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Genetic variation of European silver fir (Abies alba MILL.)
in the Western Carpathians

R. LONGAUER

Forest Research Institute, Zvolen, Slovak Republic

ABSTRACT: Genetic structure of 26 populations of silver fir from the Western Carpathians and 4 reference populations from
Moravia (Bohemian Quadrangle) was studied by means of isozyme gene markers. Polymorphisms of 18 isozyme gene loci were
surveyed. Allele frequencies at 5 loci - Idh-B, 6Pgd-A, Per-A, Lap-A, Aco - revealed geographic clines in the East-West direction.
Another 4 genes (Aco-A,, Got-A |, Got-B, and Dia-A,) appeared to be area-specific. The Western-Carpathian populations showed
average heterozygosity (H) of 0.101-0.110, expected heterozygosity (H,) 0.104-0.120, and effective number of alleles per locus
(v) 0.122-0.137. The corresponding parameters were somewhat lower in Moravia (H,=0.097, H = 0.099, v = 1.108). Geographic
distribution of genetic parameters in the studied populations can be explained by different Postglacial phylogeny of silver fir in the

Western Carpathians and Bohemian Quadrangle, and by adaptation to specific site and climatic conditions.

Keywords: European silver fir; isozyme gene markers; genetic variation; delineation of seed zones

Especially in relation to the long-term dieback, the Eu-
ropean silver fir belongs to the most intensively studied
forest tree species of Central Europe. Its dieback is inter-
esting also from the point of view of the populations ge-
netics. Following LARSEN (1986) the basic reason for the
decline of silver fir is its insufficient genetic diversity in
Central Europe, resulting in the reduced adaptability com-
pared to other forest tree species. Its genetic variation
was likely reduced during complicated Postglacial migra-
tion from refuges in the Apennine and Balkan peninsulas.
Many eco-physiological studies aimed at the variation in
the tolerance to frost, raised concentrations of SO,, nee-
dle senescence, intensity of assimilation (LARSEN 1986;
LARSEN et al. 1988; LARSEN, MEKIC 1991) support this
hypothesis. The same applies to the studies aimed at the
phenotypic (e.g. MEKIC, DOHRENBUSCH 1995; SVOLBA
1995; AAS et al. 1994), biochemical (WOLF 1992; LANG
1994) and isozyme variation. They all reveal reduced ge-
netic variability of the Central-European populations of
silver fir affected by the dieback, which is contrasting to
the high genetic diversity of the same species in the
southwestern, southern and southeastern parts of its nat-
ural range. Especially the isozyme studies of BERGMANN
and KOWNATZKI (1988) and BERGMANN et al. (1990) doc-
umented close relationships between the genetic diversi-
ty and adaptability of silver fir, and supported LARSEN’s
hypothesis on the genetic background of its dieback. In
the most comprehensive study of KONNERT and BERG-
MANN (1995), 54 population samples of silver fir from al-
most all of the natural range were analyzed. The
area-specific genes allowed them to separate provenanc-
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es with different phylogeny from the Pyrenees, Massif
Central, Alps, Apennines and the Balkan Peninsula. The
genetic structure of silver fir from the Bohemian Quadran-
gle and Western Carpathians appears to have a transitory
position between the Eastern-Carpathian and Eastern-
Alpine populations according to these authors.

In the regional studies of European silver fir in Germa-
ny, SCHROEDER (1989) revealed clinal variation in /dh-B
and 6Pgd-A in the southwest-northeast direction. The
heterozygosity in 6Pgd-A correlated with the altitude while
in Idh-B with the growth rate of seedlings. KONNERT
(1992) proved the phylogenetic fixation of regionally-spe-
cific alleles in Dia-A (syn. Mnr-B) that allowed to distin-
guish the provenances of silver fir from southwestern and
southeastern Germany. The same author (1993) revealed
a correlation between the level of defoliation and geno-
types in Got-C and Idh-B. Particularly the allele Got-C,
had a negative effect on the vitality of its carrier. LLAMAS
GOMEZ (1995) analyzed the remnant populations of fir in
Saxony and concluded that they may represent the north-
western limit of the transition between the Eastern-Al-
pine and Carpathian Postglacial migration route. His
results were applied to the delineation of seed zones and
regional rules for the transfer of reproduction material. In
a similar study of 11 seminatural populations of silver fir
in Switzerland, HUSSENDORFER and MULLER-STARCK
(1994) reported considerable genetic effects of different
Postglacial migration routes. Their information was used
in the designing of the national network of gene pool
forests. In Austria, BREITENBACH-DORFER et al. (1997)
revealed significant East-West clines in the allele frequen-

429



cies of Idh-A,-B, Lap-A and 6Pgd-A. They ascribed them
to the Postglacial migration of silver fir into the Alps via
two different migration routes. But BERGMANN and GRE-
GORIUS (1993) proved that the clinal variation patterns of
Id-B in the North-South direction are directly related to
different thermostability of isozymes encoded by differ-
ent alleles in this locus.

The genetic variation of silver fir in the eastern part of its
natural range was only fragmentarily documented by the
mid-1990’s. The studies of BERGMANN et al. (1990) and
KONNERT and BERGMANN (1995) included only 10 popu-
lation samples including 25-60 trees each. The isozyme
variation of silver fir in Slovakia was studied by
KORMUTAK et al. (1982) and MATUSOVA (1995), and in
Poland by MEINARTOWICZ (1996). The genetic structure
of 6 Romanian populations was analyzed using monoter-
pene and isozyme markers by LUCAU-DANILA (1995). She
found clear differentiation between the Romanian silver
fir and reference populations from France.

The objective of this paper is to analyse the isozyme
variation and genetic structure of European silver fir in
the Western Carpathians. It is a part of a study aimed at
the analysis of genetic variation of European silver fir
based on isozyme gene markers and evaluation of prove-
nance experiments. Its outputs will be applied to the man-
agement of genetic resources of the studied species.

MATERIAL AND METHODS

The analysis covers 26 populations of European silver
fir from the Western Carpathians and 4 reference popula-
tions from the eastern part of the Bohemian Quadrangle.
These populations belong to 6 geographic groups. The
Western Beskids are represented by 5 populations, North-
ern Slovakia (the Tatras) by 5, Eastern Beskids by 10, Cen-
tral Slovakia by 6, Eastern-Central Slovakia by 3 and
Moravia by 4 populations (Fig. 1). Semi-natural (26) or
natural (4) populations were analyzed.

The mean population sample included 50 randomly cho-
sen trees, growing at a minimum distance of 30 meters

Poland

Western Beskids i

Czech Republic

Central Sloyakia /g~

Hungary
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Table 1. Enzyme systems and gene loci surveyed

Enzyme system E.C. code Loci surveyed
Aconitase IS B | Aco
Glutamate dehydrogenase 1.4.1.3 Gdh
Isocitrate dehydrogenase 1.1.1.42 Idh-B
Leucine aminopeptidase 3.4.11.1 Lap-A (Aap-A)
Malate dehydrogenase 1.1.1:37 Mdh-4
Menadion reductase 1.6.99.2 Mnr-B
NADH-dehydrogenase 1.6.99.2 Ndh-A
Peroxidase 568 1 1% O Per-B,-C
Phosphoglucoso-isomerase 5.3:1.9 Pgi-A.-B
Shikimate dehydrogenase 11125 Skd-A,-B

from each other. Branchlets with dormant buds (8-1-
buds per tree) were collected for laboratory analyses.

Genetic structure and differentiation was studied ir
18 enzyme loci (Table 1). The genetic control (codomi
nant inheritance and stability of expression) of the
isozymes in Aap-A, -B, -C -D, Dia-A (= Mnr-A), Got-A,-B
-C, Idh-A,-B, Mdh-A, -C, 6Pgd-A,-B, Ndh-A (= Mnr-B)
Pgi-A,-B, Pgm-A,-B and Skd-A was verified by HUS.
SENDORFER et al. (1995). The interpretation of isozyme:
in Skd-B was described by VICARIO et al. (1995), and ir
Per-Band -C by LUCAU-DANILA (1995). The laboratory
procedures were similar to CONCKLE et al. (1982) and KON-
NERT (1992).

The following genetic parameters of populations were
computed from single-tree genotypes:

1. Allelic and genotypic frequencies.

2. Mean expected (/) and observed (H,) heterozygos-
ity, and genetic diversity (V).

3. Genetic multiplicity depicted in the total number of
alleles (M), proportion of polymorphic loci (PP), maximum
genotypic multiplicity (G, ) and hypothetical gametic di-

7

Ukraine

Fig. 1. Geographic origin
of studied populations
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versity (Ugum)' G,, results as the product for all loci of the
number of genotypes that can arise for a specified num-
ber of alleles (BERGMANN et al. 1990), while Wi equals
the product of single locus genetic diversities (v) and
measures the diversity that would result from the given
allelic frequencies under a linkage equilibrium at each lo-
cus (GREGORIUS 1978).

The genetic differentiation was analysed by means of
the pairwise homogeneity ¥ tests of allelic and genotyp-
ic frequencies at P > 95%, and Nei’s (NEI 1978) genetic
distances. Correlations between the geographic position
and allele frequency in populations were tested using the
SPEARMAN’s non-parametric test at £ > 95%.

The allele frequencies, genotype frequencies and ge-
netic distances were computed using the PC programme
BIOSYS-1 (SWOFFORD, SELANDER 1981). The Principal
Coordinates Analysis (GOWER 1966) using the PC pro-
gramme SYN-TAX ITI (PODANI 1988) was employed for
interpretation of the matrices of genetic distances.

RESULTS

The genetic multiplicity depicted in the total number of
alleles across all 18 loci, proportion of polymorphic loci
and genotypic multiplicity (G, ) are very similar across
the provenance regions (Table 2). The Western Beskids
with higher gametic diversity values seem to be the only
exception.

Table 2. Genetic multiplicity of silver fir characterised by the
total number of alleles (M), proportion of polymorphic loci (PP)
and hypothetic genetic multiplicity (GM)

= %
- . g
= i - @ =
bt = o 2 = =y
: &= EY 53 B3
5 .2 £3 2e =&
= B o & w @ 0O
M 37 37 36 36 38
PP 77.8 77.8 77.8 77.8 88.9
G, 255x105  510x106  170x10% 102x10¢ 306x10°

AREA-SPECIFIC POLYMORPHISMS

For the evaluation of area-specific genes, which reflect
the phylogenetic relationships of regional populations
with much higher probability than the frequencies of com-
mon, functionally important genes (KONNERT, BERG-
MANN 1995), the populations were pooled on the
geographical basis. This enabled to achieve sample sizes
that would guarantee with 95% reliability conclusions
about the presence or absence of area-specific genes with
frequency lower than 0.5-0.8%. Fig. 2 provides a review of
geographic distribution of such area-specific alleles, includ-
ing information about the Eastern Carpathians adopted
from LONGAUER (1996). The populations from Western
Beskids and Central Slovakia differ from Eastern-Beskids

J. FOR. SCIL., 47, 2001 (10): 429-438

Provenance region ® 2‘;5%) ‘g ‘f "g E— %
28|88 |2
Moravia 12% (m § u
Western Beskids + Tatras <0.8% N N
Central + Central-Eastern Slovakia | <0.8% § § § ]
Eastern Beskids <0.8% § §
Romanian Eastern Carpathians <0.8% § §

Fig. 2. Distribution of area-specific alleles. Symbol W indicates
the frequency of area-specific alleles above and N below 0.5%,
o is a frequency at which the presence or absence of an area-
specific allele can be confirmed with 95% probability

in 3 area-specific alleles: Aco-A,, Got-A Got-B,. Another
allele, Dia-A , is typical of all populations except of those
from the Eastern Beskids (LONGAUER 1996).

GENETIC DIVERSITY AND DIFFERENTIATION

The allele frequencies in populations grouped accord-
ing to the geographic regions are presented in Table 3.
The correlations (P > 95%) between allele frequencies and
geographic position of a population were detected in
5 loci: Aco, Idh-B, Aap-A, Px-B and 6Pgd-A (Fig. 3).

The paired x>-tests revealed 21 heterogeneities of allel-
ic and genotypic frequencies in the Western Carpathians.
In the loci, the allele frequencies were heterogeneous
4-times in Got-C, 3-times in Px-B and Idh-B, and once in
6Pgd-A. The number of heterozygous individuals differed
5-times in Gor-C, 3-times in Px-B and twice in Aco. The
deviations from Hardy-Weinberg equilibrium were detect-
ed in 10 cases. They concentrate to those loci where the
correlation was detected between the allelic frequencies
and geographic position of a population. Between the
provenance regions, 12 differences were between the
northern (Western Beskids, Tatras, Eastern Beskids) and
southern (Central and Central-Eastern Slovakia) part of
the natural range of silver fir in the Western Carpathians.
A surprisingly high number of differences in allelic fre-
quencies (6) was found between the Central and Central-
Eastern Slovakia, which are merged into the same seed
zone according to valid legislation for the forest repro-
ductive material. Deviations from Hardy-Weinberg equi-
librium concentrate in the northern part of Western
Carpathians (Western Beskids, Tatras, Eastern Beskids).

Most of the characteristics of genetic variability reveal
the West-East clines with the minimum in Moravia and
maximum in the Eastern Beskids (Table 4). The popula-
tions from Central Slovakia revealed somewhat reduced
heterozygosity and genetic diversity.

Nei’s genetic distances between the groups of regional
populations (Table 5 and Fig. 4) correspond well with the
geographic clines in the allelic frequencies and genetic
diversity. The populations from Moravia differed clearly
from the Carpathian populations.
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Table 3. Allelic frequencies in populations grouped according to their geographic origin

. Western Tatras Eastern Central Central-Eastern
Loous Moravia Beskids y Beskids Slovakia Slovakia
Sample size 222 182 256 461 252 140
PER-A 1 0.995 0.997 0.998 0.999 0.982 0.996
2 0.005 0.003 0.002 0.001 0.018 0.004
PER-B 1 0.016 0.088 0.115 0.111 0.052 0.096
2 0.984 0.912 0.885 0.889 0.948 0.904
ACO 1 0.066 0.042 0.040 0.026 0.034 0.007
2 0.070 0.084 0.107 0.131 0.093 0.082
3 0.859 0.874 0.854 0.843 0.873 0.907
4 0.005 0.000 0.000 0.000 0.000 0.004
LAP-A 1 0.016 0.031 0.041 0.056 0.018 0.018
2 0.948 0.944 0.947 0.926 0.932 0.964
3 0.036 0.025 0.012 0.019 0.050 0.018
6PGD-A 1 0.438 0.394 0.424 0.345 0.427 0.339
2 0.562 0.606 0.576 0.655 0.573 0.661
6PGD-B 1 0.982 0.967 0.975 0.958 0.974 0.986
2 0.014 0.027 0.021 0.035 0.026 0.014
IDH-B 1 0.261 0.500 0.471 0.487 0.429 0.454
2 0.739 0.500 0.529 0.513 0.571 0.546
GOT-4 1 0.007 0.008 0.006 0.008 0.006 0.004
2 0.993 0.992 0.992 0.992 0.994 0.996
3 0.000 0.000 0.002 0.000 0.000 0.000
GOT-B 1 0.000 0.000 0.000 0.001 0.000 0.000
2 0.961 0.984 0.982 0.970 0.994 0.996
3 0.039 0.016 0.018 0.029 0.006 0.004
GOoT-C 1 0.108 0.103 0.151 0.190 0.080 0.143
2 0.835 0.830 0.791 0.762 0.878 0.829
3 0.057 0.067 0.058 0.048 0.042 0.029
MDH-4 1 0.007 0.000 0.016 0.005 0.016 0.011
2 0.986 0.981 0.973 0.978 0.966 0.964
3 0.007 0.019 0.012 0.016 0.018 0.025
GDH 1 0.005 0.011 0.010 0.009 0.012 0.007
2 0.995 0.989 0.990 0.991 0.988 0.993
DIA-A 1 0.002 0.000 0.004 0.000 0.002 0.000
2 0.998 1.000 0.996 1.000 0.998 1.000
NDH-A 1 0.989 0.986 0.990 0.998 0.994 0.996
2 0.011 0.014 0.010 0.002 0.006 0.004
PGI-A 1 1.000 1.000 1.000 1.000 1.000 1.000
PGI-B 1 1.000 1.000 1.000 1.000 1.000 1.000
SKD-A 1 1.000 1.000 1.000 1.000 1.000 1.000
SKD-B 1 1.000 1.000 1.000 1.000 1.000 1.000
DISCUSSION gle comes from several paleobotanic studies. SZAFER

GENETIC DIVERSITY AND PHYLOGENESIS

Information about Postglacial dissemination of silver
fir in the Western Carpathians and Bohemian Quadran-
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(1959) provides information about 150 pollen profiles
from Poland and Western Ukraine. KRIPPEL (1986) re-
viewed 47 pollen profiles and findings of macro-rem-
nants in Slovakia. SAMEK (1967) and OPRAVIL (1976)
documented the Postglacial history of silver fir in the
Czech Republic.

J. FOR. SCI., 47, 2001 (10): 429438
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Fig. 3. Correlations between allelic frequencies in /dh-B, Per-

B and 6Pgd-A, and geographic position of populations from the

northernmost point of the natural range of silver fir (* — correlation coefficients statistically significant at P > 95%)

KRIPPEL (1986) dates the first Postglacial presence of
this species in the Western Carpathians to Preboreal. It is
evident from the continuous presence of 3-8% of fir pol-
len in the Hypkatia bog, the Vihorlat Mts., in Eastern Slo-
vakia. This conclusion is in agreement with the Polish
studies (SRODON 1983) which indicate 3-5% of fir pollen
in the southeast Poland in the first half of Boreal. The
inner part of the Western Carpathians was re-colonised
by silver fir in two streams. The Northern one is docu-
mented by high concentrations of its pollen in the Spi§

J. FOR. SCI., 47, 2001 (10): 429-438

basin eastwards of the High Tatras. In the South, fir pol-
len exceeded 10% at 3 localities in southern Slovakia. At
the beginning of Atlanticum, its pollen was present in
almost all spectra analysed in the Western Carpathians
with the highest concentrations in the Inner-Carpathian
basins (Spis, Liptov, Orava), South-Slovakian basins, and
in the Danube lowlands.

The succession of findings of fir pollen in the Bohemi-
an Quadrangle and the Western Carpathians suggests
a junction of its Western-Carpathian and Eastern-Alpine
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Table 4. Mean observed and expected heterozygosity, genetic diversity and hypothetical gametic diversity of regional populations

Northern Slovakia

Central Slovakia

M i Y -E
SRRy Western Beskids Tatras Eastern Beskids Central Slovakia Sengal Ea.slcrn
Slovakia
H, 0.099 0.107 0.110 0.110 0.101 0.108
(0.036) (0.037) (0.037) (0.037) (0.036) (0.039)
H; 0.097 0.110 0.117 0.120 0.104 0.109
(0.036) (0.039) (0.040) (0.040) (0.037) (0.038)
v 1.108 1.126 1.133 1.137 1.115 1.122
8.546 11.692 12.619 14.701 11.431 11.222

vgm

Table 5. Genetic differentiation of silver fir from different provenance regions depicted in Nei’s genetic distances at 18 loci

Region 1 2 3 4 5 6
| Moravia bk
2 Western Beskids 0.004 L]
3 Northern Slovakia (Tatras) 0.003 0.000 sy
4 Central Slovakia 0.002 0.000 0.001 sEENY
5 Central-Eastern Slovakia 0.003 0.000 0.000 0.001 RENES
6 Eastern Beskids 0.005 0.000 0.000 0.000 0.002 eEReY
EB - Eastern Beskids
(X 1€-3) £ £ s TA - Tatras
EB . W ;
8 EB TA wg WB - Western Beskids
ecd CS - Central Slovakia
r EB W, ECS - Eastern-Central Slovakia
f EB M - Moravia
L c

S

G e B o o o

(X 1€-3)
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Fig. 4. Genetic differentiation of individual populations of silver fir. Principal Coordinates Analysis is based on Nei's unbiased
estimates of genetic distance. Its first 3 axes display 85% of all differences revealed

migration routes in Northern Moravia in Subboreal (SA-
MEK 1967; KRIPPEL 1986). The Carpathian migration route
may have progressed further northwards into the Her-
cynic system, however (LLAMAS GOMEZ 1995; KONNERT,
BERGMANN 1995).

The area-specific genes, statistically significant differ-
ences in allele frequencies, correlations between the geo-
graphic position and allele frequency, and differences in

434

the total genetic variation are present especially in the
East-West direction. But several significant paired differ-
ences were revealed also between populations from the
Northern and Central Slovakia.

