees. 
Volumes of stumps and pieces of logs were 
calculated on the basis of their length and mid-
diameter using the formula for the volume of a 
cylinder. The volume of stumps was included in 
the volume of downed dead trees.

The volume estimates for broken snags were 
computed using volume integrals of taper equa-
tions (Laasasenaho 1982). This method does 
not require information on the diameter at the 
snapping point of a broken snag, because the 
diameter at any height of a tree can be esti-
mated with a taper function. What is needed is 
the DBH, snapping height and original height 
(height before snapping) of a tree. The height of 
living, standing and downed dead trees, required 
by the volume equations (Laasasenaho 1982), 
and the original height of broken snags required 
by volume integrals of the taper equations of 
Laasasenaho (1982), were estimated based on 
constructed regression models (Eqs. 1, 2 and 3) 
between tree DBH (cm) and tree height (cm).

 Height(Picea abies) = 134.332DBH0.767 (1)
 R2 = 0.782, P < 0.001

Height(Pinus sylvestris) = 140.787DBH0.713 (2)
 R2 = 0.774, P < 0.001

 Height(Betula spp.) = 213.795DBH0.584 (3)
 R2 = 0.407, P < 0.001

The used DBH and tree height data for con-
structing the regression model for Pinus (Eq. 2) 
was received from the 9th National Forest Inven-
tory (NFI). The sample tree data were from the 
municipalities of Kolari, Kittilä and Muonio. 
The sample tree data for Picea and Betula were 
received from earlier fi eld measurements con-
ducted by Tuomas Aakala in Pyhäjärvi and 
Pallas (unpubl. data). The regression model for 
Betula was also used to estimate the heights for 
other deciduous trees.

Diameter distributions of trees were con-
structed and density (trees ha–1) calculated for 
living trees, standing dead trees and downed 
logs. The different units (such as stumps, downed 
logs, tree tops) of the same tree individual were 

counted as one tree. In the case of Betula and 
other deciduous trees, both intact standing dead 
trees and broken snags with tree tops were clas-
sifi ed as standing dead trees. For conifers and 
unidentifi ed tree species, only intact standing 
dead trees were classifi ed as standing dead trees; 
broken snags (with tree tops) were classifi ed 
as downed dead trees. This was justifi ed by an 
assumed bias of volumes. Pieces of downed logs 
or tree tops without a known stump, or stumps 
without a known tree top, were excluded from 
the diameter distributions. The volume calcula-
tions of broken snags were performed using 
Mathematica 4.0. Other calculations were per-
formed using MS Excel 2003.

Variability among the 46 continuous forest 
structure variables was reduced using Princi-
pal Component Analysis (PCA) (Appendix). 
PCA was used to reveal potential relationships 
between different variables, and clusters among 
sample plots. PCA is used to transform the 
original variables to a new set of Principal Com-
ponents (PCs). The fi rst PC explains most of the 
variability in the data; the second PC explains 
the next largest variability, and so on. PCs can be 
used to construct graphics to give an overview of 
what forest structure variables are causing dif-
ferences between sample plots. At the same time 
they show how individual stands differ from 
each other in habitat characteristics. PCA gives 
information on: (1) the site scores of each plot, 
and (2) the loadings of each forest structure vari-
able. The site scores in relation to the PCs reveal 
the differences between the individual sample 
plots. The variable loadings in relation to PCs 
indicate the signifi cant role the individual vari-
ables play in causing differences in forest struc-
ture variables between sample plots. Spearman’s 
non-parametric correlation was used to analyse 
the relation between e.g. total CWD volume and 
living tree volume. Statistical analyses were per-
formed using SPSS™ ver. 13 and R ver. 2.4.1.

Results

Variability of forest structure

In the principal component analysis (PCA) each 
of the three fi rst PCs explained more than 10% of 



268 Ylläsjärvi & Kuuluvainen • ANN. BOT. FENNICI Vol. 46

the variability in the estimated variables (Table 
1). Together these three components explained 
47.9% of the total variability in the data. PC1 
explained 23.6% of the total variability and 
was related positively to variables describing 
the amount of CWD (Fig. 3b). The volumes of 
coniferous CWD, large CWD (DBH ≥ 20 cm) 

and total CWD had the highest and positive 
loadings on PC1. PC2 explained 13.7% of the 
variability. The volumes of living and dead 
Pinus and the basal area of Pinus had the highest 
loadings on PC2 (Fig. 3b). The third component 
(PC3) explained 10.6% of the variability. It was 
positively related to the volume of deciduous 
CWD and basal area of living trees. PCA ordi-
nation clearly differentiated the sample plots 
based on the dominant tree species (PC2) (Fig. 
3a and b). It also showed that Betula-dominated 
and mixed plots were missing on the right hand 
side of the ordination, implying that they did not 
attain as high CWD volumes (PC1) as found in 
Picea- and Pinus-dominated stands.

