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Fresh and herb-rich upland forest sites in the northwestern part of the central boreal
vegetation zone in Finland were studied with respect to vegetation structure and vegeta-
tion—environment relationships (soil, stand characteristics). Two fresh heath vegetation
data sets, one from the northern boreal zone and the other from the central boreal zone,
were compared with the data of this study using multivariate methods.

The variation in heath forest vegetation within the climatically uniform area was
mainly determined by the fertility of the soil (in this case primarily Ca and Mg) and the
stage of stand development. The N, P and K content of the humus layer varied little
between the vegetation classes. Fertile site types occurred, in general, on coarser-
textured soils than infertile site types, may be due to the fact that the sample plots were
located in various bedrock and glacial till areas, i.e. to sampling effects.

The place of the vegetational units of the study area in the Finnish forest site type
system is discussed. The vegetation of the area has features in common with the northern
boreal zone as well as the southern part of the central boreal vegetation zone. The results
lend some support to the occurrence of a northern Myrtillus type (p.MT) or at least that
intermediate forms of fresh and herb-rich mineral soil sites commonly occur in the
studied area. It is argued that the older name Dryopteris-Myrtillus type (DMT) is more
suitable than Geranium-Oxalis-Myrtillus type (GOMT) for herb-rich heath sites in the
study area.
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1 Introduction

The classification of forest sites in Finland has
primarily been based on the so-called Finnish
forest site type theory (Cajander 1909, 1949). In
Cajanderian site type classification, the under-
storey vegetation is assumed to reflect the pri-
mary site conditions (including productivity) ad-
equately (see Nieppola and Carleton 1991, Niep-
pola 1993). Furthermore, no clear distinction is
made between site and vegetation (Oksanen
1990). According to Oksanen (1990), this has
led to poorly defined and circular concepts and
vague methods of vegetation analysis. Variation
due to climate has been included in the system
by use of parallel forest site types, in the differ-
ent sub-zones of the boreal zone (e.g. Kalela
1961, Ahti et al. 1968). For practical forestry the
parallel forest site types are combined to form
six site types: grove, herb-rich (grove-like) heath,
fresh heath, dryish heath, dry heath and barren
heath (e.g. Lehto and Leikola 1987).

The forest site types are arranged in a series
from rich-and-moist to poor-and-dry, independ-
ent of the successional stage (e.g. Cajander 1949).
It is assumed that vegetational site classification
can also be applied in managed forests, because
the understorey vegetation will retain features
characteristic of the site type. However, the vari-
ation in successional vegetation over a range of
edaphic and climatic conditions has not been
thoroughly studied and described in detail (cf.
Oksanen 1986, Tonteri et al. 1990a,b, Vanha-
Majamaa and Lahde 1991, Nieppola 1992), nor
are the effects of intensive forestry (thinnings,
fertilization, mechanical site preparation etc.) on
the development of forest vegetation well known.

The Finnish forest site type system has also
been criticized for several other reasons: (1) the
effects of the dominant tree species on the under-
storey vegetation have usually been underestimat-
ed, (2) the system is deductive disregarding im-
portant variation between the major types, and (3)
that identification of type in the field is subjective
(Kuusipalo 1985, Nieppola 1986, Hotanen and
Nousiainen 1990 and references therein). In ad-
dition to this, local problems with forest site type
classification are well documented. One example
from north Finland is the treatment of fresh up-
land forests (Teivainen 1952, Kalela 1952, 1961,
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Sirén 1955, Keltikangas 1959, Kujala 1979, Sep-
ponen et al. 1982, Lehto and Leikola 1987).

The development of multivariate methods has
enabled the relationship between vegetation and
environmental factors to be analysed in greater
depth. Research in Finland has mainly concen-
trated on the southern boreal vegetation zone
(e.g. Kuusipalo 1985, Lahti and Viisdnen 1987,
Rajakorpi 1987, Heikkinen 1991, Nieppola and
Carleton 1991). Sepponen et al. (1982) and Sep-
ponen (1985) mainly treat vegetation from the
northern boreal zone and Mikola and Sepponen
(1988) and Hotanen and Nousiainen (1990) have
investigated forests in the southeastern part of
the central boreal vegetation zone.

The aims of this study are (1) to investigate the
structure of fresh and herb-rich heath forest veg-
etation in the northwestern part of the central
boreal vegetation zone in Finland, and (2) to
elucidate vegetation—environment relationships.
This study forms a basis for expanded and more
detailed studies on the ecological background
regarding the studies of the potential wood pro-
duction possibilities in the so-called Lapland tri-
angle area (Penttila and Varmola 1987).

2 Material and methods
2.1 Study Area

The study area is located in the northern part of
the central boreal vegetation zone (the Pohjan-
maa-Kainuu forest vegetation zone) (Ahti et al.
1968, Kalliola 1973) (Fig. 1). The mean altitude
of forest land in the study area is about 66 m
above sea level (Mattila 1986). Annual mean
precipitation is 500-550 mm, the length of the
thermal growing season 140-145 days, and the
effective temperature sum (threshold +5 °C) 900—
1000 d.d. (Atlas of Finland 1987).

