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DIVERSITY PATTERN OF THE FOREST UNDERSTOREY
VEGETATION IN RELATION TO SOME SITE
CHARACTERISTICS
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METSAN PINTAKASVILLISUUDEN LAJIRUNSAUDEN SUHDE ERAISIIN KASVUPAIKKA TEKIJOIHIN

Saapunut toimitukselle 7. 3. 1984

A field data set representing boreal forest-floor vegetation in southern Finland was analyzed using a simultaneous
equation model. The effect parameters were estimated by fitting the covariance structure implied by model
specification to the sample covariance matrix. In order to describe the effects of the tree stand on the understorey
vegetation, a sum variable "tree stand factor” was computed as a linear combination of the density characteristics of
the tree stand by means of principal component analysis. In the model, some physical and chemical characteristics of
the soil together with the tree stand factor were treated as predictors in such a way that the tree stand factor was
specified to be dependent on the soil characteristics. Alpha diversity, measured as the total number of species per plot,
was treated as a criterion variable. The study was undertaken with the aim to examine, whether and how the diversity
pattern reflects the variation in the site characteristics.

The squared multiple correlation for the structural equation predicting the alpha diversity is 0.60 indicating that
the predictors explain a considerable amount of variance in the criterion variable. The total calcium content of the soil
and the mineralization rate of soil nitrogen (loss of ignition/amount of nitrogen) are the best predictors. Assuming that
the incorporated soil characteristics are valid and adequate measures of the site fertility, the overall fertility has a
marked independent effect on alpha diversity. On the other hand, alpha diversity appears to be essentially
independent of the properties of the tree stand. Hence it is possible to use the alpha diversity as a practical tool of site
classification.

In the statistical sense, the diversity pattern of boreal forest vegetation can be largely explained by edaphic
variables. The model thus serves as a reasonable test of environmental hypotheses of diversity regulation. However, it
seems likely that attempts to explain the diversity patterns with simple causal hypotheses are insufficient. The results
obtained in this study together with observations in other situations suggest that diversity patterns appear to require
more sophisticated and detailed hypotheses that take into account the complexity of organismic interactions with the
environment.

1 INTRODUCTION

Patterns of species diversity are an impor-
tant topic in theoretical and experimental
ecology because they are determined by the
basic evolutionary and ecological processes
which govern the organization of an ecosys-
tem (Pianka 1966). The concept of diversity
itself is a difficult subject. Traditionally, di-

versity has two components: the number of
species present (richness) and the evenness of
distribution of numbers among species
(Pielou 1969, Peet 1974, May 1975). MacAr-
thur (1965) and Whittaker (1972) distinguish
between “within” and "between” habitat di-
versity (alpha and beta diversity, the latter
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being a measure of the rate of change along
an environmental gradient). This study em-
ploys the alpha diversity, which is measured
as the total number of plant species per plot.
This is easily understood and not confounded
by equitability (cf. Hurlbert 1971).
Conceptually, species diversity may be
studied as the relationship of physical en-
vironmental factors to diversity or as the role
of biotic processes (Ricklefs 1973). The physi-
cal environment determines the pattern of
biotic interactions (see Werger & Maarel
1978). Biotic interaction induce patterns in
resource partitioning which allows the coex-
istence of different species and is thus a proxi-
mate cause of observed species diversity. Ac-
cording to Richerson & Kwei-Lin Lum
(1980), a complete explanation of diversity
would link biotic processes and environmen-
tal variables to explain how patterns of im-
migration, extinction, speciation and com-
petitive exclusion produce patterns of diversi-
ty (cf. MacArthur & Wilson 1967, Rosenz-
weig 1975). This study deals only with statis-

tical causal links of environment to diversity,
but these relationship have implications for
biotic interactions, too (cf. Tilman 1982).

The present study is based on spatial
covariances between diversity, certain sub-
stantial physical and chemical factors and the
properties of the tree stand. The covariance
structure is analyzed by a simple simultane-
ous equation model (see e.g. Geraci 1976).
The study was undertaken with the aim to
examine how well the site factors explain the
diversity pattern of the forest understorey
vegetation. Theoretical implications of the
findings are discussed.

