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DISTRIBUTION OF VEGETATION ON MESIC FOREST
SITES IN RELATION TO SOME CHARACTERISTICS OF
THE TREE STAND AND SOIL FERTILITY
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Vegetation data collected from a random sample of forest stands representing mesic upland forest sites in selected
areas in southern Finland are analyzed and classified using two-way indicator species analysis (TWINSPAN). The
tree stand and soil fertility characteristics are analyzed using the LISREL measurement model in order to construct
latent variables for describing the site factors. The site factor scores are treated as continuous dependent variables and
the vegetation units as independent class variables in order to test statistically the mensurational fitness of the
produced vegetation units.

The results are in agreement with the main division of mesic forest sites in the Finnish forest site type classification
system: vegetation units which can be related to the Oxalis-Mpyrtillus site type are clearly separated from the remaining
units, and the fertility factor indicates a statistically significant difference. The Myrtillus site type seems to be
edaphically comparatively uniform; the vegetational differences are caused mainly by the tree stand factor. On the
other hand, the Oxalis-Mpyrtillus site type seems to be markedly heterogenous: variation in the soil characteristics is
clearly reflected in the vegetation composition, particularly in species’ richness and in the abundances of exacting
herbs, grasses and bryophytes.

1. INTRODUCTION

The Finnish forest site type classification is
primarily based on A.K. Cajander’s theory
on forest site types (Cajander 1909, 1926,
1949, Cajander & Ilvessalo 1921 etc.). Cajan-
der described two main types of mesic forest
sites in southern Finland: the Mpyrtillus site
type (MT) and the Oxalis-Mpyrtillus site type
(OMT) (e.g. Cajander & Ilvessalo 1921).
Mesic forest sites are confined mainly to
moraine soils. The moisture content of the
soil is relatively high. A comparatively thick,
well-developed humus layer has more or less
the characteristics of raw humus. In undis-
turbed, mature forest stands, the dominant
tree species is Norway spruce (Picea abies),
but also Scots pine (Pinus sylvestris) may occur
as a forest-forming tree. The Mpyrtillus site

type is characterized by an abundant and
more or less continuous moss cover and by a
predominance of Vaccinium myrtillus, usually
accompanied by Vaccinium vitis-idaea. The Ox-
alis-Myrtillus site type represents a continuous
transition between the preceding type and the
grassherb forest class (grass- and herb-rich
forests). Vaccinium myrtillus is also fairly abun-
dant in this type, but due to the more lux-
uriant character of the vegetation, i.e. occurr-
ence of relatively exacting herbs and grasses
such as Oxalis acetosella, Melica nutans, Carex
digitata etc., the Oxalis-Mpyrtillus site type can
rather easily be identified in the field (cf. e.g.
Ilvessalo 1922, Cajander 1926).

The main emphasis in the Finnish forest
site type classification is on classifying poten-
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tial site productivity on the basis of the actual
vegetation cover, which is considered to re-
flect the invariable site factors such as climat-
ical and edaphical conditions (cf. Keltikangas
1959). The descriptions of the site types are
primarily based on wundisturbed, mature
forests. The variation in the vegetation pat-
tern caused by successional stage, disturb-
ances etc. is considered temporary and, thus,
of less significance (Cajander 1926). Recent
silvicultural activities are, however, so in-
tense that undisturbed, mature forest stands
can seldom be found. For this reason, deter-
mination of the site type has in many cases
been highly subjective (e.g. Vuokila 1965,
1980, see also Kuusela 1982). In the Cajande-
rian forest site type theory, the site type is
also considered to be essentially independent
of the tree species composition: although the
tree stand evidently has a considerable effect
on the vegetation pattern, the site type can be
determined unambiguously (Cajander & II-
vessalo 1921). According to Keltikangas
(1959), there is a need for supplementary
research concerning the application of the
forest site type system in forests recently sub-
jected to intensive silviculture. Obviously
there is also a need for research concerning
the impact of the tree stand on the vegetation
composition, which has in many cases been
considered to be underestimated (cf. Sarvas
1951, Teivainen 1952, Vuokila 1956). Prob-
ably the most objective approach is to ex-
amine, simultaneously, the characteristics of
the understorey vegetation, the tree stand
and the soil, from random sample of forest
stands. Random sample provides unbiased
statistical treatment of the data.

The present study includes material collec-
ted from a set of sample plots situated ran-
domly on mesic forest sites in selected areas
in southern Finland. The published material
is not sufficient to reveal all the important
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variation in the vegetation and site factors
affecting it, but is expected to show some
major features of these topics. Divisive nume-
rical clustering based on indicator values of
different plant species is applied in order to
derive automatic and objective classification
of the actual vegetation. The characteristics
of the tree stand and soil fertility form a comp-
lex of variables, the effects of which are diffi-
cult to examine separately. For this reason,
their covariance structure is analyzed with
specified measurement models in order to
produce complex latent variables for descri-
bing their interaction on the vegetation pat-
tern. The aims of the present work are (1) to
experiment with the application of a floristi-
cally oriented numerical method for the treat-
ment of forest vegetation, (2) to experiment
with the application of confirmatory factor
models for the treatment of environmental
data, and (3) to analyze the major features in
the variation of the actual vegetation on me-
sic forest sites and some essential site factors
affecting it. The theoretical implications of
the findings are discussed.

The present study was carried out with the co-opera-
tion of the Department of Forest Soil Science, the Finnish
Forest Research Institute, and was supported by the
Academy of Finland. Mr. Pekka Tamminen of the Fin-
nish Forest Research Institute provided the author with
the measurements concerning the tree stand and the soil
characteristics. Computing work was carried out by the
author at the University of Joensuu. The author is also
responsible for the vegetation data, which were collected
with the assistance of Mr. Jorma Korhonen. Valuable
comments on the manuscript were given by Prof. Eino
Mailkénen, Prof. Matti Leikola, Dr. Erkki Lipas, Mr.
Hannu Mannerkoski and Mr. Jari Oksanen. Mr. John
Derome kindly checked the language. The author is
grateful to all the above-mentioned, as well as to all the
other contributors to the study.

