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Abstract

In many countries, including Estonia, the interpretation of forest vegetation-environment relationship and forest

typology proceeds from A. K. Cajander’s site type concept. It presumes that the environmental conditions of habitats,
the tree layer productivity of forests, and ground vegetation composition are well correlated, whereas the tree layer
composition may develop rather independently. We studied (i) how uniform are the soil conditions within the limits of
Estonian mesic Hepatica forest site type communities, (ii) how similar the species content of these forests is in different
districts, (iii) how the species content similarity is expressed in the different layers of forest communities and, (iv)
which environmental factors determine the species richness most essentially. One study area was situated in western
Estonia on calcareous soils lying on bedrock limestone, two areas in southern Estonia on parent material with variable
calcareousness. The soils of these areas differ remarkably by their morphology and by their chemical properties. The
average species richness of vascular plants and bryophyte species in all three areas appeared to be rather similar. The
diversity of herb layer species was positively affected only by the habitat lightness, while we did not discover any analysed
environmental variable for the moss layer, which had significant effect on the species richness. The species composition
in forests of the three study areas differs significantly for the moss, herb and bush layer. For every forest community
layer its own system of relationships between the species as well as between the species and environmental factors is
characteristic. The relative autonomy of plant community layers is in good accordance with Cajander’s theory of forest
site types. In western Estonia the height of trees, the diameter of stems and the timber volume are essentially lower
than in southern Estonia due to the dryer soils. Therefore, it seems relevant to divide the Estonian Hepatica site type
forests into two subtypes: the first is confined to calcareous soils in the western and northern Estonia and has lower
habitat productivity potential for tree layer in comparison with the forests of the second subtype that grow mostly in
the eastern and southern Estonia on soils mainly depending on the topographical location and parent material
calcareousness but having a higher tree layer productivity.

Key words: Cajander, classification, layers, management, productivity, site type, soils, species richness, stand age,
trees growth

Introduction

Study of relationships between the vegetation and
the environment has been the main issue of plant
communities’ ecology from its beginning and the re-
spective general regularities are rather well known.
Nevertheless, depending on the scale, involved char-
acters, region and communities under study, there is
a multitude of peculiarities and variations having of-
ten a crucial importance for management planning and
implementation. Circumstantial understanding of them
is a reliable basis for more successful results, which
is especially obvious in forestry practice. Sound plan-
ning in forestry is site-specific but arranged general-
ly according to the forest site types. Therefore the

efficiency of forestry depends largely on how well the
conditions and features of every site type in the con-
sidered region are known.

In numerous countries, the forest site types are
distinguished and delimited according to the concept
developed mainly by A.K.Cajander (1909, 1926, 1930,
1949, Cajander and Ilvessalo 1921). In Estonian forest
typology Cajander’s approach was introduced already
in the 1930s by Riihl (1932, 1936) and developed fur-
ther by Ilves (1953), Karu and Muiste (1958), Katus
and Tappo (1965) and Masing (1966, 1969). The forest
site type ordination scheme elaborated by Lohmus
(1974a,b, 2004) and accepted for several decades as
an official guideline of the Estonian forest inventory
and management planning, is closely related to the
same concept as well.
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Cajander’s forest site type approach proceeds from
the presumption that between the habitat/site condi-
tions, forest communities tree layer growth/productiv-
ity and ground vegetation species composition a rath-
er strong correlation exists, whereas the tree layer
composition may develop relatively independently,
first of all due to the human interference or fires. In
that way, the mapping of forest vegetation communi-
ties can also provide an overview or even map of for-
est soils (Cajander 1923, 1930, 1949, Kalela 1960). Still,
as it has been demonstrated by several authors, the
relationship between different components of forest
communities’ structure and habitat properties is often
rather weak (e.g. BacuneBnu and Koncranturosa 1980).
In different regions and in different communities rela-
tionships between the vegetation and habitat charac-
teristics usually have their own peculiarities. In the
Kivach Nature Reserve, located in the middle taiga zone
of Russian Karelia, for example, the forests ground
vegetation, tree layer and soil properties classifications
had a good consonance (p = 0.001; Paal 1995), while
for the forests in the Karula National Park, South Es-
tonia, these classifications did not have any accepta-
ble correspondence (Vellak et al. 2003). It has been
established also that dynamics of different compo-
nents in the ecosystems is non-synchronous. Accord-
ing to Taprynsan and Coxonos (1978) the soil and veg-
etation have different ,characteristic time’, i.e. a peri-
od in the course of which they will attain a state of
relative equilibrium. This period can be different al-
ready for the particular soil properties. Moreover, the
relations between plant communities’ components and
environmental parameters can be subjected to some
independent factors like soil parent material or climate
not considered in the analysis.

Since Cajander’s approach was mainly designed
for and is continuously used in practical forestry, only
a modest number of distinct site types for certain re-
gion can be applicable (Cajander 1949). At the same
time, the diversity of forest habitat conditions and
vegetation characteristics is frequently very large and
continuously changing; therefore it is complicated to
describe it in terms of a restricted number of habitat
site types (Kuusipalo 1985). Frey (1973) has underlined
that in extreme conditions the boundaries between site
types are usually well-marked; though the greater the
number of species, the smaller the role of dominant
species, and as soon as one considers mesic condi-
tions, the task to separate the sites according to their
type turns out to be rather complicated.

In the current study our attempt is to testify (i)
how uniform the soil conditions within the limits of
one Estonian mesic forest site type communities are,
i.e. whether they represent ‘biologically equivalent’

habitats sensu Cajander (1926, 1930) having approxi-
mately equal growth rate/productivity of trees, (ii) how
similar the species content of the same forest site type
communities in different districts of Estonia is, (iii)
how the species content similarity/discrepancy is ex-
pressed in different layers of forest communities and,
(iv) which environmental factors determine the spe-
cies richness and composition in the considered com-
munities most essentially.

Materials and methods

We took under study the mesic Hepatica site type
forests having an intermediate ecological position be-
tween the eutrophic but comparatively dry calcareous
Calamagrostis site type forests (‘loo’ [16:] forests, in Es-
tonian), mesotrophic mesic Oxalis site type forests and
eutrophic fresh Aegopodium site type forests. Thus, the
Hepatica site type forests grow in habitats characterized
with mesic moisture conditions and good trophicity.
These stands can be found on undulating tilly plains,
drumlins, eskers and low hillocks in the central as well
as in the northern and north-western parts of Estonia on
deeper Rendzic Leptosols, Calcaric Regosols, Calcaric and
Mollic Cambisols and Calcaric Luvisols, which have been
formed on calcareous yellowish-grey till. The latter soils
occur also in southern Estonia on reddish-brown till
parent material and are potentially highly productive
(Lohmus 1974a,b, Paal 1997).

The total area of Hepatica site type forests in
Estonia is 210700 ha or 9.5% of the forest land (Part
et al. 2009). Spruce forests are the most common (57%),
while pine (27%) and birch stands (10%) are the next
in importance; forests dominated by aspen, grey al-
der or oak occur sparsely. The stands belong to the
quality classes Ia to II (III) but often the potentially
high productivity of these habitats is not realized by
the tree stand. This is caused by the damages of the
fungus causing butt rot and by the attacks of bark
beetles and premature rarefaction of stands which
accompany these damages (Karoles 1995).