The author is grateful to Mr. Teuvo Levula and Mr.
Pekka Tamminen for the measurements concerning the
tree stand and the soil characteristics, and to Prof. Eino
Milkénen for valuable contribution to the study. The
author also wishes to thank Mr. Jorma Korhonen for
help during the collection of the vegetation data. Valu-
able comments on the manuscript were given by Dr.
Erkki Lipas and Dr. Carl-Johan Westman. Mr. James
Scott Irving kindly checked my english.

2. MATERIAL AND METHODS

2.1. Vegetation

The material consists of 106 sample plots,
each 16X16 m in size, located in the dis-
tricts of Lammi, Kuhmoinen and Maintti,
southern Finland (see Kuusipalo 1983). All of
the sample plots represent closed forest
stands on mineral soil. The material was
collected in 1982. The coverage of different
plant species was investigated in each sample
plot. The phytosociology is explained in more
detail by Kuusipalo (1983). Simple counts of
the species present in each sample plot are
used as a measure of alpha diversity.

2.2. Tree stand

The characteristics of the tree stand were
measured in each sample plot. In this study,
the total basal area (m?/ha) of the tree stand
and the basal areas of Norway spruce (Picea
abies (L.) Karst.) and Scots pine (Pinus sylves-

122

tris L.) individuals are considered. Means
and standard errors of these variables are
given in Table 1. Basal area is a valid mea-
sure of the density of the tree stand (Bitterlich
1948). Both the density of the tree stand and
the tree species composition affect the under-
storey vegetation considerably (cf. e.g. Cajan-
der & Ilvessalo 1921, Sirén 1955). In com-
parison with spruce and pine, the densities of
deciduous trees are very low in the study
material. Practically, the low dominance of
spruce implies a high dominance of pine
(Kuusipalo 1983).

The tree stand characteristics are mutually
connected. They form a complex of variables,
the effects of which cannot be examined sepa-
rately. Hence the covariance structure be-
tween the tree stand characteristics was
analyzed using principal component analysis
(PCA). The component scores for each obser-
vation (sample plot) were computed by using
component loadings as weight coefficients.
The original variables were then substituted

Table 1. Means and standard errors of the observed site
characteristics.

Taulukko 1. Kasvupaikan tunnusten keskiarvot ja keskivirheet
havaintoaineistossa.

Mean Standard error
Keskiarvo  Keskivirhe

Tree stand characteristics
Puuston tunnukset

Total basal area

! 29.8 0.7
Kokonaispohjapinta-ala afha
Basal arca of. spruce o 19.7 1.2
Kuusen pohjapinta-ala
Basal area of pine m%/ha 8.7 L1

Mannyn pohjapinta-ala

Physical characteristics Mean Standard error
Fysikaaliset tunnukset Keskiarvo  Keskivirhe

Relative proportion of soil

particles below 0.06 mm, % 28.6 1.3
Hienojen lajitteiden

(< 0.06 mm) osuus, %

Dry weight of humus material, kg/ha 31068 1144
Humuksen kuivapaino, kg/ha

Mean Standard error
Keskiarvo  Keskivirhe

Chemical characteristics (humus horizon)
Kemialliset tunnukset (humuskerros)

Los of ignition/total nitrogen
Hehkutushavio/kokonaistyppimadra
Total content of calcium
Kalsiumin kokonaismdara
Total content of

67.8 1.1

% dry humus 0.519  0.020

phicephroy % dry h 0.102  0.002
Fosforin kokonaismidri = wy s ’

by a new sum variable, which was formed as

a linear combination of the original variables
(Morrison 1976).

2.3. Soil

A set of soil samples was collected from
each sample plot and analyzed in laboratory
(for sampling procedure, see Tamminen
1982). Means and standard errors of the soil
variables used in the present paper are given
in Table 1. Mineral soil samples were sieved;
all the material passing through a 0.06 mm
sieve was included into the fine-grained frac-
tion of the mineral soil. The relative propor-
tion of soil particles below 0.06 mm is an