2. MATERIAL AND MEASUREMENTS

The material consists of 106 sample plots,
each 16X 16 m in size, located in the districts
of Lammi, Kuhmoinen and Mintta (Fig. 1)
in the southern boreal vegetation zone (Ahti
& al. 1968). The material was collected in
1982. In the field, the sample plots were
located randomly using the center points of
the coordinate quadrats of selected sheets of
the basic ordnance survey map (1:20 000).
Only sample plots representing closed forest
stands were taken into account in the vegeta-
tion analysis.

Six subsamples, 2X2 m in size, were loca-
ted in the corners (4) and in the centre (2) of
each of the sample plots. The vegetation gro-
wing on stones, stumps, logs etc. was disre-
garded. The coverage of the species was in-
vestigated using direct estimation of percen-
tage cover. In the material of the present
paper, only sample plots representing mesic
upland forest sites (MT and OMT) were
included. Thus the material used in the pre-

sent work was reduced to a total of 80 sample
plots.

The nomenclature of the plant species fol-
lows Hamet-Ahti & al. (1980) (vascular
plants) and Koponen & al. (1977) (Bryop-
hyta).

The material concerning the site characte-
ristics was collected from the same sample
plots. The ecological data used in the present
work consist of the following variables:

(1) Characteristics of the tree stand
— basal area (m%/ha/tree species)
— dominant age of the stand
(2) Characteristics of the soil
— dry weight of humus (kg/ha)
— ph (H,O) in humus layer
— total nitrogen content (% dry humus)
— total calcium content (% dry humus)

Information about the measurement met-
hods are given by Tamminen (1982).
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Fig. 1. Location of the study areas.
Kuva 1. Tutkimusalueiden sijainti.
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3. METHODS

3.1. Vegetation analysis

The mean coverages of different plant spe-
cies were calculated for each sample plot. The
data were analyzed using two-way indicator
species analysis (TWINSPAN, Hill 1979),
which results dichotomous hierarchical clus-
tering of both samples and species. The data
are first ordinated using a reciprocal avera-
ging 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 level of divi-
sion is reached. A corresponding species clas-
sification is produced, and the sample and
species hierarchical classifications are used to
produce an arranged data matrix. The met-
hod 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 “’pseudos-
pecies” (Hill % al. 1977). The data are scaled
using special cut levels, which are equivalent
to commonly used ordinal scales of coverage.
In this study, the cut levels were defined
following the Hult-Sernander scale (e.g. Du
Rietz 1921), which is based on successive
halving of the quadrats; the coverage classes
therefore make up a geometric series.

3.2. Analysis of the site characteristics

The LISREL measurement model (see J6-
reskog & Sorbom 1981) specifies how the
latent variables or hypothetical constructs are
measured in terms of observed variables and
is used to describe the measurement proper-
ties (validities and reliabilities) of the obser-
ved variables. Provided that the goodness of
fit and the coefficient of determination are
acceptable, a set of observed variables can be
substituted by a linear combination of the
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variables (Lawley & Maxwell 1971, Joreskog
& Soérbom 1981).

Latent variables £ were constructed to
describe the effects of the site factors on the
understorey vegetation. The measurement
model specifying how these hypothetical
constructs are measured in terms of the ob-
served variables can be defined as follows:

() x=AE+9,

where x;:s are the measured ecological cha-
racteristics, A is the regression matrix of x
on &, and 9 is the vector of the measurement
errors of X.

Finally, factor scores regression coefficients
representing the estimated regression of & on
all the observed variables were computed (for
formula, see Lawley & Maxwell 1971, p.
109). The coefficient matrix, say, A, was used
to compute the estimated factor scores &, for
each observation (sample plot) with observed
scores X, by the means of the formula

(2) & = Ax,

Computed factor scores were then used as
dependent continuous variables instead of the
observed variables characterizing the tree
stand and the soil.

The estimation of model parameters is es-
sentially that of fitting the covariance structu-
re implied by the specification of parameter
matrices to the sample covariance matrix (see
Joreskog 1973). This was done automatically
using the programme LISREL V (J6reskog
& Sorbom 1981).

3.3. Analysis of the relationships between
site and vegetation

In statistical analysis, the vegetation units
produced by TWINSPAN were treated as
independent class variables and site characte-
ristics as continuous dependent variables.
One-way analysis of variance with a posteriori
contrast tests of the group means were used
when examining the relationships between

the vegetation pattern and site factors. In the
multiple range tests, the LSD (least-signifi-
cant difference) procedure was used. This is
essentially a Student’s ¢ test between group

means, and is exact for unequal group sizes.
The computations were carried out using the
programme package SPSS (Nie & al. 1975).

4. VEGETATION ANALYSIS

The results of two-way indicator species
analysis are summarized in the arranged data
matrix (Table 1). The names of the species
are abbreviated; the correct names are given
in Table 2. The ordinal numbers of the samp-
le plots are given in the upper margin; e.g. the
first column represents sample plot number
61. The binary codes in the lower margin
represent the sample divisions produced by
TWINSPAN; the binary codes in the right
margin represent corresponding divisions of
species. The table is divided into fields by
lines which follow the hierarchical classifica-
tion of the samples and species.

The maximum level of divisions was defi-
ned as 4; the minimum group size for each
division was defined as 10. The maximum
number of species was limited in the prog-
ramme specification; in the final tabulation,
the 60 most abundant species are presented.
However, all the species present in the origi-
nal data matrix were used in the computati-
ons and could appear as indicators. The cove-
rages of different species in the tabulation
follow Hult-Sernander scale.

