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Dynamics of the health status of forest stands and its
prediction on research plots in the Sumava Mts.
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ABSTRACT: The paper summarises the 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 texture. The tree damage was evaluated annually (in the period
1997-2005), based especially on defoliation. The most tolerant were the natural and semi-natural, especially mixed forest
stands with dominant beech in the Plesny Forest District territory, the least tolerant were the allochthonous secondary
spruce stands in the Modrava Forest District area. The damage dynamics was limited by the insect (bark beetle — Ips
typographus) pest activity. Ozone damage appeared much more often in 2002, compared to the year 1999. The most
damaged species were sycamore and rowan tree.
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In the past two decades forests in the Sumava Mts.
(Bohemian Forest Mts.) were afflicted by a marked
air-pollution and ecological load that caused a
substantial eco-physiological weakening of stands
mainly in the highest mountain locations, mani-
fested by specific symptoms of damage (defoliation,
yellowing symptoms, necroses, etc.). Forest ecosys-
tems in these locations are considerably influenced
by acid deposition which exceeded the critical limit
by 0.35-0.51 kmol/ha per year in total acidity at
many sites (MORAVCIK 1994). Such a situation has
negative impacts not only on production but also
on ecological functions of forests, particularly as a
consequence of the subsequent attack of harmful
biotic factors (insect pests, fungal pathogens, etc.).
Their expansion leads to stand structure destruction
and marked disturbance of ecological stability and
biodiversity of the entire ecosystems. Therefore re-
generation and stabilisation of these stands become
very important tasks of forest management and

nature protection in these localities. To implement
difficult regeneration and stabilisation practices it
is necessary to acquire sufficient knowledge of the
structure and development of natural forests and
also of the dynamics of damage to restored stands.
For this purpose the modelling of dynamics of forest
stand defoliation by means of transition matrices is
undoubtedly useful that takes into account prob-
abilities of a change in the classification of a random
tree from the given stand from one defoliation class
in the first year to another defoliation class in the
subsequent year. Transition matrices are frequently
used for modelling in ecology and forestry (e.g.
DALE, HULSMAN 1988; DRAGOI, ALBEANU 1998;
HUENNEKE, MARKS 1987; LipPE et al. 1985; LEPS
1988; MENDOZA, SETYARSO 1986; SCOTT et al. 1990,
and many others). This model approach was used to
evaluate the dynamics of damage to forest stands in
the Krkonose Mts. (VACEK 1987; VACEK, LEPS 1995;
MATEJKA et al. 1998; VACEK, MATEJKA 1999) and
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Table 1. Characteristics of permanent research plots (PRP) established in the period 1997-1998. Forest management plan valid

since 1994 (Modrava) and 2002 (Plesny)

Plot Forest district Stand Altitude (m a.s.l.) Forest site type Stand(;g:risl; 2002
Modrava 68B4 1,140 8N3 137
Modrava 67A7 1,120 8R1 141
Modrava 76C5/8 1,230 851 119/157*
12 Plesny 2C3/2/1 1,020 752 10, 25, 221
13 Plesny 2C3/2/1 1,030 752 10, 25, 221
14 Plesny 3C4/3/1 1,030 752 15, 25, 206
15 Plesny 3A3/2/1 1,060 752 15, 25, 206
16 Plesny 4A6/2/1 1,120 751, 7N3 12, 25,196
17 Plesny 4A6/2/1 1,150 7N3 12, 25,196
18 Plesny 4A6/2/1 1,250 7N3 12, 25,196
19 Plesny 5A3/1 1,300 8Y2 15/156
20 Plesny 5A3/1 1,370 8K2, 8N3 15/156

*The stand did not reach this age because it declined totally by 2000

to predict the dynamics of stand defoliation in the
Sumava Mts. (MATEjKA 1999).

The objective of this paper is to evaluate the
dynamics of the health status of secondary spruce
stands in Modrava Forest District (FD) compared
to natural mixed and spruce stands in Plesny FD.
This paper is a follow-up of the papers of VACEK et
al. (2000) and VAcek and MayovA (2000), VACEK
etal. (2003), where the causes of damage to selected
stands by air-pollution and ecological stresses were
analysed.

