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The vegetation and a number of physical and chemi-
cal soil properties were studied on a random sample of
closed upland forest stands in southern Finland. The
material consists of a total of 410 sample plots. Two-way
indicator species analysis (TWINSPAN) was carried out
in order to produce a hierarchical clustering of samples
on the basis of the vegetation data. Discriminant analysis
and analysis of variance were applied in order to find
environmental correlations of the vegetation clustering.
The vegetation was found to indicate the nutrient regime
of the humus layer well, but to a less extent the properties
of the sub-soil. The understorey vegetation was found to
be jointly dependent on site fertility and on the properties
of the tree stand, especially on the tree species composi-
tion. Although the forest vegetation appears to be distri-
buted rather continuously along an axis of increasing site
fertility, relatively unambiguous classification can be
based on the appearance of indicator species and species
groups.

The results of the study were interpreted as indicat-
ing that operational site classification done using the
vegetation is rather good method for classification in
closed forest stands. Different methods produce relatively
consistent, natural and ecologically interpretable classifi-
cations. The results also imply that the vegetation cover
and the humus layer develop concurrently during the
development of the ecosystem, but the differentiation of
the site types is regulated simultaneously by a number of
interacting factors ranging from minerological properties
of the parent material to the topographical exposition of
the site. As the plant cover depicts all these primary
factors simultaneously, only a relatively rough ecological
site classification can be based on the vegetation.
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1. INTRODUCTION

The Finnish forest site type system is based
on A. K. Cajander’s (1909a, 1921, 1926,
1949) theory, according to which the under-
storey vegetation reflects the major soil and
other important site features accurately and
reliably enough to be used in estimating the
conditions that control site fertility. In south-
ern Finland, topographical variation is mini-
mal, till soils are predominant and there are
few forest-forming tree species. However,
forestry is faced with a wide range of produc-
tion and stand responses, and site classifica-
tion must separate out the conditions that
control these responses. It is easier to check
forest vegetation when classifying stands than
to measure the important but often subtle
and obscured soil features that control stand
development. However, the Finnish forest
site type system is generally considered to be
incomplete, and requires further develop-
ment and testing under the conditions pre-
vailing in the intensively managed forests of
today (Vuokila 1980, Kuusela 1982).

A site classification system which is applic-
able in practical forestry must consist of a
reasonable number of distinct site classes on-
ly (Cajander 1949). This is the reason why
there is a wide range of variation in important
soil and other features within each of the
Cajanderian site types. However, the forest
site type system is also widely applied in
botanical, zoological and other biological re-
search. The system is frequently used as a
framework in stratified sampling, or in
studies dealing with different types of forest
ecosystem. It is quite clear that biological
research in the field of forestry needs a more
accurate classification system for allocating
the study objects (stands) into different
ecosystem, or habitat, types.

The descriptions of the different site types
are primarily based on undisturbed, mature
forests, which nowadays can seldom be
found. Most of the present forest stands rep-
resent younger successional stages of the dif-
ferent forest site types than those described in
forestry textbooks. From a botanical point of
view, the descriptions of the site types are

more or less qualitative, and seldom include
any unambiguous recognition criteria (Ca-
jander 1926, Kalela 1961, Lehto 1969).
Under these conditions, site determination is
clearly highly subjective (Kuusela 1982). The
main reason for this is Cajander’s emphasis
on forestry practice: a great number of diffe-
rent types of plant community are included in
a few site type classes with wide limits (Ca-
jander 1921). There is an obvious need for an
unambiguous, easily applicable key for reli-
able site determination.

The Finnish forest site type system is essen-
tially unidimensional. The types are ranked
in a series ranging from dry-and-poor to
fresh-and-rich; such an ecological series rep-
resents the main axis of vegetation response
to habitat (Keltikangas 1959). Climatical
variation is taken into consideration by a
zonal system in which parallel site type series
are described separately for each vegetation
zone (Kalela 1961). However, there is a lack
of knowledge about the ecological gradients
that control the upland (i.e. mineral soil)
forest vegetation in Finland. Multidimension-
al systems with more than one direction of
variation, as well as hierarchical classification
systems which also imply multidimensional
configurations, have been found to be useful
tools in the ecological interpretation of vege-
tation pattern (Gauch & Whittaker 1981).

The present study is based on the collec-
tion and analysis of ecological data from an
essentially random sample of relatively ma-
ture upland forest stands throughout some
central forestry areas in southern Finland.
Preliminary methodological studies of this
material have been published earlier
(Kuusipalo 1983a, 1983b, 1984a, 1984b,
1985). The stands are first classified on the
basis of vegetation composition using two-
way indicator species analysis (TWINSPAN)
(Hill 1979a). Studies carried out on the rela-
tionships between operational vegetation un-
its and the important site properties provide a
basis for testing the ecological correlations of
vegetation. The theoretical implications of
the findings are discussed with special refer-
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ence to the structuring and organizing pro-
cesses that affect the plant community com-
position. The findings are also evaluated in
the light of Cajander’s forest site type theory,
the major aim being to test the applicability
of the Finnish site classification system in
present forest conditions. Finally, the present
work can be regarded as an attempt to de-
velop the Finnish forest site type system to-
wards more proper ecosystem classification.
The “’null hypothesis™ of the present study
is that the variation in the vegetation compos-
ition cannot be adequately explained by site
variables. This cannot be tested in the statis-
tical sense, but is inferred by an appraisal
about whether there is any edaphically inter-
pretable variation in the vegetation gradient

superimposed by logic internal to the numeri-
cal method used. Additional objectives of the
study are:

(1) To determine, objectively, the major discon-
tinuities in the forest vegetation continuum and
their relationship to the underlying environmental
gradients; following this, an operational scheme is
elaborated for different forest habitat types and
their relationship to edaphical conditions.

(2) To propose some adjustments to the site clas-
sification criteria presently applied in southern
Finland, and to propose a model of an unambigu-
ous key for allocating forest stands successively to
operational site type classes.

2. THE FINNISH FOREST SITE TYPE SYSTEM

The Finnish forest site type system was
developed under the leadership of A. K. Ca-
jander, who based his theory on wide field
experience in Fennoscandian and Siberia
(Cajander 1903, 1904, 1909a, 1909b, 1913).
Already in these early papers Cajander recog-
nized that only a few plant species are able to
dominate in the relatively extreme conditions
of the main boreal ecosystems -forests, mires
and meadows. These species are well adapted
to a certain range of site conditions and are
capable of competing in their typical
habitats. The co-occurring species have to
adapt themselves not only to the site condi-
tions but also to the dominant species. Hence
it follows that altough the site conditions may
change more or less gradually, discontinuity
occurs in the vegetation. In stable com-
munities the composition of the vegetation
results from competition through a long time
scale and hence contains information about
the ecosystem itself. The variation in dis-
turbed temporary (successional) com-
munities, on the other hand, is connected
with the information about the instability of
the ecological situation. According to Frey
(1978), Cajander was the first to take stable
communities as the basis for the classification
of vegetation, characterizing the site type as a
cluster of successionally related communities
around a mature or normal community type
which indicates site quality, and which is to
be recognized and related to the successional
communities by vegetation composition.

Cajander thus established his theory on the
concept of plant community (Pflanzen-
vereine) as a fundamental vegetation unit
(Cajander 1921, Kalela 1954). This concept
is used in a strict sense of mature and stable
plant community, which is characteristic of a
certain range of variation in site conditions.
The Cajanderian concept closely resembles
the systematic viewpoint of Braun-Blanquet
(1928), in which individual communities are
related to community types by certain fea-
tures of structural and compositional similar-
ity. Gleason (1926) considered that while the
existence of a plant community depends upon

the selective forces of its particular environ-
ment and the surrounding vegetation, the
environment is in fact not stable and changes
constantly in time and continuously in space.
Therefore, in his view, no two communities
can be considered alike or closely related to
one another. An intermediate view, originally
presented by Mclntosh (1967), admits that
although vegetation discontinua are evidently
found in nature, continuity can always be
found when comparison is made between
similar stands.

Cajander (1909a) considered that the
understorey vegetation of boreal forests is a
more sensitive indicator of the environment
and its potential productivity than the tree
layer. After disturbance of the tree layer, the
understorey vegetation re-attains a new
equilibrium within a relatively short period of
time. Knowledge of successional processes
and interspecific relationships allows one to
group various disturbed or successional
stands in relation to the stable communities
of the site types. One of Cajander’s basic aims
was that his forest site types should be identi-
fiable independently of the successional stage
and tree species composition of the stand
(Cajander 1921). In spite of the vigorous
effect of the tree layer upon the lower vegeta-
tion strata, the understorey vegetation always
consists of enough species to permit definition
of the site type. It should be noted here that
the forests of the Fennoscandian region are
composed of only a few tree species, each of
them capable of dominating over a wide
range of site conditions with different under-
storey associates.

Cajander (1926) makes a clear distinction
between primary and secondary site factors.
Primary site factors, i.e. macroclimate and
the basic properties of the soil, remain active
even though all the vegetation, including the
tree stand, is removed from a site. The site
type system, which employs understorey veg-
etation as an indicator of site quality, should
predict the biological productivity that the
site can support. The biological productivity,
or fertility, of a site is a combined effect of
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primary site factors (Keltikangas 1959). The
relationship between site type and forest
growth has been investigated by Ilvessalo
(1920) and others. Valmari (1921), Ilvessalo
(1923, 1933) and many others studied the
relationships between the site type and the
physico-chemical properties of the soil. These
studies indicate that in many areas the site
types can be arranged in a sequence of in-
creasing productivity ranging from dry-and-
poor to fresh-and-rich. According to Kujala
(1938), such an ecological series (sensu Cajan-
der 1903) represents the main axis of the
vegetation response to habitat. Secondary site
factors may affect the composition of the
understorey vegetation considerably, but on-
ly temporarily: the site type remains un-
changed (Keltikangas 1959, pp. 207-208).

Tamm (1920, Tamm & Petrini 1922) dis-
agreed with Cajander’s opinion that the tree
stand is of secondary importance in determin-
ing the site type. In addition to its effect on
light conditions, the tree stand, especially the
tree species composition, strongly affects the
composition and physico-chemical properties
of the humus layer. The Uppsala school (see
Trass & Malmer 1978) emphasized the deci-
sive role of site history in the formation of
plant communities. For example, after a
forest fire almost all the plants on the site are
totally destroyed. Site conditions also change
after clear-cutting and the subsequent treat-
ments, and all forest plants are heavily sup-
pressed. Many plant species may need more
than one cutting interval to re-attain their
initial abundance in the stand (Sarvas 1937).
In Finland, slash-and-burn cultivation was
practiced on a wide scale right up until less
than a century ago (Soininen 1974). Com-
bined with frequent natural forest fires, it had
a strong effect on the forest soil. At the pre-
sent time the soil is probably changing gradu-
ally towards a more acid and nutrient-poor
state. In addition, forest fires control the re-
generation of many important forest plants
(Oinonen 1967a, 1967b, 1967¢c, 1968, 1969).
The vegetation characteristic of a site type, or
even the site type itself, is perhaps in a dy-
namic state, and is actually undergoing a
gradual change.

The Finnish forest site type system is essen-
tially unidimensional: the site types form a
sequence which represents the main dimen-
sion of variation in site conditions. One im-

portant point to remember is that the site
types have been distinguished primarily to
meet the needs of forestry (Cajander 1921).
Cajander himself pointed out that all botani-
cally interesting types should not be de-
scribed as forest types if they are economical-
ly unimportant; on the other hand, botanical-
ly relatively homogenous types should be di-
vided if the distinguishable segregates differ
as regards silvicultural treatment (Cajander
1921). There should be only a reasonable
number of classes if the number of manage-
ment prescriptions is to be reasonable (Ca-
jander 1926). Hence the forest site types are
relatively widely delimited. Cajander and his
successors, however, differentiated them into
subtypes and variants (Cajander 1916, 1926,
Kujala 1936, Kalela 1952, Keltikangas 1959).
The forest site type system is thus strongly
deductive: there is an assumed normal series
with typical types, and the untypical stands
are considered as minor deviants from the
normal types.

Kujala (1938) considered that when one
proceeds to a different geographical area,
each of the site types may be replaced by
another, ecologically similar but vegetation-
ally somewhat deviating site type. Kalela
(1954, 1958, 1960, 1961) emphasized the de-
cisive role of macroclimate by distinguishing
regional (climatic, zonal) plant communities
from local (edaphic, azonal) communities.
The macroclimate within each vegetation re-
gion (Kalela 1961) is relatively homogeneous,
and the region is characterized by the preva-
lence of the same site types in ecologically
similar localities. Regionality now holds a
position of major importance in the Finnish
forest site classification (Koivisto 1971). As
emphasized by Oksanen (1984), Kalela’s
(1961) introduction of zonal variants did not
actually diminish the fundamental unidimen-
sionality of the system; on the contrary it
produces strictly unidimensional series for
each vegetation type.

In the Estonian forest site classification a
two-dimensional system based on moisture
and lime-content gradients is used (Frey
1978). Jones & al. (1983) utilize two-dimen-
sional ordination diagrammes in their clas-
sification of Canadian forest ecosystems. The
Pyrola type found on clayey soils in Finland
can be regarded as an exception to the nor-
mal state of unidimensionality. The descrip-

tion of esker slope vegetation by Jalas (1950)
can be considered as an attempt to introduce
an additional gradient into the forest site type
system: the forests of sunny esker slopes are
treated as variants of normal, level-ground
forest types. This and other more recent de-
velopments of the forest site type system are
primarily botanical in scope (Jalas 1961,
Hamet-Ahti 1963, Makirinta 1968, Oksanen
1984). From the forestry point of view, how-
ever, these developments have largely been
ignored or treated as “vicariant”, rare forest
types, which are in practice included in the
most closely related types.

According to Cajander’s (1926) definition,
a forest site type is characterized by ”mainly
identical floristic composition and similar
ecologico-biological nature”. He based his
descriptions of normal plant associations of
the site types primarily on the ecological
character of the site which is reflected in the
relative abundance, presence and absence of
certain species and ecological species groups
(Cajander 1949); the early descriptions are
based mainly on species composition (Cajan-
der 1916). There are only a few published
vegetation tables for the site types, e.g. the
synoptic table in Kalliola (1973). The
methodology is mainly described in general
terms (Cajander 1949, Keltikangas 1959). II-
vessalo (1922), Kujala (1921) and many
other of Cajander’s successors used Norrlin’s
(1870) abundance scale, which also consists
mainly of qualitative descriptions. Tuomikos-
ki (1942) stresses floristic composition and
presents more explicit definitions and practi-
cal procedures. The role of “indicator” or
“guide” species is especially emphasized in
forestry textbooks (Lehto 1969). The qualita-
tive nature of the descriptions arises from the
deductive nature of the system: a great
number of plant association types represent-
ing different successional stages and variants
of the “normal” types are included in a few
wide classes.

The descriptions of the site types are
primarily based on the assumed “normal”
plant associations characteristic of mature,
undisturbed forests. Recent silvicultural ac-
tivities are, however, so intense that such
stable plant communities can seldom be
found. Nowadays about 80 % of the actual
forest stands represent younger successional
stages of the forest site types described in the
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Cajanderian classification system (Kuusela
& Salminen 1983). Identification of the site
type in a present-day forest stand can thus be
regarded as a projection of the actual vegeta-
tion to an “ideal” Cajanderian type. Site
determination under these circumstances is
quite clearly highly subjective. According to
Kuusela (1982), the differences in the propor-
tions of different site types between the two
latest national forest inventories cannot be
explained by anything else than a change in
the definition criteria applied in the field.
Fertilization, soil preparation and other treat-
ments cause additional confusion. There is
evidently a lack of clear, unambiguous
criteria for site determination.

Cajander (1921) stressed that the number
of site types has to be kept relatively small. In
fact, there are only three important forest site
types in southern Finland: the Vaccinium type
(VT) covers 27.8 %, the Mpyrtillus type (MT)
35.3 % and the Oxalis-Myrtillus type (OMT)
13.5 % of the forest area; mires (nowadays
mostly drained) cover 19.2 % of this area
(Ilvessalo 1956). Whether the number is suf-
ficient or too small depends upon the user’s
viewpoint: forestry (planning of regeneration
procedures, soil treatments etc.) may need
more accurate classification than for instance
forest taxation (Karjula & al. 1982, Piironen
1984). A continuous index based on height-
over-age curves for different tree species has
several advantages and drawbacks (Gustav-
sen 1980, Vuokila 1980, 1982, 1983, Vuokila
& Valiaho 1980, Hagglund 1981, Kilkki &
Ojansuu 1981, Kuusela 1982). Biological re-
search in the forestry sector obviously needs a
more accurate and natural classification sys-
tem than forestry practice. Adapting classifi-
cation systems which are primarily designed
for practical use to meet the needs of scientific
studies is not justified. However, even a pure-
ly technical classification must be incorpo-
rated in or at least comparable with an uni-
versal, scientific classification. A good exam-
ple is the mire type system used in Finland
(Heikurainen & Pakarinen 1982).

According to Frey (1978), the main idea of
Cajander’s site type theory lies in the typifica-
tion of a limited number of ecosystem types
through the expression of site conditions in
stable plant communities. The site type is
thus an abstraction based on a series of indi-
vidual stands which show some convergence
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caused mainly by climatical and edaphical
factors. As observed by Whittaker (1962):
The site type approach is thus carried to its
logical conclusion; it is a classification not
simply of communities, but of sites charac-
terized by groups of related communities.”
Cajander (1949) and his successors (see Kel-
tikangas 1959) emphasized that the forest site
type system lies on such a firm theoretical
basis that the classification needs no funda-
mental adjustments. Attempts to question the

fundamentals of the forest site type theory
have often received strong criticism, usually
that the nature of the forest site type is not
understood correctly (see Keltikangas 1959).
On the other hand, supporters of the system
frequently stress that the description of the
forest types is not yet complete (Cajander
1949, Keltikangas 1959). The incompleteness
of the system has often been forgotten both in
criticism and defence, as well as in practical
application of the types.

3. MATERIAL

3.1. Study areas

The operational unit used in the prelimi-
nary selection of the study areas was a 10 X
10 km sheet of the basic ordnance survey map
(1:20 000). The selection was done on those
sheets where the basic mapping of quaternary
deposits had already been performed at that
time (Korpela & Niemelad 1980). The sampl-
ing was limited to the southern boreal vegeta-
tion zone (Ahti & al. 1968), and to the forest
vegetation region of South Finland (Kalela

1961). The regional variation within the zone
was considered by selecting the study areas
from different geological and climatical reg-
ions in the central forestry areas of southern
Finland. The location of study areas I-1II is
presented in Fig. 1. The following physio-
graphical descriptions are mainly based on the
Atlas of Finland (1960). The effective temper-
ature sum refers to the cumulative sum of the
daily mean temperatures during the growing
season, and was computed by taking into
account the altitude above sea level (Raitasuo
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Fig. 1. Location of the study areas. Z = border of the northern boreal vegetation zone (Ahti & al. 1968).
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Table 1. Number of sample plots in each site class
(Kuusela & Salminen 1969) and stand type (domin-
ant tree species).

Study area
Stand type I 1 I Total
Dry and subdry sites 18 43 16 77
Damp sites 58 79 84 221
Rich sites 52 19 41 112
Spruce stands 85 73 69 212
Pine stands 43 68 72 176
Total 128 141 141 410

1983). Some basic data for the forests in each
area are given in Table 1. In Finland, the
most important forest-forming tree species
are Scots pine (Pinus sylvestris) and Norway
spruce (Picea abies), which are called "pine”
and “’spruce” in the following. In the present
paper, the nomenclature of the plant species
follows Hamet-Ahti & al. (1980) (vascular
plants), Koponen & al. (1977) (Bryophyta),
and Ahti (1980) and Hawksworth & al.
(1980) (lichens). Soil terminology mainly fol-
lows Aaltonen & al. (1949).

Study area I is located to the west of Lake
Pdijanne, and stretches from southern Hame
(Lammi) up to the border of the southern
boreal vegetation zone (Mintta and Vilppu-
la). Granodiorite and mica gneiss rocks are
dominant in the southern parts and acid
plutonic rocks in the northern parts of the
area. The bedrock is covered almost entirely
by superficial deposits, mainly by moraine.
The eskers and other glaciofluvial deposits
are characteristic of the Lammi district, but
are rare in the central parts of the area. Large
glaciofluvial deposits of sand and fine sand
also occur in the northern parts of the area
(Mintta district). In Lammi, finegrained soil
types, and fine sand and silt are common.
Very fine-grained aeolian sediments also oc-
cur in the vicinity of eskers (Jauhiainen
1972). Clay deposits are uncommon in the
whole area. The altitude varies between 90—
195 m a.s.l. The annual precipitation is about
600 mm. The effective temperature is 1170
degrees. Spruce forests dominate. Damp sites
(for terms, see Kuusela & Salminen 1969) are
most common on mineral soils, but nearly as

common are rich sites, which are largely con-
centrated in the southern parts of the area.
The northernmost parts of the area belong to
the Forestry Board District of Pirkka-Hame,
where, according to Koivisto (1971), the av-
erage value of the relative volume increment
is 92 (the corresponding value in the
Uusimaa-Hame district is 100). The southern
parts of the area are located mostly in the
Forestry Board District of Ita-Hame, where
the relative volume increment is 97.

Study area II lies between the towns of
Kouvola and Lappeenranta, southwest of
Lake Saimaa. Geologically, the area belongs
entirely to the rapakivi granite region of
southeastern Finland. Rapakivi granite
weathers easily and differs from other forms
of granite in its chemical composition (Piispa-
nen 1977). Exposed areas of bedrock are
rather rare. Till soils are mainly predomin-
ant. A large moraine formation, the First
Salpausselkd, runs east to west across the
area; in these parts of the area, deposits of
sand and fine sand are common. Clay de-
posits also occur in places alongside the
southern slope of the Salpausselki formation.
The altitude varies from 50 m up to 115 m
a.s.l. The annual precipitation is about 650
mm. The mean effective temperature is 1330
degrees. Mostly spruce-dominated damp
sites are predominant on the till soils, and
subdry and dry sites dominated by pine are
most common on the sandy soils of the Sal-
pausselka formation. The area lies entirely in
the Forestry Board District of Eteli-Karjala,
where the relative volume increment is 88 in
average.

Study area III is located in the western
part of the Lake Saimaa region, near to the
town of Mikkeli. The area is geologically
homogeneous: mica gneiss rocks prevail.
Moraine soils are dominant, eskers and other
glaciofluvial deposits are rare. Exposed areas
of bedrock occur frequently, especially along
the shores of Saimaa and other lakes. Clay
deposits are uncommon in the area. The al-
titude varies between 100 m and 150 m a.sl.
The annual precipitation is between 550600
mm. The effective temperature is 1300 de-
grees in average. Pine forests and spruce
forests occur in approximately equal propor-
tions; damp sites predominate, but rich sites
are also rather common. Pine forests are un-
usually common on damp and rich sites in

=

this area, probably due to historical factors:
slash-and-burn cultivation was practised
widely in the area up until fairly recently
(Soininen 1974). The area lies within the
Forestry Board District of Etela-Savo, where
the average relative volume increment is 91.

3.2. Sampling and field work
3.2.1. Sample plots

The sample plots were located systemati-
cally using the center points of the coordinate
quadrats (1 X 1 km) of the basic ordnance
survey map. Every third center point was
investigated preliminarily by field groups
from the Finnish Forest Research Institute.
The groups marked out the sample plots in
cases where the sample plot was on forested
mineral soil. Soil samples were collected from
each sample plot. The tree stand characteris-
tics were measured on all sample plots domi-
nated by a stand of either pine or spruce,
provided that the stand was at least 20 years
old and was not defined as low-yelding (for
definition, see Kuusela & Salminen 1969, p.
16). Only those sample plots representing
closed forest stands were subjected to vegeta-
tion analysis. In practice, this refers to stands
ready for final cutting and regeneration, and
old thinning stands where the proportion of
saw-timber stems is high (see Kuusela &
Salminen 1969, Tamminen 1982).

The material used in the present study
consists of vegetation analyses made on 410
sample plots during the summers 1982-84.
Environmental data and tree stand measure-
ments are available from 269 sample plots
only (from study areas I and II).

ts and soil

3.2.2. Envir
sampling

tal measur

The established sample plots were 16 X 16
m in size. Several environmental measure-
ments (see Table 2) were made on each sam-
ple plot. The altitude of the site was deter-
mined, and the effective temperature sum
was computed (Tamminen 1982). The topog-
raphy of the site was observed in order to
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assess the moisture conditions: depressions
and descents receive soil and surface water,
whereas loss of water occurs on ascents and
elevated land. Aspect and slope were mea-
sured and coded in the field. Since these
topogenic site factors interact owing to the
microclimatical conditions, a new joint vari-
able (WARM) was constructed by combining
these two variables as presented in Fig. 2.
This variable has minimum values on steep
NE slopes, maximum values on steep SW
slopes and intermediate values in the various
combinations of steepness and aspect lying
between the two extremes (cf. Bradfield &
Scagel 1984, p. 107).

The superficial deposit type was described
in accordance with the RT classification
(Aaltonen & al. 1949). A rough ordinal scale
class variable was constructed in order to
describe the effect of deposit type on site
fertility: coarse glaciofluvial soils, i.e. gravel,
sand and fine sand, are least fertile, coarse till
soils which also contain finer fragments imply
intermediate fertility, and finegrained till

Fig. 2. Construction of variable WARM by combining
aspect and slope.
(1) If slope is less than 5°, WARM = 2.5
(2) If slope is between 5° and 10°, WARM = value
on the outer circle corresponding to the aspect.
(3) If slope is steeper than 10°, WARM = value on
the inner circle corresponding to the aspect.
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Table 2. List of the environmental variables.

CATEGORY VARIABLE ABBREVIATION DIMENSION
Tree stand Stand density - stems/hectare
Medium diameter - mm
Basal area - m?/hectare
Canopy coverage SHADE %
Dominant species PINE/SPRUCE -
Dominant height - dm
Dominant age AGE a
Site index SI dm (H,e)
Physio- Altitude ALT m as.l
graphy Temperature TEMP effective cumulative temperature, d.d.
Topography TOPO 1: depressions, lower slopes
2: intermediate
3: hill tops, upper slopes
’s‘l::;:‘ WARM see Fig. 2
Superficial SSOIL 1: coarse sand or gravel
deposit type 2: coarse till
3: fine-textured material
Soil type STYPE 1: iron podzol
2: iron-humus podzol
3: brown soil, mull soil, traces of
agricultural treatments
Humus layer HDEP Thickness of raw humus layer, cm
HUMUS kg/hectare
A horizon AHOR Thickness, cm
Mull soil MULL 1: absent 2: present
Peaty mor PEAT 1: absent 2: present
Soil thickness BEDROCK 1: thick soil 2: shallow soil (< 30 cm)
Soil Stoniness STONES % soil volume (Viro index)
texture Cumulative percentage - % soil volume (see the text)
of different fractions
Clay CLAY % soil volume
Silt + clay FSAND % soil volume
Degree of sorting DDES S (see the text)
Md particle size MDPS mm, median
Chemical
properties
— humus layer Total N, P, K, N, P, K; % air dry material
Ca, Mg CA, MG
Soluble P PSOL mg/100 g air dry material
Exchangeable CAEX, MGEX, mg/100 g air dry material
Ca, Mgm K KEX
Ash content ASH % dry material
pH (H,0) PH
— mineral soil Total N NMIN % air dry material
Soluble P PMIN mg/100 g air dry material
Exchangeable CAMIN, MGMIN, mg/100 g air dry material
Ca, Mg, K KMIN
Loss-on-ignition LOI %
pH (H,0) PHMIN

soils together with silty and clayey soils are
the most fertile (Ilvessalo 1933, Urvas &
Ervid 1974). The thickness of the superficial
deposits was coded merely by determining
whether the bedrock was lying near to the
ground surface (<30 cm) or not. The stoni-

ness of the mineral soil was measured and
transformed into volume percentage by the
method and formula of Viro (1952).

The soil type was described from soil pro-
files mainly in accordance with Troedsson &
Nykvist (1973). Since many of the sampling

sites have earlier been subjected to agricul-
ture, attention was paid to locating signs of
slash-and-burn cultivation (charcoal parti-
cles in the uppermost layer of the soil profile)
or other activities (e.g. tillage). Soil type was
then recoded into a three-class ordinal scale
variable to describe the moisture regime and
fertility of the soil. Iron podzols with a grey-
white A horizon and reddish B horizon are
typical of dry and subdry sites, whereas dark,
humic podzols are characteristic of damp
sites. Brown soils or podzols covered by mull
or moder are characteristic of rich sites; in
addition, man-modified soils with a clear
ploughed layer or signs of slash-and-burn
cultivation were also considered to indicate
considerable fertility. The structure of the
humus layer was described by measuring its
thickness and constitution (raw humus,
moder, mull or peat). The thickness of both
the A and B horizons was also measured,
when identifiable.

Four mineral soil samples were collected
separately from the 0-30 cm and 30-70 cm
layers from pits dug at the corners of the
sample plots. Soil texture was analyzed by
the Geological Survey of Finland (Korpela &
Niemelda 1980). The mineral soil samples
were sieved through a series of sieves corres-
ponding to the soil particle size classification
devised by Aaltonen & al. (1949). The finest
fractions were analyzed by the hydrometer
method (Elonen 1971). The mean particle
size (median), a parameter depicting the de-
gree of sorting (S) (Seppala 1971) and the
relative proportions of different mineral soil
fractions were calculated on the basis of the
results from the particle size distribution
analysis (see Virkkala 1969). Soil texture was
analyzed separately on samples from the 0-30
cm and 30-70 cm layers. However, owing to
the fact that data for the latter layer was
frequently missing, only the surface soil tex-
ture is considered in the present study.

Humus samples were collected from 16
points located systematically along the sides
of the sample plot using a soil auger (@ 58
mm). Chemical analyses were performed on
the humus and mineral soil samples in the
Department of Soil Science, the Finnish
Forest Research Institute, following the re-
commendations and standard procedures
presented in Halonen & al. (1983). The pH
was measured from water. Loss in weight on
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ignition was determined on the mineral soil
samples, and ash content on the humus sam-
ples. Total nitrogen was measured by the
Kjeldahl method, extractable cations with
acidic ammonium acetate (1M, pH 4.65),
and the readily soluble phosphorus by the
molybdate-hydrazine method. Exchangeable
and easily soluble nutrients (Ca, K, Mg and
P) are given in mg/100 g air dry soil, and
total nutrients, including nitrogen, in weight
percentages of air-dry material.

3.2.3. Tree stand measurements

Field groups from the Finnish Forest Re-
search Institute estimated the development
class of the tree stand (Kuusela & Salminen
1969). Basal area of the tree stand was esti-
mated by a relascope method and the breast-
height diameters of the included trees were
measured (Tamminen 1982). The dominant
trees were sampled by defining 100 thickest
trees per hectare by summing up, in decreas-
ing order of breastheight diameter, the
number of stems represented by each tree,
until the cumulative sum reached the
treshold value 100 (see Tamminen 1982, p.
6). In sampling of the dominant trees, the
objective sample size was 3—10 stems.

The tree stand characteristics used in the
present study are listed in Table 2. Dominant
height refers to the average height of the
dominant trees included in the sample. Do-
minant age was computed as the average of
the dominant trees. Site index (H,q) refers to
the dominant height at an age of 100 years,
and was computed on the basis of height-
over-age curves (Gustavsen 1980). This is an
index which measures the potential growth
rate of the stand and, to a certain degree, also
describes the site fertility. The values of the
tree stand characteristics are given plotwise.
It should, however, be noted that the sampl-
ing area is not exactly the same as that of the
soil sampling plots, since it depends upon the
relascope factor used.