applicable variable for describing the proper-
ties of mineral soil since it correlates with e.g.
field capacity and cation exchange capacity.
The humus layer forms a major part of the
rhizospheric horizon of the vascular plants
and forms a substratum for terricolous bryo-
phytes. In addition, it plays a decisive role in
the nutritional cycles of a forest ecosystem (cf.
Aaltonen 1940). The methods used in nutrient
analyses are presented by Halonen & al.
(1983). The C/N ratio is a commonly used
index of mineralization rate of nitrogen (cf.
Mengel & Kirkby 1979). In the present
study, nitrogen availability was estimated by
calculating the relation between organic frac-
tion of the humus layer (loss of ignition) and
total amount of nitrogen in the humus layer.
Since the proportion of organic C in the
humus layer is approximately constant, this
index is roughly comparable with the C/N
ratio. In addition to the nitrogen content, the
total contents of calcium and phosphorus in
the humus layer were incorporated in the
model as measures of the nutrient status of
the soil.

2.4. Model specification

It is assumed in the model specification
that the distribution of the observed variables
can be described, at least approximately, by
the covariance matrix, so that information
about parameters provided by moments of
higher order may be ignored. In addition, it is
assumed that the observed variables are, at
least approximately, normally distributed.
Consequently, the estimation of parameters is
essentially that of fitting the covariance struc-
ture implied by the specification of parameter
matrices to the sample covariance matrix (see
Joreskog 1973).

The normalities of the distributions of all
incorporated variables were examined by cal-
culating and testing the skewness and kur-
tosis statistics (Nie & al. 1975, p. 185).
Transformations were used when needed. Af-
ter that, the variables were standardized to
zero mean and unit variance. The sample
covariance matrix between variables was
computed. The model is a simple recursive
system, in which the measured characteristics
of the soil and the sum variable of the tree
stand characteristics, later called the tree
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stand factor, are treated as predictors and the
alpha diversity as a criterion variable. The
soil characteristics are treated as exogenous
independent (x) variables. The tree stand
factor is treated as a determinative y-variable
which is dependent on the x-variables, but
has a specified effect on the alpha diversity
(cf. Joreskog & Soérbom 1981).

The model of diversity pattern can be ex-
pressed in matrix form as follows:

Xy
0 e
0
1 YI] = [ ] [Yl] 4 [YnleYlen'Yls] X3 [Cl]
(M) [)’2 B O Y2 Y21Y22Y23Y24Y25] | X4 e [

X5

where y; is the tree stand factor, y, is the
alpha diversity, x, is the relative proportion of
soil particles below 0.06 mm, x, is the amount
of humus matrerial, x; is the ratio loss of
ignition/N, x4 is the content of calcium and x;
is the content of phosphorus. The model in-
volves three parameter matrices. B is sub-
diagonal and its only non-zero element B,,
represents the effect of the tree stand factor on
the alpha diversity. The elements of T repre-
sent direct effects of exogenous (x) variables
on endogenous (y) variables and € is a ran-
dom vector of residual terms. In addition, a
symmetric matrix @ is involved, the elements
of which represent correlations between the
x-variables.

Consequently, the structural equations of
the model (1) are

(2 yi = Yuxi + Yisxo + Yisxs + Yiexe + Yisx5 + §

(3) y2=Bayr + Yaxi + YaXo + Yasxs + Yauxs + Yasxs
+ G

Unlike (2), equation (3) is not a true re-
gression equation since the residual term g, is
not uncorrelated with y,.

It can be seen from the model specification,
that there are both direct and indirect effects
of the x-variables on y,. The sums of direct
and indirect effects are called total effects. For
example, the direct effect of x; on y, is y,, and
the indirect effect of x; on y 5 via y, is y,,Bs.
The total effect of x; on y, is the sum of these
effects.

2.5. Problem run

Maximun likelihood estimation of the
model parameters was done with the prog-
ram LISREL V (Joreskog & Sérbom 1981).
The method of maximum likelihood provides
standard errors for the parameter estimates.
The quotient of a parameter estimate and its
standard error coincide with the ¢ value to
test whether the true parameter is zero. Para-
meters whose ¢ values are larger than two in
magnitude are normally judged to be diffe-
rent from zero (Joreskog & Sérbom 1981).
These parameters are denoted by a double
asterisk (**). Parameters whose ¢ values are
larger than 1.5 in magnitude are considered
nearly significant and denoted by an asterisk
(*). The remaining parameters are consi-
dered weakly significant. LISREL V also
provides squared multiple correlations for
each structural equation. These can be inter-
preted as the proportion of variance ex-
plained by each equation. The coefficient of
determination for the entire model is a mea-
sure of explanation power for several equa-
tions jointly (see Joreskog & Soérbom 1981).
These values are between zero and one, large
values being associated with good models.