MATERIAL AND METHODS

Table 1 shows the basic data on permanent re-
search plots; the plots were described in greater
detail in the paper of ULBRICHOVA and PODRAZSKY
(2000). Structural parameters such as height, breast
height diameter and coenotic position of individual
trees were measured or classified during the estab-
lishment of plots in 1997 and 2005 on nine perma-
nent research plots (PRP 12-20) in natural mixed
and spruce stands in Ple$ny FD and on nine PRP (1-4
and 7-11) in spruce monocultures in Modrava FD
(Fig. 1). Standard dendroecological methods were
used for this purpose. Coenotic positions of trees
were classified according to ZLATNIK (1976). The
results of these structural surveys were published
in VACEK et al. (2000). The status and dynamics of
(de)foliation of Norway spruce, European beech,
other broadleaves (rowan, sycamore and Norway
maple, wych elm, European ash and durmast oak)
and silver fir were evaluated in all trees on the par-
ticular plots in 1997-2005. The classification based
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on the paper of TEsAR and TEMMLOVA (1971) was
used for the evaluation of spruce foliation. Beech fo-
liation was estimated according to the scale of VACEK
and JURASEK (1985). The foliation (i.e. the propor-
tion of the actual quantity of assimilatory tissues
out of the highest potential quantity the living part
of the crown would have in optimum local growth
conditions) in the other above-mentioned tree spe-
cies was evaluated on the basis of a similar principle
like in spruce and beech. Foliation was estimated to
the nearest 5%. These methods are compatible with
so called International Cooperative Programme for
the evaluation and monitoring of air-pollution and

1,3,7

12-20

Fig. 1a. Localisation of research plots in the Sumava Natural
Forest Region (NFR 13)
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Fig. 1b. Localisation of research plots in Modrava Forest Dis-
trict. Forest altitudinal zones are shown

ecological impacts on forests (ICP — Forests). From
the aspect of potential management the values of
foliation and yellowing symptoms were evaluated in
relation to coenotic position and diameter structure.
The foliation values were subsequently divided into
six empirical degrees of defoliation, corresponding
to the degrees of tree damage caused by air-pollution
and ecological factors:

Defoliation degree ~ Foliation (%)  Tree description

0 91-100 healthy

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

5 0 dead

The complements of foliation values up to 100%
were designated as defoliation values. The particular
values of defoliation for each tree can be placed into
one defoliation class C| to C, . The instantaneous sta-
tus of the stand is described by the vector X=(x,, ... x )
where x, is the number of values placed into class C,
(and/or the number of trees in which defoliation was
evaluated in class C)).

The dynamics of stand damage is described as a
change in the status — vector X. Let the status in
year y be described by vector X, and the status in the
subsequent year by vector Xy . We can construct
the model

X =AxX
y+1 y

Square matrix A is composed of probabilities a,
that the tree with defoliation evaluated by class C, in
year y will have defoliation evaluated by class C; in
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Fig. 1c. Localisation of research plots along the altitudinal
gradient of the Plechy Mt. massif. Forest altitudinal zones
are shown

yeary + 1. These probabilities are estimated from the
number of trees evaluated in the particular classes of
defoliation in two subsequent years. In unchanged
conditions it is to assume that these probabilities will
not change in the subsequent period. The sequences
Y, Y,, Y, ... represent so called Markov chain (see
e.g. MANDL 1985).

A model of transition matrices is the basic element
of TDM [Tree Defoliation Modelling] programme
for the evaluation of data on forest stand develop-
ment that was used in this study.

A series of models was computed for each plot,
based on the classification of defoliation of all trees
of one tree species always in two consecutive years
— the respective transition matrices were computed
in this way. The following defoliation classes were
used: C, = (0%, 10%), C, = (10%, 30%), C, (30%, 50%),
C, = (50%, 70%), C, (70%, 90%), C,= (90%, 100%).

The computation of eigenvalues and eigenvectors
of these matrices is crucial for the analysis of transi-
tion matrices. The eigenvector corresponding to each
eigenvalue \, = 1 describes the stable status of the
system. Oscillations of the system are to be expected
in case that one or several eigenvalues assume the
complex values (cf. LEGENDRE, LEGENDRE 1983).

The presented graphical output of TDM pro-
gramme documents average defoliation of trees
of a given species, average defoliation of the least
and/or most damaged trees (the values correspond
to the lower and/or upper quartile under normal
distribution of defoliation values with the given
computed mean and standard deviation). Dynam-
ics of the proportions of dead trees in the stand and
predictions of further development computed on the
basis of data are also represented. A special modal
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Fig. 2. Average defoliation
and mortality of trees in
the allochthonous Norway
spruce monocultures on PRP
No. 1and 3
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was computed for each pair of consecutive years in
which the stand on the given area was evaluated. The
length of modelling period was always 10 years. In
the models of development there is a period with less
than 50% of dead trees and more than 50% of dead
trees (dead trees are trees placed into class C,). The
comparison of actual dynamics of stand defoliation
with the model in the period immediately after those
two years on the basis of which the model was con-
structed shows whether the conditions of stand de-
velopment remained stable (actual state corresponds
to predicted one) or changed (predicted and actual
state are markedly different). Considered conditions
may be external ones (e.g. climatic fluctuations) or
internal ones (e.g. depletion of a certain “buffering”
capacity of the ecosystem).