The correlation between geographic position in the
West-East direction and allele frequencies was detected
in 5 out of 18 surveyed loci: Aco, Idh-B, Aap-A, Px-B and
6PGD-A. The analyses of other major tree species of the

J. FOR. SCI., 47, 2001 (10): 429438



Western Carpathians, such as common beech (e.g. PAULE
etal. 1995) or Norway spruce (PAULE, GOMORY 1993), did
not reveal any analogical patterns of variation. The phy-
logeny but also adaptation to specific climates and sites
may have contributed to clinal variation. The adaptive
polymorphisms of isocitrate dehydrogenase (/dh-B) un-
der different temperature regimes (BERGMANN, GREGO-
RIUS 1993), Gor-B and -C under mostly air pollution stress
(KONNERT 1993), and peroxidase (Per) in relation to the
water regime (SHEA 1989) and growth form in extreme sites
(GRANT, MITTON 1977) were documented in silver fir or
other Abies species.

A hypothesis about dissemination of fir into the West-
ern Carpathians from East via two migration routes from
East and South-East is supported by several area-specif-
ic alleles. Aco-44 and GOT-A43 seem to be typical of the
central and northwestern part of Slovakia. Dia-A1 is
present in the Northwest, North and Northeast of Slova-
kia but absent in the more southerly Western and Central
Slovakia. Got-B/ is present only in the populations from
Northeastern Slovakia.

There are several area-specific genes shared by the
populations from Moravia (Eastern-Hercynic Mts.),
Western-Beskids and Central Slovakia. This fact indicates
a broad introgression between the Western-Carpathian
and Eastern-Alpine Postglacial migration routes of silver
fir. This introgression may also have contributed to the
high genetic multiplicity of populations from the Western
Beskids. Higher values of corresponding parameters can
be found only in the Eastern Carpathian populations from
Romania (LONGAUER 1996).

PRACTICAL IMPLICATIONS

Numerous paired differences in the allele and genotype
frequencies (21) were detected between the regional pop-
ulations of silver fir in the Western-Carpathians. Their
highest number (12) was found between the Northern
(Western Beskids, Tatras and Eastern Beskids) and Cen-
tral Slovakia (Central and Central-Eastern Slovakia). Only
3 differences were detected within the group of 3 prove-
nance regions representing Northern Slovakia. Contrary
to it, 6 such differences were detected between 2 regions
representing Central Slovakia. The Central and Central-
Eastern Slovakia are included in one seed zone (Slovak
Ore Mts.) without any limitation for the transfer of forest
reproductive material, however.

It could be mentioned in relation to the value of pre-
sented results that significant and systematic differences
revealed in a small number of marker genes indicate a chain
of further differences in individual genomes and genetic
structure of populations. In our case, variation in 18 non-
linked isozyme gene loci was surveyed. In spite of their
negligible number compared with the total genome of for-
est trees including 100-150 thousand loci, they revealed
clear patterns of clinal geographic variation and area-spe-
cific polymorphisms. The second fact to be considered is
that the surveyed isozyme loci belong to the group of
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constitutional enzymes of primary metabolism, which may
significantly influence the individual and population fit-
ness.

CONCLUSIONS

The area-specific genes, clinal geographic variation and
differences in the level of genetic diversity confirm the
correctness of currently valid delineation of seed zones
in the west-east direction in the northern part of Slovakia:
Western Beskids-Sub-Tatras (northwestern Slovakia) >>
Tatras (northern Slovakia) >> Eastern Carpathians. The
information obtained by means of isozyme gene markers
and the results of provenance experiments suggest that
the boundaries of 2 seed zones in Central Slovakia should
be reconsidered:

1. A new, Central-Slovakian Seed Zone should be delin-
eated southwards of the main ridge of the Vel’ka Fatra and
Low Tatras Mts. The rest of the current Western-Slovakian
Zone should be merged with the Western Beskids-Sub-
Tatras Zone. Differentiation of populations from North-
ern and Central Slovakia was confirmed by 12 of
21 detected paired genetic differences between the stud-
ied regional populations of silver fir (Fig. 1). Suggested
delineation of seed zones will allow to separate phyloge-
netically different populations originating in the North-
eastern and Southeastern Postglacial migration routes of
silver fir into the Western Carpathians.

2. Eastern part of the Slovak Ore Mountains could con-
stitute a separate seed zone. The reason is that popula-
tions from Central Slovakia and Central-Eastern Slovakia
revealed apparently more genetic differences than the
group 3 northerly provenance regions covering much larg-
er geographic area.

The results of provenance experiments with local silver
suggest almost identical conclusions (LONGAUER et al.
1998).
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Geneticka variabilita jedle bielej (4bies alba MILL.) v Ziapadnych Karpatoch

R. LONGAUER

Lesnicky vyskumny ustav, Zvolen, Slovenska republika

ABSTRAKT: Analyzuje sa Struktira genofondu jedle bielej zastipenej 26 prirodzenymi populaciami zo Zapadnych Karpat
a 4 referenénymi populdciami zo severozipadnej Moravy. Zo sledovanych 18 izoenzymovych lokusov sa az v piatich pripa-
doch (/dh-B, 6Pgd-A, Per-A, Lap-A, Aco) zistila Statisticky vyznamné zévislost' medzi alelickymi frekvenciami a pévodom
populécie na transekte v smere zdpad — vychod. Okrem toho boli najdené Styri regionalne Specifické alely — Aco-A,, Got-A4 ,
Got-B, a Dia-A,. V Zapadnych Karpatoch dosiahla priemerni heterozygotnost’ (F,) hodnoty 0,101-0,110, otakdvana hetero-
zygotnost' (H) 0,104-0,120 a efektivny pocet alel na lokus (v) 0,122-0,137. V populdcidch z Moravy bola droveii genetickej
variability nizsia (H,= 0,097, H = 0,099, v = 1,108). Geografické trendy zistené pri jednotlivych genetickych charakteristi-
kéch mézu savisiet’ s migraciou jedle do Zapadnych Karpit a Ceského masivu z roznych glacidlnych refiigii a tie s adapticiou

jej populacii k rozdielnym stanovistnym a najma klimatickym podmienkam.

Krucové slova: jedl'a biela; izoenzymové genetické markéry; gencticka variabilita; vyliSovanie semenérskych oblasti

Kvéli svojmu dlhodobému Ustupu a cyklicky graduja-
cemu chradnutiu patri jedl'a biela medzi najsledovanejsie
lesné dreviny. Plati to aj pre vyskum genofondu. Po dl-
hom obdobi dohadov a ¢iastkovych vysvetleni totiz Coraz
viac préc z tejto oblasti potvrdzuje hypotézu LARSENA
(1986) o tom, Ze prvotnou pri¢inou chradnutia jedle je ne-
dostato¢na vnatropopulaéné (genetickd) variabilita. Jej
dosledkom je oslabenie celkovej adaptacnej schopnosti
jedle v porovnani s inymi lesnymi drevinami. Prejavy
chradnutia jedle sa totiz obmedzuji na oblast’ strednej
Eurdpy, kde k zniZeniu jej genetickej variability prispelo
komplikované pol'adové sirenie z malych glacialnych re-
fugii na Apeninskom a Balkanskom poloostrove. Niziu
genetick(l variabilitu stredoeuropskej jedle potvrdzuja
price zaoberajlce sa provenien¢nym vyskumom — eko-
fyziologickou (mrazuvzdomost’, tolerancia k zvysenej kon-
centracii SO,, Zivotnost’ ihli¢ia, intenzita asimilacie —
LARSEN 1986; LARSEN etal. 1988; LARSEN, MEKIC 1991),
fenotypovou (napr. MEKIC, DOHRENBUSCH 1995; SVOL-
BA 1995; AAS et al. 1994) a biochemickou (WOLF 1992;
LANG 1994) premenlivostou. Na kontrastnt Groven ge-
netickej diverzity jedle z Nemecka v porovnani s juho-
eur6pskymi populaciami, ktoré sa nachadzaji v oblasti
byvalych glacialnych refagii, poukazuju aj analyzy geno-
fondu, zaloZené na izoenzymovych genetickych marké-
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roch (BERGMANN, KOWNATZKI 1988 a BERGMANN et al.
1990).

Cielom prezentovanej prace je analyzovat' genofond
jedle bielej v Zapadnych Karpatoch pomocou izoenzymo-
vych genetickych markérov tak, aby sa ziskané vysledky
mohli vyuzit’ pri obhospodarovani jej genofondu.

Experimentalny materidl tvoria vzorky 26 prirodzene
obnovenych populacii zo Zapadnych Karpat a 4 referenc-
nych populécii zo severnej Moravy. Z hl'adiska geogra-
fickej prislusnosti boli karpatské populécie rozdelené do
piatich provenienénych oblasti: Zapadné Beskydy (Ky-
suce, Orava) reprezentovalo 5 populécii, Tatry (Tatry
a Podtatranska oblast’) 5 populécii, Stredné Slovensko 6,
vychodnu cast’ Slovenského rudohoria 3 a Vychodné
Beskydy (vratane pol'skej ¢asti Vychodnych Beskyd)
10 populécii. Populaénu vzorku tvorilo v priemere 50 do-
spelych jedincov.

V kazdom jedincovi sa analyzovalo 18 izoenzymovych
génov. Z genotypov jednotlivych stromov sa pre popula-
cie a provenienéné oblasti vypocitali nasledujice gene-
tické charakteristiky: podiel polymorfnych lokusov,
celkovy pocet alel (M) , alelické a genotypové frekvencie,
ocakavana (H,) a pozorované (H ) heterozygotnost, ge-
netické diverzita (v) a genetické vzdialenosti medzi popu-
laciami.
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Pri hodnoteni genetickych parametrov sa zistili vyrazné
geografické trendy v smere zdpad — vychod. Pri alelic-
kych frekvenciach to boli tatisticky vyznamné korelacie
medzi miestom pdvodu a frekvenciou alel v 5 zo 14 poly-
morfnych lokusov (I/dh-B, 6Pgd-A, Per-A, Lap-A, Aco).
Podobne priemerné oakdvana a pozorované heterozy-
gotnost’ sa plynule zvySuje od Moravy (H,= 0,97, H =
=0,99) po Vychodné Beskydy (/,=0, 120 H =0,1 10)
V analyzovanych lokusoch sa okrem toho zistili 4 regio-
nalne 3pecifické alely: Aco-4,, Got-A, Got-B, a Dia-A,.
Vyskyt tychto alel od seba odliuje najmé populécie
z Moravy, Zapadnych a Vychodnych Beskyd.

Zistené geografické trendy v genetickej variabilite su
v sulade s poznatkami o fylogenéze jedle v poladovom
obdobi (napr. KRIPPEL 1986). Kym do Ceského masivu sa
rozsirila tzv. Vychodoalpskou migra¢nou cestou, do Za-
padnych Karpét sa $irila od vychodu. Pritomnost, resp.
absencia regionalne $pecifickych alel medzi severnymi
a juznejie poloZenymi provenienénymi oblastami Zapad-
nych Karpat naznaduju, Ze jedl'a sa do tohoto horského
celku $irila dvoma pridmi — severovychodnym a juho-
vychodnym. Pritomnost’ regionalne $pecifickych génov
typickych pre Hercynsku oblast’ na severozdpadnom
a strednom Slovensku zas poukazuje na Siroku introgres-
nu zénu medzi Vychodoalpskym a Karpatskym pol'ado-
vym migraénym pridom. Introgresia prispieva k o nie¢o
vyssiemu celkovému poctu alel a k vysokej genetickej mul-
tiplicite jedle v Zapadnych Beskydoch.

Okrem fylogenézy ku geografickym trendom nepochyb-
ne prispieva aj adaptacia k podmienkam prostredia, najma
zvy$ujucej sa kontinentalite klimy v zdpado-vychodnom
smere. Uvedeny fenomén moze byt’ dolezity vo vztahu

k nastupujucim klimatickym zmenam. V pripade lokusu
1dh-B bol totiZ vplyv teplotného reZimu na katalyticku
aktivitu izoenzymov alel dokazany aj experimentalne.

Vo vztahu k legislative upravujucej ziskavanie a vyuzZi-
tie reprodukéného materialu jedle na Slovensku vysled-
ky prezentovanej prace potvrdzuju spravnost’ vyliSenia
semenarskych oblasti v zdpado-vychodnom smere: Pod-
tatransko-beskydska oblast’ >> Tatry (TANAP) >> Vy-
chodokarpatska oblast’. Na druhej strane poukazuji na
potrebu tpravy hranic semenarskych oblasti v juznej asti
arealu dreviny. S poukazanim na to navrhujeme:

1. Vytvorit' Stredoslovenski semenarsku oblast’, do kto-
rej by spadalo prirodzené roz$irenie jedle na juh od hlav-
ného hrebernia Nizkych Tatier, Slovenské stredohorie
a zapadna cast’ Slovenského rudohoria.

2. Severni Cast’ Zapadokarpatskej oblasti pripojit' k Pod-
tatransko-beskydskej semendrskej oblasti. Tym sa odde-
lia populdcie, ktoré maji povod v severovychodnom
a juhovychodnom poladovom migra¢nom prude jedle.
Okrem regionalne $pecifickych alel ich diferenciaciu po-
tvrdili parové testy alelickych a genotypovych frekven-
cii. Az 12 z celkovo 21 zistenych rozdielov boio medzi
trojicou severnejsie a dvojicou juznejsie polozenych za-
padokarpatskych provenieénych oblasti.

3. Vy¢lenit' vychodnu &ast’ Slovenského rudohoria ako
samostatni semendrsku oblast. Medzi touto oblast'ou
a strednym Slovenskom sa zistilo viac genetickych roz-
dielov (6) ako medzi vSetkymi troma severnej$imi prove-
nienénymi oblastami navzdjom. Analogicky vysledok
poskytuje hodnotenie fenotypového prejavu jedle v pro-
venienénych pokusoch (LONGAUER et al. 1998).
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The Boubin virgin forest after 24 years (1972-1996) — development
of tree layer

T. Vr3kal, L. Hort%, P. OpEHNALOVAZ, D. HORAL?, D. ADAM?

'Podyji National Park Administration, Znojmo, Czech Republic
*Agency for Nature Conservation and Landscape Protection of the Czech Republic, Branch
Brno, Czech Republic

ABSTRACT: Repeated measurements of mensurational, typological and stand characteristics were made in the National Nature
Reserve of Boubin virgin forest in 1996. The works followed after the research made in 1972 and were made according to the same
methodology with the subsequent assessment of changes occurring in the region under study. The fir proportion substantially
decreased, and the decrease was compensated by an increase in the beech share. The spruce maintained its dominant position in the
virgin forest. The number of living trees slightly decreased while the stem volume of living trees increased. 30% of the virgin forest
area is covered by continuous advance growth with dominant beech. Successful regeneration of fir and spruce accompanied by
other interspersed species takes place at propitious locations without beech advance growth. It is to expect that the regeneration
of silver fir population and spruce regeneration will be accomplished gradually. Further management of the reserve is proposed.

Keywords: dynamics; monitoring; virgin forest

Repeated measurements of mensurational, typological
and stand characteristics were made in the National Na-
ture Reserve (NNR) of Boubin virgin forest in 1996. The
measurements covered the whole area of the virgin forest
and the works were performed as a part of the long-term
project Research of dynamics of the development of vir-
gin forest reserves in the Czech Republic, solved by the
department of forest ecology at the Brno Branch of the
Agency for Nature Conservation and Landscape Protec-
tion of the Czech Republic (AOPK). The works link up
with the detailed study made by Ing. Eduard Prusa, CSc.,
in 1972 and attempt at covering the developmental chang-
es in the region under study in order to derive from them
general rules and regularities of development and to pro-
vide a qualified expertise for area management.

The authors would like to thank Ing. Bohumil Jagos,
Daniela Pliskova, Ing. Pavel Unar and Ing. Kristyna Hor-
tové for their cooperation in extensive field surveys,
Dr. Ing. Jan Stykar from the Department of Forest Botany,
Dendrology and Typology at the Faculty of Forestry and
Wood Technology, Mendel University of Agriculture and
Forestry in Brno for his assistance at processing the phy-
tocoenological data, Ing. Jaromir Kfiha from the Forest
Enterprise Boubin residing in Vimperk and Mr. Véclav
Chlanda, head of the Forest District Zaton from the same
Forest Enterprise for their willingness to help during the

research. Special thanks are extended to Ing. Eduard Prisa,
CSc., for his valuable advice and instigations without
which the work could not have come into existence.

As to the extent of the collected and processed data,
the paper published in the Journal of Forest Science con-
tains only the results of changes recorded in the tree lay-
er of the Reserve.

HISTORY

The main colonization wave reached the Boubin area in
the 17" century with the continuing colonization of the
Sumava Mts. (Bohemian Forest). One of distinct accom-
panying phenomena of the colonization was the develop-
ment of glass industry, which had a very unfavourable
influence on the then original forests (virgin forests).
Glassworks used to be allocated certain forest tracks; as
soon as the tracks had been cut out, glassworks owners
immediately asked for other allocations. When all forests
within a reachable and convenient distance were cut out,
the glasswork was closed down and a new one was built
usually near a watercourse with good reserves of wind-
broken timber. The timber consumption began to rise to-
wards the end of the 17" and at the beginning of the 18"
century when the glass industry in the Vimperk region
became famous. This was the reason why the Vimperk

The paper was published thanks to the financial support from Grant Agency of the Czech Republic — Project No. 526/99/0050.
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forests — both manorial and those of the subjects — were
described in a rather detailed way (NOZICKA 1958).

The original records from Boubin mention large spruce
trees with the admixture of fir and beech but also sporadic
large floodplains and clearcut areas. The neighbouring
Pazeni forest used to consist of large spruce and fir trees
with interspersed pine. Spruce-fir-beech forests used to
cover the mountains Bobik, Brdo and the surroundings
of Strazny (NOZICKA 1958).

A particularly strong colonization wave reached the
Vimperk region after the family of Schwarzenberg became
its owners. New settlements were founded and the pres-
sure on the local forests increased. The Boubin forests
were heavily impacted and almost destroyed by a severe
gale on 27 January 1724. In the year 1750, a hunting lodge
was built in Zaton not far from the today’s virgin forest
the main reason being the occurrence of numerous leks
(strutting places) in the surrounding forests. In the year
1799, Josef Matz produced a well-arranged mensurational
elaborate with the description of individual forests in the
Vimperk region, including their age and the main tree spe-
cies (spruce, fir, beech, alder and maple) (NOZICKA 1958).

The beginning of the 19" century threatened the Boubin
virgin forest with its total liquidation on the occasion of
the prepared timber floating from Boubin. However, the
floating was not adviced by Ing. Schimouschek who was
responsible for surveying the Boubin forests since there
was not enough floatable timber (NOZICKA 1958).

An improved management of the Vimperk forests was
attempted at by the then head forester Ferdinand Mann
in 1828 thanks to whom a special attention in the Vimperk
region was paid to beech management since 1834. In the
period 1833-1834 the Vimperk forests were once again
affected by heavy storms and in 1834-1836 by a bitter
period of drought which contributed to a considerable
spread of bark beetle (Ips typographus). The disaster re-
sulted in a great number of windthrows and windbreakag-
es and was the reason for a new estimation of the Vimperk
forests, which was elaborated by the head forester Josef
John who joined the ageing head of the Vimperk forest
bureau Ferdinand Mann in 1838 and later became a key
personality in the virgin forest’s history.

We learn from the John’s description that there were
virgin forests in Boubin and Bobik at those times. Josef
John became the head of the forest district in Vimperk on
the then Schwarzenberg estate in the year 1843. From 1847
he was getting prepared for using the observations of
tree development in the virgin forest for the needs of for-
est science, and it is well possible that it was at that time
that he started thinking of how to save them for future
generations (NOZICKA 1958).