The bedrock in the area is characteristic of the
Liansi-Pohja schist zone, which also contains ba-
sic rocks (Atlas of Finland 1986). The southern
and southeastern parts of the study area belong
to the Pudasjirvi granite-gneiss area. The sam-
ple plots used in this study are located on glacial
till, which is the predominant soil type in the
area (Atlas of Finland 1990).
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Fig. 1. Location of the study area (diagonal lines =
southwest Lapland data) and the border between
the northern and central boreal (A) and between
the central and southern boreal (B) vegetation
zones (Kalliola 1973). m = the reference material
from Kivalo; vertical lines = the reference mate-
rial from the state forest management districts of
Nurmes and Lieksa.

The predominant site type on upland soils in
the area is fresh heath forest. The proportion of
grove and herb-rich heath site types out of the
productive forest land area is 610 %, which is
high compared to other parts of the province of
Lapland (Atlas of Finland 1988). Grove sites
characteristic of the so-called Lapland triangle
are located in the area.

2.2 Sample Plots

The permanent sample plots of this study were
located on the systematic units (tracts) and plots
of the 8th National Forest Inventory (Valtakun-

nan metsien... 1986). The sample plots were es-
tablished 1988-89, primarily according to the
guidelines of Gustavsen et al. (1988). Among
the plots only those containing unpaludified or
slightly paludified, fresh and herb-rich heath site
types (according to NFI) were included (n = 81).

Plots had to belong to the following develop-
ment classes to be accepted for the study: (1) seed-
ling or pole stage (RV), (2) middle-aged stand
(NK), (3) mature stand (VK), (4) regeneration-
mature stand (UK) (Gustavsen et al. 1988). The
number of trees on the plot determined the radi-
us and the actual size of the plot (79-1257 m?).
There had to be at least 35 trees on each plot.

The forest site types were classified in the
field in accordance with the currently prevailing
Pohjanmaa-Kainuu forest site types: fresh heath
type = Deschampsia-Myrtillus type (DeMT),
Vaccinium-Myrtillus type (VMT); herb-rich heath
type = Geranium-Oxalis type (GOMT) (Kalela
1961, Lehto and Leikola 1987). Typical (border)
variants of these types were recognized on the
basis of site fertility characteristics (Keltikangas
1959). In cases where the coverage of wetland
bryophytes (e.g. Polytrichum commune, Sphag-
num capillifolium, S. girgensohnii) exceeded 10
%, the qualifier “slightly paludified” (s) was add-
ed to the forest site type (Table 1). The vegeta-
tion and soil samples were collected during 20.6
—24.8.1989.

2.3 Vegetation Analysis

The coverage of the field and bottom layer spe-
cies was estimated in four quadrats (2 m?) locat-
ed systematically on the plots (Fig. 2) using the
scale 0.2, 0.5,0.7, 1, 2, 3, 4, 5, 7, 10, 15, 20,...,
90, 93, 95, 97, 98, 99 and 100 %. Shrubs less
than 0.5 m high and tree seedlings were included
in the field layer. If an obstacle (e.g. stump,
stone, fallen trunk, large tree) occurred in a quad-
rat, and the coverage of this obstruction was >10
%, the quadrat was moved 1 m towards the cen-
tre of the sample plot. If this was not possible,
the quadrat was moved 1 m in a clockwise direc-
tion with respect to the centre point.

The nomenclature of the vascular plants was
in accordance with Hdmet-Ahti et al. (1986),
Sphagnum mosses according to Isoviita (1990),
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Fig. 2. Location of the three soil sampling points and
the vegetation sample plots (4 X 2 m?).

other mosses according to Koponen (1980), liv-
erworts according to Piippo (1987), and lichens
according to Ahti (1981).

2.4 Explanatory Variables

For each tree the diameter at breast height (d, 3)
and the position were recorded. The stand basal
area (m%ha) of the plot was calculated on the
basis of the diameter of the tallied trees. The
mean tree height was calculated from the heights
of the sample trees (10-12 trees/plot). Stand age
on the plot could not be accurately determined
because the majority of the increment cores were
rotten. The dominant tree species was taken as
the species accounting for at least 70 % of the
total stem volume on the plot. In cases where
none of the tree species reached this value, the
stand on the plot was recorded as a mixed stand.
Mixed stands were divided on the basis of the
species with the highest volume proportion into
spruce-dominated, deciduous-dominated and
pine-dominated mixed stands. The canopy cov-
erage on the plot was estimated visually using
the scale 0, 5, 10, 15,..., 95 and 100 % (Table 1).

