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The structure of peatland forests were compared between different site quality classes,
drainage phases, and different forest ownership groups. The comparisons and statistical
tests were made in terms of the number of tree species, range of diameter distribution
and the estimated number of tree storeys, separately for spruce and pine mires. The
statistical tests were performed with multivariate analysis of variance and covariance.
Tree storeys were estimated with objective rule from the peaks of continuous diameter
distribution smoothed by the non-parametric kernel-estimation. The data used was from
the 8th National Forest Inventory of Finland. On average, the mean values of the cho-
sen stand structure characteristics differed significantly between the site quality classes.
The stands had a more diverse structure the more fertile the site was. When examining
the differences between the post-drainage succession phases, a decrease of the stand
structure diversity was observed in the recently drained peatlands. After this, the mean
values of the stand structure characteristics increased and exceeded the values of
undrained peatlands at latest in the transformed post-drainage succession stage. Statis-
tically significant differences in the means of stand structure characteristics between
the forest ownership groups were not observed. It seems that drainage and possible
improvement cuttings have been made with the same intensity regardless of the particu-
lar forest ownership group. It is also possible that drainage causes so drastic a change in
growth conditions that small differences in the intensity of improvement cuttings be-
tween forest ownership groups disappear. The results correspond to the results of pre-
vious studies which have examined different stand structure characteristics. The forest
on drained peatlands maintains an uneven-sized structure for quite a long period after
drainage. In order to preserve habitat diversity, this structure of the peatland forests
should be maintained in subsequent forest management practices.
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INTRODUCTION

Following the principles decided at ‘the Ministe-
rial Conference on the Protection of Forests in
Europe’, countries that signed the agreement have
to create a set of indicators implementing sustain-
ability in the use of natural resources. For Finnish
forestry, a list of such indicators was published in
1995 (Suomen kestidvén ... 1995). In relation to
peatland forests, this set of indicators concentrate,
to a large extent, upon the conservation of valu-
able key-biotopes (e.g. Soininen 1996). The same
concentration on the management of the key-bio-
topes is also noticeable in the preliminary pro-
posal for the new forest law as well as in the new
guide lines for private forest management (Luon-
nonldheinen metsidnhoito 1994).

Ensuring that the key-biotopes and their sur-
roundings remain untouched is not necessarily
enough to preserve the overall biodiversity of for-
ests. Preserving the natural variation of boreal
forests requires systematic actions in practical for-
estry. In drained peatland forests this could mean,
for example, maintaining the structure of forests
resembling natural peatland forests.

In a natural state, the structure of peatland for-
ests is uneven-aged with a great range in tree di-
ameters (Heikurainen 1971, Gustavsen & Pidivi-
nen 1986). In the uneven-aged stand, trees are con-
centrated in the small diameters and the shape of
the diameter distribution is usually a reversed J-
shape. The shape of dbh (diameter at 1.3 m)-dis-
tribution may remain unchanged up to 30-50 years
after drainage (Keltikangas et al. 1986, Hokka &
Laine 1988), regardless of the improvement cut-
tings made after drainage (Paavilainen & Piivénen
1995). This has been explained by post-drainage
regeneration of new seedlings and ingrowth, which,
in turn, results from the drawdown of the water
level and subsequent improvement of the grow-
ing conditions in soil (Hanell 1984, Hokk# & Laine
1988). However, if the stand structure is examined
using other characteristics than the shape of the
distribution, such as the proportions of tree spe-
cies (c.f. Korpela & Reinikainen 1996, Uuttera et
al. 1996a), it has been noticed that the drainage and
possible improvement cuttings, have clearly affected
the structure and dynamics of peatland forests.

Until today, only few forest management op-
erations have been made in peatland forests after

drainage and possible improvement cutting (Paa-
vilainen & Pidivanen 1995). If forest management
operations have taken place, they have not no-
ticeably affected the shape of the diameter dis-
tribution (Hokki et al. 1991). However, even if
the reversed J-shape of diameter distribution is
maintained there can be changes in the other stand
structure characteristics. This can be due, for ex-
ample, to a different intensity of the forest man-
agement made by different forest ownership
groups. In mineral soils, significant differences
in stand structure between the forest ownership
groups of private forest owners, forest enterprises
and the state have been observed (Matti Maltamo,
Janne Uuttera & Kullervo Kuusela, unpublished).

The aim of this study is to examine the effect
of the drainage, site quality and forest ownership
group on the structure of peatland forest stands.
Examinations are made on the basis of data from
the Finnish National Forest Inventory.