The first division divides the data into two
major subsets: sample plots representing
herb-rich sites (1) and sample plots represen-
ting more heath-like sites (0). The most signi-
ficant indicators in the first division are Viola
riviniana, Carex digitata and Brachythecium spp.,
which are very frequent in subset (1) but
occur in only a few cases in subset (0). In
addition, the high abundance of Oxalis aceto-
sella indicates the subset of herb-rich samples,
whereas the high abundance of Dicranum poly-
setum indicates the subset of more heath-like
samples. The first division is in agreement
with the main division of mesic upland forest
site types presented by Cajander (1926). Sub-
set (0) represents the Myrtillus site type, while
subset (1) can be assigned to the Oxalis-

Mpyrtillus site type. The species list arranged
in the rows of the matrix, as well as the
sample list in the columns, can be interpreted
to reflect, at least approximately, the overall
site fertility.

As regards the subsequent divisions, it
should be noted that dichotomous hierarchi-
cal clustering methods are comparatively sen-
sitive to random effects (see e.g. Gauch 1982).
The main divisions are more reliable than are
the divisions produced at lower classification
levels; random errors are correspondingly
more probable when group sizes are small.
For this reason, the results must be evaluated
on the basis of the typical species composition
in each subset and its ecological interpretabi-
lity.

The final tabulation based on the four le-
vels of the sample classification divides the
data into 10 subsets of samples. The vegetati-
on units used in further comparisons are defi-
ned on the basis of this division. Small sub-
sets (n < 5) are combined with the vegetati-
onally most similar subsets. In addition, at-
tention has been payed to the ecological in-
terpretability of the clustering. The ordinal
numbers in the lower margin of Table 1
represent the defined vegetation units. Some
of the original subsets of samples have been
combined; subsets which belong to the same
unit are denoted by the same ordinal number.
The results of the vegetation analysis are
summarized in the following descriptions of
the vegetation units.

1. (00): The unit represents markedly xerophilous
and light-demanding vegetation, characterized
by an abundance of Vaccinium vitis-idaea, Dicra-
num polysetum and Pleurozium schreberi. Calamag-
rostis arundinacea is also fairly abundant. Only a
few occurrences of exacting herbs and grasses
can be found. The number of species is compa-
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Table 1. Hierarchical classification of sample plots and species (TWINSPAN).
Taulukko 1. Naytealojen ja lajien hierarkkinen luokittelu (TWINSPAN).
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Table 2. Key to species.
Taulukko 2. Lajiluettelo.

93 Calluna vulgaris

90 Dicranum polysetum
66 Goodyera repens

61 Ptilidium ciliare

91 Juniperus communis
86 Melampyrum pratense
81 Carex globularis

42 Luzula pilosa

76 Dicranum majus

70 Picea abies

69 Deschampsia flexuosa
48 Lycopodium annotinum
84 Vaccinium vitis-idaea
83 Pleurozium schreberi
82 Vaccinium myrtillus
80 Hylocomium splendens
72 Linnaea borealis

62 Populus tremula

59 Ptilium crista-castrensis

45 Pyrola minor

85 Polytrichum commune
79 Orthilia secunda

77 Sorbus aucuparia P. laetum)

64 Hieracium spp.
60 Dicranum scoparium
54 Trientalis europaea

89 Sphagnum spp.

71 Aulacomnium palustre

68 Betula pubescens

67 Convallaria majalis

55 Melampyrum sylvaticum
49 Maianthemum bifolium
47 Calamagrostis arundinacea

46 Potentilla erecta

44 Rubus saxatilis

41 Pteridium aquilinum

38 Solidago virgaurea

32 Gymnocarpium dryopteris

26 Carex digitata

20 Oxalis acetosella

19 Plagiothecium spp. (mainly

17 Brachythecium spp. (mainly
B. curtum and B. reflexum)
15 Rhytidiadelphus triquetrus
13 Dryopteris carthusiana
34 Geranium sylvaticum
25 Viola riviniana
24 Viola canina
21 Lathyrus vernus
14 Melica nutans
9 Hepatica nobilis
53 Equisetum sylvaticum
27 Rubus idaeus
16 Fragaria vesca
11 Rhodobryum roseum
5 Veronica chamaedrys
2 Anemone nemorosa
33 Poa nemoralis
30 Deschampsia caespitosa
18 Veronica officinalis
8 Cirriphyllum piliferum

ratively low. Dominance by dwarf-shrubs and
common forest mosses prevails. In the Finnish
forest site type system, this group may be regar-
ded as a transition type between the Myrtillus
site type and the Vaccinium site type.

2. (0100): The unit is clearly of more mesic cha-
racter than the preceding one. In the Finnish
forest site type system, the group clearly repre-
sents the Myrtillus site type. However, the unit
resembles the preceding one in that there are
relatively high abundances of certain light-de-
manding and xerophilous species (e.g. Calamag-
rostis arundinacea and Juniperus communis). A signi-
ficantly lower abundance of Deschampsia flexuosa
and the absence of Polytrichum commune are noti-
ceable differences in comparison with the sub-
sequent units. The general character of the
vegetation resembles relatively dry and open
forest.

3. (0101 and OI1): An abundance of Vaccinium
myrtillus, Pleurozium schreberi, Hylocomium splendens
and Dicranum majus characterizes this unit. Fre-
quent occurrences of e.g. Polytrichum commune
and Orthilia secunda and, on the other hand, a
low number of occurrences of light-demanding
and xerophilous species, imply a rather moist
and mesic loving vegetation. The number of

occurrences of herbs, grasses and mosses typi-
cal of rich sites is low, except in subset (011),
which is included into this unit due to the small
group size. In general, the unit represents the
typical Mpyrtillus site type, as described by Ca-
jander. The vegetationally somewhat deviating
subset (011) reflects the gradual transition bet-
ween the Myrtillus type and the Oxalis-Mpyrtillus

type.