We also examined the relations of defoliation to
the spatial structure of stands. Based on the survey-
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ing of the position of each tree on the study plot we
computed a distance to the nearest adjacent trees
(r, is a distance to the first nearest tree, r, is a dis-
tance to the second nearest tree, etc.). The parameter
LIVINGAREA - an estimation of the area used by a
tree for its growth was computed from these values:

LIVINGAREA = (r, x r, x 1,)*3

We sought a relationship between damage to a tree
(its defoliation) and this area on the basis of linear
regression for trees with defoliation lower than or
equal 50%.

Traits describing the health status of the crown
were also evaluated (damage caused by snow, icing,
wood-decaying fungi, insects, ozone, etc.). The aver-
age value of foliation and degree of defoliation was
computed for all tree species on each plot, also in
relation to the coenotic position.

J. FOR. SCI,, 52, 2006 (10): 457473



Table 2. Species composition (living individuals of the tree layer) on PRP in the Modrava and Ple$ny Forest District (1997)

Number of individuals

Proportion (%)

Plot beech spruce broztik;::ves total beech spruce bro(;g;:arwes
86 0 86 0 100 0
156 0 156 0 100 0
0 11* 0 11*% 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 2.2
17 45 25 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 on the plot in the period 1994—1996
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Fig. 3. Average defoliation and
mortality of beech (species
bk) and sycamore (species ki)
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trees in natural mixed stands
on PRP No. 12
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mortality of spruce (species
sm) and beech (species bk)
trees in natural mixed stands
on PRP No. 13
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RESULTS

Foliation was chosen as a typical trait and as a
criterion of the relatively objective decision on tree
damage and health status of stands while defoliation
class was used for the prediction of health status
dynamics.

Secondary spruce monocultures

These stands in Modrava FD were afflicted by
many air-pollution and ecological stresses in the
past decade. The stand destruction culminated by an
extensive bark-beetle mass outbreak, and therefore
foliation has been evaluated on three (PRP 1, 3, 7)
out of 11 plots (PRP 1-11) since 1997. Table 2 shows
the representation of the main tree species on these
plots.
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2009
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Fig. 2 documents that after a marked increase in
defoliation in 1997-1998 the health status on plots
1 and 3 was partly stabilised. But the health of these
stands has deteriorated very much since 2003. The
turn of the years 2004 and 2005 seems to be crucial;
it might be a result of the preceding climatic period
with significant precipitation deficit when this ad-
verse trend was not reversed although the deficit
was balanced in 2005. The proportion of dead trees
increased on PRP 3 until the last year of observa-
tion. Marked dieback of spruce trees caused by bark
beetles occurred in the course of 2005 (Fig. 2a).
Nevertheless, the prediction of development of these
stands in variants according to defoliation trends in
the particular years is quite positive (prediction of
average defoliation is done only for the set of living
trees, so this variable does not involve the rate of die-
back). If the bark beetle is controlled successfully in
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these localities, these stands are expected to prosper
thanks to their vitality.

Natural forests

Autochthonous or near-natural forest ecosystems
were studied in a vertical transect in the Plechy Mt.
massif (PRP 12-20) in Plesny FD. Table 2 shows the
representation of tree species in these localities.

The prediction of a further trend of defoliation in
the mixed stand on PRP 12 shows that after the critical
winter 1998/1999 the defoliation situation was appar-
ently stabilised in beech (Fig. 3a) but considering the
results of the analysis of transition matrix for the pe-
riod 1999-2005 some oscillations are to be expected in
future (see the presence of complex values among the
eigenvalues of transition matrix). On the contrary, the
prediction of the trend in sycamore maple (Fig. 3b) is
far from being positive due to a great increase in defo-
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liation in 2001-2002. If such a trend were maintained,
more than 50% of sycamore maple trees would die in
2008. The analysis of the transition matrix for the last
three years shows that there may exist several poten-
tially stable situations that are however characterised
by the majority of rather defoliated trees or dead trees.
The trend of defoliation has partly stabilised since
2003, even though there have been oscillations as a
result of climatic fluctuations.