MATERIAL AND METHODS

The study area included the forestry districts of
Eteld-Pohjanmaa, Keski-Pohjanmaa, Keski-Suo-
mi, Pohjois-Savo and Pohjois-Karjala (Fig. 1). The
chosen forestry districts follow the border of the
southern and middle boreal vegetation zone (Fig.
1), and have relatively similar growth conditions
(Kalela 1961). The equal proportions of forests
owned by different forest ownership groups also
affected the choice of the test areas, especially in
the test areas of Keski-Suomi and Pohjois-Karjala,
where the proportions of the forests owned by
different ownership groups were equally divided
(Aarne 1994, Matti Maltamo, Janne Uuttera &
Kullervo Kuusela, unpublished).

The study material consists of the measure-
ments made on the relascope sample plots in
spruce and pine mires in the 8th National Forest
Inventory of Finland (NFT) (Metsédntutkimuslaitos
1989). The relascope plots were located accord-
ing to the NFI sampling framework on the sides
of a half-square, each half-square including 21
sample plots (Metséntutkimuslaitos 1989). The
distance between sample plots is 200 m and the
distance between the half-squares is 7 km in an
east—west-direction and 8 km in a north—south-
direction. The relascope factor by which the sam-
pled trees were chosen was 2.



Fig. 1. The location of the
study area. The border be-
tween the southern and mid-
dle boreal vegetation zones is
also presented.

Kuva 1. Tutkimusalueen si-
Jainti. Kuvaan on merkitty
myds eteld- ja keskiboreaa-
lisen kasvillisuusvyohykkeen
raja.

The sites were classified into spruce mires and
pine mires (Norway spruce, Picea abies; Scots
pine, Pinus sylvestris), and according to the site
quality, the drainage phases, and the forest own-
ership groups used in NFI. The site quality classes
were | = Eutrophic, II = Herb-rich (mesotrophic),
I = Vaccinium myrtillus and tall-sedge (oligo-
mesotrophic), IV = Vaccinium vitis-idaea and
small-sedge (oligotrophic), V = Cottongrass and
dwarf shrub (poor oligotrophic and ombrotrophic
bogs), and VI = Sphagnum fuscum (ombrotrophic
bogs) (Huikari 1952, 1974, Huikari et al. 1964,
see also Paavilainen & Pidivianen 1995). Site qual-
ity classes II, III and IV from the spruce mires
and III, IV and V from the pine mires were cho-
sen for final examination due to the adequate num-
ber of observations within these categories.

In the NFI routines the drainage phase is
divided into four classes (numbered according
to the NFI codes): (2) undrained peatlands, (3)
recently drained peatlands, (4) the second phase
of post-drainage vegetation succession (trans-
forming phase) and (5) the third, final phase of
post-drainage vegetation succession (transformed
phase) (Sarasto 1961, Metsidntutkimuslaitos
1989).
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Ownership groups are separated as follows:
(1) private farmers, (2) other private forest own-
ers, (3) forest enterprises, (4) state owned forests
and (5) others. Because the ‘others’ category had
relatively few observations and the group of for-
est owners within this category was very hetero-
genous, it was removed from the original data.

The study applied the same stand structure
characteristics as the studies of Uuttera and Malta-
mo (1995) and Uuttera et al. (1996b). Informa-
tion on the existing tree species and diameters of
the sampled trees were used to describe the struc-
ture of the stand. The chosen stand structure char-
acteristics were: (1) number of tree species, (2)
estimated number of tree storeys, and (3) range of
the diameter distribution.

To modify the sampled trees to represent bet-
ter the whole stand, the diameter distribution was
smoothed to a continuous form. First, the diam-
eter distribution, weighted by the basal area, was
modified to represent the number of stems per
hectare (e.g. Kuusela 1966). Secondly, a non-para-
metric kernel-estimate was fitted to the modified
diameter distribution. When using non-paramet-
ric methods in estimation there is no presumption
of the form of the distribution, instead the form is
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determined from the original data itself (Silverman
1986). This fact makes the non-parametric esti-
mation methods very flexible. The kernel-estimate
is calculated with the formula:

1 & x—X,
.f(X)—EZ;K( P ) (D

where,

n = stem number per hectare

h = smoothing parameter

K = kernel function

x = sample from density function

X; = observed diameter of sample tree i.