Living trees

The mean volume of living trees was 141.5 
m3 ha–1, varying among the 252 sample plots 
from 15.3 to 442.0 m3 ha–1 (Table 2). The mean 
density of living trees (DBH ≥ 2 cm) was 1144 
ha–1, varying among sample plots from 129 to 
5371 ha–1. Picea dominated the volumetric pro-
portion of living trees (50.3%). Pinus was clearly 
more important on volume-basis (32.6%) than 
on density-basis (6.4%), indicating a relatively 
large mean DBH. Betula accounted for 15.4% of 
living tree volume.

On Picea-dominated plots, the mean living 
tree volume was 114.0 m3 ha–1, varying from 
15.3 to 247.9 m3 ha–1. On Pinus-dominated 
sample plots the mean volume was the high-
est (239.4 m3 ha–1, range 95.9–442.0 m3 ha–1), 
whereas on Betula-dominated plots it was the 
lowest (122.1 m3 ha–1, range 47.7–178.7 m3 ha–1) 
(Table 2).

On mixed, Picea- and Pinus-dominated plots, 
the diameter distributions of Picea and Betula 
had a negative exponential shape, in which small 
trees were most abundant and the density of trees 
decreased with increasing diameter (Fig. 4a, b, 
d). However, on Pinus-dominated plots the diam-
eter distribution of Pinus trees was unimodal, 
with a frequency peak at the DBH-class 20–30 
cm (Fig. 4b). Also, on Betula-dominated plots 
the diameter distribution was unimodal when all 
the tree species were combined (Fig. 4c).

Table 1. Summary of principal component analysis 
(PCA) of 46 continuous forest structure variables. The 
proportion of variance in the forest structure data that is 
explained by the fi rst three components is presented.

 PC1 PC2 PC3

Proportion of variance 0.236 0.137 0.106
Cumulative proportion 0.236 0.373 0.479

a

–6

–4

–2

0

2

4

6

8

10

12

–6 –4 –2 0 2 4 6 8 10

PC1

P
C

2

Picea-dominated Pinus-dominated

Betula-dominated mixed

b

–0.3

–0.2

–0.1

0.0

0.1

0.2

0.3

0.4

–0.2 –0.1 0.0 0.1 0.2 0.3 0.4

PC1

P
C

2

CWD vol. 

Pinus CWD vol. 

Betula CWD vol. 

Coniferous

CWD vol.   
Deciduous

CWD vol.   

Large

CWD vol. 

Basal-area 

Basal-area Pinus
Living Pinus vol. 
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Coarse woody debris

On average, the total CWD volume (stand-
ing and downed combined) per plot was 30.0 
m3 ha–1, varying strongly between the sample 
plots (0–99.3 m3 ha–1) (Table 3). The mean den-
sity of dead trees (standing and downed dead 
trees combined) was 148 trees ha–1 varying from 
0 to 433 ha–1. Picea dominated, accounting for 
66.3% of the total CWD volume and 40.9% of 

the total dead tree density. The volume of dead 
Betula trees represented 16.0% of the total CWD 
volume, corresponding to that of the living tree 
volume.

The mean volume of standing dead trees was 
10.6 m3 ha–1, with among-plot variability from 
0 to 88.1 m3 ha–1 (Table 3). The mean volume 
of downed logs was 19.4 m3 ha–1, varying from 
0 to 91.8 m3 ha–1. On average, 35.4% of the 
total CWD volume was standing dead wood 

Table 2. Characteristics of living tree populations by tree species as a whole (n = 252) and by tree species domi-
nance types; Picea-dominated (n = 150), Pinus-dominated (n = 51), Betula-dominated (n = 21) and mixed sample 
plots (n = 30).

  Picea abies Pinus sylvestris Betula spp. Other deciduous trees Total

All sample plots (n = 252)
Proportion (%)
  by volume 50.3 32.6 15.4 1.7 100
  by number 56.6 6.4 34.9 2.2 100
 volume (m3 ha–1)
  mean 71.2 46.1 21.8 2.4 141.5
  SD 41.4 81.3 22.1 6.5 68.6
 trees ha–1

  mean 647 73 399 25 1144
  SD 599 196 511 103 808
Picea-dominated
 volume (m3 ha–1)
  mean 91.0 5.7 16.0 1.3 114.0
  SD 37.9 14.6 14.1 6.2 39.6
 trees ha–1

  mean 756 13 256 21 1047
  SD 620 55 366 121 767
Pinus-dominated
 volume (m3 ha–1)
  mean 40.7 184.8 12.8 1.0 239.4
  SD 29.9 82.2 11.1 2.8 70.9
 trees ha–1