There is no doubt that it was Josef John’s merit when
the concern of Czech foresters focused on the Sumava
virgin forests as early as in the year 1849. The very first
excursion to the Boubin virgin forest was organized by
the Czech Forest Society on 2 September 1849, which was
attended by prominent experts and made it possible to
many participants to see an actually natural forest. The
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then records indicate that there were still as many as
33,000 morgens (1 Lower-Austrian morgen = 0.5755 ha),
i.e. 18,992 hectares of virgin forests on the former
Schwarzenberg estates. The published report about the
excursion raised the interest in the Sumava virgin forests
not only in our lands but also in the neighbouring coun-
tries. No less interesting is John’s report about the course
of the excursion in which he a.o. reported to the estate
owner as follows: “In this space there is practically an
open book of nature from the lines of which one can read
rules by which Mother Nature — should it be left in the
forests free and undisturbed, as exactly here for hundreds
of years — preserves the vegetation, accomplishing it in
various forms, destroying it and restoring it again, and
how this woody species here and another there show
specific or exclusive habitats, at other places repeatedly
separating and putting together numerous species in har-
mony, how an order full of life and death can be at the
same time maintained inside the forest, with the wealth of
material substance and individual highest power and full
of conspicuous evidences against the violent devasta-
tion” (NOZICKA 1958).

In summer 1851, Josef John staked out eight sample
plots in the Boubin virgin forest and appointed the young-
er forester Frantisek Jungwirth to map the plots in such
a way that they would give the most illustrative and true
image of the virgin forest together with the layering of all
trees and their dimensions. Jungwirth made map images
of seven of these plots until October 1851 and sent them
to Schwarzenberg inTiebon, from whom however John
asked their return on 9 April 1852 pointing out that he
needs them for scientific reasons. The requested virgin
forest images were then really returned to John (NOZICKA
1958, 1959). It was the first research work in the world
made in virgin forests!

Thanks to John’s long-term efforts and support provid-
ed by the chief wood-reeve in the Breslau Province von
Pannewitz, Schwarzenberg made a decision in the year
1858 that the virgin forests in compartments 31b, 34b and
35a in the Zaton forest district should remain permanent
reserves (NOZICKA 1958). CHADT (1883) mentions: “In
the year 1858, the J. J. Duke of Schwarzenberg instituted
the forest compartments 3 1b), 35a), 34b) the virgin forest
as remainders of the former virgin forests for times eter-
nal. No timber will be extracted here, no work performed at
all and the virgin forest is to be entirely left to itself from
now forever.”

We learn from the plan of forest management worked
out for the Zaton forest district in 1859 that the virgin
forest area was classified in more distant periods of rota-
tion. At that time, there were still 2,429 morgens (1,398 ha)
of virgin forests in the Zaton forest district (NOZICKA
1958). Historical entries speak of a sufficient amount of
spruce, fir and beech self-seedings fit to create new stands
in the then virgin forests (PRUSA 1989). Fellings were made
on the western and northern edges of the virgin forest,
where the so called Lukenska Road was being construct-
ed at that time (1857-1859). Later cuttings included only
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trees which had fallen across the road or blocked virgin
forest roads.

In the plan of forest management from 1869 the virgin
forest was still included in the commerecial forest but there
were no silvicultural or felling measures planned here any
more. Total exemption of the virgin forest from manage-
ment was confirmed in the forest management plan for the
period 1882-1891 and included the whole compartment 31
0f47.062 ha in area and 27,400 m® timber reserve (PRUSA
1989). The Zaton forest district suffered a heavy gale on
26 October 1870, which resulted in extensive windbreak-
ages also in the original virgin forest stands near the Re-
serve. The windbreakages were gradually processed and
made responsible for a further shrinkage of virgin forest
stands.

The plan of forest management for 1900 introduced
a regulation for the regeneration of virgin forest stands
whose area — outside the Reserve — was 352 hectares.
The largest stands (215 ha) were in the Zaton forest dis-
trict (PRUSA 1989). The distinguished virgin forest in Com-
partment 31 0of 46.666 ha is referred to in connexion with
young self-seedings and young growths suffering from
browsing so that younger age categories are hardly rep-
resented. A necessity is mentioned to fence the area from
red deer. The forest management plan from 1939 repeated-
ly mentions that the Boubin virgin forest Reserve below
the Lukenska Road in the direction of the Kapelsky potok
(Brook) is missing undergrowths and an urgent need ap-
pears to prevent game entry. The virgin forest was thor-
oughly fenced in 1965-1966 under supervision of Ing.
J. Ostréil (PRUSA 1989).

It follows from the above historical survey that the im-
pact on stands in the present virgin forest by logging or
by other silvicultural measures was really minimal and in
the comparison with the historical development of other
Czech virgin forest reserves this is a unique case of the
preserved original forest.

The start of modern forest research in the Boubin virgin
forest dates back to the year 1954 when four permanent
research plots (each of 1 ha) were aligned on different
sites and in different stages of stand growth by the team
of researchers led by Dr. Ing. Jaroslav Rehak (in coopera-
tion with Ing. Véroslav Samek, CSc., and Karel Rosa, CSc.).
First measurements in all permanent research plots were
made in the same year, which were repeated in 1959 being
extended with the alignment of positions of lying and
standing stems in all plots (REHAK 1962, 1964). In addi-
tion, there were transects of 100 x 10 m demarcated at all
times by two per plot, perpendicular to each other (see
topical map of the virgin forest). The complete sighting of
trees on the transects and their imaging was accomplished
in 1960 (REHAK 1962, 1964). The precise mapping of veg-
etation types (in the present concept of forest types) was
made in the same year their boundaries being surveyed
by compass theodolite (SAMEK 1961). Callipering of all
trees in the virgin forest was made in 1960-1961 simulta-
neously for the particular forest types. It was at that time
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(in 1961) when Ing. V. Samek, CSc., succeeded in disclos-
ing one of landmarks of John’s research plot No. V and
there was one more found in the autumn of the same year.
Aligned was one of two possible alternatives of the
square area of one Lower-Austrian morgen in acreage with
all trees in the area being numbered in a usual way, aligned
and a location plan of their distribution in the field made.
After ten years, the investigations were repeated on four
permanent research plots in 1964 and the second alterna-
tive to John’s plot No. V established (REHAK 1962, 1964).

Repeated measurements on the permanent research
plots established by Dr. J. Rehék were made by his team in
the years 1964, 1969, and on the permanent research plots
I, Il and IV also in the year 1972. However, the measure-
ments of 1972 were not assessed. Repeated measurements
were later carried out under the leadership of Ing. Miro-
slav Vangk, CSc., on the permanent research plots I and 11
(1984), and 11 and IV (1989) (VANEK 1990). Another re-
peated measurement on all permanent research plots was
made in 1996.

Two cross-sectional strips (A-229.5 x 10 m; B-220.5 x
10 m) were aligned along the line perpendicular to the con-
tour under the leadership of Prof. Dr. Ing. Miroslav Vyskot,
DrSc., in 1961, on which detailed mensurational analyses
were made together with studies of natural regeneration
(VYSKOT 1968). Repeated measurements were made in
1969 and 1975 (VYSKOT 1976). In 1986, the sectional
stripes were extended to make plots of 1 ha each and re-
peated investigations were made to the original method-
ology (STANEK 1988).

The most extensive survey in the Reserve was made by
Ing. E. Prisa, CSc., and his colleagues in the year 1972
(PRUSA 1985, 1989), which included sighting of the whole
tree layer in the virgin forest (incl. dead timber), mapping
of forest types and tree species regenerations, phyto-
coenological relevés and soil characteristics. The present-
ed paper is a follow up to the survey. All data mentioned
in connexion with forest research relate to the so called
“old virgin forest”, i.e. to the preserved core of the origi-
nal Schwarzenberg reserve whose area is about 47 ha.

The Boubin virgin forest reserve was officially declared
on the area 0f 47 hectares by Act No. 143 547/33-V of the
Ministry of Education and Culture from 31 December 1933.
In 1958, the Reserve was extended and included a vast
complex of stands which were to play a role of protection
zone surrounding the original virgin forest. The exten-
sion was made effective by Decree No. 2224/58-D/1 of the
Ministry of Education and Culture from 15 January 1958,
and the whole area of the Boubin virgin forest State Na-
ture Reserve amounted to 666.41 hectares. The additional
registration in the Gazette was made through Decree No.
14 200/88-SUOP of the Ministry of Culture of the Czech
Republic from 29 November 1988. According to Decree
No. 395/1992 Gaz. from 11 June 1992 of the Ministry of
Environment of the Czech Republic the territory was clas-
sified in the category of National Nature Reserves with
the officially confirmed area of 666.41 hectares.
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METHODOLOGY

The repeated investigation was based on detailed maps
and calculations capturing the virgin forest condition in
the year 1972 (PRUSA 1985) and with the application of
methodology modified by Ing. Prisa for the collection
and assessment of the logged data (VRSKA 1997). The
tree layer was revised and the maps were added all trees
which reached d.b.h. 10 cm in the period under study.
New dead trees were mapped. Callipered were all trees
with d.b.h. over 10 cm, their characteristics recorded (dead
standing tree, stub, etc.) and stage of disintegration re-
corded in the lying trees on the scale of three stages. The
trees were classified into diameter classes by 10 cm (e.g.
Diameter Class 5 =45-54 cm) according to the achieved
diameter at breast height. 490 trees were measured for
height in order to construct height flow sheets as ground-
works for calculation of volumes. Mensurational compu-
tations were made with the use of volume tables by
Lesprojekt (1952).

To provide for stand structure study a repeated map-
ping was made of natural regeneration groups (under-
growths) in which the trees did not reach the d.b.h. of
10 cm. Also, the repeated measurements were made of
eight transects aligned by Dr. Rehdk and his team in 1960
(REHAK 1962, 1964).

Samples from the surface humus horizons were taken
from 5 soil pits on the permanent typological plots (PTP)
for chemical, biochemical and microbiological analyses in
order to assess changes in the soil (chemical analysis).
The biochemical and microbiological analyses had not
been made before and were to provide comparison data
for repeated measurements in the future. All soil analyses
were made in accredited laboratories of the Agency for
Nature Conservation and Landscape Protection of the
Czech Republic (AOPK), Branch Bmo. Terminology, soil
horizons and soil sub-types were reworked to the soil
classification system used by the Institute of Forest Man-
agement (UHUL) (MACKU, VOKOUN 1993). Results of soil
analyses from 1972 have been taken over from PRUSA
(1985).

Phytocoenological relevés were repeated on 23 circular
PTPs of 25 m in diameter (i.e. area of about 490 m?), which
follow up the phytocoenological relevés made in 1972
(PRUSA 1985). Terminology of plant names was unified
(DOSTAL 1989). The stratification scale by Zlatnik
(RANDUSKA et al. 1986) was used for the classification of
tree species synusia in the phytocoenological relevés,
and the combined scale of abundance and dominance by
Braun-Blanquet, modified and refined by Zlatnik (RANDUS-
KA et al. 1986) was used for the classification of herb
synusia. The assessment of the phytocoenological
relevés was made with the use of ecological groups of
plant species (EGS) used by Lesprojekt (PLiVA, PRUSA
1969).

The evaluation of mensurational data by sites was made
separately for zonal (water-unaffected) sites with similar
growing conditions (groups of forest types — GFT — 6S,
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6D, 6N) and extrazonal (water-affected) sites (GFT 7V, 6R)
including inversion, water-unaffected sites (GFT 7K). The
second group of sites clearly shows their greater ecolog-
ical wideness; however, all of them express harsher con-
ditions which are in general unfavourable for the
development of beech and on the other hand favourable
mainly for spruce.

Twenty two directional relevés were made for repeated
photographing, whose place and direction were plotted
in the detailed tree map.

The original maps were digitalized in the geographical
information system (GIS) TOPOL by means of special soft-
ware for the generation of maps of virgin forests, whose
author is Mgr. Dusan Adam. All other analyses were based
on the digital maps and attached databases with the com-
mon softwares FOXPRO, MS Excel, MS Word. The phyto-
coenological relevés were assessed by using the program
TYP, developed at the Department of Forest Botany, Den-
drology and Typology, Faculty of Forestry and Wood
Technology, Mendel University of Agriculture and For-
estry in Brno.

NATURAL CONDITIONS
Localization and broader territorial context

The Boubin virgin forest National Nature Reserve is
situated about 4 km NNE of the village Zaton in the
Prachatice District, in the territory of the Sumava National
Park and Sumava Mts. Protected Landscape Area, in for-
est stands operated by the state enterprise Lesy Ceské
republiky, s. p. (Forests of the Czech Republic), Forest
Enterprise Boubin. In terms of organization it belongs in
the Forest District Zaton, Compartment 133. Total aligned
area according to the digital map is 46.62 ha.

The whole area is located in the Natural Forest Region
13 —Sumava (PLiVA, ZLABEK 1986). Biogeographical re-
gionalization is as follows: sub-province Hercynian, bio-
geographical region 1.62-Sumava (CULEK et al. 1995).

Geomorphological conditions

The Boubin virgin forest National Nature Reserve can
be found in the Boubinské hornatina (Hilly Land) within
the Boubin Mt. massif (altitude 1,362 m). The whole mas-
sif is extended from the main massif of Sumava into the
inland thus enjoying milder climatic conditions than the
central Sumava Mts. The altitude of the Boubin virgin
forest NNR is 930—1,110 m and the area is situated in the
lower part of the NE scarp of the ridge Pazeni (Basumsky
ridge) between the Lukenskd Road and the Kaplicky po-
tok (Brook) which forms a valley line. The extended slope
is at some places differentiated by smaller flats and inter-
woven with a number of brooks which at some places
form waterlogged spots on the flats or in the spring areas.
A conspicuous rock knob is protruding in the central part
of the scarp. The south-eastern (lowest) edge of the Re-
serve is formed by a lake (0.33 ha) which was established
in 1833 to strengthen the stream used for floating.
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Table |. Average monthly precipitation totals (mm) in the period 1901-1950; the Horni Vltavice Station, Kubova Hut' — 1,003 m
(KOLEKTIV 1961)

I I 111 v Vv VI Vil Vil IX X X1 Xl Year IV-IX X1

58 61 49 63 88 98 112 96 69 61 51 61 867 526 341

Table 2. Average monthly air temperatures (°C) in the period 1901-1950; the Horni Vltavice Station, Kubova Hut - 1,003 m (KO-
LEKTIV 1961)

I 11 111 v b A% Vil Vil IX X XI X1l Year IV-IX

-5.0 -4.0 ~1.0 2.0 8.0 12.0 13.0 12.0 9.0 4.0 0.0 -3.0 4.0 93

Geological conditions

The geological formation is of primary age. Prevailing
rocks are schists — gneisses and mica schists poor in min-
erals with sporadically penetrating layers of coarse-grain
eruptive granites. The dominating gneiss is grey, biotitic,
formed mainly by quartz, spars (orthoclases in particular)
and biotite. Weathering products are medium-deep to
shallow stony soils (PRUSA 1989).

200m  300m 400 m

Climatic conditions

Climate is of mountain character. Precipitation data and
air temperatures are presented in Tables 1 and 2, respec-
tively. Numerous thunderstorms are typical in summer.
The macroclimatic data are slightly altered on the Kaplicky
potok (Brook) valley bottom, i.e. within the space of the
virgin forest, due to the harsh and colder inversion meso-
climate.

The region belongs in the cold zone — CH6 (QUITT
1974).

Site conditions

Most of the area under study is situated in the Spruce-
Beech forest altitudinal vegetation zone 6 on water-unaf-
fected sites (Fig. 1). Predominating soils are loamy-sand
cryptopodzols mesotrophic, often rather stony.

Water-affected sites cut the virgin forest from the west
to the east in stripes of variable breadths along streams,
in the vicinity of spring areas, and in the inversion posi-
tion also along the Kaplicky Brook (Fig. 1). In the south-

eastern part of the virgin forest in the lowest situated part ks Repreven:

there are also Peat-Spruce stands represented extrazonal- Forest type (ha) tation (%)
ly. The soil mosaic consists mainly of gley-cryptopodzols gl Fresh Spruce-Beech with fern — 652 2939 63.0
which at some places melt into cambic gleys. EE Stony Spruce-Beech with oxalis — 6N3 035 08
Nutrient-enriched Spruce-Beech with butterbur — 6D2  2.60 5.6
Water- ted sites TOT. . 4
MENSURATIONAL CHARACTERISTICS [ Mois! Beeeh-Sprube with forns - 7V6 b B
AND THEIR CHANGES Waterlogged Beech-Spruce with butterbur — 7V9 1.88 4.0
Fresh Peat-Spruce with oxalis — 6R1 0.90 1.9
[} Acidic Beech-Spruce with bilberry — 7K2 4.67 10.0
Total Water-affected sites TOTAL 1428 30.6
TOTAL 46.62  100.0

The number of live trees scored a pronounced decrease
from 13,346 in 1972 to 10,842 in 1996 (Table 3, Fig. 3). The  Fig. 1. Boubin — forest types
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Table 3. The summary of tree species by tree numbers, stand basal area and timber volume on the whole area

Living trees Dead trees Virgin Civing Desd

1972 dead stand- forest trees  trees

199¢ intact trees fractures total ing trees stubs fallen total total (%) (%)

pes 7,376 7.376 877 1,100 317 2,294 9,670 | 55.3 49.0

pes 5,981 7 5,988 1,232 169 2,580 3,981 9,969 | 55.2 66.0

Norway m? 1,235.758 1,235.758 41.475 151.102 41.956 234.533 | 1,470.291 | 56.8 33.7
spruce m? 1,359.142  0.856 1,359.998 101.164 46.864 406.815 554.843 1,914.841 | 599 496
m?3 16,807.59 16,807.59 4,827.17 | 21,634.76 | 52.8 47.3

m?3 19,370.57 10.36  19,380.93 1,333.12 124.69  3,853.89 5,311.70 | 24,692.63 | 53.8 48.7

pes 693 693 203 286 40 529 1,222 52 H3

pes 258 258 147 199 474 820 1,078 24 136

silver m? 236.609 236.609 64.905 128.93 11.027 204.862 441.471 | 109 295
fir m? 98.206 98.206 53.344 86.888 205.459 345.691 443.897 43 309
m3 3,791.07 3,791.07 3,228.83 7,019.90 | 11.9 31.6

m3 1,725.19 1,725.19 940.55 370.69  2,271.24 3,582.48 5,307.67 48 329

pes 5,244 5.244 773 825 253 1,851 7,095 | 39.3 395

pcs 5] 18 4,558 93 284 845 1,222 5,780 42.0 20.2

European m? 701.574 701.574 51.496 164.516 39.797 255.809 957.383 | 32.2 368
beech m? 803.811 3157 806.968 8.514 57.175 148.718 214.407 1,021.375 35.6 19.2
m3 11,187.19 11,187.19 2,153.15 | 13,340.34 | 351 21.1

m3 14,805.91 25.13  14,831.04 145.81 194.88 1,637.31 1,978.00 16,809.04 | 41.2 18.1

pes 33 33 8 41 0.2 0.2

Other pes 38 38 3 3 6 12 50 0.4 0.2
(KL, JL, m? 3.599 3.599 0.000 3.599 0.2 0.0
JR,BR, m? 3.777 3.777 0.275 0.298 2.631 3.204 6.981 0.2 c.0
OS,VR) ;3 54.41 54.41 4.16 5857 02 00
m?3 59.81 59.81 4.17 0.76 24.43 29.36 89.17 0.2 0.3

pes 13,346 0 13,346 1,853 2,211 610 4,682 18,028 | 100.0 100.0

pes 10,817 25 10,842 1,475 655 3,905 6,035 16,877 | 100.0 100.0

Total m? 2,177.540 0.000 2,177.540 157.876 444.548 92.780 695.204 2,872.744 | 100.0 100.0
m? 2,264.936  4.013  2,268.949 163.297 191.225 763.623 1,118.145 | 3,387.094 | 100.0 100.0

m?3 31,840.26 0.00 31,840.26 0.00 0.00 0.00 10,213.31 | 42,053.57 | 100.0 100.0

m? 35961.48 3549 35,996.97 | 2,423.65 691.02 7,786.87  10,901.54 | 46,898.51 | 100.0 100.0

Other: KL - sycamore maple (Acer pseudoplatanus), JL - elm (Ulmus sp.), JR — European mountain ash (Sorbus aucuparia), BR - Euro-
pean birch (Betula pendula), OS — European aspen (Populus tremula), VR — willow (Salix sp.)