Normal distribution was chosen to be the form
of the kernel function. The final kernel-estimate
is the sum of these kernels. Based on the experi-
ences of previous studies, the smoothing param-
eter 7 was determined to be 2 (Uuttera & Maltamo
1995, Uuttera et al. 1996a, b). From the smoothed
kernel-estimate the number of tree storeys was
determined using objective rule. If a peak in the
smoothed diameter distribution was recognized,
the peak was determined as a tree storey with the
rule:

_DisT >0.5 (2)
formerpeak

where,

DIST = Djpuy~ Dot

D, 4 diameter class, in which the peak was
found in the smoothed diameter
distribution,

Dyrerpea= diameter class, in which the former
tree storey was determined.

Il

Equation 2 states that the greater the diameter
class, the greater must be the relative distance of
the diameter distribution peaks in order to be de-
fined as a new tree storey. The value of the win-
dow parameter /4 itself restricts the tree storeys
from existing very close to one another.

The averages of the number of tree species,
the number of tree storeys and the diameter range
were statistically tested. The tests were performed
with a multivariate analysis of variance and co-
variance using covariates and contrasts (SPSS-X
User’s Guide 1988). Firstly, the whole data was
divided into two sub-populations (pine and spruce
mires), and secondly, each stand structure vari-
able were included separately in the same model

with explanatory variables, e.g. forest ownership
group, drainage phase and site quality class.

Because stands within different site quality
classes and different drainage phases were in dif-
ferent stage of development, the mean values of
the stand structure characteristics were adjusted
to the stand development stage to enable feasible
comparisons. The mean age of the stand was found
to be the most usable covariate in the multivariate
models. However, the observed means of stand
structure characteristics are also presented to il-
lustrate the actual situation.

RESULTS
Number of tree species

When investigating the number of tree species in
pine mires, there were significant differences be-
tween site quality classes (Main effect F =204.38,
p <0.001) and between different drainage phases
(F=5.32, p<0.001). The poorer the site quality,
the lower the number of tree species (Table 1). In
spruce mires this kind of effect of site quality class
on the number of tree species, at least statistically
significant, was not observed (F=1.87,p=0.154).
However, there were significant differences be-
tween the drainage phases also in spruce mires (F
=5.37, p <0.001) (Table 2).

The number of tree species was at its lowest
in recently drained peatlands, but exceeded the
value of undrained peatlands at latest in the trans-
formed phase of post-drainage succession (Tables
1 and 2). This phenomenon could also be seen
between drainage phases within different site qual-
ity classes. The statistical differences between un-
drained peatlands and transformed phases of post-
drainage succession were F=17.74 (p <0.001) in
pine mires and F =9.48 (p < 0.01) in spruce mires
respectively.

The increment of the number of tree species
after recently drained peatlands seemed to be
slower in pine mires compared with spruce mires
in every site quality class (Tables | and 2). Also
the absolute values of tree species number were
higher in spruce mires. The differences of tree
species number between forest ownership groups
were not significant in either of the main site

types.



Estimated number of tree storeys

The means of the number of estimated tree sto-
reys differed significantly from each other be-
tween the site quality classes in both main site
types (Main effects: pine mires F=33.29,p<0.001;
spruce mires F =7.51, p < 0.001). The more nu-
trient rich the site, the more tree storeys existed
(Tables 3 and 4). Also, in tree storeys number,
spruce mires got higher absolute values compared
with pine mires. Neither of the explanatory vari-
ables, drainage phase or forest ownership group,
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had a significant effect on the number of tree sto-
reys. Without the age correction, the differences
in the means of estimated tree storeys between
drainage phases were statistically significant in
pine mires (F = 4.87, p < 0.01), but after the age
adjustment these differences vanished.

Range of the diameter distribution

The means of the range of diameter distributions
behaved similarly with the number of tree spe-

Table 1. The observed (Obs. mean) and adjusted means (Adj. mean, mean age as a covariate) of the number of tree species
in pine mires. The means are presented according to site quality classes of peatlands (e.g. Huikari 1974), by the drainage
phases (e.g. Sarasto 1961), and also by drainage phases within site quality classes. The categories of the drainage phase are:
2 = no drainage, 3 = recently drained, 4 = transforming drained mires, 5 = transformed drained mires. The site quality
classes are: [I = Herb-rich (mesotrophic), IIl = Vaccinium myrtillus and tall-sedge (oligo-mesotrophic), IV = Vaccinium
vitis-idaea and small-sedge (oligotrophic), V = Cottongrass and dwarf shrub (poor oligotrophic and ombrotrophic bogs).
The statistically significant differences (F, p) are shown.