Canopy coverage values were estimated
from the total basal area and percentage of
spruce on the plot using a regression pre-
sented in Kuusipalo (1985, p. 190). The for-
mula is based on a linear model in which
canopy coverage, measured from hemispheri-
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cal photographs taken on 40 sample plots
included in the present material, was used as
the criterion variable, and various tree stand
characteristics, measured on each sample
plot of the study material, were treated as the
predictors. The model used in the estimation
explains 75 % of the variance in the canopy
coverage.

3.2.4. Description of the vegetation

The small-scale variation in the under-
storey vegetation was inventoried on each
sample plot by drawing a rough map of the

different vegetation patches, as determined
by eye. Six vegetation sample quadrats, 2 X 2
m in size, were then marked out on the basis
of the vegetation map in such a way as to give
full representation of each different patch of
vegetation. The abundance of different plant
species growing on each quadrat was esti-
mated separately in the field layer (vascular
plants) and bottom layer (mosses and
lichens) using direct estimation of percentage
cover. The vegetation growing on larger
stones, stumps, logs etc. was disregarded.
The mean coverages of different plant species
were calculated for each sample plot since the
environmental data were also determined
plotwise.

4. METHODS

4.1. Vegetation analysis

In vegetation ecology, different vegetation
strata are often described separately (Bark-
man 1978, Bergeron & Bouchard 1983, see
also Oksanen 1984). In the Braun-Blanquet
approach (Westhoff & Maarel 1978), the dif-
ferent strata of a given stand are considered
to form a single community. The different
strata of forest vegetation are rooting in a
common substratum and are therefore
ecologically closely interrelated. The study
approach employed in the present work ac-
cepts the Cajanderian concept that although
the tree stratum belongs to the plant com-
munity together with lower strata, it should
operationally be kept separated from the
understorey vegetation in site characteriza-
tion (Keltikangas 1959, pp. 210-211). Ac-
cordingly, the understorey vegetation is
analyzed as a whole — the field layer and
bottom layer together, but without the tree
layer. The tree stand is treated separately,
essentially as an external environmental
factor.

From a theoretical point of view, the pres-
ent study approach largely accepts the two
principles originally stated by Ramensky
(1926) and Gleason (1926):

(1) Species are distributed “individualistically”,
each according to its own way of relating to the
environment. Ecological groups and character-
species groups are primarily arbitrary groupings of
species by similarity of distributional relation-
ships: the limits of such groups and the number of
species they are to comprise must be decided by
the phytosociologist (Whittaker 1978a).

(2) If not affected by different disturbances or
steep environmental discontinuities, plant com-
munities integrate continuously. The number of
community types into which a vegetation con-
tinuum is divided, and the locations of the bound-
aries of these types, are determined by the phy-
tosociologist’s choice of the characteristics he uses
to define those types (Werger & Maarel 1978).
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Accordingly, the plant communities and
vegetation types are primarily seen as arbit-
rary segments of community-gradients.

In the present study, the basic method of
vegetation analysis is two-way indicator
species analysis (TWINSPAN) (Hill 1979a),
which results dichotomous hierarchical clus-
tering of both samples and species. The data
are first ordinated using a reciprocal averag-
ing algorithm (Hill 1973). The samples are
initially divided into two clusters by breaking
the ordination axis near its mid-point. The
sample division is refined by a reclassification
in which species with a maximum value are
used to indicate the poles of the ordination
axis. The division process is then repeated on
the two sample subsets to give four clusters
and so on, until the maximum number of
divisions is reached. A corresponding species
classification is produced, and the sample
and species hierarchical classifications are
used to produce an arranged data matrix.
This ordered two-way table shows the
species’ synecological relations.

The method in its basic form is essentially
qualitative. The quantitative information is
retained by expressing it on a relatively crude
scale of quantitative equivalents, so called
“pseudospecies” (Hill & al. 1975). The data
are scaled using special cut levels, which are
equivalent to the commonly used ordinal
scales of coverage. Both “’real species” (pres-
ence/absence of a species) and ’’pseudos-
pecies” (a certain abundance class) can ap-
pear as indicator species. An indicator species
is ideally one with clear ecological prefer-
ences, so that its presence or abundance can
be used to identify the environmental condi-
tions in question. In TWINSPAN classifica-
tions of the present study, the cover data were
expressed on a logarithmic abundance scale
by defining the pseudospecies cut levels to
conform to the following coverage classes:
O=absence, 1=0-0.25 %, 2=0.25-1 %, 3=1-
4 %, 4=49 %, 5=9-16 %, 6=16-25 %,
7=25-36 %, 8=36—49 % and 9=49-100 %.
The subsequent parameters of the TWINS-
PAN programme were determined as follows:
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the minimum group size for division =5, the
maximum number of indicators per division
=7, and the maximum level of divisions =6.

An eigenvector method of ordination, de-
trended correspondence analysis (DCA) (Hill
& Gauch 1980) was used in analyzing the
total vegetation data set in order to reveal the
major vegetational gradients. This was per-
formed using the programme DECORANA
(Hill 1979b). The same ordination method
was used also in expressing the vegetation
types defined after the first phase of classifica-
tion in the ordination diagramme. This was
done simply by computing the class (vegeta-
tion cluster) centroids of species abundances,
and then analyzing them with DCA as if they
were ordinary samples.

4.2. Analysis of the environmental con-
trol of vegetation

In analyzing the relationships between
vegetation and environmental conditions, it is
usually a question of investigating the rela-
tionship between the occurrence of a set of
species and a set of environmental characters
in a set of samples. One possible method of
doing this, canonical correlation analysis, is
bound to be unsuccessful in many ecological
situations, because the responses of species to
quantitative environmental factors are gener-
ally nonlinear (Orléci 1978, cf. Kuusipalo
1984b). A more convenient way of represent-
ing the species composition in complex data
sets is by classification of the samples. The
relationships between species and the envi-
ronment can now be studied indirectly by
identifying, separately for each group of sam-
ples, the set of environmental conditions that
prevails in each sample group. In order to do
this, the vegetation types defined by a
TWINSPAN classification were treated as
class variables, and the continuous environ-
mental variables as response variables. A
stepwise procedure of canonical discriminant
analysis was used in order to find linear
combinations of environmental variables
which best discriminate between the vegeta-
tion types; Mahalanobis distances were used
as selection criteria (Klecka 1975). In order
to improve the interpretability of the discri-
minant functions, a VARIMAX solution was

used to rotate the discriminant function axes
so as to give coefficient values for the dis-
criminating variables that are either close to 1
or close to 0 (Klecka 1975, Kim 1975). The
final objective of the study was to test the
ecological interpretability of the groupings.
The statistical theory of discriminant analysis
assumes that the discriminating variables
have a multivariate normal distribution, and
that they have equal variance-covariance
matrices within each group. In practice, the
technique is very robust and these assump-
tions need not be strongly adhered to (Morri-
son 1969).

Multivariate statistical methods such as
discriminant analysis often reveal only the
most obvious differences, while hiding the
more subtle ones. The more subtle differences
can be revealed by using the hierarchical
structure of the sample classification. This
structure allows more precise comparisons,
namely by identifying the environmental
variables that discriminate between neigh-
bouring groups at different levels of hierar-
chy. These comparisons should show up vari-
ables that are associated with the major dif-
ferences in species composition and the vari-
ables that determine the finer structure.
Theoretically, these comparisons could be
done by a stepwise application of discrimin-
ant analysis. Many environmental variables
are, however, characteristically discrete.
They include only two or a few classes and
cannot be treated even as “’semicontinuous’’
variables in multivariate statistical analyses.
Furthermore, the group sizes are often too
small for statistical comparisons, particulary
at the lower levels of sample hierarchy.

The method which is particularly suited for
the construction of simple discriminant func-
tions for a given hierarchical classification of
samples is DISCRIM (ter Braak 1982). The
programme DISCRIM is a modification of
the TWINSPAN programme, and can be
regarded as its appendage. In TWINSPAN,
the divisions of the samples are characterized
in terms of indicator species. This facility of
TWINSPAN is used in DISCRIM to charac-
terize the groups of this classification in terms
of additional, e.g. environmental variables.
DISCRIM is suited primarily for the analysis
of presence/absence data, but it can also
handle quantitative variables such as temper-
ature, i.e. variables that can not be absent. In

this method, quantitative information is re-
tained using “’pseudo-attributes”, which cor-
respond to the ”pseudospecies” used in
TWINSPAN. The crude scale of quantitative
equivalents is determined by “pseudo-attri-
bute cut levels”. DISCRIM uses two input
data sets: the hierarchical classification vec-
tor produced e.g. by TWINSPAN, and the
data file which contains values of discrete
environmental variables for the correspond-
ing samples.

An attempt was made in the present study
to apply the programme DISCRIM to the
ecological interpretation of a successive
hierarchical classification of vegetation. Both
qualitative (crude ordinal scale) and quan-
titative variables were used (see Table 2).
Quantitative variables were transformed into
ordinal scale by ranking the numbers in such
a way that the cut levels determined the
quartiles of the distribution of each quantita-
tive variable. Three cut levels were needed:
the median, and the upper and lower quartile
thresholds of the ranked data.

4.3. Relationship between the vegetation
and stand productivity

In order to test whether and how well the
sample clusters produced by vegetation clas-
sification indicate the differences in stand
productivity, the site index value (H,q) was
computed for each sample plot using for-
mulae presented for natural pine and spruce
stands by Gustavsen (1980). The site index
can be used in predicting the average level of
tree production obtainable under different
conditions. It should be noted, however, that
the apparent productivity estimated with the
help of site index also depends on stand den-
sity: a free-growing tree can reach its max-
imum height at an earlier age than it would
when growing within a dense forest stand.
Thus site index may indicate that a dense
stand growing on a potentially rich site has
the same productivity as a few trees growing
on a relatively poor site.
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In the analysis of variance, site index was
treated as a criterion (response) variable and
the set of sample clusters produced by the
TWINSPAN classification was treated as an
independent class variable. Due to the fact
that the site indices for pine and spruce
stands are not directly comparable (Vuokila
1983, p. 4), the main effects of both vegeta-
tion type (sample cluster) and tree species,
and the interaction between them, were ex-
amined in the two-way analysis of variance.
The analysis was followed by the multiple
classification analysis (Kim & Kohout 1975),
in which the average level of productive
capacity indicated by site index was adjusted
for the effect of the tree species in order to
make sites dominated by pine and spruce
comparable.

In addition, one-way analysis of variance
with a posteriori contrast tests of the group
means was used when comparing the produc-
tive capacity obtainable in sites represented
by different vegetation types. This was done
separately for pine and spruce stands. The
least significant difference (LSD) procedure
was used in the multiple range tests. This is
essentially a Students ¢ test between group
means, and exact for unequal group sizes.

4.4. Computing work

Computing work was performed by the
author at the University of Joensuu using
facilities of the library programme packages
CEP (Cornell Ecology Programs, Systematics
and Ecology, Cornell University, Ithaca,
New York), SPSS (Statistical Package for
Social Sciences) (Nie & al. 1975) and SAS
(Statistical Analysis System) (SAS User’s
Guide: Statistics, 1982, SAS Institute Inc.,
Cary, North Carolina). Final compilation of
the vegetation analysis was done by the au-
thor in the Institute of Ecological Botany at
the University of Uppsala with facilities pro-
vided by the Computing Centre of the Facul-
ty of Mathematics and Natural Sciences, and
the Uppsala Datacenter.



5. RESULTS

5.1. Species ordination

The entire vegetation data set (410 sample
plots) was ordinated using detrended corres-
pondence analysis of the programme DE-
CORANA in order to preliminarily deter-
mine the major vegetation gradients. The
species scores for the first three ordination
axes are presented in Table 3. The first axis
seems to reflect fertility gradient ranging from
fresh-and-rich to dry-and-poor sites: with a
few exceptions, the species seem to be in
decreasing order of nutrient and moisture
demands.

The second ordination axis is clearly con-
nected with the degree of paludification of the
site. In actual fact, this axis seems to imply a
fundamental discontinuity rather than any
continuous vegetation gradient: the very
highest scores are associated with only a few
typical mire plant species, whereas the varia-
tion range of the subsequent species scores
forms only a minor part of the total variation.
This axis separates clearly paludified sites
from the more typical forest sites on mineral
soil. It should be pointed out, however, that
the genuine mire sites were a priori excluded
from the material; sites covered mostly by
mire vegetation (>75 %) growing on peat
substratum deeper than 40 cm are defined as
mire sites. On the other hand, sites charac-
terized by a patchy occurrence of peat and
mire plants, as well as those covered by only a
shallow peat layer, were defined as paludified
upland forest sites and, hence, included in the
vegetation analyses.

The third ordination axis is difficult to
interpret ecologically. However, with a few
exceptions, high scores are mainly associated
with species characterized by relatively low
light requirements, whereas low scores
characterize species which typically occur
under a dense canopy dominated primarily
by spruce. As a whole, species ordination of
the total data set seems to support the con-
cept of ideal unidimensionality of the Finnish
forest site type system. When interpreted in
ecological terms by considering the environ-

mental preferences of different plant species,
the most important ordination axis clearly
reflects the fertility gradient governed by
edaphical factors. The second axis separates
paludified and, as such, vegetationally untyp-
ical upland forest sites from the more typical
upland forest sites. The third axis do prob-
ably not reflect any primary site factors, or is
at least of less importance in comparison with
the preceding ones.

5.2. Preliminary hierarchical classifica-
tion and ecological analysis

In order to reveal the major outlines of
divergence in the vegetation pattern and its
environmental control, those sample plots for
which both vegetational and environmental
data were available (n=269) were analyzed
using the programmes TWINSPAN and
DISCRIM simultaneously. This preliminary
classification also serves as a test of the subse-
quent vegetation analysis carried out on the
complete vegetation data set: classification
can be considered reliable if the same method
produces essentially equal results, indepen-
dent of the size of the data set. The results are
summarized in the dendrogramme in Fig. 3.
Only the first four levels of the dichotomous
hierarchical clustering are shown. The indi-
cator species of each division, as well as the
environmental characteristics which best dis-
criminate between subsets of samples pro-
duced by each division, are presented in de-
creasing order of importance (for environ-
mental characteristics, see Table 2).

As regards the major division of the data
set, the fact that Maianthemum bifolium, Melam-
pyrum sylvaticum and Brachythecium spp. are on
the left side, and that Calluna vulgaris together
with Vaccinium vitis-idaea (with more than 4 %
coverage) are on the right side, illustrate the
obvious difference between mesophilous and
xerophilous vegetation. According to the
simultanecous DISCRIM analysis, a relative-
ly high pH is the best environmental indi-
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Table 3. The species scores for the first three axes of the DCA ordination of the complete vegetation data set (N =
410). Scores of the species with a low frequency are ignored.

First axis (ranked)
Eigenvalue = 0.311

Second axis (ranked)

Eigenvalue = 0.181

Third axis (ranked)
Eigenvalue = 0.168

Anemone nemorosa 761 Carex globularis 1225 Convallaria majalis 436
Angelica sylvestris 755 Sphagnum spp. 1119 Hieracium umbellatum 428
Hepatica nobilis 592 Polytrichum commune 317 Calamagrostis arundinacea 414
Oxalis acetosella 501 Aulacomium palustre 248 Lathyrus vernus 397
Veronica chamaedrys 469 Equisetum sylvaticum 177 Rubus saxatilis 379
Gymnocarpium dryopteris 461 Orthilia secunda 160 Pteridium aquilinum 360
Carex digitata 442 Dryopteris carthusiana 104 Hypochoeris maculata 348
Geranium sylvaticum 408 Lycopodium annotinum 86 Carex globularis 280
Melica nutans 387 Potentilla erecta 84 Geranium sylvaticum 273
Brachythecium spp. 386 Pyrola minor 79 Sphagnum spp. 257
Fragaria vesca 384 Anemone nemorosa 67 Melica nutans 206
Dryopteris carthusiana 359 Trientalis europaea 59 Festuca ovina 186
Viola riviniana 353 Deschampsia flexuosa 50 Trientalis europaea 152
Rhytidiadelphus triquetrus 259 Oxalis acetosella 39 Solidago virgaurea 134
Rubus saxatilis 197 Maianthemum bifolium 39 Cladina arbuscula 105
Equisetum sylvaticum 178 Gymnocarpium dryopteris 33 Deschampsia flexuosa 97
Maianthemum bifolium 128 Vaccinium myrtillus 23 Aulacomium palustre 87
Luzula pilosa 104 Luzula pilosa 16 Calluna vulgaris 72
Calamagrostis arundinacea 100 Vaccinium vitis-idaea 3 Angelica sylvestris 63
Melampyrum sylvaticum 81 Calluna vulgaris =7 Viola riviniana 46
Trientalis europaea 60 Dicranum polysetum =iz Hepatica nobilis 30
Orthilia secunda 40 Rhytidiadelphus triquetrus =21 Vaccinium vitis-idaea 12
Convallaria majalis 27 Carex digitata -26 Vaccinium myrtillus 6
Deschampsia flexuosa -3 Pleurozium schreberi =44 Equisetum sylvaticum -8
Linnaea borealis -6 Hylocomnium splendens =59 Luzula pilosa -24
Hylocomnium splendens =21 Viola riviniana =56 Orthilia secunda —49
Vaccinium myrtillus —41 Melampyrum pratense —58 Pleurozium schreberi =51
Pleurozium schreberi -52 Melica nutans =75 Hylocomnium splendens —60
Sphagnum spp. —-58 Rubus saxatilis -79 Brachythecium spp. =73
Polytrichum commune -63 Cladina arbuscula -103 Dryopteris carthusiana =87
Vaccinium vitis-idaea =77 Cladina rangiferina -113 Ptilidium crista-castrensis -94
Dicranum polysetum —93 Festuca ovina =117 Oxalis acetosella -140
Mealmpyrum pratense -96 Geranium sylvaticum —133 Dicranum majus —149
Cladina arbuscula -124 Calamagrostis arundinacea  —159 Gymnocarpium dryopteris ~ —158
Cladina ragiferina —125 Hieracium umbellatum =171 Anemone nemorosa -218
Calluna vulgaris —155 Convallaria majalis —200 Dryopteris filix-mas -227

cator of the left side (subset 0), whereas the
most important indicator of subset 1 appears
to be the predominance of pine. Accordingly,
the major division can be interpreted ecologi-
cally in such a way that subset 0 represents
mesic, mostly spruce-dominated sites, where-
as subset 1 represents more xeric, pine-domi-
nated sites.

In the second division, herb-rich sample
plots (subset 00) are segregated from the
remaining mesic sites of subset 0. The pre-
sence of mull in the uppermost soil layer, high
pH and large loss-on-ignition, a considerable
content of calcium, and a soil type typical of
rich sites are the most informative environ-
mental properties of subset 00. Accordingly,
this subset clearly represents rich forest sites.

On the contrary, abundance of raw humus is
characteristic of subset 01, indicating moist
but less fertile edaphical conditions.

Subset 1 is further divided into more (sub-
set 11) and less (subset 10) xeromorphic veg-
etation types; the former is characterized by
an abundance of lichens typical of dry-and-
poor site conditions. The environmental attri-
butes characterizing subset 10 indicate a
somewhat higher moisture and soil fertility.
Subset 11, on the other hand, is characterized
by a frequent occurrence of exposed bedrock.

At the subsequent levels of classification,
sample plots representing clearly nemoral
forest sites (subset 000) are segregated from
the remaining herb-rich sample plots of sub-
set 00. Among the nemoral sites, vegetation
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Fig. 3. Preliminary TWINSPAN classification of the vegetation data set, with a simultaneous DISCRIM analysis, on
those sample plots for which both vegetation and environmental data are available (study areas I and II).
Environmental variables which best discriminate between clusters at different levels of hierarchical vegetation
classification are indicated by capital letters. Numbers after species and environmental attribute names give the
pseudospecies and pseudoattribute cut levels (for further information, see Table 2 and Chapters 4.1. and 4.2.).

characterized by an abundance of Anemone
nemorosa can be further distinguished (subset
0000). Compared with these subsets, subset
001 is characterized by a larger medium par-
ticle size of the mineral soil and a somewhat
thicker layer of raw humus. Among sites in-
cluded in subset 001, subset 0010 probably
represents somewhat younger and hence
dense spruce stands. This is reflected in the
abundance of Oxalis acetosella, and in the abs-
ence of light-demanding plant species
Calamagrostis arundinacea and Rubus saxatilis;
subset 0011 is characterized by an older do-
minant age of the stand. The further division
of subset 01 indicates differences in moisture
conditions. Indicator species of subset 010 are
plants typical of moist, even paludified forest
sites. Subset 011 is characterized by a high
abundance of Vaccinium myrtillus (coverage of
more than 16 %). The environmental charac-
teristics of subset 010 also indicate somewhat
moister and more fertile conditions; these are
the presence of peat, a relatively high nitro-
gen content and pH, and a soil type typical of

moist sites. The topogeneous environmental
attributes characterizing subset 011 support
the above conclusions. Subset 010 is divided
further into the pine-dominated, clearly
paludified sites included in subset 0100, and
the spruce-dominated, moist sites included in
subset 0101. Subset 011 is further divided
into subsets 0110 and 0111. Indicator species
of the former prefer light and warm sites; on
the other hand, environmental attributes in-
dicate a considerable level of fertility. Subset
0111 is characterized by a comparatively
thick humus layer; the indicator species Dic-
ranum majus prefers shady conditions.
Differences in moisture and light condi-
tions are probably the underlying reasons for
the further division of subset 10. Dicranum
majus and Hylocomium splendens are mosses typ-
ical of relatively shaded, moderately dry con-
ditions obviously prevailing on sites included
in subset 100; in this subset, spruce occurs
frequently as the dominant tree species. Poly-
trichum commune indicates moist conditions,
while the other indicator species of cluster

23
axa 5
95 ¢
761
/ / \\
Al \ 2
57 / \
12 / ‘/ \ 1
A \ *
6 ] / 10
" 5 /6 R
2
4 ~ *
8 3 1
19 <9> o ¥*
3
7 4
o *
57 / 114 (kZ] 228 285 ax

Fig. 4. DCA ordination of the 12 clusters produced by the TWINSPAN classification (Fig. 3); for
interpretation of the ordination axes, see Table 4. The regions indicated by the large numbers
show the approximative relationships between preliminary classification and clustering of the

entire vegetation data set (see Appendix).

Symbols for different subsets of clusters depict the

approximative nutrient and moisture conditions of corresponding sites as follows. # = mesic
and fertile sites, 4 = mesic and moist, intermediately fertile sites, > = mesic and subdry,
intermediately fertile sites, 00 = xeric and subdry, infertile sites, and B = xeric, dry and

infertile sites.

101 are characterized by relatively high light
requirements. An abundance of xerophilous
lichens is characteristic of subset I11. It
would appear that the sites included in subset
111 are confined to sandy soils, whereas sub-
set 110 is characterized by exposed bedrock
and confined mainly to till soils.

A total of 12 clusters each representing
somewhat different vegetation type and en-
vironmental conditions were distinguished in
the preliminary classification. These clusters
were ordinated using detrended correspond-
ence analysis (Fig. 4). The scores of the most
important species on the first two ordination
axes are given in Table 4. The axes are rather
casily interpretable, corresponding to the first
two axes of the DCA ordination of the entire
data set (Table 3). The first axis reflects the
site fertility governed mainly by the nutrient

status of the site; the highest scores are associ-
ated with demanding herbs, ferns and mos-
ses, while the lowest scores are found with
Cladina lichens and other xerophilous species.
The second axis seems to be associated with
the moisture regime: species typical of
paludified forest sites have the highest scores,
whereas the lowest scores are obtained with
species which characterize relatively dry,
warm sites.

According to the above, indirect ecological
interpretations, the descending order of clus-
ters 1-12 clearly forms a sequence ranging
from poor to rich sites. Clusters 1-4, which
represent the richest vegetation types, also
differ with respect to the second axis. Clusters
5-8 are clearly segregated by the second axis,
but indecisively by the first axis; they hence
seem to indicate a more or less equal fertility,
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Table 4. The species scores for the first two axes of the DCA ordination of 12 cluster centroids (Fig. 3, Fig. 4.). Scores

of the species with a low frequency in original data material are ignored (cf. Table 3).

First axis (ranked)
Eigenvalue = 0.449

Second axis (ranked)
Eigenvalue = 0.081

Anemone nemorosa 408 Carex globularis 378
Angelica sylvestris 373 Aulacomium palustre 364
Veronica chamaedrys 372 Sphagnum sp. 291
Carex digitata 363 Polytrichum commune 282
Oxalis acetosella 359 Pyrola rotundifolia 278
Hepatica nobilis 358 Potentilla erecta 270
Dryopteris carthusiana 357 Deschampsia flexuosa 180
Gymnocarpium dryopteris 346 Orthilia secunda 148
Melica nutans 346 Luzula pilosa 144
Fragaria vesca 339 Trientalis europaca 135
Viola riviniana 333 Rhodobryum roseum 132
Rhytidiadelphus triquetrus 314 Anemone nemorosa 127
Solidago virgaurea 304 Dryopteris carthusiana 124
Maianthemum bifolium 292 Viola riviniana 123
Equisetum sylvaticum 286 Calluna vulgaris 116
Rubus saxatilis 283 Vaccinium vitis-idaea 109
Luzula pilosa 282 Hepatica nobilis 108
Melampyrum sylvaticum 276 Rhytidiadelphus triquetrus 94
Calamagrostis arundinacea 266 Equisetum sylvaticum 93
Trientalis europaca 260 Maianthemum bifolium 88
Convallaria majalis 247 Cladina rangiferina 79
Dicranum majus 246 Dicranum polysetum 78
Daeschampsia flexuosa 221 Lathyrus vernus 50
Hylocomnium splendens 214 Oxalis acetosella 44
Linnaea borealis 179 Vaccinium myrtillus 28
Sphagnum sp. 156 Hieracium umbellatum -8
Vaccinium myrtillus 148 Pleurozium schreberi -29
Pleurozium schreberi 92 Melampyrum pratense -73
Melampyrum pratense 38 Hylocomium splendens -85
Vaccinium vitis-idaea 6 Calamagrostis arundinacea  —106
Dicranum polysetum =~ Hieracium murorum —144
Calluna vulgaris -98 Pteridium aquilinum =212
Centraria islandica —134 Convallaria majalis —496
Cladina ragiferina —146 Empetrum nigrum -616
Cladina arbuscula —165 Festuca ovina -774

but with different moisture conditions. Clus-
ter 5, which represents vegetation typical of
paludified forest stands, reaches highest
scores on the second axis, ’moisture gra-
dient”. Cluster 7, the indicator species of
which are plants characteristic of warm and
relatively dry sites, represents the lowest
scores on this axis. As regards clusters 9-12,
the second axis distinguishes between cluster
9 and the remaining clusters, which are sepa-
rated from each other by the first axis (fertili-
ty gradient).

The major axis of the vegetational varia-
tion in the present material seems to be as-
sociated with the soil fertility gradient. The
both extremes of this axis, the richest sites
represented by clusters 1-4, and the poorest

sites represented by clusters 11-12, can most
clearly be distinguished. On the other hand,
sites represented by clusters 5-10 are less
easily distinguishable in terms of fertility
characteristics, but seem to differ from
eachother in their moisture regime.

5.3. Hierarchical classification of the en-
tire vegetation data set

The complete vegetation data set consists
of 410 sample plots representing different
forest stands ranging from fresh-and-rich to
dry-and-poor sites. As can be concluded on
the basis of the preliminary vegetation analy-

sis, TWINSPAN classification serves rather
well in revealing the main direction of vegeta-
tional variation, allocating the richest and the
poorest sites to the opposite poles of the axis.
However, the major division of the vegetation
data seems not to reflect any clear environ-
mental discontinuity: in the DISCRIM
analysis, environmental attributes indicate
differences between subsets 0 and 1 primarily
in tree species composition and secondarily in
soil pH (Fig. 3). In addition, these two major
subsets seem to include vegetationally fairly
similar sites (see Figs. 3 and 4).

One important point to remember is that
there are only a few plant species which are
common to both dry-and-poor and fresh-and-
rich sites; in other words, the ecological dis-
tance between poor and rich sites is very long
in the present material. The relationship be-
tween actual ecological distances and corres-
ponding measures of sample similarity ap-
pears to be linear only when the samples to be
compared consist of a sufficient number of
species in common. If two samples which are
to be compared have no species in common,
then the measured numerical distance be-
tween them is independent of the actual
ecological distance (Gauch 1973).

The programme TWINSPAN uses recip-
rocal averaging ordination while ranking the
samples to form a single axis. This axis
should represent the major vegetation gra-
dient. As a second step, the samples are
divided into two clusters by breaking the axis
near its mid-point. If the actual ecological
distance between the poles of such an axis is
very long, a subset of samples may appear
near one pole, which all have a maximal
numerical distance to the samples near to the
opposite pole of the axis. Since the division
point of the axis is determined on the basis of
numerical distances, the TWINSPAN divi-
sion of such an axis is arbitrary and may not
represent the expected major discontinuity in
the vegetation continuum.

The analysis of the entire vegetation data
set was performed in two steps in order to
avoid this kind of distortation in classifica-
tion. In the first step, the entire data set was
analyzed using TWINSPAN in order to dis-
tinguish a subset of samples representing
either of the poles of the ordination axis,
which differ most from the major part of the
data set. This subset of samples was then
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removed from the remaining data. In the
second step, the more homogeneous, trun-
cated data set was reclassified, and the results
of both classification steps were combined.

The first two levels of the dichotomous
hierarchical classification of the entire data
set (n=410) are presented in the dendro-
gramme in Fig. 5. The indicator species of
each division are presented in decreasing or-
der of importance; the numbers in parenth-
eses indicate the occurrence of each species
(or pseudospecies) in the left and right subset
produced by each division. The most impor-
tant indicator species in the first division is
Maianthemum bifolium, with a coverage of more
than 0.25 %. It is totally absent from only 8
% of the sample plots in subset 0, but is
absent from 85 % of the sample plots in
subset 1. In contrast, the indicators of subset
1, Vaccinium vitis-idaea with a coverage of at
least 10 % and Calluna vulgaris (when pres-
ent), represent xerophilous vegetation. Only
7 % of the sample stands in subset 1 are
spruce-dominated, whereas the correspond-
ing percentage in subset 0 is 80. This, and the
subsequent divisions of subsets 0 and 1 show
a fairly close resemblance to the results of the
preliminary classification (Fig. 3).

In the second division, 96 sample plots are
segregated from subset 0. The indicators of
this subset (00), Carex digitata, Brachythecium
spp. (mainly B. curtum and B. reflexum), Oxalis
acetosella, Melica nutans, Fragaria vesca and Viola
riviniana, are species typical of rich forest sites.
The abundance of Vaccinium myrtillus in the
sample plots of this subset is in most cases
lower than 16 %, and the average number of
species is clearly higher than in the remaining
material. These 96 sample plots clearly repre-
sent the richest sites in the material, being
comparable to subset 00 (clusters 1-4) of the
preliminary vegetation classification (Figs. 3
and 4). In order to reduce superfluous floristi-
cal heterogeneity which could distort the re-
sults of TWINSPAN classification, the vege-
tation data set was truncated by allocating
these 96 sample plots as a separate cluster
representing sites characterized by a rich oc-
currence of demanding plant species. After
this had been done, the remaining 314 sample
plots were reclassified using TWINSPAN.

The dendrogramme resulting from reclas-
sification is presented in Fig. 6. The ordered
two-way table in the Appendix includes the
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N=410

n=296
MAI BIF 2 (263,9) 0
MEL SYL 1 (209,6)
OXA ACE 1 (166,0)
BRA SPP 1 (163,1)
n=96 n=200
CAR DIG 1 (71,24)°0 0% yac MyR 6 (16,141)
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Fig. 5. Indicator species analysis of the complete vegetation data set (study areas I-I11T). Numbers after species names
give the abundance value with which the species indicate each division (see Chapter 4.1.). Numbers in parentheses
give the frequencies of each species in the left and in the right cluster, respectively. Subset 00 (cluster 1) is inserted
on the left side of the arranged data matrix in the Appendix.