By stand basal area

By timber yolume

1972
Blother

Fig. 2. The representation of living
trees by species in per cent on the
whole area

Legend: SM — Norway spruce (Picea
abies), JD - silver fir (Abies alba), BK
— European beech (Fagus sylvatica)

Other: KL - sycamore maple (Acer pseu-
doplatanus), JL — elm (Ulmus sp.), JR
- European mountain ash (Sorbus au-
cuparia), BR - Evropean birch (Betula
pendula), OS — European aspen (Po-
pulus tremula), VR - willow (Salix sp.)
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Table 4. Living trees by species and diameter classes in the whole area (intact standing trees + fractures)

& o0
Diameter 1 2 3 4 5 6 748 9 10 11 12 13.14 1516 £3
class z £

- =

Norway 1972 980 1,629 1,215 842 910 633 484 327 177 98 43 25 10 2 | 7,376
spruce 1996 465 1,065 771 707 785 692 577 423 252 136 71 34 6 8 1 5,988
silver 1972 25 50 56 79 92 76 88 93 53 44 21 8 4 4 693
fir 1996 6 24 25 24 21 29 34 38 23 19 9 2 253 1 258
European 1972 502 952 1,007 989 934 581 170 81 25 3 5,244
beech 1996 247 682 701 768 830 700 434 157 36 10 4,558
Other 1972 5 4 10 4 7 3 33
1996 7 7 9 5 8 1 1 38

Total 1972 1,512 2,635 2,288 1,914 1,943 1,293 742 50/ 255 145 64 33 14 6 1 0 13346
1996 725 1,778 1,506 1,504 1,644 14221046 618 311 165 80 36 8 10 1 1 10842

Note: The sums by the individual diameter classes are the numbers of stems. Their sum does not correspond to the number in the column
“living total” which means the number of individual trees. The difference is caused by the fact that the trees with twin or triple stems

were not included.

Other: KL - sycamore maple (Acer pseudoplatanus), JL. — elm (Ulmus sp.), JR - European mountain ash (Sorbus aucuparia), BR - Euro-
pean birch (Betula pendula), OS — European aspen (Populus tremula), VR — willow (Salix sp.)

Table 5. Hectare indices — total

Living trees  Dead trees  Total
Trees per 1972 286 100 386
1 ha (pcs) 1996 233 129 362
Stand basal area 1972 46.668 14.899 61.567
per 1 ha (m?) 1996 48.669 23.984 72.653
. 1961 718 62 780
ge"r“llm;av(‘::]",;“e 1972 68239 21888  901.27
1996 772.14 233.84 1,005.98

Note: The 1972 parameteres are related to the area 46.66 ha (PRUSA
1985).
In 1961, only standing dead trees were considered as dead trees

virgin forest got generally “older”, i.e. further individuals
or groups are through the stage of expiration while the
new generation is not quick enough to grow up. Result-
ing from the long-range blocking of natural regeneration
growth the trend is explained in Development of natural
regeneration. A survey of tree numbers in diameter class-
es (Table 4, Fig. 9) illustrates the disconsolate situation in
smaller sizes where Diameter Class 1 is badly missing trees
and Diameter Classes 3 and 4 show similar unfavourable
drops. The virgin forest “ageing” is demonstrated in
Figs. 3-5. While the number of live trees is falling, their
basal area and stem volume are increasing (with the excep-
tion of the weakening fir population), i.e. a lower number of
trees represents a larger volume of timber. Table 5 docu-
ments an exceptionally high timber reserve which is quite
unique in virgin forests. As compared with the year 1972,
the standing volume of live trees increased to 772 m*ha
— a value which would be more than satisfactory even in
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mature stands of commercial forests on the site of Spruce-

Beech. It provides a good evidence that:

— a larger part of the stand is today at the stage of opti-
mum and at the initial stage of disintegration,

- notwithstanding the above fact and in the comparison
with other regions and their virgin forests the Boubin
valley is one of the most interesting localities in the
Czech Republic in terms of production.

The number of dead individuals increased from 4,682 to
6,035 with a huge increase of lying trees from 610 up to
3,905. A marked increase is also seen in basal area while
stem volume shows only a vague rise (Table 3). The val-
ues indicate that it is also a considerably high number of
smaller trees that die. In general, the volume of dead trees
amounts to 23.2% of live trees volume.

The long-term eveness of timber supply in the virgin
forest is also confirmed by Table 14. Dr. Rehak counted
the complete reserve of timber to the top of 7 cm outside
bark (i.e. stems from d.b.h. = 7 cm), not counting on the

" other hand the volume of lying dead stems. Therefore,
the dead timber data can be compared only in dead stand-
ing trees while in the live trees the tree mass is negligible
within the d.b.h. 7-10 cm and the aggregate data on the
volume of live trees are acceptable as compared with the
present situation.

Norway spruce (Picea abies)

Norway spruce is the main tree species in the Reserve
and its representation exceeds 50% in all indicators (Ta-
ble 3). The representation by tree counts remained un-
changed since 1972, the representation by stand basal
area and stem volume showed a slight increase. A shift of
the entire population into larger dimensions is quite clear
— the number of live trees fell from 7,376 to 5,988, the
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stand basal area and the stem volume slightly increased
(Table 3). The curve of tree numbers in diameter classes
corroborates the trend, illustrating the loss of trees par-
ticularly in Diameter Classes 1, 2 and 3, i.e. the loss of im-
portant trees of the new generation.

A slightly increased volume of dead timber (from 4,827
to 5,311 m?) is primarily contributed to by a plot in the
south-eastern part of the virgin forest, in which a whole-
area disintegration occurred in 1993 (see tree map 1:1,000).

446

main tree species

Beech (Fagus sylvatica)

Similarly as in Norway spruce the entire beech popula-
tion was displaced toward the larger diameter classes. The
number of live trees decreased from 5,244 to 4,558, and
the volume of live stems increased from 11,187 to 14,831 m*
(Table 3). A slight decrease of numerousness in the diam-
eter classes was recorded in Diameter Classes 1, 2, 3 and
4 while in Diameter Classes 6, 7 and 8 the whole popula-
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Table 6. The summary of tree species by tree numbers, stand basal area and timber volume at the water-unaffected sites

Living trees Dead trees Virgin Living Dead

1972 ", dead stand- forest trees  lrees

199 intact trees fractures total ing trees stubs fallen total total %) (%)
pes 3,898 3,898 144 510 81 735 4,633 42.8 258
pes 3,172 6 3,178 625 84 1,308 2,017 5,195| 42.5 54.2
Norway m? 708.772 708.772 9.458 86.162 10.540 106.160 814.932| 46.2 20.6
spruce  m? 770.720 0.786  771.506 63.254 30.906  249.266 343.426 [1,114.932| 48.4 41.4
m? 9.758.86 9.758.86 3,178.13 |12,936.99| 42,4 41.0
m?  11,003.57 10.21 11,013.78 856.34 89.90  2,360.67 3,306.91 | 14,320.69 | 42.1 40.8
pes 507 507 149 242 36 427 934 5.6 15.0
pes 191 191 100 166 367 633 824 2.6 17.0
silver m? 187.381 187.381 54.428 113.348 10.202 177.978 365.359| 12.2 34.5
fir m? 78.783 78.783 39.977 78.720 175.072 293.769 372.552 49 354
m? 3,044.15 3,044.15 2,822.25 5,866.40| 13.2 364

m? 1,391.33 1,391.33 710.34 34478  1,954.37 3,009.49 4,400.82 5.3 ¢ 3%
pes 4,693 4.693 745 701 238 1,684 6,377 SLS5. 59.1
pes 4,069 17 4,086 85 260 719 1,064 5,150 | 54.7 28.6
European m? 636.662 636.662 49.626 143.563 37.952 231.141 867.803| 41.5 44.9
beech m? 740.005 3.031 743.036 7.572 52.942 130.049 190.563 933.599| 46.6 23.0
m?  10,189.23 10,189.23 1.753.74 | 11,942.97| 44.3 22.6
m?  13,691.67 24.74 13,716.41 128.82 185.16  1,459.40 1,773.38 | 15,489.79| 52.4 21.9
pes 16 16 2 18 0.2 0.1
Other pes 18 18 2 2 3 7 25 0.2 0.2
(KL, JL, m? 2.050 2.050 0.000 2.050 0.1 0.0
JR,BR) m? 2.010 2.010 0.267 0.227 1.995 2.489 4.499 0.1 0.3
m? 31.43 31.43 2.08 33.51 0.1 0.0
m? 32.83 32.83 4.14 0.69 16.47 21.30 54.13 0.1 0.3
pes 9.114 0 9.114 1,038 1,453 355 2,848 11,962 | 100.0 100.0
pes 7,450 23 7,473 812 512 2,397 3,721 11,194 100.0 100.0
m?  1,534.865  0.000 1,534.865 113.512 343.073 58.694 515.279 | 2.050.144| 100.0 100.0
Total m?  1,591.518 3.817 1,595.335 111.070 162.795 556.382 830.247 | 2,425.582| 100.0 100.0
m? 23.023.67 0.00 23,023.67 0.00 0.00 0.00 7,756.20 | 30,779.87 | 100.0 100.0
m?  26,119.40 34.95 26,154.35 |1,699.64 620.53  5,790.91 8,111.08 | 34,265.43( 100.0 100.0

Other: KL - sycamore maple (Acer pseudoplatanus), JL — elm (Ulmus sp.), JR — European mountain ash (Sorbus aucuparia), BR — Euro-
pean birch (Betula pendula)

tion continually proceeded into the higher diameter class
with hardly any loss in the count of individuals (Fig. 9).

The trend is also confirmed by a slight decrease in both
number and volume of dead timber. Older trees of larger
diameters got gradually disintegrated, there were only
a few newly dead trees, and the lower diameters are sub-
jected to a much faster disintegration.

Silver fir (Abies alba)

Fir exhibits a long-range decrease in all parameters un-
der study. Expiration of the population grown up prior to
the long-term disturbance of developmental relations due
to overpopulated red deer is quite evident. The curve of
live tree numbers in the respective diameter classes scored
a deep fall (Fig. 8) similarly as both relative and absolute
values of studied parameters which show an unstoppable

J. FOR. SCI., 47, 2001 (10): 439-459

decay of the present population. The representation of fir
in all indicators is below 5%. The total number of live
trees dropped from 693 in 1972 to 258 in 1996, which is an
entirely unsatisfactory situation with respect to the stud-
ied stand area (46.62 ha) (Table 3).

A logical consequence to the above situation is the
increase of dead timber — both in numbers and in terms of
volume, which also showed in an increased representa-
tion of dead timber as related to other species in the Re-
serve.

Other

Apart from the three above mentioned “main” tree spe-
cies in the virgin forest, there are some interspersed spe-
cies whose importance is also high not only from the
viewpoint of the biodiversity of natural communities. Spe-
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Table 7. Living trees by species and diameter classes at the water-unaffected sites (intact standing trees + fractures)

Diameter o
e 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 :_;_g
28

Norway /972 631 885 525 395 384 324 274 209 135 70 33 24 7 2 3.898
spruce 1996 300 658 393 290 309 299 302 257 180 98 54 28 5 7 1 3,178
silver 1972 10 35 40 46 60 57 69 73 46 39 8 8 4 2 507
fir 1996 1 18 17 19 12 19 24 28 22 16 9 220 1 1 191
European /1972 446 852 888 864 846 535 156 78 25 3 4,693
beech 1996 188 597 634 663 754 649 413 149 35 9 4,086
Other 1972 3 5 2 4 2 . 16
1996 2 3 5 3 4 1 18

Total 1972 1,087 1,775 1,458 1,307 1,294 918 499 360 206 12 51 32 11 4 00 9.114
1996 491 1,276 1,049 975 1,079 967 740 434 237 123 63 30 7 8 1 1 7473

Note: The sums by the individual diameter classes are the numbers of stems. Their sum does not correspond to the number in the column
“living total” which means the number of individual trees. The difference is caused by the fact that the trees with twin or triple stems

were not included.
Other: KL — sycamore maple (Acer pseudoplatanus), JL - elm (Ulmus sp.), JR — European mountain ash (Sorbus aucuparia), BR - European
birch (Betula pendula)
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Fig. 6. The number of living trees in diameter classes — Norway spruce
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Fig. 7. The number of living trees in diameter classes — silver fir
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Table 8. The representation of living trees by species in per cent at the water-unaffected sites
Arca 32.34 ha Norway sprucc Silver fir Europcan beech Other Total
The representation 1972 42.8 5.6 51.4 0.2 100
by trec numbers 1996 42.5 2.6 54.7 0.2 100
The representation 1972 46.2 12.2 41.5 0.1 100
by stand basal arca 1996 48.4 4.9 46.6 0.1 100
The representation 1972 42.4 13.2 44.3 0.1 100
by timber volume 1996 42.1 53 52.5 0.1 100

Other: KL — sycamore maple (Acer pseudoplatanus), JL — elm (Ulmus sp.), JR — European mountain ash (Sorbus aucuparia), BR — European

birch (Betula pendula)

cies recorded in the year 1996 were sycamore maple (Acer
pseudoplatanus), Scotch elm (Ulmus glabra), rowan
(Sorbus aucuparia), common birch (Betula pendula),
European aspen (Populus tremula), and willow (Salix sp.)
(Table 3). Their total representation in all studied parame-
ters ranges from 0.2-0.4%.

J. FOR. SCI., 47, 2001 (10): 439-459

Changes by sites

Changes in the tree layer as related to site conditions
were assessed for water-affected sites including sites in
thermal inversion (forest types 7V6, 7V9, 6R1, 7K2) and
for water-unaffected sites (forest types 6S2, 6N3, 6D2).
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Table 9. Hectare indices — water-unaffected sites

Living trees  Dead trees  Total
Trees per 1972 281 88 369
1 ha (pcs) 1996 231 115 346
Stand basal area 1972 47.358 15.899 63.257
per 1 ha (m?) 1996 49.33 25.672 75.002
Timber volume 1961 710.39 239.32 949.71
per 1 ha (m?) 1996 808.73 250.81 1,059.54

Note: The 1972 parameteres are related to the area 32.41 ha (PRUSA
1985)

The long-term balance in the representation of tree spe-
cies between the water-affected and -unaffected sites is
illustrated in Fig. 10. The only apparent change is the
whole-area shrinkage of fir (with no respect of site).
Dominant species on the water-unaffected sites is
beech, closelly followed by spruce (Tables 6, 8). In the
case of beech, all studied parameters always increased to

the detriment of fir since the values of spruce indicators
show hardly any change. The stand ageing is document-
ed also by Table 7 and 9. It follows from Table 7 that the
higher numbers of live trees shifted into the higher diam-
eter classes. The number of live trees generally dropped,
the basal area increased only negligibly but a more pro-
nounced increase can be seen in the tree volume, which
indicates that a lower number of trees bears a higher tim-
ber volume (Table 6). The increased volume of dead tim-
ber follows out from the dying of the older generation of
fir and spruce.

The water-affected sites are typically dominated by
spruce whose representation in all studied parameters
increased, at all times at the cost of fir (Table 10). Repre-
sentation of beech shows hardly any change and can be
considered maximum on these sites (provided that the
existing water regime is maintained). Beech makes use of
mildly elevated plots and exhibits an abundant represen-
tation on transitions towards the fresh and nutrient-en-
riched types. Stability of stands on these sites is very

Table 10. The summary of tree species by tree numbers, stand basal area and timber volume at the water-affected sites

Living trees Dead trees o 5 5 7

Virgin Living Dead

{g;é intact trees fractures total ?:;du::nd- stubs fallen total f?::: :1;2:)5 t{f;:;

pes 3,478 3,478 733 590 236 1,559 5,037 | 822 850

pes 2,809 1 2,810 607 85 1,272 1,964 4,774 | 834 849

Norway m? 526.986 526.986 32.017 64.940 31416 128.373 655.359 | 82.0 713
spruce m? 588.422 0.071 588.493 37.910 15.959 157.548 211.417 799.910 | 87.4 73.4
m? 7,048.83 7,048.83 1,649.00 8,697.83 | 79.9 67.1

m? 8,367.00 0.16 8,367.16 476.78 34.81 1,493.22 2,004.81 10,371.97 | 850 71.8

pes 186 186 54 44 4 102 288 4.4 5.6

pes 67 67 47 33 107 187 254 2.0 8.1

silver m? 49.228 49.228 10.477 15.582 0.825 26.884 76.112 7.7 14.9
fir m? 19.423 19.423 13.367 8.168 30.387 51.922 71.345 29 18.0
m’ 746.92 746.92 406.58 L1535 8.5 16.5

m’ 333.86 333.86 230.21 25.91 316.9 573.02 906.88 3.4 205

pes 551 551 28 124 15 167 718 | 13.6—~ 9.1

pes 471 1 472 8 24 126 158 630 | 14.0 6.8

European m? 64.912 64.912 1.869 20.953 1.846 24.668 89.580 | 10.1  13.7
beech m? 63.805 0.126 63.931 0.943 4.233 18.668 23.844 87.775 25 83
m’ 997.96 997.96 400.41 1,398.37 | 11.3 16.3

m’ 1,114.24 0.39 1,114.63 16.99 9.72 177.9 204.61 1,319.24 | 11.3 7:3

pes 17 17 6 23 0.4 0.3

Other pes 20 20 1 1 3 5 25 0.6 0.2
(KL, JL, m? 1.549 1.549 0.000 1.549 0.2 0.0
JR,BR, m? 1.767 1.767 0.008 0.071 0.636 0.715 2.482 0.3 0.2
OS,VR) m’ 22.98 22.98 2.08 25.06 0.3 0.1
m? 26.98 26.98 0.03 0.07 7.97 8.07 35.05 0.3 0.3

pes 4,232 0 4,232 815 758 255 1,834 6.066 |100.0 100.0

pes 3,367 2 3,369 663 143 1,508 2,314 5,683 |100.0 100.0

Total m? 642.675 0.000 642.675 44.363 101.475 34.087 179.925 822.600 |100.0 100.0
m? 673.417 0.197 673.614 52.228 28.431 207.239 287.898 961.512 [100.0 100.0

m’ 8,816.69 0.00 8,816.69 0.00 0.00 0 2,458.07 11,274.76 |100.0  100.0

m’ 9,842.08 0.55 9,842.63 724.01 70.51 1,995.99 2,790.51 12,633.14 [100.0 100.0

Other: KL - sycamore maple (Acer pseudoplatanus), JL — elm (Ulmus sp.), JR — European mountain ash (Sorbus aucuparia), BR - Euro-
pean birch (Berula pendula), OS — European aspen (Populus tremula), VR - willow (Salix sp.)
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Water-affected sites Water-unaffected sites Fig. 10. The representation of living
trees by tree numbers at individual sites

Other: KL - sycamore maple (Acer pseu-
doplatanus), JL — elm (Ulmus sp.), JR -
European mountain ash (Sorbus aucu-
paria), BR - European birch (Betula pen-
dula), OS - European aspen (Populus
tremula), VR - willow (Salix sp.)

The representation (%)

1972 1996 1972 1996

W Norway spruce DOsilver fir M European beech Bother

Table 11. Living trees by species and diameter classes at the water-affected sites (intact standing trees + fractures)

&
1 2 3 4 5 6 7 8 9 10 1l 12 13 141516 £73
52
Norway 1972 349 744 690 447 526 309 210 118 42 28 10 1 3 ! 3,478
spruce 1996 165 407 378 417 476 393 275 166 72 38 17 6 1 1 2,810
. 1972 15 15 16 33 32 19 19 20 7 5 3 ] 186
silver fir 1996 5 6 8 5 9 10 10 10 1 3 1 67
Europcan /972 56 100 119 125 88 46 14 3 351
becch 1996 59 85 67 105 76 51 21 8 1 1 an
Other 1972 5 ! 5 2 3 ! 17
1996 5 4 4 2 4 1 20
1972 425 860 830 607 649 375 243 141 49 33 I3 I 3 2 1 4,232
Total 1996 234 502 457 529 565 455 306 184 74 42 17 6 1 2 0 3,369

Note: The sums by the individual diameter classes are the numbers of stems. Their sum does not correspond to the number in the column
“living total” which means the number of individual trees. The difference is caused by the fact that the trees with twin or triple stems
were not included.

Other: KL - sycamore maple (Acer pseudoplatanus), JL - elm (Ulmus sp.), JR — European mountain ash (Sorbus aucuparia), BR - Euro-
pean birch (Berula pendula), OS — European aspen (Populus tremula), VR - willow (Salix sp.)