. (1000): The comparatively mesophilous vegeta-

tion characterizing this unit indicates that it
represents a rather moist site. Poa nemoralis,
Dryopteris carthusiana, Gymnocarpium dryopteris,
Orthilia secunda and seedlings of Betula pubescens
occur rather frequently. The abundance of Po-
Iytrichum commune and Sphagnum spp. indicates
that paludification has taken place at least to
some degree. Herbs and grasses occur signifi-
cantly more frequently than in the preceding
units; also Oxalis acetosella is more abundant.
For this reason, the unit would be assigned to
the Oxalis-Myrtillus site type in the Finnish fo-
rest site type system.

. (1001): This unit is characterized by an abund-

ance of Vaccinium myrtillus and Pleurozium schreb-
eri, which is associated with relatively well rep-
resented herb and grass vegetation. However,
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the coverages of herbs and grasses are compara-
tively low. In comparison with the subsequent
units, more exacting plants (species subsets
0010, 0001 and 0000) are less abundant. The
unit can be interpreted to represent the Oxalis-
Mpyrtillus site type, dominated by dwarf-shrubs
and common forest mosses.

6. (101 and 111): This unit consists of two subsets
set apart at the second level of division in the
TWINSPAN analysis. Although they have
somewhat different vegetation composition,
subset (101) seems to be ecologically closer to
subset (111) than to subsets (100) and (110).
The abundances of dwarf-shrubs and common
forest mosses are clearly lower than in the
preceding units, whereas the herb and grass
vegetation is rich in species and fairly abun-
dant. The abundance of e.g. Calamagrostis arun-
dinacea, Convallaria majalis, Deschampsia flexuosa

and Rubus saxatilis indicates a considerable sup-
ply of light. Subset (101) seems to be of some-
what more mesic character than subset (111),
but cannot be treated separately due to the
small group size.

7. (1100 and 1101): This unit consists of two
subsets set apart at the lowest level of division.
Due to insignificant vegetational differences be-
tween them, subset (110) is treated combined.
In this unit, the herb and grass vegetation is
luxuriant; Oxalis acetosella, in particular, is con-
siderably abundant. Gymnocarpium dryopteris,
Dryopteris  carthusiana, — Equisetum  sylvaticum,
Brachythecium spp. and Rhytidiadelphus triquetrus
are typical species of this unit. The general
character of the vegetation indicates that the
corresponding sites are moister and more
shaded than those of the preceding unit.

5. ANALYSIS OF THE SITE FACTORS

The most important environmental factors
affecting the forest floor vegetation are the
supply of light, microclimate (i.e. humidity
and temperature), the moisture content of the
soil and the edaphical conditions of the site.
Not only the supply of light, but also the
microclimate are closely connected to the
characteristics of the tree stand. In Fennos-
candian coniferous forests especially, the
dominance of Norway spruce (Picea abies)
plays a decisive role in determining these
factors (e.g. Cajander & Ilvessalo 1921, Bren-
ner 1921, Sarvas 1951, Teivainen 1952, Sirén
1955 etc.). The basal area is a reasonably
good variable in estimating the density of the
tree stand (e.g. Vuokila 1980). Consequently,
both the total basal area of the tree stand and
the basal area of Norway spruce individuals
in the stand are incorporated in the model
describing the properties of the tree stand. In
addition, the dominant age is considered to
indicate the maturity of the tree stand and is
incorporated as a measure of the successional
stage.

The correlations between the tree stand
measures can be seen in Table 3. Since the
forest stands where deciduous trees are pre-
dominate are omitted from the material, the
low dominance of Norway spruce implies a
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high dominance of Scots pine. Dominant age
appears to correlate negatively with the two
measures of basal area; young spruce stands
in particular, seem to be denser than old
ones. This may arise as a result of selective
cuttings carried out in older stands approach-
ing the regeneration stage. It should, how-
ever, be noted that only mature and middle-
aged stands are included in the study mate-
rial. Thus the range of the axis is short and
the distribution somewhat skewed. Hence the
product moment correlations between age
and the measures of basal areas can be
biased.

In order to substitute the mutually con-
nected effects of the observed variables by a
single effect via the latent variable §; which is
later called the tree stand factor, a measure-
ment model was specified following the gen-
eral formula (1). The results are presented in
Table 4. The model includes only two para-
meter matrices: lambda x is a vector of factor
loadings, i.e. the regression matrix of the tree
stand measures on &;, and theta delta is a
vector of error variances. The squared multi-
ple correlations (R square) for x-variables
represent their reliabilities. The coefficient of
determination for the x-variables jointly is a
generalized measure of the reliability for the

Table 3. Correlations between the ecological characteristics.

Taulukko 3. Ekologisten tunnusten vélinen korrelaatiomatriisi.

Variable - Muuttuja 1

3 4 5 6 7
1. Total basal area — 1.000
Puuston pohjapinta-ala ,
2. Basal area of spruce — 0.451 i
Kuusen pohjapinta-ala ’ AR
3. Dominant =
RN -0.227 0315  1.000

Valtapuuston ika

4. Amount of humus —
Humuksen maara

5. pH of the humus —
Humuksen pH

6. Nitrogen content —
Humuksen typpipitoisuus

7. Calcium content —
Humuksen kalkkipitoisuus

0.110 -0.021 0.211 1.000
—-0.040 0.237 -0.363 -0.424 1.000
-0.028 0.452 —-0.499 -0.311 0.455 1.000

0.032 0.375 -0.272 -0.329 0.694 0.494 1.000

Table 4. Parameter estimates of measurement model for the tree stand. FCR = factor scores regressions.
Taulukko 4. Puuston rakenteen mittausmallin parametrien estimaatit. FCR = fakrotipistekertoimet.