  mean 463 259 444 9 1175
  SD 541 333 550 25 726
Betula-dominated
 volume (m3 ha–1)
  mean  32.7 6.4 74.6 8.4 122.1
  SD 19.0 13.4 19.2 6.5 35.2
 trees ha–1

  mean 474 12 945 50 1481
  SD 489 30 495 43 716
Mixed plots
 volume (m3 ha–1)
  mean 51.2 39.9 29.2 6.3 126.6
  SD 22.8 29.9 18.3 8.8 43.3
 trees ha–1

  mean 537 95 654 56 1342
  SD 550 202 698 110 1093
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Table 3. Volumes of total, standing and downed CWD in the sample plots as a whole (n = 252) and by tree species 
dominance types; Picea-dominated (n = 150), Pinus-dominated (n = 51), Betula-dominated (n = 21) and mixed 
sample plots (n = 30). The proportions (%) of the total CWD volume are presented in parentheses.

CWD volume All plots Picea-dominated Pinus-dominated Betula-dominated Mixed

Total
 mean 30.0 (100) 34.5 (100) 28.7 (100) 12.7 (100) 22.0 (100)
 min. 0.0 0.0 0.0 0.1 0.0
 max. 99.3 99.3 97.1 25.6 71.5
 SD 24.5 25.8 23.8 6.4 19.7
Standing
 mean 10.6 (35.4) 10.0 (29.1) 15.3(53.3) 4.2 (33.2) 10.1 (45.9)
 min. 0.0  0.0 0.0 0.0 0.0
 max. 88.1  64.9 88.1 10.4 45.2
 SD 14.9 14.1 19.7 3.0 13.0
Downed
 mean 19.4 (64.6) 24.4 (70.9) 13.4 (46.7) 8.5 (66.8) 11.9 (54.1)
 min. 0.0 0.0 0.0 0.0 0.0
 max. 91.8 91.8 47.4 18.3 50.6
 SD 20.5 23.1 13.6 5.2 14.3
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dominated plots (n = 51); (c) on Betula- dominated plots (n = 21); and (d) on mixed plots (n = 30).
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and 64.6% downed dead wood (Table 3). On 
the Picea-dominated plots, the mean volume of 
CWD was highest (34.5 m3 ha–1, range 0–99.3 
m3 ha–1), of which 70.9% was downed dead 
wood (Table 3). On the Pinus-dominated plots, 
the mean volume of CWD was 28.7 m3 ha–1 
(range 0–97.1 m3 ha–1), 46.7% being downed 
dead wood. On the Betula-dominated plots, the 
mean volume of CWD was the lowest 12.7 
m3 ha–1 (0.1–25.6 m3 ha–1), 66.8% being downed 
dead wood. The proportions of standing and 
downed CWD varied strongly between sample 
plots (from 0% to 100%).

The CWD proportion of the living tree volume 
was on average 21.2% (range: 0%–142.5%); 
on Picea-dominated plots the mean proportion 
was 30.2% (0%–142.5%), on Pinus-dominated 
12.0% (0%–65.6%), on Betula-dominated 10.4% 
(0.3%–21.0%) and on mixed sample plots 17.4% 
(0%–50.2%). Total CWD volume comprised on 
average 17.5% of the total tree volume (171.5 
m3 ha–1; living and dead wood combined), varying 
from 0% to 58.8% among the 252 sample plots; 
on the Picea-dominated sample plots this average 
proportion was 23.2%, on Pinus-dominated plots 
10.7%, on Betula-dominated 9.4% and on mixed 
plots 14.8%, varying highly between sample plots.

Taking into account all sample plots, the 
dependency between dead and living tree vol-
umes was apparent: the Spearman correlation 
coeffi cient r

S
 was 0.135 (P = 0.032). On Picea-

dominated sample plots (r
S
 = 0.226, P = 0.005) 

and mixed sample plots (r
S
 = 0.380, P = 0.038) 

the correlation was also apparent. Conversely, 
on Pinus- or Betula-dominated plots we did not 
detect any relationship between the amount of 
CWD and living trees.

Based on the pooled plot data, the volume of 
large CWD (DBH ≥ 20 cm) was on average 20.0 
m3 ha–1, representing 66.7% of the total CWD 
volume (Table 4). The number of large dead trees 
(DBH ≥ 20 cm) ha–1 represented 35.3% of the 
total dead tree density. Large dead conifers (DBH 
≥ 30 cm) and large dead deciduous trees (DBH 
≥ 20 cm) ha–1 represented 9.4% and 3.7% of the 
total dead tree density, respectively. The mean 
dead tree DBH was highest (20.5 cm) on Pinus-
dominated plots and lowest (13.3 cm) on Betula-
dominated plots. There were only slight differ-
ences between the Pinus- and Picea-dominated 
sample plots in the volume and density of large 
CWD. In contrast, on Betula-dominated sample 
plots, the volume of large CWD accounted for 
only 4.9% of the total CWD volume.

