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THE STATE OF FOREST STANDS ON PERMANENT
RESEARCH PLOTS IN THE KRKONOSE MTS.
IN YEARS 1976-1997

STAV LESNICH POROSTU NA VYZKUMNYCH PLOCHACH
V KRKONOSICH V LETECH 1976-1997
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ABSTRACT: Health state of maturing and mature Norway spruce (Picea abies L.), mixed spruce-beech and beech (Fagus
sylvatica L.) stands was studied on 32 permanent plots (5th—8th altitudinal vegetation belt, pollution-damage zone A-C) in the
Krkono¥e Mts. during 1976-1997. Analysis of air pollution and ecological factors was based on reactions of all single trees
in the plot stand. Damage (indicated by defoliation) of a tree was classified every year according to Tesaf, Temmlova
(1971) scale for spruce and to Vacek, Jurdsek (1985) scale for beech respective. Changes in the structure of ground (herb
and moss) vegetation were studied using classification (TWINSPAN) and ordination (DCA) methods. Results were related to
the defoliation process of trees. Three periods of tree damage were distinguished. The first period (1976-1980) was charac-
teristic by slow defoliation. The second one (1981-1988) was the main period of tree damage (increase of defoliation as well
as of share of dead trees in the stand, total destruction of several stands was observed). In the last period since 1989,
stabilisation of the defoliation increase has been observed. Highest resistance was documented in beech stands, lower in mixed
spruce-beech stands, and the lowest in spruce stands. Tree damage was positively correlated with the altitude. Air pollution
stress was strengthened by insect pest occurrence.

air pollution; classification; defoliation; Fagus sylvatica L.; ground vegetation; health state; mixed stands; ordination; Picea
abies (L.) Karst.; statistics; transition matrices

ABSTRAKT: Zdravotni stav a vegetatni dynamika dospivajicich a dospélych smrkovych, smrkobukovych a bukovych po-
rostil byly studovany na 32 trvalych vyzkumnych plochéach (5.-8. LVS, pasmo ohroZeni A—-C) v Krkono$ich v letech 1976~
1997. Analyza imisné ekologickych vlivii vychézela z dendroekologickych reakei jednotlivych stroml v ramei textury porostd.
Poskozeni bylo klasifikovdno kaZdoroZné podle olisténi. Olisténi smrku bylo hodnoceno podle Tesafe, Temmlové
(1971) a buku podle Vacka, Jurdska (1985) se zvlatnim zfetelem na cenotické postaveni. Zmény pfizemni vegetace
(bylinné a mechové patro) byly sledovény pfi uZiti klasifikacnich (TWINSPAN) a ordina&nich (DCA) metod. Vysledky byly
hodnoceny v souvislosti s probihajicim procesem defoliace. Podle dynamiky olisténi byla v prib&hu sledovanych let vylifena
tfi charakteristickd obdobi. V prvnim obdobi (léta 1976-1980) do3lo k mirnému néristu defoliace, ve druhém obdobi (léta
1981-1988) doZlo k vyraznému poikozeni stromi a porostl (k naristu defoliace stejné jako ke zvEtieni podilu mrtvych stromi
v porostu, byla pozorovéna tplnd destrukce nékolika porostii). V poslednim obdobi od roku 1989 byla pozorovana stabilizace
zdravotniho stavu. NejvEtsi toleranci jevily bukové porosty, jen mirné niZ§i smrkobukové porosty a nejmensi smrkové porosty.
PoZkozeni porostl vét§inou naristalo se stoupajici nadmofskou vySkou. Imisni stres byl provizen zvySenym vyskytem hmyzich
§kudci.

imise; klasifikace; defoliace; Fagus sylvatica L.; pfizemni vegetace; zdravotni stav; smifené porosty; ordinace; Picea abies
(L.) Karst.; statistika; pfechodové matice

This paper was carried out with support of the projects VaV/620/3/97 Reconstruction of the forest ecosystems in the Krkonofe National Park,
and 206/98/0727 (of the Grant Agency of Czech Republic) Evaluation and prospect of the ecosystem changes on the base of long-time data series.
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INTRODUCTION

Forests in the KrkonoSe National Park have been
influenced by air-pollution stresses for almost four dec-
ades as it can be supposed from the origin, position and
size of pollutant sources. A pollutant stress in the west-
ern part of these mountains has probably existed since
1972 as a result of the operation of power stations in
the environs of eastern German and south-western Po-
lish frontiers. These power stations emitted ca. 900 kt
per annum SO, in the late eighties (Balcar et al,
1994). An increased air-pollution stress is supposed to
have existed in the eastern KrkonoSe Mts. since 1959
when a power station at Pofi¢i near Trutnov (EPO II)
was launched into operation. Other pollutant sources
have impacts on the KrkonoSe nature as it is evident
from calculations of the share of industrial areas and the
particular operations in sulphur deposition in the
KrkonoSe National Park area (Kurfiirst etal., 1991):
Turow 18.5%, Pocerady 3.6%, LuZice 21.8%, TuSimice
I-11 6.4%, Belchatow 3.6%, Prunéfov I-II 7.1%,
Walbrzych 1.1%, Komorany 1.5%, Trutnov-Pofici
1.0%, Litvinov CHEZA 1.8%, Opatovice 0.9%,
Leipzig, Halle, Dresden 6.9%, Chvaletice 4.4%, Mélnik
I-111 4.6%, other sources 16.8%.

The first greater damage to Krkono$e spruce stands
appeared after climatic shocks in March 1977 and at the
beginning of 1979, and also in connection with a larch
bud moth outbreak in 1977-1981 (Vacek, Vasina,
1991). Pollutant effects, accompanied by other negative
factors (pathogenic organisms and extreme climatic epi-
sodes) resulted in extensive forest decline in the next years
(Vacek et al, 1994, 1996). A total of ca. 7000 ha
forest stands were felled in the Krkono$e Mts. by so
called salvage cuttings (Vacek et al, 1994).

Even though SO, pollution has been decreasing and
is expected to decrease in future, forest decline will
continue in the next 10-15 years although the level of
stand damage has stagnated since 1988-1989 (Vacek,
1995). Scil conditions were substantially altered (soil
acidification) and ecological limits for the existence of
the present forest stands were exceeded (Vacek,
Podrazsky, 1994, 1995; Podrdzsky, 1996).
Therefore research on the dynamics of forest stand
damage was undertaken. The knowledge of structural
processes in forests induced by air-pollution stresses
(cf. Vacek et al, 1987, 1988; Vacek, 1990) is
necessary to define specific guidelines of their manage-
ment (Vacek, 1984a).

The present paper is a follow-up of the preceding one
(Matéjka etal, 1998), in which trends of spruce stand
damage in the territory concerned were described as
determined by terrestrial observations and evaluated on
the base of satellite imagery. Mathematico-statistical
processing of data is also the core of this paper. Assess-
ment of transition matrices describing the probability of
a change in the evaluation of single tree defoliation
from one to another defoliation class was the basic
method. A similar procedure was used in preceding pa-
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pers (Vacek, 1987a, 1989a; Vacek, Lep§, 1987,
1995, 1996).