Taulukko 1. Puulajien lukumddrdn havaitut (Obs. mean) ja sovitetut (Adj. mean, puuston keski-ikd kovariaattina) keskiarvot
rameilld ravinteisuusluokittain (Site quality) (Huikari 1974) ja ojitustilanteittain (Drainage) (Sarasto 1961), sekd
ravinteisuusluokan sisdlld ojitustilanteittain. Ravinteisuusluokat ovat: Il = ruohoisuus, 11l = suursaraisuus, mustikkaisuus,
1V = piensaraisuus, puolukkaisuus,V = tupasvillaisuus, isovarpuisuus. Ojitustilanne: 2 = ojittamaton suo, 3 = ojikko, 4 =
muuttuma, 5 = turvekangas. Tilastollisesti merkitsevdt erot (F, p) on esitetty.

Site quality Drainage n Mean age  Age, s.d Obs. mean Adj. mean F p
111 all 370 45.1 31.8 1.91 1.89
81.37 <0.001
v all 1843 44.4 27.8 1.60 1.57
26438 < 0.001
\% all 1398 31.8 292 1.18 1.22
all 2 515 335 40.7 1.44 1.46
8.53 0.004
3 507 22.0 28.8 1.26 1.34
6.71 0.010
4 2127 43.6 25.0 1.47 1.43
39.70 < 0.001
5 462 47.2 25.3 1.69 1.63
I 2 62 43.2 52.3 1.79 1.89
3 31 29.7 352 1.58 1.85
4 189 444 234 1.97 1.83
5 88 53.1 24.8 1.97 1.95
v 2 218 45.8 40.2 1.59 1.59
3 139 37.2 28.8 1.55 1.55
4 1195 44.5 254 1.56 1.53
5 291 46.6 249 1.76 1.65
\Y% 2 235 19.5 325 1.22 1.24
3 337 15.1 254 1.11 1.20
4 743 42.0 24.7 1.19 1.18
5 83 433 26.3 1.19 1.30
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cies between site quality classes and drainage
phases. The mean of the range of diameter distri-
bution differed significantly between site quality
classes in both main site types (pine mires F =
89.58, p<0.001, spruce mires F=23.33, p<0.001),
having the lowest values in the poorest sites (Ta-
bles 5 and 6). Spruce mires had clearly greater
absolute values of the range of diameter distribu-
tion compared with pine mires.

The differences of the diameter distribution
range were very significant in pine mires (F =
14.15, p <0.001) and minorly significant in spruce
mires (F=2.29, p=0.077) between the different
drainage phases. For spruce mires, the trend re-
sembled that of pine mires (Table 6). Similarly,
as with the number of tree species, also the range
of the diameter distribution got its lowest values
in the recently drained peatlands. After this, the
mean values increased and exceeded the values

of undrained peatlands in the transformed phase
of post-drainage succession (Tables 5 and 6). The
statistical difference between undrained peatland
and transformed phase was very significant in pine
mires (F =25.51, p < 0.001) and minorly signifi-
cant in spruce mires (F = 3.37, p = 0.066). The
forest ownership group did not have a significant
effect on the differences of diameter range.

DISCUSSION

When examining the differences of stand struc-
ture characteristics between different drainage
phases, it seemed clear that drainage affects the
diversity of stand structure by decreasing it. This
change is, however, only temporary. The decrease
in the number of tree species and the range of the
diameter distribution may be due to the improve-

Table 2. The observed (Mean Obs.) and adjusted means (Mean Adj., mean age as a covariate) of the number of tree species
in spruce mires. The means are presented according to the site quality classes of peatlands, by the drainage phases, and also
by drainage phases within site quality classes. For explanations of the drainage phases and site quality classes, see Table 1.

The statistically significant differences (F, p) are shown.

Taulukko 2. Puulajien lukumdidrdn havaitut (Mean Obs. ) ja sovitetut (Mean Adj., puuston keski-ikd kovariaattina) keskiarvot
korvilla ravinteisuusluokittain (Site quality) ja ojitustilanteittain (Drainage), sekdi ravinteisuusluokan sisdlld ojitustilanteittain.
Ravinteisuusluokkien ja ojitustilanteen koodien selitykset, kts. Taulukko 1. Tilastollisesti merkitsevd erot (F, p) on esitetty.