Table 12. The representation of living trees by species in per cent at the water-affected sites

Arca 14.28 ha Norway sprucc Silver fir European beech Other Total
The representation 1972 82.2 4.4 13.0 0.4 100
by trcc numbers 1996 83.4 2.0 14.0 0.6 100
The representation 1972 82.0 7.7 10.1 0.2 100
by stand basal arca 1996 87.3 2.9 9.5 0.3 100
The representation 1972 79.9 8.5 11.3 0.3 100
by timber volume 1996 85.0 3.4 11.3 0.3 100

Other: KL — sycamore maple (Acer pseudoplatanus), JL - elm (Ulmus sp.), JR - European mountain ash (Sorbus aucuparia), BR - European
birch (Betula pendula), OS - European aspen (Populus tremula), VR - willow (Salix sp.)
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Table 13. Hectare indices — water-affected sites

Living trees  Dead trees  Total
Trees per 1972 297 129 426
1 ha (pes) 1996 236 162 398
Stand basal area 1972 45.1 12.626 57.726
per 1 ha (m?) 1996 47.172 20.161 67.333
Timber volume 1961 618.72 172.5 791.22
per 1 ha (m?) 1996 689.26 195.41 884.67

Note: The 1972 parameteres are related to the area 14.25 ha (PRUSA
1985)

poor due to permanent waterlogging. Although there are
some fluctuations due to windthrows of larger extent (see
tree map 1:1,000 — south-eastern part of the virgin forest),
the sites as a whole maintain the stable values of studied
parameters or the parameters exhibit a slightly increasing
tendency (Tables 10, 13) in accordance with the above
described developmental trend of the so called “ageing”.

Boubin 1960
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The most sizeable trees

Thanks to its specific site conditions the region of
Boubin is known to have scored tree dimensions already
in the past, which surmount averages common in the
Czech lands in all respects. Even today we can still see
the “King Spruce” in the virgin forest, which fell in the
year 1970. A detailed analysis disclosed that the tree
reached an age of 440 years, its height being 57.6 m and
d.b.h. 162 cm. Stem volume with bark was 29.2 m* (MACAR
1988). Today, the King has got its “Successor” (Table 15).

The so called “Fir of Boubin” got dry and felled in 1984,
reaching an age of 450 years, height 51.8 m and d.b.h.
145 cm. Its stem volume amounted to 33.6 m® with bark
(MACAR 1988).

DEVELOPMENT OF STAND STRUCTURE
AND TEXTURE

Development of natural regeneration

The area and structural development of natural regen-
eration is illustrated in enclosed maps. The situation of

Boubin 1960
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Fig. 12, Transect Ib
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Husté bukové zmlazeni presné indikuje
plochy vodou neovlivnénych stanovist (654
— svézi smrkova buéina bukovincova). Na
vodou ovlivnénych stanovistich (7V - vlhka
bukova smréina s bikou lesni) se zmlazuje
smrk pouze jednotlivé na lezicich kmenech
— The dense beech regeneration precisely
indicates the surface area ol sites not
affected by water (654 — the fresh Norway
spruce-heech stand with  Gymnocarpium
dryopteris). The regeneration of Norway
spruce on water-affected sites (7V - the
moist beech-Norway spruce stand with
grove woodrush) occurs only on individual
fallen stems

Lezici Kral smrka (padl v roce 1970).
Mohutny smrk v pozadi za kofenovym
vyvratem Krale smrku je tzv. Nastupce
(v roce 1996 vyéetni tloustka 125 cm,

yska 55 m) — The King Norway spruce
fell in 1970. The sizeable spruce tree at
the background behind the windthrow
of the King Norway spruce is a so called
Successor (1996: d.b.h. 125 em: height

Re
Selinné smréiny Stavelové (6R1) je typic-
kym prikladem néahlého (katastrof g

ihlé vyvratisté na stanovisti svézi ra-

ho) rozpadu smréin na podmacenych sta-
novistich a v této podobé je prirozenou
soucasti vyvojového eyklu prirodniho lesa
na obdobnych stanovistich - The extensi-
ve windthrow area on the site of the fresh
peat Norway spruce stand with Oxalis
(6R1) is a typical example of a sudden
(disastrous) disintegration of the Norway
spruce stands on the water-logged sites,
being in this form a natural component
of the natural forest evolution cycle on

the sites of a similar character



Table 14. Sums of tree species according to the timber to the top of 7 cm o.b. (1961) or the stems respectively at the whole area

Living trces Dead trees Visgin: | | Living: - Desd
g f dead stand- b fall | forest trees  trees
intact trees  fractures total ing trecs stubs allen tota total %) (%)
Norwa 1961 17,750.00 17,750.00 1,612.00 ? 1,612.00 | 19,362.00 | 53.0
5 ruccy 1972 16,807.59 16,807.59 4,827.17 | 21,634.76 | 52.8 47.3
5 1996 19,370.57 10.36 19,380.93 1,333.12 124.69  3,853.89 5311.7 | 24,692.63 | 53.8 48.7
1 1961 4,533.00 4,533.00 713.00 ? 713.00 5,246.00 | 13.5
;f VT 1972 3,791.07 3,791.07 3,228.83 | 7.019.90| 11.9 31.6
w 1996 1,725.19 1,725.19 940.55 370.69 2,271.24 3,582.48 5,307.67 4.8 329
1961 11,232.00 11,232.00 581.00 ? 581.00 | 11,813.00| 33.5
European
bodch 1972 11,187.19 11,187.19 2,153.15 | 13,340.34 | 35.1 21.1
1996 14,805.91 25.13 14,831.04 145.81 194.88 1,637.31 1,978.00 | 16,809.04 | 41.2 18.1
1961 33,515.00 33,515.00 | 2,906.00 ? 2,906.00 | 36,421.00 | 100.0
Total 1972 31,840.26 0.00 31,840.26 0.00 0.00 0.00 10,213.31 | 42,053.57 | 100.0 100.0
1996 35,961.48 35.49 35,996.97 2,423.65 691.02 7,786.87  10,901.54 | 46,898.51 [ 100.0 100.0

Note: In 1961 data (REHAK 1964), deadwood values are not stated
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1972 can be considered a clear response of the virgin for-
est to fencing erected in the years 1965-1966 when the
impact of red deer before the fencing was so severe that it
did not make possible the growth of any natural regener-
ation (with the exception of dispersed isolated individu-
als). More continuous stretches of beech regeneration
from 1972 came to existence particularly in the southern
half of the area with a greater representation of water-
unaffected sites (Fig. 1) on which the only regenerating
tree species is beech and where the forest stand largely
shows the stage of disintegration. On these sites, light
conditions facilitated the regeneration of fir and beech
already earlier, in the initial phase of the stage of disinte-
gration but seedlings were eaten by the game with no
exception. Later on, with the gradual opening of the stand
(developing stage of disintegration) spruce could have re-
generated too but was blocked by browsing as well. The
fencing brought a sudden change of conditions for the
natural regeneration, and the species which got specialized
in regeneration at different light intensities (fir-beech-
spruce in the gradient severe shade-mild shade-semishade)
due to the long-term competitive pressure were all of a sud-
den put on the “starting line” under nearly uniform light
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conditions comparable with those of semishade. Further-
more, beech in particular formed for years browsed “brush-
es” which were about 10-20 cm high and with root
systems of good quality. The winner was naturally decid-
ed on in advance. In 1972, the beech regeneration took up
11.17 ha (24% virgin forest area) and was almost undiffer-
entiated (height 1-2 m).

In the period 1972-1988, the growing-up regeneration
responded to light conditions of its microlocalities with
diverse growth intensities and a greater (and desirable)
differentiation occurred both in terms of height and area.
Apart from this there were some additional regeneration

Table 15. The most sizeable live trees in the core part of the
Boubin virgin forest National Nature Reserve in 1996

d.b.h. (cm) Height (m)
Spruce Successor 129 57
Spruce 142 52.5
Fir 137 55
Beech 77 45.5
Beech 91 36
Boubin 1960
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plots coming into existence and the total area became as
large as 12.50 ha (27% virgin forest area) in 1988. Beech
was still the dominant species as its dense advance
growths did not provide enough light to fir. Spruce and fir
were regenerating individually outside the beech groups.

And there were more changes in the differentiation of
natural regeneration before 1996. The size of individual
plots within a certain height interval decreased and the
total area of natural regeneration slightly increased up to
13.93 ha (30% virgin forest area). The lower height class-
es (0.5-1.0 m and 1-2 m) include representations of spruce
and rowan because there are more than just a few isolated
individuals. Outside these areas there are both individu-
als and small groups (several individuals at a distance of
about 0.5-2 m) of regenerating spruce and fir, which suc-
cessfully grow up (seedlings have several whorls at the
increasing distance). Sycamore shows a sporadic occur-
rence at some places.

In the year 2000, the dispersed regenerations of fir and
spruce exhibit a clear stabilization particularly in the south-

Boubin 1960

eastern part of the virgin forest. An important representa-
tion is that of the generation old about 4 to 5 years. The
area of the disastrous disintegration in 1993 (red colour in
the tree map) is beginning to be grown through. However,
a portion of the seedlings shows signs of browsing and
the virgin forest exhibits signs of roe deer presence.

Stand structure and texture

The development of virgin forest structure in the peri-
od 1960-1996 is illustrated in Figs. 11-18. There is no
doubt that the stand structure in the whole virgin forest
was simplified due to the long-term impact of red deer in
the 20" century. Parts with a more complicated structure
in the selection phase of the stage of growth were gradu-
ally shifted into the stage of optimum with only one main
storey which rather exceptionally exhibited a greater
height differentiation because the new generation was
missing colts (transects Ia — Fig. 11; IIIb - Fig. 16; IVa -
Fig. 17). Stands which proceeded into the stage of disin-
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tegration were not followed by a new generation of tree
species (regeneration phase) which made the stage of dis-
integration unnaturally lengthy (transect Ila — Fig. 13).
The main storey canopy closure was gradually shrinking
with the disintegration of groups with originally intercon-
nected crowns. Transects from the year 1960 show the
two above mentioned models of development and the ful-
ly enclosed, structurally simpler stages of optimum
(transects Ib — Fig. 12; IIb — Fig. 14; Ila — Fig. 13) or the
transition from the stage of growth to the stage of opti-
mum (transect [IVb—Fig. 18).

It was only the fencing of the virgin forest in 1965-1966
that enabled a spontaneous development of the new gen-
eration of tree species thus triggering a new structural
differentiation of the virgin forest. The stage of disinte-
gration was added the phase of regeneration (Fig. 13, right
quarter of Fig. 11), a majority of plots in the stage of opti-
mum moved over to the stage of disintegration, the phase
of regeneration, and began to form a more complex two-
up to three-storeyed structure (Figs. 12, 14, 17). The sur-
viving plots of the selection phase of the stage of growth,
filling nearly the entire growing space, gradually appeared
themselves in the stage of disintegration since the new
generation of tree species arrived too late and was fur-
thermore in the first phase (1970-1990) represented near-
ly exclusively by beech which could not replace fir which
shows a much better plasticity to light (Fig. 16). The ini-
tially newly arriving stage of optimum, still slightly differ-
entiated, “matured” in the course of 36 years and formed
a structurally simple type of single-storeyed stand with
individually placed intermediate trees (Figs. 11, 18). A good
example, summarizing the main structural processes oc-
curring over the last 35 years is provided in Fig. 15. The
right third represents a transition from the stage of growth
to the stage of optimum, the two left thirds represent
a typical “maturation” of the stage of optimum and its
starting disintegration (up to now without the phase of
regeneration).

DISCUSSION

SURVIVAL OF SILVER FIR POPULATION
AND ORIGINAL ECOTYPE OF NORWAY SPRUCE

Unlike in other important virgin forest reserves of our
country the only anthropic impact in Boubin was an ex-
tremely fluctuating stock of red deer. The increasing game
stock with the gradual killing of predators, the minimization
of the game stock due to poaching in the 19" century, and
the overpopulated game due to hunting passion on the
other hand (particularly over the entire 20" century until
fencing) were the main reasons to the present situation
(a range of side factors being difficult to document exact-
ly). The present situation is characteristic by the distur-
bance of cyclic regeneration of tree species in the typical
beech-fir-spruce virgin forest. The popular model of alter-
nating beech generations with generations of fir and spruce
was presented in a simplified form as early as in 1883:

456

“A view of experienced foresters is that the leafy trees:
beech alternating with coniferous: spruce and fir formed
overgrowths at the time of 500 years return. In the first
period the fast growing conifers took over the young and
long developing beech trees which formed the under-
growth in the second period; later in the third period when
the conifers developed into the overgrowth, repeatedly
sowing the soil with seeds, by this way preparing the
coniferous undergrowth.” (CHADT 1883).

The existing condition of the populations of three main
species might be somewhat pesimistic at the first sight,
especially so with regard to the maintenance of fir in this
Reserve as a species and to the conservation of autoch-
thonous ecotype of mountain spruce as an extraordinari-
ly valuable genetic material also for the surrounding
commercial forests and naturally also for the remaining —
non virgin forest — part of the existing Reserve (666 ha).
Both developmental curves and mensurational tabular
data indicate that the decrease of measured quantities
has not stopped — with one exception. There are natural
regenerations of fir and spruce which grow mainly at plac-
es where beech did not succeed in forming continuous
advance growths. The present increments and position
of regenerated individuals in the stand (situation in 2000)
at controlled places give pre-requisites for the develop-
ment of a new generation of both fir and spruce. Viewed
from this angle we can claim that it is particularly the fir
population that starts rising from the bottom of its exist-
ence. The fact is not going to be reflected by the mensu-
rational data yet because it will take some time that the
individuals reach the limit for registration. Nevertheless,
the detailed mapping of natural regeneration gives us jus-
tified hope for a regeneration of the silver fir population
already today. The today’s beech advance growths will
be more differentiated in some 50-70 years.

Should there be some live fructifying firs in the virgin
forest (or in adjacent near-natural stands in the today’s
NNR) by that time, they will find a possibility of gradual
regeneration under the beech storey and will start the
above mentioned cycle of alternating main stand-forming
tree species. The present randomly dispersed seedlings
that will survive will most probably form the mid-storey of
the virgin forest.

The same holds for spruce. Perhaps with a remark that
its present population does not shrink that much as that
of fir, and that spruce has an irreplaceable position on
water-affected sites where it is not threatened by beech
competition and fir can be considered competitor only on
edges with the more or less stagnating water. Spruce has
certainly its place also on water-unaffected sites and it is
assumed on the basis of recent investigations into its
natural regeneration that it is going to keep it as well.

The suggested development is conditioned by an ade-
quate game pressure on the browsing of seedlings, i.e.
the pressure that will enable at least a quarter up to a half
of individuals to grow. This condition ean be met only by
permanent fencing at the present time. Although there
might be individual heads of game making their way into
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the virgin forest, they cannot do too much damage as in
the unfenced virgin forest which would become a unique
chamber for both red and roe deer game thanks to good
shelter, abundant natural food and quiet.

DISASTROUS DISINTEGRATION
ON WATERLOGGED SITES

Spruce stands on waterlogged sites, often with peat
soils, demonstrated even in the Boubin virgin forest their
capacity of rather fast regeneration after a sudden (disas-
trous) whole-area disintegration. The originally 2 to 4 m
high layer of fallen trees set down at some places to a half
after seven years from the disintegration (red coloured
surface in the tree map), i.e. in the period 1993-2000, and
the tangle starts to be grown through by a colourful mix-
ture of tree species — rowan, willow, beech, fir, spruce,
sycamore — each species on a microlocality fitting its re-
quirements. The spontaneity (which is by the way made
possible by the fact that the tangle is inaccessible to game)
is a good evidence that the large-scale disintegration does
not necessarily always mean an entire extinction of the
ecosystem and its degradation (or the degradation of de-
veloped soils) into pre-climax stages. However, a condi-
tion to this is the existence of climax communities in the
immediate surroundings. Also, this will limit the size of
disintegrated areas — there will never be hundreds of hect-
ares where for example climatic regulation of the surround-
ing stand would be impossible, which enables among
other to maintain the existing soil environment.

Main problem to understand these processes in the
management of forest territories under special protection
becomes time. All of us have fixed in our minds the magic
2 legal years for reforestation of clear-cut areas and the
subsequent five years for establishment of the planta-
tions and we somehow ignore the fact that this technical
element (however beneficial to maintain at least the mini-
mum criteria of the existence of the commercial forest) is
an absurdity in the natural forest. Although the virgin
forest grows still at the same pace, the human impatience
to see results of work grows with the acceleration of hu-
man activities.

GENERAL EVALUATION

Based on detailed historical surveys, the Boubin virgin
forest can be considered a singular example of the pre-
served stand of virgin-forest character. The sole signifi-
cant influence controlling the development of the virgin
forest was hoofed game whose stock was regulated by
man.

There were practically no larger fluctuations of main
mensurational indicators in the period under study 1960—
1972-1996, expressing the values for the whole area of
the virgin forest under study although sudden disinte-
grations of the existing stand occurred at a number of
places, the population of silver fir exhibits clear signs of
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ageing and decay, etc. The fact confirms the unique char-
acter of the Boubin virgin forest and demonstrates the
viability and stability of virgin forest formations that have
been left to the spontaneous development on a sufficient-
ly large continuous area.

The representation of fir showed a pronounced shrink-
age the loss being compensated for by the increased par-
ticipation of beech. Norway spruce has kept its dominant
position in the virgin forest. The number of live trees
slightly decreased but the stem volume of live trees in-
creased which gives evidence of general virgin forest
ageing. Nevertheless, 30% of the surface is covered by
the continuous advance growth with dominant beech. The
advance growths are so far below the registration limit of
mensurational measurements; however, a greater struc-
tural differentiation of the virgin forest and hence a new
balance of some parameters (number of trees versus their
volume, etc.) is expected to occur in the future. Spruce
and fir successfully regenerate at fitted places outside
the beech advance growths and are accompanied by oth-
er interspersed tree species. It can be assumed that the
population of silver fir will be gradually regenerated sim-
ilarly as the spruce of local mountain ecotype.

CONCLUSIONS FOR THE FURTHER
DEVELOPMENT OF THE TERRITORY

The results of repeated investigations led to the follow-
ing recommendations:

- Notwithstanding all disputable consequences of com-
plete fencing of the virgin forest, this is considered to
be the only solution that can ensure a relatively spon-
taneous development of the forest. This is why the fenc-
ing must be kept in good condition and the game which
accidentally gets into the forest must be hunted or forced
out.

— The virgin forest should not be subject to any inten-
tional measures.

— The measure-less zone can include stands above the

Lukenskd road (within the existing National Nature Re-

serve), whose structure and species composition meet

the criteria for their classification with the stands of
virgin forest character (stands 134 A, 134 C) and in which

a pre-requisite exists of long-term stability.

On the other hand, the measure-less zone should not

include other stands in the existing NNR of Boubin vir-

gin forest, which do not meet the criteria of structural

(age) differentiation, species representation and genet-

ic origin. These stands should be preferrably subjected

to active measures aimed at a greater structural differ-
entiation of the stands, active introduction of missing
target species, possibly existing species of suitable or-
igin. The stands in question are those between the Horn{

Basumskad road and the Basumsky ridge (stands 135 A-

C, 134 B, D), in the vicinity of Boubin Mt. peak (com-

partment 127) and in the surroundings of hunting lodge

(compartment 129).
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Boubinsky prales po 24 letech (1972-1996) — vyvoj stromového patra

T. VRSKA!, L. HORT?, P. ODEHNALOVA?, D. HORAL?, D. ADAM?

'Sprava Ndrodniho parku Podyji, Znojmo, Ceskd republika

2Agentura ochrany prirody a krajiny CR, detasované pracovisté Brno, Ceskd republika

ABSTRAKT: V roce 1996 byla provedena opakovana méfeni taxacnich, typologickych a porostnich charakteristik v narodni
prirodni rezervaci Boubinsky prales. Tyto tikony nasledovaly po vyzkumu provedeném v roce 1972 s pouzitim stejné metodi-
ky a naslednym vyhodnocenim zmén, k nimz ve sledované oblasti dolo. Doslo k vyraznému poklesu zastoupeni jedle a tento
Gbytek byl nahrazen zvy3enou ugasti buku. Dominantni postaveni si v pralese udrzel smrk. Pocet Zivych stromi mirné klesl,
naopak stoupl objem kment Zivych strom@. Celkem 30 % plochy pralesa je pokryto souvislym narostem s dominanci buku.
Na vhodnych mistech mimo bukové nérosty se uspésné zmlazuje jedle i smrk s doprovodem dalsich vtrousenych drevin. Lze
predpokladat, Ze postupné dojde k obnové populace jedle bélokoré i k obnové smrku. Je navrZen daldi management rezervace.

Kli¢ov4 slova: dynamika; sledovani; prales

Boubinsky prales lze na zakladé podrobnych historic-
kych priizkumi povaZovat za ojedinély ptiklad dochova-
nosti pralesovitého porostu. Jedinym vyznamnym vlivem,
pusobicim na vyvoj pralesa, byly ¢lovékem ovliviiované
stavy sparkaté zvéfe.