Sample areas

The fieldwork was carried out in Rapla district
(Raplamaa) in northwestern Estonia, in the Otepdd Na-
ture Park, and in the Karula National Park situated both
in southern Estonia (Fig. 1).

Topographically Raplamaa is a part of the Harju
Plateau where the landscape is dominated by limestone
plains, locally also by tilly plains. The Otepdd Nature
Park and the Karula National Park are confined to the
Otepdd and Karula uplands, respectively. The Otepida
Upland has evolved during ice ages on bedrock up-
land made of sandstones, while the Karula Upland has
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Figure 1. Location of study areas

formed as an edge formation between continental gla-
ciers in the late glacial period on the same sandstone
basement (Arold 2005).

Data sampling

In the studied Hepatica site type forests, Pinus
sylvestris prevails in the first tree sublayer, while in
the second sublayer Picea abies can be abundant.
Forests in the sample were represented with (i) inten-
sively managed stands and, (ii) modestly managed
subnatural stands. Management intensity was estimat-
ed according to the information about regular cuttings
as the typical management of Estonian forests pre-
sumes thinnings at 20-year intervals (Kaar 1986).
Therefore, if the planned intermediate cuttings were
not done, the stand was qualified as subnatural; if
these cuttings were all done in time, i.e. there were
stumps and openings of thinnings in the forests; the
stand was interpreted as intensively managed. Stands
without regular intermediate cuttings but with some
cuttings because of windstorm impairment in 1967,
were also included in subnatural stands. Forests of
every management class were further divided into two
groups: (i) younger forests about 40-80 years of age
and (ii) forests older than 120 years. All in all, 37 stands
were included in the sample: 12 at Raplamaa, 15 in the
Otepéd Nature Park and 10 in the Karula National Park.

For data collection a circular sample plot with a
radius of 25 metres (ca 0.2 ha) was analyzed in each
stand. If necessary, for remaining within the same
community, the shape of sample plots was changed a
little, maintaining the same surface area.

The tree layer was described by tree-trunks ba-
sal area, which was measured for every tree species
at breast height (DBH) in every sample plot 4-5 times,
average values being used for further analysis. The
bush layer was described by counting the number of
stems of all species on five randomly placed subplots

with a radius of 2 m. The average height of stems was
also estimated. The value of average stem height
multiplied with the number of stems was used for anal-
yses. Trees lower than 5 m and/or with a breast height
diameter less than 5 cm were considered belonging to
the bush layer. Cover percentage of every ground
vegetation species was estimated on 12 randomly
placed 1x1 m quadrates, species growing on sample
plot but not registered on quadrates were also included
into the data for species richness analysis.

For the morphological description of the soils, a
pit was dug in the middle of sample plots. In every
pit the deepness of occurrence of free carbonates was
detected by 10% HCI. In the laboratory the following
soil properties of the humus horizon and of the hori-
zon under that were estimated: (i) pH,,,, (ii) pH, ., (iii)
percentage of the organic C content by oxidation of
all organic matter with K Cr,O, (Bopo6sesa 1998); from
this also the percentage of the humus content was
calculated, (iv) percentage of total nitrogen by the
Kjeldahl method (van Reeuwijk 1995), (v) soil specific
surface area (m’g') by the water steam adsorption
method (Klute 1986). All analyses were performed from
the fine soil fraction with a diameter less than 2 mm.
Soils were classified according to the morphological
characteristics and texture class of the diagnostic
horizons; if necessary, the properties estimated in the
laboratory were taken into account.

The names of vascular plant species are given by
Leht (2007) and the nomenclature of bryophytes by
Ingerpuu and Vellak (1998). Nomenclature of soil types
refers to the WRB (2006).

Data processing

Correlation structure, variation of soil properties
and estimation of shared variation between soil prop-
erties and categorical variables ‘Age’ and ‘Manage-
ment’ were analysed by the Partial Principal Compo-
nent Analysis (Ter Braak and Smilauer 2002) where the
categorical factors were treated as covariables. The
General Linear Model Analysis (GLM) was used to
evaluate the difference between the environmental
variables of three study areas and of forests of differ-
ent age and management categories. Ecological indi-
cator values of habitat lightness, soil moisture and
nitrogen content were calculated by means of calibra-
tion (Jongman et al. 1995), using the weighted aver-
aging algorithm and indicator values of herb (Ellen-
berg 1979) and moss layer (Diill 1991) plant species.

To test which environmental variables affect the
forest ground vegetation species richness, the GLM
analysis was applied (StatSoft 2001).

For ordination of vegetation data, first the length
of the species and environmental variables variation
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gradient was estimated by the Detrended Correspond-
ence Analysis (DCA). If the gradient length appeared
to be relatively short (<2 SD), subsequently the Princi-
pal Components Analysis (PCA) was used; if the gra-
dient length was longer (>2 SD), the Detrended Corre-
spondence Analysis (DCA) was exploited (Ter Braak
and Smilauer 2002). Detrending was done by second
order polynomials. The bush, herb and moss layer data
were square-root transformed and in the case of herb
layer downweighting of rare species was applied. Spe-
cies found only from one quadrate with cover <0.5%
were removed from the moss layer species analysis.

For ranking of environmental variables according
to their importance for determining the species data
variation structure, the forward selection procedure
available in the Redundancy Analysis (RDA) in case
of short gradient and the Canonical Correspondence
Analysis (CCA) in case of longer gradient was used.
The significance of variables was evaluated by the
Monte Carlo permutation test (1000 permutations).
Variables ‘Age’ and ‘Management’ interaction was
removed from the analysis due to the high value (>20)
of the variance inflation factor, indicating multi-colline-
arity with some other environmental variables (Ter
Braak and Smilauer 2002).

The Multi-Response Permutation Procedure
(MRPP; McCune and Mefford 1999) was carried out
to test species composition differences between the
forests of three study areas, as well as between their
age and management classes.

The classificatory indicator values of species in
the considered study areas were calculated by the
Dufréne and Legrendre (1997) method included into the
program package PC-ORD (McCune and Mefford
1999). Herb and moss layer species found only in one
quadrat with cover <0.5% were removed from this
analysis. The statistical significance of the obtained
indicator values was evaluated by the Monte Carlo
permutation test.

Relationship between the forest’s age and their
site index H100, referring to the dominant height (in
metres) of the tree stand of a reference age of 100
years (Lahti 1995) was calculated by regression anal-
ysis. Site index H100 has been considered as a relia-
ble indicator of site fertility (Kuusipalo 1985). For that
analysis an independent sample of 800 stands for
Raplamaa, 238 and 157 stands for the Otepdd and
Karula Uplands was used. All these data were taken
from the Estonian State Forest Inventory Database.
The significance of differences between the H100 in-
dices, timber volume, trees height and diameter in three
study areas were tested by the One-Way ANOVA.
Pairwise multiple comparisons were performed by Tuk-
ey’s HSD test (StatSoft 2001).

Results

Environmental conditions

The soils of the investigated areas differ rather
remarkably by their morphology as well as by their
chemical properties. For soils of Karula and Otepéa
sample areas the internal variability of soil properties
is also rather large, whereas the soils of Raplamaa are
more congeneric.