3. RESULTS

3.1. Tree stand factor

The computed principal component load-
ings for original variables representing the
measured characteristics of the tree stand are
presented in Table 2. The tree stand factor is
calculated as a linear combination of the total
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basal area of the tree stand and the basal
areas of spruce and pine individuals in the
stand. This latent variable is used in further
comparisons instead of the original variables.
It can be seen from the component loadings
that high scores represent clearly spruce-
dominated, dense forest stands, while low

Table 2. Principal component of the tree stand charac-
teristics.
Taulukko 2. Puustotunnusten paakomponenttimalli.

Correlation matrix — Korrelaatiomatriisi

Basal area — Pohjapinta-ala z) Zy Z3
Pine — Manty z 1.000

Spruce — Kuusi z;  —0.815 1.000

Total — Koko puusto z3 —-0.095 0.451 1.000

First principal component — Ensimmdinen padkomponentti

Component loadings—Lataukset z; Z, Z3
A, -0.861 0.992 0.409

scores represent pine-dominated and more
open stands (cf. Kuusipalo 1983). Hence the
high scores are also associated with a relative-
ly low illumination level and with micro-
climatical and edaphical conditions typical of
spruce stands (Aaltonen 1940, Sirén 1955,
Kubin 1983).

The solution of the regression equation (2),
in which the tree stand factor (y,) is treated
as a criterion variable and the soil charac-
teristics (the x-variables) as predictors, is pre-
sented in Table 3. The squared multiple cor-

relation for this equation is 0.364 indicating a
relatively low explanation power. It should
be noted, that both the density of the stand
and the tree species composition are depen-
dent not only on the site fertility, but also on
the age of the stand and on previous silvicul-
tural treatments. In general, high component
scores seem to be associated with high con-
tents of nitrogen and calcium, thick layer of
humus and high proportion of fine-grained
particles in the soil.

3.2. Diversity pattern

The mean number of species for the whole
study material is about 25, which represents
the average species richness of the Mpyrtillus
site type (e.g. Kujala 1961). The lowest
number of species is 10, which approximately
represents the species richness of the Calluna
site type, while the maximum diversity (42) is
encountered on a plot representing upland
forest with rich grass-herb vegetation. The
distribution of species richness is approxi-
mately normal (skewness = 0.220, kurtosis =
-0.698).

The solution of the problem specified in
model (1) is presented in Table 3. It can be

Table 3. Parameter estimates for the model of diversity pattern (1).
Taulukko 3. Diversiteettid ennustavan mallin (1) parametrien estimaatit.

B r 4 r square
Y1 Y2 X) X2 X3 Xg X5
Yi 0.000 0.126* 0.195* —0.479**  0.195** -0.005 0.636** 0.364
Y2 0.076 0.000 0.134** 0.014 —282%* 0.408** —-0.264**  0.405** 0.595