N =314
n=249 n=65
1
MAI BIF 2 (180,0) CLA RAN 1 (27,56)
DIC MAJ 1 (198,14) L:AL VUL 2 (42,56)
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00 01 10 1"
DRY CAR 1 (52,11) MEL PRA 2 (13,112) HYL SPL 2 (32,4) CLA ARB 3 (3,25)
OXA ACE 1 (57,22) PLE SCH 7 (16,103) DES FLE 1 (27,7) CLA RAN 4 (2,19)
BRA SPP 1 (50,24)
MAI BIF 3 (71,90)
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DIC MAJ 3 (94,13)
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HYL SPL 4 (70,17)

CLUSTER 3 CLUSTER 4

CAL VUL 2 (4,36)
VAC VIT 5 (29,43)
TRI EUR 2 (25,36)

Fig. 6. Indicator species analysis of the truncated vegetation data set, with the richest sites (cluster 1) split off after the
first TWINSPAN run (Fig. 5). For explanations, see Fig. 5. The sample plots assigned to clusters 2-6 are arranged

on the right side of the data matrix in the Appendix.

sample and species hierarchical classifica-
tions, showing the species’ synecological rela-
tions. Subset 00, which was split off after first
TWINSPAN run, is inserted on the left side
of the table and forms a matrix of its own.
The rankings of species in these two data
matrices are somewhat different, but show

common features exposed by the RA ordina-
tion: with few exceptions, the species seem to
be ranked in decreasing order of nutrient and
moisture requirements, constituting a gra-
dient ranging from demanding herbs, ferns
and mosses down to xerophilous dwarf-
shrubs, mosses and lichens. Most of the ex-

ceptions are rare species which occur sporadi-
cally in the material. In general, the ordina-
tion axis corresponds rather well with the
major ecological gradient implicated in the
unidimensional sequence of the Finnish forest
site types.

The indicator species of the first division
(Fig. 6) are partly the same as those in the
first division of the entire data set (Fig. 5).
Maianthemum bifolium is again the most impor-
tant indicator species and, together with Dic-
ranum majus and Trientalis europaea, charac-
terizes subset 0. Two Cladina lichens, together
with Calluna vulgaris and Vaccinium vitis-idaea,
are indicators of subset 1. This division clear-
ly separates xerophilous vegetation (subset 1)
from the more or less mesophilous vegetation
characterizing subset 0. The stands included
in subset 1 are entirely pine-dominated. On
the other hand, 32 % of the stands included
in subset 0 are also pine-dominated.

In the second division, 79 sample plots
(subset 00) are split off from subset 0. The
most important indicators of subset 00 are
Dryopteris  carthusiana,  Oxalis  acelosella,
Brachythecium spp. and Maianthemum bifolium
(with a coverage more than 1 %). Subset 01
is characterized by a frequent occurrence of
Melampyrum  pratense and a considerable
abundance of Pleurozium schreberi (with a
coverage more than 25 %). It can be seen
from the ordered table in Appendix that the
number of species is larger in subset 00, and
many of these species are moisture-demand-
ing ferns, herbs and mosses. The second divi-
sion hence seems to divide subset 0 into sites
which are either more (00) or less (01) moist,
the former probably also indicating a some-
what higher nutrient status.

The second division further separates sub-
set 11, which indicates an extremely low
moisture in the present material, from subset
10, which indicates somewhat moister condi-
tions. This can be concluded from the domi-
nance of lichens and the lack of mesophilous
species in the former subset. However, the
species composition of these two subsets ap-
pears to be rather similar.

In the third division, the largest subset (01)
is further divided into two (subsets 010 and
011). The positive indicators Calluna vulgaris,
Juniperus communis, Vaccinium vitis-idaea and
Trientalis europaea are rather light-demanding
species, whereas the negative indicators Dic-
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ranum majus, Melampyrum sylvaticum and Hy-
locomium splendens prefer shelter from direct
sunlight. The differences between the species
composition of these two subsets give the
impression that the division is, in ecological
terms, largely generated by the light factor.
The difference in tree species composition
gives support to this conclusion: spruce is
dominant in 85 % of the sample plots in
subset 010, but in only 7 % of the sample
plots of subset 011.

The subsequent divisions are ecologically
less easy to interpret, mainly due to the gen-
eral drawback of divisive classification pro-
grammes: misclassifications tend to accumu-
late, and their appearance becomes more and
more effective as the division process pro-
ceeds (Gauch 1982, p. 197). Some conclu-
sions, however, can be drawn by interpreting
the ordered vegetation table. Subset 000
clearly represents nemoral forest sites charac-
terized by an abundance of Hepatica nobilis,
Anemone nemorosa (especially subset 0000) and
other rather demanding species. Small sub-
sets containing Sphagnum spp, Polytrichum com-
mune and other mire plants can be found in
each of the six major subsets (e.g. 0010 in the
left-hand matrix and 000, 00110 and 0111 in
the right-hand matrix of the Appendix).
These subsets include sites where paludifica-
tion has taken place to some degree at least.

In the following, the produced six major
subsets (00 in the left-hand matrix and 00,
010, 011, 10 and 11 in the right-hand matrix
of the Appendix) are used as operational
vegetation units, clusters 1-6. From the phy-
tosociological point of view, these clusters
hardly constitute any clear plant community
types. The presented classification should in-
stead be regarded as an operational tool for
depicting in a more concise form the mul-
tidimensional variation which appears in the
vegetation continua. From the classificatory
point of view, it should be noted that these
broad clusters cover the whole range of vege-
tational variation in the present material.
This means that all variants, as well as each
single outlier plot, are included in one of the
six major categories, just as occurs in practice
in the Finnish forest site type system. No
attempt is made here to describe the whole
variation range of the forest vegetation by
means of a scale of broad classes. The aim is
rather to find those major features of the
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vegetation which reflect the most important
discontinuities in the major environmental
gradients.

5.4. Ecological interpretation of the vege-
tation classification

The 269 sample plots from which environ-
mental data were available were allocated
into the six major clusters produced by the
TWINSPAN classification of the complete
vegetation data set. Some basic environmen-
tal data characterizing different clusters are
given in Table 5. Canonical discriminant
analysis was used in order to find the set of
environmental variables which best discrimi-
nate between the clusters. The discriminating
variables were selected by means of a step-
wise procedure.

It was assumed that the tree stand, being
the dominant vegetation layer, governs the
understorey vegetation in a way which is
partly independent of the site factors. This is
mainly due to the fact that the density of the
stand, as well as the tree stand composition,
is affected not only by site properties but also
by silvicultural treatments carried out in the
stand and by the development class of the
stand. Three different discriminant analyses
were therefore performed. In the first one,
only the primary site factors (sensu Cajander
1926) were incorporated in the analysis as
environmental variables. In the second
analysis, the estimated canopy coverage
(Kuusipalo 1985) was added to the environ-
mental variables to describe the effect of the
tree stand on the light factor. In the third
analysis, site index (Gustavsen 1980) was
added to the set of environmental variables.
This was done in order to determine how the
estimated potential growth rate of the tree
stand is related to the site characteristics.

The results of the first analysis are sum-
marized in Table 6. The first two canonical
discriminant functions are statistically sig-
nificant; these explain the major part of the
total  variation. Rotated standardized
discriminant function coefficients indicate the
relative importance of each variable in
measuring the environmental gradients
underlying each function (for terms, see

Kuusipalo 1984b).

The most important variables describing
the first discriminant function are the total
nitrogen content and pH of the humus layer.
The total phosphorus content of the humus
layer also shows rather strong positive associ-
ation with the first function. This function
clearly appears to be connected with the nut-
rient status of the site. The second function is
negatively associated with the total calcium
content of the humus layer; loss-on-ignition
together with the variable describing the ef-
fects of aspect and slope (see Fig. 2) also
indicate negative associations. On the other
hand, however, the thickness of the humus
layer is clearly positively connected with this
function. The underlying environmental gra-
dient may be connected to the degree of
decomposition of the humus layer, which is
affected by the calcium content of the parent
material (see Mikola 1955, Baath & al. 1980).

The third function appears to be connected
to the textural properties of the soil. The most
important variables explaining this function
are the stoniness (%) and the proportion of
fine-textured particles (<0.06 mm) in the
mineral soil. Both variables are associated
rather strongly with the thickness of the A
horizon in the soil profile, but negatively with
the clay content in the superficial deposits.
The factor which best explains these different
associations is probably the superficial de-
posit type: stones and boulders together with
fine-grained mineral soil particles are found
in till soils characterized by an uneven parti-
cle-size distribution. In contrast, sandy and
clay soils are characterized by an even parti-
cle-size distribution, and their soil profile is
often poorly developed.

In order to illustrate the relationships be-
tween the six clusters representing different
vegetation types and environmental gradients
interpreted from the above discriminant func-
tions, the positions of the cluster centroids
along each of the discriminant axes are given
in Fig. 7. It should be noted, however, that
there is considerable overlap between the
clusters at each axis; this is because the com-
plete data set was used, instead of selected
sets of ’typical” vegetation types.

It can be concluded from the uppermost
line diagramme in Fig. 7, that the nutrient
status of the site decreases in increasing order
of the rank number of the vegetation clusters.
Clusters 1 and 2, which are characterized by
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Table 5. Ecological characteristics of the sample clusters.
CLUSTER
Biological characteristics 1 2 3 4 5 6
Dominant species % Spruce 91 89 75 15 0 0
Pine 9 11 25 85 100 100
Total basal area (m?) Mean 32 31 30 27 25 22
SD 7 7 8 6 6 6
Percentage of Mean 83 85 75 14 20 7
spruce SD 24 25 30 18 27 9
Percentage of Mean 8 5 3 3 3 1
deciduous trees SD 10 8 6 6 6 3
Dominant height (m) Mean 22 22 22 22 20 18
SD 4 3 3 3 3 3
Dominant age (a) Mean 70 78 90 91 100 90
SD 20 22 23 26 29 24
Total number of Mean 32 24 19 20 17 12
plant species SD 5 4 4 4 4 3
Properties of the sub-soil 1 2 3 4 5 6
Superficial Till 81 83 84 75 88 45
deposit type -coarse 70 78 81 75 88 45
(%) -fine 11 5 3 0 0 0
Sand 11 8 16 25 12 55
Silt, clay 8 9 0 0 0 0
Shallow soils (%, presence) 3 8 14 32 56 21
Stoniness Mean 16 20 18 19 16 22
(% soil volume SD 7 7 7 6 6 8
Silt and clay Mean 34 33 27 26 26 24
(% soil volume SD 19 17 11 12 11 6
Properties of the humus layer 1 2 3 4 5 6
Thickness of the Mean 20 33 31 27 26 24
raw humus layer (mm) 10 12 11 9 7 9
Peaty mor (%, presence) 10 41 9 21 0 0
Mull and moder (%, presence) 50 4 0 7 0 0
pH Mean 4.4 4.0 39 3.9 3.8 3.6
SD 0.3 0.3 0.2 0.2 0.2 0.2
Total nitrogen Mean 454 637 528 463 412 416
(kg/ha) SD 221 234 207 94 105 145
Total calcium Mean 171 172 145 135 119 109
(kg/ha) SD 84 61 75 42 30 43
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Table 6. The first three canonical discriminant functions and rotated standardized discriminant function coefficients
of the analysis of six clusters and the set of environmental variables.

Canonical discriminant functions

Function Eigenvalue Percent of Canonical Wilks” Chi- DF. Signifi-
variance correlation lambda squared cance
1 1.458 22 69.56 0.770 1957 0.573 142.26 48 0.0000
2 0.427 79 20.41 0.547 3743 0.818 51.27 33 0.0000
3 0.121 66 5.80 0.329 3401 0.918 21.94 20 0.3439
Rotated standardized discriminant function coefficients
Function 1 Function 2 Function 3
N 0.698 57 0.190 20 -0.087 87
PH 0.647 72 -0.218 78 0.063 41
P 0.207 09 0.123 30 0.127 28
DDES 0.186 41 0.186 26 0.141 75
HDEP 0.360 95 0.588 11 0.229 83
CA —0.094 11 -0.514 83 -0.107 54
LOI -0.085 97 -0.259 89 0.112 56
WARM —0.100 56 -0.236 75 0.006 03
STONES -0.242 08 0.054 62 0.828 57
FSAND -0.009 20 -0.006 83 0.792 43
CLAY 0.305 30 -0.005 22 —0.441 72
AHOR -0.034 75 0.204 80 0.435 85
MDPS 0.038 47 -0.042 16 -0.174 96
s F1
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Fig. 7. Position of the cluster centroids on each of the separate discriminant functions of Table 6. F1 depicts the
nutrient status of the humus layer. F2 is associated negatively with the total calcium content of the humus layer

and positively with the thickness of the humus layer. F3 is related to the textural properties of the soil.

rich herb and grass vegetation, clearly form
the most fertile site classes implied by high
nutrient contents and pH of the soil. Clusters
3 and 4 represent clearly less fertile sites,
although their vegetation also indicates rela-
tively mesic site conditions. The xeric sites
included in clusters 5 and 6 indicate even less
fertile conditions. The latter, representing
lichen-rich xerophilous vegetation, appears to
form the negative pole of the nutrient gra-
dient.

The second discriminant function (Fig. 7)
ranks the clusters in such a way that cluster 1
is clearly separated from the remaining ones.
This cluster, which represents demanding,
rich grass and herb vegetation, appears to be
characterized by rapid and efficient litter de-
composition, thus resulting in a low level of
raw humus accumulation. The aspect and
slope of a site, as depicted by the variable
WARM, may also affect the decomposition
activity through microclimatical conditions.
According to Jalas (1950), the vegetation of
sunny esker slopes shows some affinities with
the lime-rich forest vegetation. The third dis-
criminant function clearly separates cluster 6
from the remaining clusters. The lichen-rich,
xeric sites included in cluster 6 seem to occur
mainly on sandy soils, whereas most of the
remaining clusters represent forest sites on till
soils (cf. Table 5).

In the second discriminant analysis (Table
7), the estimated canopy coverage (variable
SHADE) was incorporated as an environ-
mental variable describing the effect of the
light regime on the understorey vegetation.
The first three discriminant functions are
statistically significant, the first one explain-
ing the major part of the total variation. It
would thus appear that the tree stand, par-
ticularly through its effect on the light condi-
tions below the canopy, is one of the most
important factors affecting the understorey
vegetation. Canopy coverage seems to be
rather independent of the fertility characteris-
tics such as the nutrient contents and pH of
the soil. It is most strongly associated with
the medium particle size and stoniness of the
mineral soil. These associations are probably
due to the fact that the proportion of stones
and fine-textured particles is higher in till
soils, which are usually dominated by spruce
and have higher stand densities than e.g.
sandy soils.
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The second discriminant function is
characterized by an abundance of fine-tex-
tured mineral soil particles, higher organic
matter content in the mineral soil, and also
by a topographic position on sunny slopes. In
addition, a rather high pH seems to be an
important characteristic of this function. Ac-
cording to Sepponen (1981), the percentage
of fine-textured particles (<0.06 mm) in the
mineral soil correlates rather strongly with
both the cation exchange capacity and field
capacity. This function can be considered to
reflect the moisture and nutrient gradient.
The third function is associated with a high
nutrient status: a high nitrogen content and
pH are important contributing factors. How-
ever, the most significant factor is a low pro-
portion of stones and boulders in the mineral
soil.

The positions of the cluster centroids along
the discriminant axes are presented in Fig. 8.
It can be seen from the uppermost line dia-
gramme that the canopy coverage decreases
in increasing order of the rank number of the
vegetation clusters. This can largely be inter-
preted by the tree species composition: spruce
is dominant in clusters 1-3, whereas the
stands included in clusters 46 are charac-
teristically pine-dominated (see Table 5).
The lowest stand densities are found in clus-
ter 6, which represents dry-and-poor sites.
On the other hand, the stands included in
cluster 1 had the highest stand density, this
cluster representing the most fertile sites in
the present material. This function is very
effective in separating the spruce-dominated
clusters from the remaining clusters.

Clusters 1 and 6 form the opposite poles of
the second discriminant axis (Fig. 8). This
supports the interpretation that this function
reflects the gradient of increasing moisture
and nutrient availability. However, the func-
tion is not very effective in separating the
remaining clusters from each other. The nut-
rient gradient is also clear in the third axis:
cluster 1 forms the positive pole of the axis,
cluster 2 also clearly lying on the positive
side. The subsequent clusters cannot be sepa-
rated reliably from each other by this func-
tion.

Inclusion of the site index with the environ-
mental variables restored the major import-
ance of the differences in soil fertility in the
ecological interpretation of the vegetation



32

Table 7. The first four canonical discriminant functions and rotated standardized discriminant function coefficients of

the analysis of six clusters and the set of environmental variables, including canopy coverage.

Canonical discriminant functions

Function Eigenvalue Percent of Canonical Wilks’ Chi- DF. Signifi-
variance correlation lambda squared cance
1 2.854 18 76.28 0.860 5473 0.480 187.65 48 0.0000
2 0.623 58 16.67 0.619 7383 0.780 63.82 33 0.0010
3 0.125 11 3.34 0.333 4645 0.876 33.71 20 0.0282
4 0.119 57 3.20 0.326 8084 0.981 4.85 9 0.8474
Rotated standardized discriminant function coefficients

Function 1 Function 2 Function 3 Function 4

SHADE 0.960 48 -0.048 71 -0.007 63 -0.002 83

MDPS -0.373 99 0.373 99 0.234 83 0.352 15

FSAND -0.056 22 0.767 27 -0.390 76 0.568 22

LOI -0.094 07 0.343 70 -0.083 41 —-0.024 66

WARM -0.199 80 0.287 97 -0.022 11 -0.008 66

STONES 0.370 14 0.182 33 -0.714 12 0.091 14

N 0.160 38 —0.040 88 0.576 70 0.155 59

PH 0.236 39 0.514 29 0.528 10 0.124 10

CLAY 0.019 99 -0.312 42 0.466 72 -0.235 69

HDEP -0.044 22 0.011 76 0.145 93 0.710 71

CA -0.028 36 0.048 72 -0.030 82 -0.649 25

AHOD 0.100 41 0.148 06 -0.291 51 0.306 26

P 0.040 25 0.167 43 0.109 24 0.285 85

classification. The results of the third dis-
criminant analysis are summarized in Table
8. The first discriminant function, which cov-
ers more than 77 % of the total variance, can
now clearly be interpreted as a fertility factor.
Site index, together with a high nitrogen con-
tent and pH, is strongly positively associated
with this function; the association with stoni-
ness is clearly negative (for effects of stoniness
on site fertility, see Viro 1947, 1953). How-
ever, the total calcium content of the soil is
not correlated with the first discriminant
function and its decisive variables (cf. Val-
mari 1921). This is probably due to the
skewed distribution of the calcium content in
the present material (Kuusipalo 1984a). The
positive correlation between site index and
total phosphorus content appears to be rather
weak. It should also be noted that canopy

coverage is not correlated with the first discri-
minant function.

The second discriminant function is
strongly affected by canopy coverage, which
in turn appears to be associated with the
medium particle size of the mineral soil. This
function is approximately the same as the
first function in the preceding discriminant
analysis (Table 7). The third function corre-
sponds to the second discriminant function in
the first analysis (Table 6). The apparent
negative correlation between calcium content
and the thickness of the humus layer, as well
as the negative correlation between the total
contents of calcium and phosphorus have
been discussed by Valmari (1921), Wittich
(1939), Viro (1953) and Mikola (1955).

The positions of the cluster centroids along
the discriminant axes are presented in Fig. 9.
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Fig. 8. Position of the cluster centroids on each of the separate discriminant function sof Table 7. F1 is related to
canopy closure with —3.5 most open. F2 appears to reflect the moisture and nutrient gradient in the mineral soil.
F3 is associated with a high nutrient status of the humus laver. F4 is statistically non-significant but can be related

to F2 of Fig. 7.

The uppermost line diagramme indicates
that site fertility decreases in increasing order
of the rank numbers of the clusters (cf. Fig.
7). The most fertile sites have rich grass and
herb vegetation characteristic of cluster 1,
and the sites included in cluster 2 also indi-
cate a considerable level of site fertility. The
vegetational differences between clusters 3
and 4 can be attributed to the differences in
tree species composition; the fact that the
cluster centroids indicate that there is almost
equal fertility, provides further support for
this conclusion. Cluster 5 represents much
less fertile subdry and dry sites, and the
lichen-rich dry-and-poor sites of cluster 6
form the negative pole of the fertility gradient
in this material.

The second line diagramme (Fig. 9) shows
the positions of the cluster centroids along an
axis of decreasing canopy coverage. The
spruce-dominated stands of the clusters 1-3
are more shady than the pine-dominated
stands of clusters 46 (cf. Fig. 8). The third
axis separates the clusters partly differently
than the ecologically corresponding second
axis in Fig. 7. The thickness of the humus
layer decreases on moving from mesic to xeric

3

sites, with the exception that on the most
fertile sites (cluster 1) the uppermost soil
layer is composed of a mixture of mineral soil
and mull or moder instead of a sharply de-
lineated raw humus horizon.

5.5. Differences in stand productivity

It is assumed in the following that the site
index (Gustavsen 1980) is a reliable indicator
of site fertility, and is a measure of the poten-
tial capacity of the site to produce stemwood.
When determining the relationship between
the vegetation clustering and site index, the
former was treated as an independent class
variable and the latter as a continuous re-
sponse variable in two-way and one-way
analyses of variance. In the two-way analysis
the dominant tree species was treated as a
second factor, the cluster means for which
being adjusted in a multiple classification
analysis. This was done because the site in-
dex curves differ from one tree species to
another (Gustavsen 1980). The results of the
two-way analysis of variance with associated
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Table 8. The first four canonical discriminant functions and rotated standardized discriminant function coefficients of
the analysis of six clusters and the set of environmental variables, including canopy coverage and site index.

Canonical discriminant functions

Function Eigenvalue Percent of Canonical Wilks® Chi- D.F. Signifi-
variance correlation lambda squared cance
1 3.174 31 77.17 0.872 0318 0.461 197.42 52 0.0000
2 0.645 40 15.69 0.626 2957 0.759 70.44 36 0.0000
3 0.152 81 3:71 0.364 0816 0.875 34.18 22 0.0472
4 0.119 58 2.90 0.326 8120 0.979 5.37 10 0.8650
Rotated standardized discriminant function coefficients

Function 1 Function 2 Function 3 Function 4

PH 0.589 74 0.107 05 0.098 32 -0.237 33

SI 0.545 62 —0.086 06 0.293 23 0.085 69

N 0.319 80 0.082 64 0.074 23 -0.298 74

SHADE —0.006 61 0.966 51 -0.040 64 —-0.084 53

MDPS 0.238 95 -0.452 31 0.349 17 0.195 24

HDEP 0.161 40 -0.112 56 -0.751 37 -0.024 71

SA 0.034 22 0.000 16 -0.642 81 0.049 23

P 0.176 74 -0.010 49 0.306 03 0.11597

AHOR -0.211 32 0.128 38 0.294 37 0.253 75

FSAND 0.0.026 34 -0.077 96 0.608 84 0.887 01

CLAY 0.231 98 -0.019 91 -0.259 68 -0.488 89

STONES -0.325 16 0.458 47 0.164 00 0.481 08

LOI 0.058 94 -0.105 92 -0.019 84 0.349 93

WARM 0.027 54 —-0.203 91 -0.037 86 0.270 93

multiple classification analysis are given in
Table 9. In the one-way analysis of variance,
a posteriori contrast test (LSD) for the cluster
means was used when examining the differ-
ences between clusters. In order to avoid the
interacting effect of the different tree species,
the analysis was performed separately for
stands dominated by spruce and pine. The
results of the one-way analysis of variance
with associated tests are presented in Table
10.

As can be seen in Table 9, both of the main
sources of variation indicate significant effects
on the criterion variable. The interaction,
however, does not appear to be statistically
significant. The total mean of the site index
for the entire data set is about 250 dm. The
deviation of each class mean from this grand
mean is presented in the multiple classifica-

tion analysis (column on the left side). The
column on the right side represents the cor-
responding deviations adjusted for the effect
of the tree species on the site index value. The
adjustment naturally reduces the differences
between the clusters, diminishing the site in-
dex values of the spruce-dominated stands of
clusters 1-3 and increasing the values of the
pine-dominated stands of clusters 4-6. The
highest cluster mean occurs with fertile sites
of cluster 1; the somewhat lower mean value
of cluster 2 also indicates a considerable level
of site fertility. The adjustment removes the
clear difference between clusters 3 and 4:
when the effect of tree species is kept con-
stant, these two clusters indicate equal site
fertility. Markedly lower cluster means are
found with clusters 5 and 6, the latter being
somewhat less fertile.
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Fig. 9. Position of the cluster centroids on each of the separate discriminant functions of Table 8. F1 reflects site
fertility as indicated by site index and nutrient status of the humus layer, with most fertile sites on the positive side.
F2 is the same function as F1 of Fig. 8, being related to canopy closure mainly. F3 is associated positively with the

thickness of the humus layer and positively with the

total calcium content of the humus layer. F# is statistically

non-significant but can be approximately related to F3 of Fig. 7.

In the one-way analysis of variance (Table
10), the spruce and pine stands were analy-
zed separately. Since clusters 5 and 6 did not
contain any spruce stands, they were ex-
cluded from the comparison concerning
spruce stands. As can be seen from the result-
ing diagramme of the multiple ranges test, all
the clusters differ significantly from each
other and the cluster mean decreases in in-
creasing order of the rank numbers of the
clusters. Spruce obviously reaches its phy-
siological growth limits on dry-and-poor
sites. On mesic sites, the growth potential of
spruce seems to decrease almost linearly on
moving from rich vegetation types to poorer
ones. As regards the pine stands, clusters 5
and 6 differ significantly from all the other
clusters and form a fertility class of their own.
Cluster 1 differs significantly from all the
other clusters except for cluster 2. Other dif-
ferences between the clusters are statistically
non-significant. The results give the impres-
sion that there is a critical point, lying some-
where between subdry and dry sites, which
corresponds to some kind of threshold in the
site requirements of pine. The response of

pine to the increasing nutrient supply on
mesic sites is less marked than that of spruce.
On poorer mesic sites the growth potential of
pine is equal to that of spruce, while on fertile
sites spruce seems to be superior.

The different Cajanderian forest site types
can be related to site index classes: such
tables for different tree species are given in
Gustavsen (1980) and Vuokila (1983). The
average site index value for spruce in cluster 1
is 29 m; in the Finnish forest site type system,
the corresponding value comes between the
Oxalis-Mpyrtillus site type and nemoral forest
types. The group mean of cluster 2 is 27 m for
spruce. The corresponding Cajanderian site
type is the Oxalis-Myrtillus type. The group
mean for spruce in cluster 3 is 25 m, which
approximately corresponds to the Mpyrtillus
site type. The group mean of cluster 4 for
spruce is 24 m, which coincides with the
average value of the site index in the Myrtillus
site type; for pine, the group mean of 23 m
means that cluster 4 should be allocated to a
fertility class which is slightly better than the
Vaccinium site type. The group means for pine
in clusters 5 and 6 are 21 m and 19 m,
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Table 9. Two-way analysis of variance with multiple classification analysis using sample clusters (6) and dominant
tree species (2) as the independent variables and site index (dm) as the response variable.
Analysis of variance

respectively. These site index values come ly in increasing order of site fertility (see
between the Vaccinium and Calluna site types Table 5). Probable additional determinants
in the Cajanderian system. of pattern in the tree stratum include silvicul-

tural activities which, in commercial forests,

Table 10. One-way analysis of variance with multiple range tests (LSD, p = 0.05) done separately for pine and spruce
stands using sample clusters (6) as the independent variable and site index as the response variable.

Multiple range test

SPRUCE STANDS
Multiple range test

of the soil alone explain the most important
discriminant function in Table 6. However,
when a “secondary” site factor, canopy
coverage, is incorporated as an environmen-
tal variable, it constitutes the most important
discriminant function without having any
close connections with the fertility charac-
teristics (Table 7). Only when additional in-
formation provided by the site index is incor-
porated as a measure of potential productivi-
ty, does the “fertility gradient” reflected in
site index and some chemical properties of

Source of variation Sum of squares DF Mean square F Significance may change the natural balance between dif-
5.6. Ecological gradients and site factors ferent vegetation strata. In undisturbed,
Main effects 241 468.188 6 40 244.699 41.61 0.000 natural forest stands, a particular type of
Cluster 88 939.453 5 17 787.891 18.39 0.000 Attempts were made in the present study understorey vegetation may be associated
Tree species 11 590.536 1 11 590.536 11.98 0.001 to analyze ecological gradients and their sig- more decisively with a particular tree species
2-way interactions 5 028.656 4 1257.164 1.30 0.271 nificance in controlling forest vegetation. In-  composition, both depending upon the same
Explained 246 496.844 10 24 649.684 2549 0.000 terpretations of discriminant and ordination primary site factors (Cajander 1949). In gen-
Residual 249 523.625 258 967.146 analyses were used for this purpose. As re- eral, a clear series was found in the present
Total 496 020.469 268 1850.823 gards the discriminant analyses, it is assumed  study in the nutrient regime of the humus
that each of the set of variables discriminat- layer from the most fertile to the most infertile
) o A ing between the vegetation clusters reflects an  cluster (1-6). As regards the light conditions
Multiple classification analysis underlying ecological gradient which can be as controlled by canopy closure, the clusters
Grand mean = 249.86 interpreted from the discriminant function are roughly ranked in the same order, but
_ i coefficients. In the case of the ordination constitute a somewhat different pattern in
& “;‘:‘2:1‘:“ = e A:(Ji:::dd[:vria(inn fewa analyses, the major ordination axes are inter- comparison with the fertility gradient (Tables

pe preted indirectly using species scores and pre-  6-8).
vious knowledge (e.g. Kujala 1926a, 1926b, It should be noted here that site index is
1 66 35.69 29.73 Ellenberg 1974) about the species’ prefer- computed from the dominant height and do-
9 46 20.58 14.98 ences and environmental requirements. Both  minant age of the tree stand. Itis in fact a tree
3 80 _5.92 _7.97 approaches are explanatory rather than con- stand characteristic, but is assumed here to
4 28 _18.54 _7.63 firmatory; in other words, no a priori hypoth-  reflect primarily the soil properties and is
5 2 _45.50 _34.76 eses were postulated for empirical confirma-  therefore treated operationally as a measure
6 2 5115 _38.80 tion (cf. Kuusipalo 1984a, 1984b). of site fertility. The most important individu-
0.68 0.53 Both approaches provide some support for al components of the fertility factor are the
the concept of ideal unidimensionality im- pH and the total contents of nitrogen and
! plied in the Finnish forest site type system: phosphorus in the humus layer (Tables 6 and
Pine oot 52999 gl gradient of “soil fertility” seems to be of 8). The pH is an overall variable which is
Spruce Loy o) - ik s major importance. The chemical properties connected with many chemical, physical and

biological soil processes (Jansson 1978). It is
known from fertilization experiments that nit-
rogen is a limiting factor for growth in upland
forests (Tamm & Carbonnier 1961, Viro
1967, Kukkola & Saramaiki 1983). On the
other hand, the positive association of the
phosphorus content is somewhat surprising
since phosphorus has not been found to fol-
low the fertility series of the Finnish forest site
types (Valmari 1921, Viro 1951, 1953, Urvas
& Ervio 1974). Kukkola & Saramaki (1983),
however, have reported that phosphorus ad-

Mean 6 4 3.2 Cluster Mean 2 1 the soil exceed the explanatory value of ded together with nitrogen fertilization im-
6 198.71 4 218.25 canopy coverage (Table 8). The apparent proves the growth of spruce stands and that
5 205.22 3 248.25 independence of canopy coverage of soil fer-  the effect of phosphorus becomes proportion-
4 230.50 * 2 274.81 tility is probably partly a result of different ally more important as the fertility of the site
3 233.80 : 1 288.52 & tree species composition in the different clus- increases. It is important to remember that a
2 234.60 s ; . ters; the clustering appears to be somewhat considerable proportion of the annual nut-

Analysis of variance . . 5 s .