Damage of the tree layer in forest stands should be
parallelly understood as an element of the change in
forest ecosystem influenced by air-pollution stress.
Therefore the basic knowledge of the structure of pri-
mary producer cenoses which is indicated by vegetation
assessment using plant coenological relevés was ap-
plied to evaluate defoliation.

MATERIAL AND METHODS
EXPERIMENTAL PLOTS

Thirty-two permanent research plots (PRP) estab-
lished in 1976 and 1980 to study the structure and de-
velopment of mountain forests were used to examine
forest stand health. Research plots in maturing and ma-
ture spruce, spruce-beech and beech stands were se-
lected in order to represent the growth conditions of the
particular ecosystems (Vacek, 1986a). Tab. I shows
basic data on research plots. PRPs are mostly 0.25 ha
in size, only the area of PRP 7 is 1.0 ha and PRP 6 is
0.5 ha in size. All PRPs comply with the requirements
for long-term research plots.

VEGETATION CONDITIONS

Plant coenological relevés were obtained by routine
procedures in 1976 and 1980 while eleven-grade
Domin-Hada¢ combined scale for abundance and domi-
nance was used. Relevés were taken regularly in five-
year intervals in the course of plot observation (in 1980,
1985, 1990, 1995, on PRP 11-15 also in 1976); the
respective periods are designated by Nos. 1-4 and 5,
respective). The values of the scale were replaced by
the average values of coverage for the separate degrees.
Relevés were evaluated by these methods:

1. Evaluation of species diversity indexes in the period
of observation: general species diversity (Shannon-
Wiener index of species diversity "H), total number
of species (S) and equitability (e).

2. General developmental trends on groups of plots
(spruce, mixed and beech stands, spruce plots PRP
11-15 were evaluated separately due to their diffe-
rent nature) were evaluated from “average relevés
in which the presentation of each species was calcu-
lated as average coverage on all plots of the group.

3. Classification of all phytocenological relevés by
TWINSPAN procedure (Hill, 1979a).

4. Hierarchical agglomerative classification of relevés,
average-linkage method; Euclidean distance was
used as the dissimilarity measure.

5. Relevé ordination by DCA method (Hill, 1979b);
relevés from all plots were used. The most different
plots were excluded during the second run of the
procedure to avoid inappropriate deformation of or-
dination space.
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6. The level of vegetation change during the observati-
on period (beginning in 1980) was calculated as the
sum of variances of the first DCA n-axes (one to
four axes) (results of relevé ordination from all plots
were used) — applying the expression

N Zvar (DCA.,)

i=1

Random changes occurring on every plot during de-
velopment and not corresponding to general trends of
cenotic structure changes were eliminated in this way.

STAND HEALTH

The health of forest stands was evaluated with re-
spect to foliage every year in the period (1976)-1981—
1997. The method of Tesaf, Temmlova (1971)
was used for spruce evaluation while classification de-
veloped by Vacek, Jurdsek (1985) was used for
beech evaluation. Average foliage of stand is expressed
as an arithmetical mean of foliage of all trees on a plot.
Defoliation (complement of foliage to 100%) with spe-
cial regard to the cenotic position and morphological
type of tree-crown was estimated and recorded using
six classes of defoliation that correspond to degrees of
tree damage:

| Defoliation E Average
Defoliation interval defoliation | Tree attribute
L (%) (%)
0 (0-10) 3 health
I | (10-30) 20 moderately damaged
{ 2 | (30-50) 40 medium damaged
| 3 ' (50-70) | 60 greatly damaged
4 (70-100) 85 | dying back
s | 100 100 | dead

Traits describing tree-crown health were also evalu-
ated (damage caused by snow, frost, wood-decaying
fungi and insects; ¢f. Vacek, 1992, 1993).

Degrees of damage were transformed to percent val-
ues of defoliation for the purposes of further calcula-
tions (average values for a defoliation class). Plot
evaluation was based on trends of arithmetical means
of defoliation (in per cent) of all living trees present on
a plot at the same time (means for defoliation classes
0-4), standard deviations of defoliation and share of
dead trees (totally defoliated trees). Each tree species
was evaluated separately. General means of foliage of
all trees including trees with total defoliation were cal-
culated to evaluate the stand state in general.

Processes of defoliation changes and decline were
studied on the basis of calculating transition matrices
(cf. Matéjka et al, 1998) for the particular defolia-
tion classes, for two successive years in all cases. The
matrices (6 x 6 in size) were classified by a hierarchical
agglomerative average linkage method while Euclidean
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distance of transition matrices was taken as the level of
dissimilarity. With regard to the construction and basic
characteristics of transition matrices, a maximum theo-
retically possible distance of two transition matrices is
limited by the value

D_ = pONIo
where p'¥ is theoretical maximum of any clement of
transition matrix (it equals 1; 100 when it is expressed
in per cent).

It is to note that there is some probability (2a) a tree
is classified to the nearest class not to its proper class
(Vacek et al.,, 1996b). Let us consider the situation of
two successive years when trees were classified to their
“proper classes” in the first year, and with the above
mentioned error in the next year while their health state
did not change. Transition matrix P, instead of the
expected unit matrix I is produced in this case. Their
Euclidean distance, D(P, I) is the value insignificant
for the difference in two transition matrices evaluated:

D(P,, T)= 0 \22

Classification of transition matrices enabled to deter-
mine their types corresponding to classes of the process
of defoliation changes and tree dieback. It was impor-
tant to ask about the sequence of these processes,
whether it was possible to define some periods with
typical processes (occurring on all plots under observa-
tion or on most of them), and about differences in their
sequences on the separate plots. The first question is
answered by simply describing the separate sequences.
Frequencies of the separate types over the years were
described to answer the second question. The following
statistical analysis of identified sequences was made to
answer the last question:

Let ¢, be the type of transition matrix on plot p in
year y (comparing years y with y + 1), fy{c, y) is fre-
quency of type ¢ in year y (on all plots) and fp(c. p)is
frequency of type ¢ on plot p (in all years). Let’s equate

Fyo) =, e, y)
and

Fp(p)= Z fp(c.p)
the sum is calculated through all types c. The prob-
ability P(cpy = ¢) that the type ¢ of transition matrix
will occur on plot p in year y can be expressed by the
equation

f )
P(c,,) =1 —[1 - Y;f;;))}}. [1

It is possible to test a null hypothesis that the se-
quence of types of transition matrices on plot p corre-
sponds to the generally occurring sequence within the
whole set of plots under observation, in contrast with
a hypothesis that this sequence is different. The null

_ fp(CP - D)
Fp(p)
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2. DCA ordination of the mean relevés
(see Tab. II) in groups of stands, axis
1 and 2 (A) or axis 2 and 3 (B). Tra-
jectories of the mean relevés are
drawn, respective group of plots is de-
scribed by end of the trajectory
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X-AXIS [1]: avg= 1822E+00 sid= SISAE0 Y-AXIS [2): avg= 1861E-01 sid= BICIEHO0

3. DCA ordination of the relevés with-
out the most different plots (11-14,
30-32), axis 1 and 2 (A), 2 and 3 (B)

1.5
respective. Position of the relevé at
single periods 1 to 4, 5 respective is
10 distinguished by breaking points of the
T trajectory, its end is described by num-
ber of the plot and the last period of
5 sampling
0 1
-5 4
1.0 L
1.5 . . - : + % +
-1.0 -5 0 B 1.0 1.5 2.0 25 3.0
B
HANIS (2} wvg= 1BS1E-DT sid= BIDIE+D0 Y-AXIS [3) svp=-S841E-03 akd= 5015E+00
1.5
10 4
S 1
0 1
-5 4
10 | ’ L
15 | : : + : : ;
-1.5 -1.0 -5 0 5 1.0 1.5 20 25

hypothesis is rejected if the variable x has been higher
than the relevant critical value of x -distribution:

(1 =Ple, )" ))
E P(c

;n)

The probability P(va) was calculated on the basis of
frequencies of types within the whole set of plots, and
for a set of plots from which plot p was excluded. The
presented algorithm is a part of new program
DVCLASS for sequence study.