Total effects — Kokonaisvaikutukset

Yi X X X3 Xy X5
y2 0.076 0.143 0.029 -0.319 0.423 —-0.265
(o X, Xg X3 X4 X;
X, 1.000 Total coefficient of determination
x; —0.132 1.000 Mallin kokonaisselitysaste
x3 —0.168 0.290 1.000 R = 0.685
X4 0.240 -0.330 -0.516 1.000
x; —0.059 0.572 -0.164 -0.124 1.000
y1 = Tree stand factor — Puustofaktori yo = Alpha diversity — Alfa-diversiteetti
x; = % soil fraction < 0.06 mm — Hienojen lajitteiden (< 0.06 mm) osuus
xg = Dry weight of humus — Humuksen kuivapaino x3 = Loss of ignition/N — Hehkutushavio/N
x4 = Calcium content — Kalsiumpitoisuus x5 = Phosphorus content — Fosforipitoisuus
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seen from the squared multiple correlation for
equation (3) that the model explains almost
60 per cent of variance in the alpha diversity
indicating markedly strong relationships with
the site characteristics. The effect By, of the
tree stand factor (y;) on the alpha diversity
(y2) is weakly significant; neither are the total
effects significantly different from the direct
effects of the x-variables on y; (cf. Joreskog &
Sérbom 1981). Assuming that the tree stand
factor describes the effects of tree stand prop-
erties on the understorey vegetation accurate-
ly enough, the number of species appears to
be essentially independent of shading and
other environmental influences of tree
canopy. It should, however, be noted that
linear relationship may not thoroughly de-
scribe the behaviour of the diversity pattern
in relation to the effects of the tree stand.
Obviously, a low number of species may be
encountered both under the severe shading of
a very dense spruce canopy and in open pine
stands which are mainly confined to dry,
relatively unproductive forest sites. However,
the soil variables evidently have a marked
joint independent effect on the alpha diversi-
ty, which cannot be explained by indirect
effects directly caused by the properties of the
tree stand.

Among the physical characteristics of the
soil, the amount of humus material (x,) has
no significant effect on the alpha diversity.
This characteristic may be related to the
properties of the tree stand: efficient litter
production of spruce-dominated, dense tree
stand affects strongly the accumulation of
humus material (e.g. Kubin 1983). On the
other hand, clear positive effect by the parti-
cle size distribution (x;) indicates that the
number of species is somewhat higher on soils
with a relatively high proportion of soil parti-
cles below 0.06 mm. The forest soils in Fin-
land are normally characterized by low prop-
ortion of fine-grained soil material (e.g. Aal-
tonen 1941). The most productive forest sites
are largely confined to moraine soils with
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relatively high proportion of this fraction (e.g.
Viro 1947).

As far as the chemical properties of the soil
are concerned, the model indicates strong
causal relationships. The markedly strong
positive effect of the calcium content (x,)
together with the negative effect of the ratio
loss of ignition/N (x3), the inverse of which
can be regarded as an index of the minerali-
zation rate of nitrogen, predict a considerable
amount of variance in alpha diversity. These
factors have been demonstrated to reflect the
overall fertility of the site considerably well
(e.g. Valmari 1921, Urvas & Ervi6 1974). On
the contrary, the content of phosphorus (x;)
has a relatively strong negative effect on alp-
ha diversity. According to e.g. Valmari
(1921), Viro (1951) and Urvas & Ervio
(1974),there appears to be no positive corre-
lation between the phosphorus content of the
soil and forest site type. It has generally been
assumed that even higher amounts of phos-
phorus are available for plants on barren
forest sites since they are mainly confined to
acid soils of granitic origin (cf. Valmari 1921,
Milkonen 1982). However, phosphorus is
seldom a limiting resource in forest soils (cf.
Milkénen & al. 1980, see also Harper 1977,
p- 337).

As can be seen from the ® matrix of Table
3, there appears to be markedly high positive
correlation between the amount of humus
(xg) and the content of phosphorus (x;). In a
thick layer of raw humus, a considerable
proportion of total phosphorus is retained in
dead plant material and is thus not available
for exploitation by living plants (cf. Kaila
1956). The calciuim content (x4) appears to
correlate strongly positively with the amount
of nitrogen in organic humus material. Ac-
cording to e.g. Milkénen (1982), calcium
increases the mineralization rate of nitrogen.
Generally, the mutual correlations among the
x-variables are in accordance with previous
forest soil studies carried out by e.g. Valmari
(1921), Aaltonen (1941) etc.

4. DISCUSSION

The model accounts for a substantial prop-
ortion of variance in the alpha diversity. In
the statistical sense, the diversity pattern of
boreal forest vegetation can largely be ex-
plained by soil characteristics. However, it
seems likely that attempts to explain the di-
versity patterns with simple causal hypoth-
eses are inadequate (cf. Richerson & Kwei-
lin Lum 1980). Some of the difficulties en-
countered in establishing causal mechanisms
from spatial correlations are summarized by
Grime (1965) and Harper (1977). One diffi-
culty is the questionable measurability of re-
levant environmental factors. Some variables,
e.g. mineral nutrient availability, cannot be
measured reliably. On the other hand, many
of the measurable variables correlating with
vegetational variables are not true causes of
the change; e.g., many correlations are due to
the determination of environment by vegeta-
tion rather than the reciprocal relationships.