Variable -

Muuttuja Lambda x t-values Theta 8 t-values R square FCR

Total basal area —

Puuston pohjap.ala 0.570 4.020 0.675 4.318 0.325 0.253
Pasal svea of dprce 0.791 4.580 0.374 1517 0.626 0.633
Kuusen pohja. ala ’ . ’ ; ’ i
Dominant age —

Valtapuuston iki -0.398 -3.280 0.841 6.389 0.159 -0.142
Total coefficient of determination 0.701

Mallin kokonaisselitysaste

whole measurement model (see Joreskog &
Sérbom 1981). The t-values are calculated by
dividing each parameter estimate by its stan-
dard error, and is used to test whether the
true parameter is zero. Parameters whose
t-values are larger than two in magnitude are
normally judged to be different from zero
(Joreskog & Sérbom 1981).

The coefficient of determination is remark-
ably high, 0.701, indicating that the measure-
ment model is reasonable. It can be seen from
the t-values that most of the parameters are
considerably significant. Factor loadings of
the tree stand measures represent the mag-
nitude of their effects on E,. Here it is seen
that the density of Norway spruce has a
strong positive effect on the latent variable.

The reliability of the parameter is also very
high (0.626). The positive effect of the total
density is also considerably high, but the
error variance is fairly large (0.675). The
dominant age affects §, negatively; this effect
may, however, be biased. In addition, the
error variance is considerably large. The fac-
tor scores regressions show the weight of each
variable on computed scores of the tree stand
factor. The tree stand factor may thus be
interpreted in such a way that high factor
scores represent mainly a high dominance of
Norway spruce and also somewhat higher
density of the tree stand. The dominant age is
also possibly lower than in the stands charac-
terized by low factor scores, the main attri-
butes of which are high dominance of pine
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and lower density. Consequently, high factor
scores represent a low illumination level as
well as relatively high and constant moisture
conditions on the forest floor. Low factor
scores represent a rather high illumination
level and more xeric conditions.

As regards the edaphical conditions, the
properties of the humus layer are a good
measure of the nutrient supply in the rhizos-
pheric horizon of the plants (e.g. Aaltonen
1940, Hinneri 1972). Therefore, attention has
been paid to the amount of humus material
and its chemical properties, instead of to the
underlying mineral soil. It has previously
been demonstrated that the pH value of the
soil and the total contents of nitrogen and
calcium reflect the fertility and the productive
capacity of the site rather reliably (e.g. Val-
mari 1921). Accordingly, variables measur-
ing the corresponding characteristics in the
humus layer are incorporated in a measure-
ment model. The amount of humus material
is omitted from the model, but is used inde-
pendently in further comparisons.

Correlations between the measured soil
characteristics indicate strong mutual con-
nections (Table 3). The acidity of the soil is
associated with the calcium content, which
affects the availability of nutrients for plants.
The strong positive correlation between the
nitrogen and the calcium content is probably

due to the fact that the rate of nitrogen
mineralization is dependent on the calcium
content (e.g. Malkonen 1982).

The parameters of the measurement model
are presented in Table 5. The formulation of
the model is equivalent to the model for the
tree stand factor. The squared multiple corre-
lations, as well as the t-values, indicate high
reliabilities of the x-variables. The coefficient
of determination is very high, 0.842, indicat-
ing that the measurement model is good. The
latent variable &, can be considered to reflect
the overall fertility of the site quite well. As
regards the factor scores regressions, the cal-
cium content has the highest weight, whereas
the weight of the nitrogen content is rather
low. High factor scores may be interpreted to
indicate high site fertility, whereas low factor
scores are associated with less fertile sites.
Computed factor scores are treated as a de-
pendent variable, which is later called the
fertility factor.

Consequently, two latent variables (i.e. the
tree stand factor and the soil fertility factor)
and one observed variable (the amount of
humus material) are used in further compari-
sons. It should be noted that the two latent
variables were calculated separately, i.e. the
correlation between &; and &, were fixed to be
zero (cf. Joreskog & Sérbom 1981).

Table 5. Parameter estimates of measurement model for soil fertility. FCR = factor scores regressions.
Taulukko 5. Viljavuuden mittausmallin parametrien estimaatit. FCR = faktoripistekertoimet.

Variable —

Muuttuja Lambda x t-values Theta & t-values R square FCR
pH of humus -

A A ; . i .349
Anbiiont EE 0.799 8.110 0.362 3.526 0.638 0.3
cosmvesenl 0.568 5.785 0.677 6.492 0.323 0.133
Typpipitoisuus

lci -
Saliioailgminni 0.869 8.818 0.245 2.198 0.755 0.561
Kalkkipitoisuus
Total : ore A%
otal coefficient of determination 0.842

Mallin kokonaisselitysaste

412

6. RELATIONSHIPS BETWEEN SITE FACTORS AND
VEGETATION UNITS

Computed scores for the tree stand factor
and the fertility factor, as well as the observed
amounts of humus, were allocated according
to the division of the sample plots into vegeta-
tion units (1-7). The differences between ve-
getation units were tested statistically in or-
der to examine the ecological character of
different vegetation types and to give some
information about the dependency of the ve-
getation pattern on the measured environ-
mental characteristics. The results of the ana-
lyses of variance and the multiple range tests
are given in Tables 6-8. An asterisk (*) deno-
tes pairs of groups which differ significantly
at the 0.05 level. An (o) denotes pairs of
groups which differ significantly at the 0.10
level.

The results concerning the tree stand factor
are presented in Table 6. The lowest scores
are observed in units 1 and 2; they differ
significantly from all the other units. The fact
that the vegetation of these units is characte-
rized by light-demanding, relatively xerophi-
lous plants fits well to the ecological interpre-
tation of the tree stand factor. Vegetation unit
3 seems to represent a spruce-dominated,
dense stand of the Myrtillus type, whereas unit

Table 6. Distribution of tree stand factor scores in diffe-
rent vegetation units.