Humus and mineral soil samples (3 sampling
points/plot) were taken from outside the sample
plot (Fig. 2). In cases where soil samples could
not be taken from the prescribed points, e.g. due
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to stoniness, the sampling point was moved 2 m
in a clockwise direction with respect to the cen-
tre point. (If soil samples could not be taken
from the new point, samples were taken from
inside the circular plot, at a point next to each
vegetation quadrat). A soil profile of about 30
cm was dug for determination of soil type. The
humus samples as well as the mineral soil sam-
ples were mixed before analyses. Stoniness was
determined using the method of Viro (1952)
(Table 1). Soil parameters were also available
for the Kivalo area.

The soil samples were analysed at the labora-
tory of the Rovaniemi Research Station, the Finn-
ish Forest Research Institute. Particle size distri-
bution of the mineral soil samples was deter-
mined using a combined sieving and sedimenta-
tion method (Niska and Airaksinen 1989). The
soil texture class of each plot was determined
according to the dominant particle size fraction
(Tamminen 1988) (Table 1).

The amounts of acid-extractable nutrients in
the soil were determined by extraction with hot 2
N HCl using a weight:volume-ratio of 2:50. Most
of the macronutrients (Table 3) were analysed
by atomic absorption spectrophotometry. Total
nitrogen was determined by the Kjeldahl meth-
od. Acid-extractable phosphorus was determined
colorimetrically from the same extract (Niska
and Airaksinen 1989). The pH and electrical
conductivity of the humus samples was deter-
mined in distilled water. The organic matter con-
tent of the humus samples was determined as the
loss in weight on ignition (550 °C). The Kivalo
soil samples had been analysed using the same
methods.

2.5 Reference Materials

The first reference material was collected in 1981
in the Kivalo area, which is located in the south-
ern part of the northern boreal vegetation zone
(Fig. 1). The material consisted of 17 systemati-
cally located sample plots from relatively homo-
geneous, fresh site (Hylocomium-Myrtillus type,
HMT). The reference plots were located at a
mean altitude of about 300 m a.s.l., and were
included in the study to represent old spruce
stands typical of hill slopes in Peripohjola (see
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also Hyvirinen and Sepponen 1988). Annual pre-
cipitation in the Kivalo area is 550-600 mm, the
length of the thermal growing period 135-140
days, and the effective temperature sum 900—
1000 d.d. (Atlas of Finland 1987).

The second reference material was collected
in 1981-83 in the Nurmes and Lieksa forestry
management districts of the National Board of
Forestry (Fig. 1). Systematically located sample
plots were part of the 7th National Forest Inven-
tory. Sample plots of the fresh heath type (Vac-
cinium-Myrtillus forest site type, VMT), with a
closed tree canopy (TWINSPAN group 1B of
Hotanen and Nousiainen 1990, n = 28), were in-
cluded in the investigation. The mean altitude in
the area is about 185 m a.s.l. (Hotanen and Nou-
siainen 1990), the annual precipitation 550-600
mm, the thermal growing period 145-150 days,
and the effective temperature sum about 1000—
1100 d.d. (Atlas of Finland 1987). The vegeta-
tion of the Nurmes and Lieksa reference materi-
al was determined on eight 1 m? quadrats and at
Kivalo on ten 1 m? quadrats.

2.6 Data Analyses

Plotwise mean coverages of the individual plant
species were calculated. TWINSPAN classifica-
tion (Hill 1979) was initially carried out on the
material. Plots which differed greatly (n = 12)
from the rest of the material were removed on
the basis of this classification and preliminary
DCA ordination (Hill and Gauch 1980, CANO-
CO version 2.1: Braak 1987). Such plots (e.g. at
the river sides) included spruce swamp sites with
a shallow peat layer and groves, and plots whose
flora did not represent typical forest vegetation.
The most important compositional trends of the
variation of the vegetation were detected by glo-
bal nonmetric multidimensional scaling (GN-
MDS) using DECODA software (Minchin 1991).
GNMDS was applied to a matrix of Bray-Curtis
coefficient (see Faith et al. 1987). This matrix of
dissimilarities between sample plots was calcu-
lated from abundance values of species.

In GNMDS, solutions of 1-4 dimensions were
calculated and ten starting configurations in each
number of dimensions were used. All possible
pairs of ordination configurations were compared

using the method of Procrustean analysis
(Schonemann and Carrol 1970). A Monte Carlo
approach (in DECODA) was used to test the
significance of the maximum correlation for en-
vironmental variables through the configuration.

After examining the plot of stress vs number
of dimensions, plotting the weighted averages of
species in the ordination space, fitting vectors of
maximum correlation for environmental varia-
bles and printing condensed ordered tables with
both samples and species along ordination axes
it was found that two dimensions were needed in
GNMDS. In Procrustean analysis the minimum
stress configurations of the two dimensional so-
lutions were all identical.

Both default options and octave scaling were
used as the abundance threshold values of pseu-
do-species in TWINSPAN. The result obtained
with octave scaling was ecologically more inter-
pretable, and the classification performed in this
way corresponded better to the classification
made in the field presumably due to the fact that
the material contained rather many constant spe-
cies with low coverage (Maarel 1979). Three
plots were taken as the smallest permitted group
size in TWINSPAN. This enabled more precise
analysis of the internal structure of the groups
and distinction between the border variants. De-
fault parameters were applied in all other cases.