The soils at Raplamaa are represented mainly by
Rendzinas lying on bedrock limestone or having car-
bonate rich parent material in limestone rubble till and
these soils are classified mainly as Calcaric Regosols
or Calcaric Cambisols. They are characterized by the
presence of rock fragments in soil profile, including
limestone rubble, pebble and gravel. The abundance
of coarse fragments in humus layer is staying between
few and common, increasing remarkably in deeper ho-
rizons.

The thickness of humus horizon in the studied
profiles of Raplamaa soils varies between 13 and 50
cm, being 25 cm on average (Table 1). Some investi-
gated soils have developed a complex horizon (humus
transient horizon AB) having features of humus accu-
mulation (mostly in root channels) and illuviation proc-
esses. Most of the soils have also metamorphic illu-
viation of B horizon (often as the transitional horizon
to the parent material). On four sample plots (Os1, Ys7,
Ys8, Ym11) shallow (up to some cm) forest floor layer
has been accumulated. The organic layers of those
soils are usually thin, containing leaf-needle-branch
litter at different decomposition stage, followed by
fresh calcic mull or forest mull humus profile.

The soil properties also depend on the deepness
of solum, in some cases (Ym12 and Ys7) the deepness
of soil profile does not reach more than 40 cm, fol-
lowed by continuous bedrock (limestone). By texture
these soils are sandy loam, only one site (Ym10) is
loam. The content of organic carbon varies consider-
ably (from 0.7% in sample plot Ys9 up to 6.0% in Os2).
The C:N ratio ranges between 6.2 and 23.1, the big-
gest C:N ratio is characteristic of the soil without for-
est floor layer. Soil pH, ., in humus horizon is mostly
below 6.5, but in deeper horizons it is increasing to
the neutral (Table 1).

In the Otepdd Upland, the soils of Hepatica site
type forests have high horizontal variability, mainly due
to different types of parent material and changeable
topography. On carbonate rich red-brown till Rendzi-
nas represented by Calcaric Regosols and Calcaric
Cambisols have developed. On acid coarse fluviogla-
cial deposits where the podzolization process is go-
ing on but the spodic horizon has not emerged yet,
Dystric Arenosols and Umbri-Entic Podzols can occur.
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Table 1. Mean soil properties and habitats' ecological indi-
cator values in the forests of three study areas. Notations:
X — arithmetical mean, SD — standard deviation; 1 — the hu-
mus horizon, 2 — the following horizon, depth — humus ho-
rizon depth, pH,, and pH,,, — soil pH in KCl and water
solution; Humus and C — humus and carbon content, respec-
tively, SSA — soil specific surface area

Sample area

Raplamaa Otepaa Karula

Property X SD X SD X SD
1-depth (cm) 252 6.0 14.5 7.2 144 41
1pHkal 6.2 0.4 4.5 1.1 4.5 0.9
1pHH20 6.5 0.4 4.9 1.2 5.1 1.0
1Humus (%) 4.3 2.3 2.7 0.7 4.2 1.7
1C (%) 25 13 16 04 24 1.0
1SSA (m’g")  69.7 151 425 95 455 174
2pHkal 6.7 0.5 5.0 1.3 4.7 1.2
2pHu20 7.0 0.5 5.4 1.4 5.2 1.3
2Humus (%) 1.5 1.0 0.8 04 11 0.5
2C (%) 0.9 0.6 0.4 0.2 0.6 0.3
2SSA(m%g") 429 158 253 7.9 226 85
Habitats’ ecological indicator values

Nitrogen 5.1 0.6 5.2 0.4 5.0 0.5
Lightness 5.3 0.5 4.9 0.7 4.8 0.6
Moisture 4.5 0.2 4.7 0.1 4.9 0.2

The third group includes soils which are relatively acid
in upper horizons where pH, , is between 2.9 and 4.9
but in deeper horizons and/or in parent material the
pH, . increases over 7.0. These soils belong to Endoeu-
tric Arenosols. The decomposing conditions for litter
were usually good and therefore only 1-3 cm thick lit-
ter layer was detected. The thickness of A-horizon
varies in limits of 8 to 24 cm, having the mean value
of 14.5 cm.

In the Karula Upland, Calcaric Regosols and Cal-
caric Cambisols have developed on calcareous rich
parent material, while Endoeutric Arenosols have some
free carbonates in the lower part of profile. On acid
sands Dystric Arenosols as well as Gleyic Podzols are
characteristic. Here also Stagnic Luvisols can be found
in sites where the parent material with coarser texture
lies on material having heavier texture. In the Karula
area, soils humus horizon average thickness (14.4 cm)
is the same as in the Otepdd soils (Table 1). The or-
ganic carbon content is in the limits of 1.92-3.74%
which is rather high considering that these soils of-
ten have acid reaction (pH, ., is varying from 3.0 till
6.2). The content of organic carbon is relatively high

(mean value 0.6%) also in the deeper layers below the
humus horizon. In the Karula Upland and also in the
Otepédd Upland, the sample plots were often situated
on quite deep slopes where in some cases the vege-
tation was considerably sparse and the soil surface
subjected to the degradation due to erosion. That
leads to the shallower humus horizon and the lower
content of organic carbon in the humus horizon,
whereas in the lower parts of hillocks the evidence of
soil accumulation was recorded.

On the environmental variables ordination plot
obtained by the partial PCA the soils of the Otepéi
stands are situated on the left side, while the soils of
the Karula forests have an intermediate position along
the first axis (Fig. 2). Variation along that axis is de-
termined mainly by the soil properties such as humus
horizon specific surface area, pH and humus content.
With the second ordination axis humus horizon depth
and habitat moisture have the strongest correlation.
The calcareous soils (Calcaric Cambisols and Calcaric
Regosols) of the Raplamaa forests are rather obviously
located on the right side of the ordination plot, in the
first and second quarter. It asserts that these soils have

1.0

PCA-2 (13.1%)

kY
A-depth
-0.9 PCA-1 (85.4%) 13

-1.0

Figure 2. Ordination of soil data according to the Partial
Principal Component Analysis. Variables ‘Age’ and ‘Man-
agement’ were treated as covariables. Notations: pH — pH
of soil humus horizon in KCI solution, SSA — soil humus
horizon specific surface area (m?>g'), A-depth — depth of soil
humus horizon (cm), Humus — content of humus (%) in
humus horizon; Nitrogen, Lightness and Moisture — respec-
tive indicator values of habitats’. Forests of Raplama dis-
trict are indicated with circles, forests of Otepdd Nature Park
with daimonds and forests in Karula National Park with
squares. Os — old sub-natural forest, Om — old intensively
managed forest, Ys — young sub-natural forest, Ym — young
intensively managed forest
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the highest value of properties positively correlated
with the first ordination axis. The moisture gradient is
directed from the second to the fourth quarter, i.e. the
Raplamaa forests are usually drier than forests at
Karula or Otepéé. Considered environmental variables
have very little (<1%) shared variance with variables
‘Age’ and ‘Management’.