1 255.83 A 7 F = 16.798*** n = 165 bipolar, spruce-dominated stands being con-  rient consumption of the stand may be bound

Analysis of variance

n = 104

fined to clusters 1-3 and pine-dominated
stands to clusters 4-6. On the other hand, e.g.
stand density seems to increase almost linear-

by the grass and herb vegetation on fertile
soils (Mélkonen 1977). As emphasized by
Sepponen (1985), the humus layer is itself a
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product of the plant community, and it is
therefore only natural that its nutrient con-
tents are well adapted to the composition of
the plant community.

The thickness and type of humus layer
combined with the degree of paludification
appear to be the most significant additional
environmental gradient. This gradient can be
identified from ordinations (Tables 3 and 4,
Fig 4) as the second DCA axis and from
disriminant analyses (Tables 6 and 8, Figs. 7
and 9). In the ordination analyses, this gra-
dient seems primarily to separate a subset of
paludified sample plots from the remaining
material confined to genuine upland forest
sites. In the discriminant analyses, a gradient
ranging from sites characterized by a thin
humus layer to those with thick, poorly de-
composed deposits of raw humus can be iden-
tified. The thickness and type of humus layer
depends primarily on the composition of veg-
etation itself. The microclimatical conditions
(moisture and temperature) in spruce stands
significantly reduce the degree of decomposi-
tion (Aaltonen 1932). The soft leaves of de-
ciduous trees and bushes and the remains of
herbs and grasses decompose more readily
than coniferous needles and the litter from
dwarf-shrubs and mosses (Hesselman 1926,
Mikola 1955). In general, the thickness of the
humus layer increases on moving from dry to
moister clusters. According to Soyrinki & al.
(1977) and Sepponen (1985), the humus
thickness is greatest on damp site types and
decreases on moving to more dry site types.
In this study, the calcium content was found
to be strongly negatively associated with the
thickness of humus layer. However, as can be
seen from Table 5, the total amount of cal-
cium follows the pattern of fertility gradient
implied in the vegetation clustering. The
negative association is a result of the skewed
distribution of calcium content in the pre-
sented material: lime-rich soils are confined
mainly to cluster 1, which represents de-
manding, rich grass and herb vegetation and
is characterized by rapid and efficient litter
decomposition and, thus, by a low level of
raw humus accumulation. Accordingly, the
corresponding discriminant functions are
biased by the calcium content and humus
thickness distributions of the soils included in
this study (cf. Table 5).

Among the properties of mineral soil, the

volume percentages of stones (Viro 1947) and
fine-textured particles (<0.06 mm) seem to
be associated with the fertility gradient
(Table 7). The latter textural characteristic of
mineral soil is associated primarily with aera-
tion and moisture conditions (Sepponen
1981). In general, it has been concluded that
the more fertile sites are to be found on soils
with a finer than average texture, and the
more infertile ones on the more coarse-tex-
tured soils (Ilvessalo 1933, Urvas & Ervio
1974, Sepponen & al. 1982). The results of
the present study support these conclusions
(see Table 5). It has earlier been demons-
trated that stoniness has a considerable effect
on tree growth (Viro 1947), and is generally
used as an additional attribute in site fertility
estimation (Kuusela & Salminen 1969). Ac-
cording to Viro (1953), a small proportion of
stones in mineral soil probably increases soil
fertility due to its effect on soil aeration and
temperature. However, when the relative
abundance of stones exceeds 20 %, it starts to
reduce soil fertility. This is mainly due to the
fact that stones decrease the volume occupied
by the small soil particles which constitute
the major source of nutrients for plants. In
comparison with the fertility characteristics
of the humus layer, however, these associa-
tions in the present study appear to be weak
and statistically less significant.

In previous studies, no apparent relation-
ships has been found between the superficial
deposit type and the forest site type (Ilvessalo
1933, Aaltonen 1941, Urvas & Ervio 1974,
Sepponen & al. 1982). As emphasized by
Sepponen (1985), site properties of sorted
soils can only partly be determined on the
basis of geological processes, and till soils
would presumably be even more difficult to
analyze in this respect (see also Saarnisto &
Peltoniemi 1984). The present study material
is confined majorly to till soils, and the results
support the conclusions made in earlier
studies: each forest vegetation type can occur
on almost any superficial deposit type (Table
5). However, sorted, sandy soils with low
percentage of finetextured particles are par-
ticularly characteristic of cluster 6, which
represents the most xerophilous vegetation in
this material. Thickness of the superficial de-
posits naturally affects the moisture condi-
tions; shallow soils are particularly charac-
teristic of sample plots included in cluster 5,

which also represents xerophilous vegetation.

In general, the forest vegetation is gov-
erned by many environmental factors simul-
taneously, the effects of which are only partly
independent of each other. According to the
results of this study, the nutrient gradient
seems to be of major importance. Nutrient
status is reflected in the pH and the nitrogen
and phosphorus contents of the humus layer
and is, of all the factors, most closely con-
nected to site fertility estimated with the help
of site index. On the other hand, the nutrient
contents for the mineral soil do only partly
follow the same pattern and appear to indi-
cate statistically weakly significant associa-
tions with the vegetation clustering. Similar
results have been reported also by Urvas &
Ervio (1974) and Sepponen (1985). There
may be many reasons for these results. The
soils of different geological genesis differ from
each other as regards their structural and
textural properties. These properties presum-
ably regulate, in turn, the long-term proces-
ses fashioning the ecosystem as follows: there
may be no statistically significant differences
in chemical properties in different types of
mineral soil, but because they differ from
each other in terms of physical properties,
chemical differences in the humus layer de-
velop during the development of different
types of site (Sepponen 1985). There are also
minerological differences in the parent mate-
rial of the soils in different areas. This is
presumably especially apparent as regard the
differences in calcium content between the
sites included into cluster 1 and the remain-
ing ones. As the physical and other differ-
ences are derived from geological patterns
and processes, these are in the end also the
causal agents for the differences in the chemi-
cal properties of the humus layer. The nut-
rient status is obviously also connected to the
moisture regime, since the vegetation cannot
utilize nutrients unless they are in a soluble
form. In addition to the structural and textur-
al properties of the mineral soil, moisture
regime is also governed by many topogenic
factors. On mesic sites, a shortage of water
seldom plays an important role in controlling
the nutrient availability. On the other hand,
the moisture regime clearly separates xeric
sites from mesic ones. This dichotomy ap-
pears to correspond to the major division of
the vegetation data set as presented in Fig. 6.
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5.7. Ecological site classification

In the following, the ecological conditions
typical of each of the six clusters defined by
vegetation classification are described in gen-
eral terms. The vegetation clusters are thus
described as ecological habitat types. The
term “habitat type” is used here to charac-
terize a group of sites which show similarities
in tree stand properties, vegetation composi-
tion and soil conditions simultaneously. The
concept of “site type” is used in the strict
sense of productive capacity level (Keltikan-
gas 1959). Neither of the terms is comparable
with plant community type or any other phy-
tosociological unit. The habitat types de-
scribed in this chapter are operational units;
no attempt is made to define new forest site
types sensu Cajander (1949). The relation-
ships between these operational units and the
Finnish forest site types are, however, briefly
discussed. The major aim is to determine the
most apparent environmental discontinuities
(if any), which underly the vegetation classifi-
cation produced using TWINSPAN. An ad-
ditional aim is to constitute a hierarchical
scheme for distribution of the forest vegeta-
tion under consideration.

First, ecological descriptions of the six ma-
jor clusters are briefly summarized. The de-
scriptions are mainly based on the vegetation
table in the Appendix, Tables 5-10 and Figs.
3-9. One important thing to remember is that
there is a considerable amount of between-
cluster overlap in the soil and other ecological
characteristics due to the random sampling
procedure and inclusion of the complete data
set into the vegetation classification. In addi-
tion, each cluster can be distinguished into
several different subtypes of forest habitats.

Cluster 1 is generally characterized by a
rich herb and grass vegetation, which in-
cludes many demanding nemoral forest
plants. The average number of species is
large, and although ericous dwarf-shrubs and
forest mosses are common, they are less
abundant and occur rather sparsely. This
cluster is phytosociologically relatively
heterogeneous, consisting of several more or
less fragmentary habitat types, e.g. nemoral
habitats on brown soils and on fine-textured
aeolian  deposits, herb-rich  paludified
habitats, etc. However, major part of the
sample plots included in cluster 1 is confined
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to relatively fine-textured and stone-free till
soils and is characterized by a spruce-domi-
nated tree stand with a dense canopy. Mull
and moder are the prevailing types of humus
instead of mor (for terms, see Jones & al.
1983, p. 50). The calcium content of the soil is
high, and there is a plentiful supply of other
nutrients, too. In terms of the Finnish forest
site type system, this cluster covers the range
from nemoral forest types to site types prob-
ably more fertile than the Oxalis-Mpyrtillus ty-
pe in average.

Cluster 2 is characterized by a moderately
rich herb and grass vegetation combined with
an abundance of Vaccinium myrtillus. The moss
cover is more continuous than in the preced-
ing cluster. Cluster 2 includes habitats
characterized by a considerably high degree
of paludification. The major habitat type in
this cluster, however, is not paludified to a
high degree, although there are indications of
a considerable amount of moisture. Dense
spruce stands are typical to the sample plots
included in this cluster. Instead of mull and
moder, mor is the typical form of thick humus
layer characteristic of cluster 2. This type
occurs most often on rather fine-textured but
relatively stony till soils, although it is also
quite common on deposits of silt and finer
sand. The total amounts of nitrogen and cal-
cium in the humus layer are considerably
high, but the average pH is much lower than
in the preceding cluster, presumably due to
the larger amount of humic acids in the raw
humus layer. In the Finnish forest site type
system, this cluster would approximately re-
present the Oxalis-Myrtillus site type.

Cluster 3 constitutes the most homogene-
ous habitat type of all the clusters, and does
not include many paludified or markedly dry
sites. The general character of vegetation
within this cluster approaches that of the
spruce-dominated Mpyrtillus site type forests
described in forestry textbooks. The vegeta-
tion is clearly of mesic character, but de-
manding forest plants seldom occur and the
number of species is lower than in the preced-
ing clusters. Ericous dwarf-shrubs, particu-
larly Vaccinium myrtillus, predominate in the
field layer, while a more or less continuous
cover of Pleurozium schreberi, Hylocomium splen-
dens, Dicranum majus and D. polysetum domi-
nates the bottom layer. Sites included in this
cluster are confined mainly to relatively

coarse-textured till soils, although they often
also occur on sandy soils. Thickness and acid-
ity of the humus layer approach that of clus-
ter 2, and mor is the typical form of humus.
The total amount of nitrogen is lower and the
total amount of calcium much lower than in
the preceding cluster. The stands are dense
and mostly spruce-dominated, although pine-
dominated stands are also common.

Cluster 4 is generally characterized by
vegetation of a relatively mesophilous charac-
ter, which manifests in an abundance of
many relatively moisture-demanding herbs
and other plants. However, an abundance of
ligh-demanding,  relatively  xerophilous
dwarf-shrubs (Vaccinium vitis-idaea and Calluna
vulgaris) and forest mosses (Pleurozium schreberi
and Dicranum polysetum) are the characteristic
features of the vegetation. This cluster is mar-
kedly heterogeneous, consisting of many frag-
mentary habitats: it includes e.g. genuine
subdry sites, relatively fertile sites on dry
esker slopes, heterogeneous habitats on shal-
low soils with both extremely dry lichen-rich
patches and even paludified patches in depre-
ssions and crevices, etc. A considerable prop-
ortion of the sites in cluster 4 is confined to
sandy soils, indicating affinities with the esker
slope vegetation, but the major part to rela-
tively coarse-textured and stony till soils. One
third of the sample plots are located on shal-
low soils in the vicinity of exposed bedrock.
However, the sites included in cluster 4 indi-
cate obvious similarities not only in vegeta-
tion characteristics but also in ecological
terms. The average pH equals to that of the
preceding cluster, but the total amounts of
nitrogen and calcium are somewhat lower,
probably due to a thinner layer of raw
humus. Pine is dominant and the stand de-
nsities are comparatively low. Microclimati-
cal and light conditions therefore differ con-
siderably from those characterizing the pre-
ceding cluster, largely explaining the appa-
rent differences in vegetation composition
and character of humus layer. In the Finnish
forest site type system, this cluster would
approximately represent the pine-dominated
Myrtillus site type.

The xeric sites included in cluster 5 indi-
cate somewhat moister conditions than those
in the subsequent cluster, as reflected in the
greater abundance of certain grass and herb
species (e.g. Deschampsia flexuosa, Calamagrostis

arundinacea and Luzula pilosa). Terricolous
lichens are common, but Pleurozium schreberi
and Dicranum polysetum predominate in the
bottom layer. Calluna vulgaris, Vaccinium vitis-
idaea and Vaccinium myrtillus dominate the field
layer. The sites of this cluster are confined to
coarse-textured till soils, but more than half
of them are located on shallow soils in the
vicinity of exposed bedrock. The last-men-
tioned habitats are markedly heterogeneous
and may include patches in depressions and
crevices, which vegetationally resemble quite
closely the genuine mesic sites, and patches
on which lichen-dominated rock outcrop
communities occur. Pine is dominant and the
stand densities are low. The characteristics of
soil indicate markedly lower fertility than
that of the preceding cluster and, according
to the site index values, cluster 5 would be
placed between the Vaccinium and Calluna site
types.

The sites included in cluster 6 indicate
extremely dry conditions. The number of
species is low; xerophilous plants such as
terricolous lichens predominate, and grasses
and herbs are infrequent. Pine is dominant
and the stand densities are very low. Al-
though the sites included in this cluster are
confined largely to sandy soils, presumably
on coarse-textured glaciofluvial formations,
they do also occur on coarse-textured till soils
characterized by a considerable stoniness.
The characteristics of soil indicate lower fer-
tility than that of cluster 5. In the Finnish
forest site type system, this cluster would
represent the Calluna site type. Since many of
the sample plots included in cluster 6 occur
on similar soils than sites included in cluster
5, it is possible that vegetational differences
between these two clusters are partly topo-
genic. The xeric sites in cluster 6 may thus
include lichen-dominated habitats of south-
ern aspects and upper slopes on coarse-tex-
tured till soils, while the xeric sites within
cluster 5 may respectively include more
mesic, lichen-rich but moss-dominated
habitats of northern aspects and lower slopes
on corresponding soils (see Oksanen 1983).

The major division in the forest vegetation
of southern Finland lies, according to the
present material, between mesophilous and
xerophilous vegetation (Fig. 6). The most
unambiguous criteria used in distinguishing
between these two major types of vegetation
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are a frequent occurrence of Maianthemum
bifolium, Melampyrum sylvaticum and other
forest herbs and grasses on mesic sites, and
an abundance of Vaccinium vitis-idaea and Cal-
luna vulgaris and frequent occurrence of Cladi-
na lichens on xeric sites. The variation in the
tree species composition may, however, cause
confusion in distinguishing between these
major ecological habitat types: a predomi-
nance of pine reinforces the xerophilous
character of the vegetation. Instead of ericous
dwarf-shrubs and light-demanding mosses
(e.g. Dicranum polysetum), one ought to pay
attention to the herb and grass vegetation, as
well as to the total number of species, when
allocating pine-dominated stands into either
the mesic or xeric site categories (cf. Ap-
pendix).

This major division of the vegetation clas-
sification is reflected in most of the axes pro-
duced by the discriminant analyses. If the
division is compared simultaneously with all
of the discriminant functions, we gain the
impression that the underlying environmen-
tal discontinuity is connected to the moisture
regime. Owing to the differences in tree
growth (Tables 9-10), this division by vege-
tation characteristics also represents an im-
portant threshold: mesic sites (clusters 1-4)
approximately cover the fertility range where
spruce occurs as a forest-forming tree. There
are obviously many causes for the lower mois-
ture content of the xeric sites. Vegetation of
xerophilous character very often occurs on
sorted, sandy soils, but also on coarse-tex-
tured till soils. In addition to the textural
properties of the soil, topogenic factors evi-
dently affect the moisture regime. However,
no apparent underlying environmental dis-
continuities were found on the basis of the
present material. Vegetation growing on
shallow soil often constitutes a mosaic pattern
of patches characterized by considerably dif-
ferent plant communities. As can be con-
cluded from the above, it is very difficult to
use soil and other environmental characteris-
tics as the sole criteria in distinguishing bet-
ween mesic and xeric sites. On the other
hand, the plant cover appears to be a very
useful basis for classification in this respect.

In the further division of mesic sites (clus-
ters 1-4) the vegetation composition changes
gradually in accordance with increasing fer-
tility. The number of demanding herb, grass
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and moss species increases, while the domi-
nance of ericous dwarf-shrubs and common
forest mosses (Pleurozium schreberi, Hylocomium
splendens and Dicranum spp.) weakens. It
would appear that the mesic habitat types
distinguished with the help of the TWIN-
SPAN classification can be divided into at
least three fertility classes on the basis of
rather unambiguous vegetation criteria.
Hierarchically speaking, mesic sites can first
be divided into rich sites (clusters 1-2) and
damp sites (clusters 3—4). These two types of
habitats can be distinguished from each other
on the basis of the diversity, occurrence and
abundance of forest herbs and ferns, of which
the most indicative ones are Dryopteris carth-
usiana, Oxalis acetosella and Maianthemum
bifolium (when abundant) (see Appendix).
Clusters 1 and 2 appear to constitute different
fertility classes, whereas clusters 3 and 4 have
almost equal fertility but a different tree
species composition.

Identification criteria for the habitats rep-
resenting the most fertile sites (cluster 1) are
an abundance of Oxalis acetosella combined
with a plentiful occurrence of demanding
herbs such as Carex digitata, Viola riviniana,
Melica nutans and Fragaria vesca. However,
under a very dense canopy a plentiful abund-
ance of Oxalis acetosella alone can be used as
an identification criterion, since less shade-to-
lerant species may be totally absent. Moder-
ately fertile sites (cluster 2) are characterized
by a greater abundancy of ericous dwarf-
shrubs (particularly Vaccinium myrtillus) and
by a more continuous moss cover. Vaccinium
myrtillus, Pleurozium schreberi, Hylocomium splen-
dens and other common, relatively indifferent
forest plants seem to prefer soils with a thick
raw humus layer, whereas herbs and grasses
in general usually prefer fertile soils with a
less acidic humus layer.

Clusters 3 and 4 apparently represent the
Mpyrtillus site type forests; these two clusters

also form a fertility class in which both pine
and spruce generally occur as forest-forming
trees. It is therefore important to distinguish
between the vegetational features which dis-
criminate between pine and spruce-domi-
nated mesic sites and, on the other hand,
between mesic and xeric sites dominated by
pine.

The major division within xeric sites passes
between moss-rich (cluster 5) and lichen-rich
(cluster 6) habitat types. In general, the dif-
ferences in nutrient regime between these two
clusters seem to be weakly associated with
differences in potential stand productivity
(see Tables 9-10), probably because the shor-
tage of water, instead of the nutrient level, is
the main limiting factor for growth.

Generally speaking, the clusters seem to
form three distinct groups in terms of stand
productivity and nutrient regime: the least
productive, nutrient-poor and dry sites rep-
resented by clusters 5-6, the intermediate
sites represented by clusters 3—4, and the
most productive, nutrient-rich sites rep-
resented by clusters 1-2. This division is
rather consistent with the division of forest
sites into major site classes in the Finnish
forest type system: dry (and subdry) sites,
damp sites and rich sites (Kuusela & Salmi-
nen 1969). The results show that the main
direction of variation in the forest vegetation
pattern can be explained by an underlying
gradient that mainly reflects nutrient availa-
bility. In addition, there evidently exists more
or less sharp discontinuities in the vegetation
continuum. On the basis of the present mate-
rial it was not possible to recognize unambi-
guously any environmental discontinuities
underlying the apparent discontinuities in the
vegetation pattern. However, the most appa-
rent one is presumably connected to the fun-
damental difference in the moisture regime
between the mesic and xeric sites.

6. DISCUSSION

6.1. Methodological appraisal

Selection of the method to be used in vege-
tation analysis is connected to the user’s con-
cept of plant community (Mueller-Dombois
& Ellenberg 1974, pp. 22-30) and to the
intended use of the results (Goodall 1978a,
pp. 276-279). Both discrete and continuous
multivariate techniques are applied to a com-
munity data matrix with scores for species in
a set of samples in order to describe and
interpret an underlying structure that is im-
plicit in the data but not easily recognized in
the matrix (for terms, see Noy-Meir & Whit-
taker 1978). Most classification techniques
assign samples and species to units which are
assumed to be discrete or discontinuous with
one another. In contrast, ordination techni-
ques arrange samples and species in relation
to several continuous, latent variables and
express the compositional similarities of sam-
ples and species in a simplified and con-
densed form.

Agglomerative clustering methods (Goo-
dall 1978a, Gauch 1982), which are mostly
based on measures of similarity and dissimi-
larity between samples (Goodall 1978b), are
often applied in vegetation classification.
These techniques, however, cannot solve so-
me of the fundamental problems involved in
classifying continuosly intergrading commu-
nities (see Whittaker 1962). They begin by
examining close pairs of individual samples
and the small differences in distances bet-
ween samples. This implies one important
limitation: attention is focused on the aspect
of data which is primarily either noise, or
consequent on sample density (Gauch &
Whittaker 1981). As emphasized by Lambert
& al. (1973), the topmost divisions are criti-
cal in hierarchical classifications and all the
available information should be used to make
them. In agglomerative techniques, however,
the amount of information declines as the
clustering process progresses because once an
individual sample is incorporated in a certain
group it is no longer compared to samples
included in other groups. According to

Gauch & Whittaker (1981), placing the emp-
hasis on the comparison of individual samp-
les would be more justified if data structures
were naturally clustered, i.e. forming distinct
clouds in dissimilarity space. However, the
community data are usually relatively conti-
nuous, and consequently the clustering is im-
posed.

Ordination methods characteristically be-
long to the continuum approach to vegetation
analysis (Whittaker & Gauch 1978, Gauch
1982). The fundamental question in the eco-
logical interpretation of vegetation analysis is
how to relate community variation to envi-
ronmental measurements. Often the interpre-
tation is made intuitively, using none or only
a few environmental characteristics to sup-
port more or less circular conclusions prima-
rily based on common sense and ecological
experience, e.g. in those cases where ordinati-
on axes are interpreted on the basis of the
known ecology of species at the poles of the
axes (Whittaker 1973, Dale 1975, Persson
1981, see also Chapter 5.1. in this study). The
ordination axes are often orthogonal by defi-
nition, whereas the effects of environmental
factors are seldom independent (however, see
Oksanen 1985). Furthermore, the abundan-
ces of species are known to be primarily
related to environmental gradients through
nonlinear functions (Orléci 1978, Green
1979). Attempts to relate ordination axes di-
rectly to environmental gradients are therefo-
re bound to fail in many ecological situations
(Green 1979, pp. 205-217). The most conve-
nient way of exploring the relationships be-
tween vegetation and the environment is by
classification of the samples and subsequent
identification of the set of environmental con-
ditions that prevails in each class (Green &
Hobson 1970, Green & Vascotto 1978).

Ordination methods are often applied in
sample classification using a visual procedure
consisting of the following steps: stand ordi-
nation and graphical presentation of the
sample points in ordination space, looking for
distinct clouds of points (if any), and chec-
king their discreteness according to floristic
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composition. Two- or three-dimensional solu-
tions are most often used. According to Krus-
kal (1977), visual dissection of an ordination
space is not a good approach to classification
because distances in ordination space do not
correspond to actual ecological distances bet-
ween samples. Furthermore, if the vegetation
data consists (for instance) of two discrete
clusters, the first ordination axis would sepa-
rate them, but on subsequent axes the main
directions of variation (presumably different)
would be confounded with each other (Noy-
Meir & Whittaker 1978). An additional di-
sadvantage in the operational grouping by
ordination is the general problem of defining
unambiguous and practical criteria for allo-
cating individual samples into the groups.
Oksanen (1985), however, reports some pro-
mising recent developments in the cluster-
seeking ordination.

In the present study, the vegetation types
are seen as arbitrary segments of community
gradients; these segments of the gradients are
used as operational groups in approaching
ecological site classification. The groupings
should therefore be ecologically meaningful
when tested by appeal of the external infor-
mation provided by environmental measure-
ments. Furthermore, to be practical the
groups must also be identifiable in the field,
not only in an unique data set. The groupings
should therefore contain unambiguous crite-
ria for reliable allocation of individual stands
into the groups. Since the groups are derived
from vegetation continua, i.e. they are impo-
sed by the clustering technique but are not
necessarily intrinsic in the data, the allocati-
on process is essentially probabilistic rather
than deterministic. However, it is assumed
that although the samples are relatively even-
ly spread out through the species space, in
some regions the clouds of sample points are
relatively dense and in others relatively spar-
se. The boundaries between clusters must
therefore be drawn through the sparsest regi-
ons. Hence it follows that the groupings
should compose a hierarchical system: the
probability for misclassification is smaller at
the topmost levels of classification, and incre-
ases on moving towards the more detailed
classification (Gauch & Whittaker 1981).
Furthermore, hierarchical clustering techni-
ques define the relationships among the clus-
ters, too. In addition, dendrogrammes always

imply high-dimensional configurations; con-
sequently, hierarchies are intrinsically app-
ropriate for high-dimensional data structures
underlying most of the real community data
(Holman 1972).

The method which best fulfills the require-
ments for the method to be used in this study
is TWINSPAN. This method reconciles the
practical need to form vegetation classes for
operational purposes with the reality of vege-
tation continua by using ordination to classify
both samples and species into clusters which
are ordered hierarchically. In comparison
with agglomerative clustering techniques,
TWINSPAN is robust since it is only mildly
affected by sample error or noise and the
removal or addition of samples. The usually
better results and greater robustness of
TWINSPAN are due mainly to its emphasis
to use ordination for an overall view of the
data structure rather than preoccupation
with details; all the available information is
used to make the critical topmost divisions.
In this study, TWINSPAN produced roughly
similar topmost divisions in all of the three
separate classifications (Figs. 3, 5, 6, also
Kuusipalo 1983b) although the sample size
varied considerably. As listed by Gauch &
Whittaker (1981), advantages of TWINS-
PAN are: (a) it uses the original vegetation
data rather than a secondary resemblance
matrix, (b) it clusters species as well, and (c)
it produces a re-ordered data matrix. Further
advantage of TWINSPAN is that it also pro-
vides a tool to develop a successive key for
definition of operational vegetation units; in
this respect, TWINSPAN has been used very
succesfully in forest ecosystem classification
studies in Canada (Jeglum & al. 1982, Jones
& al. 1982).

TWINSPAN evidently has some draw-
backs which have restricted its use among
ecologists. First, divisive classification is not
necessarily the “natural” classification of ob-
jects and attributes. The first ordination axis
should perhaps be divided into three equally
important clusters instead of the two produ-
ced by divisive clustering. Secondly, TWINS-
PAN is seen to be relatively sensitive to chan-
ges in programme parameters, particularly to
the alternations of the pseudospecies cut le-
vels. However, it is not necessary to use any
technique mechanically. As in the present
study, one can divide the data set initially

into subsets and then reclassify each or some
of them separately. Definition of the prog-
ramme parameters is a question of the phyto-
sociologist’s choice of the characteristics he
uses to derive clusters from continuous data.
As in any “objective” numerical method, so-
me subjectivity is needed in defining the
programme parameters as well as in the final
compilation of the results. The optimal level
of classification, the number of clusters and
details affecting desirable locations of boun-
daries are then controlled by the ecologist. As
stressed by Oksanen (1984), the ecologist
cannot hide behind “objective” numerical
methods since he must be responsible for his
results.

It is generally known that if the sampling is
stratified according to previously defined veg-
etation or site types, the within-type variation
in vegetation composition, as well as in en-
vironmental characteristics, is essentially
smaller than in the case when a random
sampling procedure is used (Brenner 1921,
Dahl & al. 1967, Green 1979). It is obvious
that this strengthens the belief in distinct
plant communities. Stratified sampling is also
often biased in favour of some factor, which is
presumably dominant and therefore also ap-
pears to be dominant. Due to the fact that a
random sampling procedure was used, all the
intermediate variants between the forest ty-
pes are represented in the present material,
and no a priori hypotheses about presumable
gradients were postulated. In spite of this, the
divisions at the first levels of classification
indicate surprisingly clear vegetational differ-
ences and reflect a clear dominant environ-
mental factor underlying the vegetation dis-
tribution. In general, an overall view of the
data set suggests that although the forest
vegetation intergrades continuously, there
are evidently rather steep discontinuities
which distinguish between essentially differ-
ent habitat types.

A hierarchical classification system seems
to permit more precise definition of the en-
vironmental conditions underlying the vege-
tation distribution than does nonhierarchical
classification by site types. It also avoids the
drawbacks of the fundamental unidimension-
ality of the Finnish forest site type system
since it has the capability to consider different
ecological gradients at different levels of clas-
sification. For example, stands can be first
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allocated into fertility classes by their mois-
ture regime, secondly by their nutrient condi-
tions, and at last according to their dominant
tree species. In other words, clustering
hierarchy implies a multidimensional data
structure. The divisive method of hierarchical
classification also permits the reduction of
species to be taken into account simultane-
ously, because the classification proceeds suc-
cessively from the main division to the subse-
quent levels. However, such a successive divi-
sion soon leads to subtle and obsure cluster-
ings which can neither be interpreted ecologi-
cally nor identified in the field. Since one of
the major aims of the present study is to
develop an applicable key for allocating
stands into operational groups representing
different site conditions, these finer features
are unimportant in relation to the topmost
divisions. The overall pattern of major differ-
ences in vegetation composition that are sig-
nificantly related to differences in the en-
vironmental gradients is just what the forest
site type classification seeks to express.

Any model that assumes a linear relation-
ship between species’ success and environ-
mental variables is inappropriate for methods
relating the biological data to the environ-
mental data (Green 1979). Such a relation-
ship is also assumed by multivariate methods
such as canonical correlation, principal com-
ponent and factor analyses when both biotic
and abiotic variables are included in the same
analysis. However, linear structural model-
ling such as in LISREL (Joreskog & Sérbom
1981) seems to provide an effective tool to
handle both biotic and abiotic factors simul-
taneously in a causal context (Kuusipalo
1984b). In the present study the first stage of
the analysis was the efficient reduction of
species abundance data by means of divisive
clustering. The resulting clusters are charac-
terized by relatively homogeneous species-
assemblages that ought to be related in some
manner to the environmental variables. A
very simple approach is to carry out a one-
way analysis of variance for each environ-
mental variable (Table 10, see also Green &
Hobson 1970), or for linear combinations of
the environmental variables (Kuusipalo
1983b), in order to determine whether the
clusters differ significantly from each other in
their mean values on these measured or latent
variables.
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Evaluation of the significance of cluster
separation and interpretation of this separa-
tion was done in the present study using
canonical discriminant analysis. There are,
say, two clusters of samples, A and B, each
presumably with a different species composi-
tion, and a set of environmental variables,
say, x; and X,. In such a simple case, the
discriminant function is the linear combina-
tion byx; + byx,=0, with the bj such that the
separation of the clusters is maximized. If]
say, by>b,, the conclusion is that the environ-
mental variable x, contributes more to the
separation. Thus the assumed linear relation-
ship is among the environmental variables,
but not among the biotic variables nor bet-
ween the biotic and environmental variables.
The distribution of the biotic variables (the
species-assemblage sample clusters) on the
environmental variables is assumed to be
roughly multivariate normal. However, if no
formal tests of significance are made, even
this assumption is unimportant (Morrison
1969). In the present study, a stepwise vari-
able selection procedure was used (see Chap-
ter 4.2.). It should be noted, however, that
the method used in variable selection not
necessarily involves any correct ranking with
correlated variables (Green 1979, p. 117).