All the species were included in the TWIN-
SPAN classification and GNMDS ordination
(Table 2). The properties of the humus layer were
tested with one-way analysis of variance using
TWINSPAN groups as classes in the ONEWAY
(SPSS-X User’s Guide 1988). Since the humus
variables were characterized by high variation
within the groups (Table 3) (cf. also Tamminen
1991) a logarithm transformation was performed
for the variables (except pH) before testing.

The reference materials were compared with
TWINSPAN and with the DCA ordination in
which the reference sample plots could be pas-
sively placed in the ordination space (Braak
1987). The axes were detrended by segments
and the significance of rare species was reduced
by applying downweighting option. The axes
were not rescaled. All the species were also in-
cluded in the comparison analyses, but vegeta-
tion descriptions were standardized between the
three different data sets.
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Table 1. Parameters of the southwest Lapland sample plots. Forest site type: + and — = border variants, (s) =
slightly paludified. Dominant tree species (in mixed stands in parentheses): 1 = Scots pine, 2 = Norway
spruce, 3 = deciduous species, 4 = mixed stand. Soil type according to the predominant particle fraction:
HHt = finer finesand (glacial till), KHt = fine sand (glacial till), HHk = sand (glacial till), KHk = coarse sand
(glacial till). Stoniness (Viro 1952): I = low stoniness, II = stoney, III = extremely stoney. Development
class: RV = seedling or pole stand, NK = middleaged stand, VK = mature stand, UK = regeneration-ripe

stand.

TWINSPAN  Sample plot Forest Dominant Soil texture ~ Stoniness Basal area Canopy  Development

group no. site type tree species class class (m2/ha) coverage class
1 202 GOMT+ 2 HHk Il 40 75 UK
1 203 GOMT+ 2 HHk I 36 75 VK
1 252 GOMT+ 2 HHk I 19 55 VK
2 201 GOMT 42 HHk I 35 70 UK
2 242 GOMT 2 KHk I 23 65 VK
2 243 GOMT 2 KHt I 23 70 VK
2 251 GOMT 2 HHk I 20 55 VK
2 253 GOMT 2 HHk 11 21 50 VK
2 282 GOMT 4(3) KHk II 39 70 VK
2 283 GOMT 2 HHt IT 14 65 VK
2 93 GOMT 2 KHt I 13 55 VK
2 281 GOMT- 3 KHk 11 47 75 VK
2 812 GOMT- 2 KHk 11 21 70 VK
2 543 DeMT(s) 2 KHt 11 26 65 VK
3 221 GOMT 3 KHt 111 25 75 VK
3 141 GOMT 2 HHk I 7 55 RV
3 142 GOMT 4(3) KHt II 10 70 RV
- 241 GOMT 2 KHk I 19 65 VK
4 393 GOMT 4(3) KHt II 19 75 VK
4 222 GOMT- 4(3) HHk II 26 75 VK
4 311 GOMT- 4(3) HHk I 21 70 VK
4 313 GOMT- 403) HHk II 30 80 UK
4 392 GOMT- 2 KHt II 16 65 NK
4 92 GOMT- 2 KHt I 13 60 VK
4 441 DeMT 2 KHt I 19 60 VK
4 442 DeMT 2 KHt II 20 70 VK
4 443 DeMT 2 KHt II 17 35 VK
4 81 DeMT 2 KHt I1 13 65 VK
4 82 DeMT 2 KHt I 8 55 NK
4 223 VMT+ 4(3) HHk 111 26 75 VK
4 402 VMT+ 2 HHk II 17 65 VK
s 403 VMT+ 2 HHk I 20 70 VK
4 83 VMT+ 2 KHt I 11 60 VK
4 91 VMT+ 2 KHt 11 13 65 VK
4 401 VMT 4(3) HHk II 18 75 VK
4 172 VMT 42 HHt II 15 65 NK
4 552, VMT 42 HHk II 16 60 VK
5 143 GOMT- 43) KHt I 5 35 RV
5 181 GOMT- 42 KHt II 22 70 VK
5 182 GOMT- 42 KHt II 15 75 NK
5 372 VMT+ 2 KHt II 15 65 VK
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Table 1 contd.