RESULTS AND DISCUSSION

VEGETATION CONDITIONS

Vegetation of the groups of forest stands (spruce,
beech and mixed ones) was described on the basis of

300

“mean* relevés for each of the periods evaluated
(Tab. II). These data were used for classification
(Fig. 1) and ordination (Fig. 2). Variability of the sepa-
rate plots under observation with respect to their devel-
opment is indicated by ordination of the relevés
(Fig. 3). The results document evident differences be-
tween the groups of plots and their different behaviour
during succession.

The smallest changes in the herb layer were ob-
served in spruce stands (except PRP 11-15) while the
changes in mixed stands were greater, and they were
greatest in beech stands (assessed from the classifica-
tion of mean relevés) (compare Vacek et al., 1996c).

Spruce stands

Relatively small changes can be commonly de-
scribed e.g. by a decrease in the coverage of Dryopteris

J. FOR. SCI., 45, 1999 (7): 291-315



dilatata or by complete disappearance of Blechnum spi-
cant, Luzula pilosa and Viola biflora. On the contrary,
the coverage of Vaccinium myrtillus and Deschampsia
caespitosa was increasing, some clear-cut species ap-
peared as the new ones (Chamaenerium angustifolium
or Prenanthes purpurea).

Development on PRP 11-15 was different: e.g. Ade-
nostyles alliariae and Dryopteris dilatata receded while
the representation of Athyrium distentifolium increased
(cf. Vacek, 1984b).

Mixed stands

Changes in the average coverage of many species
were relatively low — they involved e.g. reduction in the

coverage of Blechnum spicant, Dentaria enneaphyllos,
Dryopteris dilatata, Dryopteris filix-mas, Gymnocar-
pium dryopteris and Trientalis europaea, and complete
disappearance of Asperula odorata and Ranunculus
platanifolius. On the other hand, the species occurring
more frequently on clear-cut areas or in open forest
stands increased their coverage or appeared as new spe-
cies: Digitalis purpurea, Juncus effusus, Rubus frutico-
sus agg., Carex pilosa. The coverage of Fagus sylvatica
in the herb layer augmented.

Beech stands

The average coverage of many species decreased
(Dentaria enneaphyllos, Dryopteris filix-mas, Hiera-

lIl. Development of the species diversity ("H) and its components during single periods of sampling according to the groups of plots, herb
layer. avg — average, std — standard deviation

- Period 1 2 | 3 4 5
g?r:l’:‘:::; s e | H | S c | M | s | e | H|S e | 'H | s e | 'H
y e
TVP 11-15
avg 16.0 [ 0545 | 1.480 | 16.6 | 0.541 | 1.504 | 16.6 | 0.581 [ 1.598 | 14.8 | 0.637 | 1.704 | 14.6 | 0.661 | 1.774
| sid | 45 0050|0172 35 | 0054|0.156| 40 00760422 | 20 | 0094|0237 | 19 | 0075|0257
Picea |
‘ avg L ‘ 15.1 | 0.550 | 1.473 | 15.9 | 0.559 | 1.537 | 14.1 | 0.581 | 1.525 | 12.8 | 0.597 | 1.504
1\ std | | 4.5 | 0.099 | 0.350 33 0078 | 0.268 3.1 | 0.091 | 0.291 33 | 0.110 | 0.338
Mixed stands
‘ avg i 227 ‘0.661 2056 | 21.7 | 0.652 | 2.001 | 182 | 0.666 | 1.932 | 16.8 | 0.674 | 1.907 !
std 2.9 | 0.063 | 0.190 2.4 10045 | 0.145 23 | 0.098 | 0.338 24 10,094 | 0.341 |
Fagus |
avg 21.8 I 0.585 | 1.778 | 21.7 | 0565 | 1.700 | 19.2 | 0.615 | 1.793 | 183 | 0.687 | 1.963 |
std | 8.5 | 0.141 | 0.530 9.4 | 0.141 | 0.540 7.9 | 0.101 | 0.496 7.2 : 0.070 | 0.390

S - number of species, e — equitability, "H — Shannon-Wiener index of diversity

IV. Development of the species diversity ("H) and its components during single periods of sampling according to the groups of plots, moss
layer. avg - average, std — standard deviation

Period 1 2 3 4 5
Faroey S | e | H| s e | H | s e | H | S | e | H | S e | H
__of diversity
TVP 11-15 |
avg 152 1 0525 | 1.432 | 140 | 0497 | 1.319 | 11.4 | 0478 | 1.169 | 6.2 | 0.597 | 1.044 | 5.2 0.654 | 1.007 i
std 4.0 0085|0364 | 40 | 0,09 |0398| 36 |0104 | 0408 | 19 |0.063|0222| 19 | 0.105 92_2:87‘
Picea |
avg 10.1 | 0.585 ] 1.353 83 | 0647 | 1310 64 |0.610|1.075 | 51 |0629 0954
std 23 1015004171 29 | 01180326 | 25 | 0098 | 0319 26 |0.086 | 0.435
Mixed stands ‘ | i
avg 43 10.629 | 0.895 0.598 | 0.761 | 3.0 | 0.601 | 0.621 | 2.8 | 0665 | 0.672 1
std | 0.7 | 0.126 | 0.142 0.5 | 0151 | 0.174 | 0.6 | 0.157 [ 0.094 | 04 | 0.160 | 0.150 :
Fagus
avg 52 | 0691 | 1.113| 40 |0.637 | 0868 | 35 0548|0686 | 28 | 0577 | 0591
std 12 | 0034 | 0156 | 08 | 0088 |0.156| 1.3 |0.169 {0307 | 07 |0.195 ) 0214
S - number of species, e — equitability, "H — Shannon-Wiener index of diversity
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V. Results of the classification of relevés by TWINSPAN procedure. Used cut-levels: 0.00, 1.00, 10.00, 31.60, 56.20, 75.00. Indicator species

of the classification groups are presented (number by the species abbreviation represents cover according to the number of the cut-level)