The relationship between vegetation clus-
ters and the environmental conditions they
characterize can now be studied by plotting
the clusters in the reduced discriminant
space. Usually the individual samples be-
longing to different clusters are plotted and
the configuration is examined in order to see
whether and how well the functions discrimi-
nate between the clusters of samples. In the
present study, however, the material and the
clusters into which the samples were assigned
were so large that a visual display of all the
samples plotted against discriminant axes
would be confusing rather than informative.
For this reason, only the cluster centroids
were plotted. This is not a statistically satis-
factory procedure, because the between-clus-
ter overlap is not shown and significance can
not be evaluated by visual display nor by
formal tests. Thus the display is of explanat-
ory value only (cf. Bradfield & Scagel 1984).

The confounding of variables is often
characteristic of spatial relationships between
biotic and environmental variables. This usu-
ally arises as a result of strong intercorrela-

tions of environmental variables (Eisenbeis &
al. 1973, Green 1979). Descriptive field
sampling alone cannot show whether a statis-
tical relationship between a species distribu-
tion and, say, soil texture has a direct causal
basis (Grime 1965, cf. Sepponen 1985). Dis-
tributions of species on environmental gra-
dients may not be solely explained in terms of
the environmental variables, even if all the
relevant ones are considered. The effect of
competition or other intrinsic biological vari-
ation can easily be missattributed to environ-
mental variation in a descriptive study
(Leonard 1970, Harper 1977). The difficulty
in actually separating social and environmen-
tal causes of species associations is em-
phasized by Cole (1957). Finally, frequent
zero-abundances of species can pose serious
interpretation problems. If a species is pre-
sent, one knows that it can live in that loca-
tion, but the absence of that species from two
samples need not indicate environmental
similarity of the samples.

Fortunately, the environmental require-
ments of forest plants are rather well known
(e.g. Kujala 1926a, 1926b, Ellenberg 1974,
Persson 1981) and, as emphasized by Cajan-
der (1949), the understorey vegetation of
forest stands in Finland usually consists of
enough species for definition of the vegetation
type. The type of understorey vegetation can
thereafter be related to certain environmental
conditions rather reliably. This can be seen
from the results of this study, too. Each of the
clusters cover a certain range of the major
gradient of vegetation variation. Although
misclassifications evidently exist, these can be
included in the random error variance which
must be accepted. Environmental correla-
tions of clusters need not be related to indi-
vidual site characteristics, but merely to the
underlying, latent causes of species assemb-
lage. Canonical discriminant analysis seems
to provide an effective tool for this, giving an
overall view and revealing the relative im-
portance of the factors underlying the en-
vironmental control of the spatial pattern of
vegetation. An alternative approach, DIS-
CRIM (ter Braak 1982) is less effective and
informative, and should be used only in cases
where only descriptive, binary or rough ordi-
nal-scale data on environmental conditions
are available.

In conclusion, it seems that many advan-
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tages are gained by applying ordination-
based hierarchical classification instead of di-
rect classification such as the traditional Ca-
janderian one. Combined with arranged
tabulation of vegetation (Appendix), divisive
hierarchical clustering allows detection of the
maximum number of clusters which can be
recognized reliably and reduction of the
number of indicators which must be taken in
account at each step. Estimation of the opti-
mal level of classification can be done by
employing external criteria such as site index,
nutrient status or any other characteristics
which are related to the purpose of classifica-
tion. One disadvantage of all classification
methods is that they can only be used to
assign an individual forest stand to one of the
few rough categories of vegetation response to
environmental gradients. It is not possible to
define the actual location of an individual
stand along a gradient. For instance, the
nutrient status of a site assigned, say, to
cluster 2 may be close to either that of the
sites included in cluster 1 or to that of the
sites included in cluster 3.

The overlapping clustering methods (Noy-
Meir 1973, Carleton 1979, Carleton & May-
cock 1980) can provide more flexible charac-
terization of vegetation noda through their
ability to produce continuous scale affinities
for samples and species to different noda
(Noy-Meir & Whittaker 1978). When com-
bined with environmental measurements e.g.
by linear structural modelling, such nodal
component analysis could provide a more
exact characterization of environmental con-
ditions by vegetation criteria. Since each axis
can be interpreted (and named) independent-
ly, any number of axis can be used and
interpreted, and the relationships between
them, and between them and environmental
characteristics, can the be examined. How-
ever, a classification system based on such an
analysis would be difficult to create because
the noda tend to overlap and are not sharply
bounded. The application of such a classifica-
tion system in the field would be laborious
and difficult. The required information could
certainly first be collected in the field and the
affinities of the stand to different noda com-
puted afterwards using a computer program-
me designed for this purpose.
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6.2. Theoretical implications
6.2.1. Plants as site indicators

The main sources of environmental control
of vegetation can be summarized as follows:
(a) climatic control, (b) edaphic control and
(c) disturbance (including historical and cul-
tural factors) and the subsequent succession.

The climatic control of vegetation has re-
ceived considerable attention in Finland (e.g.
Kujala 1938, Kalela 1961, Ahti & al. 1968).
No evidence of differences caused by climatic
gradients could be found in the present study
material. This supports one of the basic pre-
sumptions of the study approach, i.e. that
climatic control is of minor importance with-
in the macroclimatical region under consider-
ation. Since the present material was con-
fined to closed, relatively mature forest stands
only, no differences induced by successional
stage or any genuine disturbance (clear-cut-
ting, forest fires) were found in the vegetation
analysis. However, it is possible that part of
the variation within the vegetation growing
on mesic sites is affected by earlier land use.
In eastern Finland, especially, these sites
have quite recently been subjected to slash-
and-burn cultivation. The sites which were
unsuitable for cultivation have been left un-
touched, while on suitable sites the area was
burnt over, the soil receiving an ash fertiliza-
tion which still may affect the vegetation
composition. Forest vegetation has also been
affected by the intensive use of woodlands for
pasture (Lampimaki 1939). Although a
minor part of the variation in vegetation com-
position may also result from the absence of
certain species for historical biogeographic
reasons (Kalliola 1973 and references there-
in), the site factors evidently play the decisive
role. The variation between the different
study areas (Fig. 1) can be explained almost
completely by the differences in soil charac-
teristics such as the distribution of superficial
deposits and the origin of the parent material.

It thus appears that the plants do serve as
good indicators of soil-site qualities. How-
ever, only a relatively rough classification can
be performed on the basis of vegetation
characteristics due to the limited predictabili-
ty of the occurrence and abundance of forest
plants. This limitation arises mainly from
intrinsic biological variation caused e.g. by
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dispersal processes (Oinonen 1967a, 1968,
1969, 1971, Harper 1977), by continual,
small-scale disturbances which prevent com-
petitive displacement (Drury & Nisbet 1973,
Connell 1978, Huston 1979), and from the
more or less patchy distribution of environ-
mental resources (Troedsson & Tamm 1969,
Hanawalt & Whittaker 1976, Tilman 1982).

As discussed e.g. by Werger & Maarel
(1978), species are more specific environmen-
tal indicators near to the margins of their
distribution area. Near to the centre of a
species’ distribution area, the plant is well
adapted to the environmental conditions and
is thus strongly competitive to other species.
Towards the margins, the environmental fac-
tors gradually change and the tolerance limits
of the species for these factors are reached one
by one, until one factor becomes critical and
determines the occurrence or absence of a
species. Species therefore characterize the site
more distinctly near to the margins of their
distribution area (Vinogradov 1965, Werger
& van Gils 1975, Holzner 1978, Willems
1978).

Plant species tend to form ecological
groups characterized by rather similar re-
source requirements and tolerance limits (El-
lenberg 1977, Grime 1977, Tilman 1982). At
a certain threshold level of e.g. nutrient av-
ailability, a whole group of species with more
or less similar nutrient requirements begins
to succeed at a time. Discontinuities encoun-
tered in vegetation gradients thus do not
necessarily correspond to environmental dis-
continuities, but rather to the tolerance limits
of groups of species with quite similar re-
quirements for some critical limiting re-
sources governing their competitive ability
(Tilman 1982, 1985).

In a larger context, the present material
represents only a narrow sequence of the
northern temperate forests. The two types of
the northern temperate forests, boreal con-
iferous and nemoral deciduous forests, are
ecologically and floristically strongly con-
trasted, having separate origins and different
evolutionary histories (Pielou 1979). Most of
the species which appear to be ecologically
rather indifferent in the present material have
their central distribution area within the
boreal coniferous forests, and they tend to
dominate or at least stably co-occur with the
dominants in all but somewhat marginal

habitats. These species are regionally com-
mon, locally abundant, and evidently well
spaced-out in niche space (sensu Hutchinson
1957). According to Hanski (1982), this kind
of species should be called a core species. In
the present material, the typical core species
are e.g. Vaccinium myrtillus, V. vitis-idaea, De-
schampsia  flexuosa, Calamagrostis arundinacea,
Luzula pilosa, Trientalis europaea, Pleurozium
schreberi, Hylocomium. splendens, Dicranum poly-
setum and D. majus. It should be noted that the
tolerance limits and optimal resource supply
ratios (sensu Tilman 1982) of these species do
not coincide but are relatively near to each
other. For instance, Vaccinium vitis-idaea
reaches its maximum abundance in some-
what better light conditions than V. myrtillus,
but requires at the same time less nutrients to
reach its maximum growth rate (Ingestad
1973). If the optimal resource ratios of two
species coincide completely, one of them will
competitively displace the other, depending
upon the initial situation (Tilman 1982).
Demanding soft-leaved herbs which best
indicate nutrient-rich sites in the present
material have their central distribution area
and reach their maximum abundances in the
southern nemoral forests, whereas boreal
coniferous forests can be regarded as their
marginal distribution area (cf. Hultén 1971,
Ellenberg 1974). Compared to the above core
species, they generally have higher nutrient
requirements, but are at the same time more
shade-tolerant (Kujala 1926a). In the present
material, this kind of species are e.g. Oxalis
acetosella, Viola riviniana, Carex digitata, Melica
nutans, Veronica officinalis and Anemone nemorosa.
In addition, most ferns (e.g. Dryopteris carth-
usiana) indicate the sort of humid microc-
limatical conditions which are encountered in
the dense spruce-dominated forests growing
on moist, fertile soils (cf. Sissingh 1982).
Our forests show the same kind of species-
resemblance connections to other major types
of ecosystems, too. In the present material,
species indicative of very moist conditions
have their optimal resource supply relations
within mire ecosystems, which differ funda-
mentally from the upland forests in their
edaphic conditions. Indicator species for
paludification are e.g. Sphagnum spp., Poly-
trichum commune and Carex globularis (see Euro-
la & Kaakinen 1978). Species indicative of
the very driest sites in the present material,
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e.g. terricolous lichens such as Cladina spp.
and Cetraria islandica, and dwarf-shrubs such
as Calluna vulgaris and Arctostaphylos uva-ursi,
have their optimal conditions within well-lit
and physiologically dry, usually open
habitats (Gimingham 1960, 1978, Oksanen &
Ahti 1982, Oksanen 1984).

In conclusion, several ecological groups of
species can be distinguished in the vegetation
growing in upland forests of southern Fin-
land. In addition to the core species of these
coniferous, boreal forest habitats, there are
groups of species which indicate some kind of
marginal, i.e. extraordinary fertile, moist or
dry conditions. The resource supply ratio (for
terms, see Tilman 1982) of these marginal
forest habitats fits well to the equilibrial re-
quirements of species which have their
evolutionary origin in ecologically fairly simi-
lar habitat or ecosystem complexes (i.e., de-
ciduous nemoral forests, mire ecosystems, or
habitats such as treeless heaths, sand dunes
or rock outcrops). In other words, these
species have colonized “islands” within an
environment that is in most places unsuitable
for them. I would term such species ’margi-
nal species” in contrast to core species;
“satellite species” (Hanski 1982) is not a
valid term, because it refers to non-equilib-
rium species, whereas I consider marginal
species to have arrived at a state of equilib-
rium in the habitat island” they have col-
onized. These terms are, of course, of opera-
tional and descriptive value only; other
ecological groupings of species could be
theoretically justified as well (see e.g. various
descriptive methods referred by Shimwell
1971).

In comparison with marginal species, core
species are relatively unreliable indicators of
site quality. Many of them are completely
constant, fairly abundant and often dominant
species over a wide range of variation in site
conditions. Since many of them are limited by
light rather than soil resources, even consid-
erable differences in their abundance rela-
tionships may be misleading as far as soil
properties are concerned (e.g. differences bet-
ween clusters 3 and 4 in the present study).
In contrast, marginal species are plausible
indicators of site qualities, because their oc-
currence and abundance is often limited by a
single soil resource. For instance, many de-
manding herbaceous plants occur only on
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lime-rich habitats. The occurrence of mire
plants in upland forests is strictly limited by
soil moisture. Cladina lichens are confined to
dry habitats, because they are heavily sup-
pressed by mosses in more moist habitats
(Oksanen 1983). Hanski’s (1982) non-
equilibrium satellite species, e.g. the weeds
from cultivated land that often occur in
forests near fields and settled areas, are the
worst indicator species since their occurr-
ences and abundances are governed by ran-
dom processes rather than by site qualities.

According to the theory of island biogeog-
raphy (MacArthur & Wilson 1967), the
number of marginal species should be greater
in large than in small distinct marginal
habitats within upland forests, and the
number of marginal species should decrease
with increasing isolation of the habitat from
the species’ core habitats. Hanski (1982)
further suggests that the probability of local
extinction is a decreasing function of distribu-
tion. In addition to the site conditions, the
presence and absence of a marginal species is
thus dependent upon the size of the habitat,
the distance from other suitable habitats, the
geographical distribution of the species, and
the efficiency of the species’ dispersal.

To be applicable to forest site evaluation,
an indicator species must satisfy two impor-
tant requirements: it should reflect site condi-
tions reliably, without being too highly af-
fected by any random variable, and it should
be sufficiently constant on sites suitable for it
within the region where it is to be applied as
an indicator. The size of a forest site, as well
as its state of isolation from other sites of
corresponding quality, are random variables
which evidently affect the constancy of an
indicator species. Thus it may be absent or
extinct on sites where it should be present
judging by the site conditions. Inside the
geographical distribution limits of an indi-
cator species, local interactions should largely
determine its occurrence and abundance, but
towards the margins regional distribution be-
comes a variable factor and may influence
local abundances.

6.2.2. Resource competition in forest environments

According to Tilman’s (1982) equilibrium
theory of resource competition, each plant
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species is a superior competitor for a particu-
lar proportion of the limiting resources. Each
plant species has its optimal resource ratio
which enables the species to dominate on
those sites where the resource supply ratio
corresponds to that of the species. Therefore,
community composition should differ bet-
ween sites whenever the relative availability
of two or more limiting resources differ. As
emphasized by Harper (1977), competition
can occur only between neighbouring indi-
viduals. It is very unlikely that each plant of a
given habitat will gain the same rate of sup-
ply for each resource. For terrestrial plants,
small-scale variation in soil type, moisture
and topography should cause individual
plants in a habitat to experience different
average rates of resource supply. Solar radia-
tion tends to reach the forest understorey
unevenly, patches that receive different
amounts of light constituting an additional
mosaic pattern. This means that a large
number of species can coexist in a spatially
heterogeneous environment such as a forest
habitat. For a given level of resource richness,
increased spatial heterogeneity should thus
lead to increased species richness.

Each plant species has its intrinsic equilib-
rial requirements for the essential resources
the species consume. These requirements de-
termine the availabilities of essential re-
sources for which the reproductive rate of a
species equals its mortality rate. The growth
rate of a species is determined by the one
resource in shortest supply relative to need.
Consider a species which require two essen-
tial resources, say, R; and R,. In the absence
of competition, the species is capable of in-
creasing its population density in the resource
availabilities that fall inside the region in the
two-dimensional resource space limited by
the species’ equilibrial requirements for these
two resources. At any point within this reg-
ion, i.e. in any habitat suitable for the species,
the species would equilibrate at the popula-
tion density for which its consumption of the
limiting resources just balanced supply. At a
given level of resource richness, the species
reaches its peak population density at the
point where the species is equally limited by
availabilities of R, and Ry, i.e. when the ratio
R,/R; equals to the species’ optimal resource
ratio (for further details, see Tilman 1982,
1985).

In the presence of competition, the popula-
tion density distribution of a species is trun-
cated by the competitive displacement of the
species which are superior competitors over a
certain range of resource supply ratio. Con-
sider two species, A and B, competing for two
essential resources, Ry and Ry, species A hav-
ing the lower equilibrial requirement for R,
and species B having the lower equilibrial
requirement for R, (see Tilman 1985, p. 829).
It is now possible to define three states of
equilibrium prevailing at different points of
the resource supply ratio R/Ry: (1) Habitats
with low supply rates of R, but high supply
rates of R, would be dominated by species A,
with species B extinct because species A
would reduce R, to a level insufficient for the
survival of species B. (2) Habitats with low
supply rates of R, but high supply rates of R,
would be dominated by species B, with
species A extinct because species B would
reduce R, to a level insufficient for the survi-
val of species A. (3) Habitats with intermedi-
ate R|/R; ratios would have the two species
stably coexisting, because both species are
limited by a different resource, species A by a
low supply of R, and species B by a low
supply of Ry. The coexistence is stable be-
cause each species consumes relatively more
of the resource that limits it at this two-
species equilibrium point (for experimental
evidence of the theory, see Tilman 1982).

In plant communities growing on relatively
fertile soils, many studies have suggested that
light, especially that available at the soil sur-
face for seedlings and shoots, is an important
limiting resource (Anderson 1964, Grime &
Jeffrey 1964, Horn 1971, 1975). In forests,
competitive ability for light, often referred to
as the degree of shade tolerance, is frequently
cited as a determinant of species replacement
(Kujala 1926a, 1926b, Decker 1952, Horn
1971, Ellenberg 1974). Since light is a direc-
tional resource, taller plants intercept more
light. Givnish (1982) reported that forest
understorey plants followed a pattern in
which taller species are dominant on fertile
soils and plants of low stature on poorer soils.
Tall trees are of exceptional importance as
community dominants: they strongly affect
the light climate below the canopy but are
never suppressed by lower vegetation strata
(except at their seedling stage in naturally
regenerating stands). Therefore, shade-toler-

ant species dominate the understorey vegeta-
tion under severe shading by the dense tree
canopy which often develops on fertile soils.
According to Horn (1971), species with a
multi-layered leaf distribution are superior
competitors to species with a mono-layered
leaf distribution at high light intensities, but
inferior competitors at low light intensities.
The soft and large leaves of shade-tolerant
forest herbs are usually densely packed in a
single uniform layer and do not overlap con-
siderably. In contrast, the foliage of many
dwarf-shrubs is more or less multi-layered
with small and often drought-resistant leaves
loosely scattered among several layers (Horn
1971).

To acquire more of soil resources, a plant
must allocate a large proportion of its poten-
tial growth to developing its belowground
structure for nutrient uptake. A plant with
effective nutrient uptake owing to an exten-
sive root system and mycorrhizal association
would be favoured over a plant that allocated
more to its aboveground photosynthetic
structures because the former would acquire
more of the limiting soil resource and thus
reproduce more rapidly on poorer soils
(Orians & Solbrig 1977, Chapin 1980, Pers-
son & al. 1980, Raudaskoski 1984). On very
poor soils, species characterized by a low
intrinsic growth rate would be favoured over
species with a high intrinsic growth rate,
because the latter require more nutrients.
Dwarf-shrubs are perennial chamaephytes
with small and often perennial leaves. Hence
they grow slowly and use the available nut-
rients economically (Bormann & Likens
1979). Forest herbs are mostly either geophy-
tes or hemicryptophytes with annual shoot
and foliage. Therefore, in plants with such a
growth form more nutrients must be allo-
cated to maintain the fast growth rate in the
above-ground biomass. For instance, in rich,
well-lit birch stands, about 20 % of the total
annual nitrogen consumption of the stand is
bound by the grass and herb vegetation
(Malkonen 1977). It should be noted that the
annual consumption of such a rich stand is
almost equal to the amount of nitrogen avail-
able in the soil (Nommik 1968, Viro 1969,
Milkénen 1977, Havas 1980, Mikola 1980).

Nitrogen is evidently the major limiting
soil resource in the upland forests of Finland
(Viro 1967, 1969). Nitrogen fertilization in-
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creases tree growth even in forests on relative-
ly fertile soils (Albrektson & al. 1977, Kukko-
la & Saramiki 1983). In addition to nitrogen,
water is evidently an important soil resource.
However, since the water-holding capacity,
total nitrogen, and the nitrogen mineraliza-
tion rate of the soil are highly correlated, the
relative importance of nitrogen and water
limitations is difficult to determine (e.g.
Robertson & Vitousek 1981). In forest
habitats there is a considerable mosaic pat-
tern in the total nitrogen content as a result of
different small-scale variations in soil proper-
ties and processes (Mikola 1955, Troedsson
& Tamm 1969, Tilman 1982). However, only
a minor part of the total soil nitrogen is in an
available form (Nommik 1968). In forest
soils, nitrogen availability is mainly depen-
dent on the rate of release of ammonium ions
from organic compounds in the soil (Tamm
& Petterson 1969). On poor soils, drought
and other factors affecting the mineralization
of the organic material greatly slow down the
rate of release of ammonium ions and may
even reduce the nitrogen availability from its
initial level (Aura 1984).

As far as the mineral nutrition of the cryp-
togams (terricolous mosses and lichens) is
concerned, it is a commonly held view that
the atmosphere is the sole source of nutrients
(Tamm 1953, Brown 1982). Nutrients may
also be supplied from the upper soil layers
through ectohydric mechanisms (Buch 1945,
1947). However, the cryptogams are consi-
dered to compete for light and space mainly,
both with other cryptogams and with vascu-
lar plants (Kujala 1926b). Cryptogams are
generally more abundant on poor soils where
they are not suppressed by higher plants. On
poor soils, the competition between crypto-
gams (especially between mosses and lichens)
for light and space largely modifies the gener-
al character of the understorey vegetation
(Oksanen 1983).

In conclusion, the major limiting resources
for upland forest habitats are often a soil
resource (especially nitrogen), and light.
Furthermore, these resources are usually
naturally inversely related, the habitats with
poor soil having high light availability and
the habitats with fertile soil having low light
availability (Tilman 1985). This inverse rela-
tionship appears to be evident according to
the results of the present study, too (Tables 7
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and 8, Figs. 8 and 9). The negative correla-
tion between these two essential resources
arises as a result of the fact that total plant
biomass increases along with a rise in the
availability of nitrogen, and that light be-
comes increasingly limiting at the soil sur-
face. On poor soils, plant biomass (in forests,
particularly that of the tree stand) would be
low, causing little attenuation of light. Under
such conditions, competition should primari-
ly be that for the limiting soil resource. On
fertile soils, competition for light tends to be
more important. For historical biogeographic
reasons and as a result of silvicultural ac-
tivities, there are practically only two impor-
tant forest-forming tree species in southern
Finland, pine and spruce, both capable of
dominating in a wide variety of sites with
different understorey associates. Competition
and niche diversification among the tree
species does not take place to the extent than
it does e.g. in North America, where there are
more of forest-forming tree species (cf. Horn
1971, Heinselman 1981, McCune & Allen
1985).

In the present study, the tree stand is
treated essentially as an environmental fac-
tor, not as a part of the plant community.
However, the effects of the tree stand on
understorey vegetation can be understood as
an outcome of competition controlled by the
soil resource/light ratio. Light becomes in-
creasingly limiting through the increment of
stand density on moving from poor to fertile
soils. The foliages of pine and spruce differ
markedly from each other in their optical
properties. At a given stand density, the il-
lumination level under a spruce canopy is
much lower than that under a pince canopy
(Kuusipalo 1985). Spruce cannot form stands
on poor soils as pine can, but when the
availability of soil resource limiting its growth
increases, spruce rapidly begins to predomi-
nate over pine owing to its higher competitive
ability. Consequently, the change in light
conditions along a nutrient supply gradient
appears to be fastest at a certain point equi-
valent to a moderate supply of nutrients
where spruce takes over. In addition, spatial
heterogeneity increases considerably because
moderately shaded stands are more diverse in
differently illuminated patches than more
open stands (Kuusipalo 1985).

6.2.3. Forest habitat type as an outcome of resource
compelition

In the following, it is suggested that (1) the
major limiting resources for forest habitats in
southern Finland are nitrogen and light, and
(2) these resources are naturally inversely
related, as presented above. Furthermore, it
is assumed that the forest plant species are
not evenly distributed in the two-dimensional
resource space, but tend to form ecological
groups according to their equilibrial require-
ments and optimal resource ratios for light
and nitrogen availabilities. The groups can
be summarized as follows (note that marginal
species indicating paludified forest sites are
not considered here):

(A) Core species of forests on mineral soil in
southern Finland. These are relatively mesophil-
ous plants with moderate or low nutrient require-
ments, and are ecologically indifferent over a wide
range of site conditions. Characteristic core species
are e.g. Vaccinium myrtillus, V. vitis-idaea, Deschampsia
flexuosa, Calamagrostis arundinacea, Luzula pilosa,
Trientalis europaea, Melampyrum pratense, Pleurozium
schreberi, Hylocomium splendens and Dicranum poly-
setum.

(B) Marginal species of fertile upland forest
sites. These are mesophilous, shade-tolerant
species with relatively high nutrient requirements
and are strictly confined to fairly nutrient-rich
soils. Some of these species do not actually have
very high nutrient requirements but require the
sort of humid microclimate which is encountered
in mesic sites under severe shading by the tree
canopy. Species characteristic of this group are e.g.
Oxalis acetosella, Dryopteris carthusiana, Carex digitata,
Viola riviniana, Melica nutans and Veronica officinalis.

(C) Marginal species of poor upland forest sites.
These are xerophilous, light-demanding species
with very low nutrient requirements and are con-
fined to nutrient-poor, dry soils with a relatively
open or sparse tree canopy. Species characteristic
of this group are terricolous lichens such as Cladina
stellaris, C. rangiferina, C. arbuscula and Cetraria islan-
dica, and dwarf-shrubs such as Calluna vulgaris and
Arctostaphylos uva-ursi.

Hypothetical, schematic model of the for-
mation of forest habitat types as an outcome
of competition for two essential resources is

presented in Fig. 10. The total nitrogen con-
tent in the humus layer is the abscissa (N),
and the canopy coverage, which determines
the light availability, is the ordinate (L). The
group means for the total nitrogen content
and canopy closure of sample clusters 1-6 are
used as the coordinates (N, L), respectively,
when plotting the clusters against the two-
dimensional resource space. The clusters are
combined pairwise into major habitat types
as follows: (I) Fertile sites included in clusters
1 and 2, approximately representing the Ox-
alis-Mpyrtillus site type forests; (II) Intermedi-
ate sites included in clusters 3 and 4, repre-
senting both spruce and pine-dominated
forests of the Myrtillus site type; (III) Poor
sites included in clusters 5 and 6, represent-
ing approximately the Vaccinium site type and
the still poorer forest site types. Because each
cluster represents a heterogeneous group of
forest habitats with different ratios of nitro-
gen and light availabilities, the major habitat
types (I-III) are indicated by interpolated
regions with a diameter determined by the
standard deviation of each cluster mean for
canopy coverage and nitrogen content. Ac-
cordingly, each region indicates a heterogene-
ous habitat type and should be understood as
a cloud of resource supply points, or micro-
sites sensu Tilman (1982).

Following the conceptual framework of Til-
man (1982), each species capable of occupy-
ing microsites within the two-dimensional re-
source space defined in Fig. 10 should have
different equilibrial requirements for the two
limiting resources. The species thus have a
trade-off in their resource requirements, such
that the superior competitor for one resource
is an inferior competitor for the other, and all
the competing species have trade-offs such
that the species are inversely ranked in their
requirements for the two limiting resources.
Consumption vectors determined by the
amounts of the resources consumed by each
species per unit time define the types of
habitats in which one species competitively
displaces the other ones, and in which two
ecologically adjacent species stably coexist at
equilibrium. In all cases, an equilibrium will
occur only if resource consumption equals
resource supply and if the reproductive rate
of each species equals its mortality rate.

The broken lines in Fig. 10 define the
approximate regions of the resource space in
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which individual species assigned to ecologi-
cal groups A, B and C are able to exist.
Within the regions indicated by C, A and B,
respectively, species assigned to the corres-
ponding ecological groups tend to dominate.
Within the intermediate regions, species be-
longing to either of the two ecologically adja-
cent groups are able to coexist stably (A+B
or A+C, but not B+C). In high light inten-
sities but low availabilities of nitrogen, margi-
nal species of poor sites (group C) dominate.
In high availabilities of nitrogen and low light
intensities, marginal species of fertile sites
(group B) dominate. Core species (group A)
dominate on sites characterized by intermedi-
ate availabilities of both light and nitrogen,
co-occur with marginal species of group B on
moderately fertile but markedly shaded sites,
and co-occur with marginal species of group
C on considerably poor and well-lit sites.

The cluster centroids (6-1) are linked by a
solid line that constitutes the approximative
resource supply gradient ranging from poor
soils to fertile soils. Within habitat type II
(clusters 3 and 4), there is a downward turn
in the resource supply gradient indicating
that at a certain threshold level in nutrient
availability, spruce takes over as a dominat-
ing tree species and there is a consequent
steep decline in light availability. It should be
noted that the variation range in light availa-
bility is very large within habitat type II,
which includes both spruce and pine-domi-
nated stands. However, the variation am-
plitude in nitrogen availability is relatively
narrow. This means that the considerable
internal heterogeneity of habitat type II is
mainly a result of variation in the light re-
gime. The variation ranges in both the light
and nitrogen availabilities is markedly large
within the pine-dominated, poor sites in-
cluded in habitat type III. On the contrary,
habitat type I covers a wide range of varia-
tion in nitrogen availabilities, but is relatively
homogeneous as far as the light regime is
concerned. Both habitat type I and habitat
type III overlap considerably with habitat
type II in the presented two-dimensional re-
source space.

Habitat type III represents pine-domi-
nated stands on poor, largely sandy or shal-
low soils (cf. Table 5) and is generally charac-
terized by a high light intensity and a low
nitrogen availability. The light climate varies



54

m Kb

nH<ip

N[

\E'BO

N

Fig 10. Hypothetical model of the formation of forest habitat types as an outcome of competition for
two limiting resources. Habitat types I (clusters 1-2), IT (clusters 3-4) and III (clusters 5-6)
are presented in a two-dimensional resource space determined by the cluster means and the
standard deviations for light (L) and nitrogen (N) availabilities. The dimension of the L axis is
percentual canopy coverage, and the dimension of the N axis is total percentage of nitrogen in
air-dry humus. The habitat type means and standard deviations are indicated on both resource
axis. The broken lines define the approximate regions of the resource space in which individual
plant species assigned to different ecological species groups are able to exist at equilibrium. C
denotes the predominance of marginal species of poor forest sites, A denotes the predominance
of the core species, and B denotes the predominance of marginal species of fertile forest sites.
A+B and A+C denote stable coexistence of the corresponding species groups, respectively.
Gradient G indicates the approximate interrelationship between light and nitrogen av-
ailabilities in the present material; the downward turn within habitat type II is a result of
change in tree species composition. The densicy distributions of individual species assigned to
different ecological groups are assumed to follow a trade-off pattern along the gradient G,
which determines the supply ratio of light and nitrogen.

considerably from sparse stands of the ex-
tremely poor sites to denser stands of the
slightly more nitrogen-rich sites. The sites of
this habitat type assigned to cluster 6 are
predominated by plants of species group C
(lichens and other xerophilous plants), while
those sites assigned to cluster 5 have xerophil-
ous plants dominating on well-lit microsites,
and coexisting together with core species of
group A on more shaded microsites. It should
be noted that although habitat type III cov-
ers a relatively large area of the presented
resource space, thus including a great
number of microsites, the total number of
species is low and the vegetation consequent-
ly relatively monotonous. This is a result of
the fact that the total nitrogen content does
not reflect the nitrogen availability limited by
low average moisture content of the soil with-
in this habitat type.