TWINSPAN  Sample plot Forest Dominant Soil texture ~ Stoniness Basal area Canopy  Development

group no. site type tree species class class (m%/ha) coverage class
5 373 VMT+ 2 HHt I 12 55 VK
5 391 VMT+ 403) KHt II 13 55 NK
S 173 VMT+ 4(3) KHt I 12 55 NK
5 183 VMT+ 2 KHt II 10 55 NK
5 161  VMT+(s) 2 KHt I 26 75 NK
5 171 VMT 4(2) HHt 1 11 60 NK
5 371 VMT 2 KHt II 21 75 VK
6 191 VMT 3 HHk II 28 65 VK
6 192 VMT(s) 42 KHt I 10 65 NK
6 193 VMT 3 KHt II 43 70 NK
6 301 VMT(s) 2 KHt I 12 55 NK
6 302 VMT(s) 2 KHt I 18 70 NK
6 303 VMT(s) 2 KHt I 9 65 NK
6 162 VMT 2 KHt II 12 60 NK
6 163 VMT 2 KHt I 15 70 NK
7 293 VMT(s) 2 KHt I 11 60 NK
7 361 VMT(s) 2 KHt I 15 70 VK
7 362 VMT 42 KHt I 12 65 VK
7 363 VMT(s) 4(2) KHt I 16 60 VK
7 381 VMT 4(3) KHt I 18 65 VK
7 382 VMT(s) 4(2) KHt I 11 55 VK
7 383 VMT(s) 4(3) KHt I 20 70 NK
7 532 VMT(s) 2 KHt I 12 60 NK
7 553 VMT 4(1) HHk II 16 70 VK
8 492 VMT—(s) 2 KHt I 4 35 RV
8 493 VMT—(s)  4(1) KHt I 5 40 RV
8 531 VMT—(s) 4(2)  KHt I 14 55 NK
8 533 VMT—(s) 2 HHt I 6 45 RV
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Table 2. Vegetation on the sample plots by TWINSPAN group. Species abundance is according to octave scaling (see Fig. 5).
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LYCOPODIUM ANNOTINUM
DICRANUM MAJUS

LUZULA PILOSA
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3 Results ants, e.g. Empetrum nigrum, Cladina arbuscula,
C. rangiferina, Polytrichum commune, P. stric-
3.1 GNMDS Ordination tum and Aulacomnium palustre etc. (Fig. 4).
However, the variables which displayed strong-
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Fig. 3. GNMDS ordination of the samples. [0 = GOMT+, m = GOMT, O =
GOMT-, @ = DeMT, O = VMT+, @ = VMT, O = VMT-. The vectors
represent the correlations of environmental variables between the two-di-
mensional ordination space.
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Fig. 4. Weighted averages of most frequent species (cf. Table 2) in GNMDS

ordination (parallel to Fig. 3).

2nd axis, while correspondingly the light-favour-
ing species, e.g. Deschampsia cespitosa, Melica
nutans and Epilobium angustifolium had high
scores (Fig. 4). A few of the low-shade, herb-
rich heath plots were located up to the left in the
ordination. The acid-extractable calcium content
was high on these sample plots.

The dominant particle size in the mineral soil
increased to the left in the ordination (Fig. 3).
Thus, in this material the fertile site types oc-
curred, on the average, more frequently on coars-
er-textured soils than the infertile site types. For
instance, most of the herb-rich upland sites were
located on either coarse sand or sand glacial till
(KHk, HHk), whilst all the DeMT plots and
most of the VMT plots were located on fine sand
glacial tills (KHt) (Table 1).

The correlations of the thickness of humus
layer and the organic matter content of humus
layer within the ordination space were low (Fig.
3, see also Table 3). The soils at the infertile end
of the material were compacted, with subsequent
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slight paludification (cf. Table 1).

Also the nitrogen content and the acid-extract-
able phosphorus and potassium contents dis-
played weak trends through the ordination con-
figuration. The maximum correlation for the man-
ganese content was quite high (Fig. 3); the val-
ues were highest at the fertile end and lowest in
the infertile groups of the material (Table 3).

3.2 TWINSPAN Classification

The main division on the left side of the TWIN-
SPAN classification separated all the herb-rich
heath sites, the fertile VMT border variants, the
DeMT plots and five VMT plots (Fig. 5, Table
1). Most of the plots classified as VMT and the
infertile VMT variants were separated on the
right hand side. Most of the plots on the right
hand side of the main division were character-
ized by slight paludification.

The most fertile (GOMT+) and most infertile
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n=69

n=48 n=21

GERA SYLV1(28,1)
GYMN DRYO1(33,0)
MAIA BIFO1(47,2)
MELA SYLV1(42,4)

n=14 I n=34

f 4
PYRO ROTUl (5,0)
RHYT TRIQ1(11,2)
GYMN DRYOS (13,4)

EMPE NIGR1(0,22)
PTIL CRIS1(0,13)
CLAD RANG1(0,19)
PLEU SCHR8(0,16)

n=23 n=11

5
ORTH SECU1 (9,2) EPIL AN
MAIA BIFO3(11,2)
VACC MYRT7(17.,4)

PARI QUAD1(2,0)
EQUI PRAT4(3,0)
GERA SYLV4(3,1)
RUBU SAXA4(2,0)

DESC CESP1(2,0)
MELI NUTA1(3,0)

DICR MAJU1(0,9)
MELA PRAT1(1,8)
PLEU SCHR7(0,6)

MELA PRAT1(0,14)
ORTH SECU1(0,9)
HYLO SPLE6(1,20)
VACC MYRT7(0,17)