According to the GLM analyses (Table 2) pH, soil
specific surface area, humus horizon depth and mois-
ture differ significantly between the study areas but
that result follows from the clear difference of Ra-
plamaa forests soils, while in the Otepdd and Karula
stands several soil properties are rather similar (Fig.
3). The variable ‘Management’ does not affect the
environmental parameters significantly, whereas vari-
able ‘Age’ has important effect for habitats light con-
ditions (Table 2). The habitat lightness index is great-
er in younger forests than in older stands. Variables
‘Age’ and ‘Management’ interaction appeared to be
important for humus horizon pH, specific surface area
and the nitrogen content. In the younger forests lat-
ter parameters are higher in intensively managed for-
ests than in subnatural stands but this difference is
significant only in the case of pH (Fig. 4).

Species richness

In total, 221 vascular plant and 79 bryophyte spe-
cies were recorded in the studied forests. Among them
24 vascular plant and 8 bryophyte species occurred
with the frequency of more than 75%, e.g. Rubus idae-
us (100%), R. saxatilis (100%), Sorbus aucuparia
(100%), Luzula pilosa (97%), Oxalis acetosella (97%),

Table 2. Effect of categorical variables ,Area', ,Management'

and ,Age' on soil properties and habitats' ecological indica-
tor values according to the General Linear Model analyses.
Notations: Area — sample area, M — management class, Age
— age class, other notations as in Table 1. In Table the val-
ues of F-criterion are presented, with stars the significance
levels are marked: *p <0.05, **p <0.001

Dependent

variable Variable Intercept
Area M Age Mx Age

Soil properties

pHkei 187 37 07 5.0* 1407 .1**

Humus (%) 28 01 24 0.6 231.9*

SSA (m’g™) 17.3* 04 0.1 5.8* 685.1**

A-depth (cm)  11.0% 01 04 0.1 175.5**

Habitats’ ecological indicator values

Nitrogen 2.2 <01 21 7.1* 4334.6**

Lightness 23 02 48" 0.1 2473.9**

Moisture 211 02 04 <0.1 35915.5**
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Figure 3. Average value of environmental variables in study
areas. Notations: pH, ., — pH of soil humus horizon in KCI
solution, Moisture — habitats’ moistue calculated by species
ecological indicator values, SSA — soil humus horizon spe-
cific surface area (m?g™"), A-depth — soil humus horizon depth
(cm). Letters a and b refer differences between groups by
the Tukey’s HSD test
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Figure 4. Average pH value of soil humus horizon in forests
of different age and management categories (variables ,Age’
and ,Management’ interaction). Notations as in Figure 3
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Cirriphyllum piliferum (97%), Fragaria vesca (95%),
Maianthemum bifolium (92%), Hylocomium splendens
(92%), Solidago virgaurea (89%), Plagiomnium aff-
ine (89%), Rhytidiadelphus triquetrus (89%) etc.

The average species richness of vascular plants
per stand was 68 in Raplamaa, 61 at Otepdd and 57 at
Karula. The corresponding numbers for moss layer
were respectively 22, 18 and 18. Differences between
these values in the forests of three study areas are
not statistically reliable.

The vascular plant species richness was the high-
est in a Raplamaa sub-natural younger stand (Ys7) —
87 species, and lowest in an Otepéi intensively man-
aged older stand (Om13) — 35 species. The moss layer
species richness was also the highest in a Raplamaa
sub-natural younger stand (Ys9) — 37 species, and the
lowest in an Otepédd intensively managed younger
stand (Ym22) — 9 species.

The GLM analysis proves that the diversity of
herb layer species is significantly affected only by the
habitat lightness (Table 3). Increase in habitat light-
ness enhances the number of vascular plant species
(Fig. 5). We did not discover any analysed environ-
mental variable, which had a significant effect on the
species richness of the moss layer.

Moss layer

The MRPP test proves that the moss layer spe-
cies composition in the Raplamaa stands differs sig-
nificantly (p < 0.001) from that in the respective for-
ests of the Otepdd and Karula uplands, while forests
of both southern Estonian study areas have similar
species content (p = 0.112). Ordination of bryophyte

Table 3. Effect of the environmental factors on the diversi-
ty of vascular plant species by the General Linear Model
analysis. Notations: F — value of the F-criterion, p — signif-
icance level, Slope — slope of the regression line, SE — its
standard error, MossCov — total coverage of moss layer.
Other notations as in Tables 1 and 2

Factor F p Slope SE
Intercept 1.0 0.318
Area 0.3 0.771
M <0.1 0.833
Age 0.8 0.383
M*Age 0.3 0.596
pHkci 06 0442 1976 2524
Humus (%) 0.6 0433 1.108 1.389
SSA(m’g") <01 0906 0022 0.183
A-depth 0.2 0662 0.148 0.334
Nitrogen 0.1 0.781 -1.605 5.699
Lightness 47 0.040 9311 4.285
Moisture 1.9 0187 17.134 12.588
MossCov 29 0.104 0.143 0.084

90

8

~
o

Vascular plant species richness
8 3

3

36 4,0 44 438 52 58 60 64
Lightness

Figure 5. Relationship between the number of vascular plant
species and habitat’s lightness indicator value

data (Fig. 6) illustrates these results explicitly — Ra-
plamaa stands are obviously separated from others but
the Otepédéd and Karula forests occupy almost the same
area on the ordination plot. Several calcifilous species
(Diill 1991), such as Brachythecium populeum, Fissi-
dens bryoides, F. taxifolius and Homalothecium lutes-
cens were recorded only in the Raplamaa forests (Ta-
ble 4). Plagiochila asplenioides, P. porelloides, Pla-
giomnium affine and Rhodobryum roseum are signif-
icant indicator species for Otepdé area, whereas Atri-
chum undulatum, Brachythecium rutabulum and Eu-
rhynchium hians are mostly confined to the Karula
Hepatica site type forests.

It is difficult to see any clear regularity on the
ordination scheme in the location of sample plots ac-
cording to the stands age or management intensity.
Still, more old stands are situated in the third quarter.
According to the MRPP tests the species composition
in forests of different age and management categories
do not differ either.

The moss layer species variance is described sig-
nificantly (p < 0.05) by the variables ‘Area’ (20%), herb
layer cover (15%), bush layer species total abundance
(7%), humus horizon pH (6%), habitat lightness (5%),
DBH of deciduous trees (4%) and humus horizon depth
(3%). These variables explain all in all 60% of the moss
layer species composition, while the whole model re-
fers 69% of the species variance (Table 5).