In general, the diameter distributions of stand-
ing and downed dead trees followed a pattern in 
which small trees were most abundant, and the 
density of trees decreased as diameter increased 
(Fig. 5). On Picea-dominated plots most stand-
ing dead Picea and Betula trees belonged to 
the smallest diameter class (DBH 10–19 cm) 
(Fig. 5a). The number of trees diminished with 
increasing DBH in all tree species except Pinus, 
which had a slightly higher number of trees in 
the DBH class of 20–29 cm than in the 10–19 cm 
class. The diameter distribution of downed dead 
trees followed a more or less similar pattern, 
although Picea was an exception, having more 
trees in the DBH class of 20–29 cm than in the 
10–19 cm class (Fig. 5b). On Pinus-dominated 
plots, the number of standing Pinus trees dimin-
ished with increasing DBH, whereas standing 
Picea had a slightly higher number of trees in 
the DBH class of 20–29 cm than in the 10–19 cm 

Table 4. Mean CWD diameter, volume of large dead trees (DBH ≥ 20 cm), large dead trees (DBH ≥ 20) ha–1, large 
dead conifers (including Picea and Pinus ≥ 30 cm) ha–1 and large dead deciduous trees (including Betula and other 
deciduous trees DBH ≥ 20 cm) ha–1 in the sample plots as a whole (n = 252) and by tree species dominance types. 
The proportions (%) of total CWD volume or total number of dead trees ha–1 are presented in parentheses.

 All plots Picea- Pinus- Betula- Mixed
  dominated dominated dominated

Mean CWD diameter (cm) 18.7 19.3 20.5 13.3 16.1
Large dead tree volume (DBH ≥ 20 cm) (m3 ha–1) 20.0 (66.7) 23.6 (68.5) 21.0 (73.4) 0.6 (4.9) 13.7 (62.1)
Large dead trees (DBH ≥ 20 cm) ha–1 52.3 (35.3) 63.9 (41.5) 46.3 (41.3) 4.8 (2.5) 37.7 (25.4)
Large dead conifers (DBH ≥ 30 cm) ha–1 13.9 (9.4) 15.5 (10.1) 17.6 (15.7) 0.0 (0.0) 08.9 (6.0)
Large dead deciduous trees (DBH ≥ 20 cm) ha–1 5.5 (3.7) 7.5 (4.9) 2.6 (2.3) 3.2 (1.6) 02.2 (1.5)
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Fig. 5. Diameter class distributions of (a) standing dead tree species on Picea-dominated plots (n = 150); (b) 
downed dead tree species on Picea-dominated plots; (c) standing dead tree species on Pinus-dominated plots (n = 
51); (d) downed dead tree species on Pinus-dominated plots; (e) standing dead tree species on Betula-dominated 
plots (n = 21); (f) downed dead tree species on Betula-dominated plots; (g) standing dead tree species on mixed 
plots (n = 30), and (h) downed dead tree species on mixed plots.
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class (Fig. 5c). In downed dead tree distribution, 
Pinus had more trees in the DBH class of 20–29 
cm than in the 10–19 cm class (Fig. 5d).

Taking all forms of CWD into account, the 
decay stage distribution of dead wood was varia-
ble, decay stage 2 being most abundant (45.0%), 
followed by stages 3 (20.1%), 4 (16.4%) and 5 
(15.5%). Decay stage 1 (cambium still remains) 
was the least (3.0%) represented class. On aver-
age, downed CWD was more decayed than 
standing CWD. About 85.5% of standing CWD 
volume belonged to the fi rst decay stages 1 and 
2. In downed CWD, decay stages 2, 3, 4 and 5 
were quite evenly distributed (23.9%–24.6%), 
while decay stage 1 accounted for less than 3% 
of downed CWD volume.

The decay stage distributions of different tree 
species were relatively similar. Picea and Betula 
were represented in all decay stages. Interest-
ingly, the average Pinus CWD volume repre-
sented in decay stage 1 was only 0.1%. In Picea 
CWD, decay stage 2 was most abundant, con-
sisting of 46.1% of Picea CWD volume. Only 
3.3% of Picea CWD volume belonged to stage 
1; the rest of the decay stages were rather evenly 
distributed (16.8%–17.0%). Decay stage 2 was 
also most abundant in Pinus CWD, consisting 
of 48.2% of the CWD volume. In Betula CWD, 
about one-third of the volume belonged to decay 
stages 2 (35.5%) and 3 (28.2%).