Fig. 5. TWINSPAN classification of the fresh and he

5 1
GARE GLOB1(8,15)
EMPE NIGR2(3,11)
POLY COMM6 (0, 14)

LINN BORE1(6,4)
TRIE EURO1(7,2)

EMPE NIGR1(0,13)
VACC ULIG1(1,10)

n=9 | n=4

0
3UL(6,9) MELA PRAT1(7,1) AULA PALU1(1,3)
EMPE NIGR3(9,2) DICR BERG1(1,3)
HYLO SPLE6(8,0) VACC ULIG4(1,3)

rb-rich upland forests of southwest Lapland. The most

important indicator species are denoted using abbreviations, e.g. MAIA BIFO = Maianthemum bifolium (cf.
Table 2). Octave scaling (number after the abbreviation) was used for the indicator species abundances as
follows way: 1 =+,2=0.5-1%,3=1-2%,4=2-4%,5=4-8 %, 6 =8-16 %, 7= 16-32 %, 8 = 3264 %,
9 > 64 %. The number of borderline cases is indicated at each division.

(VMT-) border variants were separated into their
own groups (1 and 8), but a number of different
types occurred in groups 4 and 5 (Table 1). The
groups contained sample plots with a rather even
spread of different species of tree. The decidu-
ous-dominated mixed stands were concentrated
in these groups, which may be due to the hetero-
geneous number of site types and border vari-
ants. Compared with the group 4 the group 5
(Epilobium angustifolium) contained younger
development classes (Table 1).

The species in TWINSPAN group 3 (GOMT)
were more demanding and light tolerant than
those in group 4, e.g. Melica nutans and Des-
champsia cespitosa (Fig. 5, Table 2). Of the
three plots in the group, two in fact represented
pole stage stands (RV) (Table 1). All the plots in
groups 6 and 7 had been classified in the field as
VMT. The flora in group 6 was slightly more
demanding and there were clearly more middle-
aged stands than in group 7.

3.3 Relationship between the Vegetation of
the SW Lapland Heath Sites and the
Reference Material

In the comparison analyses the difference be-
tween the SW Lapland fresh heath sites and the
Kivalo HMT sites was somewhat clearer than
that for the VMT plots of the Lieksa and Nurmes
forestry management area (Figs 6 and 7). In the
DCA ordination the HMT plots were mainly
separated from the other fresh heath sites on the
2nd axis. Liverworts (Hepaticae spp.) were ex-
ceptionally abundant on the Kivalo HMT plots;
Dicranum majus, for instance, was also rather
abundant. The Lieksa and Nurmes VMT plots
were well mixed with the VMT plots of this
study in the ordination (apart from the paludified
and pole-stage stands at the top and bottom on
the right).

In the TWINSPAN classification the Lieksa
and Nurmes plots were all in the same group,
apart from one slightly paludified plot. Howev-
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AXIS 1

&

2 -1 0 1 2 3

Fig 6. DCA ordination of the sample plots in southwest
Lapland and the reference materials (cf. Fig. 1).
southwest Lapland: @ = GOMT, & = DeMT, @ =
VMT; A = HMT from Kivalo, O = VMT from
Nurmes and Lieksa. The reference sample plots
are passively placed in the ordination. Eigenvalues
of the axes: 1. = 0.285, 2. = 0.094.

n=114

n=56 n=58

er, the same group also included many of the
VMT plots of this study (Fig. 7). (The class was
not clearly divided areally at the lower division
levels, 4th to 6th). The three Kivalo HMT plots
were separated from the group in question, and
the indicator species again included Hepaticae
spp. The sample plots on fresh heath sites, where
wetland species occurred, were separated on the
right in the dendrogram on the second division
level of TWINSPAN. The third division level
clearly distinguished the five plots with slight
pine bog characteristics from those with spruce
swamp species.

4 Discussion

The results show that variation in the vegetation
on different heath sites within a climatically rel-
atively uniform area is primarily determined by
the fertility of the soil and the stage of develop-
ment of the tree stand (cf. Lahti and Viisinen
1987, Tonteri et al. 1990a,b). The lengths (and
the eigenvalues in Fig. 6) of the most important
axes in the ordination analyses were, in fact, not
very high compared to those reported in many
other studies (e.g. Sepponen 1985, Kuusipalo

17
MAIA BIFO2(48,1)
GYMN DRYO1(39,1)

HEPA SPP3 (1,12)
DICR MAJU4 (4,11)
DESC FLEX5(1,10)

n=38|n=3

n=41 n=17

POLY COMM4 (4,16)
CARE GLOBL1(6,13)
EMPE NIGR3(1,11)
VACC ULIG2(7,13)

CLADO SPP1(0,3)
HEPA SPP3 (0,3)
VACC|ULIG2(4,3)

POLY STRI2(0,5)
DICR BERG1(0,4)