Herb layer

In the DCA ordination plot of herb layer data the
stands of different study areas are distinctly separat-
ed from each other (Fig. 7). The species composition
of these three areas is also different (p <0.001) by the
MRPP test. Difference is less expressed and not sig-
nificant (p = 0.092) by pairwise comparison of the Ra-
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Figure 6. Ordination of moss layer data by the Principal
Component Analysis. Abbreviations of species names: Amb
hum — Amblystegium humile, Amb ser — Amblystegium ser-
pens, Amb sub — Amblystegium subtile, Amb var — Amblyste-
gium varium, Ble tri — Blepharostoma trichophyllum, Bra oed
— Brachythecium oedipodium, Bra ref — Brachythecium reflex-
um, Bra sal — Brachythecium salebrosum, Bra sta — Brach-
ythecium starkei, Bra vel — Brachythecium velutinum, Cam chr
— Campylium chrysophyllum, Cam som — Campylium sommer-
feltii, Cep rub — Cephaloziella rubella, Cir pil — Cirriphyllum
piliferum, Dic mon — Dicranum montanum, Dic pol — Dicra-
num polysetum, Fis bry — Fissidens bryoides, Her sel — Her-
zogiella seligeri, Hyl spl — Hylocomium splendens, Hyl umb —
Hylocomium umbratum, Hyp cup — Hypnum cupressiforme,
Hyp pal — Hypnum pallescens, Lop bid — Lophocolea biden-
tata, Lop het — Lophocolea heterophylla, Now cur — Nowellia
curvifolia, Pla cur — Plagiothecium curvifolium, Pla cus —
Plagiomnium cuspidatum, Pla den — Plagiothecium denticula-
tum, Pla ela — Plagiomnium elatum, Pla lae — Plagiothecium
laetum, Pla med — Plagiomnium medium, Pla nem — Plagi-
othecium nemorale, Pla rut — Plagiothecium ruthei, Pla und —
Plagiomnium undulatum, Ple sch — Pleurozium schreberi, Poh
nut — Pohlia nutans, Pol for — Polytrichum formosum, Pol jun
— Polytrichum juniperinum, Pti cri — Ptilium crista—castren-
sis, Pti pul — Ptilidium pulcherrimum, Rad com — Radula com-
planata, Rhi pun — Rhizomnium punctatum, Rhy squ — Rhytid-
iadelphus squarrosus, Rhy sub — Rhytidiadelphus subpinna-
tus, San unc — Sanionia uncinata, Thu del — Thuidium delica-
tulum, Thu rec — Thuidium recognitum. Other notations as in
Figure 2

plamaa and Otepdé data. The list of significant indi-
cator species for every study area is quite long (Ta-
ble 6). Some indicator species of the Raplamaa forests
were recorded only there: Carex ornithopoda (frequen-
cy 83%), Carex flacca (67%), Rubus caesius (58%) and

Table 4. Relative frequency of moss layer indicator species
in different study areas. Notations: R — Raplamaa, O —
Otepidd, K — Karula, p — significance level

Species Relative frequency Area p
R (@) K

Brachythecium populeum 25 0 0 R 0.041
Dicranum scoparium 75 60 30 R 0.020
Eurynchium angustirete 92 33 70 R 0.036
Fissidens bryoides 17 0 0 R 0.173
Fissidens dubius 42 7 10 R 0.020
Fissidens taxifolius 33 0 0 R 0.013
Herzogiella seligeri 58 7 30 R 0.017
Homalothecium lutescens 25 0 0 R 0.047
Hypnum cupressiforme 58 13 20 R 0.026
Lophocolea heterophylla 100 80 80 R <0.001
Nowellia curvifolia 25 0 0 R 0.044
Rhytidiadelphus triquetrus 100 93 70 R <0.001
Sanionia uncinata 83 60 20 R 0.011
Scleropodium purum 42 0 0 R 0.001
Plagiomnium affine 75 100 9 O 0.048
Plagiochila asplenioides 58 67 20 O 0.044
Plagiochila porelloides 8 33 0 (o] 0.040
Rhodobryum roseum 50 100 60 O 0.001
Atrichum undulatum 17 7 40 K 0.049
Brachythecium rutabulum 8 47 90 K 0.027
Eurynchium hians 25 0 40 K 0.024

Table 5. The environmental variables having significant ef-
fect on variance of different layers of vegetation; variance
decomposition is based on the CCA (in case of herb layer)
or RDA space. Notations: A, — coefficient describing the var-
iable own variance, A, — coefficient characterizing the addi-
tional variance what each variable explains at its time of
inclusion in the model, HerbL — total cover of herb layer,
BushL — value of bush stems average height multiplied with
the number of stems, TreeLDec — basal area of deciduous
trees. Other notations as in Table 1 and 3

Variable M M F p
Moss layer
Area 0.20 0.20 8.70 0.001
HerbL 0.15 0.15 7.89 0.001
BushL 0.11 0.07 4.06 0.004
pHkci 0.15 0.06 3.57 0.001
Lightness 0.13 0.05 3.24 0.004
TreelDec 0.08 0.04 3.01 0.008
A-depth 0.10 0.03 213 0.036
Herb layer
Area 0.24 0.24 3.75 0.001
Nitrogen 0.16 0.16 2.76 0.001
A-depth 0.11 0.10 1.73 0.013
Lightness 0.16 0.10 1.66 0.015
pHkci 0.13 0.09 1.50 0.041
Bush layer
Area 0.15 0.15 6.40 0.001
Lightness 0.07 0.14 6.56 0.001
Age 0.11 0.09 4.51 0.001
A-depth 0.11 0.04 2.15 0.050
Tree layer
Area 0.19 0.19 7.95 0.002
SSA 0.06 0.06 3.08 0.044
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Filipendula vulgaris (50%). Moehringia trinervia has
a high indicator value for the Otepdd forests and oc-
curred there with the frequency of 75%. Grouping for-
ests by their age and management categories, the dif-
ference of herb layer species composition appears to
be insignificant.

The partial CCA forward selection procedure
proves that the variables significantly explaining the
herb layer species variance are ‘Area’ (10%), followed
by indicator values of nitrogen (7%) and lightness (4%),
humus horizon depth (4%) and pH, ., (4%) (Table 5).
These variables explain together 28% of the herb lay-
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Figure 7. Ordination of herb layer data by the Detrended
Correspondence Analysis. Abbreviations of species names:
Act spi — Actaea spicata, Agr cap — Agrostis capillaris, Ant
syl — Anthriscus sylvestris, Arc tom — Arctium tomentosum,
Asa eur — Asarum europaeum, Ath fil — Athyrium filix—femi-
na, Bra pin — Brachypodium pinnatum, Cal epi — Calama-
grostis epigeios, Cir alp — Circaea alpina, Cli vul — Clinop-
odium vulgare, Dac glo — Dactylis glomerata, Dry fil —
Dryopteris filix-mas, Fes rub — Festuca rubra, Gal alb —
Galium album, Gal bor — Galium boreale, Gal lut — Galeob-
dolon luteum, Gym dry — Gymnocarpium dryopteris, Hel pub
— Helictotrichon pubescens, Hie spe — Hieracium sp., Imp
par — Impatiens parviflora, Lyc ann — Lycopodium annoti-
num, Lys vul — Lysimachia vulgaris, Mai bif — Maianthe-
mum bifolium, Mel nut — Melica nutans, Mel pra — Mela-
mpyrum pratense, Mel syl — Melampyrum sylvaticum, Mer
per — Mercurialis perennis, Ori vul — Origanum vulgare, Poa
ang — Poa angustifolia, Pri ver — Primula veris, Pru vul —
Prunella vulgaris, Pte aqu — Pteridium aquilinum, Ran rep
— Ranunculus repens, Rub ida — Rubus idaeus, Ste hol — Stel-
laria holostea, Ste nem — Stellaria nemorum, Tus far — Tus-
silago farfara, Vac myr — Vaccinium myrtillus, Vac vit —
Vaccinium vitis—idaea, Ver cha — Veronica chamaedrys, Ver
off — Veronica officinalis, Vic cra — Vicia cracca, Vic syl —
Vicia sylvatica. Other notations as in Figure 2

er species composition, while the whole model de-
scribes 49% of the species variance.