Discussion

Main directions of structural variability

Structural and compositional variability in old-
growth forests on a single site type can be related 
to factors such as variability in past disturbance 
regime, time since last disturbance and topo-
graphic location (Lilja et al. 2006). In the studied 
old-growth stands on a Hylocomium–Myrtillus 
site type the main dimensions of local scale (0.03 
ha) variability were related to total CWD volume, 
both living and dead Pinus volumes, and decidu-
ous CWD volume. Variables describing these 
structural properties explained almost half of the 
total variability of the data in the PCA analysis.

The relation between deciduous CWD 
volume and basal area of living trees (PC3) can 

be thought to result from the higher mortality 
of Betula trees in denser stands with increased 
competition for light. The PCA ordinations indi-
cated also that CWD volumes on Betula-dom-
inated and mixed plots were not as high as on 
Picea- and Pinus-dominated sample plots; this 
was also shown by mean and maximum values 
of CWD volumes. This may be explained by 
the smaller mean DBH of dead trees on Betula-
dominated and mixed plots, which is supported 
by the fact that mean densities of dead wood 
were somewhat similar on Betula-dominated and 
mixed sample plots as compared with those on 
Picea- and Pinus-dominated plots.

Living stand structure and its variability

The mean amount of living tree volume (141.5 
m3 ha–1) recorded in the present study for the old-
growth forest on a Hylocomium–Myrtillus site 
type agrees well with earlier the results ranging 
between 80 and 197 m3 ha–1 on mesic site types, 
from more or less equal latitudes in northern 
boreal old-growth forests in Finland (Siitonen 
1994, Sippola et al. 2002, Lilja et al. 2006).

In natural conditions in Fennoscandia, for-
ests are composed mainly of mixtures of Picea, 
Pinus and Betula and species mixture varies with 
site type, disturbance history and successional 
stage (Linder et al. 1997, Pitkänen 1999, Axels-
son & Östlund 2001, Kuuluvainen 2002). In 
the present study the site type and successional 
stage were rather similar in all the sample plots 
studied. Thus, the considerable variability in 
tree species dominance may be partly explained 
by disturbance history, which is unfortunately 
mostly unknown.

In addition to species composition, diameter 
distribution is considered to be a key character-
istic when classifying stands according to their 
structure (Hasse & Ek 1981, Lähde et al. 1999), 
as it is the primary characteristic for within-
stand diversity (Norokorpi et al. 1994, Lähde et 
al. 1995, 1999). On Picea-dominated plots, the 
diameter class distribution for dominant Picea 
followed a negative exponential shape. This 
pattern suggests a continuous regeneration and 
recruitment of new individuals (Kuuluvainen et 
al. 1998a), indicating that their proportion in 
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the stand was stable. This conclusion was also 
supported by the general recognition that in non-
pyrogenous spruce taiga both tree size and age 
distributions follow the above-mentioned pattern 
in the absence of severe disturbances (Dyrenkov 
& Manko 1991, Kuuluvainen et al. 1998a).

Pinus-dominated forests typically consist of 
different age cohorts, which form an uneven-
sized stand structure (Lähde et al. 1994, Kuu-
luvainen et al. 2002). In the present study, the 
diameter class distribution on Pinus-dominated 
plots followed a negative exponential curve 
when all the tree species were combined. How-
ever, the dominant Pinus followed a unimodal 
diameter distribution, whereas Picea trees were 
abundant in the smallest DBH classes. This dem-
onstrates an ingrowth of Picea trees into Pinus-
dominated sample plots. This is in accordance 
with the study of Kuuluvainen et al. (2002), who 
showed that when a forest site has developed 
for a longer period of time without fi re, a multi-
aged understorey of Picea and deciduous trees 
emerge. If severe fi res do not occur, this type 
of Pinus-dominated forest may also perpetuate 
itself through autogenic mortality of individual 
trees or small groups of trees (Rouvinen et al. 
2002b), providing a competitive advantage to 
Picea and deciduous trees in the understorey 
(Kuuluvainen & Juntunen 1998, Kuuluvainen et 
al. 1998b, 2002). Picea possesses an excellent 
capacity for recuperation when released from the 
oppression of the overstorey (Pöntynen 1929). 
This may increase the probability of the develop-
ment of a mixed tree species composition (Kuu-
luvainen et al. 1998b).

Betula was a notable structural component of 
both Picea-dominated and mixed plots, a feature 
also found by Kuuluvainen et al. (1998a) and 
Lilja et al. (2006). The diameter distribution of 
Betula followed a negative exponential shape 
on Picea-, Pinus-dominated and mixed plots, 
whereas on Betula-dominated plots it was char-
acterized by a unimodal distribution. The high 
density in the smallest diameter classes indicated 
that gap disturbance contributes to tree spe-
cies’ coexistence and acts to sustain the mixed 
tree species composition of the forest (Grubb 
1977, Denslow 1985, Kuuluvainen et al. 1998a, 
1998b). Kuuluvainen et al. (1998a) suggested 
that Betula, as a pioneer species, is able to rap-

idly colonize favourable microsites created by 
treefall disturbances by producing large amounts 
of light wind-dispersed seeds and having a fast 
growth rate.