Site quality ~ Drainage n Mean age  Age, s.d Obs. mean Adj. mean F p
I all 659 38.7 26.5 2.15 2.20
[II all 1220 53.6 30.5 2.20 2.17
v all 160 51.6 355 2.06 2.05
all 2 390 533 355 2.13 2.12

3 120 56.8 323 2.06 2.03
4 809 483 30.2 2.13 2.14
10.71 0.001
5 720 45.1 26.9 2.26 2.29
I 2 120 40.0 30.6 2.28 2.13
3 29 37.0 27.1 2.00 2.05
4 209 422 28.6 2.12 2.15
5 301 359 22.7 2.14 2.30
m 2 237 58.8 33.7 2.04 2.12
3 73 63.0 31.6 2.10 2.04
4 529 51.5 30.5 2.16 2.15
5 381 51.6 27.5 2.37 2.29
v 2 33 62.5 49.7 224 2.01
3 18 63.9 30.8 2.00 1.93
4 71 43.0 28.9 1.96 2.04
5 38 523 30.7 2.13 2.18




ment cuttings and ditch lines made concomitantly
with the drainage. Newly drained peatlands typi-
cally regenerate easily (Kaunisto & Piivinen 1985
and references therein). After drainage and possi-
ble improvement cutting the regeneration of the
new seedlings is quick within spruce mires, espe-
cially on fertile sites. This explains, to a great
extent, the fact that recovery of the mean values
of the stand structure characteristics is a little faster

Table 3. The observed (Mean Obs.) and adjusted means
(Mean Adj., mean age as a covariate) of the number of esti-
mated tree storeys in pine mires. The means are presented
according to the site quality classes of peatlands, by drainage
phases, and also by drainage phases within site quality
classes. For number of observations, mean and standard
deviation of ages, and explanations of drainage phases and
site quality classes, see Table 1. The statistically significant
differences (F, p) are shown.

Taulukko 3. Estimoitujen puujaksojen lukumdidirdn havaitut
(Mean Obs.) ja sovitetut (Mean Adj., puuston keski-ikd
kovariaattina) keskiarvot rdmeilld ravinteisuusluokittain
(Site quality) ja ojitustilanteittain (Drainage), sekd ravintei-
suusluokan sisdlld ojitustilanteittain. Havaintojen lukumdid-
rdt, ian keskiarvot ja hajonnat sekd ravinteisuusluokkien ja
ojitustilanteen koodien selitykset, kts. Taulukko 1. Tilastolli-
sesti merkitsevdt erot (F, p) on esitetty.
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in spruce mires compared with those of pine mires.
The growth effect of drainage is also different at
different distances from the ditch (Pidivinen 1990),
which causes an increase in the stand structural
diversity.

Surprisingly, the drainage together with pos-
sible improvement cutting seemed to have no sig-
nificant effect on the number of tree storeys. This
may be due to the tree sampling method of NFI,

Table 4. The observed (Mean Obs.) and adjusted means
(Mean Adj., mean age as a covariate) of the number of esti-
mated tree storeys in spruce mires. The means are presented
according to the site quality classes of peatlands, by drainage
phases, and also by drainage phases within site quality
classes. For number of observations, mean and standard
deviation of ages, see Table 2, and for explanations of
drainage phases and site quality classes, see Table 1. The
statistically significant differences (F, p) are shown.

Taulukko 4. Estimoitujen puujaksojen lukumdiéirdn havaitut
(Mean Obs.) ja sovitetut (Mean Adj., puuston keski-ikd
kovariaattina) keskiarvot korvilla ravinteisuusluokittain
(Site quality) ja ojitustilanteittain (Drainage), sekd ravintei-
suusluokan sisdlld ojitustilanteittain. Havaintojen lukumdid-
rdit, idin keskiarvot ja hajonnat, kts. Taulukko 2, sekdi ravintei-
suusluokkien ja ojitustilanteen koodien selitykset, kts.
Taulukko 1. Tilastollisesti merkitsevdt erot (F, p) on esitetty.

Site Mean Site Mean
quality Drainage Obs. Adj. F p quality Drainage  Obs. Adj. F p
111 all 1.61 1.59 I all 1.71 1.79
21.42 <0.001 9.38 0.002
v all 1.46 1.44 I all 1.73 1.68
33.21 <0.001 5.02 0.025
\Y all 1.29 1.33 v all 1.59 1.56
all 2 1.39 1.40 all 2 1.73 .71
3 1.28 1.36 3 1.74 1.70
4 1.42 1.39 4 1.70 1.72
5 1.52 1.46 5 1.71 1.75
[ 2 1.56 1.58 I 2 1.69 1.79
3 1.45 1.57 3 1.79 1.78
4 1.62 1.56 4 1.77 1.80
5 1.67 1.60 5 1.67 1.81
v 2 1.50 1.44 I 2 1.78 1.69
3 1.36 1.43 3 1.73 1.68
4 1.45 1.42 4 1.71 1.70
5 1.53 1.46 5 1.72 1.71
\Y% 2 1.23 1.33 v 2 1.58 1.56
3 1.24 1.31 3 1.72 1.56
4 1.33 1.31 4 1.45 1.58
5 1.30 1.35 5 1.79 1.58
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which is not very sensitive to the changes in the
smallest diameter classes. This study was based
on forest inventories in which the sampled trees
were selected with the relascope method. There-
fore, the calculated stem number diameter distri-
bution is skewed and does not describe the struc-
ture of forest stock with the best possible accu-