Site conditions within habitat type I are
inversely related to those within habitat type
III: a high nitrogen availability associated
with a low light intensity is characteristic of
this habitat type. The light climate is relative-
ly uniform: well-lit microsites are infrequent
due to the predominance of spruce on most
sites included in this type. The major direc-
tion of variation reflects the level of nitrogen
availability. Demanding herbaceous plants
tend to predominate on the most nitrogen-
rich sites of this type since they have a com-
petitive advantage in their low light require-
ments. However, on most microsites core
species of group A coexist with plants of
species group B. In contrast to habitat type
11, habitat type I is vegetationally very
heterogeneous, although it covers smaller
area of the presented resource space and clus-
ters 1 and 2 appear to be close to eachother as
far as the availabilities of light and nitrogen
are considered. This is the result of the fact
that nitrogen is not the only one of the limit-
ing resources constituting habitat
heterogeneity: as can be seen e.g. from Fig. 9,
clusters 1 and 2 differ from each other mar-
kedly in their average calcium content and
the amount of raw humus in the uppermost
soil layer.

The theory of resource competition in a
heterogeneous environment applied in this
chapter makes several implications which can
be used in the description and interpretation
of the forest vegetation and its ecological
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control. Although the model presented in Fig.
10 is strongly deductive and simplified, refer-
ing only to two essential resources and three
assumed species groups, it provides a basis
for deriving some major generalizations con-
cerning the formation of forest understorey
vegetation.

(1) The major limiting resources for forest vege-
tation are the availabilities of nutrients and light.
These are naturally inversely related to each other
so that the supply ratio of light and nutrients is
governed majorly by the changes in tree species
composition and stand density. Stand biomass gets
larger and light becomes increasingly limiting
along with an increase in the nutrient supply. At
the same time, the number of resource supply
points (spatial heterogeneity) and the number of
species potentially capable of occupying forest
habitats increases.

(2) The core species group includes plants that
are well adapted to the conditions prevailing in
northern boreal forests and well spaced-out in
niche space. Most of the core species are capable of
developing different phenotypes to meet various
ecological conditions within boreal forest habitats,
and are consequently ecologically indifferent and
strongly competitive to the marginal species. Mar-
ginal species have their optimal conditions within
habitats other than the types of forest in question,
and their phenotypical amplitude is primarily fo-
cused to meet a different range of variation in
ecological conditions.

(3) As a consequence of the above phenomena,
competitive displacement modifies the community
composition gradient to so as give a series of
apparent discontinuities. Changes in community
composition on nutrient-poor sites are primarily
reflected in the abundance relationships between
only a few species. On moving to more nutrient-
rich sites, the changes in community gradient are
reflected more and more in the species composi-
tion. This is because a restricted availability of
nutrients allow only a few species to survive on
dry-and-poor soils, and the community composi-
tion is governed majorly by the tolerance limits of
the species. In contrast, numerous species can
survive on mesic, fertile soils, and the community
composition is governed majorly by competitive
displacement.
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(4) A slight change in the availability of a
limiting soil resource can cause a complete change
in the community composition, the effect being
most marked within intermediately fertile sites,
where the change in the soil resource is often
associated with a change in tree species composi-
tion and consequent abrupt change in the resource
supply ratio. Hence it follows that all site classifi-
cation systems based on the identification of plant
communities would be relatively rough. Species
characterized by high light but low nutrient re-
quirements are capable of occupying much more
fertile sites at high light availabilities than at low
light availabilities. On the other hand, species with
low light but high nutrient requirements are able
to dominate on poorer soils at low light av-
ailabilities often associated with more humid mic-
roclimatical conditions.

6.3. Ecological appraisal of forest site
classification

The Finnish forest site type system consists
of an assumed normal series with typical site
types, the untypical stands being considered
as minor deviants from the typical types. As
such, the system appears to constitute an
unidimensional series of equally important
types of forest stands with a gradually in-
creasing productive capacity that reflects an
increase in the moisture and nutrient av-
ailabilities. In practice, the system as a whole
is used as a single categorical variable
measuring site fertility. Between-type differ-
ences in site characteristics are expressed ad
hoc for the normal stands of each site type, i.c.
on the basis of samples collected from
selected stands that bear close resemblance to
the previously described vegetation types (see
Keltikangas 1959 and references therein).
This kind of approach almost always leads to
the situation where statistical comparisons
concerning continuous variables designed to
measure site fertility indicate that each site
type differs significantly from the adjacent
types. As emphasized by Green (1979), inde-
pendence of errors is an assumption whose
violation is both serious and impossible to
cure after the data have been collected, and
only truly random sampling will prevent that
violation; putting samples in “representa-
tive” or “typical” places is not random

sampling. Furthermore, although additional
attributes such as stoniness and degree of
paludification are used to characterize the
ecological conditions more precisely, the
Finnish forest site type system cannot be
regarded as a proper ecosystem classification
since it only considers economically impor-
tant, “typical” types of productive forest.
Neither can the system be incorporated in or
compared with any phytosociological classifi-
cation system (Keltikangas 1959, Oksanen
1984).

The present study material comprises an
essentially random sample of relatively ma-
ture forest stands distributed in different
parts of southern Finland. As a whole, the
sample is representative owing to the mesic
forest sites, but less representative owing to
the xeric forest sites; this is because the sam-
ple is distributed approximately by the same
way than the types of forests in the study
areas in question. To get the sample more
representative, it should be enlargened;
stratification before sampling should be in-
convenient, because there is no unambiguous
way to distinguish between mesic and xeric
sites beforehand. An additional fact is that
the sample has a limited geographical rep-
resentativity.

However, the random sampling procedure
allows for valid use of multivariate numerical
methods; different outliers, intermediate ty-
pes and “variant” or “vicariant’ forest types
are all included in the material. The “null
hypothesis” determined in the present study
is that the vegetation composition is not de-
pendent on the edaphic variation. The alter-
native hypothesis may seem obvious but, as
emphasized by Green (1979), it is a recom-
mendable precaution to reject the null hy-
pothesis first, before proceeding to carry out
multivariate descriptive analyses which can
yield results that give the appearance of
things going on even when applied to data
simulated to be completely random. An addi-
tional null hypothesis for the classification
study should be that the data structure is
continuous rather than discontinuous, con-
trasted with an alternative hypothesis that
there are natural clusters of the n samples
defined by the p variables. The decisions were
made by checking whether there is any
edaphically interpretable variation in the
vegetation gradient that is superimposed by

logic internal to the numerical method used,
and whether the discontinuities revealed by
the method reflect any underlying differences
in site conditions.

The results show that the main direction of
variation in the forest vegetation pattern can
be explained by an underlying gradient that
majorly reflects nutrient regime. Different
analyses lead to fairly similar results, despite
their different sample sizes and different com-
binations of variables. The discontinuities re-
vealed from the vegetation gradient reflect
clear differences in site conditions; this was
rendered statistically using site index as an
external criterion variable. In spite of limita-
tions as regards its applicability, site index
provides an effective tool for relating stand
productivity to site fertility. In conclusion,
the first one of the above vaguely defined null
hypotheses can be rejected, as far as it is
possible when carrying out exploratory anal-
yses on multivariate ecological data sets (see
Green 1979, pp. 12-15). The second one,
questioning whether there are natural clus-
ters, requires further consideration.

The relationships between the vegetation
clusters, stand productivity (site index)
(Table 9, adjusted cluster means) and soil
nutrient regime (Table 6, first discriminant
function) are illustrated in Fig. 11. A strong
linear relationship indicates that the average
productive capacity of a mature stand is high-
ly dependent upon the nutrient level, particu-
larly nitrogen availability, and that the vege-
tation gradient produced reflects productive
capacity and nutrient level very well. In addi-
tion, nutrient regime/productive capacity
centroids of the vegetation clusters are rela-
tively evenly distributed along the corres-
ponding gradient, indicating that discon-
tinuities in the vegetation gradient do in fact
discriminate between significantly different
fertility classes. However, clusters 3 and 4
indicate equal fertility and nutrient availabil-
ity. This suggests the already presented im-
plication that these two vegetation clusters
represent spruce and pine-dominated stands
of the same site type. It should be noted that
the concept of site type is used in the strict
sense of productive capacity level (Keltikan-
gas 1959), whereas the term habitat type is
used here to characterize a group of sites
which show similarities in tree stand proper-
ties, vegetation composition and soil condi-
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tions simultaneously (cf. ”operational group”
sensu Jones & al. 1983). The produced vegeta-
tion clusters thus represent one or several
habitat types, but do not presumably corres-
pond to the site types.

The second important axis discriminating
between vegetation clusters is connected to
the light availability as governed by tree
species composition and stand density (see
Tables 7 and 8). The columns in Fig. 12
represent average productive capacities for
habitat types represented by the vegetation
clusters (cf. Fig. 11). The position of vegeta-
tion cluster centroids in a two-dimensional
resource space constituted by the nutrient
factor (Table 6) and the light factor (Table 7)
are indicated by the base of the columns
representing each cluster. The clusters seem
to form three distinct groups in terms of stand
productivity and nutrient regime: the least
productive, nutrient-poor sites represented
by clusters 5-6, the intermediate sites rep-
resented by clusters 3—4 and the most produc-
tive, nutrient-rich sites represented by clus-
ters 1-2 (cf. Fig. 10). This division is rather
consistent with the division of sites into major
site classes in the Finnish forest site type
system: dry (and subdry) sites, damp sites
and rich sites (Kuusela & Salminen 1969).
The light factor divides the clusters into three
distinct groups. Spruce-dominated clusters
1-3 are characterized by a low light availabil-
ity at the understorey level. These clusters
differ slightly from each other in that the
stand density increases with increasing pro-
ductivity (cf. Table 5). Pine-dominated clus-
ters 4-5 indicate a much higher light availa-
bility. Pine-dominated cluster 6 clearly indi-
cates the highest light availability; the pine
stands within this cluster are much less dense
than the pine stands within clusters 4-5.
Thus the light factor apparently follow the
fertility pattern, except a change in the do-
minant tree species causes an abrupt change
in light availability (cf. Fig. 10).

One other important axis revealed by the
discriminant analyses requires further con-
sideration. This is the thickness of humus
layer, which decreases along with the nut-
rient availability on moving from cluster 2 to
cluster 6; the total amount of nitrogen is also
clearly dependent upon the thickness of
humus layer (Table 5). Cluster 1 forms an
apparent exception to this rule, because the
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NF = Discriminant function F1 (Table 6, Fig. 7), evaluated at cluster means.
SI = Site index (adjusted for the effect of tree species) deviation of the cluster mean from the total mean (0)

(Table 9).

Fig. 11. Ordination of the cluster centroids according to their average nutrient level (NF) and stand

productivity (SI).

humus material on sites assigned to this clus-
ter is well mixed with the mineral soil, and
mull and moder are habitual humus types
instead of mor (Table 5). Clusters 1 and 2
both represent productive sites on fertile soils,
but they differ considerably from each other
as regards the properties of the humus layer.
Since the development of the humus layer is
closely connected to the species composition
and other properties of the vegetation, includ-
ing the tree stand, one fundamental question
is whether the type of humus is a consequence
of vegetation composition or vice versa, and

to what extent the properties of mineral soil
determine the concurrent development of the
types of humus and vegetation (cf. Mikola
1955, Sepponen 1985).

One important thing to remember is that
although sites included in clusters 1 and 2
occur on fairly similar soils (Table 5), the
content of calcium in humus layer is higher
on sites assigned to the former cluster. This
implies that the calcium content in the parent
material should presumably be the causal
agent for differences in the types of humus
and vegetation between these two clusters.

T
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Fig 12. Ordination of the cluster centroids according to their average nutrient level (NF), light
availability (L) (canopy closure, Table 7) and stand productivity (SI).

Minerological differences are evident when
the study areas I and II (Fig. 1) are com-
pared geologically: soils of a rapakivi granite
origin (study area II) are much less fertile
than soils of a granodiorite origin (study area
I), especially when the effect of the lime factor
is considered (Kalliola 1973, pp. 75-77).
However, minerological differences could not
be rexognized on the basis of the present
material, because there are great differences
in superficial deposit types between these two
areas, and textural properties affect the mea-
sured chemical properties of mineral soil to a
great extent (cf. Sepponen 1985).

According to e.g. Matthews (1979) and
McCune & Allen (1985), it is possible that on
similar sites, considerably different types of
forest may develop, mostly as a result of
successional divergence caused by some his-
torical events. In both of the above-men-
tioned studies, the evidences are largely
based on a considerable within-type variabili-
ty which occurs when individual sample plots
each having a known status in some vegeta-
tion-based classification system are ordinated

in an environmental space using multiple
discriminant analysis with measured environ-
mental characteristics. Corresponding over-
lap between clusters is also evident in the
results of the discriminant analyses carried
out in the present study. However, the unexp-
lainable variance implied by broad overlap
does not judge one to argue that site condi-
tions are of minor importance as causal
agents in the formation of plant communities.
As far as the environmental conditions are
considered, a site as an unit where a certain
type of vegetation should occur is a “black
box”, of which only indirect and incomplete
information can be obtained by measuring
measurable environmental variables. Hence
it follows that the unexplainable “error var-
iance” is primarily a result of imprecise mea-
surement and suboptimal mathematical
models and cannot be used as an argument
against the utility of vegetation-based classifi-
cation systems in estimating site conditions.
As emphasized by Matthews (1979), con-
siderable debate has occurred on the status of
plant assemblage-types (i.e. vegetation noda



60

sensu Oksanen 1984); this is important, be-
cause ecological inference, analysis and ex-
periment are likely to be most meaningful
when based on non-arbitrary, discrete units.
However, this kind of debate is less meaning-
ful, because all classifications are arbitrary
and such discrete units do not actually exist.
There are two “’black boxes”, vegetation and
its site, which are related in some manner to
each other, but we gain only indirect and
imprecise information about these relation-
ships. On the basis of descriptive methods
such as applied in the present study, it is at
least possible to create units of known status,
and such units are of an operational value
that is likely to be what is required in classifi-
cation of forest sites, or habitats. If only a
minor part of the vegetational variation can
statistically be shown to be attributable to the
measured site factors, this at least reveals the
major outlines of relationships between vege-
tation and its site. The clusters described in
the present study represent more or less
heterogeneous types of forest, each consisting
of at least a few different habitat types. One of
the major aims of the present study was to
approach a kind of optimal” classification of
forest habitat types, and to relate these types
to the forest site types. There are two require-
ments for such an optimal classification: (a)
the classes should be relatively unambiguous-
ly recognizeable in the field, and (b) the
classes should reflect significant differences in
site conditions.

Owing to the fact that a random sampling
procedure was used, the presented data con-
tain a lot of noise caused by both vegetational
and environmental characteristics. This
makes the classification and ecological in-
terpretations difficult, but provides an objec-
tive view of how the vegetation is distributed
within the wide range of site conditions pre-
vailing in the present-day forests in southern
Finland. Because one aim of this study was to
develop an easily applicable and unambigu-
ous key for allocating all kinds of site, be they
“typical” or not, into operational groups re-
lated to the site fertility, the whole spectrum
of variation met in forest vegetation and site
conditions in southern Finland has to be ta-
ken into account. The presented material is
far from being satisfactorily representative,
but it does provide a basis for drawing some
general outlines for future development of the

forest site classification. As far as the require-
ments of an optimal classification are con-
cerned, it seems likely that only a relatively
rough classification of forest site types can be
established on the basis of vegetation charac-
teristics. This is a result of the fact that only
incomplete information is obtainable about
the relationships between the two “’black box-
es” discussed above, i.e. vegetation and its
site.

In general, the hierarchical classification
approach presented in this study allows for a
more precise definition of environmental con-
ditions than does simple classification by
plant communities. As an approach, it also
avoids the drawbacks of the fundamental uni-
dimensionality of the Finnish forest site type
system through its ability to consider differ-
ent ecological gradients at different levels of
classification. In actual fact, Cajander (1926)
presented a kind of hierarchical system: forest
sites are primarily divided into three major
classes. These are: (1) The Dry Moss- (and
Lichen) Forest Class, (2) The Moist Moss-
Forest Class and (3) The Grass-Herb Forest
Class. The ecological differences between the
major classes are greater than the more subtle
differences between individual site types
within each class. For instance, the Vaccinium
site type, belonging to the dry forest class,
differs in many ecological respects from the
Mprtillus site type that belongs to the moist
forest class together with the Oxalis-Mpyrtillus
site type, the latter being regarded as a more
fertile deviant of the Myrtillus site type. In
subsequent developments of the site type sys-
tem, the original hierarchical approach has
largely been forgotten. However, a hierarchi-
cal system would provide an easily applicable
key for allocating even untypical stands suc-
cessively into site types (cf. Jones & al. 1983).

The hierarchical classification presented in
this study shows considerable correspond-
ence to the Finnish forest site type system as
originally presented by Cajander (1926). A
rough outline of the relationships between the
produced clusters and the forest site types are
presented in Fig. 13. The dendrogramme also
shows the approximative vegetational and
ecological similarities between the forest site
types. ”Mesic sites” in Fig. 13 are roughly
consistent to the Moist Moss Forest Class of
Cajander, whereas “xeric sites” represent a
part of the Dry Moss- (and Lichen) Forest
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Class. Furthermore, these two major classes
can be divided into individual site types. The
dendrogramme also presents a key, based on
a few plant species of considerable indicator
value, for allocating stands successively into
operational groups which approach the final
site definition. The key, however, is not ready
for practical use, but is presented as a
generalized scheme of such a practical appli-
cation not only in site fertility estimation
needed in forestry, but also in forest ecosys-
tem classification which is required as a
framework in biological studies concerning
different components of forest ecosystem.

The applicability of such a successive key
depends largely upon the constancy of the
species involved as indicators (cf. Pakarinen
1982). TWINSPAN usually considers more
than one species (or pseudospecies) as indi-
cators, hence reducing the probability for
misclassification. It can be seen from the
Appendix that indicator species are seldom
completely constant on sites suitable for
them. Under certain circumstances it is even
possible that all of the potential indicators
will be absent at the same time due to the
effect of some secondary factor, or a random
event, e.g. extremely low light availability in
very dense forest stands, or some occasional
disturbance. In such cases, it should be poss-
ible to find patches where there are traces of
the initial understorey vegetation, or to use
identification criteria derived from ecosystem
components other than the understorey vege-
tation.

The key (Fig. 13) begins with deciding,
whether the stand belongs to the mesic site
class or to the xeric one. In this step, particu-
lar attention has to be paid to the abundance
of herbs and grasses characteristic of the
mesic sites, and also to the occurrence of
lichens characteristic of xeric sites. It is im-
portant to distinguish between pine-domi-
nated mesic sites (cluster 4) and the genuine
subdry sites which show similarities in vege-
tation composition, particularly the frequent
occurrence of light-demanding plant species.
If the stand is allocated to the mesic site class,
the second step is to look for some herb, grass
and moss species indicative of nutrient-rich
conditions. If these species are present at a
sufficient frequency or abundancy, then the
decision has to be made whether the stand
belongs to the "’ Oxalis-Mpyrtillus™ site type or
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to the somewhat less fertile transitional class,
here termed as MT+ (rich Myrtillus type). It
should be noted that many highly indicative
species are far from being being completely
constant and, on the other hand, many con-
stant indicator species may occur over a wide
range of sites in suitable microhabitats.
Therefore the occurrence of Oxalis acetosella,
for instance, is an inadequate criterion for
allocating a stand to Oxalis-Myrtillus site type;
only when Oxalis is accompanied by other
demanding plants such as Carex digitata, Viola
riviniana, etc., or is strikingly abundant, can a
site be assigned to that type. However, even a
low occurrence of Oxalis accompanied by an
abundance of e.g. Dryopteris carthusiana seem
to indicate that a site is significantly better
than the genuine Myrtillus site type. Accord-
ing to Sissingh (1982), ferns such as Dryopteris
carthusiana require humid microclimatical
conditions which are found in dense spruce
stands most frequent on fertile sites. As re-
gards the vegetational differences between
spruce and pine-dominated stands of the
Mpyrtillus site type, the division is clearly less
significant than the preceding divisions. The
results thus support Ilvessalo’s (1922) opin-
ion that the vegetational differences between
pine and spruce stands of the Myrtillus type
are smaller than those between the Mpyrtillus
type and the adjacent forest site types. How-
ever, in order to avoid misclassifications of
pine-dominated Mpyrtillus site type stands into
the xeric site class, the pine and spruce-
dominated types should be described sepa-
rately.

Within the xeric site class, the occurrence
and abundance of certain lichens discrimi-
nate between clusters 5 and 6, which are here
related to the Vaccinium site type and the
Calluna site type, respectively. The latter in-
volves stands which may be related to the
Cladina site type, while, the former incorpo-
rates a lot of stands on shallow soils. How-
ever, the material is not sufficiently represen-
tative as regards the xeric sites. Since the
xeric clusters contains only pine-dominated
stands, the study sheds no light on the ques-
tion of spruce-dominated dry sites discussed
e.g. by Keltikangas (1959). Nor were any
“feathermoss type’ sites, located between the
Mpyrtillus and Vaccinium site types, recognized
from the present material. In southern Fin-
land, this type should occur rather frequently
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Fig 13. An example of a key to allocate forest stands to operational clusters, here related to the
cluster 1, "MT=" (or "OMT-") = cluster 2,
MT” = clusters 3-4, "VT” = cluster 5 and "CT” = cluster 6. The key can be used e.g. by the
following scheme:

Finnish forest site types as follows: "OMT”

»

1

N

. In a 10X 10 m plot centered at the sampling
point, determine the presence/absence and the
rough abundance class of the appropriate
indicator species as you proceed through each
successive division of the key. Abundance
classes are: 0 = absent 1 = present here and
there occasionally 2 = present more than
occasionally, but with less than 1 % (1 m®)
total coverage 3 = present with 1—5 % (1-5
m’) total coverage 5-10 % 5 = total cover-
age 10-16 % 6 = total coverage 16-25 % 7
= total coverage 4 = total coverage 25-50 %
8 = total coverage more than 50 %.

Score —1 for each “negative” (left) indicator
species and +1 for each positive” (right)
indicator species. Add -1 or +1 for each
indicator species if it is one class more abun-
dant than required in the key, -2 or +2 if it
is two classes more abundant, a.s.o. Then
calculate the sum of scores.

3.

BN

Compare the sum to the allocation criterion
number (0. . . 3). If the sum is greater than
the criterion, proceed to the right; if the sum
is less than the criterion, proceed to the left. If
the sum equals to the criterion, select another
random sampling point from near by the first
one.

. Proceed through successive divisions to deter-

mine the site type. Note that in some divisions
one indicator species is enough, in other cases
not.

along the large watershed of Suomenselka far
to the south (Keltikangas 1959).

According to Keltikangas (1959, pp. 191-
192), the Cajanderian forest site type classifi-
cation is theoretically and systematically
complete and requires only adjustments re-
garding regional parallel types and succes-
sional series of stands. Furthermore, Kel-
tikangas summarizes his view of the future
development of the forest site type theory as
follows: ”’Many attempts have been made to
amend some part of this fifty-year-old theory,
but one after another have been frustrated by
the brilliance of its basic design . . . Our sys-
tem of classification hardly requires any es-
sentially new forest site types or new interpre-
tation of types.”

The Finnish forest site type system as de-
rived from Cajander’s theory is evidently
highly applicable in site quality evaluation at
least in relatively undisturbed northern
forests where the number of different tree
species is few and plants generally have very
superficial root system (Husch & al. 1982).
However, the applicability of the classifica-
tion system in forestry does not verify the
theory upon which the system has been
based. In actual fact, the forest site type
theory (Cajander 1909a, 1921, 1926, 1949)
consists of hypotheses invoking certain struc-
turing and organizing forces in the plant com-
munity, but these hypotheses are not verified
correctly. Accordingly, there are no theoreti-
cally justified obstacles to prevent new in-
terpretations or descriptions of the site types.

The forest site type theory incorporates a
basic assumption that plant communities are
distinct entities that have developed and ar-
ranged in accordance with definite biological
laws; such communities are considered as
well differentiated and constant for the same
site (Cajander 1926). Plant communities of
mature, naturally developed and undisturbed
forests are used as standards for comparisons:
standards for comparing sites on both local
and regional scales, and standards of relative
stability of community dynamics, including
the development of the tree stand. Such use of
the plant community concept requires a
stable and faithful expression of primary site
factors by undisturbed vegetation. Further-
more, competitive replacement should be
rapid enough in structuring these com-
munities into a recognizable stage during the
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short period from clearcutting and stand re-
generation to the closure of the tree stand.
According to the results of the present study,
pronounced differences in the abundance re-
lationships of the dominant plant species are
only relatively slightly related to the site dif-
ferences. However, even scanty occurrences
of certain indicator plant species seem to
reflect site conditions rather reliably, and
these occurrences presumably make their ap-
pearance on suitable sites long before the
initial community composition is re-estab-
lished after disturbance (cf. Kujala 1979).

The forest site type theory considers the
edaphic gradient as a primary site factor, but
the tree stand essentially as an accidental,
secondary site factor (Cajander 1926, p. 27).
In contrast, in the present study the com-
munity composition is not seen to alter along
with the gradient of nutrient availability, but
according to the gradient of the supply ratio
of a limiting soil resource and light. The tree
stand is of major importance in governing the
change in light availability along the nutrient
gradient and changes in tree species composi-
tion should consequently affect the composi-
tion of the understorey vegetation consider-
ably, both by changing the ratio of available
light and nutrients, and by altering spatial
heterogeneity. Due to the tendency for spruce
to predominate on fertile soils and pine on
poorer soils, the relationship between nut-
rient regime and light availability appears to
be nonlinear from an individual understorey
plant’s point of view (Figs. 10 and 12).

It therefore seems likely that forest site
evaluation in the present intensively man-
aged forest stands, most of which are relative-
ly young, should theoretically be based on the
indicator values of different, individual plant
species rather than on distinct, stable and
mature plant communities. Plants tend to
form ecological species groups with relatively
similar resource requirements and, in gener-
al, the number of species potentially capable
of occupying a forest site increases along with
the increase in resource richness. Accepting
the continuum concept of vegetation, disting-
uishing between relatively indifferent ”core”
forest plants and highly indicative “’margi-
nal” forest plants, and a consideration of the
species’ distributional limits and environ-
mental requirements for soil resources and
light in particular, would provide a firm basis
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for the use of plants as site indicators. On
such a basis of individualistic concept of plant
associations, it could be possible to eliminate
terminological and other inconsistences such
as the arbitrary distinction between succes-
sional and mature plant communities, and
the existence of a zonal type series for uplands
but not for peatlands (Mikola 1982).

The approach used in the present study
differs from the Cajanderian one most funda-
mentally in that the continuum character of
vegetation has been emphasized, and the op-
erational site classification has been made
following the apparent discontinuities en-
countered in a vegetation gradient imposed
from a truly random sample of stands. The
presented classification shows a considerable
convergence with the Finnish forest site type
system, although the identification criteria
and the presumed status of the types in the
presented hierarchical system differ some-
what from those implied in the Cajanderian
forest site type series. In summary, the pre-

sent study proves that there is a valid correla-
tion between vegetation and site quality, but
it must be kept in broad terms; it must be
recognized that the understorey vegetation is
affected also by the species composition, age
and density of the tree stand, and by past
management practices. It seems likely that an
operational classification system for forest site
evaluation can be developed by different
methods with a fundamentally different
theoretical basis without changing the major
outlines of the system, but improving its prac-
tical applicability. In conclusion, the pre-
sented “objective’ classification and the Ca-
janderian one both presumably approach the
“natural” classification of forest sites in
southern Finland. However, an indirect clas-
sification study based on vegetation charac-
teristics sheds only a little light on the under-
lying diversification of sites, which is presum-
ably a result of the geological history of the
soils and the consequent development of dif-
ferent types of forest ecosystem.

7. CONCLUDING REMARKS

In the Finnish forest site type system, site
quality evaluation is principally based on
rather qualitative descriptions of normal
stands on presumably different site types.
The concept of site type is imprecisely de-
fined; the system is strongly deductive in
nature, constituting an arbitrary simplifica-
tion of the complex reality of forest ecosys-
tem. In addition, there is a lack of unambigu-
ous criteria and practical procedures for al-
locating an individual stand to a site type.
Correct use of the system requires consider-
able ecological knowledge on the part of the
forester; a large number of vegetational and
environmental characteristics have to be ta-
ken into account simultaneously. Identifica-
tion of the site type is evidently particularly
subjective in successionally young forest
stands, which form the most part of the pre-
sent commercial forests.

The present study material consists of a
random sample of actual forest stands in
southern Finland. The major environmental
gradient underlying the vegetation composi-
tion gradient is evidently connected to the
nutrient regime of the humus layer. The
humus layer is itself a product of the vegeta-
tion, including the tree stand, and it is there-
fore self-evident that its nutrient contents are
well adapted to the composition of the plant
community. The primary causal agents of the
diversification of upland forest sites are pre-
sumably associated with the characteristics of
the mineral soil. The soils of different geologi-
cal genesis differ from each other as regards
their minerological, textural and structural
properties. In addition, topogenic factors evi-
dently play an important role in governing
moisture regime, microclimatical conditions
and light regime of the site. These properties
presumably control the long-term processes
which modify the ecosystem so that the differ-
ences in vegetation and humus layer develop
concurrently during the development of diffe-
rent types of site. The present study sheds
only a little light on the question of these
causal processes. The material involves till
soils mainly, and both the chemical and phys-
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ical properties of the soil seem to intergrade
relatively continuously. However, a slight
change in the availability of a single or a few
soil resources may result as a considerable
change in the vegetation composition so that
apparent discontinuities can be found.

Presumably the most important environ-
mental discontinuities underlying the vegeta-
tional differences seem to be connected to the
differences in the soil moisture regime and in
the calcium release of the parent material.
The major division of the vegetation data set
appears to reflect a fundamental difference in
soil moisture content between the mesic and
xeric sites. This difference, however, can have
many causes, including textural properties of
the soil, topogenic factors and the thickness of
the superficial soil, or an interaction of sever-
al of these factors. The vegetation growing on
calcium-rich soils seems also to differ clearly
from other types of vegetation. This division
appears to be reflected in many ecological
properties of the site, including the composi-
tion of the humus layer. It should be noted,
however, that the calcium content changes
gradually from a type of parent material to
another, and that truly lime-rich soils are
infrequent in southern Finland (see Aaltonen
1951, Kalliola 1973).

The produced vegetation classification
largely corresponds to the Finnish forest site
type system as applied in southern Finland,
and reflects the overall fertility of the soil very
clearly. However, resource partitioning be-
tween plant species is evidently a question of
sharing the proportion of a relative amount of
available light and a limiting soil resource
(Tilman 1982). Hence it follows that the tree
stand, as a major factor limiting light avail-
ability on the forest floor, and the soil nut-
rient regime have a concurrent, additive ef-
fect on the understorey vegetation. The fact
that forest succession can be understood as an
analogous gradient along the supply ratio of a
limiting soil resource and light availability is
also an important point (Tilman 1985). This
could provide a framework for considering
spatial and temporal patterns of community
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replacement simultaneously, e.g. in a two-
dimensional space formed by a spatial gra-
dient (say, from poor to fertile sites) and
temporal gradient (successional series of
stands).