Taulukko 6. Puustofaktoripisteiden jakautuminen naytealaryhmit-
tain.

2 resembles a more pine-dominated and open
stand of the same site type. Vegetation units
3-7 seem to closely resemble each other: they
represent largely spruce-dominated, relative-
ly dense and closed forest stands. The diffe-
rence between units 6 and 7, although not
statistically significant, gives support to the
interpretation of the vegetation analysis: the
general character of the vegetation in unit 7
indicates moister and more shady conditions
than that of unit 6.

The results concerning the fertility factor
are presented in Table 7. The differences are
very clear and largely in agreement with the
forest site type theory: vegetation units rela-
ted to the Oxalis-Myrtillus site type represent
statistically significantly more fertile sites
than those related to the Myrtillus site type.

As regards units 1-3, only a slight differen-
ce between units 2 and 3 can be found. The
lower fertility in unit 3 may be a result of the
accumulation of raw humus, which often ta-
kes place in spruce-dominated, dense stands
(cf. Aaltonen 1940, Sirén 1955). As far as
vegetation units 47 are concerned, the fertili-
ty index increases in accordance with the
ordination produced by TWINSPAN (cf.

Table 7. Distribution of fertility factor scores in different
vegetation units.

Taulukko 7. Viljavuusfaktoripisteiden jakautuminen naytealaryh-
mittain.

Multiple range test (LSD) — Keskiarvojen monivertailu
(LSD-testi)

Multiple range test (LSD) — Keskiarvojen monivertailu
(LSD-testi)

Group Mean

Rykma  Keskiarvo l. 2. ¢ 3 6 5 7.

1 -3.653

2 3.070

4. 8.483 *

3. 9.243 * oo (*): p = 0.95
6 10.621 .o °): p = 0.90
5 13.073 * *

7 15.060 *, "

Group ~ Mean

Ryhma  Keskiarvo 3. 1. 2. 4 5 6. 7.

3. 1.759

1. 1.820

2. 1.849 ° (*):p =095
4. 1.898 . (®): p = 0.90
5. 2.011 S

6. 2.034 *oxoxox

7 2.145 *r e 0

Analysis of variance — Varianssianalyysi

Analysis of variance — Varianssianalyysi

F-ratio — F-suhde 4.748***

F-ratio — F-suhde 12.483%**
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Table 1). In other words, the order of Fhe
samples, as well as the arranged species list,
reflects the overall fertility of the site remar-
kably well; the abundance of exacting herbs,
grasses and bryophytes increases in accor-
dance with the site fertility. The fertility of
the sites assigned to unit 4 can be related to
that of unit 2; the low fertility of the former
may be connected to the effects of paludifica-
tion. Vegetation units 5-7 seem to make up
somewhat different fertility classes, although
their limits are gradual.

As regards the amount of humus material,
analysis of variance indicates no statistically
significant differences. The multiple range
test, however, indicates that the amount of
humus is somewhat higher on sites assigned
to unit 3 than in, for example, those assigned
to unit 5. The difference may be interpreted
by examining the differences in vegetation
composition: the somewhat more luxuriant
vegetation in unit 5 indicates a faster rate of
litter decomposition as well as a faster carbon
and nutrient cycle, whereas in unit 3 the
accumulation of raw humus has apparently
taken place.

Table 8. Amounts of humus (kg/ hectare) in different
vegetation units.

Taulukko 8. Humuksen mdadran (kg/ ha) jakautuminen ndyteala-
ryhmittdin.

Multiple range test (LSD) — Keskiarvojen monivertailu
(LSD-testi)

Group Mean
Rykma  Keskiarvo 7. 5 26 4L 3

21 306

27 204

28 185 (*): p = 0.95
29 213 ): p = 0.90
32 839

34 603 o

36 714 « s o

R N SR

Analysis of variance — Varianssianalyysi

F-ratio — F-suhde 1.687"

7. DISCUSSION

7.1. Methods

Divisive classification methods have sel-
dom been used in forest vegetation research.
Jeglum & al. (1982) and Jones & al. (1982)
applied TWINSPAN for the classification of
Canadian forest ecosystems. In Finland, Pa-
karinen (1982) has used association analysis
(Williams & Lambert 1960, Podani 1979) for
the numerical classification of southern Fin-
nish forest types. Due to its polythetic nature
and the effective use of quantitative informa-
tion, TWINSPAN can be regarded as the
most appropriate method for divisive classifi-
cation, particularly when the vegetation con-
sists of many constant plant species (Gauch
1982). In its emphasis on indicator species,
TWINSPAN resembles the approach used in
practical determination of the Finnish forest
site types. The method emphasizes specific,
relative abundances of different species rather
than absolute coverage values. The use of the
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Hult-Sernander scale as the pseudospecies
cut levels also emphasizes the differences at
low abundance levels: lower coverages are
scaled more accurately than high ones. Hence
it follows that the differences between the
coverages of abundant, but less informative
common forest plants, affect the classification
less than the abundance relationships be-
tween indicator plants often characterized by
a relatively scanty occurrence. However, the
sensitivity of TWINSPAN also makes its sen-
sitive to random (ecologically insignificant)
variation in species’ abundances. Therefore,
the divisions of small groups at low classifica-
tion levels especially, must be interpreted
with care; in many cases it would be useful to
analyze the vegetation data by more than one
numerical methods simultaneously (cf. Jones
& al. 1982).