V roce 1996 bylo na tizemi ptivodni pralesovité rezerva-
ce provedeno opakované 3etieni dendrometrickych, ty-
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pologickych a porostnich charakteristik. Prace navazuji
na puvodni $etfeni z roku 1972, byly provedeny stejnou
metodikou a nasledné byly vyhodnoceny zmény, ke kte-
rym na sledovaném uzemi doslo.

Ve sledovaném obdobi 1960-1972-1996 prakticky ne-
doslo k vyrazné&jsimu vykyvu hlavnich dendrometrickych
ukazatelli, vyjadfujicich hodnoty za celou sledovanou
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plochu pralesa, a to pfesto, Ze na fadé mist doslo k ndhlym
rozpadiim stavajiciho porostu, dochazi k vyraznému star-
nuti a odumirani populace jedle bélokoré apod. Tato sku-
tecnost potvrzuje jedine¢nost Boubinského pralesa a do-
kazuje Zivotaschopnost a stabilitu pralesovitych utvard,
ponechanych samovolnému vyvoji na dostate¢né velké
souvislé plose.

Doslo k vyraznému poklesu zastoupeni jedle a tento
ubytek byl nahrazen zvy$enou ucasti buku. Dominantni
postaveni si v pralese udrzel smrk. Po&et Zivych stromi
mirné klesl. Naopak stoupl objem kment Zivych stromi,
coz svéd¢i o celkovém starnuti pralesa. Celkem 30 % plo-
chy je v8ak pokryto souvislym narostem s dominanci
buku. Tyto nérosty jsou zatim pod registraéni hranici den-
drometrickych $etfeni, v budoucnu viak dojde k vétsi
strukturalni diferenciaci pralesa a k vyrovnani nékterych
ukazatell (pocet stromii versus jejich objem apod.). Na
vhodnych mistech mimo bukové narosty se uspésné zmla-
zuje jedle i smrk s doprovodem dalSich vtrousenych dfe-
vin. Lze pfedpokladat, Ze postupné dojde k obnové po-
pulace jedle bélokoré i k obnové smrku zdej$iho horského
ekotypu.

Na zakladé vysledki opakovanych Setfeni je doporuéeno:
— I pres vSechny diskutabilni disledky, které pfinasi uplné

oploceni pralesa, je to v soucasné dobé jediné feseni,

zajist'ujici jeho relativné pfirozeny samovolny vyvoj.
Proto je tfeba trvale udrzovat oploceni v provozuschop-
ném stavu a podle moZnosti lovit &i vytlacovat ven zveéf,
kterd se do pralesa dostane.

- V pralese by nemély byt provddény zadné umyslné
zasahy.

— Do bezzasahového rezimu je mozné zafadit porosty nad
Lukenskou cestou (v ramci stavajici narodni prirodni
rezervace), které svou strukturou i dfevinnou skladbou
spliuji kritéria pro zafazeni mezi porosty pralesovitého
charakteru (porosty 134 A, 134 C) a je u nich pfedpoklad
dlouhodobé stability.

— Naopak do bezzasahového reZimu nezarazovat ostatni
porosty ve stavajici NPR Boubinsky prales, které
nespliiuji kritéria strukturélni (a tedy i vékové) diferen-
ciace, druhového zastoupeni a ani genetického pavodu.
V téchto porostech je zadouci aktivné provadét zasahy
vedouci k vétsi strukturalni diferenciaci porostt — ak-
tivni vnaseni chybéjicich cilovych dfevin, pfip. pfi-
tomnych dfevin, ov§em vhodného plivodu. Jedna se
zejména o porosty mezi Horni Basumskou cestou a Ba-
sumskym hiebenem (oddéleni 135 A-C, 134 B, D), v okoli
vrcholu Boubina (oddéleni 127) a loveckého zdmedku
(oddéleni 129).
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Qualitative analyses of the Norway spruce seeds

Picea abies (L..) KARST.

L. Hrasi

Palacky University, Faculty of Pedagogy, Olomouc, Czech Republic

ABSTRACT: This article contains the specific knowledge of detailed qualitative analyses of Norway spruce seeds from the Krkonoge
Mts. Anatomical analyses, biochemical analyses and tests of germination were realized in 8 different samples. Unusual results
were obtained — polyembryony, incompletely developed embryos and abnormally germinating seeds.

Keywords: Norway spruce seeds; detailed analyses; incompletely developed seceds; polyembryony; abnormally germinating

seeds

Seeds with low germination or nongerminating seeds
have accounted for a large portion of Norway spruce seed
production (SIMANCIK 1965). Different chemical and
physical methods were used to stimulate seed germina-
tion (TIMONIN 1966; WEINBERGER et al. 1978). Their prac-
tical use has not been verified yet. There is not much
information about biochemical and cytogenetic seed anal-
yses (BUCClI etal. 1997).

The seed quality is investigated by the biochemical tet-
razolium test and germination test (CSN 48 1211 Zkousky
jakosti plodt a semen lesnich dfevin [Fruit and Seed Qual-
ity Tests in Forest Tree Species]; BASRA 1995; REHAP
1983). It is only known according to the cytogenetic anal-
yses that a standard karyotype of the Norway spruce con-
tains 24 chromosomes (PAZOURKOVA, PAZOUREK 1960),
and the first genetic linkage map of a single tree was
solved (Buccl etal. 1997).

It is clear according to the mentioned information that
no complex qualitative information of the Norway spruce
seeds has been available till now. That is why the aim of
this experiment was to study the vitality and quality of
seeds, germination and different anomalies during the
germination processes.

MATERIAL AND METHODS

Seeds of the Norway spruce (8 samples) from the
Krkonose Mts. (altitude 950-1,050 m a.s.l.) were exam-
ined. Water content was 7.8-8.8% in different samples of
seeds. The total quantity of each seed sample (100 g) was
divided into 4 parts (4 x 100 seeds from each sample) for
different analyses. Other seeds were stored.

These seed analyses were carried out:

a) content of full seeds (4 x 100 from each sample), ac-
cording to the Standard CSN 48 2111 Jakost plodi a se-
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men lesnich dfevin (Fruit and Seed Quality Tests in For-
est Tree Species),

b) anatomical structure — content of vital and nonvital
seeds (4 x 100 from each sample) analysed by the longitu-
dinal section under the stereomicroscope Olympus (mag-
nified § times), as nonvital seeds were considered those
seeds in which embryos were smaller than 2/3 of the lon-
gitudinal length of the axial duct and seeds with 2 and
more embryos — polyembryony,

¢) biochemical analysis — study of the seed vitality by a
modified tetrazolium test — the development and colour
were examined in a longitudinal section (4 x 100 seeds of
each sample) under the stereomicroscope Olympus (mag-
nified 5 times), nonvital seeds had another colour than
red,

d) the tests of germination were carried out after ana-
tomical and biochemical analyses of each sample (accord-
ing to the Standard CSN 48 1211 Jakost plodt a semen
lesnich dfevin [Fruit and Seed Quality Tests in Forest
Tree Species]). Some anomalies were registered during
the processes of germination. Data on germinative ener-
gy, germination, data from analyses of seed qualities were
statistically processed by calculating the arithmetic
means and using one-factor analysis of variance.

RESULTS

Results of the detailed qualitative analyses (based on
anatomical and biochemical tests and germination tests)
are given in Table 1.

Data in Table 1 show that the content of full seeds was
between 78.8 and 95.5% in different samples. The content
of nonvital seeds according to the anatomical analyses
ranged from 1.2% to 67% and according to the biochemi-
cal analyses from 1.9% to 11.2%. The polyembryony was
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Table 1. Results of qualitative analyses and germination tests of the Norway spruce seeds

Anatomical analyses (%)
Content of e rle

Sample

Biochemical analyses (%)

Germination tests (%)

full seeds (%) vital nonvital vital nonvital {:?\I:);‘:’- fﬁg:;;mwe germination anomalies
SM 1 88.8 97.8 2.2 95.3 3.4 1.3 13.8 67.5 0.0
SM 2 91.5 93.8 5.2 91.0 5.5 3.5 11.3 61.5 259
SM 3 83.5 98.8 1.2 95.8 1.9 2.3 14.5 62.3 2.0
SM 4 94.0 93.3 6.7 88.5 10.5 1.0 0.8 453 7.3
SM 5 87.0 96.0 4.0 94.3 5.2 0.5 14.0 64.5 33
SM 6 95.5 94.5 8.5 91.8 6.9 1.3 12.5 59.5 2.3
SM7 87.0 95.8 4.2 93.0 6.7 0.3 12:3 63.5 0.8
SM 8 78.8 94.0 6.0 88.0 11.2 0.0 6.0 43.3 8.0

evident in 7 samples and accounted for maximally 3.5%.
The results of germination tests show that germinative
energy was 0.8-14.5% and germination amounted to 43.3—
67.5%. Anomalies during the germination tests were found
in seeds of 7 samples and they accounted for 8%. They
germinated abnormally — by green parts of epicotyls (see
Fig. 1).

Fig. 1 illustrates the atypically germinating Norway
spruce seed.

Fig. 2 shows a completely developed embryo of the
Norway spruce seed as seen under an electron micro-
scope REM-JSM-35-Jeol.

Statistical analyses document a significant relation be-
tween altitude and content of full seeds. Similar results
were obtained between altitude and anatomical analyses,

-

—q 0.3 mm

Fig. 2. The completely developed embryo of the Norway spruce

seed
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Fig. 1. The atypically germinat-
ing Norway spruce seed

between altitude and biochemical analyses. A significant
relation was registered between altitude and other quali-
tative characteristics of the germination tests.

Results of these investigations are very important for
a more complex study to be carried out in future.

DISCUSSION

Referring to the knowledge of some authors (LEADEM
1988; REHAP 1972), this study was concerned with some
important aspects, qualitative analyses, germination tests
and anomalies of the Norway spruce seeds from the
Krkonose Mts.

Analogously to the study of LOKVENC and STURSA
(1985), who studied the germination of Swiss Mountain
Pine seeds from different regions of the Krkonose Mts.
and according to my own research (HRABI 1993), the seed
vitality and morphological development of Norway
spruce seeds showed similar abnormalities. Some atypi-
cal changes in the seed structure probably influenced the
process of germination. A complex of extreme factors
could cause the polyembryony and incompletely devel-
oped embryos. It is possible that the most frequent nega-
tive factors were air pollution and UV radiation at these
high altitudes. Incompletely developed embryos as well
as polyembryony were documented in all samples. These
phenomena have not been established yet. Contrary to
other authors (BEWLEY, BLACK 1986; KHAN 1977), an-
other atypical aspect of germinating seeds was observed
during this experiment — some seeds germinated by green
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parts of epicotyls. These results cannot be compared with
results of other researchers (BUCCI et al. 1997) because
the aim of their studies was not analogous. Beside some
external factors, there could be some internal ones con-
tributing to obtained results — incompletely developed
pollen grains, failure of pollination and fertilization and
probably some mutations. Many other precise analyses
have to be conducted in future (BUCCl et al. 1997).

CONCLUSION

A lot of atypical changes in the Norway spruce seeds
were observed during this experiment. These structural
and germination changes have not been established in
the studied areas yet. Some polyembryonal seeds were
detected by a modified tetrazolium test. Their number was
different in different samples (maximally 4%). Data of the
germinative energy were very low in all samples, but the
results of germination ranged from 43% to 68%. Atypical-
ly germinating seeds were evident during this study and
amounted to 8% maximally. This study is the basis for
subsequent recommended investigations:

—To study the Norway spruce seeds and their embryos
by precise biochemical methods based on the content of
growth regulators.

— To study surrounding conditions — air and soil pollu-
tion.

— To carry out karyologic studies.
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Kvalitativni analyzy semen smrku ztepilého Picea abies (L.) KARST.

L. HRABI

Univerzita Palackého, Pedagogickd fakulta, Olomouc, Ceskd republika

ABSTRAKT: V ¢lanku jsou zahrnuty daje o detailnich kvalitativnich analyzach osiva smrku ztepilého z riiznych lokalit Kr-
konos. Anatomické analyzy, biochemické analyzy a zkousky klicivosti byly aplikovény u osmi oddilii semen. Byly registrova-
ny také neobvyklé iidaje — polyembryonie, nekompletné vyvinutd embrya i atypicky kli¢ici semena.

Kli¢ova slova: semena smrku ztepilého; detailni analyzy; nekompletné vyvinuta semena; polyembryonie; atypicky kli¢ici semena

V posledni dobé je velka ¢ast produkce osiva smrku
z horskych oblasti tvofena semeny s nizkou klig¢ivosti.
Byvaji pouzivany riizné fyzikalni a chemické metody sti-
mulace kliceni, jejichz G¢inek v praxi nebyl dostate¢né

prokazén. Také nebyly dosud uskuteénény komplexni kva-
litativni studie semen. Proto bylo cilenrexperimentu stu-
dovat kvalitu semen a pribéh kliceni.
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Vyzkum byl realizovan na semenech osmi oddild z Kr-
konos3 (z nadmoiskych vysek 950-1 050 m). Modifikova-
né detailni analyzy byly provadény za i¢elem zjisténi po-
dilu plnych semen a anomalii v jejich anatomii, také se
hodnotil pribé&h kli¢eni a ziskané udaje byly statisticky
zpracovany.

V tab. | jsou shrnuty vysledky experimentu. Obr. 1 do-
kumentuje atypicky kli¢ici semeno smrku a obr. 2 znazor-
fiuje kompletné vyvinuté embryo.

Z vysledki je ziejmé, Ze podil plnych semen se u jed-
notlivych oddilt lidil. Polyembryonie byla registrovana
jen pomoci modifikovaného tetrazoliového testu a dosah-
la az 4 %. Prubéh klic¢eni byl pozvolny. U sedmi oddilt
byla zjisténa i atypicky klicici semena (az 8 %), ktera kli¢ila

zelenymi d&loZnimi listky. Byl zjidtén statisticky priikazny
vztah mezi nadmoftskou vyskou a jednotlivymi kvalitativ-
nimi charakteristikami.

Z uskute&n&né studie vyplyva, ze kvalitativni rozbory
semen fezem pod stereomikroskopem informuji o jejich
vyvinu, ale modifikovany tetrazoliovy test je lep§im uka-
zatelem jejich anatomické a biochemické kvality, nebot’ je
mozné spolehlivé registrovat i polyembryonii. Polyembryo-
nie a semena kli¢ici zelenymi d&loZnimi listky jsou neob-
vyklé tikazy, které dosud nebyly detekovéany a je velmi
obtizné vysvétlit, ¢im byly zplsobeny. V zdvéredné Eésti
¢lanku je doporuceno nékolik perspektivnich metod dal-
§iho vyzkumu.

Corresponding author:

RNDr. LIBUSE HRABI, PhD., Univerzita Palackého, Pedagogicka fakulta, katedra prirodopisu a péstitelstvi, Purkrabska 2,

771 40 Olomouc, Ceska republika

tel.: + 420 68 522 43 47, fax: + 420 68 523 14 00, e-mail: hrabi@pdfnw.upol.cz

J. FOR. SCI., 47, 2001 (10): 460—463

463


mailto:hrabi@pdfnw.upol.cz

JOURNAL OF FOREST SCIENCE, 47, 2001 (10): 464-472

The evaluation of height growth of wild pear (Pyrus pyraster [L.]
Burgsd.) progenies from different regions of Slovak Republic

V. PAGANOVA

Slovak Agricultural University, Faculty of Horticulture and Landscape Engineering, Nitra,
Slovak Republic

ABSTRACT: Wild pear is considered to be an exceptional wild fruit tree. It is distinctive by its longevity, good growth abilities
and by quite a large ecological amplitude in relation to soil moisture. Itis a light-demanding tree, which produces fine timber with
an interesting colour. Therefore the wild pear should be widely plant not only in the countryside but also in the mixed oak forests.
Within the research project of the wild pear variability in Slovak Republic, 21 experimental plots with wild pear were established
and 364 pear individuals were evaluated. In the paper the growth of the open pollinated wild pear progenies was evaluated and the
purpose was to find differences in the growth abilities of the wild pear progenies from different environmental conditions. During
two years height growth of 18 pear provenances was evaluated. Already in the first year statistically significant difterences in
seedling heights were found between the progenies of different origin. It was possible to identify provenances with significantly
different height growth. It was found that sowing in the open seedbeds and transplanting of seedlings at the end of the vegetative

period are convenient planting methods for the successful growing of wild pear seedlings.

Keywords: scedlings; height growth; progeny testing; wild pear; provenances

Wild pear together with other fruit woody plants has
become interesting for the wood-processing industry in
last few years. Pear timber has a decorative colour and it is
used to make unique furniture, sliced veneers, sport and
health utensils and also in artistic woodcarving.

In Slovak Republic little attention has been paid until
now to utilisation of this woody plant in timber produc-
tion, probably because of its rare occurrence in forest
stands.

Wild pear mostly occurs in the agricultural landscape.
It grows as a solitary tree on balks, or in larger groups of
trees on grazing lands. It is a light-demanding tree, which
is tolerant to slight shading just at young age. The occur-
rence of wild pear in forest crops is rather sporadic, it
often grows on stand margins or in open woodlands where
it has a sufficient amount of light.

Besides its light requirements, the wild pear is consid-
erably tolerant to soil conditions, it is resistant to lower
soil moisture, but it can also grow in inundated territories
of floodplain forests and it is resistant to extreme temper-
atures. Therefore it is considered as xerophytic; it is
a pioneer species that can also grow at extremely hot sites
with low soil moisture content.

In Slovak Republic the wild pear grows mainly in south-
ern parts of the country — Ipel'sko-rimavska brazda, low-
lands of the Danube river (Podunajska nizina), part of the
Slovensky kras and south-western part of Vychodoslo-
venska niZina (PENIASTEKOVA 1992). It was also found at
localities in a northern direction from the above-mentioned

464

territories, in the area of Bukovské vrchy (Zboj), Javorniky
(Kolarovice) and Kysucka vrchovina (Horny Vadilov,
Nova Bystrica, Kysucky Lieskovec) (PAGANOVA 1996).
In the Slovak territory the wild pear grows to an altitude
800 m above sea level, the highest location is in Parnica at
the altitude 1,063 m (BLATTNY, STASTNY 1959).

Except the nonforest landscape, the wild pear could
enforce itself'in competition with other woody plants only
at such sites where it was in advantage. More frequent
occurrence of wild pear was found in sparse forest steppe
communities with Quercus pubescens and in broken to-
pography of carbonates. The wild pear seldom grows in
the 3 (oak-beech) or in the 4" (beech) altitudinal zone. It
also grows in the drier types of floodplain forests where it
has larger dimensions.

Since 1994 more detailed research focused on the vari-
ability of wild pear populations has been conducted in
Slovak Republic. In 1994-1996 a classification was elabo-
rated for evaluation of trunk and crown qualitative traits
of wild pear for forestry purposes. This classification was
tested on several experimental plots. Variability of the
evaluated qualitative traits of pear individuals was dem-
onstrated. Very good qualitative characteristics (thin
branches, straightness of trunk and its good cleaning,
individuals without twisted growth) were found on sev-
eral trees. Little damage was observed in the evaluated
set of 201 wild pear individuals. The most frequent was
mechanical injury of trunk (23%) which appeared mainly
on individuals growing on grazing lands, the rate of trees

J. FOR. SCIL., 47,2001 (10): 464-472



with rotten knots and swells was very low (3%) (PAGA-
NOVA 1996). According to the obtained results, it is pos-
sible to suppose the wild pear resistance to some biotic
and abiotic pathogens.

Considering the growth characteristics and resistance
of wild pear, this plant could be widely established in
forest crops and substitute some of the more sensitive
woody plants in connection with expected global climatic
change. The establishment of wild pear in forestry practice
requires profound knowledge of its biological characteris-
tics, ecology and also selection of suitable ecotypes and
individuals with good phenotypic characteristics.

MATERIAL AND METHODS

In 1997-1999 21 experimental plots were established in
the Slovak territory and 364 individuals of wild pear were
analysed. Majority of them were solitary trees, or they
formed small groups of plants on former grazing lands,
sites near fruit orchards, bulks, or at the edge of forest
stands. The environmental characteristics of 18 analysed
plots are given in Table 1.

The height and trunk diameter at breast height (d.b.h.)
were measured and qualitative traits of crown and trunk
were evaluated according to the elaborated classification
of all wild pear individuals (PAGANOVA 1996).