In forestry, site types are primarily used for
the estimation of productive capacity. In this,
a continuous index would, of course, be high-
ly desirable. However, attempts to develop
such an index on the basis of vegetation
characteristics are probably bound to fail for
several reasons (see Vallée & Lowry 1972). A
hierarchical system such as presented in this
study should provide an effective tool foor
adjusting the forest site type system, and for
improving its practical applicability. It is
possible, based on the type of hierarchical
approach presented in this study, to develop
a practical, successive key for site definition

in which only a few attributes have to be
considered at a time. This kind of approach
reduces the dependency of site evaluation on
the individual’s interpretation of the descrip-
tions and, therefore, also reduces the proba-
bility of misclassification. In addition to the
understorey vegetation, a proper and accu-
rate site classification should also consider
the tree stand and soil properties (cf. Higg-
lund 1981, Jones & al. 1983). The ecosystem
approach should form a proper framework for
the compilation of present knowledge in this
respect. Particularly organized in a flexible
hierarchical system, it should permit integra-
tion of classification to cover the needs and
purposes of practical forestry and natural
sciences, and facilitate international coopera-
tion.

REFERENCES

Aaltonen, V. T. 1932. Uber den Einfluss der Holzart auf
den Boden. Commun. Inst. For. Fenn. 17.

— 1941. Maalajien luokituksesta. Referat: Uber die
Klassifizierung der Bodenarten. Commun. Inst.
For. Fenn. 29.

— 1951. Soil formation and soil types. A general
handbook on the geography of Finland. Fennia
72: 65-73.

— , Aarnio, B., Hyyppa, E., Kaitera, P, Keso, L.,
Kivinen, E., Kokkonen, P., Kotilainen, M. J.,
Sauramo, M., Tuorila, P. & Vuorinen, J. 1949.
Maaperasanaston ja maalajiluokituksen tarkistus
v. 1949. Summary: A critical review of soil clas-
sification in Finland in the year 1949. J. Sci.
Agric. Soc. Finl. 21: 37-66.

Ahti, T. 1980. Taxonomic revision of Cladonia gracilis
and its allies. Ann. Bot. Fenn. 17: 195-243.

— , Hamet-Ahti, L. & Jalas, J. 1968. Vegetation
zones and their sections in northwestern Europe.
Ann. Bot. Fenn. 5: 169-211.

Albrektson, A., Aronsson, A. & Tamm, C. O. 1977. The
effect of forest fertilization on primary production
and nutrient cycling in the forest ecosystem. Silva
Fenn. 11: 233-239.

Anderson, M. C. 1964. Studies on the woodland light
climate. II. Seasonal variation in the light cli-
mate. J. Ecol. 52: 643-663.

Atlas of Finland 1960. Helsinki.

Aura, E. 1984. Kayttokelpoiset ravinteet maassa. Jyvas-
kylin yliopiston biologian laitoksen tiedonantoja
40: 54-57.

Baath, E., Berg, B., Lohm, U., Lundgren, B., Lundkvist,
H., Roswall, T., Soderstrom, B. & Wiren, A.
1980. Effects of experimental acidification and
liming on soil organisms and decomposition in a
Scots pine forest. Pedobiologia 20: 85-100.

Barkman, J. J. 1978. Synusial approaches to classifica-
tion. In: Whittaker, R. H. (ed.), Classification of
plant communities, pp. 111-167. The Hague.

Bergeron, Y. & Bouchard, A. 1983. Use of ecological
groups in analysis and classification of plant com-
munities in a section of western Quebec. Veg-
etatio 56: 45-63.

Bormann, F. H. & Likens, G. E. Pattern and process in a
forested ecosystem. Disturbance, development
and the steady state based on the Hubbard Brook
ecosystem study. New York-Heidelberg-Berlin.

Braak, C. J. F. ter 1982. DISCRIM — A modification of
TWINSPAN (Hill, 1979) to construct simple dis-
criminant functions and to classify attributes,
given a hierarchical classification of samples. In-
stitute TNO for Mathematics, Information pro-
cessing and Statistics, Wageningen Section. The
Netherlands.

Bradfield, G. E. & Scagel, A. 1984. Correlations among
vegetation strata and environmental variables in
subalpine spruce-fir forests, southeastern British
Columbia. Vegetatio 55: 105-114.

Braun-Blanquet, J. 1928. Pflanzensoziologie. Grundzuge

der Vegetationskunde. Biologische Studient-
biicher 7. Berlin.

— 1932. Plant Sociology. New York.

Brenner, W. 1921. Studier 6ver vegetationen i en del av
vastra Nyland och dess forhillande till markbe-
skaffenheten. Referat: Studien iber die Vegeta-
tion im westlichen Nyland (Siid-Finnland) und
ihr Verhiltnis zu den Eigenschaften des Bodens.
Fennia 43(2).

Brown, D. H. 1982. Mineral nutrition. In: Smith, A. J. E.
(ed.), Bryophyte Ecology, pp. 383-444. London.

Buch, H. 1945. Uber die Wasser- und Mineralstoffver-
sorgung der Moose. I. Soc. Sci. Fenn. Commun.
Biol. 9(16).

— 1947. Uber die Wasser- und Mineralstoffversor-
gung der Moose II. Soc. Sci. Fenn. Commun.
Biol. 9(20).

Cajander, A. K. 1903. Beitriage zur Kenntnis der Vegeta-
tion der Alluvionen des nérdlichen Eurasiens. 1.
Die Alluvionen der unteren Lena-Thales. Acta
Soc. Sci. Fenn. 32(1).

— 1904. Studien iiber die Vegetation des Urwaldes
am Lena-Fluss. Acta Soc. Sci. Fenn. 32(3).

— 1909a. Uber Waldtypen. Fennia 28(2).

— 1909b. Beitrage zur Kenntnis der Alluvionen des
nordlichen Eurasiens III. Die Alluvionen der
Tornio- und Kemi-Thiler. Acta Soc. Sci. Fenn.
37(5).

— 1913. Studien iber die Moore Finnlands. Acta
For. Fenn. 2(3).

— 1916. Metsianhoidon perusteet. I. Kasvibiologian
ja kasvimaantieteen paapiirteet. Porvoo.

— 1921. Uber Waldtypen im allgemeinen. Acta For.
Fenn. 20(1).

— 1926. The theory of forest types. Acta For. Fenn.
29(3).

— 1949. Forest types and their significance. Acta
For. Fenn. 56(4).

Carleton, T. J. 1980. Non-centered component analysis
of vegetation data — a comparison of orthogonal
and oblique rotations. Vegetatio 42: 59-66.

— & Maycock, P. F. 1980. Vegetation of the boreal
forests south of James Bay: non-centered compo-
nent analysis of the vascular flora. Ecology 61:
1199-1212.

Chapin, F. S. 1980. The mineral nutrition of wild plants.
Ann. Rev. Ecol. Syst. 11: 233-260.

Cole, L. C. 1957. The measurement of partial inter-
specific association. Ecology 38: 226-233.
Connell, J. 1978. Diversity in tropical rainforests and

coral reefs. Science 199: 1302-1310.

Dahl, E., Gjems, O. & Kielland-Lund, J. 1967. On the
vegetation types of Norwegian conifer forests in
relation to the chemical properties of the humus
layer. Meddel. Norske Skogsfors. 85: 506-531.

Dale, M. B. 1975. On objectives of methods of ordina-
tion. Vegetatio 30: 15-32.

Decker, J. P. 1952. Tolerance is a good technical term. J.
For. 50: 40-41.



68

Drury, W. H. & Nisbet, I. C. 1973. Succession. J. Arnold
Arbor. Harv. Univ. 54: 331-368.

Eisenbeis, R. A., Gilbert, G. G. & Avery, R. B. 1973.
Investigating the relative importance of individu-
al variables and variable subsets in discriminant
analysis. Commun. Stat. 2: 205-219.

Ellenberg, H. 1974. Zeigerwerte der Gefasspflanzen Mit-
teleuropas. Scripta Geobotanica 9.

Elonen, P. 1971. Particle-size analysis of soil. Acta Agr.
Fenn. 122: 1-122.

Eurola, S. & Kaakinen, E. 1978. Suotyyppiopas. Porvoo.

Frey, T. E. A. 1978. The Finnish school and forest site-
types. In: Whittaker, R. H. (ed.), Classification of
plant communities, pp. 81-110. The Hague.

Gauch, H. G. 1973. The relationship between sample
similarity and ecological distance. Ecology 54:
618-622.

— 1982. Multivariate analysis in community ecolo-
gy. Cambridge.

— & Whittaker, R. H. 1981. Hierarchical classifica-
tion of community data. J. Ecol. 69: 537-557.

Gimingham, C. H. 1960. Biological flora of the British
Isles. Calluna vulgaris (L.) Hull. J. Ecol. 48: 455—
483.

— 1978. Calluna and its associated species: some
aspects of co-existence in communities. Vegetatio
36: 179-186.

Givnish, T. J. 1982. On the adaptive significance of leaf
height in forest herbs. Am. Nat. 120: 353-381.

Gleason, H. A. 1926. The individualistic concept of the
plant association. Bull. Torrey Bot. Club. 53:
7-26.

Goodall, D. W. 1978a. Numerical classification. In:
Whittaker, R. H. (ed.), Classification of plant
communities, pp. 247-286. The Hague.

— 1978b. Sample similarity and species correlation.
In: Whittaker, R. H. (ed.), Ordination of plant
communities, pp. 99-150. The Hague.

Green, R. H. 1979. Sampling desingn and statistical
methods for environmental biologists. New York.

— & Hobson, K. D. 1970. Spatial and temporal
structure in a temperate intertidal community,
with special emphasis on Gemma gemma (Pelecy-
poda Mollusca). Ecology 51: 999-1011.

— & Vascotto, G. L. 1978. A method for the analysis
of environmental factors controlling patterns of
species composition in aquatic communities. Wa-
ter Research 12: 583-590.

Grime, J. P. 1965. Comparative experiments as a key to
the ecology of flowering plants. Ecology 46: 513
515.

— 1977. Evidence for the existence of three primary
strategies in plants and its relevance to ecological
and evolutionary theory. Am. Nat. 111: 1169-
1194

— & Jeffrey, D. W. 1964. Seedling establishment in
vertical gradients of sunlight. J. Ecol. 53: 621-
642.

Gustavsen, H. G. 1980. Talousmetsien kasvupaikkaluo-
kittelu valtapituuden avulla. Summary: Site in-
dex curves for conifer stands in Finland. Folia
For. 454.

Hiagglund, B. 1981. Forecasting growth and yield in
established forests. An outline and analysis of the
outcome of a subprogram within the HUGIN
project. Swedish University of Agricultural Scien-
ces, Department of Forest Survey. Report 31.

Halonen, O., Tulkki, H. & Derome, J. 1983. Nutrient
analysis methods. Metsiantutkimuslaitoksen tie-
donantoja 121.

Hamet-Ahti, L. 1963. Zonation of the mountain birch
forests in northernmost Fennoscandia. Ann. Bot.
Soc. Vanamo 34(4).

— ,Jalas, J. & Ulvinen, T. 1980. Suomen alkuperii-
set ja vakiintuneet putkilokasvit. Helsingin yli-
opiston kasvitieteen laitoksen monisteita 61.

Hanawalt, R. B. & Whittaker, R. H. 1976. Altitudinally
co-ordinated patterns of soils and vegetation in
the San Jacinto Mountains, California. Soil
Science 121: 114-124.

Hanski, 1. 1982. Dynamics of regional distribution: the
core and satellite species hypothesis. Oikos 38:
210-221.

Harper, J. L. 1977. Population Biology of Plants.
London.

Havas, P. 1980. Metsan talous. In: Mikola, P. (ed.),
Suomen Luonto 2 Metsit, pp. 209-243. Helsinki.

Hawksworth, D. L., James, P. W. & Coppins, B. J. 1980.
Checklist of British lichenforming, lichenicolous
and allied fungi. Lichenologist 12: 1-115.

Heikurainen, L. & Pakarinen, P. 1982. Mire vegetation
and site types. In: Laine, J. (ed.), Peatlands and
their utilization in Finland, pp. 14-23. Helsinki.

Heinselman, M. L. 1981. Fire and succession in the
conifer forests of northern North America. In:
West, D. C., Shugart, H. H. & Botkin, D. B.
(eds.), Forest Succession, pp. 374-405. New
York.

Hesselman, H. 1926. Studier Gver barrskogens humus-
ticke, dess egenskaper och beroende av skogsvar-
den. Meddn. St. Skogsfors. Anst. 22: 169-552.

Hill, M. O. 1973. Reciprocal averaging: an eigenvector
method of ordination. J. Ecol. 61: 237-249.

— 1979a. TWINSPAN. A FORTRAN program for
arranging multivariate data in an ordered two-
way table by classification of individuals and
attributes. Ecology and Systematics, Cornell Uni-
versity, Ithaca, New York.

— 1979b. DECORANA. A FORTRAN program for
detrended correspondence analysis and recipro-
cal averaging. Ecology and Systematics, Cornell
University, Ithaca, New York.

— , Bunce, R. G. H. & Shaw, M. W. 1975. Indicator
species analysis, a divisive polythetic method of
classification, and its application to survey of
native pinewoods in Scotland. J. Ecol. 63: 597-
613.

— & Gauch, H. G. 1980. Detrended correspondence
analysis: an improved ordination technique. Veg-
etatio 42: 47-58.

Holman, E. W. 1972. The relation between hierarchical
and Euclidean models for psychological dis-
tances. Psychometrika 37: 417-423.

Holzner, W. 1978. Weed species and weed communities.
Vegetatio 38: 13-20.

Horn, H. S. 1971. The adaptive geometry of trees. Prin-
ceton University Press. — 1975. Forest succession.
Sci. Amer. 232: 90-98.

Hultén, E. 1971. Atlas 6ver vaxternas utbredning i nor-
den. Stockholm.

Husch, B., Miller, C. I. & Beers, T. W. 1982. Forest
mensuration. New York.

Huston, M. 1979. A general hypothesis of species diversi-
ty. Am. Nat. 113: 81-101.

Hutchinson, G. E. 1957. Concluding remarks. Cold
Spring Harbor Symp. Quant. Biol. 22: 415-427.

Ilvessalo, Y. 1920. Tutkimuksia metsityyppien taksatoo-
risesta merkityksesti nojautuen etupaissi koti-
maiseen kasvutaulujen laatimistyohon. Regerat:
Untersuchungen iiber die taxatorische Bedeu-
tung der Waldtypen, hauptsichlich auf den Ar-
beiten fiir die Aufstellung der neuen Ertragstafeln
Finnlands fussend. Acta For. Fenn. 15(3).

— 1922. Vegetationstatistische untersuchungen iiber
die Waldtypen. Acta For. Fenn. 20(3).

— 1923. Ein Beitrag zur Frage der Korrelation
zwischen den Eigenschaften des Bodens und dem
%u(wachs des Waldbestandes. Acta For. Fenn.

5(2).

— 1933. Metsityyppien esiintyminen eri maalajeilla.
Summary: Occurrence of forest types on different
soils. Commun. Inst. For. Fenn. 18.

— 1956. Suomen metsat vuosista 1921-24 vuosiin
1951-53. Kolmeen valtakunnan metsien inven-
tointiin perustuva tutkimus. Summary: The for-
ests in Finland from 1921-24 to 1951-53. A sur-
vey based on three national forest inventories.
Commun. Inst. For. Fenn. 47.

Ingestad, T. 1973. Mineral nutrient requirements of
Vaccinium vitis-idaea and Vaccinium myrtillus. Phy-
siol. Plant. 29: 239-246.

Jalas, J. 1950. Zur Kausalanalyse der Verbreitung eini-
ger nordischen Os- und Sandpflanzen. Ann. Bot.
Soc. Vanamo 24(1).

— 1961. Regionale Ziige in der Felsenvegetation und
-flora Ostfennoskandiens. Arch. Soc. Vanamo
16(Suppl.): 38-49.

Jansson, S. 1978. Enkla behovsbestimningar bor efter-
stravas. Kungl. Skogs-Lantbr. Akad. Tidskr.
12(Suppl.): 71-73.

Jauhiainen, E. 1972. Lammin I6ssista ja sen maannok-
sesta. Summary: The Lammi loess and its soil.
Terra 84: 152-160.

Jeglum, J. K., Arnup, R, Jones, R. K., Pierpoint, G. &
Wickware, G. M. 1982. Forest ecosystem classifi-
cation in Ontario’s clay belt: a case study. Proc.
Artificial Regeneration of Conifers in the Upper
Great Lakes Region. October 26-28, 1982 Green
Bay, Wisconsin, pp. 111-128.

Jones, R. K., Pierpoint, G., Wickware, G. M. & Jeglum,
J. K. 1982. A classification and ordination of
forest ecosystems in the Northern Clay Section of
Ontario: A framework for forest management.
Proc. Int. Symp. on the Dynamics of Boreal
Forest Ecosystems: Future Research and Mana-
gement Requirements. August 23-26, 1982 Lake-
head University.

— , Pierpoint, G., Wickware, G. M., Jeglum, J. K.,
Arnup, R. W. & Bowles, J. 1983. Field Guide to
Forest Ecosystem Classification for the Clay Belt,
Site Region 3e. Ministry of Natural Resources,
Ontario.

Joreskog, K. G. & Sérbom, D. 1981. LISREL V. Analy-
sis of Linear Structural Relationships by Maxi-
mum Likelihood and Least Squares Methods.
International Educational Services, Chicago.

Kalela, A. 1952. Kainuun alueen metsatyypeisti. Refe-
rat: Uber die Waldtypen des Kainuu-Gebietes
zwischen Mittel- und Nordfinnland. Commun.
Inst. For. Fenn. 40(26).

— 1954. Zur Stellung der Waldtypen im System der

69

Pflanzengesellschaften. Vegetatio 5-6: 50-62.

— 1958. Uber die Waldvegetationszonen Finnlands.
Bot. Notiser 111: 353-368.

— 1960. Classification of the vegetation, especially of
the forests, with particular reference to regional
problems. Silva Fenn. 105: 40-49.

— 1961. Waldvegetationszonen Finnlands und ihre
klimatischen Paralleltypen. Arch. Soc. Vanamo
16(Suppl.): 65-83.

Kalliola, R. 1973. Suomen kasvimaantiede. Helsinki.

Karjula, M., Kaila, S., Parviainen, J., Piivinen, J. &
Risinen, P. K. 1982. Metsinviljelyn vaihtoehto-
jen valintaperusteet kivennaismailla. Metsintut-
kimuslaitoksen tiedonantoja 56.

Keltikangas, V. 1959. Suomalaisista seindisammaltyy-
peisté ja niiden asemasta Cajanderin luokitusjar-
jestelmassa. Summary: Finnish feather-moss
types and their position in Cajander’s forest site
classification. Acta For. Fenn. 69(2).

Kilkki, P. & Ojansuu, R. 1981. Pituusbonitoinnin ongel-
mia. Metsé ja Puu 3: 26-28.

Kim, J-O. 1975. Factor analysis. In: Nie, N. H., Hull, C.
H., Jenkins, J. G., Steinbrenner, K. & Bent, D.
H., SPSS. Statistical Package for the Social
Sciences, pp. 468-514. New York.

— & Kohout, F. J. 1975. Analysis of variance and
covariance: subprograms ANOVA and ONE-
WAY. In: Nie, N. H., Hull, C. H., Jenkins, J. G.,
Steinbrenner, K. & Bent, D. H., SPSS. Statistical
Package for the Social Sciences, pp. 398-433.
New York.

Klecka, W. R. 1975. Discriminant analysis. In: Nie, N.
H., Hull, C. H., Jenkins, J. G., Steinbrenner, K.
& Bent, D. H., SPSS. Statistical Package for the
Social Sciences, pp. 43¢-467. New York.

Koivisto, P. 1971. Regionality of forest growth in Fin-
land. Commun. Inst. For. Fenn. 70(3).

Koponen, T., Isoviita, P. & Lammes, T. 1977. The
bryophytes of Finland: An annotated checklist.
Flora Fennica 6.

Korpela, K. & Niemela, O. 1980. Suomen maaperin
peruskartoitus. Summary: Mapping of Quater-
nary Deposits in Finland. Maanmittaus 1-2.

Kruskal, J. 1977. The relationship between multidimen-
sional scaling and clustering. In: Ryzin, J. Van
(ed.), Classification and Clustering, pp. 17-44.
London.

Kujala, V. 1921. Havaintoja Kuusamon ja sen etelapuo-
listen kuusimetsaalueiden metsi- ja suotyypeista.
Referat: Beobachtungen iiber die Wald- und
Moortypen von Kuusamo und der siidlich von
dort gelegenen Fichtenwaldgebieten. Acta For.
Fenn. 18(5).

— 1926a. Untersuchungen iiber die Waldvegetation
in Siid- und Mittelfinnland. I. Zur Kenntnis der
okologisches-biologischen Charakters der Pflan-
zenarten unter spezieller Beriicksichtigung der
Bildung von Pflanzenvercinen. A. Gefasspflan-
zen. Commun. Inst. For. Fenn. 10(1).

— 1926b. Untersuchungen iiber dic Waldvegetation
in Siid- und Mittelfinnland. I. Zur Kenntnis der
okologisches-biologischen Charakters der Pflan-
zenarten unter spezieller Beriicksichtigung der
Bildung von Pflanzenvereinen. B. Laubmoose.
Commun. Inst. For. Fenn. 10(2).

— 1936. Tutkimuksia Keski- ja Pohjois-Suomen vi-
lisestd kasvillisuusrajasta. Referat: Uber die Ve-



70

getationsgrenze von Mittel- und Nordfinnland.
Commun. Inst. For. Fenn. 22(4).

— 1938. Metsityyppien paralleellisuudesta. Referat:
Uber Parallelitit der Waldtypen. Commun. Inst.
For. Fenn. 27(1).

— 1979. Suomen metsityypit. Summary: Forest
types in Finland. Commun. Inst. For. Fenn.
92(8).

Kukkola, M. & Saramiki, J. 1983. Growth response in
repeatedly fertilized pine and spruce stands on
mineral soils. Commun. Inst. For. Fenn. 114.

Kuusela, K. 1982. Maan bonitointi metsataloudellisena
kisitteena. Metsa ja Puu 3: 4-7.

— & Salminen, S. 1969. The 5th national forest
inventory in Finland. General design, instruc-
tions for field work and data processing. Com-
mun. Inst. For. Fenn. 69(4).

— & Salminen, S. 1983. Metsivarat Etela-Suomen
kuuden pohjoisimman piirimetsilautakunnan
alueella 1979-1982 seka koko Eteli-Suomessa
1977-1982. Summary: Forest resources in the six
northernmost Forestry Board Districts of South
Finland, 1979-1982, and in the whole of South
Finland, 1977-1982. Folia For. 568.

Kuusipalo, J. 1983a. Mustikan varvuston biomassamaa-
rin vaihteluista erilaisissa metsikoissd. Summa-
ry: On the distribution of blueberry biomass in
different forest stands. Silva Fenn. 17: 245-257.

— 1983b. Distribution of vegetation on mesic forest
sites in relation to some characteristics of the tree
stand and soil fertility. Silva Fenn. 17: 403-418.

— 1984a. Diversity pattern of the forest understorey
vegetation in relation to some site characteristics.
Silva Fenn. 18: 121-131.

— 1984b. Lineaariset mallit maaperiekologiassa. Jy-
vaskylan yliopiston biologian laitoksen tiedonan-
toja 40: 20-26.

— 1985. On the use of tree stand parameters in
estimating light conditions below the canopy.
Silva Fenn. 19: 183-194.

Lambert, J. M., Meacock, S. E., Barrs, J. & Smart, P. F.
M. 1973. AXOR and MONIT: Two new poly-
thetic-divisive strategies for hierarchical classifi-
cation. Taxon 22: 173-176.

Lampimiki, T. 1939. Nautakarjan laiduntamisesta met-
samailla. Silva Fenn. 50: 1-106.

Lehto, J. 1969. Kaytinnon metsatyypit. Helsinki.

Leonard, D. E. 1970. Intrinsic factors causing qualitative
changes in populations of Portheria dispar (Lepi-
doptera; Lymnantrudae). Can. Entomol. 102:
239-249.

MacArthur, R. H. & Wilson, E. O. 1967. The Theory of
Island Biogeography. Princeton University
Press.

Mikirinta, U. 1968. Haintypenuntersuchungen im mitt-
leren Siid-Hame, Sudfinnland. Ann. Bot. Fenn.
5: 34-64.

Milkénen, E. 1977. Annual primary production and
nutrient cycle in a birch stand. Commun. Inst.
For. Fenn. 91(5).

Matthews, J. A. 1979. A study of the variability of some
successional and climax plant assemblage-types
using multiple discriminant analysis. J. Ecol. 67:
255-271.

McCune, B. & Allen, T. F. H. 1985. Will similar forests
develop on similar sites? Can. J. Bot. 63: 367-
376.

Mclntosh, R. P. 1967. The continuum concept of vegeta-
tion. Bot. Rev. 33: 130-187.

Mikola, P. 1955. Kokeellisia tuloksia metsakarikkeiden
hajaantumisnopeudesta. Summary: Experiments
on the rate of decomposition of forest litter. Com-
mun. Inst. For. Fenn. 43(1).

— 1980. Elimai metsamaan kitkossa. In: Mikola,
P. (ed.), Suomen Luonto 2 Metsit, pp. 171-187.
Helsinki.

— 1982. Application of vegetation science to forestry
in Finland. In: Jahn, G. (ed.), Application of
vegetation science to forestry, pp. 199-224. The
Hague.

Morrison, D. G. 1969. On the Interpretation of Discrimi-
nant Analysis. J. Marketing Research 6: 156-163.

Mueller-Dombois, D. & Ellenberg, H. 1974. Aims and
Methods of Vegetation Ecology. New York.

Nie, N. H., Hull, C. H., Jenkins, J. G., Steinbrenner, K.
& Bent, D. H. 1975. SPSS. Statistical Package for
the Social Sciences. New York.

Nommik, A. 1968. Skogens kvaveforsorjning och mojlig-
heterna att paverka den. Kungl. Skogs-Lantbr.
Akad. Tidskr. 107: 43-60.

Norrlin, J. P. 1870. Bidrag till sydostra Tavastlands
flora. Notiser ur sallskapet pro fauna et flora
Fennicae 13.

Noy-Meir, 1. 1973. Divisive polythetic classification of
vegetation data by optimized division of ordina-
tion components. J. Ecol. 61: 753-760.

— & Whittaker, R. H. 1978. Recent developments in
continuous multivariate techniques. In: Whitta-
ker, R. H. (ed.), Ordination of plant communi-
ties, pp. 337-378. The Hague.

Oinonen, E. 1967a. Sporal regeneration of bracken (Pte-
ridium aquilinum (L.) Kuhn) in Finland in the light
of the dimensions and the age of its clones. Acta
For. Fenn. 83(1).

— 1967b. The correlation between the size of Fin-
nish bracken (Pteridium aquilinum (L.) Kuhn) clo-
nes and certain periods of site history. Acta For.
Fenn. 83(2).

— 1967c. Keltalicon (Lycopodium complanatum L.) iti-
ollinen uudistuminen Eteld-Suomessa kloonien
laajuutta ja ikaa koskevien tutkimusten valossa.
Summary: Sporal regeneration of ground pine
(Lycopodium complanatum L.) in southern Finland
in the light of the dimensions and the age of the
clones. Acta For. Fenn. 83(3).

— 1968. Lycopodium clavatum L. — ja L. annotinum L.
-kasvustojen laajuus rinnastettuna samanpaikkai-
siin L. complanatum L. — ja Pteridium aquilinum (L.)
Kuhn -esiintymiin sekid puuston ikdin ja paloai-
koihin. Summary: The size of Lycopodium clavatum
L. and L. annotinum L. stands as compared to that
of L. complanatum L. and Pteridium aquilinum (L.)
Kuhn stands, the age of the tree stand and the
dates of fire, on the site. Acta For. Fenn. 87.

— 1969. The time table of vegetative spreading of
the Lily-Of-The-Valley (Convallaria majalis L.)
and the Wood Small-Reed (Calamagrostis epigeios
(L.) Roth) in Southern Finland. Acta For. Fenn.
97

— 1971. The time table of vegetative spreading in
oak fern (Carpogymnia dryopteris (L.) Love & Love)
and may-lily (Maianthemum bifolium (L.) F. W.
Schmidt) in Southern Finland. Acta For. Fenn.
118.

Oksanen, J. 1983. Vegetation of forested inland dunes in
North Karelia, eastern Finland. Ann. Bot. Fenn.
20: 281-295.

— 1984. Lichen-rich forests and related communities
in Finland: ordination and classification studies.
University of Joensuu Publications in Sciences 1.

— 1985. Cluster-seeking with non-centred compo-
nent analysis and rotation in forested sand dune
vegetation in Finland. Ann. Bot. Fenn. 22: 263—
273.

— & Ahti, T. 1982. Lichen-rich pine forest vegeta-
tion in Finland. Ann. Bot. Fenn. 19: 275-301.

Orians, G. H. & Solbrig, O. T. 1977. A cost-income
model of leaves and roots with special reference to
arid and semiarid areas. Am. Nat. 111: 677-690.

Orléci, L. 1978. Multivariate analysis in vegetation re-
search. The Hague.

Pakarinen, P. 1982. Etela-Suomen suo- ja metsityyppien
numeerisesta luokittelusta. Summary: Numerical
classification of south Finnish mire and forest
types. Suo 33: 97-103.

Persson, S. 1981. Ecological indicator values as an aid in
the interpretations of ordination diagrams. J.
Ecol. 69: 71-84.

Persson, T., Baath, E., Clarholm, M., Lundkvist, H.,
Soderstrom, B. E. & Sohlenius, B. 1980. Trophic
structure, biomass dynamics and carbon meta-
bolism of soil organisms in a Scots pine forest. In:
Persson, T. (ed.), Structure and Function of
Northern Coniferous Forests-An Ecosystem Stu-
dy, Ecol. Bull. (Stockholm) 32: 419-459.

Pielou, E. C. 1979. Biogeography. New York.

Piironen, J. 1984. Puuston kasvupaikkaan enemman
huomiota. Metsa ja Puu 9: 32-33.

Piispanen, R. 1977. Major element geochemistry of the
granitic rocks. Bull. Geol. Soc. Finl. 49: 73-78.

Raitasuo, K. 1983. Metsiojitus. Suotyyppien metsaoji-
tusboniteetti. In: Tapion Taskukirja, pp. 237-
240. Keskusmetsilautakunta Tapion julkaisuja.
Jyvaskyla.

Ramensky, L. G. 1926. Die Grundgesetzmassigkeiten im
Aufbau der Vegetationsdecke. (Abstract from
Véstn. opytn. Déla, Voronezh 1924: 37-73).

Raudaskoski, M. 1984. Ritsosfaari. Jyviskylan yliopiston
biologian laitoksen tiedonantoja 40: 83-95.

Robertson, G. P. & Vitousek, P. M. 1981. Nitrification
potentials in primary and secondary succession.
Ecology 63: 1561-1573.

Saarnisto, M. & Peltoniemi, H. 1984. Glacial strati-
graphy and compositional properties of till in
Kainuu, eastern Finland. Fennia 162: 163-199.

Sarvas, R. 1937. Havaintoja kasvillisuuden kehityksesta
Pohjois-Suomen kuloaloilla. Referat: Beobach-
tungen tber die Entwicklung der Vegetation auf
den Waldbrandflaichen Nord-Finnlands. Silva
Fenn. 44: 1-64.

Sepponen, P. 1981. Kivenndismaan rackoon tunnuksista
ja niiden kayttokelpoisuudesta eraiden maan
ominaisuuksien kuvaamiseen. Summary: Particle
size distribution characteristics of mineral soil
and their applicability for describing some soil
properties. Silva Fenn. 15: 228-236.

— 1985. The ecological classification of sorted forest
soils of varying genesis in northern Finland. Com-
mun. Inst. For. Fenn. 129.