Estimation of the parameter matrices of a
linear statistical model is essentially that of
fitting the covariance structure implied by
specification of the parameter matrices to a
sample covariance matrix (see Joreskog &
Sérbom 1981). The main difficulties in this
are encountered in calculating viable
covariance estimates between the variables.
Since the distributions of ecological variables
are often skewed in opposite directions,
peaked or even, and the covariance matrix
would possibly not be positively definite, the
analysis may lead to incorrect conclusions
regarding the parameter values (Wainer &
Thissen 1976). To quote Wainer & Thissen
(1976), in such cases ”a quick and easy ap-
proach is to assume normality and be on your
merry way”. In the present study, however,
the normalities of the distributions were ex-
amined, although roughly, by means of skew-
ness and kurtosis statistics.

A considerable source of error arises from
the assumption of linearity of the causal rela-
tionships. Particularly when vegetational var-
iables are considered, their responses to en-
vironmental influences are more complicated
than can be described by covariance statistics
(cf. Orléci 1978, Austin 1980). If the environ-
mental gradient is short, a linear hypothesis
may, however, be plausible (Orléci 1980).
Structural equation model applied in the pre-

sent study constitutes a linear approximation
of more complicated relationships, in which
the deviations from linearity are included into
the residual terms (cf. Joéreskog 1973, Jores-
kog & Sorbom 1981).

With the above reservations, however, a
multivariate linear approach provides infor-
mation about mechanisms controlling the di-
versity patterns, which cannot be attained by
means of detailed experimental studies or by
a mere theoretical approach (cf. Richerson &
Kwei-lin Lum 1980). According to Pianka’s
(1966) suggestion, appropriate observations
on a limited scale are useful to help support
or reject hypotheses regarding large scale fea-
tures of diversity patterns.

Assuming that the contents of calcium and
nitrogen and the relative proportion of fine-
grained soil particles are valid and adequate
measures of the site fertility (see Valmari
1921, Viro 1947 etc.), the overall fertility has
a marked independent effect on alpha diversi-
ty. On the other hand, assuming that the
density characteristics used in the present
study describe the effect of the tree stand on
understorey vegetation reliably enough, alp-
ha diversity appears to be essentially inde-
pendent of the tree stand. Hence it is possible
to use the alpha diversity as a criterion in
practical site classification. The increase in
species richness with increases in productivi-
ty is connected to the change in typical
species composition of forest vegetation. Herb
and grass species with a high intrinsic growth
rate and, hence, a high demand of nutrients,
are evidently more abundant on fertile forest
sites. Less fertile sites are characteristically
predominated by dwarf shrubs with economi-
cal use of mineral nutrients (cf. Bormann &
Likens 1979). The more fertile the site is, the
more exacting herb and grass species are able
to survive. On the contrary, the number of
less exacting species do not decrease corre-
spondingly, as could be expected on the basis
of the competitive exclusion principle (Har-
din 1960).

According to Tilman’s (1982) equilibrium
theory of resource competition, each plant
species has its specific optimal resource ratio
which enables the species to dominate on
such a microsite, the resource supply ratio of
which corresponds to that of the species. He
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suggested that plant community diversity
should be maximal in moderately resource-
poor habitats, and should decrease with
either increases or decreases in resource rich-
ness. Communities with resource levels near
the diversity peak should have many relative-
ly co-dominant species, whereas more resour-
ce-rich, lower diversity communities should be
dominated by a few species, with most of the
species being rare. This situation results from
the fact that the limiting resources of an
environment are many and that species differ
in their response to the combination of these
resources. Enrichment with all of the limiting
resources means that the biomass of the total
community may increase but that all of the
resources remain limiting. In the case of en-
richment with all but one of the resources, the
community would rapidly be driven towards
dominance by the one species which is the
superior competitor for the single limiting
resource. An important point of the theory is
that it is possible for numerous species to
coexist in a spatially heterogeneous environ-
ment if the species differ in the proportion of
nutrients that they require. For a given level
of resource richness, increased spatial
heterogeneity should lead to increased species
richness, with the most marked effects in
resource-poor habitats.