The prediction of defoliation trend in the spruce-
beech stand on PRP 13 after 2000 is relatively posi-
tive (Fig. 4). It is slightly better for spruce (Fig. 4a)
than for beech (Fig. 4b); it is explained by great dam-
age to the beech stand caused by icing at the turn
of 1998 and 1999. The health status of both these
species was gradually stabilised in the next years.
From this aspect the situation is worse in PRP 14
(Fig. 5), where individual trees of rowan and spruce
in the 3" and 4" tree class were damaged by peeling
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by red deer and beech trees were damaged by icing
at the turn of 1998-1999. Heavy browsing on rowan
stems led to quite a steep increase in defoliation
with a high proportion of dead trees after 2004. The
transition matrix computed for the last three-year
period in rowan shows a different rate of model
convergence compared to other considered models
(see the low second highest eigenvalue of transi-
tion matrix). In subsequent years this trend was
stabilised, also in rowan (Fig. 5¢c) where 24% of trees
died in 1997-2005. The trends of health status dy-
namics in the mixed stand on PRP 15 after 2000 are
quite positive, both in beech and in spruce (Fig. 6).
In 2001 and 2004 a ca. 6-7% increase in spruce
mortality was recorded on this plot (Fig. 6a) caused
by the feeding of eight-toothed spruce bark beetle,
but it stabilised later on. Considering the presence
of complex values among the eigenvalues of tran-
sition matrix for the dynamics of spruce defolia-
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tion in 1999-2005 some oscillations in the model
behaviour are to be expected. Subdominant beech
trees were heavily damaged by icing at the turn of
the years 1998-1999, which markedly influenced
predictions of development of this stand after 2000
(Fig. 6b). The situation was similar in the mixed
stand on PRP 16 (Fig. 7). The trend of the spruce-
beech stand development on PRP 17 shows a
considerably worse situation (Fig. 8). While beech
development is basically stabilised given the prevail-
ing developmental stage, the increase in mortality
of spruce trees (Fig. 8a) is great due to the feeding
of the eight-toothed spruce bark beetle even though
it slowed down after 2000 and has been stabilised
since 2002. The continuation of this trend suggests
that as much as 50% of spruce trees would be dead in
2008. The influence of the eight-toothed spruce bark
beetle reaches to the zone of climax spruce stands,
which is proved by a marked increase in mortal-
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ity on PRP 18 in 2002 and 2004 (Fig. 9). Mainly in
spruce stands of the highest locations of the Sumava
Mts. (on PRP 19 and 20 — Figs. 10 and 11) the
prediction of defoliation dynamics for the nearest
period was very positive in 2002. A sudden change
occurred in 2005 as a result of the eight-toothed
spruce bark beetle attack, when the proportion of
dead trees increased by 7%. Such development can
be explained by a climatic extreme of the preceding
year characterised by drought. If this trend contin-
ued, the average defoliation would exceed 60% in
these localities in 2014.

Research on the relationship between defolia-
tion and living area of the represented tree species
indicates that damage to spruce is greater at places
where the stand density is highest (Fig. 12). On the
contrary, damage to beech increases with the open-
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ness of the place where the tree grows (Fig. 13).
There are also differences between localities. This
relationship in spruce was observed on plots 16,
19 and 20 compared to plots 17 and 18 where it
was not demonstrated. Earlier dieback of trees
in relatively dense parts of the stand was obser-
ved on PRP 16 (and/or 12). The set of all surviv-
ing trees displays a positive correlation between
defoliation and open canopy of trees. It applies to
younger beech stands where self-thinning proces-
ses take place. The beech on PRP 17 is damaged
to a small extent while the relationship between
defoliation and open canopy is obvious (Fig. 13).
The above-mentioned trends need not be perceiv-
able in all stands, they may be only indicated at
some places and they are often weakly statistically
significant (Table 3).
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Fig. 12. The relationship between defoliation in 2005 and living
area (LIVINGAREA) of Norway spruce on PRP 16-20

CONCLUSION

With regard to the need of long-term monitor-
ing of the health status of forest stands the results
obtained in 1997-2005 should be considered as
preliminary. When damage to forest stands is evalu-
ated, it is necessary to take into account the vari-
ability of climatic conditions in the particular years
(mainly the occurrence of extreme situations, namely
precipitation deficit) and the fact that an air-pollu-

Table 3. The relationship between defoliation in 2005 (y) and living area (expressed as x = log LIVINGAREA) of spruce and
beech in the altitudinal gradient of Plechy Mt. evaluated by linear regression. All trees with defoliation lower than or maximally
equal 50% were considered. 7 — number of trees, r — correlation coeflicient (statistically significant values on 1% and 5% level
are designated by ** and *, respectively)