Fruits were collected from each evaluated tree on the
experimental plot and after seed extraction the seed sam-
ples representing each experimental plot were obtained
that were used in progeny tests. The seeds were placed in
a refrigerated store for 8 weeks and stratified in damp
sandy medium at a temperature 3—4°C. After the stratifi-
cation they were sown on the biological base Straze of
the Forest Research Institute in Zvolen (altitude 330 m
as.l).

A part of the seeds (90) from each experimental plot was
sown to plastic pots with substrate, the rest of the seed
samples were sown onto open seedbeds. The heights of
one and two years old seedlings were measured to the
nearest 1 mm, the seedlings from seedbeds and potted
plants were measured separately.
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18 provenances (localities) of the wild pear were evalu-
ated (Fig. 1), the first measurements of one-year old seed-
lings were done at the end of vegetative period in autumn
1998 and the second measurements in 1999.

The obtained data were evaluated separately for each
provenance (locality) and summary statistics were com-
puted. The influence of origin on the height growth of
wild pear seedlings was evaluated by one-way analysis
of variance. The significance of height differences be-
tween the mean values of particular provenances was
evaluated by Tukey’s test on 95% confidence level.

RESULTS AND DISCUSSION

EVALUATION OF THE HEIGHT GROWTH
OF THE WILD PEAR PROGENIES IN THE FIRST
YEAR (1998)

A total of 851 container-grown seedlings was evaluat-
ed in 1998 which represented 18 provenances of the wild
pear. The average height of the whole population was
59.96 mm, heights of the plants were very variable (s, =
23.78 mm, s,,, = 40%) and they ranged from 14 mm to
208 mm. 2,060 seedlings growing on the open seedbeds
were evaluated which represented 14 provenances of the
wild pear. The average height of the seedlings from this
population was 95.33 mm, with standard deviation (s )
46.37 mm, coefficient of variance (s ,) 49% and range 10—
398 mm.

A large variability of the seedling height was found in
the population of containerised seedlings and popula-
tion of seedbed plants. These differences in the values of
height growth between the progenies (coming from dif-
ferent localities) were statistically significant in both pop-
ulations mentioned above (Tables 2 and 3).

The results of analysis of variance show a significant
influence of the seed origin on the height growth of seed-
lings. It means that there are possibly some more or less
strong ecotypes within wild pear intraspecific variability,
similarly like in other woody plant species.

Fig. 1. List of the localities with wild pear in Slovak Republic
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Table 1. Environmental characteristics of the wild pear localities

Locality Geomorphological unit Forest enterprise  Exposure Altitude (m) Description of stand conditions and species structure

Ubla [5) Vihorlat Ublianska pahorkatina Sobrance SW-S 250-300 meadows with holding covers, Carpinus betulus, Malus sylvestris, Crataegus sp.,
Prunus spinosa, Rosa sp.

Dargov [15] Slanske vrchy Mosnik Kosice SE 290-340 grazing land, Fagus sylvatica,, Quercus robur, Acer platanoides, Acer
campestre, Crataegus sp., Prunus spinosa, Viburnum opulus

Richnava [20] Hornadska kotlina Margecany E-NE 480-530 grazing land, Acer campestre, Populus tremula, Crataegus sp., Prunus spinosa,
Viburnum opulus, Ligustrum vulgare

Zadiel [21] Slovensky kras Kosice S 250-300 slope basis, low density forest, Fagus sylvatica, Alnus glutinosa, Carpinus
betulus, Pinus sylvestris, Padus racemosa, Cornus mas, Prunus spinosa

Kamenec Vtaénik Vysoky Vtaénik Partizénske N-NW 420-470 stand margin, Fagus sylvatica, Carpinus betulus, Acer campestre, Malus

p.Vta¢nikom [41] sylvatica, Crataegus sp., Rosa sp.

Caradice [45] Pohronsky Inovec Topol&ianky S-SE 280-300 grazing land, Fagus sylvatica, Carpinus betulus, Acer campestre, Malus
sylvatica, Crataegus sp., Rosa sp., Prunus spinosa

Trstin [49] Malé Karpaty Brezovské Karpaty Smolenice SE 350 gmzmg land, Quen:'u.\‘ robur, Quercus cerris, Fraxinus excelsior, Cerasus avium,

y acia, Crataegus sp., Prunus spinosa, Corylus avellana

Svinna [50] Strazovské vrchy Homianske predhorie  Trenéin SE 280-300 bulks and holding covers, Quercus cerris, Acer campestre, Crataegus sp.,
Prunus spinosa, Rosa sp.

Selec [51] Povazsky Inovec Vysoky Inovec Trengin S 400-500 grazing land, Carpinus betulus, Acer pl ides, Sorbus torminalis, Tilia
cordata, Crataegus sp., Prunus spinosa, Corylus avellana

Mnichova Lehota [52]  StraZovské vrchy Ostry Trencin S 320-400 grazing land, Fagus sylvatica, Acer campestre, Sorbus torminalis, Cornus mas,
Crataegus sp., Rosa sp.

Trencianska Povazsky Inovec Povazské podolie Trendin plain 300-350 grazing land, Quercus robur, Fagus sylvatica, Acer campestre, Cerasus

Turna [53] avium, Tilia cordata, Robinia pseudoacacia, Betula pendula, Crataegus sp.,
Rosa sp., Frangula alnus

Soblahov [54] Strazovské vrchy Ostry Trenéin SW 350 grazing land, Cr sp., Acer campestre, Cerasus avium, Crataegus sp.,
Cornus mas, Swida sanguinea, Corylus avellana

Kubrica [55] Strazovské vrchy Tren&ianska vrchovina Trenéin NE-SW 330-360 former grazing land, Quercus, Fagus sylvatica, Fraxinus excelsior, Acer

lopl. Sorbus torminalis, Cornus mas, Crataegus sp., Prunus spinosa,

Coryluv avellana

Zlatovce [56] Biele Karpaty Lopenicka hornatina Trenéin SW-SE 350 former orchards, Quercus, Sorbus tor Sorbus d tica, Malus
sylvatica, Crataegus sp., Ligustrum vulgare

Zamarovce [57] Biele Karpaty Lopenicka hornatina Trencin plain 300 valley of the river Vah, Quercus robur;, Fagus sylvatica, Sorbus torminalis,
Salix sp., Populus sp., Corylus avellana

Horny Vadicov [62] Kysucka vrchovina Kysucké bradla Cadca S 500-600 grazing land, Picea abies, Fagus sylvatica, Crataegus sp., Corylus avellana

Nova Bystrica [63) Kysucka vrchovina Vojenné Cadca SW-SE 750-800 protective zone of the water reservoir, Picea abies, Abies alba

Kysucky Lieskovec [64] Kysucka vrchovina Vojenné Cadca SW-SE 580-620 grazing land, Carpinus betulus, Corylus avellana, Crataegus sp.




Table 2. One-way analysis of variance for the height of one-year old containerised wild pear seedlings

Source of variation Sum of squares d.f. Mean square F-value Sig. level
Locality 989,515.51 17 5,818.5596 12.693 0.0000
Residual 381,865.28 833 458.4217

Total (corrected) 480,750.80 850

Table 3. One-way analysis of variance for the height of one-year old wild pear seedlings — seedbeds

Source of variation Sum of squares d.f. Mean square F-value Sig. level
Locality 761,156.5 13 58,550.496 32.673 0.0000
Residual 3,666,436.4 2,046 1,792.002

Total (corrected) 4,427,592.9 2,059

Differences in the average height values between the
particular provenances were verified by Tukey’s test on
95% confidence level (Tables 4 and 5). The provenances
that were not significantly different in the values of aver-
age heights are listed in a homogeneous group (with the
same letter).

It is clear from the results of Tukey’s test within the
population of one-year old containerised seedlings (Ta-
ble 4) that statistically significant differences in average
heights were between the provenance Horny Vadiov
with the lowest value of average height (41.98 mm) and
the provenances Zadiel (83.46 mm), Ubl'a (79.81 mm), Nova
Bystrica (67.63 mm), Trstin (64.19 mm), Tren¢ianska Turna

(62.84 mm), Dargov (62.78 mm), Soblahov (61.97 mm), Zla-
tovee (61.80 mm), Zamarovce (61.62 mm), Caradice
(60.13 mm) and Kamenec p. Vta¢nikom (58.07 mm). The
significant height differences were also between two pro-
venances with the highest values of average height (Za-
diel, Ubl'a) and the provenances Trstin, T. Turna, Dargov,
Soblahov, Zlatovce, Zamarovce, Caradice, Kamenec p.
Vtaénikom, Selec (52.55 mm), Kubrica (51.29 mm), Svin-
né (48.48 mm), Mnichova Lehota (48.25 mm), Richnava
(44.94 mm) and Kysucky Lieskovec (43.55 mm).

The values of average height for the wild pear seed-
lings grown on the seedbeds are given in Table 5. Statis-
tically significant differences in the values of average

Table 4. Average values of the height growth of one-year old containerised wild pear seedlings

IR N T

62 Horny Vaditov 47 41.98 34.25-49.71 A

64 Kysucky Lieskovec 33 43.55 34.32-52.77 AB

20 Richnava 16 44.94 31.69-58.18 ABC

52 Mnichova Lehota 55 48.25 41.11-55.40 ABCD

50 Svinna 56 48.36 41.28-55.44 ABCD

55 Kubrica 23 51.61 40.56-62.66 ABCDE

51 Selec 42 52.55 44.37-60.72 ABCDEF

41 Kamenec p. Vta&nikom 60 58.07 51.23-64.91 BCDEFG

45 Caradice 45 60.13 52.24-68.03 BCDEFG

57 Zamarovce 34 61.62 52.53-70.71 BCDEFG

56 Zlatovce 49 61.80 54.22-69.37 CDEFG

54 Soblahov 62 61.97 55.24-68.70 CDEFG

15 Dargov 46 62.78 54.97-70.60 CDEFG

53 Trenéianska Turnd 43 62.84 54.76-70.92 CDEFG

49 Trstin 69 64.19 57.81-70.57 C FG

63 Nova Bystrica 70 68.79 62.45-75.12 E GH
5 Ubla 60 78.87 72.03-85.71 H

21 Zadiel 41 83.46 75.18-91.74 H

Total 851 59.96 58.15-61.78
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Table 5. Average values of the height growth of one-year old wild pear seedlings — seedbeds

i Ay e T
15 Dargov 842 80.00 76.54-83.47 A
51 Selec 7 85.71 47.73-123.70 AB
52 Mnichova Lehota 93 85.75 75.33-96.17 ABC
63 Nové Bystrica 100 89.76 89.76-99.81 ABCD
62 Horny Vadigov 86 91.87 81.03-102.71 ABCD
45 Caradice 70 93.44 81.43-105.46 BCDE
49 Trstin 149 101.97 93.74-110.21 BCDE

5 Ubla 479 103.50 98.91-108.09 B DE
21 Zadiel 17 115.00 90.62-139.38 B DEF
56 Zlatovee 70 126.10 114.09-138.11 B F
54 Soblahov 58 127.66 114.46-140.85 B F
57 Zamarovce 37 140.57 124.04-157.09 B F
41 Kamenec p. Vtaénikom 10 147.60 115.82-179.38 B EFG
53 Trencianska Turna 42 176.21 160.71-191.72 G
Total 2,060 95.33 93.12-97.54

height were found between the provenance Tren¢ianska
Turna (176.21 mm) and the other evaluated provenances
except the provenance Kamenec p. Vtaénikom (147.60 mm).
Similarly, between the provenance Dargov (80.00 mm) and
the provenances: Caradice, Trstin, Ubl'a, Zadiel, Zlatovce,
Soblahov Zamarovce, Kamenec p. Vtaénikom, Trenéian-
ska Turnd.

A comparison of the results for one-year old seedlings
confirmed that the values of average height of seedlings
on the seedbeds were significantly higher than those with-
in the population of the container-grown seedlings. For
example seedlings of the provenance Soblahov which
were grown on the seedbed had the average value of
height 127.66 mm while the seedlings of this provenance
which were grown in the containers had the average val-
ue of height only 61.97 mm.

EVALUATION OF THE HEIGHT GROWTH OF THE
WILD PEAR PROGENIES IN THE SECOND YEAR
(1999)

During 1999 the progenies were kept at the same place
and their height was measured at the end of vegetative
period.

848 wild pear plants grown in containers were evaluat-
ed and the average value of the height within the whole
population was 238.12 mm. The heights of particular
plants were very variable (s, = 100.17 mm, s, = 42%), they
ranged from 65 mm to 675 mm. 1,723 wild pear seedlings
were evaluated on the seedbeds. The average value of
their height within the whole population (268.51 mm) was
higher than within the population of the container grown
plants. The values of height of the two-years old seedlings

Table 6. One-way analysis of variance for the height of two-year old containerised wild pear plants

Source of variation Sum of squares d.f. Mean square F-value Sig. level
Locality 2,568,135.1 17 151,066.77 21.143 0.0000
Residual 5,930,226.1 830 7,144.85

Total (corrected) 8,498,361.2 847

Table 7. One-way analysis of variance for the height of two-year old wild pear plants — seedbeds

Source of variation Sum of squares d.f. Mean square F-value Sig. level
Locality 1,914,446 13 147,265.06 9.731 0.0000
Residual 25,712,290 1,699 15,133.78

Total (corrected) 27,626,736 1,712
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on the seedbeds were also very variable (s, = 127.03 mm,
5,4, =47%) and they ranged from 20 mm to 814 mm.

In both these populations quite a high variability of the
values of progeny height was found and a statistically
significant influence of the seed origin on the height
growth of two-years old container grown plants and plants
on the seedbeds was confirmed (Tables 6 and 7).

Average values of the height were calculated for each
provenance in both evaluated populations and statistical
significance of their height differences was also tested.

A comparison of the average values of height within
the population of two-years old containerised wild pear
seedlings (Table 8) showed that the best growing prove-
nances were Ubl'a (339.64 mm), Dargov (328.30 mm) and
Zamarovce (325.47 mm). The worst growing provenances
(with the lowest value of average height) were provenan-
ces Kysucky Lieskovec (148.90 mm), Richnava (156.86
mm) and Homy Vadi¢ov (161.91 mm).

Among the progenies grown on seedbeds (Table 9), the
best growing provenances in the second year were Ka-
menec (494.20 mm), Trenéianska Turna (380.46 mm)
and Zamarovce (360.96 mm). The weak growing prove-
nances were Horny Vadicov (232.44 mm), Mnichova Le-
hota (243.66 mm), Nova Bystrica (252.61 mm) and Ubla
(254.16mm).

A comparison of the average values of height (Tables 8
and 9) shows some reduction of the height differences
between containerised plants an< seedlings on the seed-
beds. The average values of height of the containerised
and free growing plants were very similar within some
provenances, for example within the provenance Mnicho-

va Lehota, Nov4 Bystrica, Zadiel. This similarity of the
height growth in 1999 was probably a result of the seed-
ling growth on the seedbeds with a plastic covering on
the ground. The seedlings were grown without transplant-
ing there and they could not develop their root system
into deeper layers.

Several provenances had well-balanced growth rates in
both evaluated years 1998 and 1999. For example, within
the population of the containerised plants the provenan-
ces Horny Vadigov, Kysucky Lieskovec, Richnava and
Kubrica were weak-growing progenies. On the contrary,
the provenances Nové Bystrica, Ubl'a, Z4diel were strong-
growing progenies with a high growth rate. A fixed growth
rate was also observed in the provenances Selec, Kame-
nec p. Vtaénikom and Soblahov (Tables 6 and 8).

Some division of the provenances according to their
growth rate has also appeared in the seedlings growing
on the open seedbeds. Within this population (Tables 7
and 9) in both evaluated years the weak-growing prove-
nances were Mnichova Lehota, Nové4 Bystrica, Horny
Vadi¢ov and the strong-growing provenances were
Trendianska Turnd, Kamenec p. Vtd¢énikom and Zama-
Tovee.

It is difficult to compare the growth abilities of those
progenies that were grown as containerised and free-
growing plants (on the seedbeds) because they could be
influenced by different growth conditions, for example
there were different conditions for growth and develop-
ment of the root system and also different sowing density
on the seedbeds. With respect to future evaluation of the
wild pear, it is very important to find the provenances

Table 8. Average values of the height growth of two-year old containerised wild pear plants

-

64 Kysucky Lieskovec 31 148.90 111.33-186.47 A

20 Richnava 14 156.86 100.95-212.76 AB

62 Horny Vaditov 44 161.91 130.37-193.45 ABC

56 Zlatovce 49 170.20 140.32-200.09 ABC

55 Kubrica 20 192.50 145.72-239.28 ABCD

51 Selec 37 197.11 162.72-231.50 ABCD

50 Svinna 60 201.08 174.08-228.09 ABCD

41 Kamenec p. Vta¢nikom 62 215.74 189.18-242.31 BCD

49 Trstin 70 218.41 193.41-243.42 BCD

53 Tren¢ianska Turnd 42 220.71 188.44-252.99 BCDE

45 Caradice 49 230.25 200.36-260.13 B DEF

52 Mnichova Lehota 59 247.41 220.17-274.64 DEF

54 Soblahov 57 247.72 220.01-275.43 DEF

63 Nova Bystrica 69 271.71 246.53-296.89 EFG

21 Zadiel 42 290.00 257.72-322.28 F GH

57 Zamarovce 32 325.47 288.49-362.45 GH

15 Dargov 47 328.30 297.78-358.81 H
5 Ubl'a 64 339.64 313.49-365.79 H

Total 848 238.12 230.94-245.31
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Table 9. Average values of the height growth of two-year old wild pear plants — seedbeds

T T~ R
15 Dargov 842 80.00 76.54-83.47 A
62 Horny Vadicov 57 232.44 193.74-271.13 A
52 Mnichova Lehota 88 243.66 212.52-274.80 A
63 Nové Bystrica 98 252.61 223.10-282.12 A

5 Ubl'a 438 254.16 240.20-268.12 A
49 Trstin 127 260.63 234.71-286.55 AB
45 Caradice 60 264.62 226.90-302.33 AB

15 Dargov 608 264.91 253.06-276.76 ABC
21 Zadiel 19 275.26 208.24-342.29 ABCD
56 Zlatovee 67 280.76 245.07-316.45 ABCDE
54 Soblahov 47 328.94 286.32-371.55 B DEF
51 Selec 6 356.83 237.56-476.10 ABCDEFG
57 Zamarovce 47 360.96 318.34-403.57 D FG
53 Trenc¢ianska Turnd 41 380.46 334.84-426.09 D FG
41 Kamenec p. Vta¢nikom 10 494.20 401.81-586.58 G
Total 1,713 268.51 261.45-275.57

with different growth abilities, for example for tests of
their adaptability to extreme environmental conditions.

In spite of the variability of the evaluated populations
(containerised and seedbed-grown plants), it was possi-
ble to identify the provenances with well-balanced growth
rate for the whole evaluated period. Within the container-
ised plants the provenances Ubl'a, Zadiel, Horny Vadigov,
Kysucky Lieskovec and Richnava had the well-balanced
growth rate.

The provenance Ubl'a as well as the provenance Zadiel
(Slovensky kras) are from Eastern Slovakia (Vihorlat).
They had a very high growth rate. In 1998 they reached
the average heights 79.81 mm (Ubl'a) and 83.46 mm (Za-
diel) and in 1999 their average heights were 339.64 mm
and 290.00 mm. In both evaluated years the average
heights of these provenances were significantly different
from the average heights of provenances Horny Vaditov
(41.98 mm, 188.91 mm) and Kysucky Lieskovec (43.55 mm,
148.90 mm), both originating from Kysucka vrchovina, and
also of the provenance Richnava, which is from Horndds-
kakotlina (44.94 mm, 156.86 mm). The provenances Horny
Vadi¢ov, Kysucky Lieskovec and Richnava were weak-
growing progenies for the whole of the evaluated period.

Within the seedbed-grown provenances of the wild pear,
the statistically significant differences of the average
heights were found between the weak-growing prove-
nances (Mnichova Lehota, Nova Bystrica, Horny Vadi-
¢ov) and the provenances Trenéianska Turnd, Kamenec
p. Vtaénikom a Zamarovce which were the best-growing
in the evaluated period.

