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ABSTRACT: The paper summarises an evaluation of the health status dynamics of allochthonous spruce stands in the Modrava
Forest District and of natural stands in the Plesny Forest District. Analysis is based on dendroecological reactions of particular tree
individuals in the stand structure. The tree damage was evaluated annually (during the period 1997-2002), based especially on de-
foliation. Natural and semi-natural, especially mixed forest stands with dominant beech in the Plesny Forest District territory were
most tolerant, allochthonous secondary spruce stands in the Modrava Forest District area were least tolerant. The damage dynamics
was limited by the activity of insect pests (bark beetle — Ips typographus). Damage caused by ozone occurred much more often in

2002 compared to 1999. The most damaged species were sycamore and rowan tree.
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Forest stands of the Sumava Mits. have been exposed
to considerable air-pollution and ecological stress for two
decades. This situation causes differentiated eco-physi-
ological damage with specific and non-specific symp-
toms (defoliation, yellowing, necroses, etc.), especially
in the high mountainous areas. Forest ecosystems are
influenced especially by acid deposition with the critical
limit 0.35-0.51 H kmol/ha per year in many localities
(MORAVCIK 1994). Not only production but also ecologi-
cal functions of forest are affected negatively owing to the
following attack of abiotic as well as biotic (insect and
fungal) factors. Their activities lead to the destruction of
stand structure and stability as well as of biodiversity of
forest ecosystems. The most important objectives of forest
management in these localities are the revitalisation, sta-
bilisation and regeneration of forest stands. It is necessary
to carry out practical active restoration and stabilisation
treatments based on sufficient knowledge concerning the
structure and dynamics of natural forests, their damage
and decline.

Modelling of tree stand defoliation using transition matri-
ces can be applied for these purposes. The transition matrix
takes into account probabilities of a random change of tree
classification from the first-year defoliation class to the sec-
ond-year defoliation class. The transition matrices have often
been used in ecology and forestry (e.g. DALE, HULSMAN

1988; DRAGOIL, ALBEANU 1998; HUENNEKE, MARKS 1987;
LIPPE et al. 1985; MENDOZA, SETYARSO 1986; SCOTT et
al. 1990, and others). This approach was used to evaluate
the damage of forest stands in the Krkonose Mts. (VACEK
1987; VACEK, LEPS 1995; MATEJKA et al. 1998; VACEK,
MATEJKA 1999) and to forecast stand defoliation in the
Sumava Mts. (MATEJKA 1999).

The aim of the present study is to evaluate the health state
dynamics of secondary spruce stands in the Modrava dis-
trict territory compared to natural forests in the PleSny dis-
trict area. This paper continues the studies of VACEK et al.
(2000) and VACEK and MAYOVA (2000), where the causes
of forest decline in the area of interest were analysed.

MATERIAL AND METHODS

Table 1 presents an overview of data from a set of per-
manent research plots. ULBRICHOVA and PODRAZSKY
(2000) gave detailed information.

Initial structural parameters (tree height, dbh, coenotic
position of individual trees) were measured and classified
as a part of plot establishment in 1997 (9 permanent plots
with natural mixed or Norway spruce stands in the Plesny
Forest District territory [12—20] and 9 plots with Norway
spruce monocultures in the Modrava Forest District terri-
tory [1-4, 7-11]). Standard dendroecological methods were
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Table 1. Characteristics of permanent research plots established in the period 1997-1998. Forest management plan valid since

1. 1. 1994

Plot District Stand Altitude (m a.s.l.) Forest type Age

1 Modrava 68B4 1,140 8N3 134

3 Modrava 68B 1,120 8R1 120

7 Modrava 76C8 1,230 8S1 149
12 Plesny 2C1/3 1,020 7S2 10, 25,215
13 Plesny 2C1/3 1,030 7S2 10, 25, 215
14 Plesny 3C1/2/3 1,030 7S2 15, 25,200
15 Plesny 3A1/2/3 1,060 7S2 15, 25,200
16 Plesny 4A1/2/6 1,120 7S1, 7TN3 15, 28, 190
17 Plesny 4A1/2/6 1,150 7N3 190
18 Plesny 4A1/2/6 1,250 7N3 190
19 Plesny 5A 1,300 8Y2 150
20 Plesny 5A 1,370 8Y2 150

applied. Tree coenotic position was classified according to
ZLATNIK (1976). Defoliation degree was classified only for
living trees. Coenotic position was determined by the method
of ZLATNIK (1976). The results of these structural studies
were published by VACEK et al. (2000). The state and dy-
namics of foliation/defoliation were determined for particular
species (beech, spruce, fir, sycamore, maple, rowan tree, elm,
ash and pedunculate oak) by all trees within the plot in the
period 1997-2002. The spruce foliation state was classified
according to TESAR and TEMMLOVA (1971), beech foliation
by VACEK and JURASEK (1985). For the other tree species,
the above-mentioned adapted classification (as a ratio of the
actual quantity of leaves to the potentially highest quantity of
those under optimum conditions of stand development) was
used. Foliation state and spruce yellowing were determined
within 5% intervals. These procedures are compatible with

methods used for the International Co-operative Programme
(ICP — Forests). Foliation and yellowing evaluation was re-
lated to coenotic position and diameter structure. Foliation
was classified during data processing into six degrees, cor-
responding to damage intensity:

Defoliation Foliation Characteristics
degree (%) of the tree

0 91-100 healthy

1 71-90 slightly damaged
2 51-70 medium damaged
3 31-50 heavily damaged
4 1-30 dying

5 0 dead

Table 2. Species composition (living individuals) on the plots in the Modrava and Plesny Forest District territories (1997)

Plot Individuals (No.) Percentage (%)
Beech Spruce Other broadleaves Total Beech Spruce Other broadleaves