TWINSPAN reconciles the practical need
to form vegetation classes for forest mensura-
tional purposes with the reality of vegetation

continua by using ordination to classify both
the samples and the species. In this applica-
tion of TWINSPAN, the classification of both
samples and species seems to reflect the ove-
rall fertility of the site considerably well. The
continuous character of the variation in the
vegetation pattern, as well as in fertility cha-
racteristics, can be seen in the results: abun-
dances of different species change gradually
along the vegetation continuum, thus reflec-
ting the gradual change in site quality. Gene-
rally speaking, a correspondingly arranged
matrix of species and units, based on a larger
and more representative material, would pro-
bably be a more suitable tool for site evalua-
tion than qualitative descriptions of vegetati-
on in defined, distinct site classes.

From the viewpoint of classification, it is
interesting to compare these results with the
application of TWINSPAN for Canadian bo-
real forest vegetation presented by Jones &
al. (1982). Although Jones & al. used only
presence/absence data instead of coverage
classes, their main division of the samples is
equivalent to the first division presented in
this study: it subdivides the population into
those plots with a reasonably well represen-
ted herb and grass vegetation from those
plots with a poor to non-existent herb and
grass vegetation. The method Jones & al.

used for treating the soil data was based on*

the classification and ordination of site pro-
perties, independently of vegetation classifi-
cation, and is thus not comparable with the
results presented here. However, if the main
emphasis is on evaluating the mensurational
fitness of forest vegetation classes, the two-
stage method presented here is probably mo-
re valid and unambiguous than indirect com-
parisons between separate classifications.

Confirmatory factor analysis constituted
by measurement models has many applica-
tions in econometrics and in the social and
behavioral sciences (see e.g. Joreskog 1969,
Goldberger 1972, Joreskog & Sorbom 1981).
In the present study, confirmatory factor ana-
lysis is applied for the treatment of ecological
data.

The fertility of the soil can be regarded as
an unobservable, hypothetical latent variab-
le, which affects the biological productivity of
the site (cf. Aaltonen 1940). All measurable
site characteristics, i.e. nutrient contents, aci-
dity, moisture etc., affect the overall fertility

jointly, and often their effects are cumulative
or complementary. In the present study, the
measurement model for the overall fertility
was extremely simple, consisting only of three
observed variables and a latent one. The
model was specified under the assumption
that the pH of the soil and the nitrogen and
calcium contents are valid and adequate me-
asures of fertility. The characteristics of the
tree stand also form a complex of variables,
the effects of which are not easy to examine
separately. Although the model presented for
the tree stand factor seems to describe well
some of the essential characters of the tree
stand, it needs further development and tes-
ting in a less uniform material. The validity of
the models could be improved by incorpora-
ting additional variables characterizing the
properties of the soil and the tree stratum.

In practical evaluation of the site quality,
the main emphasis is on determining the
biological productivity of the site. The major
difficulty is encountered in the treatment of a
great number of site factors, which affect the
site productivity jointly. Confirmatory factor
analysis provides a statistical tool for the
analysis of the covariance structure between
the site factors. The method also provides
tools for examining the fit of the model and
deciding where the lack of fit is. Thus it
enables stepwise improvement of the model
(cf. Joreskog & Sorbom 1981).

7.2. Results

The results presented here emphasize the
role of exacting herbs and grasses as indicator
species, whereas quantitative differences in
the abundances of constant forest plants,
such as Vaccinium myrtillus and common forest
mosses, are less informative. As discussed by
e.g. Werger & Maarel (1978), there is a shift
in the ecological indicator value of a given
species. Near the margins of their distribution
area, species are more specific environmental
indicators than in the more central parts of
their distribution area. Near the centre of a
species’ distribution area, ecological amplitu-
de of the plant fits well to the combination of
the governing environmental factors, and
thus it is strongly competitive to other spe-
cies. Towards the margins, the environmen-
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tal factors (e.g. climatical conditions, calcium
content of the soil etc.) change one by one
and the tolerance limits of the species for
these factors are approached until one factor
becomes critical and determines the occur-
rence or absence of the species (cf. Werger &
Van Gils 1976, Holzner 1978, Willems 1978).
Species therefore characterize the plant com-
munity, and hence also the site, more C.llS-
tinctly near to the margin of their distribution
area (cf. Vinogradov 1965). Exacting herbs
and grasses reach their maximum abundance
in nemoral forests, whereas boreal coniferous
forests can be regarded as a marginal distri-
bution area for them. On the other hand,
boreal coniferous forests can be regarded as a
central distribution area e.g. for the common
forest dwarf-shrubs and mosses mentioned
above. The striking difference in the species’
richness and the exacting character of the
vegetation between units 1-3 and 4-7 imply
that the tolerance limits of many exacting
species are reached simultaneously. Accor-
dingly, the difference reflects changes in some
critical site factors.

As emphasized by e.g. Keltikangas (1959,
p. 24), the description of the Cajanderian
forest site types is based mainly on the species
composition, particularly on constant and
abundant plant species, and on the relative
quantity of certain plant groups: lichens,
mosses, herbs, grasses, dwarf-shrubs and
shrubs (cf. Cajander 1926, 1949). The floris-
tic differences are, however, stressed in forest-
ry textbooks, where the identification of thf.
forest site types is based on “quide” or "indi-
cator” species (e.g. Lehto 1964). The position
of vegetation unit 5 in the fertility axis illust-
rates the decisive role of exacting herbs and
grasses as indicator species: even though the
vegetation has many typical characteristics of
the Myrtillus site type, i.e. the continuous
cover of Pleurozium schreberi accompanied by
Dicranum mosses, the abundance of Vaccinium
myrtillus and Vaccinium vitis-idaea, a comparati-
vely low abundance of herbs and grasses etc.,
the multiple range test separates this unit
clearly from the units 1-3. The well represen-
ted herb species diversity and the occurrence
of Oxalis acetosella, Viola riviniana and Carex
digitata justify the assignment of this unit to
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the Oxalis-Mpyrtillus site type.