26xXGOMT 12xHMT 1xDeMT 3XHMT 9x
SxDeMT (Kivalo) 10xVMT (Kivalo) 2XX;$ s
13xVMT 27XVMT (Kivalo)

(Nurmes & 1xVMT

Lieksa)

(Nurmes & Lieksa)

Fig 7. TWINSPAN classification of the southwest Lapland data and the reference materials. For

explanations, see Fig. 5.
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1985, Hotanen and Nousiainen 1990, Heikkinen
1991, Nieppola and Carleton 1991, @kland and
Eilertsen 1993). The main reason for this is that
the range of variation along the major environ-
mental complex-gradients (soil fertility, succes-
sional stage) was restricted. The occurrence of
wetland vegetation on heath sites is a common
phenomenon in the humid conditions prevailing
in northern Finland, especially in young stands
with compacted soils where the ground easily
becomes waterlogged after the removal of the
tree stand (also Sarvas 1937).

Identification of the forest site type in decidu-
ous and mixed stands is problematic, for in-
stance, due to the effects on the light climate. In
addition, deciduous litter contains more nutri-
ents than conifer litter, and also decomposes at a
faster rate (Heinonen 1991 and references there-
in). Thus nutrient cycling in deciduous-dominat-
ed stands is faster than that in coniferous-domi-
nated stands (Kellomdki 1991). For this reason
the ground vegetation in deciduous and mixed
stands is usually different from the correspond-
ing type in coniferous stands (Lahti and Viisinen
1987); it usually appears more luxuriant (Mie-
likdinen 1980, Tonteri 1988). Most of the decid-
uous stands and deciduous-dominated stands in
this material were classified as VMT+ or better.

There are differences in the texture class dis-
tribution of the forest site types, but no site type
occurs exclusively on a particular soil type (Ur-
vas and Ervio 1974, Sepponen 1985) (cf. the
Pyrola site type). When moving from fertile and
moist sites to more infertile and drier ones, the
proportion of coarse soil fractions usually in-
creases and that of fine ones correspondingly
decreases (Aaltonen 1941). However, this is
somewhat dependent on the material and subject
to local variation, and in this study an opposite
result was obtained: almost all those plots occur-
ring on the coarsest texture classes represented
the more fertile forest site types (also Teivainen
1952). This is presumably due to the fact that the
plots were located in various bedrock and glacial
till areas, i.e. to sampling effects. The coarse
fractions have such high nutrient contents that
fertile site types are possible. The chemical com-
position had, in this case, a greater regulating
effect than the texture. The result may also be
affected by the fact that the soil texture classifi-

cation was based on the predominant particle
size class, and no overall picture of the particle
size distribution was obtained.

The vegetation on fresh heath sites was very
variable in the study area. Some of the plots
clearly represented the VMT type or paludified
variants of it. The absence of Calluna vulgaris in
this material (Table 2) makes it an exception to
the VMT site type description (Kalela 1961, Ka-
lliola 1973, Sepponen et al. 1982, Lehto and
Leikola 1987, Hotanen and Nousiainen 1990).
This species is relatively demanding with re-
spect to light and it is normally present in pine-
dominated stands on fresh heath sites and in
young successional stages (e.g. Kuusipalo 1985,
Tonteri et al. 1990a, Hotanen and Nousiainen
1990). Apart from a few pole-stage stands, the
VMT plots in this study had a rather closed
canopy and were mainly spruce-dominated. On
the other hand, Calluna vulgaris is known to
decrease in frequency on moving northwards in
the Pohjanmaa-Kainuu and Perdpohjola zones
(Kalliola 1973).

Some of the fresh heath sites, primarily the
plots in TWINSPAN groups 4 and 5, had vege-
tation that is more demanding than that of VMT.
This was also apparent in the case of a number of
nutrient parameters (e.g. electrical conductivity,
pH, Ca). The vegetation on these plots rather
closely resembled that of DeMT, which occurs
rather frequently in the southern parts of the
central boreal vegetation zone. However, the in-
dicator species, Deschampsia flexuosa, has a con-
siderably higher abundance in the DeMT de-
scriptions (e.g. Kalliola 1973) than on the plots
of this study (Table 2). The structure of the vege-
tation on the plots in question also appears to
correspond rather well, perhaps even better than
with DeMT, with the vegetation of the northern
Myrtillus type (p.MT) earlier in use (Ilvessalo
1937, Kalela 1952, Kujala 1979, Sepponen et al.
1982).