1 0 86 0 86 0 100 0
3 0 156 0 156 0 100 0
7 0 11* 0 1* 0 100 0
12 570 7 49 626 91.1 1.1 7.8
13 167 61 19 247 67.6 25 7.7
14 239 185 80 504 47.4 37 15.9
15 380 74 6 460 82.6 16 1.3
16 169 52 226 74.8 23 22
17 45 25 2 72 62.5 35 2.8
18 48 48 0 100 0.0
19 136 2 138 0 99 1.4
20 64 64 0 100 0.0
Total 1,570 652 163 2,385 65.8 27 6.8

*124 bark-beetle trees were identified in the period 1994-1996
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Fig. 1A. Localisation of the study plots in the Sumava natural
forest area

0 S0 | (e | 500 ‘.?L

Fig. 1B. Localisation of the study plots in the area of Modrava.
Forest vegetation zones are shown
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Fig. 1C. Localisation of the study plots along the altitudinal gra-
dient on the Plesny massif. Forest vegetation zones are shown
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Fig. 2. Defoliation degree proportion and average foliation of
the allochthonous Norway spruce monocultures on plots No. 1,
3and7

The remainder of foliation to 100% was called defolia-
tion. Each defoliation value for each tree is possible to
classify into defoliation class C, ... C . The state of the
whole stand can be described on the basis of this clas-
sification as vector X = (x,, ... X ), where x, is the number
of values classified within class C; (in other words, the
number of trees with defoliation within class C)).
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Development of stand damage can be described as
a change of vector X. Let X be the state of the stand in
yeary and X, be the state vector in the following year
— it is possible to write a model

X. . =A.X
y*l y

The square matrix A consists of probabilities a that
a tree with defoliation within class C, in year y will be
classified within class C inyear y + 1. These probabilities
can be estimated using the number of trees within relevant
defoliation classes in two successive years. These prob-
abilities are constants under unchanged (environmental,
air pollution etc.) conditions during the following period
of several years. The progression Y, Y,, Y,, ... is known
as Markov chain (e.g. MANDL 1985).

The model of transition matrices was a basis of data
processing on development of forest stands. It was ap-
plied in software TDM [Tree Defoliation Modelling],
which was used in this study. See the Internet pages @
[/www.infodatasys.c4 for description of this programme
and other details.

A series of models on the basis of defoliation classifica-
tion of all trees of a selected tree species was calculated
for each plot using the series of pairs of succeeding years.
Data from these years was used to calculate the relevant
transition matrix. The following classes of defoliation
were applied: C, = [0%, 10%), C, = [10%, 30%), C, =
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Fig. 3. Average defoliation and mortality of trees
in the allochthonous Norway spruce monocultures
on plots No. 1, 3 and 7. The used TDM programme
shows models (each of them is based on data of two
! successive years as described by the model line) for

further development of average defoliation

[30%, 50%), C, = [50%, 70%), C, = [70%, 90%), C, =
[90%, 100%].

Transition matrix for two not immediately successive
years can be constructed in a similar way. Such a tech-
nique allows to eliminate some oscillations during the de-
velopment that would be influenced by accidental impacts.
Transition matrices for a three-year period (1999-2002)
were calculated using this method and the results were an-
alysed to reveal the features of stand defoliation process.

The analysis of transition matrices can provide by cal-
culating eigenvalues and eigenvectors of these matrices.
There is minimally one eigenvalue that is equal to one
(A, =1). The corresponding eigenvector describes the stable
state of the system (distribution of numbers/proportions
of trees between six defoliation classes). It is possible to
expect some oscillations of the system under the condition
that one or more eigenvalues are complex numbers (cf.
LEGENDRE, LEGENDRE 1983).

Graphs as results of the TDM programme show average
defoliation of all living trees of selected species, average
defoliation of trees with minimum and maximum defolia-
tion respectively (these values are equivalent to the lower
and upper quartile of defoliation on condition of normal
distribution of defoliation with calculated average and
standard deviation). The number of dead trees in the stand,
and a set of predictions calculated on the basis of data on
the successive pairs of years are given below. The predic-
tion period has a length of 10 years. The periods of models

J. FOR. SCI,, 49, 2003 (7): 333-347
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Fig. 4. Defoliation degree proportion and average foliation in
the mixed stands on plots No. 12—-14

with anticipated proportion of dead trees exceeding 50%
are distinguished (tree with defoliation within class C, is
considered as a dead tree). A change in the conditions of
stand development will be demonstrated as a departure
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Fig. 5. Defoliation degree proportion and average foliation in
the natural mixed stands on plots No. 15-17

of the really observed development from the predicted
one. These conditions could be external conditions (e.g.
climate fluctuations) or internal ones (e.g. exceeding of
buffering capacity of the ecosystem).
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Table 3. Mean foliation values of particular species and total on the studied plots

Plot Species Year

1997 1998 1999 2000 2001 2002
1 Spruce 82.2 80.4 72.3 71.7 74.5 71.9
Spruce 79.8 76.4 71.2 70.7 68.5 65.3