Plot Spruce Beech
2 (n) regression 2 (n) regression
TVP20 0.046 * (56) y = 26.04 — 4.960x
TVP19 0.076 ** (115) y =28.69 — 5.847x
TVP18 0.000 (35)
TVP17 0.001 (18) 0.30 (44) y=17.83 + 2.428x
TVP16 0.038 (46) y =23.68 — 4.068x 0.007 (161)
TVPI12 0.000 (498)
468 J. FOR. SCI., 52, 2006 (10): 457-473



50

a .
40
n 30 . . .
e s w *
[ 9
48]
Q 20 . ws [ X% - .
10 - .. s s » .
0
-1 0 1 2
log(LIVINGAREA)

Beech, PRP 17

tion and ecological stress is usually accompanied by
increased sensitivity to some biotic and abiotic fac-
tors, which is many times markedly reflected in the
acceleration of dynamics of disintegration of these
stands. A substantially higher tolerance to extreme
air-pollution and ecological stresses was observed
in autochthonous or natural stands in Plesny FD
compared to secondary spruce monocultures in Mo-
drava FD that are heavily damaged by the bark beetle
feeding. As for the above-mentioned autochthonous
and natural stands in the altitudinal gradient of the
Plechy Mt. Massif, mixed stands showed the overall
highest tolerance or ecological stability compared
to spruce stands. These are increasingly attacked by
the eight-toothed spruce bark beetle, especially on
PRP 17, 18 and 20. A larger decrease in foliation in
beech compared to spruce after the extreme winter
1998/1999 and as a result of ozone effects in the
growing season 1999 was a deviation from this trend.
Damage to assimilatory tissues caused by ozone in
2002, mainly in broadleaves, was greater than in
1999. Markedly larger defoliation than in beech was
recorded in sycamore maple and rowan. Research
on the relationship between defoliation and living
area of the represented tree species documents that
damage to spruce trees is greatest at places with the
stand of the highest density while damage to beech
increases with the openness of the place where the
tree grows.

The definition of regeneration objectives should
be based on long-term trends of tolerance of tree
species, on their ecological valence, principles of
zonation and possibilities of management whereas
the present functional role of the site is respected.
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Vyvoj zdravotniho stavu lesnich porostii a jeho predikce na vyzkumnych

plochich na Sumavé
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\Fakulta lesnickd a environmentdlni, Ceskd zemédélskd univerzita v Praze, Praha, Ceskd republika

2IDS, Praha, Ceskd republika

ABSTRAKT: Prispévek shrnuje hodnoceni zdravotniho stavu alochtonnich smrkovych porostd na LS Modrava

a dale prirozenych porostt na LS Plesny. Analyza byla zaloZena na dendroekologickych reakcich jednotlivych stromt

v porostni skladbé. Poskozeni stromi, hodnocené predevsim podle olisténi, bylo sledovano kazdoro¢né v obdobi let
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1997-2005. Nejvyssi uroven tolerance jevily pfirodni porosty na iizemi LS Ple$ny, zejména porosty smisené s domi-

Py

aktivitou hmyzich $kiadcg, v prvni fadé lykozrouta smrkového (Ips typographus). Jako mnohem castéjsi se ve srovnani

s rokem 1999 v roce 2002 jevily $kody zptisobené ozonem — nejvice byl poskozen javor klen a jetab.

Klic¢ova slova: zdravotni stav; defoliace; imisni a ekologické stresy; kirovec; ozon; prechodové matice

Lesy Sumavy jsou v uplynulych dvou desetile-
tich zasazeny markantnim imisné ekologickym
zatizenim, které zejména v nejvyse polozenych
horskych partiich zpasobuje znac¢né ekofyziolo-
gické oslabeni porostii, projevujici se specifickymi
symptomy poskozeni (odlisténi, projevy zloutnuti,
nekrézy apod.). Lesni ekosystémy jsou zde znacné
ovliviiovany predevsim kyselou depozici a ozonem.
Vznikld situace negativné pisobi nejen na produk¢-
ni, ale predevsim na ekologické funkce lesa, a to
zejména v disledku ndsledného ataku skodlivych
biotickych ciniteld (hmyzich skadcd, houbovych
patogent apod.). Jejich expanze vede az k destrukci
porostni struktury a nasledné i k silnému naruseni
ekologické stability a biodiverzity celych ekosysté-
mu.

Cilem prispévku je zhodnoceni dynamiky zdra-
votniho stavu sekundarnich smrkovych porost na
LS Modrava ve srovnani s prirodnimi smiSenymi
a smrkovymi porosty na LS Plesny. Prispévek tzce
navazuje na praci VACKA et al. (2000, 2003) a VACKA
a MAYOVE (2000), kde jiz byly rozebrany priciny posko-
zeni vybranych porostd imisné ekologickymi stresy.