Q 00 000
Des fle 2 Ath dis 1 Car lim 1
Tri eur 1 Str amp | 001 0010 00100
Des cae 1 ' Ade all 1 Cha hir |
Gal her 1 | 00101 001010
Verlob1 | Cic alp 1
| | 001011
' 0011 00110 001100 0011000
Vac myr 3 Gal her 2 Gen asc 2
0011001
| 001101 0011010
Des fle 3 0011011
Des cae 1 Des cae 1
00111 001110
Ath dis |
) 001111
01 010 0100 01000 010000
Oxa ace | Tri eur | Str amp 1 Sen nem 1 010001
| Luz nem Gen asc 2 Des cae 1
; Cal vil 4 01001 010010
[ Ble spi | Luz syl 1
Des cae 1 | 010011 0100110
Gal her |
[ Str amp 1
Cal vil 5
L Des cae 1
0100111
Vac myr 3
| Gen asc |
| ‘ 0101 01010 010100 0101000
! ‘ Vac myr 3 Oxa ace 1 Lyc ann 1
I | Cha ang | Lyc ann | Mai bif 1
h ‘ 0101001
I 010101 0101010
| Ath dis | 0101011
! ‘ Abi alb 1
i 01011 010110 0101100
i Sen nem 1 0101101
i ’ [ Bet pen | Ath dis |
{ i : Cha ang 2 010111
| Cal vil 4 Mai bif 1
| 011 0110 01100 011000 0110000
! ' Pre pur 1 Luz pil 1
‘ Fag syl 1 0110001
\ Pol ver 1 011001
| | Gym dry |
i ‘ 01101
| Bet pen |
| o1t 01110 )
| | Gen asc | 01111 | 011110 0111100
’ ! Prepur2 | Desfle 1 0111101
I ' , Ble spi 1
B j | o1t
1 10 100 1000
Gym dry | Des fle 1 Ace pse 1
. Dryfil 1 Fag syl 3 1001
| Ath fil 1 101 1010
1011
Ble spi |
11 110 1100 11000
Bra syl 1 [ Asp odo 1
11001
1101
‘ Lam gal 1
i | 11
' | Act spi |
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cium sylvaticum, Luzula nemorosa, Milium effusum,
Vaccinium myrtillus) or some species fully disappeared
(Circaea intermedia, Lamium maculatum). The cover-
age of some grasses increased (Brachypodium sylva-
ticum and Calamagrostis villosa). The coverage of Acer
pseudoplatanus in the herb layer also augmented.

GENERAL TRENDS

Changes in species diversity and vegetation richness
were great (Tabs. III, IV): the numbers of species in
herb (E;) and moss (E) layers declined in all groups
of plots, overall species diversity of moss layer was also
substantially reduced. Its changes in herb layer were
specific of the groups of plots: it increased on PRP
11-15 (spruce stands with subalpine elements) and
partly in beech stands, but it decreased in mixed stands
or there were basically no changes in the other spruce
stands. Both components of diversity influenced species
equitability which was mostly improved.

The relevés were classified and evaluated by ordina-
tion analysis (Fig. 3). Classification by TWINSPAN
program provided identification of typical groups of
species (Tab. V). Such classification indicated the exi-
stence of a “core” consisting of relevés from spruce
stands. Other relevés were ’chain-linked’ to the core,
among them those from mixed and beech stands. Vege-
tation on PRP 14 was the most different of all.

Ordination (DCA) of all relevés indicated percepti-
bly different vegetation of some beech stands (PRP 30,
31, 32; localities in the 6th altitudinal zone) in a direc-
tion of the first ordination axis. The second ordination
axis pointed to the different character of herbaceous
vegetation at four localities with spruce stand (PRP 11-
14; these were stands with significant participation of
species occurring in sub-alpine tall-herbaceous mead-
OWS).

In order to evaluate vegetation changes without in-
fluence of the ordination space distortion caused by
these most differing relevés, second run of ordination
was carried out excluding the seven mentioned locali-
ties. It was possible to draw a conclusion from positions
of various species in the resultant ordination space and
from their requirements that the first axis applied to soil
richness (nutrient contents, mainly of nitrogen) while
the second showed soil moisture.

The question about the existence of any general
trends in species composition on the plots was an-
swered by analysis of variance used to interpret ordina-
tion scores of plots along the first to the fourth axis
when the year of relevé was taken as a parameter of
classification to groups. It is to state that no trends were
determined that would support the hypothesis of the
existence of these trends — either within the whole
group of plots or for the separate groups (with spruce,
beech and mixed stands).

Moss layer composition and its changes during suc-
cession were evaluated separately. The changes in the

J. FOR. SCI., 45, 1999 (7): 291-315

species composition of moss layer did not appear to be
so important as the changes in its whole coverage that
were great in some cases (but it was necessary to com-
pare trends of the species diversity in moss layer). After
the tree layer of spruce stands was disturbed (where E,
coverage was primarily high), E; coverage increased —
mainly grasses vehemently competed with bryophytes,
which can fully disappear as a result of this competition
(cf. PRP 26). The species composition of bryophytes in
spruce stands and in beech stands did not differ signifi-
cantly. Water supply and potential peatification are the
most important factors of moss layer development (see
PRP 23 with E; coverage 65-75%). Classification indi-
cated the existence of two large and relatively homoge-
neous groups of relevés, and of several very different
relevés (except the above-mentioned PRP 23, these
were relevés from localities PRP 13, 14, 16, 21 and 25
— with spruce stand and moss layer of great cover; the
greatest changes in Eg occurred at these localities after
tree layer destruction). Ordination of relevés on the ba-
sis of moss layer composition confirmed an important
role of peatification (PRP 23) largely distorting the or-
dination space. This is the reason why changes during
succession should be evaluated when the position in the
projection of second and third ordination axes was avail-
able: the second axis indicated moderate differences be-
tween five spruce stands (PRP 4, 5, 13, 14 and 21).
A greater change in the moss layer structure was estab-
lished from a shift along the third ordination axis in
spruce-beech and beech stands on PRP 2, 8, 9, 30 and 32.

Tab. VI documents the level of changes in herb layer
from the early eighties to 1995 (evaluation by variabil-
ity in ordination space while various numbers — 1 to 4
— of the first ordination axes were used). Not absolute
values of the indexes but their mutual comparison was
important. Differences between the groups of forest
ecosystems were perceptible — the greatest changes
were determined in beech stands while changes in
spruce stands were smaller. With respect to the position
of these groups in ordination space, a change evaluated
only from a shift along the first axis of ordination space
could be considered as conclusive in beech stands but
it was necessary to evaluate at least the first two axes
in spruce stands. Changes in vegetation evaluated by
these indexes reflected global processes, scarce proc-
esses (including fluctuation) may have been neglected.

Similar comparisons were made to evaluate changes
in the moss layer composition (Tab. VII). Comparison
of the two tables showed that the level of successive
changes was comparable in the two layers. Greatest
changes in moss layer occurred mostly in mixed stands,
that means in stands with relatively smaller changes in
herb layer. Moss layer was more stable in the spruce
stands.