7 Spruce 6.8 34 2.0 1.9 0 0
Spruce 90.7 78.6 70.1 64.3 70.7 52.1
Beech 92.8 89.5 76.7 77.8 81.0 74.8
12 Sycamore 95.5 94.7 85.3 81.4 86.0 65.0
Average 93.0 89.8 77.1 77.7 81.1 73.7
Spruce 94.8 91.6 78.0 75.4 76.6 77.5
Beech 943 93.9 79.0 78.6 81.7 77.2
= Sycamore 66.8 69.6 53.6 49.3 50.7 325
Average 923 91.9 77.1 75.1 78.4 73.9
Spruce 89.8 88.1 75.6 71.4 72.7 66.4
Beech 93.6 93.4 82.4 80.5 83.2 80.7
1 Rowan 89.1 88.0 72.5 71.6 73.5 54.0
Average 91.5 90.5 78.5 75.8 77.7 71.2
Spruce 88.7 84.2 73.5 65.4 68.8 66.6
Beech 91.8 90.7 78.5 74.4 79.4 79.0
1 Rowan 90.7 70.7 83.6 83.6 85.7 57.1
Average 90.9 89.3 77.6 72.9 77.6 76.5
Spruce 88.7 87.6 81.2 78.4 77.3 74.0
Beech 92.4 92.5 79.3 80.6 82.9 80.7
o Rowan 86.0 86.0 84.0 87.0 90.0 71.0
Average 91.2 91.2 80.7 80.2 81.8 79.0
Spruce 80.4 84.2 77.0 69.6 67.4 66.0
17 Beech 94.0 95.3 85.8 86.4 85.2 88.2
Average 88.5 90.1 82.4 80.0 78.5 74.4
18 Spruce 77.8 78.0 83.1 80.3 76.7 69.4
19 Spruce 77.4 78.7 77.1 753 74.4 73.2
20 Spruce 79.5 81.1 82.3 80.7 81.1 82.7

* evaluation takes into account also dead trees since 1994

Other damage was registered: snowbreaks, rime breaks,
fungal attacks and insect attacks, ozone damage. Mean
foliation and defoliation values were calculated for all
tree species on particular plots, respecting the coenotic
position.

RESULTS
Foliation and its transformed value (defoliation) were
used as relatively unbiased characteristics of tree damage
and health status. Tree defoliation class was chosen as a
parameter for development prediction.

Secondary spruce monocultures

Different air-pollution and ecological stresses consider-
ably affected these stands in the Modrava forest enterprise

338

district in the last decades. Their destruction resulted in
a large bark-beetle outbreak — out of the 11 plots studied,
only two are conserved as vital, living stands. Foliation
evaluation since 1997 was possible only on plots 1, 3, 7.
Tree species composition is documented in Table 2, mean
foliation values in Table 3 and foliation dynamics and
defoliation degree classification are shown in Fig. 1.
Mean foliation of the studied spruce stands on the
particular plots of Norway spruce stands ranged between
6.8 and 82.2% (average 56.3%) in 1997. It considerably
changed in the period 1997-2002: it ranged between
0 and 71.9% with average 45.8% in 2002. The mean annu-
al increase of defoliation was approximately 2.1%. Plots 1
and 3 were established in localities close to stands under
the intensive bark-beetle pressure, plot 7 is in the centre
of practically totally declined area. On this permanent
research plots (PRP), destruction of the upper tree layer

J. FOR. SCI,, 49, 2003 (7): 333-347
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Fig. 6. Defoliation degree proportion and average foliation in
the Norway spruce stands on plots No. 18-20

finished in 2001, the last spruce tree has been attacked by
the bark beetle this year (Fig. 1).

Much more favourable dynamics was observed in forest
stands on plot 3, the tree layer surprisingly resisted the
bark-beetle gradation despite of dying of all the adjacent

J. FOR. SCI,, 49, 2003 (7): 333-347

stands. For instance, plot 4 (at a distance of 25 m, the
stand of which showed the structure with minimal dif-
ferentiation) was totally destroyed by bark beetle during
1992-1994. There is a question of reasons for this limit
of the bark beetle gradation. The increased resistance of
stands on plot 3 can probably be explained by the high
stand structure differentiation and effect of climatic condi-
tions and groundwater (the whole locality is at a wet site
of peaty character).

The bark beetle control in neighbouring stands of plot
1 also contributed probably to the relatively successful
development of the spruce health state on this plot.

Fig. 2 shows a noticeable increase of tree defoliation on
plots 1 and 3 during 1997-1998 and on plot 1 also in 1999.
Further development of the health state becomes stabilised.
An increase in the dead tree proportion occurs on plot 3 until
the last observed year. Nevertheless, the prediction points
to favourable development in future. It is necessary to re-
member that modelling of average defoliation is processed
for a set of living trees and tree decline is not embraced in
the result of average defoliation. It is possible to assume that
the stands will be able to develop favourably regarding the
stand vitality under conditions of the bark beetle control. A
prediction for plot 1 was clear in 1997 although a few spruce
individuals withstand the bark beetle attack.

Natural forests

Natural and close-to-nature forest stands were studied
in the vertical transect in the Plechy massif (plots 12-20)
in the Plesny Forest District. Tree species composition is
documented in Table 2, mean foliation degrees by tree
species and in total are presented in Table 3, and defolia-
tion dynamics as well as defoliation degree percentage
in Figs. 3-5.

Foliation values approximately followed the altitudinal
position in 1997. A more obvious decrease (by 10.7%) was
observed between plots 17 and 18, i.e. on the summit phe-
nomenon altitudinal limit. Foliation ranged between 77.4 and
93.0% on particular plots in 1997, the average value was
86.9%, and between 69.4 and 82.7% with average 74.9% in
2002. The mean annual defoliation increase was 2.4% during
the period 1997-2002. It was the highest between 1998 and
1999, reaching 7.2%. There were visible difference between
lower and higher (plots 18-20 affected by the summit phe-
nomenon) parts of the altitudinal gradient. On the contrary,
foliation increased by 0.9% within plots of higher locations
in the period of 1998-1999. A considerable annual defolia-
tion increase was documented in the middle and lower parts
of the altitudinal transect (plots 12—17), ranging between
7.7 and 14.8% (11.6% on average).

A considerable foliation decrease was caused not only
by heavy snowbreaks (wet snow and rime) in the winter
1998/1999, but also by ozone effects during the vegeta-
tion season 1999.

A visible decrease in tree number with the lowest
defoliation (foliation range between 91 and 100%) was
observed on all plots. A shift of trees into the higher defo-
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liation classes represents a general trend. Dead trees were
registered on all plots, mostly Norway spruce trees after
the bark-beetle attack on plots 17 and 18 (Fig. 3-5).