Stav a vyvoj olisténi, resp. defoliace smrku ztepi-
lého, buku lesniho, ostatnich listna¢a (jerdbu pta-
¢iho, javoru klenu a mléce, jilmu horského, jasa-
nu ztepilého a dubu zimniho) a jedle bélokoré byl
u vSech stromu na jednotlivych plochdch hodnocen
v letech 1997-2005. Pro hodnoceni olisténi smrku
bylo pouzito klasifikace vychazejici z prace TEsA-
RE a TEMMLOVE (1971). Olisténi buku bylo odha-
dovino podle stupnice VACKA a JURASKA (1985).
Na podobném principu jako u smrku a u buku bylo
olisténi (tj. podil skute¢ného mnozstvi asimila¢niho
aparatu z nejvyssi potencidlni kvantity, jakou by ziva
¢ast koruny méla mit v optimalnich mistnich risto-
vych podminkach) hodnoceno i u ostatnich uvede-
nych drevin. Olisténi bylo odhadovano s presnosti
5 %. Tyto metodické postupy jsou kompatibilni
s tzv. Mezindrodnim kooperativnim programem
pro hodnoceni a monitorovani vlivu imisi na lesy
(ICP — Forests).

Jednotlivé hodnoty defoliace pro kazdy strom je
mozné zafadit do jedné tfidy defoliace C, az C_. Pak
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momentalni stav porostu je mozné popsat vektorem
X = (x}, ... X, ), kde x, je pocet hodnot zarazenych do
tiidy C, (resp. pocet stromi, u nichz byla hodnoce-
na defoliace v tridé C)).

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

X =AxX
y+1 y

Ctvercova matice A je slozena z pravdépodobnosti
a, ze strom, majici defoliaci v roce y hodnocenou
v tridé C, bude mit v roce y + 1 defoliaci hodnoce-
nou v tridé C. Tyto pravdépodobnosti lze odhad-
nout z poc¢tu stromd hodnocenych ve dvou nésle-
dujicich letech v jednotlivych tridach defoliace. Za
nezménénych podminek lze predpokladat, ze tyto
pravdépodobnosti se nebudou ménit i v nasleduji-
cim obdobi. Posloupnosti Y, Y, Y, .. tvoii takzva-
ny Markovlv fetézec (viz napt. MANDL 1985).

Model prechodovych matic je zdkladem progra-
mu pro hodnoceni dat vyvoje lesnich porostd TDM
(Tree Defoliation Modelling), ktery byl pouzit v této
studii.

Pro kazdou plochu byla pocitina série modelt
vzdy na zdkladé klasifikace defoliace vSech stromi
jednoho druhu dreviny vzdy ve dvou po sobé nésle-
dujicich letech — tak byla vypocitiana prislusnd pre-
chodovd matice. Byly uzity ndsledujici tfidy defolia-
ce: C, = [0%,10%), C, = [10%,30%), C, = [30%,50%),
C, = [50%,70%), C, = [70%,90%), C, = [90%,100%.

Prezentovany graficky vystup programu TDM
zobrazuje pramérnou defoliaci stromi@ daného
druhu, pramérnou defoliaci nejméné, resp. nejvice
poskozenych stromit (hodnoty odpovidaji spodni-
mu, resp. hornimu kvartilu pfi normalnim rozdéleni
hodnot defoliace s danym vypoc¢itanym priimérem
a smérodatnou odchylkou). Dle je zndzornén vyvoj
podilu odumfelych stromi v porostu a jednotlivé
predikce dalsiho vyvoje.

Byly hledany i vztahy defoliace k prostorové struk-
ture porost. Na zakladé zaméreni polohy kazdého
stromu na studijni plose byla vypoctena vzdalenost
k nejblizsim sousednim stromdm (r, je vzdalenost
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k prvnimu nejbliz$imu stromu, r, je vzdalenost ke
druhému nejblizsimu stromu atd.). Na zdkladé téch-
to hodnot byl vypocten parametr LIVINGAREA
— odhad plochy, kterou strom vyuziva ke svému
rastu

LIVINGAREA = (r, x r, x 1,)*3

Byl hleddn vztah mezi poskozenim stromu (jeho
defoliaci) a touto plochou na zdkladé linedrni regre-
se pro stromy s defoliaci mensi nebo rovnou 50 %.

Z vysledkt vyplyva, ze alochtonni smrkové po-
rosty na LS Modrava byly v uplynulém desetileti ve
zna¢né mire postizeny ¢etnymi imisné ekologickymi
stresy. Destrukce porostit pak vyvrcholila rozsah-
lou kiirovcovou kalamitou, proto z 11 ploch (TVP
1-11) bylo olisténi od r. 1997 hodnoceno pouze na
tfech z nich (TVP 1, 3, 7). Zastoupeni hlavnich dfe-
vin na téchto plochach je uvedeno v tab. 2.