Forest stands were divided into four groups with re-
gard to the above-mentioned level of changes in the
respective layers using medians calculated from all val-
ues (Tab. VIII). Plots with tree layer destruction were
marked for illustration; they occur in all these groups.
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TREE LAYER DAMAGE
Spruce stands

Tab. IX shows foliage dynamics of spruce stands,
and it is plotted in Fig. 4 using an example of PRP 11
and 13. The values document that foliage trends on the
separate plots were largely different, in relative terms
corresponding to environmental pollution stress, state,
structure and origin of forest stand, and to cultural and
protective treatments of forest managers. While the av-
erage regional foliage of spruce stands was about 83.9%
in 1976, it was only 39.7% in 1997, it implied an aver-
age annual increase in defoliation of 2.1%. Three typi-
cal periods were identified on the basis of different
trends of foliage dynamics. In the period of first signs
of damage (1976-1980), average foliage ranged from
84.9 to 85.4% at lower mountain altitudes (below
1100 m above sea level) and between 79.2 and 81.8%
at higher altitudes (above 1100 m a.s.1.) (average annual

VI. Change in the herb layer of the single plot groups expressed as
sum of variances of ordination scores of several (one to four) first
DCA axes

increase in defoliation of 0.1% and 0.6%, respectively).
In the period of great damage (1981-1988), average
foliage ranged from 48.2 to 79.3% at lower altitudes
and from 46.7 to 73.8% at higher altitudes (average
annual increase in defoliation of 4.4 and 3.0%). If dam-
age caused by bark beetle was excluded, average annual
defoliation increase would be 2.3% at lower altitudes and
2.8% at higher altitudes. In the period of damage abate-
ment (1989-1997), average foliage ranged from 19.9 to
47.5% at lower altitudes and from 42.8 to 52.6% at higher
altitudes (average annual increase in defoliation was
3.5 and 1.2%), if damage caused by bark beetle was ex-
cluded, 0.2 and 0.4%. The years 1981, 1983, 1984 and 1986
were critical due to the environmental pollution stress,
when defoliation was severe. PRP 3, 17 and 26 were felled
in the period of heavy environmental pollution stress.
PRP 15 was liquidated by bark beetle invasion and PRP
16 and 18 suffered great damage (cf. Vacek, 1996).
Maximum average defoliation of spruce-trees was
30-100% (average value 55.5%) in spruce stands and

VIL Change in the moss layer of the single plot groups expressed as
sum of variances of ordination scores of several (one to four) first
DCA axes

DCA (1] [1+{2] | (#2131} (144 e (1 H1+2) | [+0214+031 | [11+...+(4]
Fagus Fagus

Average 27.07 31.35 4297 49.95 Average 14.7 24.4 40.1 46.2
min 3.84 5.22 5.70 25.24 min 2.0 11.2 16.7 26.8
max 38.13 42.08 80.14 84.18 max 40.0 593 110.5 116.8
Fagus + Picea Fugus + Picea

Average 21.10 25.89 26.76 32.84 Average 2.5 14.9 48.1 557
min 5.59 7.47 7.81 16.22 min 1.2 4.5 14.1 19.7
max 40.92 46.95 49.73 52.47 max 3.8 38.3 120.5 1349
Picea N Picea

Average 5.64 24.09 25.28 36.17 | Average 9.0 19.8 27.0 38.7
min 0.43 1.30 1.54 9.60 | min 0.8 5.5 1.4 18.7
max 21.01 103.17 103.25 103.50 ; max 24.7 58.9 62.1 76.3

VIIL Division of the stands into groups according to the change in the herb and moss layer, respectively (see Tabs. VI and VII); 1 is median.
Bold pressed are numbers of stands with total destruction of the tree layer

A. Herb layer (E)); p = 25.81

Change degree

Spruce stands

Mixed stands

Beech stands

<2 18 20 25

w2.pu 16 2219 326 10 23 2124 6 9 28

H.2p 4 5 1 7 8 27 29

>2p 15 1217 13 14 11 2 31 32 30
B. Moss layer (E,); u = 35.59

Change degree Spruce stands Mixed stands Beech stands
<2

W2.p 23 13 5 421 12 19 25 24 1 76 30 29 27 28
B2y 17 1022 15 20 16 11 18 14 3 2 9 3l

S22 26 8 32
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35-100% (average value 55.7%) in mixed spruce-beech

stands in the period of observation.

Tab. X shows types of transition matrices for the
separate localities. A typical sequence of transition ma-
trices was (E)-A,F-(B)-(C)-(B)-G-A while the last two
members were very doubtful, bracketed symbols indi-
cated repetition of the type for two or more years
(Fig. 5). Regular deterioration of spruce health was ob-
served since 1981 or 1982, another turning point was
the years 1986 and 1987 with peak of deterioration (the
peak of damage was determined on some plots later), then
the changes were not so abrupt, development was quite
continuous [both in the sense of health improvement (e.g.
PRP 5, 7) or total destruction of stand (PRP 14 or 1)].

Types of transition matrices can be divided into
these groups (Fig. 6):

— decrease in average defoliation accompanied by a lo-
wer level of tree dieback (types M, K, B, D, F) — they
describe the stages of stand health improvement;

— increase in average defoliation accompanied by a lo-
wer level of tree dieback (types A, E), the “first”
stage of stand state deterioration;

— decrease in average defoliation accompanied by
a higher level of tree dieback (types O, G, C) — the
trees that cannot tolerate the given level of stress are
eliminated in these stages; in case the period is not
very long, there is a hope of conserving the stand
without its total destruction if the number of survi-
ving trees is sufficiently high;

PRP 11

Picea abies

PRP 13

percantage

1876 1978 1980 1982 1984 1986 1988 1950 1982 19

Defoliation class Average foliation
E30 W1 E32 B3 E14 M5 =

4. Trend of average foliation and particular defoliation class of
spruce on plots 11 and 13

J. FOR. SCI., 45, 1999 (7): 291-315

— increase in defoliation accompanied by parallel in-
tensive dieback of trees (types I, H, N) — stages of
extreme damage to stand ending in its total destruc-
tion.

The presence of data on defoliation assessment at
localities PRP 11-15 from the mid-seventies can allure
to generalise the results from these localities for the
whole area of the Krkonofe Mts. It is however neces-
sary to be aware of the fact that these autochthonous
spruce stands in extreme conditions of the Mumlava
anemo-orographic system (cf. Vacek, 1981) differ in
some parameters from the other spruce stands — see
vegetation evaluation.

Beech stands

Tab. XI shows foliage dynamics of beech stands, and
it is plotted in Fig. 7 using an example of PRP 27 and
31. The average regional foliage of beech stands was
94.2% in 1980 and only 62.7% in 1997, i.e. an average
annual increase in defoliation was 1.9%. In the period
of great damage (1981-1988) the average foliage of
beech-trees ranged from 64.5 to 88.6%, i.e. an average
annual increase in defoliation was 3.4%. If damage
caused by beech scale and wood-destroying fungi were
excluded, it would be about 2.0%. 1981, 1984 and 1986
were the years with critical environmental pollution
stress, when an annual decrease in foliage was about
5.2-9.6% (cf. Vacek, 1993). In the period of damage
abatement (in 1989-1997), average beech foliage
ranged between 62.7 and 68.0%, i.e. an average annual
increase in defoliation was 0.7%. If damage caused by
beech scale and lignicolous fungi were excluded, an
annual increase in foliage would be about 0.4%.