The presented values did not show any substantial
differences. A more significant change exceeding the
common level of fluctuation was documented in 1999 for
beech, compared to the year 1998. It was caused by the ex-
treme climatic conditions (wet snow and rime) resulting in
mechanical damage of beech crowns on lower plots of the
transect. Further cause was the ozone effect (spoon shape
of leaves, chloroses, necroses). Even more pronounced
ozone damage was documented for beech and other broad-
leaved species in 2002. Typical chloroses, even necroses,
were detected especially for sycamore and rowan tree,
progressing even into leaf losses. A foliation decrease
was documented compared to the year 2001, reaching
20 percent and more. This trend was also registered for
spruce on plot 12 as a result of strong competition effects
of neighbouring beeches and sycamores on suppressed
spruces in coenotic classes 3b and 4. On the other hand,
the health state of Norway spruce was stabilised in climax
spruce forests of the 8" vegetation altitudinal zones (plots
19 and 20).
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The highest average foliation and its lowest variability
were registered for beeches of middle and lower tree
classes (2b, 3a, 3b) during the whole study period. The
exposed trees of the main stand level (1, 2a) are visibly
more defoliated. In the period 1998-1999, the defoliation
increases for all tree classes in general, with the exception
of class 2a (increase of foliation by 0.8% in 1997-1999).
The rate of defoliation process differs for the particular
tree classes and years. The most rapid decrease of foliation
occurs in trees of lower coenotic classes in the interior of
the stand. Foliation decreases because of competition in
lower tree classes, this was also documented by previous
studies (VACEK et al. 2000).

As a result of the predictions for plot 12 with mixed
stand (Fig. 7), it is obvious that the foliation of beech be-
came seemingly stable after the harsh winter 1998/1999,
nevertheless it is possible to expect some oscillations of
the health state as a result of the transition matrix analysis
for the period 1999/2002: a complex number as the eigen-
value occurs (Table 4). On the contrary, sycamore shows
a considerable defoliation increase in 2001-2002 and the
prediction is unfavourable. More than 50% of trees will
die as a result of this trend by 2008. There will be several
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Table 4. Analysis of transition matrices calculated for the period 1999-2002. A —A, are eigenvalues of the matrices, C,~C,
are proportions of tree numbers within corresponding defoliation classes — they are calculated on the basis of the eigenvector

corresponding to i-th eigenvalue

A. Picea abies

Plot A, A A A A A

C C (8 (& C C

—-

2 3 4 S 6 1 2 3 4 5 6
1 1.000 1.000 0975 0.750 0.384 —0.082 2 0.200 0.200 0.200  0.200 0.200
3 1.000 0905 0.613 0.409 0.324 0.000 1 0.167 0.167 0.167 0.167 0.167 0.167
13 1.000  0.995 0.658 0.448 -0.154 0.000 1 0.167 0.167 0.167 0.167 0.167 0.167
14 1.000 0.809 0.492 0.290 0.167 0.000 1 0.167 0.167 0.167 0.167 0.167 0.167
15* 1.000  1.000 1.000 0.250 0.207  0.000 1 0.150 0.156 0.116  0.578
2 0.176  0.186  0.182 0.456
3 0.170  0.155 0.193 0.482
15 1.000  0.898 0.525 0.305 —0.048 —0.048 1 0.167 0.167 0.167 0.167 0.167 0.167
+0.1141i —0.1141
16 1.000 1.000 0.856 0.484 0.229 0.000 1 0.125 0.125 0.125 0.625
2 0.182 0.182 0.182 0.000 0.227 0.227
18 1.000 1.000 0.654 0.571  0.500 0.000 1 0.143  0.122 0.184 0.184 0.367
2 0.186 0.203 0.153 0.153 0.305
19 1.000 0987 0.588 0.375 0.333 0.256 1 0.166 0.166 0.167 0.167 0.167 0.167
20 1.000  1.000 0.997 0.558 0.390 0.000 1 0.200 0.200 0.200  0.200 0.200
*transition matrices were calculated for the period 1997-2000
B. Fagus sylvatica
Plot A A, Ay A, A, A 1 C, C, C, C, C, C,
12 1.000 0978 0.592 0.291 0.011 0.011 1 0.167 0.167 0.167 0.167 0.167 0.167
+0.0311 —0.031i
13 1.000 0975 0473 0.152 0.000 0.000 1 0.167 0.167 0.167 0.167 0.166 0.166
14 1.000  0.993 0.500 0.325 0.301 0.000 1 0.167 0.167 0.167 0.167 0.167 0.167
15 1.000 0990 0.412 0.180 0.156  0.000 1 0.167 0.167 0.167 0.167 0.167 0.167
16 1.000 1.000 0981 0.333 0.315 0.137 1 0.092  0.094 0.109 0.705
2 0.190 0.189 0.185 0.218 0.218
17 1.000 1.000 0.867 0.308 0.000 0.000 2 0.200  0.200  0.200 0.200  0.200
C. Acer pseudoplatanus
Plot A A, Ay A, A A i C C, C, C, C C,
12 1.000 1.000 1.000 0.677 0.286 0.038 1 0.175  0.115 0.046  0.664
2 0.201 0245 0.174 0.380
3 0.112  0.098 0.254 0.536
D. Sorbus aucuparia
Plot A A, Ay A, Ay A i C, C, C, C, C, C,
14 1.000 0.689  0.222 -0.0303 0.000 0.000 1 0.167 0.167 0.167 0.167 0.167 0.167

potentially stable states as shown by the analysis of the
transition matrix period of the last three years. All these
states are characterised by prevalence of trees with high
defoliation or dead trees (Table 4).