In the present study, it was not possible to
determine environmental heterogeneity at the
level of nutrient status. Some indirect conclu-
sions may, however, be drawn. The forest
floor is characterized by marked microtopog-
raphical heterogeneity. Different site patches
form a mosaic of microsites, which are dif-
ferentiated in terms of soil moisture, texture
and structure and, hence, also in terms of
nutrient status and nutrient availability (see
Troedsson & Tamm 1969). On dry sites
which are intrinsically poor in nutrients, too,
the small-scale spatial variation is less steep
than is the spatial variation on mesic sites. In
other words, there exist no markedly produc-
tive microsites within dry forest sites, whereas
within mesic forest sites, markedly less fertile
microsites evidently occur. For example, in
fertile herb and grass forests, dwarf shrubs
such as Vaccinium myrtillus L. and Vaccinium
vitis-idaea L., as well as common forest mosses
such as Pleurozium schreberi (Brid.) Mitt., are
confined to higher microsites such as hum-
mocks, stumps, stones etc. (cf. Kujala 1926).
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On the other hand, herbs, grasses and more
exacting mosses are confined mainly to lower
microtopographical levels. This and still
more fine-grained spatial variation may, at
least partly, explain the fertility-dependent
diversity pattern of forest vegetation.

The independent negative effect of the
phosphorus content on species richness is
surprisingly clear. Different plant species
with different root formations tend to exploit
soil volumes differently (Litav & Harper
1967, Ellern & al. 1970, etc.). As a result of
root system differentiation, soil volumes are
more completely occupied by species-rich
vegetation than by species-poor vegetation.
According to e.g. Mengel & Kirkby (1979),
the mobility of phosphate ion is low; during a
season of plant growth a phosphate ion is
unlikely to move a greater distance than the
diameter of a root hair. Steep depletion con-
tours will therefore appear near to an absorb-
ing root surface. The more completely the soil
volumes are exploited by plant rootlets, the
more efficiently the phosphate ions are re-
moved from soil solution and utilized by
plants. In contrast, the mobility of nitrates is
high, depletion contours are less steep and
the proximity of the root to the ions is less
important (see also Harper 1977, p. 337).
There is also a tendence towards higher prim-
ary production with the increase in species
richness; herb and grass species with a high
intrinsic growth rate are capable of utilizing
the environmental resources more efficiently
than are e.g. the dwarf shrubs. Consequently,
a decline in soil phosphorus with an increase
in species richness may even suggest that a
greater amount of available phosphorus is
retained in organic material, while the total
quantity of phosphorus on a site remains
unchanged (cf. Mengel & Kirkby 1979).
Generally speaking, attempts to determine
the site fertility simply by analyzing the nut-
rient contents of the soil are inadequate. In
forest soil studies, much more attention has to
be paid to interactions between organisms
and the nutrient status of the soil (cf. Malké-
nen 1974, Bormann & Likens 1979, Mengel
& Kirkby 1979).

Forest growth is often limited by scarcity in
nitrogen on similar sites; strong positive ef-
fects of the contents of calcium and nitrogen
also imply that scarcity in them limit the
occurrence of very many plant species. Only

a relatively few species with low mineral nut-
rient requirements, e.g. common forest dwarf
shrubs and mosses, may survive on calcium-
and nitrogen-poor sites. Hence, they are able
to respond to the increase in available phos-
phorus independently of the variation in con-
tents of calcium and nitrogen. On sites with
limited supply of nitrogen and calcium but
with a considerable supply of available phos-
phorus, they are capable of increasing their
area at the expense of those species which
require higher rate of calcium and nitrogen.
On more fertile sites, rich grass and herb
vegetation utilize soil phosphorus efficiently
to a high biomass production. Consequently,
the negative effect of phosphorus content on
species richness may arise as a result of com-
petitive  exclusion induced by vigorous
growth of a few species capable of utilizing
the increase in phosphorus content indepen-

dently of the limitations in other nutrient
resources.