Maximum average defoliation of beech was 24-46%
(average 33.5%) in beech stands and 22-38% (average
33.2%) in mixed spruce-beech stands in the period of
observation.

Tab. XII shows the types of transition matrices for
the separate localities. It was not possible to identify
any typical sequence of transition matrices. The initial
period could be described by matrices of types A and
C, types C and D were typical of the intermediate pe-
riod, and heterogeneity increased in the last years (e.g.
types H and F were additional ones). The beginning of

S

ICharacteristic sequention of the
damage process in Norway spruce
stands

5. Graph of the main sequences of the transition matrix types by
Picea abies. Types in grey fields have a frequent repetition
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6. Evaluation of the transition matrix types by spruce according to
a simulation model (ten year period of the change of initial stand
using average transition matrix of the respective type). Initial stand
consists of 100 trees of each defoliation classes 0 to 4

the period of observation was characterised by continu-
ous deterioration of stand health (Fig. 8). There was
a change in this trend in 1986-1987 (see the changes in
average defoliation and frequency of the types of tran-
sition matrices), when deterioraticn slewed down or on
the contrary, the health state of beech stands started
improving. The improvement was interrupted in some
years with increasing defoliation or dieback of other
trees.

With respect to the effect of transition matrices of
the separate types on a ten-year development model of
forest stand (with 100 individuals in each class of de-
foliation O to 4 at the beginning of modelled period; see
Fig. 9) types A to I were divided into the following
groups:

— improvement or stabilisation of stand state — types

H, D, or C (applying to maintenance of stand state);
— deterioration of stand state (increasing defoliation or

tree diebacks) — types F, E, B, A, L

It is possible to distinguish three groups of plots
(PRP designated by bold digits represent stands in
which no statistically significantly different sequence of
the types of transition matrices was determined in com-
parison with the whole set of remaining PRP):

—~ Stands with low defoliation, without any continual
several-year period of health state deterioration —

PRP 2, 29 (mixed spruce-beech stands).

0
1980 1882 1984 1886 1988 1990 1982 1994 1996

PRP 31
Fagus sylvatica

100 g

§,80

c

8 60

a

1980 1982 1684 1986 1988 1980 1992 1994 1006
Defoliation class Average foliation
E30 M1 B2 B3 =4 W5 —,

7. Trend of average foliation and particular defoliation class of beech
on plots 27 and 31

— Stands with continuous deterioration of health state
(increasing defoliation and tree diebacks) — PRP 6,
7, 8, 9 (mixed spruce-beech stands); maximum ave-
rage defoliation was about 35% in the whole period
of observation, maximally 30% of trees died.
Stands with great damage and a continual several-
year period of health state deterioration — PRP 1, 31,
32 (mixed stands) and 27, 28, 30 (beech stands);
maximum average defoliation was about 35-45% in
the whole period of observation, lower percentage
was exceptional (PRP 30), 17-23% of trees died wit-
hin 17 years, sometimes diebacks were concentrated
in a single period (36% of trees died on PRP 1 wit-
hin a year).

X1. Dynamics of foliage of the beech stands (average values in per cent; totally defoliated trees are included)

£ I ? , Year T _

| &8 |2 i

i g 5 E § 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 i996_ 1997
aTE ZkE | | | | |
27 | 275 [89.26|83.45 31,34{7851 67.48|65.90| 58.30152.90| 50.44 | 60.88 | 52.35| 56.85|57.78 | 55.25|54.18|63.36| 55.68 | 51.03
28 | 137 |95.11 ’90.83 89.01 84.27‘72.4i 71.57166.28|63.94|64.93(69.12|63.58|68.61 |69.05|67.55(60.66}69.0561.81 57‘63.
29 69 |99.45/94.91|96.27 |90.00 | 84.64 | 83.64 | 80.18 | 79.10| 80.18 | 80.91 | 80.55 | 80.09 | 81.48 | 80.27 | 86.72|79.73 72.9475.18
30 82 (94.39(89.02|89.70 | 84.57 | 75.49|73.84|71.40|70.43 | 67.56|69.45|71.71 | 69.94 | 68.78 1 67.44 | 72.01|67.16|73.29 | 69.88
31 85 t94.76 88.41|89.94(84.18|74.47{71.65|66.18 61.82564.06 61.47|65.24|66.41 | 64.59|65.53|63.47 | 66.76 | 65.94 | 64.06
32 | 105 |92.|4‘84.81 85.44 79.03‘68.50 68.01162.38|61.02|63.88|66.36(69.46 |67.77 |63.16 | 64.71 | 65.44 | 65.44 | 63.60 | 58.91
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!

Three types of stabilisation or
improving of the health state in

beech stands

8. Graph of the main sequences of the transition matrix types by
Fagus sylvatica. Types in grey fields have a frequent repetition

Mixed stands

Tab. XIII shows foliage dynamics of spruce-beech
stands, and it is plotted in Fig. 10 using an example of
PRP 2. The average regional foliage of spruce-beech
stands was 86.0% in spruce and 95.3% in beech in

XIL Sequence of the transition matrix types of defoliation for beech

350

300 + oF
E 250 oE
E 200 ®B
% 150 |
£
oA

S 100 0 oc

50 1

oH
0 ; ‘ " ' P
00 100 200 300 400 500 600 700 800

Average defoliation (class 0-4)

9. Evaluation of the transition matrix types by beech according to
a simulation model (ten year period of the change of initial stand
using average transition matrix of the respective type). Initial stand
consists of 100 trees of each defoliation classes 0 to 4

1980, and only 47.3 and 63.4% in 1997, i.e. an average
annual increase in defoliation of 2.3% in spruce and
1.9% in beech. In the period of great damage (1981-
1988), average foliage ranged between 50.5% and
81.4% in spruce and 68.2% and 89.5% in beech, i.e. an
average annual increase in defoliation was 4.1% in
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Statistical evaluation of the difference between the matrix type sequence in the single plgls and common (average) sequence during
1981/1982 to 1996/1997 (f = 16, x2[95%] = 24.296; x*(A) — reference set of all plots, x°(B) — reference set of all plots without the com-

parative plot)

Permanent plot: 3*(A) x°(B)
3l 2030 38.04
09: 1834 31.62
30: 19.83 3101
08: 17.54 3022
06: 17.09 27.88
28: 1578 2474

J.FOR. SCIL,, 45, 1999 (7): 291-315

Permanent plot: xz(A) xz(B)
01: 1499 2238
02 893 2095
07: 1130 18.03
29: 9.31 15.12
32 8.57 11.80
27: 6.83 997
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spruce and 3.1% in beech. If damage caused by bark
beetle were excluded, average annual defoliation would
be 3.0% in spruce, and excluding damage caused by
beech scale and wood-destroying fungi, it would be
2.1% in beech. 1981, 1984, 1986 and 1987 were the
years with critical environmental pollution stress, when
a reduction in foliage was massive in spruce (by 4.7-
7.9%) as well as in beech (by 3.4-8.0%). In the years
of damage abatement (1989-1997) average foliage
ranged from 47.3 to 50.4% in spruce and from 63.4 to
70.7% in beech, i.e. an average annual increase in
spruce defoliation was 0.4% and in beech defoliation
0.9% (it would be 0.2 and 0.4%, respectively, if the
effects of biotic pests were excluded). The effect of
biotic pests was very harmful on PRP 1 (bark beetle
attack to spruce-trees and attacks of beech scale and
wood-destroying fungi to beech-trees) — see Vacek
(1995).