The mixed spruce-beech stand of plot 13 will probably
develop favourably since 2000 (Fig. 8). A slightly better
situation was registered for Norway spruce. The worst
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situation is on plot 14 (Fig. 9) as a result of damage to
rowan and spruce growing in the 3* and 4" coenotic
class caused by bark stripping by deer. Severe damage
to rowan trunks results in a steep increase of defoliation
and in a high proportion of dead trees in predictions since
2002. The transition matrix for the last three-year period
shows a different convergence rate of rowan develop-

J. FOR. SCI,, 49, 2003 (7): 333-347



Pl BT = P spdvadico

£

X i

B4 [ 1T

= I} -

2 M4

B Wy

2 s 2001402

g e o LI

Ei 3

£ I8 1999/ 204000

el ¥

E 1 RIT LI

5 6

8 - 1997 9%

& e S VT U L PR e

S 15T 1999 NG M0 2005 2007 2099 2010
Year

5

- Plot 17 - Picea abies

-]

T T

=2

-E 1

= 2000/0]

g 200 —

E 18 -

'E 16 ) = 15T R

£ 14 :

.I:E 12 :""\—T‘.—- 19eRa0

1 7 2001102

2 o, i S

3 4 1990, 20H)

z il

= 9T 1w o0l 2003 Joos 20T 2090 2011
Yooar

Fig. 12. Average defoliation and mortality of trees in the beech and spruce natural mixed stand on plot No. 17. The used TDM
programme shows models for further development of average defoliation

ment model compared to other models (compare the
relatively lower value of the second highest eigenvalue
— Table 4).

A relatively favourable trend of the health state de-
velopment in the mixed stand of plot 15 has occurred
by both spruce and beech since 2000 (Fig. 10). The
spruce mortality in 2001 (approximately 5%) was
caused by bark beetle, but the situation has stabilised.
Regarding the presence of complex numbers among
the eigenvalues of transition matrix for spruce in the
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period 1999-2002, we can expect some oscillations
of the model. Similar behaviour can occur on plot 16
(Fig. 11). A worse case was registered on plot 17 (Fig. 12)
with spruce-beech stand. The state of beech trees is
stable regarding the stand development state, but spruce
shows an increase in mortality as a consequence of the
bark beetle attack (it has decreased since 2000). We can
presuppose that about 50% of spruce trees would be
dead as result of this trend in 2008. Bark beetle partly
influences the altitudinal zone of the Norway spruce
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Fig. 13. Average defoliation and mortality of trees
of Norway spruce in the stands on plots No. 18-20.
The used TDM programme shows models for further
development of average defoliation
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climax, too. It is indicated by a mortality increase on
plot 18 at 2002 (Fig. 13). Prediction of defoliation is
very favourable at the highest altitudes in the Sumava
Mts. area (plots 19 and 20; Fig. 13).

CONCLUSIONS

The results obtained in the period 1997-2002 have to
be considered as preliminary and short-term regarding the
necessity of long-term monitoring. Variability of climatic
and air-pollution factors has to be taken into account in
particular years, as well as increasing sensitivity to the
biotic factors has to be respected at extreme situations of
abiotic factors. As a result, increased sensitivity, forest
stand damage and decline can be observed.

Considerably higher tolerance (against the effects of ex-
treme air pollution and ecological stresses) was described
by natural and semi-natural stands in the Forest District
Plesny territory, compared to secondary monocultures in
the Modrava area. The latter are heavily damaged by the
bark beetle.

The higher level of stress tolerance and stability was
shown by the mixed stands within the set of plots along
the altitudinal gradient of the Plechy massif. The bark-
beetle gradation is increasingly observed also in the Nor-
way spruce stands of the Plesny District (plots 17-18).
A deviation from the general trends was observed after the
extreme winter 1998/1999, combined with ozone effects
during the vegetation season 1999. These factors influ-
enced beech defoliation. Even more visible ozone effects
were registered in the year 2002, leading to damage of
the assimilatory apparatus especially of broad-leaved tree
species. Sycamore and rowan trees were more susceptible
compared to beech.

To formulate the forest management targets, long-term
tolerance trends of forest tree species have to be taken
into account, and their ecological tolerance, amplitude, as
well as the National Park zonation, forest functions and
management potentials have to be respected.
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Vyvoj zdravotniho stavu lesnich porostii na vyzkumnych plochach v Narodnim
parku Sumava

S. VACEK!, K. MATEJKA?, J. MAYOVAL V. V. PODRAZSKY?

YWyzkumny tistav lesniho hospoddrstvi a myslivosti, Vyzkumnda stanice Opocno, Ceskd republika
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ABSTRAKT: Piispévek shrnuje hodnoceni zdravotniho stavu alochtonnich smrkovych porosti na LS Modrava a dale ptiro-
zenych porostt na LS Plesny. Analyza byla zalozena na dendroekologickych reakcich jednotlivych stromt v porostni skladbé.
Poskozeni stromd, hodnocené piedevsim podle olisténi, bylo sledovano kazdorocné v obdobi 1997-2002. Nejvyssi uroven
tolerance jevily pfirodni porosty na tizemi LS Plesny, zejména porosty smiSené s dominanci buku, nejnizsi naopak alochtonni
smrkové porosty v oblasti LS Modrava. Porostni dynamika byla limitovana aktivitou hmyzich skddci, v prvni fadé lykozrouta
smrkového (Ips typographus). Jako mnohem castéjsi se ve srovnani s rokem 1999 v roce 2002 projevily skody ozonem — nejvice

byl poskozen javor klen a jetab.

Kli¢ova slova: zdravotni stav; defoliace; imisni a ekologické stresy; klirovec; ozon; pfechodové matice

Lesy Sumavy jsou v uplynulych dvou desetiletich
zasazeny markantnim imisné ekologickym zatizenim,
které zejména v nejvyse polozenych horskych partiich
zpusobuje znacné ekofyziologické oslabeni porostil, pro-
jevujici se specifickymi symptomy poskozeni (odlisténi,
projevy zloutnuti, nekrézy apod.). Lesni ekosystémy jsou
zde znacné ovlivilovany predevsim kyselou depozici,
ktera jiz u celkové acidity na mnohych mistech prekroci-
la kritickou hranici o 0,35-0,51 H kmol/ha za rok (MO-
RAVCIK 1994). Vznikla situace negativné pisobi nejen
na produkeni, ale predevsim na ekologické funkce lesa,
ato zejména v diisledku nasledného ataku skodlivych bio-
tickych €initelt (hmyzich $kidct, houbovych patogent
apod.). Jejich expanze vede az k destrukei porostni struk-
tury a nasledné i k silnému naruseni ekologické stability
a biodiverzity celych ekosystému.