Table 6. Relative frequency of herb layer indicator species
in different study areas. Notations as in Table 4

Species Relative frequency Area p
R 6] K

Anemone nemorosa 92 73 20 R 0.001
Aquilegia vulgaris 75 0 0 R <0.001
Carex flacca 50 0 0 R 0.001
Carex montana 75 0 0 R <0.001
Carex omithopoda 83 0 0 R <0.001
Carex vaginata 58 0 0 R <0.001
Elymus caninus 50 13 10 R 0.018
Filipendula vulgaris 42 0 0 R 0.001
Fragaria vesca 100 87 100 R <0.001
Geranium sylvaticum 100 27 0 R <0.001
Geum rivale 58 20 10 R 0.024
Hepatica nobilis 100 87 20 R 0.003
Hieracium spendens 58 0 0 R 0.001
Lathyrus vernus 75 53 0 R 0.037
Luzula pilosa 100 93 90 R 0.031
Orthilia secunda 83 20 20 R 0.014
Paris quadrifolia 100 40 50 R 0.001
Ranunculus bulbosus 67 13 10 R 0.001
Rubus caesius 67 0 0 R <0.001
Rubus saxatilis 100 100 100 R 0.004
Taraxacum officinale 100 80 40 R 0.035
Valeriana officinalis 33 0 0 R 0.011
Viola mirabilis 100 67 10 R 0.001
Viola riviniana 100 47 70 R <0.001
Aegopodium podagraria 33 73 0 (0] <0.001
Calamagrostis arundinacea 67 93 20 (0] <0.001
Carex digitata 33 93 60 (0] 0.012
Convallaria majalis 25 60 20 (0] 0.023
Moehringia trinervia 0 40 0 (0] 0.004
Dryopteris carthusiana 0 60 90 K <0.001
Epilobium montanum 0 7 40 K 0.006
Equisetum pratense 0 33 50 K 0.034
Geum urbanum 8 0 70 K <0.001
Mycelis muralis 83 53 100 K <0.001
Solidago virgaurea 33 33 90 K <0.001
Stachys sylvatica 0 0 30 K 0.015
Stellaria media 0 7 100 K <0.001
Trientalis europea 8 47 60 K 0.009
Urtica dioica 0 7 50 K 0.003

Bush layer

The stands of different study arecas are separated
rather clearly also according to the PCA ordination of
bush layer data (Fig. 8). Most of the Raplamaa forests
are positively correlated with the first axis; the majori-
ty of Otepdd forests have positive and the majority of
the Karula forests negative correlation with the second
axis. Species such as Corylus avellana, Padus avium
and Rhamnus catharcticus are statistically relevant (p
< 0.05) indicator species of the Raplamaa forests’ bush
layer. Lonicera xylosteum and Ribes alpinum appear to
be bush layer indicator species (p < 0.05) for the Otepaa
forests, and Alnus incana for the Karula stands. The
MRPP test confirms that bush layer species composi-
tion in the Raplamaa forests is significantly different
from that at Otepda (p=0.017) and Karula (p=0.016),
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whereas bush layer in forests of southern Estonian
study areas is similar (p = 0.235).
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Figure 8. Ordination of bush layer data by the Principal
Component Analysis. Abbreviations of species names: Ace
pla — Acer platanoides, Aln inc — Alnus incana, Bet pen —
Betula pendula, Cor ave — Corylus avellana, Dap mez —
Daphne mezereum, Fra aln — Frangula alnus, Fra exc —
Fraxinus excelsior, Jun com — Juniperus communis, Lon xyl
— Lonicera xylosteum, Pad avi — Padus avium, Pic abi — Picea
abies, Pop tre — Populus tremula, Que rob — Quercus robur,
Rha cat — Rhamnus catharcticus, Rib alp — Ribes alpinum,
Rub cae — Rubus caesius, Rib nig — Ribes nigrum, Rib spi —
Ribes spicatum, Rub ida — Rubus idaeus, Sor auc — Sorbus
aucuparia, Til cor — Tilia cordata, Ulm gla — Ulmus glabra,
Vib opu — Viburnum opulus, Sal cap — Salix caprea, Sal myr
— Salix myrsinifolia, Sam rac — Sambucus racemosa, Ros maj
— Rosa majalis. Other notations as in Figure 2

Bush layer species composition is different in
older and younger stands. Corylus avellana has sig-
nificant (p < 0.05) indicator value for older stands.

The variables significantly explaining the bush
layer species variance are ‘Area’ (15%), habitat light-
ness (14%), stand age (9%) and humus horizon depth
(4%) (Table 5). All together these variables explain 42%
of the bush layer species variation, while the whole
model explains 59% of the variance.

Tree layer
By the tree layer basal area data the stands of
three study areas are rather largely overlapping on the

PCA ordination plot (Fig. 9). Nevertheless, most of the
Karula stands are positively, and the Raplamaa stands
negatively correlated with the first axis, while the
Otepdd forests have overwhelmingly a positive rela-
tionship with the second axis. In the tree layer of the
Karula forests pine has a dominating position, where-
as in the tree layer (mainly in the second sublayer) of
the Otepédd stands spruce has more prominent posi-
tion. According to the MRPP test, the tree layer spe-
cies composition in the Raplamaa forests differs sig-
nificantly from that at Otepdé (p = 0.005) and Karula
(p = 0.004), while forests of both southern Estonian
study areas are similar to each other (p = 0.152). Within
the forests of considered age and management cate-
gories the tree layer species composition does not
differ by the MRPP tests substantially.
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Figure 9. Ordination of tree layer data by the Principal
Component Analysis. Abbreviations of species names: Pin
syl — Pinus sylvestris, Pic abi — Picea abies, Bet pen — Bet-
ula pendula, Pop tre — Populus tremula, Ace pla — Acer pla-
tanoides, Fra exc — Fraxinus excelsior, Til cor — Tilia corda-
ta, Sal cap — Salix caprea, Ulm gla — Ulmus glabra, Que
rob — Quercus robur, Aln inc — Alnus incana, Mal dom —
Malus domestica. Other notations as in Figure 2

By the partial RDA forward selection procedure,
the variables significantly explaining the tree layer
species variance are ‘Area’ (19%) and soil humus
horizon special surface area (6%) (Table 5). The whole
model explains 38% of the species variance.

Tree layer growth dynamics in all three regions
is generally similar (Fig. 10) but in Raplamaa the aver-
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age site quality class is 2.3, at Otepédid and Karula 1.5.
According to that also the height of trees, diameter
of stems and timber volume are at Raplamaa essentially
lower than in Otepdd and Karula uplands (Fig. 11).
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Figure 10. Relationship between the stand age and the av-
erage height of tree highest sublayer

Discussion and conclusions

We did not discover any variable with a signifi-
cant effect on the bryophyte species richness among
the considered variables, whereas the species richness
of vascular plants had a positive feedback to the hab-
itats lightness. Several studies of half-open wooded
meadows (Kull and Zobel 1991, Austad and Losvik
1998, Linusson et al. 1998, Einarsson and Milberg 1999),
calcareous /oo forests (named earlier in some respects
incorrectly as ‘alvar’ forests) (Meier et al. 2005) and
also of old Hepatica and Aegopodium site type for-
ests (Sepp and Liira 2009) confirm this correlation.
However, species richness of different forest types is
not always favoured by increasing lightness, therefore
the positive relationship between species richness and
habitats lightness in some forest communities is not
valid for all stands (Hérdtle et al. 2003).