Table 5. The observed (Mean Obs.) and adjusted means
(Mean Adj., mean age as a covariate) of the range of diameter
distribution in pine mires. The means are presented accord-
ing to the site quality classes of peatlands, by the drainage
phases, and also by drainage phases within site quality
classes. For number of observations, mean and standard
deviation of ages, and explanations of drainage phases and
site quality classes, see Table 1. The statistically significant
differences (F, p) are shown.

Taulukko 5. Lipimittajakauman vaihteluvilin havaitut
(Mean Obs.) ja sovitetut (Mean Adj., puuston keski-ikdii
kovariaattina) keskiarvot rdmeilld ravinteisuusluokittain
(Site quality) ja ojitustilanteittain ( Drainage), sekd ravintei-
suusluokan sisdlld ojitustilanteittain. Havaintojen lukumdd-
rdt, idn keskiarvot ja hajonnat sekd ravinteisuusluokkien ja
ojitustilanteen koodien selitykset, kts. Taulukko 1. Tilastolli-
sesti merkitsevdt erot (F, p) on esitetty.

Site Mean
quality Drainage Obs. Adj. F P
111 all 12.8 12.3
33.36 <0.001
v all 10.7 10.3
138.85 < 0.001
\Y all 6.9 7.7
all 2 9.0 9.3
16.17 <0.001
3 6.3 7.8
13.78 <0.001
4 9.7 8.9
57.59 <0.001
5 12.5 11.4
I11 2 12.3 12.1
3 7.4 11.1
4 12.9 11.6
5 14.8 13.4
v 2 11.0 10.3
3 8.5 9.2
4 10.4 9.7
5 13.0 11.6
v 2 6.3 7.9
3 5.2 6.8
4 7.7 7.3
5 8.1 9.2

racy. If these sampled trees are modified to the
number of stems per hectare, the small diameter
classes (d < 9 cm) clearly become skewed
(Vuokila 1959). The stem number modification
results in the distributions being, in almost in every
case, a reversed J-shaped distribution and the ex-
amination of forest structure is not very reliable.

In the case of actual diameter distributions,
where no weighting between different sized trees

Table 6. The observed (Mean Obs.) and adjusted means
(Mean Adj., mean age as a covariate) of the range of diameter
distribution in spruce mires. The means are presented
according to site quality classes of peatlands, and by drainage
phases, and also by drainage phases within site quality
classes. For number of observations, mean and standard
deviation of ages, sce Table 2, and for explanations of
drainage phases and site quality classes, see Table 1. The
statistically significant differences (F, p) are shown.

Taulukko 6. Lapimittajakauman vaihteluvilin havaitut
(Mean Obs.) ja sovitetut (Mean Adj., puuston keski-ikii
kovariaattina) keskiarvot korvilla ravinteisuusluokittain
(Site quality) ja ojitustilanteittain (Drainage), sekd ravintei-
suusluokan sisdlld ojitustilanteittain. Havaintojen lukumdid-
réit, idin keskiarvot ja hajonnat, kts. Taulukko 2, sekd ravintei-
suusluokkien ja ojitustilanteen koodien selitykset, kts.
Taulukko 1. Tilastollisesti merkitseviit erot (F, p) on esitetty.

Site Mean
quality Drainage Obs. Adj. F P

I all 15.7 17.1
24.10 <0.001

m all 16.1 15.2
20.09 <0.001

v all 12.8 12.3

all 2 16.3 15.9

3 154 14.5

4 15.2 15.6
8.83 0.003

5 159 16.8

1 2 16.0 17.2

3 16.8 16.1

4 16.6 17.0

5 14.8 17.8

m 2 16.8 15.4

3 14.9 14.3

4 15.3 15.2

5 16.8 16.0

v 2 13.6 12.6

3 14.8 11.5

4 10.5 124

5 154 13.2




is carried out, the interpretation of tree storeys
would be easier. Furthermore, from the point of
view of potential biological diversity of the stand,
all trees are of equal importance, weighting be-
tween tree sizes should not be conducted (Uuttera
& Maltamo 1995). Traditionally, when forest in-
ventories, e.g. the NFI, have been carried out, stand
characteristics, e.g. basal area, which most reli-
ably depict the volume of the stand have been the
most important. Also the costs of measuring ba-
sal area-weighted sample plots are much lower in
comparison with equal-sized sample plots with a
fixed radius. Thus, most of the large-scale data
available has been weighted by basal area.