Cilem piispévku je zhodnoceni dynamiky zdravotniho
stavu alochtonnich smrkovych porostti na LS Modrava
ve srovnani s piirodnimi smiSenymi a smrkovymi po-
rosty na LS Plesny. Zdravotni stav smrkovych mono-
kultur na LS Modrava (3 TVP) i pfirozenych smiSenych
i smrkovych porostii na LS Plesny (9 TVP) byl posuzo-
van piedevsim podle olisténi. Doplitky hodnot olisténi do
100 % byly oznaceny jako hodnoty defoliace a pouzity
pro predikci vyvoje defoliace a mortality na bazi piecho-
dovych matic. Dale byly hodnoceny znaky charakterizu-
jici zdravotni stav koruny (poskozeni snéhem, ndmrazou,
drevokaznymi houbami, hmyzem, ozonem atd.).

Jednotlivé hodnoty defoliace pro kazdy strom je mozné
zatadit do jedné tfidy defoliace C, az C . Pak momentalni
stav porostu je moZné popsat vektorem X = (X, ... X ),
kde x, je poCet hodnot zafazenych do ttidy C, (resp. poCet
stroml, u nichz byla hodnocena defoliace ve tfid¢ C).

Vyvoj poskozeni porostu lze popsat jako zménu stavu
— vektoru X. Necht’ stav v roce y je popsan vektorem X,
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a stav v roce nasledujicim vektorem X, ,,» potom mizZeme
konstruovat model

)v(y*l =A. Xy

Ctvercova matice A je slozena z pravdépodobnosti a,
Zze strom, majici defoliaci v roce y hodnocenou v tfidé C,
bude mit vrocey + 1 defoliaci hodnocenou v tiidé¢ C.Tyto
pravdépodobnosti 1ze odhadnout z poc¢tu stromt hodno-
cenych ve dvou nasledujicich letech v jednotlivych tiidach
defoliace. Za nezménénych podminek Ize predpokladat,
Ze tyto pravdépodobnosti se nebudou ménit 1 v nasledu-
jicim obdobi. Posloupnosti Y, Y,, Y,, ... tvoii takzvany
Markovtv fetézec (viz napf. MANDL 1985).

Model prechodovych matic je zékladem programu pro
hodnoceni dat vyvoje lesnich porostit TDM [Tree Defolia-
tion Modelling], ktery byl pouzit v této studii.

Pro kazdou plochu byla pocitana série modelti vzdy na
zaklad¢ klasifikace defoliace vSech stromt jednoho druhu
dfeviny vzdy ve dvou po sob¢ nasledujicich letech — tak
byla vypocitana prislusna prechodova matice. Byly uzity
nasledujici tiidy defoliace: C, = [0%, 10%), C, = [10%,
30%), C, = [30%, 50%), C, = [50%, 70%), C, = [70%,
90%), C, = [90%, 100%].

Obdobné 1ze pocitat i piechodové matice pro dvojice let,
které po sobé bezprostiedné nenasleduji, ¢imz je mozné
vylouciturcité oscilace ve vyvoji dané napiiklad nékterymi
nahodnymi vlivy. Takto byly pocitany pfechodové matice
pro obdobi poslednich tii let (1999-2002); tyto matice
byly podrobeny dalsi analyze za Gc¢elem zjisténi jejich
charakteru.

Pro analyzu piechodovych matic je zasadni vypocet
vlastnich ¢isel a vlastnich vektort téchto matic.
Minimaéln¢ jedno vlastni ¢islo A= 1, pficemz vlastni vek-
tor odpovidajici kazdému takovémuto vlastnimu cislu
odpovida stabilnimu stavu systému. Oscilace systému je
mozné ocekavat v piipadé, ze mezi vlastnimi Cisly jedno
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nebo vice jich nabyva komplexnich hodnot (LEGENDRE,
LEGENDRE 1983).

Prezentovany graficky vystup programu TDM zobrazuje
prumérnou defoliaci stromt daného druhu, primérnou
defoliaci nejméné, resp. nejvice poskozenych stromi
(hodnoty odpovidaji spodnimu, resp. hornimu kvartilu
pfi normalnim rozdéleni hodnot defoliace s danym vy-
pocitanym primérem a smérodatnou odchylkou). Dale
je znazornén vyvoj podilu odumielych stromt v porostu
a jednotlivé predikce dalsiho vyvoje pocitané na zakladé
dat. Zvlastni model byl pocitan pro kazdou dvojici po
sob¢ nasledujicich let, v nichz byl porost na dané plose
hodnocen. Délka modelového obdobi byla vzdy 10 let.
V modelech vyvoje je vzdy rozliseno obdobi, v némz je
méné a vice nez 50 % odumfelych stromi (za odumielé
jsou uvaZovany stromy hodnocené v ramci tfidy C,). Po-
rovnanim skute¢ného vyvoje defoliace porostu s modelem
v obdobi bezprostiedné nasledujicim po téch dvou letech,
na jejichz zékladé byl model konstruovan, 1ze usuzovat na
to, jestli podminky vyvoje porostu zistaly stabilni (sku-
teény stav odpovida predikovanému) nebo se zménily
(predikovany a skutecny stav se vyrazné lisi). Uvazova-
nymi podminkami mohou byt jak podminky vné&jsi (napf.
klimaticky vykyv) nebo vnittni (naptiklad vycerpani urcité
pufracni kapacity ekosystému).