Z obr. 2 je patrné, ze na plochiach 1 a 3 se po
vyrazném nérustu defoliace v letech 1997-1998
zdravotni stav ¢astecné stabilizoval. K markantnéj-
$imu zhor$ovani zdravotniho stavu téchto porostl
dochdazi opét od r. 2003. Zejména pak prelom let
2004 a 2005 se zda byt vyznamny, coz je snad moz-
né dat do vztahu s predchazejici klimatickou perio-
dou se zna¢nym nedostatkem srazek, kdy se jejich
vyrovnani v roce 2005 jiZ neprojevuje ve zvraceni
tohoto nepftiznivého trendu. Na TVP 3 dochazi az
do posledniho sledovaného roku k narastu podilu
odumfelych stromi. K vyraznému odumirani stro-
mi smrku v dtsledku kirovett dochdzi v prabéhu
r. 2005 (obr. 2a). Presto je patrnd pomérné prizniva
predikce vyvoje téchto porosti ve variantach pod-
le trendu defoliace v jednotlivych letech (predikce
prameérné defoliace je provadéna pouze pro soubor
zivych stromd, takze v této veliciné nenf mira odu-
mirdn{ zahrnuta). Pokud zde bude lykozrout smr-
kovy dusledné asanovin, lze predpoklddat, ze se
tyto porosty vzhledem ke své vitalité budou zdarné
vyvijet.

Z vysledkt zdravotniho stavu piavodnich ¢i pri-
rodé blizkych lesnich porostii na vertikdlnim tran-
sektu v masivu Plechého (TVP 12-20) na LS Plesny
vyplyva vyraznd vazba na druhovou skladbu, texturu
porostd, nadmorskou vysku a klimatické extrémy.

Z predikce dalsiho vyvoje defoliace ve smiseném
porostu na TVP 12 je zfejmé, ze u buku (obr. 3a)
se po kritické zimé 1998/1999 stav olisténi zdanlivé
stabilizoval, vzhledem k vysledkiim analyzy precho-
dové matice pro obdobi 1999-2005 v$ak mutzeme
v dal$im vyvoji ocekavat urcité oscilace (viz vy-
skyt komplexnich hodnot mezi vlastnimi ¢isly pre-
chodové matice). Naopak u javoru klenu (obr. 3b)
vzhledem ke zna¢nému nartstu defoliace v letech
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2001-2002 predikce vyvoje neni zdaleka prizniva.
Pfi tomto trendu by jiz v r. 2008 odumfelo vice nez
50 % stromi javoru klenu. Analyzou prechodové
matice pro obdobi poslednich tif let mdzeme zjistit,
Ze muze existovat vice potencidlné stabilnich stavi,
které se vsak vyznacuji prevahou vice defoliovanych
stromt nebo strom odumfelych. Od roku 2003 se
trend defoliace c¢dstecné stabilizoval, i kdyz v da-
sledku klimatickych vykyva dochézi k oscilacim.
Pomérné prizniva je po r. 2000 predikce vyvo-
je defoliace smrkobukového porostu na TVP 13
(obr. 4). Mirné priznivéjsi je u smrku (obr. 4a) nez
u buku (obr. 4b), coz bylo zptsobeno silnym posko-
zenim bukového porostu ndmrazou na prelomu let
1998 a 1999. V nasledujicich letech doslo k postup-
né stabilizaci zdravotniho stavu obou téchto dfevin.
ZtohotohlediskajejizhorsisituacenaTVP 14 (obr.5),
a to predevsim v disledku poskozeni jedincii jerabu
a smrku ve 3. a 4. stromové tridé loupdnim vysokou
zvéri a buku ndmrazou také na prelomu let 1998 az
1999. Silny ohryz na kmenech jerdbu se vyrazné pro-
jevil v pomérné strmém nartstu defoliace s vysokym
podilem odumfelych strom po r. 2004. Prechodova
matice pocitana pro posledni téileté obdobi u jerdbu
ukazuje odlisnou miru konvergence modelu proti
jinym uvazovanym modelim (viz nizka druhd nej-
vys$s$i hodnota vlastniho ¢isla prechodové matice).
V nésledujicich letech se tento trend znacné stabi-
lizoval, a to i u jetdbu (obr. 5¢), kde v letech 1997 az
2005 odumftelo 24 % jedinci. Pomérné priznivé
jsou i trendy vyvoje zdravotniho stavu smi$eného
porostu na TVP 15 po r. 2000, a to jak u buku, tak
i u smrku (obr. 6). V r. 2001 a 2004 byl na této plo-
$e zaznamendan asi 6—7% narlist mortality smrku
(obr. 6a) vdisledku ziru lykozrouta smrkového,
ktery se posléze stabilizoval. Vzhledem k vyskytu
komplexnich hodnot mezi vlastnimi ¢isly prechodo-
vé matice pro vyvoj defoliace smrku v obdobi 1999 az
2005 lze ocekavat urcité oscilace v chovani mode-
lu. Na prelomu let 1998-1999 doslo ke zna¢nému
poskozeni podurovnovych jedinctt buku ndmra-
zou, coz vyrazné ovlivnilo predikce vyvoje tohoto
porostu po r. 2000 (obr. 6b). Podobné je tomu i ve
smiseném porostu na TVP 16 (obr. 7). Podstatné
horsi situace je vtrendu vyvoje smrkobukového
porostu na TVP 17 (obr. 8). Zatimco vyvoj buka
je vzhledem k prevlddajicimu vyvojovému stadiu
v podstaté stabilizovany, tak narist mortality je-
dinct smrku (obr. 8a) v dusledku ziru lykozrouta
smrkového je znac¢ny, i kdyz se po r. 2000 zmirnil
aodr. 2002 se v podstaté stabilizoval. Pfi tomto tren-
du lze predpokladat, ze v r. 2008 by jiz 50 % smrku
odumfelo. Vliv lykoZrouta smrkového zde sahd i do
stupné klimaxovych smrcin, coz se projevuje zejmé-
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na vyraznym ndrustem mortality v roce 2002 a 2004
na TVP 18 (obr. 9). Predev$im pak ve smrcindch
nejvyssich poloh Sumavy (na TVP 19 a 20 — obr. 10
a 11) byla jesté vr. 2002 pro nejblizsi obdobi pre-
dikce vyvoje defoliace velice prizniva. K vyraznému
zvratu v dasledku ataku lykozrouta smrkového do-
$lo v r. 2005, kdy se podil odumfrelych stromu zvysil
0 7 %. Tento vyvoj lze vysvétlit klimatickym extré-
mem predchdzejictho roku s vyraznym suchem.
Pokud by tento trend pokracoval, tak by zde v r. 2014
pramérna defoliace presahovala 60 %.