The impression that diversity of the stand
structure in transformed phase exceeds the diver-
sity of undrained peatland stand structure may be
partly based on the fact that the undrained peat-
lands in Finland are not necessarily in a natural
state. A part of the peatlands owned by the state
have been under conservation programmes for a
long time, and are, therefore, also in a natural state
(for example in pine mires, in site quality class V,
~ 33% of undrained state owned peatlands in the
study material were under conservation pro-
grammes). However, a proportion of the undrained
peatlands have not been drained due to their small
size, location, or due to a small amount of forest
stock. It is possible that these peatland forests,
especially on fertile sites and with a thin peat layer,
have been managed with a selective cutting meth-
od at the same time that the surrounding mineral
soil forests have been managed (Pdivianen 1990).
It can be presumed that partly because of this, the
stand structure characteristics on undrained peat-
lands in this study had lower stand characteristic
mean values compared with those of virgin peat-
land forests in the Ladenso forest inventory area,
the Republic of Karelia, the Russian Federation,
within the same site-quality class (Uuttera et al.
1996a). This fact may have had an effect on the
observed differences in the structure of stands in
different drainage phases.

The same kind of differences in stand struc-
ture characteristics between the forest ownership
groups that were found in mineral soil forests
(Matti Maltamo, Janne Uuttera & Kullervo Kuu-
sela, unpublished), were not observed in peatland
forests. It seems that drainage and improvement
cutting have been made with the same intensity
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regardless of the particular forest ownership group.
Itis also possible that drainage causes so drastic a
change in growing conditions that small differ-
ences in the intensity of improvement cuttings be-
tween forest ownership groups disappear. There
also seems to be no significant differences between
the management of peatland forests in subsequent
drainage phases. However, the small differences
in the values of stand structure characteristics be-
tween forest ownership groups in transforming
and transformed drainage phases may also be due
to the fact that, in general, the management of
drained peatlands has been rather extensive (Paa-
vilainen & Piivinen 1995).

In conclusion, one could state that regardless
of the instant decrease in the structural diversity
after drainage, peatland forests maintain their un-
even-sized structure. However, in the transformed
phase, the proportion of red-stemmed feather moss
(Pleurozium schreberi) increases in the ground
cover (Kaunisto & Péivinen 1985), and the com-
petition of the growing space increases. This, in
turn, decreases receptivity for regeneration and
stand structure variation resembling natural peat-
land forests may be more difficult to maintain.
Therefore, if the maintenance of the structural
diversity of undrained peatland stands is set as a
goal for management, the management of peatland
forests will require careful consideration in the future.
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Suometsien rakenne-erot keskisessd Suomessa

Tutkimuksen tavoitteena oli selvittia ravinteisuu-
den, ojituksen ja omistajaryhmien vaikutusta suo-
puuston rakenteeseen. Tutkimusalueen muodosti-
vat Eteld-Pohjanmaan, Keski-Pohjanmaan, Keski-
Suomen, Pohjois-Savon ja Pohjois-Karjalan met-
sdlautakuntien alueet. Tutkimusaineistona oli Val-
takunnan metsien 8. inventoinnin (VMIS8) alaryh-

maltddn korville ja rameille osuneet puustoiset re-
laskooppikoealat. Korpiaineistosta mukaan otet-
tiin ravinteisuustasot II (ruchoisuus), III (mustik-
kaisuus, suursaraisuus) ja IV (puolukkaisuus,
piensaraisuus) ja rimeisti ravinteisuustasot ITL, IV
ja V (tupasvillaisuus, isovarpuisuus).

Puuston rakenteen kuvaamiseen kiytettiin



puulajien lukumédrid, ldpimitan vaihteluvalid
sekd VMI koealan ei-parametriselld kernel-tasoi-
tuksella jatkuvaan muotoon tasoitetusta ldpimitta-
jakaumasta méadritettyd puujaksojen lukum#aria.
Puuston rakennetunnusten keskiarvojen eroja
ravinteisuustasojen, kuivatusvaiheiden ja omista-
jaryhmien vililla testattiin tilastollisesti kdyttden
moniulotteista varianssianalyysid (Multivariate
analysis of variance and covariance).