Z vysledkt vyplyva, ze alochtonni smrkové porosty na
LS Modrava byly v uplynulém desetileti ve znaéné mite
postizeny Cetnymi imisné ekologickymi stresy. Destruk-
ce téchto porostl pak vyvrcholila rozsahlou kiirovcovou
kalamitou, proto z 11 ploch (TVP 1-11) bylo olisténi
od r. 1997 hodnoceno pouze na tfech z nich (TVP 1, 3,
7). Zatimco prumérné olisténi smrkovych porosti na
sledovanych TVP se v r. 1997 pohybovalo v rozmezi
6,8-82,2 % (v praiméru 56,3 %), v r. 2002 bylo jiz pouze
v rozmezi 0—71,9 % (v praméru 45,8 %). Primérné roéni
odlisténi tedy kolisalo okolo 2,1 %. Pfitom TVP 1 a 3 se
v dobé¢ svého zalozeni nachazely na lokalitach stfedné
zasazenych zirem kiirovce a TVP 7 byla pfimo v ohnis-
ku jeho silného napadeni. Destrukce jejiho stromového
patra v r. 2001 skonc¢ila, kdyz byl na plose lykozroutem
smrkovym napaden posledni smrk (obr. 2). Nad nase
ocekavani podstatné 1épe probihal vyvoj poskozeni na
TVP 3 (obr. 2). Zde nas velice ptekvapilo, ze stromové
patro této prostorové a vékové diferencované plochy do-
sud znac¢né odolava vlivu kurovct, ackoliv asi 25 m od
ni vzdalena plocha (TVP 4 — minimaln¢ prostorové dife-
rencovana smréina) byla v letech 1992—-1994 kirovcem
zcela zniCena a nebyla asanovana. V disledku ucelné
asanace stromi napadenych klirovcem v bezprostfednim
okoli TVP 1 se zdravotni stav smrku na této plose vyviji
dosud relativné zdarné (obr. 2).

Na plochéach 1 a 3 se po vyrazném nartstu defoliace
v letech 1997-1998 ana TVP 1 i v r. 1999 posléze zdra-
votni stav viceméné stabilizoval. Na TVP 3 dochazi az do
posledniho sledovaného roku k nardstu podilu odumfte-
lych stromi. Pfesto je patrna pomérné piizniva predikce
vyvoje téchto porostd ve variantdch podle trendd defo-
liace v jednotlivych letech. Pokud zde bude lykozrout
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smrkovy dusledné asanovan, lze predpokladat, Ze se tyto
porosty vzhledem ke své vitalité budou zdarné vyvijet.
Predikce vyvoje defoliace na TVP 1 byla jiz jednoznac-
na v r. 1997, prestoze zde tlaku kirovce odolavalo jeste
n¢kolik relativné vitalnich smrkd. Posledni jedinci smrku
odumfeli v pribéhu r. 2001.

Z vysledkid zdravotniho stavu pfirodé blizkych eko-
systému v masivu Plechého (TVP 12-20) vyplyva, ze
v 1. 1997 hodnoty primérného olisténi na jednotlivych
TVP vicemén¢ sledovaly vyskovy gradient (obr. 4—6).
K jejich vyraznéjsimu poklesu (o 10,7 % olisténi) doslo
azmezi TVP 17 a 18, tj. na rozhrani vrcholového fenomeé-
nu. V r. 1997 primérné olisténi na jednotlivych plochach
kolisalo v rozpéti 77,4-93,0 % (v praméru 86,9 %),
v 1. 2002 to bylo 69,4-82,7 % (v praméru 74,9 %). Pri-
meérné ro¢ni snizeni olisténi ve sledovaném obdobi 1997
az 2002 tedy ¢inilo 2,4 %. Vyrazné nejvyssi bylo me-
ziroky 1998-1999, kde dosahlo 7,2 %. Znacné se pfitom
lisilo v hornich partiich transektu (TVP 18-20), tj. v ob-
lasti vrcholového fenoménu. Zde v obdobi 1998-1999
nedoslo v praméru ke snizeni olisténi, ale naopak k je-
ho zvySeni 0 0,9 %. Ke znaénému meziro¢nimu pokle-
su olisténi v tomto obdobi doslo ve stiednich a spodnich
partiich transektu (na TVP 12-17). Zde se pohybovalo
mezi 7,7-14,8 % (v praméru 11,6 %). Vyrazny pokles
olisténi v tomto obdobi byl zplsoben nejen silnym
poskozenim a rozlamanim korun stromd mokrym
snéhem 1 namrazou v prubéhu zimy 1998/1999, ale
i vyraznym vlivem ozonu v pribéhu vegetacniho obdo-
bir. 1999.

V posuzovanych hodnotach olisténi se nevyskytuji
prilis velké diference. K vyrazné€js$i zmeéné, ktera prekra-
¢uje béznou miru fluktuace, doslo v r. 1999 (ve srovnani
s 1. 1998) u buku. Bylo to zplisobeno jiz zminénou ex-
trémni klimatickou situaci (mokrym snéhem a namra-
zou), jejichz dusledkem bylo zna¢né mechanické posko-
zeni korun, a to pfedev§im u buku ve spodnich partiich
transektu, ale i vlivem ozonu (1zi¢kovité staceni listd,
chlordzy apod.). Podstatné vyraznéjsi projevy ozonu nez
v 1. 1999 byly u buku i u ostatnich listna¢t zaznamenany
v 1. 2002. Zejména u javoru klenu a jefabu ptaciho teh-
dy doslo nejen k typickym chlorézam, ale i k nekr6zam
a pred¢asnému opadu listu.