The average species richness of vascular plants
and bryophyte species in all three study areas ap-
peared to be rather similar, nevertheless, that does not
mean also species content similarity. The ordination
analyses proved that the similarity/discrepancy of the
species content in various layers of forest communi-
ties is expressed to a rather different extent, i.e. every
layer develops and forms its structure at least to some
extent autonomously. Certain independence of layers
in forest plant communities also became evident on the
ground that the species variance in every community
layer has been determined usually with different en-
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Figure 11. Differences between forest’s mensuration varia-
bles in three study areas by the One-Way ANOVAs. Nota-
tions: H100 — site index referring to the dominant height of
trees at age of 100 years, H — trees height (m), D — trees
diameter (cm), F — value of the F-criterion, p — significance
level. Letters a, b and c refer differences between groups by
the Tukey’s HSD test

vironmental variables, consequently, for every layer its
own system of relationships between the species as
well as between the species and environmental fac-
tors is characteristic (lleaaukoB 1964, Paal 1995). The
relative autonomy of plant community layers is in good
accordance with Cajander’s theory of forest site types
(Cajander 1930, Kalela 1960, Frey 1973).

By our data the impact of neither management nor
age factors on the species composition, except bush
layer, was not significant. In Hepatica site type for-
ests the bush layer formed mainly by hazel is common
and in older stands it often constitutes a dense can-
opy, being the reason why stand age appeared to be
an important variable for that layer. According to Sepp
and Liira (2009), at least in the Hepatica site type old
forests management affects the field layer species
composition substantially. It seems that the only mod-
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est effect of management and age factors in the cur-
rent study is overshadowed by the large variance con-
nected with the categorical variable ‘Area’.

As it was shown in the results, the species con-
tent in the Raplamaa Hepatica site type forests dif-
fers remarkably from that in South Estonian respec-
tive stands. Recently Sepp and Liira (2009) proved a
considerable effect of geographic location factor on
understory species composition in the same site type
forests as well. Distribution limits of numerous plant
species in Estonia are conditioned by soils calcare-
ousness. For that reason several indicator species of
the Raplamaa forests are spread only or mainly in
western Estonia, e.g. Scleropodium purum (Ingerpuu
et al. 1994), Carex ornithopoda, Carex flacca, Rubus
caesius and Filipendula vulgaris (Kukk and Kull
2005). In the Otepédd Nature Park and even more in the
Karula National Park the studied forests often grow
on a hilly landscape as fragmented patches surround-
ed by cultivated arable lands; that is why in these
stands besides many real indicator species several
apophytic species (Kukk 1999) such as Epilobium
montanum, Geum urbanum, Stellaria media and Ur-
tica dioica were recorded. The invasion of non-for-
est vascular species from the neighbourhood can also
be the cause of an accidental species content varia-
tion in the herb layer of some forests. Due to more
abundant spruce in the tree layer of the Otepdé stands,
the herb layer receives less light there, and species
such as degopodium podagraria, Convallaria maja-
lis, Moehringia trinervia etc. are characteristic. Ac-
cording to Cajander’s forest site type definition, var-
iation of the vegetation inside one type cannot exceed
the limits inherent for these forests in the course of
their successional development. Still, it is rather ob-
vious that even if we exclude the effects of human
impact on species composition in southern Estonian
Hepatica site type forests, their difference from respec-
tive stands of western Estonia remains much bigger
than “accidental”, “ephemeral” or “temporary” in the
terms of Cajander.

Cajander’s forest site type approach is primarily
applied for estimating the potential productivity of
different sites, as well as for giving general frames for
yield tables, forest inventory etc. (Lahti and Viisanen
1987, Tonteri et al. 1990, Masing 1996). By Cajander
(1923) habitats of the same site type must have a sim-
ilar productivity potential within probability limits.
Following this idea, the forest site type in the officially
used Estonian classification system has been defined
as a set of forests with a similar silvicultural effect,
i.e. as complex of similar natural factors influencing the
vegetation (Lohmus 1984, Karoles 1995) and in site
type delimitation it has usually been taken into account

that the interior variation within the limits of one site
type will not exceed more than two site quality class-
es (Katus and Tappo 1965).

The current analysis of the Hepatica site type
forests growing in three different areas proves their
habitats essential variation even within a small coun-
try like Estonia. Respective soils at Raplamaa are no-
tably more calcareous than in the Otepdéd and Karula
uplands, which follow from the closeness of limestone
bedrock to the surface. Differences appeared also in
humus horizon depth and chemical properties: in the
Raplamaa forests this horizon is usually thicker, the
soil specific surface area larger and pH higher than in
southern Estonia. Still, as it was ascertained already
in the 1920s, various environmental factors having
direct or indirect effect to vegetation can create con-
ditions where approximately similar plant communities
will grow (Cykaues 1972). Cajander (1926, 1930) regard-
ed these convergent communities as representing bi-
ological equivalent habitats having similar productiv-
ity of tree layer. Thus, despite discovered disagree-
ment of soil properties in the forests of western and
southern Estonia that is not a sufficient argument for
treating the corresponding habitats as separate for-
est site types and supplementary information concern-
ing plant cover, especially the tree layer growth must
be involved.

Taking into account the considered soil chemical
properties and humus horizon thickness, we would ex-
pect in the Raplamaa forest’s to some extent better pro-
ductivity than in southern Estonia. But as it became
evident from our data, the height of the trees, their H100
index, diameter, as well as timber volume are, on the
contrary, lower just at Raplamaa. This fact is explicable
with the low water holding capacity of Rendzinas (Ka-
roles 1995, Reintam and Rooma 2001) on what the Ra-
plamaa Hepatica site type forests usually grow. In draught
periods there is not enough water in these soils for a
successful growth of trees. This statement is affirmed
by the ecological values of moisture, which are higher
for the Karula and Otepéé forests than at Raplamaa.

In terms of site quality classes, the differences
between the study areas are only 0.8 units, i.e. com-
paratively small and all analysed forests could be
considered, hence, as belonging to the same site type.
Though, the site quality class is surely only a rough
attribute for characterisation of habitats productivity
and cannot be taken as sole or main criteria for dis-
crimination of forest site types. Here we must rely on
the much more objective mensurative parameters and
on that basis it is quite questionable to interpret all
analysed forests as belonging to only one site type.

Usually the question of how widely or narrowly
the site types are to be delimited has been regarded
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in forestry as having only a secondary importance.
However, where they are broadly defined, Cajander
himself as well as his followers have taken advantage
of differentiating them into subtypes and variants and/
or facies (Cajander and Ilvessalo 1921, Kujala 1961,
Frey 1973, Mikola 1982). Moreover, when we analyze
the forest plant communities from geobotanical or bi-
odiversity point of view, it is quite clear that a more
detailed classification system of forest communities
must be elaborated (Kuusipalo 1985). On this ground,
it seems relevant to divide the Estonian Hepatica site
type forests into two subtypes: the first of them is
confined to calcareous soils in western and northern
Estonia, and there the habitats productivity potential
for tree layer is lower in comparison with the forests
of the second subtype that grow mostly in eastern and
southern Estonia on soils mainly depending on the
topographical location and parent material calcareous-
ness but having a higher tree layer productivity.
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B3AMMOOTHOINEHUS MEXIY PACTUTEJIbHOCTBIO M CPEJOM B 3CTOHCKHX
JECAX HEPATICA TUITA MECTOIIPOU3PACTAHUA HA ®OHE YYEHUA A.K.