Puuston rakennetunnusten keskiarvot poikke-
sivat toisistaan merkitsevisti ravinteisuustasojen
vililld sekd korvilla ettd rimeilld. Puuston raken-
teen monimuotoisuus lisdédntyi turpeen ravintei-
suustason parantuessa. Ainoa poikkeus tdhén oli
puulajien lukumiird korvilla, jossa ei havaittu
tilastollisesti merkitsevii eroja ravinteisuustasojen
vililla.

Ojituksen ja mahdollisen kunnostushakkuun
vaikutus nikyi selvisti puulajien lukuméérissi ja
lapimittajakauman vaihteluvélissd kummassakin
paatyyppiryhméssa. Nimi tunnukset saivat pie-
nimmit arvonsa ojikkovaiheen metsikoissd, jonka
jdlkeen keskiarvot nousivat ylittden ojittamatto-
mien soiden puuston arvot viimeistdin turvekan-
sd el havaittu tilastollisesti merkitsevid eroja
ojitussukkessiovaiheiden vililld. Tamé johtunee
osaltaan puustoaineiston keruussa kiytetystd
otantamenetelmisti. Relaskooppiotanta ei ole
kovin herkkd menetelmi pienpuustossa tapahtu-
van muutoksen kuvaamisessa.

Turvekankaiden ja ojittamattomien soiden
puuston rakenne-eroihin vertailuun saattaa osaksi
vaikuttaa se, ettd Suomessa ojittamattomat suot
eivit valttamittd ole luonnontilassa. Qjittamatto-
millakin soilla puustoa on saatettu kdsitelld harsin-
tahakkuiden tapaisesti (Pdivdanen 1990). Tahén
viittaa se seikka, ettd Suomen ojittamattomien soi-
den puusto sai pienempid rakennetunnusten arvoja
kuin vastaavilla ravinteisuustasoilla esiintyvit
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luonnontilaiset suot Venédjdn Karjalassa (Uuttera
ym. 1996a).

Omistajaryhmittdisid eroja suopuuston raken-
teessa ei havaittu ojittamattomilla soilla eikd mis-
sadn kuivatusvaiheessa. Nayttdisi siltd, ettd ojitus
ja sitd mahdollisesti seuraava kunnostushakkuu
on tehty samalla intensiteetilld omistajaryhmastd
riippumatta. Toisaalta ojitus voi aiheuttaa kasvu-
olosuhteissa niin suuren muutoksen, ettd mahdol-
liset omistajaryhmittiiset erot kunnostushakkuissa
saattavat peitty4 timin kasvureaktion alle. Havait-
tuihin pieniin omistajaryhmittéisiin eroihin vaikut-
tanee my®os se, ettd tihdn pdiviin mennessi ojite-
tuilla soilla on tehty verrattain vihin metsianhoito-
toimenpiteitd (Paavilainen & Péiviinen 1995). Ki-
venndismaiden metsissi rakennevaihteluerot yksi-
tyisten ja valtion sekd metséteollisuusyritysten
omistamien metsien vililld ovat merkitsevit, ra-
kennevaihtelun ollessa suurempaa yksityisten
omistamissa metsissd (Matti Maltamo, Janne
Uuttera & Kullervo Kuusela, julkaisematon).

Tutkimuksen tulokset suopuuston rakenteesta
eri kuivatusvaiheissa myoétiilevit edellisid aihees-
ta tehtyjd tutkimuksia. Suopuusto sdilyttdd eri-
ikdisrakenteensa pitkéddn ojituksen ja siihen liit-
tyvien metsénhoitotoimenpiteiden jalkeen. Tama
voidaan selittd silld, ettd ojitetut suot taimettuvat
helposti ojituksen jilkeen (Kaunisto & Pdivdnen
1985) ja toisaalta parantuneet kasvuolot nopeutta-
vat olemassa olevan pienpuuston kasvua (Hanell
1984, Hokkd & Laine 1988). Myohemmissi oji-
tuksen jilkeisissd sukkessiovaiheissa kuitenkin
seindsammalten osuus pohjakerroksessa lisdéntyy
(Kaunisto & Pdivinen 1985) jakilpailu kasvutilas-
ta kovenee, mika heikentds uuden taimiaineksen
syntymistd. Tulevien metsdnhoitotoimenpiteiden
yhteydessd luonnontilaisen kaltainen puuston eri-
ikdisrakenne saattaakin olla vaikeaa séilyttaa. Ta-
mén vuoksi suopuustojen kisittely vaatii erityistd
harkintaa.
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