— , Laine, L., Linnila, K., Lahde, E. & Roiko-

Jokela, P. 1982. Metsatyypit ja niiden kasvillisuus

71

Pohjois-Suomessa. Valtakunnan metsien III in-
ventoinnin (1951-1953) aineistoon perustuva tut-
kimus. Summary: The forest site types of North
Finland and their floristic composition. A study
based on the III National Forest Inventory
(1951-1953). Folia For. 517.

Seppala, M. 1971. Evolution of eolian relief of the Kaa-
masjoki-Kiellajoki river basin in Finnish Lap-
land. Fennia 104: 1-88.

Shimwell, D. W. 1971. Description & Classification of
Vegetation. London.

Sissingh, G. 1982. Application of vegetation science to
forestry in the Netherlands. In: Jahn, G. (ed.),
Application of vegetation science to forestry, pp.
309-375. The Hague.

Soininen, A. M. 1974. Vanha maataloutemme. Maata-
lous ja maatalousviesté Suomessa perinndisen
maatalouden loppukaudella 1870-luvulta 1970-
luvulle. Summary: Old traditional agriculture in
Finland in the 18th and 19th centuries. J. Scient.
Agr. Soc. Finl. 46(Suppl.): 1-459.

Soyrinki, N., Salmela, R. & Suvanto, J. 1977. Oulangan
kansallispuiston metsi- ja suokasvillisuus. Sum-
mary: The forest and mire vegetation of the Ou-
lanka National Park, Northern Finland. Acta
For. Fenn. 154.

Tamm, O. 1920. Markstudier i det nordsvenska barr-
skogsomradet. Meddn. St. Skogsfors. Anst. 17.

— & Petrini, S. 1922. T skogstypsfragan. Svenska
Skogsvardsfor. Tidskr. 1922: 21-26.

Tamm, C. O. 1953. Growth, yield and nutrition in
carpets of a forest moss (Hylocomium splendens).
Meddn. St. Skogsforsk. Inst. 43(1).

— & Carbonnier, C. 1961. Vixtnaringen som skog-
lig produktionsfaktor. Kungl. Skogs-Lantbr.
Akad. Tidskr. C: 95-124.

— & Petterson, A. 1969. Studies on nitrogen mobili-
sation in forest soils. Stud. For. Suec. 75.
Tamminen, P. 1982. Metsamaan viljavuuden alueellinen
jakautuminen. Kenttatyohjeet. Metsantutki-
muslaitoksen maantutkimusosaston monisteita.

Tilman, D. 1982. Resource competition and community
structure. Princeton University Press.

— 1985. The resource-ratio hypothesis of plant suc-
cession. Am. Nat. 125: 827-852.

Trass, H. & Malmer, N. 1978. North European
approaches to classification. In: Whittaker, R. H.
(ed.), Classification of plant communities, pp.
201-246. The Hague.

Troedsson, T. & Nykvist, N. B. 1973. Marklara och
markvard. Stockholm.

— & Tamm, C. O. 1969. Small-scale spatial varia-
tion in forest soil properties and its implications
for sampling procedures. Stud. For. Suec. 74.

Tuomikoski, R. 1942. Untersuchungen tber die Unter-
vegetation der Bruchmoore in Ostfinnland. I. Zur
Methodik der pflanzensoziologischen Systematik.
Ann. Bot. Soc. Vanamo 17(1).

Urvas, L. & Ervio, R. 1974. Metsityypin maaraytymi-
nen maalajin ja maaperan kemiallisten ominai-
suuksien perusteella. Abstract: Influence of the
soil type and the chemical properties of soil on the
determining of the forest type. J. Sci. Agr. Soc.
Finl. 3: 307-319.

Vallée, G. & Lowry, G. L. 1972. Application of multiple
regression and principle component analysis to
growth prediction and phytosociological studies



72

of black spruce stands. Serv. de la rech., Min. des
Ter. et For. du Quebec, Mem. 7.

Valmari, J. 1921. Beitrige zur chemischen Bodenanaly-
se. Acta For. Fenn. 20(4).

Vinogradov, B. V. 1965. Ecological compensation and
replaceability, and the extrapolation of plant in-
dicators. In: Chikishev, A. G. (ed.), Plant indica-
tors of soils, rocks and subsurface waters, pp.
180-187. New York.

Virkkala, K. 1969. Suomen moreenien rakeisuusluokitus.
Summary: Classification of finnish tills according
to grain size. Terra 81: 272-278.

Viro, P. J. 1947. Metsamaan raekoostumus ja viljavuus
varsinkin maan kivisyyttd silmalld pitaen. Sum-
mary: The mechanical composition and fertility
of forest soil taking into consideration especially
the stoniness of the soil. Commun. Inst. For.
Fenn. 35(2).

— 1951. Nutrient status and fertility of forest soil. I.
Pine stands. Commun. Inst. For. Fenn. 39(4).

— 1952. Kivisyyden maarittamisesta. Summary: On
the determination of stoniness. Commun. Inst.
For. Fenn. 40(3).

— 1953. Metsamaan viljavuudesta. Metsital. Aika-
kauslehti 6: 190-191.

— 1967. Forest manuring on mineral soils. Meddel.
Norske Skogsfors. 85: 113-136.

— 1969. Prescribed burning in forestry. Commun.
Inst. For. Fenn. 67(7).

Vuokila, Y. 1980. Metsankasvatuksen perusteet ja mene-
telmat. Helsinki-Porvoo.

— 1982. Pituusboniteetit kiinnostavat jalleen. Metsa
ja Puu 5: 10-11.

— 1983. Viljelymetsikoiden harvennusmallit. Sum-
mary: Thinning models for forest cultures in Fin-
land. Folia For. 556.

— & Viliaho, H. 1980. Viljeltyjen havumetsikéiden

kasvatusmallit. Summary: Growth and yield
models for coniferous cultures in Finland. Com-
mun. Inst. For Fenn. 99(2).

Werger, M. J. A. & Gils, H van 1976. Phytosociological
classification problems in chorological border line
areas. J. Biogeogr. 3: 49-54.

— & Maarel, E. van der 1978. Plant species and
plant communities: some conclusions. In: Maa-
rel, E. van der & Werger, M. J. A. (eds.), Plant
species and plant communities, pp. 169-175. The
Hague.

Westhoff, V. & Maarel, E. van der 1978. The Braun-
Blanquet approach. In: Whittaker, R. H. (ed.),
Classification of plant communities, pp. 287-399.
The Hague.

Whittaker, R. H. 1962. Classification of natural commu-
nities. Bot. Review 28(1).

— 1973. Approaches to classifying vegetation. In:
Whittaker, R. H. (ed.), Ordination and classifica-
tion of communities, pp. 323-354. The Hague.

— 1978. Approaches to classifying vegetation. In:
Whittaker, R. H. (ed.), Classification of plant
communities, pp. 1-31. The Hague.

— & Gauch, H. G. 1978. Evaluation of ordination
techniques. In: Whittaker, R. H. (ed.), Ordina-
tion of plant communities, pp. 277-336. The
Hague.

Willems, J. H. 1978. Observations on North-West Euro-
pean limestone grassland communities: Phytoso-
ciological and ecological notes on chalk grass-
lands of southern England. Vegetatio 37: 141-

Wittich, W. 1939, Untersuchungen tiber den Verlauf der
Streuzersetzung auf einem Boden mit Mullzus-
tand. Forstarchiv 15: 96-111.

Total of 219 references

SELOSTE

Ekologinen tutkimus Eteld-Suomen kangasmetsien kasvupaikka-
luokituksesta

Tutkimuksen tausta ja tavoitteet

Maassamme kiytossa oleva kangasmetsien kasvupaik-
kaluokitusjarjestelma perustuu A. K. Cajanderin (1926)
kehittimaan metsatyyppiteoriaan, jonka mukaan pri-
mairiset kasvupaikkatekijat — ilmaston ja maaperin
ominaisuudet — maaraavit paikalle syntyvan pintakas-
villisuuden rakenteen niin tarkasti, etta pintakasvilli-
suutta voidaan kdyttaa metsaimaan viljavuuden vilillise-
ni ilmaisimena. Metsityyppijarjestelma on suunniteltu
nimenomaisesti kdytannon metsatalouden tarpeisiin.
Tyyppien lukumaird on sen vuoksi pyritty pitimaan
mahdollisimman pienena. Samalla on jouduttu tinki-
maan tyyppien kuvausten ekologisesta tasmallisyydesta:
metsatyyppien sisainen vaihtelu on varsin suurta seka
kasvillisuuden etti maaperan ominaisuuksien suhteen
(Keltikangas 1959). Metsatyyppien katsotaan muodosta-
van kasvupaikan puuntuottokykya vastaavan perussar-
jan, jossa maan vesi- ja ravinnetalous ovat maaraavia
tekijoita. Perussarjat on kuvattu erikseen kullekin ilmas-
tolliselle kasvillisuusvyohykkeelle (Kalela 1961). Tassa
tutkimuksessa on keskitytty Etela-Suomen metsakasvilli-
suusvyohykkeeseen.

Metsatyyppien kuvaukset perustuvat suurimmalta
osin tutkimuksiin, jotka on tehty kutakin tyyppia luon-
teenomaisesti edustavissa, jokseenkin luonnontilaisissa ja
taysin sulkeutuneissa metsikoissa (Cajander 1949). Ny-
kyisin valtaosa metsistimme edustaa nuorempia sukkes-
siovaiheita, ja metsien kasittely on Cajanderin ajoista
olennaisesti muuttunut. Tama on synnyttanyt keskuste-
lua metsatyyppien sovellutuksen objektiivisuudesta ny-
kyisin vallitsevissa olosuhteissa (Kuusela 1982, Vuokila
1980, 1982). On my6s varsin ilmeista, etta
metsitalouden tarpeisiin kehitetty luokitusjarjestelma ei
palvele yhta hyvin ekologisesti tarkempaa luokitusta vaa-
tivaa biologista tutkimusta. On edelleen muistettava,

etta metsatyyppijarjestelmai ei viela ole kehitetty val-
miiksi; keskeneriisyytta ovat korostaneet sekid Cajander
itse ettd jarjestelmaa mydhemmin edelleen kehittaneet
metsitieteilijat (ks. Keltikangas 1959). Nykyisen ekologi-
sen tietamyksen valossa voidaan myoés eraat Cajanderin
metsatyyppiteorian keskeiset, kasviyhdyskuntien muo-
dostumisen lainalaisuuksia koskevat hypoteesit ottaa uu-
den tarkastelun kohteeksi.

Kisilla oleva tutkimus perustuu satunnaiseen otok-
seen eri osissa Etela-Suomea sijaitsevia metsikkonayte-
aloja. Aineisto edustaa siten periaatteessa alueen metsis-
sa talla hetkella vallitsevia olosuhteita. Sat isotos
mahdollistaa myos tilastolli moni tuj 1-
mien harhattoman kayton aineiston analysoinnissa. Tut-
kimuksen tarkoituksena on analysoida metsakasvillisuu-
dessa esiintyvaa vaihtelua sekd tamin vaihtelun yhteyk-
sida maaperin ja puuston tunnuksissa esiintyvaan vaihte-
luun. Lahtokohtana on hypoteesi, jonka mukaan metsa-
kasvillisuuden vaihtelu on luonteeltaan jatkuvaa (konti-
nuumi) eika siita voida erottaa “’luonnollisia’ viljavuus-
luokkia. Tuloksia tarkastellaan Cajanderin metsatyyppi-
teorian seka erdiden uudempien, kasviyhdyskuntien
muodostumista koskevien teorioiden valossa. Toisena

tavoitteena on tutkia ekologisesti mielekkdin, operati-
onaalisen metsaekosy
dollisuuksia seka mahdollisuuksia kehittaa metsatyypeil-
le maarityskaava, jonka kaytto olisi mahdollisimman
riippumaton maaritysta suorittavan henkilon tulkinnois-

ta ja asiantuntemuksesta.

iluokituksen kehittami: h

Aineisto ja menetelmit

Tutkimuksessa mitattiin 410 nidytealaa, jotka sijoittu-
vat eri osiin Etela-Suomea kuvan 1 osoittamalla tavalla.
Aineisto on satunnaisotos populaatiosta, jonka muodos-
tavat em. alueilla sijaitsevat kivenndismaiden puustol-
taan sulkeutuneet metsikot. Néytealoilta mitattiin puus-
to relaskopoimalla, puuston pituusboniteetti (Hjqo)
(Gustavsen 1980), kasvillisuudesta tehtiin lajikohtainen
peittavyysanalyysi kuudelta 2X2 m:n ruudulta seka otet-
tiin aytteet h kerrok a (16) ja ki
maasta (4). Lisaksi mitattiin kasvupaikan fysiografisia
tunnuksia kuten topografinen asema, rinteen suunta ja
kaltevuus sekd kasvukauden tehoisa limposumma inter-
poloiden (T i 1982). Maanaytteista maaritettiin
kivenndismaan raekokotunnukset seulomalla ja lietto-
analyysia kayttien. Kivisyys mitattiin rassilla Viron
(1952) menetelmaa kayttaen. Sekd humus- ettda kiven-
naismaanadytteista maaritettiin kokonaistyyppi ns. Kjel-
dahl-menetelmalla, pH (vesi), P-, Ca-, K- ja Mg-koko-
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naispitoisuudet seki helppoliukoisen fosforin ja vaihtu-
vien kationien (Ca, K ja Mg) pitoisuudet (Halonen & al.
1983).

Kasvillisuusanalyysin perusmenetelmina kaytettiin
rinnasteista  indikaattorilajianalyysia (TWINSPAN)
(Hill 1979a), joka jarjestaa seka kasvilajit ettd naytealat
taulukkomuotoon aineistossa paaasiallisesti vallitsevan
vaihtelusuunnan mukaisesti (liite). Lisdksi ohjelma tu-
lostaa taulukkomuodossa lajien ja néytealojen hierarkki-
sen luokittelun ns. jakavalla menetelmilli seki eri lajien
indikaattoriarvot kunkin jaon yhteydessa (liite, kuvat 5
ja 6). Kasvillisuuden perusteella muodostettujen luok-
kien vilisid ekologisia eroavuuksia selvitettiin erottelu-
analyysilld, jossa kriteerimuuttujina kiytettiin mitattuja
kasvupaikan viljavuustunnuksia seki puuston tunnuksia.
Luokkien edustamien kasvupaikkojen keskimaaraisen
puuntuottokyvyn valisid eroja tutkittiin varianssianalyy-
sin avulla, jossa kriteerimuuttujana kaytettiin pituusbo-
niteetti-indeksia.

Tulokset

Kasvillisuuden perusteella muodostettujen luokkien
todettiin kutakuinkin vastaavan Cajanderin (1926) esit-
tamaa luokittelua, kuitenkin siten ettd luokat eivat ole
selvirajaisia vaan liittyvit toisiinsa enemman tai vihem-
min kontinuuminomaisesti. Puuston lajikoostumuksella
ja tiheydelld todettiin olevan erittiin merkittivaa vaiku-
tusta pintakasvillisuuden rakenteeseen. Maaperan omi-
naisuuksien osalta luokkien vilisid eroja selittavat par-
haiten humuskerroksesta mitatut kokonaistyppi- ja fosfo-
ripitoisuudet seka happamuus. Kivennidismaan ominai-
suuksissa ei sen sijaan vastaavia luokkien vilisia eroja
ollut selvisti havaittavissa. Voidaan kuitenkin paatella,
etti maan vesitaloudella on ratkaiseva vaikutus pinta-
kasvillisuuden muotoutumiseen. Tama vaikutus on osit-
tain episuora ja liittyy puuston saitelemiin valaistuso-
loihin.

Tutkimusaineistoon sisiltyvit metsimaat voidaan ja-
kaa kahteen pailuokkaan (ks. kuvat 5 ja 6): tuoreet
kasvupaikat (klusterit 1-4) seka kuivat kasvupaikat
(klusterit 5-6), joista edelliset ovat satunnaisesta nayt-
teenotosta johtuen aineistossa vallitsevia. Kuiviin kasvu-
paikkoihin sisiltyy seki hiekkamaiden ja karkearakeisten
moreenimaiden karuja metsimaita ettd kalliokasvupaik-
koja. Perusjako kahteen pailuokkaan heijastuu erittdin
selvisti sekd kasvillisuudessa etta metsimaan kemialli-
sissa ja fysiologisissa tunnuksissa; my6s puuntuottokyky
(mitattuna pituusboniteetin avulla puulaji huomioiden)
on kuivilla kasvupaikoilla merkitsevisti alhaisempi kuin
tuoreilla kasvupaikoilla. Kasvillisuuden tunnuksista suu-
rin indikaattoriarvo on erdilla tuoreiden kasvupaikkojen

ruohovartisilla kasveilla (tirkeimpdna oravanmarja) se-
ki kuiville kasvupaikoille luonteenomaisella jikalaisyy-
delld. Ekologiselta kannalta katsoen perusero on vesita-
loudessa, jonka epdsuotuisuus kuivilla kasvupaikoilla
saattaa johtua monista eri syistd (kivenndismaan veden-
lipaisevyys, kasvupaikan topografinen asema, maapeit-
teen ohuus jne.). Tuoreiden kasvupaikkojen (klusterit
1-4) valilla vallitsevat floristiset ja ekologiset eroavuudet
ovat enemmin tai vihemmin diffuuseja. Kasvillisuuden
perusteella muodostetuista klustereista voidaan kuiten-
kin erottaa ravinnetaloudeltaan selvasti eriarvoisia kas-
vupaikkaluokkia.

Selvimmin omaksi ryhmikseen tuoreita kankaita edus-
tavista metsikkondytealoista erottuvat viljavimmat kas-
vupaikat (klusteri 1, ks. kuva 5 ja liite), joiden indikaat-
torilajeja ovat mm. sormisara, kaenkaali (suhteellisen
runsaana esiintyessiin), nuokkuhelmikki ja metsior-
vokki; yleisesti ottaen varpujen (mm. mustikka) peitta-
vyysosuus on niilld kasvupaikoilla alhaisempi kuin vi-
hemmiin viljavilla tuoreilla kasvupaikoilla. Humuskerros
on multavampaa ja sen kalsiumpitoisuus selvasti korke-
ampi kuin muilla tuoreilla kasvupaikoilla. On todenni-
koistd, ettd kallioperan minerologisilla ominaisuuksilla
(kemiallinen koostumus, rapautuvuus, johon vaikuttaa
mm. biotiitin suhteellinen osuus ym.) on ratkaiseva vai-
kutus kalkin madraan maaperissa ja sita kautta viljavim-
pien kasvupaikkojen ja niille tunnusomaisen kasvillisuu-
den muotoutumiseen.

Muilta osin tuoreiden kasvupaikkojen kasvillisuus on
luonteenomaisesti varpu- ja sammalvaltaista. Kasvilli-
suuden perusteella nima kasvupaikat on kuitenkin mah-
dollista jakaa suhteellisen yksiselitteisin kriteerein kol-
meen ryhmaan (klusterit 2-4). Klusteri 2 asettuu humus-
kerroksesta mitattujen ravinnearvojensa puolesta vilja-
vimpien kasvupaikkojen (klusteri 1) ja klusterien 3-4
muodostaman ryhman valimaastoon. Tunnusomaista
klusterin 2 kasvillisuudelle on ruohojen suhteellisen run-
sas esiintyminen: metsaalvejuuri, kdenkaali ja oravan-
marja (suhteellisen runsaana esiintyessaan) ovat tar-
keimpid indikaattorilajeja. Silmiinpistavin ekologinen
eroavuus klusteriin 1 verrattuna on klusterin 2 kasvupai-
koille tyypillinen paksu kangashumuskerros. Klusterit 3
ja 4 edustavat humuskerroksesta mitattujen ravintei-
suustunnusten puolesta samanarvoisia kasvupaikkoja.
Kasvillisuuden osalta tirkeimmit eroavuudet ovat valoa
vaativien lajien (mm. kanerva ja puolukka) runsaus klus-
terin 4 ndytealoilla ja varjossa viihtyvien lajien (mm.
isokynsisammal, metsakerrossammal ja metsimaitikka)
runsaus klusterin 3 naytealoilla. Floristisia eroja selitta-
Vit puuston saitelemit erot valaistusoloissa ja mikroil-
mastossa: klusteri 3 edustaa kuusivaltaisia, klusteri 4
selvasti mantyvaltaisia niytealoja.

Kuten perinteiset metsityypit, myds tissa tutkimuk-
sessa numeerisin menetelmin muodostetut kasvillisuus-

klusterit ovat sisdisesti varsin heterogeenisia. Omaksi
ryhmikseen voidaan erottaa mm. useassa eri klusterissa
esiintyvat soistuneet naytealat (ks. liite). Eroavuuksia on
myo6s maaperin fysiologisissa ominaisuuksissa ja topog-
rafisesta asemasta johtuvissa mikroilmastollisissa olosuh-
teissa. Muodostettuja klustereita vertailtiin perinteisiin
metsatyyppeihin pituusboniteettina mitatun puuntuotto-
kyvyn (puulajin vaikutus vakioituna) seka niiden floristi-
sen rakenteen perusteella. Kasvillisuudeltaan rehevin
klusteri 1 sijoittuu keskimaaraiselta viljavuudeltaan var-
sinaisten lehtojen ja kangasmetsatyypin OMT vilimaas-
toon (on huomattava, etta varsinaisten lehtometsien
osuus tutkimusaineistossa on pieni ja yli 90 % klusterin 1
kasvupaikoista voidaan mm. maannoksen perusteella
maarittaa  kuuluvaksi kangasmetsien pairyhmain).
Klusteri 2 edustaa viljavuudeltaan metsatyyppia OMT,
klusterit 3 ja 4 puolestaan metsatyyppia MT (floristiselta
rakenteeltaan klusteri 3 nayttda vastaavan varsin tarkas-
ti metsatyyppioppaissa kuvattua mustikkatyyppia).
Klusterit 5 ja 6 edustavat selvasti kuivia kankaita, keski-
mairin puolukkatyyppia (VT) karumpia kasvupaikkoja.

Johtopaitokset

Pintakasvillisuuden perusteella muodostetut klusterit
eroavat selvisti toisistaan humuskerroksesta mitattujen
ravinnearvojen, pituusboniteetin sekd puuston varjostus-
vaikutuksen (ks. Kuusipalo 1985) suhteen. Humusker-
roksen ravinteisuuden sekd pituusboniteettina mitatun
viljavuuden vililla vallitsee varsin suoraviivainen riippu-
vuussuhde (kuva 11). Myds puuston tiheys ja puulaji-
koostumus on riippuvainen kasvupaikan viljavuudesta
(kuva 12). Riippuvuus ei kuitenkaan ole lineaarinen, silla
tietylla kasvupaikan viljavuuden tasolla valtapuuston
muuttuminen kuusivaltaiseksi aiheuttaa varsin ratkaise-
van muutoksen pintakasvillisuuden saaman valon maa-
rissa (kuva 10). Tama puolestaan vaikuttaa pintakasvil-
lisuuteen siten, etta keskimaardista ravinteisuutta (met-
satyyppia MT) edustavissa metsikéissa, joissa sekd mén-
ty ettd kuusi yleisesti esiintyvat valtapuulajina, pintakas-
villisuus saa valaistuksen lisaantyessa kuiville kasvupai-
koille tunnusomaisen leiman. Viljavammilla kasvupai-
koilla valtapuu on useimmiten kuusi, karummilla taas
lihes aina minty, joten vastaava puulajin vaihtumisen
aiheuttama vaikutus ei useinkaan tule esiin. Sen sijaan
suurelta osin viljavuudesta riippuvainen puuston tiheys
ja latvuston peittoala vaikuttavat kasvillisuuteen seka
viljavilla ettd karuilla kasvupaikoilla. Esimerkiksi osa
klusterien 2 ja 3 vilisista floristisista eroista voidaan
selittaa siten, etti edelliselle tunnusomaisen, tiheaimman
ja kattavamman puuston aiheuttama mikroilmaston suu-
rempi humidisuus seki varjostusvaikutus suosivat klus-
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terille tunnusomaisia ruohoja.

Humuskerroksen ravinnetunnusten ja kasvillisuuden
(puusto mukaanlukien) valinen kiinted vuorosuhde on
luonnollinen ilmi6, koska humuskerros on sita muodosta-
van kasvillisuuden tuotetta. Kivenndismaasta mitatuissa
kemiallisissa ja fysikaalisissa tunnuksissa ei vastaavaa
kiintedd vuorosuhdetta voitu havaita. Tama johtunee
osittain siitd, ettd varsinkin moreenimaiden viljavuutta
on vaikea mitata yksiselitteisesti laboratoriossa maaritel-
lyin tunnuksin. Voidaan kuitenkin olettaa, etti eri tavoin
ja erilaisesta alkuperdstd syntyneet maaperimuodostu-
mat poikkeavat toisistaan minerologisten, fysikaalisten ja
topografisten ominaisuuksiensa suhteen niin suuresti, et-
td nama ominaisuudet pystyvat saatelemain metsaeko-
systeemien erilaistumista humuksen ravinnetalouden ja
kasvillisuuden suhteen sukkession edetessa (vrt. Seppo-
nen 1985). Myds humuskerroksen viljavuustunnukset
voidaan siten lukea “’sekundaarisiin” kasvupaikkatekijo6i-
hin, jotka vain epasuorasti kuvastavat varsinaisia pri-
maireja kasvupaikkatekijoita. Primaaristen kasvupaik-
katekijoiden vaikutuksia on kasvillisuuden ja humusker-
roksen tunnusten avulla vaikea erottaa toisistaan, koska
ekosysteemin muotoutumiseen vaikuttavat samanaikai-
sesti hyvin monet tekijat ja ekosysteemin bioottisten ja
abioottisten komponenttien monimutkaiset vuorovaiku-
tukset.

Tutkimuksen alussa asetetun hypoteesin metsakasvil-
lisuuden kontinuum-luonteesta voidaan todeta saaneen
tutkimuksen tuloksista vahvistusta: muodostetut kluste-
rit ovat enemmin operationaalisia kuin luonnollisia vil-
javuusluokkia. Kuitenkin tulokset vahvistavat myés Ca-
janderin metsityyppijarjestelmén erdita perusperiaattei-
ta: perussarjan yksiulotteisuus saa vahvistusta ravinne-
tunnusten maaravasta vaikutuksesta kasvillisuusgra-
dienttiin, ja klusterien viliset floristiset eroavuudet vas-
taavat suurin piirtein Cajanderin (1926) esittimaa luo-
kittelua. Cajander nayttaa kuitenkin aliarvioineen puus-
ton vaikutusta pintakasvillisuuteen; myos luokituksessa
itsessaan ja etenkin sen kvantitatiivisissa kriteereissa on
ilmeistd tarkentamisen varaa nykyisiin talousmetsiin so-
vellettuna.

Tamankin tutkimuksen perusteella pintakasvillisuus
osoittautuu varsin kayttokelpoiseksi kasvupaikkojen luo-
kitusperustaksi, mikili puuston kehitysasteen ja puulaji-
suhteiden vaikutukset otetaan riittavassa maarin huo-
mioon. Kasvillisuuden avulla voidaan kuitenkin paasta
ainoastaan varsin karkeaan luokitteluun. Tulosten pe-
rusteella nayttaa silta, etta nykyista metsatyyppijarjestel-
maa olisi syyta tarkentaa etenkin OMT:n ja MT:n seka
myds MT:n ja VT:n vilisen rajanvedon osalta. Aineisto
ei tutkimuksen tassa vaiheessa ole riittava konkreettisten
tarkennusten perustelemiseen, mutta kuvassa 13 on ha-
vainnollistettu erasta mahdollisuutta tismentaa metsa-
tyypin maarityksen kriteereja ekologisesti mielekkaalla
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tavalla. Hierarkkisesti rakennettu méarityskaava lahtee
ekologisesti perustavimman laatuisesta erosta tuoreiden
ja kuivien kasvupaikkojen vililli. Tamin jilkeen ede-
taan kussakin puukuvion haarautumiskohdassa maari-
tellyin floristisin kriteerein varsinaisiin “metsatyyppei-
hin”. Lihestymistapa antaa mahdollisuuden suorittaa
metsityypin maarittiminen varsin luotettavasti ja yksi-
selitteisesti kiyttden tunnuksina ainoastaan muutamien

viljavuusluokalleen tyypillisten ja niille suotuisilla kasvu-
paikoilla konstanttien kasvilajien esiintymista ja karkeaa
runsausarviota. Olennaisesti metsatyyppijirjestelmaa
paremman ekosysteemiluokituksen kehittiminen edellyt-
tai kuitenkin kasilla olevan tutkimuksen kaltaisten eks-
tensiivisten luokitustutkimusten kytkentdd ekosysteemin
eri komponenttien valilld vallitseviin vuorovaikutuksiin
ja kausaalisuhteisiin pureutuviin tutkimuksiin.
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SPECIES ABBREVIATIONS

Filipendula ulmaria
Viola riviniana
Veronica officinalis
Campanula persicifolia
Pilosella officinarum
Poa nemoralis
Climacium dendroides
Daphne mezereum
Geum rivale

Lathyrus pratensis
Hypericum maculatum
Succisa pratensis
Prunella vulgaris

Poa angustifolia

Carex vaginata
Lonicera xylosteum
Athyrium filix-femina
Dryopteris filix-mas
Hepatica nobilis
Anemone nemorosa
Fragaria vesca
Geranium sylvaticum
Aegopodium podagraria
Angelica sylvestris
Viola mirabilis

Viola canina

Viola montana
Veronica chamaedrys
Paris quadrifolia

Carex digitata

Melica nutans

Milium offusum
Plagiochila asplenioides
Rhodobryum roseum
Plagiomnium spp.
Cirriphyllum piliferum
Thelypteris phegopteris
Achillea millefolium
Rubus idaeus
Gymnocarpium dryopteris
Oxalis acetosella
Deschampsia caespitosa
Brachythecium spp.
Plagiothecium spp.
Rhytidiadelphus triquetrus
Rubus saxatilis
Lathyrus vernus
Plantanthera bifolia
Carex pallescens
Agrostis capillaris
Alnus incana
Lycopodium annotinum
Dryopteris carthusiana
Pyrola minor

Solidago virgaurea
Salix caprea

Equisetum arvense
Equisetum sylvaticum
Potentilla erecta
Hieracium murorum
Calamagrostis canescens
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MAC
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EXP
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SEC
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DIO
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NUT
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Peltigera canina
Frangula alnus
Melampyrum sylvaticum
Maianthemum bifolium
Dactylorhiza maculata
Carex globularis
Dryopteris expensa
Sorbus aucuparia
Orthilia secunda
Dicranum majus
Dicranum scoparium
Picea abies

Pteridium aquilinum
Trientalis europaea
Antennaria dioica
Convallaria majalis
Luzula pilosa
Deschampsia flexuosa
Calamagrostis arundinacea
Betula pubescens
Dicranum undulatum
Aulacomnium palustre
Polytrichum commune
Sphagnum spp.

Pohlia nutans
Lycopodium clavatum
Populus tremula
Vaccinium myrtillus
Vaccinium vitis-idaea
Linnaea borealis
Goodyera repens
Dicranum polysetum
Ptilium crista-castrensis
Pleurozium schreberi
Hylocomium splendens
Juniperus communis
Vaccinium uliginosum
Melampyrum pratense
Epilobium angustifolium
Pyrola media

Pyrola rotundifolia
Hypochoeris maculata
Hieracium umbellatum
Festuca ovina

Betula pendula

Pinus sylvestris

Calluna vulgaris
Empetrum nigrum
Polytrichum juniperinum
Polytrichum piliferum
Cladina rangiferina
Cladonia cornuta
Peltigera aphthosa
Pyrola chlorantha
Ptilidium ciliare
Cladina arbuscula
Cetraria islandica
Cladina stellaris
Arctostaphylos uva-ursi
Diphasiastrum complanatum
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