KASHAEPA
A. MMaaasp, J. Pasaay n T. Kéctep

Pesiome

Llenbro maHHOM paboThl ObUIa MpoOBEpKa: 1) HACKOJIBKO OIHOOOPA3HBIMH SIBJISIOTCS MOYBEHHBIE YCIOBHS B Tpeesiax
OJIHOTO, 4acTO BCTPEYaeMOro THUIA MECTOIPOU3PACTAHUS, UMEIOLIEr0 0 AKOJIOTHYECKUM YCIOBHUSAM 3CTOHCKUX JIECOB OZIHO U3
HEHTPAIBHBIX MOJIOKEHUH; 2) HACKOJIBKO CXOIHBIM SIBISIETCSI BHJIOBOM COCTaB B JiecaX OJHOTO M TOTO K& THIIA MECTO-
MPOU3PACTAHUS B PA3HBIX PETHOHAX ODCTOHWUHM; 3) HACKOIBKO BEIPAYKEHO CXOICTBO BHIOBOTO COCTaBa B Pa3HBIX Apycax 3THX
JIECHBIX co00IecTB; 4) Kakue OCHOBHBIE (DAaKTOPBI cpebl OMPENeioT BUAOBOE pa3sHOOOpa3ue M COCTaB pacCMaTpUBAEMBIX
necoB. Bbuio uccnenoBaHo 37 yiecoB MeYEHOUHOrO THIIA MECTOIPOM3PACTaHus B Tpex paioHax: 1) 12 cooOrecTB B 3amagHon
OCTOHNM Ha KapOOHATHBIX TOYBaX, C(HOPMUPOBAHHBIX Ha N3BECTHIKOBBIX OTIOKEHHSX, 2) 15 coo0IIecTB B FoKHOW DCTOHHH Ha
Bo3BaIeHHOCTH OTertsid 1 3) 10 coobmecTs B 10kHOM DcTOHNH HA Bo3BhIIeHHOCTH Kapyra. [104BEI 1ecoB MccieIoBaHHBIX TPEX
PETHOHOB, 0OCOOCHHO B 3aMaIHON DCTOHHH, OKa3aINCh BECbMa PA3IMIHBIMH, KaK 10 TOIIINHE T'YMyCOBOTO TOPH30HTA, TaK H 10
XUMHYECKUM CBOMCTBaM. B 3amanHo# DcToHMM OHM chOPMUPOBAINCH HAa U3BECTHIKOBBIX OTIOXKEHHUSX, a TOYBBI JIECOB FOXKHOI
OCTOHMH JIe)KaT Ha MopeHe. TeM He MeHee, 3TO ellle He SABJIAETCS BECKUM apryMEHTOM Ul YTBEP)KAEHMS, YTO 3TH Jieca He
OTHOCSITCA K OJHOMY THILy MECTONpOM3pAacTaHusd, T.K. COUETAHHE PA3HBIX IIOYBEHHBIX YCIOBUI MOTYT OKa3blBaTh Ha
PaCTUTEIBHOCTD CXOMHBIN 2((EeKT, BCIESACTBIE KOTOPOTO 00pa3yloTCs OMOIOrHIECKH SKBHBAIICHTHBIE MECTOIIPOU3pacTaHus (110
tepmuHOonoruu KasHuepa) u pa3BHBalOTCS KOHBEPI€HTHBIE COOOIIECTBA C MPUMEPHO OAMHAKOBON CTPYKTypoi. Umcimo BHmoB
MOXOBOTO M TPaBSHO-KYCTAPHHUYKOBOTO SPYCOB B JIECax BCEX TPEX PETMOHOB IOBONBHO cxofgHoe. Ha BumoBoe pasHooOpasne
TPAaBAHOTI'O sApyca MO3UTUBHO BJIMACT OCBCIICHHOCTH MCCTOl’IpOI/IS‘paCTaHI/H\/’I, B TO X€ BpE€M: KaK Ha MOXOBOM sapyc
cymecTBeHHOTro 3(ddekra He OKa3bIBaeT HU OAWH M3 YUUTHIBaeMBIX (pakTopoB. Jleca Bcex Tpex paioOHOB HMCCIIEIOBaHUI
JIOCTOBEPHO Pa3IMYarOTCs [0 BUJOBOMY COCTaBy MOXOBOI'O, TPaBsIHO-KYCTAPHUYKOBOI'O U KyCTapHUKOBOI'O spycoB. IIpu 3Tom
Ka)K/IBII SIPYC IMEET CBOIO COOCTBEHHYIO CHCTEMY B3aMMOOTHOLICHHH MEXTy BHAAMH, a TAKKe MEKTY BHIOBBIM COCTABOM U
YCIOBHSIMH MECTOIIpOM3pacTaHuil. DTH (haKThl XOpouIo coracytoTes ¢ Teopueit Kasuaepa. Xors, XMUMHYEeCKUil COCTaB MOYB B
3amaJHON DCTOHUM Kak-OyATo Goiiee GIArompHsATHBIA ISl pocTa JPEBOCTOEB MO CPAaBHEHHIO C IOKHONW DCTOHHEH, STOMY
HPETSITCTBYET MOPOI0 Yepe3MepHasl CyXOCTb II0YB; BCIEICTBHE YeTO BHICOTA U AUAMETP JEPEBbEB, KaK U 00bEM JIPEBECHHBI B
Jlecax 3arajHold JCTOHNH MEHBIIE. Y UUTHIBAs YCTAHOBJICHHBIE Pa3INUMs, IIPABOMEPHO Pa3/ielnTh PACCMOTPHBAaEMBIE Jieca Ha 1Ba
MOJTHUIIA MeCTONpou3pacTanus. Jleca mepBoro MOATHIA PAcTyT Ha KapOOHATHON MAaTEpPHHCKON IOpOXE, XapaKTepHOH It
3amagHON M CeBEepHOM DCTOHMH U MPOIYKTHBHOCTh MX APEBECHOTO SIpyca HIKE MO CPABHEHHIO JIECAMH BTOPOTO MOATHUIIA,
CBOIMCTBEHHBIMH IO’KHOM U BOCTOUHOM DCTOHUH, TIIe TOYBBI C(HOPMHUPOBAHBI HA MOPEHHBIX OTJIOXKEHHAX U IZe MPOLYKTHBHOCTh
JIPEBOCTOSI BBILIIE.

KnroueBble cioBa: Kasanep, kmaccudukanus, sipychl, JIECOX035ICTBO, MPOIYyKTHBHOCTb, THITBI MECTOIIPO3pacTaHus,
MOYBBI, YHCIO BUAOB, BO3PACT JIPEBOCTOS, POCT AEPEBHEB
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