Coarse woody debris and its variability

Several studies demonstrate that old-growth for-
ests maintain high amounts of coarse woody 
debris (CWD) (Siitonen 2001). This was also 
true in the present study, the mean volume of 
total CWD being 30.0 m3 ha–1. The highest 
average volumes of CWD were found on Picea-
dominated (34.5 m3 ha–1), Pinus-dominated (28.7 
m3 ha–1) and mixed plots (22.0 m3 ha–1), while the 
lowest average volume of CWD was found on 
Betula-dominated plots (12.7 m3 ha–1).

Previously reported average volumes of 
CWD in Picea-dominated mesic old-growth for-
ests vary from 19 to 80 m3 ha–1 in northern boreal 
Fennoscandia (Siitonen 2001). Separate studies 
report values of 32 m3 ha–1 (Siitonen 1994), 19 m3 
ha–1 (Sippola et al. 1998), 17–65 m3 ha–1 (Jonsson 
2000) and 28 m3 ha–1 (Sippola et al. 2002). In 
Pinus-dominated old-growth forests, the average 
CWD volumes vary from 20 to 70 m3 ha–1 from 
dry to mesic site types (Siitonen 2001). Separate 
studies report values of 19 m3 ha–1 (Sippola et 
al. 1998), 16 m3 ha–1 (Sippola et al. 2002) and 
66–120 m3 ha–1 (Linder et al. 1997). The above-
mentioned studies in general had a larger sample 
plot size (range = 0.01–1.0 ha) than that used in 
the present study (0.03 ha). Our results are in 
general agreement with these studies, although 
the documented CWD volumes are somewhat 
higher than those found in our study. One reason 
for this may be that most of the previous studies 
have been carried out at lower latitudes and alti-
tudes. Our results indicate that the average vol-
umes of CWD on Pinus-dominated sites seem to 
be comparable to those of Picea-dominated plots, 
a trend also found by Siitonen (2001).

The plot-scale variability in CWD volumes 
was high (0–99.3 m3 ha–1), the reason being that 
sample plot size considerably affects the mini-
mum and maximum values that are obtained 
(Siitonen 2001). Therefore, the present results 
on CWD variability can be generalized to larger 
spatial scales only with caution. In order to 
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obtain more reliable stand-level estimates, larger 
plots or transect sampling should be used. This 
would probably lower the variability as com-
pared with that obtained in this study.

Direct comparisons of average CWD vol-
umes and their variability between different 
studies are, however, complicated by the differ-
ent scales of analysis (i.e. plot, stand, landscape) 
and latitudinal trends. In general, it is preferable 
to compare the CWD proportions of the total 
tree volume (living and dead wood combined) 
(see e.g. Siitonen 2001). Overall, the average 
proportion of CWD of the total tree volume was 
17.5%, on Picea-dominated plots 23.2% and on 
Pinus-dominated plots 10.7%; these values are 
somewhat lower than the averages reported in 
earlier studies. According to Siitonen (2001), the 
average proportion of CWD in Picea-dominated 
forests varied between 18% and 40% (average 
28%) and in Pinus-dominated forests from 18% 
to 37% (average 25%) without latitudinal trends. 
However, timberline forests are known to have 
lower average proportions of CWD (Sippola et 
al. 2001, 2002).

In northern Finland, Sippola et al. (1998) 
found that the volumes of living and dead wood 
were strongly correlated in old-growth forests. 
Similarly, a signifi cant correlation was found in 
the present study, indicating that the productivity 
on the stand (as expressed by living tree volume) 
is an important factor affecting the amount of 
CWD. However, the correlation (r

S
 = 0.135, P = 

0.032) revealed in this study was lower than the 
high correlation (r

S
 = 0.807, P < 0.001) discov-

ered by Sippola et al. (1998). Furthermore, when 
the correlation was studied in different spe-
cies dominance types, a signifi cant relationship 
was found only on Picea-dominated and mixed 
sample plots. The poor correlation in the present 
study as compared with the high correlation 
obtained by Sippola et al. (1998) can be related 
to differences in the spatial scale, as Sippola et 
al. (1998) used larger sample plot size (0.5–1.0 
ha) as compared with that in the present study 
(0.03 ha).