Z vyzkumu vztahu defoliace k rastovému pro-
storu zastoupenych drevin vyplyvd, ze smrk je
vice poskozovan v mistech, kde je porost nejhustsi
(obr. 12). Poskozeni u buku se naopak zvétsuje s ote-
vienosti mista, kde strom roste (obr. 13). Zfetel-
ny je rovnéz rozdil mezi lokalitami. Na plochach
16, 19 a 20 byl tento vztah u smrku pozorovan na
rozdil od ploch 17 a 18, kde tomu tak nebylo. Na
TVP 16 (pripadné 12) je patrné drivéjsi odumreni
stromu v pomérné hustych c¢astech porostu. V sou-
boru vsech prezivajicich strom je naznacena klad-
na korelace mezi defoliaci a rozvolnénosti stromda.
V téchto pripadech se jedna o mladsi bukové po-

rosty, kde probihaji samoprofedovaci procesy. Na
TVP 17 je buk pomérné maélo poskozen, pricemz
vztah mezi defoliaci a rozvolnénosti porosti je dob-
fe patrny (obr. 13). Uvedené trendy nemuseji byt
pozorovatelné ve vSech porostech, nékde mohou
byt pouze naznaceny a jsou casto slabé statisticky
prikazné (tab. 3).

Ziskané vysledky vletech 1997-2005 je tfeba
vzhledem k nutnosti dlouhodobého monitorovani
zdravotniho stavu porosti povazovat za predbézné.
Pfi posuzovani poskozeni porostl je proto nutné
brat v ivahu variabilitu klimatickych podminek jed-
notlivych let (predevs$im vyskyt extrémnich situaci,
jmenovité nedostatek srazek) i to, Ze imisné ekolo-
gicky stres je zpravidla provdzen zvysenou citlivosti
vaci nékterym biotickym a abiotickym ciniteltim,
coz se mnohdy vyrazné projevuje v urychleni dyna-
miky rozpadu téchto porostd. Pri volbé obnovnich
cila je nutné vychazet predevsim z dlouhodobych
trenda tolerance drevin, ale i z jejich ekologické
valence, principli zonace a moznosti managementu
pri respektovani soucasného funkéniho vyznamu
stanovisté.
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