Z predikce dalsiho vyvoje defoliace ve smiseném po-
rostu na TVP 12 (obr. 7) je zfejmé, Ze u buku po kritické
zimé& 1998/1999 se stav olisténi zdanlivé stabilizoval,
vzhledem k vysledkiim analyzy ptfechodové matice pro
obdobi 1999-2002 vsak muzeme v dal§im vyvoji oce-
kavat urcité oscilace (viz vyskyt komplexnich hodnot
mezi vlastnimi Cisly prechodové matice, tab. 4). Naopak
u javoru klenu vzhledem ke znacnému nartstu defoliace
v letech 2001-2002 predikce vyvoje neni zdaleka pfizni-
va. Pii tomto trendu by jiz v r. 2008 odumfelo vice nez
50 % stromi javoru klenu. Analyzou pfechodové matice
pro obdobi poslednich tii let mizeme zjistit, Ze muize
existovat vice potencialné stabilnich stavt, které se vSak
vyznacuji pievahou vice defoliovanych stromt nebo
stromd odumfelych (tab. 4).
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Pomérné ptizniva je po r. 2000 predikce vyvoje defo-
liace smrkobukového porostu na TVP 13 (obr. 8). Mirné
ptiznivéjsi je u smrku nez u buku. Z tohoto hlediska je jiz
horsi situace na TVP 14 (obr. 9), a to pfedevsim v disled-
ku poskozeni jedinct jetabu a smrku ve 3. a 4. stromové
tfidé loupanim vysokou zvéii. Silny ohryz na kmenech
jefabu se vyrazn¢ projevil v pomérné strmém nardstu
defoliace s vysokym podilem odumfelych stromid po
r. 2002. Pfechodova matice pocitana pro posledni trileté
obdobi u jefabu ukazuje odlisnou miru konvergence mo-
delu oproti jinym uvazovanym modelim (viz nizka dru-
ha nejvyssi hodnota vlastniho ¢isla prechodové matice,
tab. 4). Pomérné pfiznivé jsou také trendy vyvoje zdra-
votniho stavu smiseného porostu na TVP 15 po r. 2000,
a to jak u buku, tak i u smrku (obr. 10). V r. 2001 byl na
této plose zaznamenan asi 5% nastup mortality smrku
v dusledku ziru lykozrouta smrkového, ktery se posléze
stabilizoval. Vzhledem k vyskytu komplexnich hodnot
mezi vlastnimi ¢isly pfechodové matice pro vyvoj de-
foliace smrku v obdobi 1999-2002 (tab. 4) lze oéekavat
uréité oscilace v chovani modelu. Podobné je tomu i ve
smiseném porostu na TVP 16 (obr. 11). Podstatné horsi
situace je v trendu vyvoje smrkobukového porostu na
TVP 17 (obr. 12). Zatimco vyvoj bukd je vzhledem
k prevladajicimu vyvojovému stadiu v podstaté stabili-
zovany, tak nardst mortality jedinct smrku v disledku
ziru lykozrouta smrkového je znaény, i kdyz se po
r. 2000 zmirnil. Pfi tomto trendu lze ptredpokladat, ze
v 1. 2008 by jiz 50 % smrku bylo odumfelych. Vliv ly-
kozrouta smrkového zde saha i do stupné klimaxovych
smréin, coz se projevuje zejména vyraznym nartistem
mortality v roce 2002 na TVP 18 (obr. 13). Predevsim
pak ve smréinach nejvyssich poloh Sumavy (na TVP
19 a20 —obr. 13) je i pro nejblizsi obdobi predikce vyvo-
je defoliace velice pfizniva.

Analyza trendl vyvoje poskozeni porostii byla doplnéna
i podrobnou analyzou jednotlivych pfechodovych matic
pro popis zmény zastoupeni stromt v jednotlivych tfidach
defoliace. Tim bylo odhaleno i mnoho zdanlivé skrytych
trendd, které mohou byt ptehlédnuty pii prostém pohle-
du na vyvoj primérné defoliace. Tak napt. na TVP 12
(obr. 6) je ztejmé, Ze u buku po kritické zim¢ 1998/1999 se
stav olisténi zdanlive stabilizoval, vzhledem k vysledkiim
analyzy pirechodové matice pro obdobi 1999-2002
vSak muzeme v dal$im vyvoji ocekavat urcité oscilace
(viz vyskyt komplexnich hodnot mezi vlastnimi ¢&isly
pfechodové matice, tab. 4). Naopak u javoru klenu vzhle-
dem ke znacnému nartstu defoliace v letech 2001-2002
predikce vyvoje neni zdaleka pfizniva. Pfi tomto trendu by
jiz v r. 2008 odumfelo vice nez 50 % stromi javoru klenu.
Analyzou piechodové matice pro obdobi poslednich tii
let miizeme zjistit, Ze muze existovat vice potencialné
stabilnich stavi, které se vSak vyznacuji pfevahou vice
defoliovanych strom nebo stromd odumielych (tab. 4).

Prechodova matice pocitana pro posledni tfileté obdobi
u jetabu (TVP 14) ukazuje odlisnou miru konvergence
modelu oproti jinym uvazovanym modelim (viz nizka
druha nejvyssi hodnota vlastniho ¢isla pfechodové matice,
tab. 4).

Podstatné vétsi toleranci vici extrémnim imisné ekolo-
gickym strestim prostfedi tedy projevily pfirodni smiSené
a smrkové porosty na LS Plesny ve srovnani s alochton-
nimi smrkovymi porosty na LS Modrava. Smrkové po-
rosty jsou zde stale atakovany piemnozenym lykozroutem
smrkovym a u listnact v poslednich letech dochazi
k vyraznému poskozeni asimilacniho aparatu predevsim
ozonem. Pti volbé obnovnich cilti je proto nutné vychazet
pfedev§im z dlouhodobych trendl tolerance dievin, ale
iz jejich ekologické valence, principli zonace a moznosti
managementu pii respektovani soucasného funkéniho
vyznamu stanoviste.
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