The proportions of standing and downed 
CWD of the total CWD volume varied consid-
erably (0%–100%) among sample plots, prob-
ably because of differences in mortality and tree 
species composition. On average, standing and 

downed CWD comprised 64.6% and 35.4% of 
the total CWD volume, respectively. However, 
tree species composition affected the proportion 
of standing CWD, with Picea-dominated plots 
having a lower proportion (29.1%) of standing 
dead trees than Pinus-dominated (53.3%) plots. 
According to the review by Siitonen (2001), in 
Picea-dominated forests the average proportions 
of downed and standing CWD seem to be ca. 
70% and 30%, whereas Pinus-dominated forests 
have a higher average proportion of standing 
CWD, almost 50% of the CWD volume. This 
is in accordance with average values reported 
in separate studies conducted in boreal Fennos-
candia (e.g. Sippola et al. 1998, Jonsson 2000, 
Siitonen et al. 2000, Edman et al. 2007). This 
trend can be explained by tree species tending 
to have different modes of death. Most Pinus 
trees remain standing and form long-lasting intact 
dead kelo trees (Rouvinen et al. 2002b), whereas 
uprooting and stem breakage are typical for Picea 
(Liu & Hytteborn 1991, Siitonen et al. 2000, Sii-
tonen 2001).

In addition to CWD volume, the size and 
decay stage variability of CWD are shown to 
be important for saproxylic organisms (Siitonen 
2001). According to diameter distributions of 
CWD, trees with small diameter were clearly 
most abundant in the present study. However, 
trees with large DBH (DBH ≥ 20 cm) generally 
accounted for over 50% of the CWD volume, 
with Betula-dominated plots as an exception. 
These results are in accordance with earlier 
studies conducted in boreal Fennoscandia (Sip-
pola et al. 1998, Siitonen et al. 2000, 2001). In 
the northern boreal zone, Sippola et al. (1998) 
reported that large trees accounted for 22% of 
volume in both Picea and Pinus-dominated for-
ests. However, comparisons between different 
studies are complicated owing to somewhat dif-
ferent threshold values (DBH) between small 
and large logs.

Generally, the pooled diameter distributions 
of downed and standing dead trees followed 
the negative exponential shape which is consid-
ered typical of old-growth forests (e.g., Kuulu-
vainen et al. 1998a, Karjalainen & Kuuluvainen 
2002, Rouvinen et al. 2002a). This pattern is 
considered to be a refl ection of a similar diam-
eter distribution of living trees in natural boreal 
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forest stands (Linder et al. 1997, Kuuluvainen 
et al. 1998a, Rouvinen et al. 2002a). Likewise, 
Rouvinen et al. (2002b) found that diameter 
distributions followed the negative exponential 
shape among both recently dead and living trees, 
in a near-natural forest. This suggests that both 
mortality and recruitment of new individuals 
have been constant and relatively evenly distrib-
uted between the diameter classes (Ranius et al. 
2004). On Picea-dominated sample plots, most 
standing dead Picea and Betula trees belonged 
to the smallest diameter class. This indicates 
that most of these trees have died as a result of 
competitive thinning (Kuuluvainen et al. 1998a). 
This is also supported by the relation found 
between the amount of deciduous CWD and 
basal area of living trees (PC3) in the present 
study, indicating a higher mortality of Betula 
trees in denser stands with increased competi-
tion for light, a central limiting resource in Picea 
stands (Schulze et al. 1977).

The decay stage of trees can be seen as a 
rough approximation of the time since tree death 
(Dynesius & Jonsson 1991). Thus, the distribu-
tion of CWD across decay stages can be regarded 
as an indicator of the temporal variability in tree 
mortality (Rouvinen & Kouki 2002), which in 
turn depends on several processes, i.e. the input 
of CWD, the decay rate, and the time since dis-
turbance. In this study, CWD in decay stage 1 
was most scarce (3.0% of total CWD volume), 
which is in accordance with the earlier fi ndings 
(1.1%–3.7%; Sippola et al. 1998, Karjalainen 
& Kuuluvainen 2002). The low CWD volumes 
in decay stage 1 are simply due to the much 
shorter retention time of trees in this stage (< 1 
year; see Material and methods) as compared 
with other decay stages. CWD in decay stage 2 
was most abundant (45.0%), followed by decay 
stages 3 (20.1%), 4 (16.3%) and 5 (15.7%). 
By contrast, Sippola et al. (1998) found that 
in Picea-dominated old-growth forests, CWD 
was most abundant in decay stages 4 (36.5%) 
followed by decay stages 3 (25.8%), 2 (17.0%) 
and 5 (17.0%). This suggests that CWD decay 
stage distributions in old-growth forests exhibit 
considerable variability. However, comparisons 
between different studies on the decay stage dis-
tribution are complicated owing to a number of 
classifi cation systems and the inevitably subjec-

tive assessment of the decay stage in the fi eld. In 
the present study, downed CWD was on average 
more decayed than standing CWD, which is in 
accordance with earlier fi ndings. Only the least 
decayed trees remain standing while CWD in 
more decayed stages almost exclusively occur as 
downed (Rouvinen & Kouki 2002).