It should, however, be noted that many
highly indicative species are far from being
completely constant (frequency = 100 % of
suitable sites). On the other hand, some com-
paratively constant indicator species may oc-
cur sparsely over a wide range of variation in
the site characteristics. For instance, as de-
monstrated already by Cajander (e.g. Cajan-
der & Ilvessalo 1921, see also Ilvessalo 1922,
Tertti 1944, Lehto 1964 etc.), and as can also
be seen in Table 1, a low occurrence of Oxalis
acetosella is an inadequate criterion for distin-
guishing the Oxalis-Myrtillus site type from
the Myrtillus site type; only when Oxalis is
accompanied by other exacting plants such as
Viola riviniana, Melica nutans etc., or is striking-
ly abundant, can a site dominated by Vacci-
nium myrtillus be assigned to the Oxalis-Myrtil-
lus type.

The vegetational heterogeneity within the
sample subset assigned to the Myrtillus site
type (units 1-3) seems to be induced by the
variation in the tree stand properties rather
than by edaphical heterogeneity. On the
contrary, the vegetation differentiation within
the sample subset assigned to the Oxalis-
Mpyrtillus site type (units 4-7) clearly reflects
the variation in the fertility factor. The results
give the impression that the Oxalis-Myrtillus

* site type is internally more heterogenous than

the Mpyrtillus site type, representing a conti-
nuous transition between the mesic heath
forests and the grass- and herb-rich forests
(cf. Cajander 1926). However, as emphasized
by Keltikangas (1959), a Cajanderian forest
site type represents a larger amplitude of
variation in the site factors than the different
plant association types included in it. From
this point of view, the obtained results are in
agreement with the Cajanderian distinction
of two main types of mesic forest sites: the
Myrtillus site type and the Oxalis- Myrtillus site
types can be distinguished rather unambi-
guously in the field, and the fertility factor
indicates that there is a statistically signifi-
cant difference between them. In relation to
this difference, the within-type variation ob-
served in the sample subset assigned to the
Oxalis-Mpyrtillus site type is insignificantly
small.
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SELOSTE

TUOREIDEN KANGASMETSIEN KASVILLISUUDEN JAKAUTUMINEN SUHTEESSA ERAISIIN PUUSTON JA
MAAPERAN TUNNUKSIIN

Tyossa tarkastellaan Eteld-Suomen tuoreiden ja lehto-
maisten kankaiden metsatyyppikuvassa ilmenevaa vaih-
telua ja siihen vaikuttavia tekijoitd sekd erdiden moni-
muuttujamenetelmien soveltuvuutta kasvupaikkaluoki-
tusta koskevaan tutkimukseen. Keratyn peittavyysaineis-
ton pohjalta suoritettiin pintakasvillisuuden lajiston seka
niytealojen ryhmittely kaksisuuntaista indikaattorilaji-
analyysia (TWINSPAN, Hill 1979) kiyttien. Ryhmien
vastaavuutta metsityyppien avulla ilmaistuihin kasvu-
paikkaluokkiin tarkasteltiin. Valituille puusto- ja maape-
ratunnuksille laadittiin mittausmallit (LISREL, Jore-
skog & Sorbom 1981), joiden avulla muuttujien kovari-
anssirakennetta tarkasteltiin. Mallien avulla laskettiin
puuston rakennetta ja maaperin viljavuutta mittaavien
muuttujien yhteisvaihtelua kuvaavat niytealakohtaiset
faktoripisteet, joiden vaihtelua pintakasvillisuuden pe-
rusteella madritellyissi kasvupaikkaluokissa tutkittiin
varianssianalyyttisesti.

Kienkaali-mustikkatyyppid (OMT) edustavat metsi-
kot erottuivat numeerisessa analyysissa selvasti mustik-
katyypin (MT) metsikdistd ruohojen ja heinien seké
‘erdiden vaateliaampien sammalten esiintymisen perus-
teella (Taulukko 1). Vastaava ero ilmenee myos lasketun
viljavuusindeksin keskiarvojen monivertailussa (Tauluk-
ko 7).
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Mustikkatyyppi nayttdd tulosten perusteella edusta-
van varsin yhteniistd viljavuusluokkaa: kasvilajiston
runsaussuhteissa ilmenevit erot selittyvit suureksi osaksi
puuston rakenne-eroilla (Taulukko 6). Sen sijaan kden-
kaali-mustikkatyyppi
kasvupaikkatyyppiryhman. Erot viljavuudessa heijastu-
vat ruohojen ja heinien suhteellisessa osuudessa kasvi-
peitteesti seké erdiden vaateliaiden lehtokasvien esiinty-
mistaajuudessa. Padjakoon (MT-OMT) verrattuna erot
ovat kuitenkin selvisti vihemman merkitsevia.

muodostaa heterogeenisemman

Tulokset osoittavat, ettd indikaattorilajianalyysi sovel-
tuu hyvin kasvupaikkaluokitusta koskevan tutkimuksen
apuvilineeksi. Saatu ryhmittely ilmentéa verraten her-
kisti epdjatkuvuuksia kasvupaikkatekijoissd sekd sovel-
tuu myds kasvisosiologisten tunnuslajien etsintadn. Laa-
ditut maaperin viljavuutta ja puuston rakennetta kuvaa-
vat faktorimallit yksinkertaistivat huomattavasti kasvilli-
suuteen vaikuttavien tekijéiden samanaikaista tarkaste-
lua. Etenkin viljavuutta kuvaava malli nayttaa toimivan
hyvin esitetyssd aineistossa. Konfirmatoorista faktori-
analyysia voidaan soveltaa mitattujen kasvupaikan tun-
nusten kovarianssirakenteen tarkasteluun ja sen avulla
voidaan kehittda kasvupaikan viljavuutta kuvaavia in-
dekseja. Menetelmid mahdollistaa mallien sekd siten
myés niistd johdettujen indeksien hyvyyden tilastollisen
testaamisen.