General comments on defoliation trends

Six plots with mixed stands were used to compare
damage of two main species under identical conditions
(cf. Vacek, 1989b). Such a low number of plots is
not obviously sufficient for this purpose. In general, no
substantial differences were observed between the spe-
cies growing in mixed stand or in pure stand. Therefore
the above evaluation by transition matrices was made
with respect to tree species not to the group of plots.

There was a decrease in standard deviation of defo-
liation (STD) in Picea abies on the separate plots. Low
STD values can be insignificant if the number of trees
is small. The zero STD values cannot be taken as actu-
ally zero ones because defoliation variability within
a classification class and variability neglected due to
classification error should be taken into account. Only
a homogeneous group of resistant individuals will sur-
vive stress impacts. First, STD will increase to ca. 20%,
then it will decrease. The stand appears to have
a chance of survival when STD decreases to 5-10% and
the number of living trees is sufficiently high at the
same time. A similar mechanism of decrease in stan-
dard deviation of defoliation was observed on some
plots with beech. It was more difficult to be discerned
because the level of stress to this species was likely
relatively lower (higher tolerance of the species).

Damage to Sorbus aucuparia was evaluated on two
plots (PRP 27 and 29) to obtain additional data. Proc-
esses of damage seem to be similar to those in beech.

With regard to the management practices, damage to
individual trees or a decrease in their foliage were in-
vestigated in relation to tree classes as it can be very
important for evaluation of changes in stand structure
(Vacek, Lep3s, 1995). The degree of defoliation
can be considered as a criterion of impacts of external
factors: crucial importance is ascribed to air pollutants
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PRP 2

Picea abies

0
1980 1982 984 1986 1988 1

PRP 2

Fagus sylvatica

1980 1982 1984 1986 1988 1990 1992 1994 1996

Defoliation class Average foliation
0 @1 @2 B3 @4 |5 —,

10. Trend of average foliation and particular defoliation class of
spruce and beech on plot 2

in an air-pollution area while a tree class describes
growth constitution resulting from natural development
of trees in the framework of cenotic relationships in
forest stand (Vacek, 1987b).

In the period of the first signs of damage (1976—
1980), i.e. in forest stands almost free of damage with
declining tree class, average foliage is mostly reduced,
probably as a result of diminishing light intensity. This
relation is most explicit at differentiated age structure,
and it is better perceptible in spruce than in beech. This
state is disturbed as a result of pollutant impacts in the
period of great damage (1981-1988), and foliage in tree
classes assumes the values conditioned by a large com-
plex of external and internal factors. The degree of de-
foliation is related to tree class but the closeness of this
relation is associated with the degree of stand damage.
Not only subdominant and co-dominant trees but also
dominant trees suffer from defoliation with an increas-
ing intensity of pollutant impacts (cf. Vacek, 1986b).

Dominant spruce-trees had lower foliage than
co-dominant ones on PRP 3, 11, 12, 21 and 23 with
great pollution stress as early as in 1984. A similar situ-
ation was observed in spruce-trees of spruce-beech
stands with pollution stress (PRP 6). This relatively
small difference substantially increased as a result of
growing pollution stress over the years of observation.

J. FOR. SCI., 45, 1999 (7): 291-315
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VEGETATION CHANGES AND DAMAGE TO FOREST
STANDS

The level of vegetation changes was expressed by
indexes calculated as a sum of variances of ordination
scores for one to four first axes of DCA (calculated for
herb layer). The level of stand damage at a locality was
expressed as a proportion of trees of a given species
that died in 1985-1997, or as maximum determined
average defoliation of trees of a given species (in case
more than 75% of trees died, maximum defoliation
equalled 100%). Relations between these variables
were tested by indexes of linear correlation (Tab. XIV).

Data show that the degree of damage can be influ-
enced by the level of change in herb layer structure in
the ecosystem; such a result was expected. But the char-
acter of this effect was very surprising — changes in
herb layer were smaller at greater stand damage. There
were relatively small changes in vegetation even in the
case of the plots with totally destroyed tree layers (cf.
Vacek et al, 1996¢c). This fact should be analysed in
greater detail to avoid its misinterpretation. It is neces-
sary to take into account the following facts and as-
sumptions:

1. Forest stand without cultural treatments that does not
suffer any damage increases its density in the pro-
cess of growth, and this can be a cause of great chan-
ges in herbaceous vegetation.

2. It is evident that the herbaceous vegetation of spruce
stands that suffered relatively severe damage is simi-
lar to clear-cut vegetation after the tree layer was
destroyed by decline or felling.

3. Mechanisms leading to damage of the woody com-
ponent of an ecosystem rarely act as factors of her-
baceous vegetation succession.

4, It is to assume that mountainous forest ecosystems are
continually disturbed by natural factors; a slightly open
character of tree layer is maintained in this way.

The analyses were also aimed at a relation between
the level of change in vegetation (in this case expressed
as a shift of the plot in DCA four-dimensional space at
the beginning of the period of observation and at its
end) and height above sea level. The relation was sta-
tistically insignificant in general, but a trend of dimin-
ishing level of change in vegetation was observed with
increasing height above sea level. This trend was least
perceptible in beech and mixed stands (r = -0.328)
while in spruce stands (group of plots designated by Pi)
the relation was significant at a 5% level (r = -0.539).
A similar attempt to describe the relation between
vegetation damage and change was made for moss
layer. All results were statistically insignificant, but
there was a trend of increase in the level of change in
moss layer in forest stands with greater damage (with
respect to variability calculated on the basis of the first
four or three ordination axes), especially in spruce
stands. The trend was more perceptible if the proportion
of dead trees was confronted with maximum defoliation
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(maximum calculated value of correlation coefficient
for spruce stands was r = 0.34).

CONCLUSION

Three typical periods were distinguished with respect
to the dynamics of health state of the stands (mainly de-
foliation) during years 1976-1995. Moderate changes
in foliage were determined in the period of the first
signs of damage (1976-1980) (average annual increase
in defoliation in spruce stands was 0.4%). A perceptible
increase in defoliation occurred in the period of great
damage (1981-1989) (3.0-4.4% per annum in spruce
and 3.1-3.4% per annum in beech). Stabilisation or im-
provement of stand state were observed in the period of
damage abatement (1987-1997) in those stands that
were not attacked by pests, mainly by bark beetle.