Conclusions

Our results demonstrated that an old-growth 
forest on a northern boreal mesic Hylocomium–
Myrtillus site type exhibits considerable struc-
tural and compositional variability. The com-
position of living tree community varied from 
mixed-species stands to Picea-, Pinus- and Be tu-
la-domination, and there was high variability 
in CWD amount and quality. The main direc-
tions of structural and compositional variability 
were related to variables describing total CWD 
volume, volumes of living and dead Pinus syl-
vestris, and volume of deciduous CWD. Vari-
ability is clearly an essential natural property of 
forest ecosystem structure at landscape scale and 
should be taken into account in forest restora-
tion and management. More research is needed 
to improve the basic understanding of the range 
and causes of structural variability in primary 
old-growth forests, especially at broader spatial 
and longer time scales.
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Altitude (m a.s.l.) 302.6 ± 41.2
Total living tree volume (m3 ha–1) 141.5 ± 68.6
Living Picea volume (m3 ha–1) 71.2 ± 41.4
Living Pinus volume (m3 ha–1) 46.1 ± 81.3
Living Betula volume (m3 ha–1) 21.8 ± 22.1
Living other deciduous tree
 volume (m3 ha–1) 2.4 ± 6.5
Basal area of living trees (m3 ha–1) 18.1 ± 5.4
Basal area of living Picea (m3 ha–1) 10.8 ± 5.8
Basal area of living Pinus (m3 ha–1) 2.5 ± 4.3
Basal area of living Betula (m3 ha–1) 4.3 ± 4.3
Basal area of living other
 deciduous trees (m3 ha–1) 0.4 ± 1.2
Living trees ha–1  1144.1 ± 808.4
Living Picea density (trees ha–1) 647.3 ± 598.9
Living Pinus density (trees ha–1) 72.7 ± 195.6
Living Betula density (trees ha–1) 399.0 ± 510.7
Living other deciduous tree
 density (trees ha–1) 25.2 ± 103.0
Total CWD volume (m3 ha–1) 30.0 ± 24.5
Picea CWD volume (m3 ha–1) 19.9 ± 25.2
Pinus CWD volume (m3 ha–1) 4.8 ± 13.7
Betula CWD volume (m3 ha–1) 4.8 ± 6.3
Other deciduous CWD volume (m3 ha–1) 0.5 ± 1.8
Downed CWD volume (m3 ha–1) 19.4 ± 20.5
Downed Picea CWD volume (m3 ha–1) 13.6 ± 21.0
Downed Pinus CWD volume (m3 ha–1) 2.1 ± 6.9
Downed Betula CWD volume (m3 ha–1) 3.3 ± 4.3

Downed other deciduous
 CWD volume (m3 ha–1) 0.4 ± 1.5
Standing CWD volume (m3 ha–1) 10.6 ± 14.9
Standing Picea CWD volume (m3 ha–1) 6.2 ± 12.3
Standing Pinus CWD volume (m3 ha–1) 2.7 ± 10.1
Standing Betula CWD volume (m3 ha–1) 1.6 ± 2.9
Standing other deciduous
 CWD volume (m3 ha–1) 0.1 ± 0.6
Decay stage 1 volume (m3 ha–1) 0.9 ± 3.2
Decay stage 2 volume (m3 ha–1) 13.5 ± 16.6
Decay stage 3 volume (m3 ha–1) 6.0 ± 10.0
Decay stage 4 volume (m3 ha–1) 4.9 ± 8.9
Decay stage 5 volume (m3 ha–1) 4.7 ± 8.6
Coniferous CWD volume (m3 ha–1) 24.7 ± 26.0
Deciduous CWD volume (m3 ha–1) 5.3 ± 6.8
Mean DBH of CWD (cm) 18.7 ± 6.9
Large dead trees ha–1 (DBH ≥ 20 cm) 52.3 ± 54.4
Small dead trees ha–1

 (DBH = 10–19 cm) 95.9 ± 88.0
Large dead conifers ha–1 (DBH ≥ 30 cm) 13.9 ± 22.4
Large dead deciduous trees ha–1

 (DBH ≥ 20 cm) 5.5 ± 16.1
Large CWD volume
 (DBH ≥ 20 cm) (m3 ha–1) 20.0 ± 22.8
Small CWD volume
 (DBH = 10–19 cm) (m3 ha–1) 5.1 ± 4.7
Total tree (living and dead
 combined) volume (m3 ha–1) 171.5 ± 75.6

Appendix. Forest structure variables used in PCA (Principal component analysis) (n = 252 sample plots).

 Mean ± SD Mean ± SD

This article is also available in pdf format at http://www.annbot.net



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.275 841.890]
>> setpagedevice