The site type p.MT does not occur in the site
type description currently in use (Lehto and
Leikola 1987), and it has most probably been
incorporated into VMT and DeMT of the central
boreal vegetation zone, or even partly into GOMT
(Kalela 1952, 1961), as well as partly into the
HMT of the northern boreal vegetation zone (or
Ledum-Uliginosum, LUT, and Geranium-Myr-
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tillus, GMT) (Keltikangas 1959, cf. Sepponen et
al. 1982). In this material the nine difficult bor-
der cases in relation to Kivalo HMT plots on the
left of the second division level in the compari-
son classification (Fig. 7) were the plots of groups
4 and 5. However, on the Kivalo plots e.g. He-
paticae spp. and Deschampsia flexuosa were
abundant (see also Keltikangas 1959, Eurola et
al. 1991). In the Future perhaps more detailed
attention to hepatics (e.g. determination to spe-
cies) should be paid (in the Finnish forest vege-
tation studies). Most of the Kivalo plots appeared
to have vegetation which was slightly more de-
manding than the Perapohjola HMT mineral soil
sites mentioned in the literature (Kalliola 1973,
Kujala 1979, Sepponen et al. 1982).

On the basis of the above-mentioned descrip-
tion, relatively demanding species, individually
even species of herb-rich mineral soil sites (e.g.
Geranium sylvaticum, Gymnocarpium dryopteris,
Cornus suecica) occur on the sites of the p.MT
type. These species occurred perhaps slightly
more abundantly on the plots of this study than
in the above descriptions. This may be partly the
reason (and because the p.MT type was not in
use) why the plots in groups 4 and 5 of TWIN-
SPAN were often classified in the field as VMT+
and GOMT-. Since, in addition to the fertility
status, the tree stand (volume, development stage,
tree species composition) has a considerable ef-
fect on the ground vegetation, classification prob-
lems are real ones.

The overall appearance of the site on fresh
mineral soils became less fertile, and also more
luxurious, with a reduction in crown shading
following thinning (Ldhde 1984, Lehto and
Leikola 1987, Hotanen and Nousiainen 1990,
Vanha-Majamaa and Lahde 1991). For instance,
Vaccinium myrtillus, Linnaea borealis and Hy-
locomium splendens decrease sharply in abun-
dance and more Polytrichum spp. and Vaccin-
ium vitis-idaea appear in the stand. Calluna vul-
garis and in northern Finland especially lichens
and Empetrum nigrum become more abundant
on clear-cut areas. At the same time many grass-
es (e.g. Deschampsia flexuosa, Agrostis capilla-
ris, Calamagrostis spp. etc.) and herbs (e.g. Tri-
entalis europaea, Maianthemum bifolium, Epi-
lobium angustifolium etc.) increase in abundance.
In this study the developmental stage of the tree
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stand (pole stage) may partly explain the infer-
tile mark of the vegetation of the plots (VMT-)
of TWINSPAN group 8.

The results of this study would appear to sup-
port the occurrence of the p.MT type, or at least
that intermediate forms of fresh and herb-rich
mineral soil sites commonly occur in the studied
area (also Kuusipalo 1985). The site index of the
tree stand of p.MT presumably differs from that
of VMT, but the differences compared to DeMT
and GOMT appear to be unclear (Kalela 1952).
The site index of p.MT in the Perdpohjola area
(northern boreal) is greater than that of HMT
(Ilvessalo 1937). Information will be obtained
about the stand site index of these plots later
after remeasurements of the stands.

Oxalis acetosella did not occur on the herb-
rich heath plots of this study, apart from on a few
exceptional plots removed from the material (see
Material and methods). The species occurs in the
studied area at the northern limits of its distribu-
tion (Kujala 1964), and it is not common or
abundant on herb-rich heath sites in the area.
Owing to the absence of the classifying species,
for instance DMT (Dryopteris-Myrtillus type)
would be a more suitable name for the herb-rich
upland forest site type (normally GOMT) (Kuja-
la 1979, Sepponen et al. 1982). Compared to this
material, Gymnocarpium dryopteris and Gerani-
um sylvaticum occur relatively more abundantly
in the Perdpohjola herb-rich heath type GMT
(Geranium-Myrtillus) (Kalliola 1973).

Despite favourable climatic (slightly marine)
conditions to the latitude and nutrient rich soil
the vegetation in the study area contains features
of the northern boreal vegetation zone. Howev-
er, a part of the fresh heaths resembles the fresh
heath forests of the southern part of the central
boreal zone. The vegetation of the area is mis-
cellaneous and variable. If one wants to define
the forest site type strictly, the currently prevail-
ing forest site types of the central and northern
boreal zones are inadequate.

The borders of the vegetation zones especially
in northern Finland (topography, exposition) are
ambiguous, e.g. the Perdpohjola forest site types
are to be found in the Pohjanmaa-Kainuu zone,
and vice versa. When we also take into account
the strong anthropogenic impact on the vegeta-
tion it is understandable that forestry, and often

Lehteld, Hotanen and Sepponen
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also forestry research, has become reconciled to
using the forest site types in the classification
(Lahde 1984). In such cases it is essential, taking
into account the case in hand, to distinguish fresh
heath sites from herb-rich heath sites. On herb-
rich heath sites the above-mentioned field layer
species of herb-rich heath sites should occur in
moderate amounts. There is also reason to pay
attention to the bottom layer because Rhytidia-
delphus triguetrus, for instance, often occurs rel-
atively abundantly in closed stands on herb-rich
heath sites.
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