The provenance Mnichova Lehota from Strazovské
vrchy had lower average heights (85.75 mm and 243.66 mm)
than were the values of the average height of all evaluat-
ed progenies, similarly like the provenances Nové Bystri-
ca (89.76 mm, 252.61 mm) and Horny Vadicov (91.87 mm,
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232.44 mm), both from Kysucka vrchovina. On the con-
trary, the provenances Trencianska Turné (origin from
Povazsky Inovec), Kamenec (origin from Vta¢nik) and
Zamarovce (from the Biele Karpaty) had significantly high
growth rates and their values of average height exceeded
the average height of all the evaluated provenances.

Within the comparison of both planting techniques (in
plastic containers and on the seedbeds) for the whole
evaluated period (in both years), the weakest growth was
determined in the provenance Horny VadiCov originating
from Kysucka vrchovina (altitude 500-600 m) and the best
growth characteristics were observed in the provenance
Zamarovce originating from Biele Karpaty (altitude 300 m).

The influence of the progeny origin on the growth abil-
ities of the wild pear provenances was confirmed not only
within this evaluation but also within the investigation of
the wild pear adaptability to water stress in 1999 (PAGA-
NOVA 2000). Four progenies (Zadiel — Slovensky kras,
Mnichova Lehota — StraZovské vrchy, Dargov — Slanske
vrchy and Trstin — Malé Karpaty) were included in test-
ing and their height growth was estimated. The impact of
water stress on plant growth was statistically highly sig-
nificant and its influence on height growth was negative
in comparison with the control plants. Statistically signif-
icant differences in the values of average heights were
confirmed between the particular two-years old proge-
nies which were growing in conditions of water stress.
Differences were statistically significant between the
provenances Zadiel (226.60 mm) and Mnichova Lehota
(423.20 mm) as well as between provenances Zadiel
(226.60 mm) and Trstin (349.40 mm).

If the above-mentioned results are compared with the
growth evaluation of two-years old containerised plants
of the same origin, some differences in their growth abili-
ties are found. In the conditions of regular irrigation no
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statistically significant differences in average height val-
ues between the provenances Zadiel (290.00 mm) and
Mnichova Lehota (247.41 mm) were confirmed. Signifi-
cant differences were found only between the provenanc-
es Zadiel (290.00 mm) and Trstin (218.41 mm).

In connection with the obtained results, it is important to
mention the growth rate of the provenance Trstin. During
the testing in conditions of water stress this provenance
did not show any statistically significant differences in the
average height values between stressed plants (349.40 mm)
and control plants (394.40 mm) (PAGANOVA 2000). Unlike
the other provenances, Trstin reduced its growth rate in-
significantly in response to water stress. However, in the
conditions of full irrigation this provenance was even a
weaker-growing progeny (the value of average height was
21841 mm).

It is necessary to verify the obtained results of progeny
characteristics and their growth abilities within a larger
investigation. Already these findings show possible oc-
currence of ecotypes among the wild pear populations in
Slovak Republic. These ecotypes can have different
growth rates and their responses to water stress can also
be different.

CONCLUSIONS

The evaluation of height growth of the wild pear prog-
enies from several regions of Slovak Republic showed
significant differences in the growth rate of progenies com-
ing from different environmental conditions. A significant
influence of the progeny origin on seedling growth was
confirmed, and significance of the growth differences be-
tween the provenances increased with their age.

During the two years it was possible to identify weaker-
and stronger-growing progenies while differences in their
growth rates were statistically highly significant.

It was found that planting onto the seedbeds is a more
suitable planting technology for the wild pear than sow-
ing its seeds directly in the containers. One-year old wild
pear seedlings planted on the seedbeds were nearly twice
higher than containerised plants. These differences were
quite balanced in the second year of wild pear planting
and in several provenances seedlings growing on the
seedbeds and containerised plants reached similar val-
ues of average height.

With respect to a reduction in height growth of the wild
pear plants that were growing the second year without
transplanting, it will be necessary to transplant them at
the end of the first vegetation period.
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Hodnotenie vySkového rastu potomstiev hrusky planej (Pyrus pyraster [L.] Burgsd.)

z roznych oblasti Slovenskej republiky

V. PAGANOVA

Slovenska polnohospoddrska univerzita, Fakulta zdhradnictva a krajinného inZinierstva, Nitra,

Slovenska republika

ABSTRAKT: Hruska je povaZovana za vynimoc¢nua plani ovocni drevinu. VyznacCuje sa dlhovekost'ou, dobrym rastom a po-
merne Sirokou ekologickou amplitidou vo vztahu k podnej vihkosti. Je to svetlomilna drevina, ktora produkuje kvalitné, fareb-
ne zaujimavé drevo. Preto by v budiicnosti mohla néjst’ SirSie uplatnenie nielen v krajine, ale tiez v zmieSanych spolo¢enstvach
teplych dubin. V rémci vyskumu premenlivosti populacii hrudky planej bolo na Slovensku v rokoch 1997-1999 zaloZenych
21 pokusnych pléch a celkovo sa analyzovalo 364 jedincov tejto dreviny. V praci sa venovala pozornost’ rastu semenacikov
hrusky planej z vol'ného opelenia s cielom zistit' pripadné odli3nosti v rastovych reakcidch potomstiev, ktoré pochédzali
z rozlignych podmienok prostredia. Hodnotil sa vy3kovy rast 18 proveniencii hrudky v dvojroénom obdobi 1998 a 1999. Uz
v prvom roku sa zistili Statisticky vyznamné rozdiely vo vySkovom raste medzi provenienciami rozli€ného pévodu. Podarilo
sa identifikovat’ proveniencie s preukazatel'ne odli3nou intenzitou vyskového rastu. Zistilo sa, Ze pri pestovani hrusky planej
je vyhodnej3i vysev na vol'né zahony a preskolkovanie rastlin na konci vegetatného obdobia.

Krucové slovi: semenadiky; vyskovy rast; testy potomstiev; hruska pland; proveniencie
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Hrugka sa v poslednom obdobi spolu s d’al§imi planymi
ovocnymi drevinami dostdva do popredia zaujmu spra-
covatel'ov dreva. Dévodom je farebne zaujimavé drevo,
ktoré sa vyuZiva na vyrobu nabytku, $portovych a zdra-
votnickych potrieb ako aj v umeleckom rezbarstve.

Hruska plané sa okrem kvalitného dreva vyznaduje aj
toleranciou voci vlastnostiam pddy a pomerne Sirokou
ekologickou amplitidou vo vzt'abu k podnej vlhkosti. Ako
vyrazne svetlomilnd drevina by v budticnosti mohla néjst’
Sirsie uplatnenie v zmieSanych spoloCenstvach teplych
dubin,

Na Slovensku sa tato drevina vyskytuje prevazne
v nelesnej krajine, na pasienkoch a v byvalych ovocnych
sadoch. Jej hojnejsi vyskyt bol zaznamenany v riedkych
lesostepnych spologenstvach, na karbonatovych podlo-
Ziach a suchsich stanovistiach tvrdého luzného lesa.
V ramci vyskumu premenlivosti populdcii hrusky planej
sa v rokoch 1997-1999 na Slovensku zalozilo 21 pokus-
nych ploch a celkove sa analyzovalo 364 jedincov. Zist'o-
vali sa ich taxa&né veli¢iny (vyska a hrubka) a zhodnotili
kvalitativne znaky kmeria a koruny. Z kazdého jedinca sa
zozbierali plody a ziskali suborné vzorky semien pre testy
potomstiev.

Venovala sa pozornost’ rastu semenac&ikov hrusky pla-
nej z vol'ného opelenia s ciel'om zistit’ pripadné odliSnos-
ti v rastovych reakcidch potomstiev pochéddzajtcich
z rozliénych podmienok prostredia. Celkove bolo hodno-
tenych 18 proveniencii (lokalit) a prvé vyhodnotenie vys-
kového rastu semenacikov sa vykonalo na jeseri 1998
anasledne v roku 1999.

Uz v prvom roku sa zaznamenali rozdiely vo vy$kovom
raste medzi provenienciami rozli¢ného pévodu. Rozdiely
sa prejavili aj medzi semenac¢ikmi rovnakého povodu, kto-
ré boli pestované na volnych zdhonoch a v plastovych

poloobaloch. Rastliny v poloobaloch dosahovali preukaz-
ne niz$ie hodnoty vysky, pri¢om priemerna hodnota vys-
ky za cely stibor 851 rastlin bola 59,96 mm. V siibore
semenacikov pestovanych na vol'nych zahonoch (celkom
2 060 rastlin) bola priemerna hodnota vysky preukazne
vy$8ia—95,33 mm.

V druhom roku sa rozdiely v hodnotach vysky medzi
hodnotenymi siibormi rastlin zmiernili pravdepodobne aj
preto, Ze semenda¢iky na zdhonoch neboli pre§kolkované.
Priemernd hodnota vysky rastlin pestovanych v polo-
obaloch bola 238,12 mm, pri semenacikoch pestovanych
na zéhonoch predstavovala 268,51 mm.

Co sa tyka vyskového rastu jednotlivych proveniencii,
v sledovanom obdobi sa prejavil preukazny vplyv povo-
dunaichrast. V subore rastlin pestovanych v poloobaloch
na zaklade priemernych hodnét vysky v rokoch 1998
a 1999 ku najlepsie rastiicim provenienciam patrili Ubl'a
(79,81 mm, 339,64 mm) a Zadiel (83,46 mm, 290,00 mm).
Ku najslabsie rasticim patrili Horny Vadi¢ov (41,98 mm,
188,91 mm) a Kysucky Lieskovec (43,55 mm a 148,90 mm),
ktoré pochadzaju z najsevernejsie situovanych lokalit
s hruskou v Kysuckej vrchovine. V stibore semenacikov
pestovanych na zdhonoch patrili ku najlep$ie rasticim
proveniencie Tren¢ianska Turné (176,21 mm, 380,64 mm),
Kamenec (147,60 mm, 494,20 mm) a Zamarovce (140,57 mm,
360,96 mm). Ku najslabsie rastiicim patrili proveniencie
Mnichova Lehota (85,75 mm, 243,66 mm), Nova Bystrica
(89,76 mm, 252,61 mm), Homy Vadi¢ov (91,87 mm, 232,44 mm).

V sledovanom obdobi sa potvrdil vplyv pévodu na rast
potomstiev hrusky planej a podarilo sa identifikovat’ pro-
veniencie s preukazne odli$nou intenzitou vy$kového ras-
tu. Zaroveri sa zistilo, Ze pri pestovani hrudky planej je
vyhodnejsi vysev na vol'né zdhony a preskélkovanie rast-
lin na konci vegeta¢ného obdobia.
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Notes to the synonymy of some forest species of the families
Otitidae and Lauxaniidae (Diptera-Acalyptrata) in Central

Europe

V. MARTINEK

Dobruska, Czech Republic

ABSTRACT: The author gives evidence for the legitimacy of an independent position of the species Otites ruficeps (Fabricius,
1805) (family Otitidae). The present valid name, Otites bacescui Gheorghiu, 1987, is interpreted as a younger synonym (syn. nov.).
Results of a comparison of the male genitalia of two species occurring in Central Europe, Sapromyza setiventris (Zetterstedt, 1847)
and S. obsoletoides Schnabl, 1876 (family Lauxaniidae) are presented. It is confirmed that both these taxa represent in fact an
identical species, i.e. Sapromyza setiventris (Zett., 1847) and thus the name S. obsoletoides Schnabl, 1876 is only a younger syn-
onym of this species. According to the author’s conclusions S. obsoletoides Schnabl is barely a younger synonym of Sapromyza

apicalis Loew (PAPP 1984b).

Keywords: Diptera; Otites ruficeps; Sapromyza setiventris; synonymy

In 1996-2000 the author identified his own materials of
Diptera from the above mentioned families on the one
hand and collections of some other entomologists on the
other hand, mainly of RNDr. B. MOCEK (Department of
Natural History of the East Bohemian Museum at Hradec
Kralové), Prof. RNDr. M. BARTAK, CSc. (Department of
Zoology and Fishery, Faculty of Agronomy of the Czech
University of Agriculture, Prague) and others. In addi-
tion, the author received a reprint of an important taxo-
nomic paper about representatives of the family Otitidae
in Italy (RIVOSECCHI 1995) which is based, among other
things, on huge collections of Prof. Dr. C. RONDANI from
the half of the 19" century. Dr. Rivosecchi could thus con-
tribute to an explanation of the legitimacy of Otites rufi-
ceps (Fabr.). After mutual agreement the author also sent
some species of the family Lauxaniidae for a revision
(comparison) to Dr. M. CARLES-TOLRA in Barcelona. Re-
sults of these studies and discussions are published be-
low.

Problem of the independent position of Otites
ruficeps (Fabricius, 1805) (family Otitidae)

Already in 1978 (MARTINEK 1980) the author suggest-
ed that Fabricius’ species cannot be only a mere variety
of Otites formosa (Panzer) in the Hennig’s sense (1939)
and in the sense of some other authors before and after
him (cf. e.g. PANDELLE 1902; SO0S 1957, and others).
These authors did not provide the evidence of legitimacy
of their standpoints by an analysis of genitalia. But on
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the other hand, others, partly also older authors, obvi-
ously separated O. ruficeps (Fabricius) from O. formosa
Panzer (SCHINER 1864; BECKER 1905 or SEGUY 1934, etc.)
although they did not study the male genitalia of both
species either. HENNIG (1939) says in his excellent mono-
graph of this family (p. 29): “In addition to the species
“formosa Panzer” many authors who studied this group
of the species, give as the second species “Ofites rufi-
ceps Fabricius” which here and there is to come together
with O. formosa and is to be different from it mainly by the
red rear part of the head”. SCHINER (1864) and after him
also SEGUY (1934) give a set of other differences. But
because these differences are not significant, I cannot
consider the “forma ruficeps™ as a distinct species, but I
must see it as a red-headed individual variety of the typ-
ical form of O. formosa occurring at many sites. Altogeth-
er, HENNIG (1939) had only 3 comparable specimens of
this species to his disposal from Hendel!’s collection and
it is not clear from his text if he had both sexes or only
females and therefore the study of the male genitalia was
not virtually possible at that time.

In 1978 the author (MARTINEK 1980) carried out the
analysis of the genitalia of a typical male of Otites formo-
sa (Panz.) and of O. ruficeps (Fabr.) for the first time. The
male genitalia of both species are different in the form of
surstyle at a glance. In the above-mentioned paper the
author thus evidently distinguished Ofites ruficeps (Fabr.,
1805) from O. formosa (Panz., 1798). In MARTINEK (1980,
Fig. 1B) the male genitalia of Otites ruficeps (Fabr., 1805)
are figured for the first time.
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Later on GHEORGHIU (1987) used Fabricius’ original
name “ruficeps” for the “variety” of O. formosa (Panzer)
again (according to HENNIG’s view 1939) though his illus-
tration of the male genitalia is fully identical with the fig-
ure of the male genitalia of O. ruficeps (Fabr.) in my
contribution (MARTINEK 1980, Fig. 1B) and absolutely
differing from the genitalia of O. formosa (Panz.) (MAR-
TINEK 1980, Fig. 1A). He has not taken into account this
morphological difference of both species at all. But simul-
taneously he described a new species Otites bacescui
Gheorghiu, 1987 (MARTINEK 1994).

The author of the present contribution analyzed many
tens of specimens of O. formosa and O. ruficeps during
his 50 years’ entomological practice. But he has found no
individual of O. formosa in Central Europe until now that
simultaneously has the red lower and rear parts of the
head. If the lower part was red, then it was always O.
ruficeps Fabr., a species of smaller size compared with
usually larger O. formosa. The latter species occurs on
warmer forest-steppe-like slopes, and O. ruficeps is usu-
ally found there together with this larger species. The
variety “Otites formosa ruficeps” (with the genitalia of O.
formosa type) has not been recorded in Central Europe by
the author.

Recently, RIVOSECCHI (1995) published a monograph
about Italian species of the family Otitidae and examined
an ample material from Rondani’s collection. In his de-
tailed contribution based on analyses of the genitalia of
individual species, Rivosecchi documents that Otites for-
mosa Panz. and O. ruficeps (Fabr.) (sensu RONDANI 1869)
are quite distinct and well distinguished species because
of their widely different form of surstyli!

Recently I sent to Dr. Rivosecchi (Rome) a copy of my
contribution from 1980 and a copy of Gheorghiu’s paper
(1987) and asked him for his opinion on the new descrip-
tion published by the Romanian author. The answer (May
22, 1997) was as follows: “Thank you for your offprints
and those of Gheorghiu. At last I have resolved the ques-
tion of Otites ruficeps sensu Rondani = your ruficeps
(Fabr.) = bacescui Gheorghiu.”

The valid name of the species under discussion is Otites
ruficeps (Fabricius, 1805) and the younger name O. ba-
cescui Gheorghiu, 1987 is its new synonym (syn. n.). The
valid name of this species, Otites ruficeps (Fabr., 1805),
should be included in the Check-list of the Diptera Spe-
cies of the Czech and Slovak Republics (CHVALA 1997)
and the name O. bacescui Gheorg. as a synonym below it.

Problem of the synonymy of Sapromyza setiventris
(Zetterstedt, 1847) (family Lauxaniidae)

In the last years the author identified the species S.
setiventris (Zett., 1847) from various forest areas of the
Czech Republic, Romania and other countries. According
to the key by CZERNY (1932) it may be confused with S.
obsoletoides Schnabl, 1876 as PAPP (1984a) also noted
because the reportedly stable “colour of palpi” is actually
very variable. In typically coloured specimens of S. se-
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tiventris the palpi (according to Czerny’s key) should be
yellow in the distal half and only sometimes is the extreme
tip blackish and the forehead fully shining. The third an-
tennal segment is obviously concave with widely round-
ed tip. S. obsoletoides should have the distal end of palpi
black and on the contrary, the thin low stem yellow and
the forehead should be dull except for lateral borders, and
the area of the ocellar triangle reaches to the middle of the
frons. The third segment of antennae should be straight-
er on the upper side. In both these forms the 3" antennal
segment is black apically. A larger number of males of
both “species” from various areas of the Czech Republic
and Romania were sent to a revision to Dr. M. CARLES-
TOLRA (Barcelona). He found that the male genitalia of all
specimens of both these morphologically fairly different
groups are fully identical. All examined specimens belong
to the same species showing a large variability in the co-
lour of palpi and frons. This conclusion was made with-
out studying the type specimens which were not at
disposal. Both forms display a characteristic form of the
third antennal segment being more or less concave along
the dorsal margin and black and widely rounded apically.
The frons is more or less dull (except the stripes between
orbital bristles and ocellar triangle). Absolute identity of
the genitalia of compared males proves that the species is
identical with that described already in 1847 by Zetter-
stedt as S. setiventris.

However, PAPP (1984b) considered the name “obsole-
toides Schnabl” on the basis of CZERNY’s concept (1932)
as a synonym to Sapromyza apicalis Loew. Neverthe-
less, CZERNY (1932) stated that there are two notes by
Schnabl “against this interpretation: 1) the frons in “0b-
soletoides” is mostly dull whereas the whole frons is shin-
ing in S. apicalis Loew and 2) the cross veins in
“obsoletoides” are considerably near each other so that
their distance is equal to a half of the distance of £, from
the wing end and does not occur in the species in S. api-
calis Loew (the distance of veins ¢, — ¢, equals approxi-
mately to the whole distance ¢, from the wing end).”

For all above-mentioned reasons and mainly because of
the identity of the male genitalia the younger species “S.
obsoletoides Schnabl, 1876 is considered to be a younger
synonym (syn. n.) of S. setiventris (Zetterstedt, 1847).
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ABSTRAKT: Autor pfedklada argumenty a diikazy o opravnénosti samostatného postaveni druhu Otites ruficeps (Fabricius,
1805) (celed’ Otitidae), pricemz se dosavadni platny nazev druhu, Otites bacescui (Gheorghiu, 1987), stava mlad$im synony-
mem (syn. n.). Autor dale uvadi vysledky porovnani utvéafeni genitalii samcti dvou dosavadnich, ve stfedni Evropé se vyskytu-
jicich, druhli Sapromyza setiventris (Zetterstedt, 1847) a S. obsoletoides Schnabl, 1876 (Celed’ Lauxaniidae). Potvrzuje se, Ze
oba tyto taxony ve skuteénosti predstavuji jeden zcela totozny druh, a to Sapromyza setiventris (Zett., 1847), takze nazev
S. obsoletoides Schnabl, 1876 je mlad§im synonymem tohoto star§iho druhu. Autor mj. také zdiivodiiuje, Ze zafazovéani druhu
S. obsoletoides Schnabl jako mlad$iho synonyma ke druhu Sapromyza apicalis Loew (PAPP 1984b) neni opravnéné.
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