The above interpretations are based on
Tilman’s (1982) theory that the resource sup-
ply ratio and the rate of small-scale spatial
variation are major factors governing the oc-
currence and dominance of a given species
and, hence also the diversity patterns. How-
ever, fitting a simple causal hypothesis to a
sample covariance matrix is an insufficient
approach to examine such a complex
phenomena. Diversity patterns apparently
require more sophisticated and detailed hy-
potheses that take into account the complexi-
ty of organismic interactions with the envi-
ronment. Linear causal models such as pre-
sented in this study are only useful to the
extent of reliability of the underlying hypoth-
eses.
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SELOSTE

METSAN PINTAKASVILLISUUDEN LA |JIRUNSAUDEN SUHDE ERAISIIN KASVUPAIKKATEKIJOIHIN

Ty6 kisittelee metsan pintakasvillisuuden lajiluku-
maadrana mitatun diveriteetin (alfa-diversiteetti) suhdet-
ta erdisiin maaperin fysikaalisiin ja kemiallisiin tekijoi-
hin sekd puuston rakenteessa ilmeneviin vaihteluun.
Aineisto kisittdd samanpaikkaisesti suoritetut kasvilli-
suusanalyysit, puustomittaukset seki maaperaanalyysit
106 metsikkonaytealalta Eteli-Suomesta. Aineiston poh-
Jalta laskettiin tutkittujen muuttujien yhteisvaihtelua ku-
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vaava otoskovarianssimatriisi, jonka kovarianssiraken-
netta tutkittiin ratkaisemalla diversiteetin riippuvuutta
selittavistd muuttujista kuvaavan tilastollisen moniyhti-
16mallin parametrit.

Malli selittaa lihes 60 prosenttia diversiteetin vaihte-
lusta tutkitussa aineistossa. Puuston puulajisuhteilla ja
pohjapinta-alana arvioidulla tiheydelld ei havaittu ole-
van merkitsevaa riippumatonta vaikutusta lajirunsau-

teen. Parhaat selittdjat olivat humuskerroksen kalsium-
pitoisuus sekd humuskerroksen orgaanisen aineksen suh-
de typen kokonaismaaraan, joka kuvaa typen mobilisoi-
tumisastetta. Myos hienojen lajitteiden (< 0.06 mm)
suhteellisella osuudella mineraalimaassa oli merkitsevi
positiivinen vaikutus lajirunsauteen. Humuksen maaral-
ld (kg/ha) ei ollut merkitsevaa vaikutusta. Sen sijaan
humuskerroksen fosforipitoisuudella oli selvé riippuma-
ton negatiivinen vaikutus diversiteettiin.

Pintamaan typpi- ja kalsiumpitoisuuden sekd puuston
kasvun vililld on useissa aikaisemmissa tutkimuksissa
havaittu vallitsevan selvé riippuvuussuhde: mitd enem-
man typped ja kalsiumia on maassa, sitd parempi on
metsdtyyppi. Samoin hienojen lajitteiden osuus mineraa-
limaassa kasvaa metsityypin parantuessa. Metsityypin
ja maan fosforipitoisuuden valilla ei vastaavaa riippu-
vuutta ole. Niin ollen pintakasvillisuuden lajirunsaus

kuvastaa varsin hyvin maan tuottokykyna mitattua vilja-
vuutta. Lajirunsautta on siten mahdollista kayttaa apu-
tunnuksena arvioitaessa kasvupaikan boniteettia pinta-
kasvillisuuden perusteella. Télld saattaa olla merkitysté
etenkin metsikén nuoremmissa kehitysvaiheissa, jolloin
lajikoostumus ja runsaussuhteet saattavat suuresti poike-
ta metsityyppiluokituksen pohjana olevista vanhan met-
san kasviyhdyskunnista.

Tulosten tarkastelussa pohdittiin resurssien tarjonnan
suhteen seka resurssien pienipiirteisen paikallisen vaihte-
lun merkitystd metsikasvillisuuden diversiteettia mai-
radvina tekij6ina. Tyossa esitetyn kaltaisten mallien suu-
rin arvo on siind, etti niiden avulla voidaan laajaan
aineistoon tukeutuen testata kokeellisten tutkimusten ja
teoreettisten tarkastelujen pohjalta laadittuja hypotee-
seja.
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