Average defoliation was increasing in the period of
the first signs of damage as the tree class was declining.
This relationship was fully disturbed as a result of pol-
lution stress in the period of great damage, and not only
subdominant and co-dominant trees were affected by
defoliation but also dominant ones. When stand damage
is evaluated, it is to be aware of the fact that pollution
stress is regularly accompanied by higher sensitivity to
some biotic and abiotic factors, and this is explicitly
reflected in accelerated (even many times) dynamics of
damage and in subsequent stand destruction. The high-
est tolerance was observed in beech stands, spruce-
beech stands showed lower tolerance, and spruce stands
were the least tolerant of all.

Trends of stand health can be described by transition
matrices. If permanent observation of stand defoliation
is used to define up-to-date transition matrices, it is
possible to estimate further trends of forest ecosystems
quite exactly on the basis of a constructed model. Tran-
sition matrices can also be used to identify developmen-
tal stages of stand damage and regeneration. The
knowledge will be applied to plan forest management
measures in forest stands.

XIV. Linear correlation coefficients for variables of change in the herb
layer (sum of variances of ordination score for the first one to four DCA
axes) and degree of the tree layer damage. All values are not significant
except those designated by * (ot < 5%) and *** (o < 0.5%)

Sum of variance Maximal defoliation | Share of dead trees \
of the DCA axes (%) B (%)

Picea abies

ar +0.1110 { +0.1157
[1]+[2] -0.3362 L 01534
[11+[2]+[3] -0.3084 -0.1287
[1T+[2)+{3]+]4]) —0.2862 -0.1581 N
Fagus sylvatica (mixed stands included)

[ -0.7572™" -0.2904

(11+(2] -0.7517""" -0.2446
[1]+21+(3] -0.6612° -0.3521
[1+[2]+[3]+[4] |  -0.5346 | 04213
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The evidence of forest ecosystem destruction and
regeneration based on tree component or stand health
evaluation within 21 years was complemented by data
on the dynamics of herb and moss layers. The analyses
provided information acquired by the study of ground
vegetation as an indicator responding to changes in
light conditions in the process of defoliation and natural
development of stand, limiting the potential of regen-
eration. The cyclical character of some species that in-
fluence, and even prevent in many cases, natural or
artificial regeneration (e.g. grass communities with
dominance of Calamagrostis villosa and high ferns
Athyrium distetifolium) was confirmed. Reforestation
should not be undertaken in the peak developmental
stages of these communities. On the other hand, it is
worth waiting for about 3-5 years before dominance
and sociability are reduced, i.e. until more favourable
conditions for reforestation are created. This will
largely decrease a risk of reforestation failure as a re-
sult of weeds and bracken.

It is to state at the very end of the paper that regen-
eration targets and methods should be based not only
on relative tolerance of tree species in the types of
stands but also on their ecological valence, ground layer
state and economic possibilities while respecting the
present functional importance of the site.
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STAV LESNICH POROSTU NA VYZKUMNYCH PLOCHACH V KRKONOSICH

V LETECH 1976-1997

S. Vacek!, K. Matgjka’

IV)Tzkumn_'ﬁ tistav lesniho hospoddrstvi a myslivosti, Vyzkumnd stanice Opocno, Na Olive 550, 517 73 Opocno

21'DS, Plzeriskd 86, 150 00 Praha 5

Podle dynamiky zdravotniho stavu, zejména pak de-
foliace, byla v priibéhu sledovanych let 1976-1997 vy-
lifena tfi charakteristickd obdobi. V obdobi prvnich pfi-
znakl poSkozeni (léta 1976-1980) doslo k nepatrné
dynamice olisténi (primérné rocni zvyseni defoliace ve
smrkovych porostech 0,4 %). V obdobi silného posko-
zeni (léta 1981-1989) byl zaznamenan vyrazny vzrist
defoliace (3,0-4,4 % ro¢né u smrku a 3,1-3,4 % rocné
u buku). V obdobi tdstupu poSkozovani (léta 1989-
1997) naopak doflo ke stabilizaci aZ zlep3eni stavu ve
sledovanych porostech, které nebyly napadeny $kadci,
zejména kirovcem.

314

V obdobi prvnich pfiznakG poSkozeni s ustupujici
stromovou tfidou vzristala primérné defoliace. Vlivem
imisi v obdobi silného poSkozeni byl tento vztah zcela
porufen a defoliace postihovala nejen podiroviiové
a uroviiové stromy, ale i jedince naddroviiové. Pfi po-
suzovani poskozeni porosti je nutné brat v tvahu to, Ze
imisni stres je zpravidla provazen zvySenou citlivosti
vidi nékterym biotickym a abiotickym ¢initelim, coZ
se mnohdy vyrazn& (aZ nékolikandsobné) projevuje
v urychleni dynamiky poSkozeni a nésledné destrukci
porosti. Nejvétsi toleranci projevily bukové, niZsi smr-

TN

kobukové a nejniZii smrkové porosty.

J. FOR. SCI., 45, 1999 (7): 291-315



Vyvoj zdravotniho stavu porostd lze dobfe popsat
pomoci pfechodovych matic. Pfi vyuZiti permanentniho
sledovéni defoliace porostii pro definici aktualnich pre-
chodovych matic lze pomoci vytvofeného modelu po-
mérné pfesné odhadnout dalii vyvoj sledovanych les-
nich ekosystémi. Pfechodové matice je moZné uZit
i pro rozlifeni vyvojovych etap poskozeni a regenerace
porostii. Tyto poznatky jsou pak zdkladem pro plinovi-
ni hospodafsko-tipravnickych opatfeni v porostech.

Poznatky o postupu destrukce i regenerace lesniho
ekosystému podle hodnoceni stromové slozky, resp.
zdravotniho stavu porosti v prib&hu 21 let dopliiovaly
idaje o dynamice bylinného a mechového patra.
Z téchto analyz vyplynula i fada poznatki limitujicich
moZnosti obnovy, vyplyvajicich ze sledovéni pfizemni
vegetace jako indikédtoru reagujiciho na zménu svétel-
nych poméra v priibéhu defoliace a pfirozeného vyvoje

porostu. Bylo zjiSt€no, Ze u fady druhd, které ovliviiuji
a mnohdy aZ znemoZfiuji pfirozenou & umé&lou obnovu
(napf. travni spoleenstva s dominanci Calamagrostis
villosa a vysokych kapradin Athyrium distentifolium),
dochdézi k vyrazné cykliCnosti. Realizovat obnovu neni
vhodné zejména v kulminaéni fizi rozvoje téchto spo-
leCenstev. Naopak se vyplati podkat asi 3-5 let, nez
dojde ke sniZeni jejich dominance a sociability, tj.
k vytvofeni podminek pro obnovu mnohem ptiznivéj-
Sich. Zna¢né se tim sni%i riziko obnovniho netspéchu
daného vlivem bufeng.

V zavéru lze konstatovat, e pfi volbé obnovnich
¢ila a postupii je nutné vychazet nejen z relativni tole-
rance dfevin v jednotlivych typech porosti, ale i z je-
Jich ekologické valence, stavu ptizemniho patra a hos-
podéafskych moZnosti pfi respektovani souasného
funkéniho vyznamu stanovi§té.
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