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ABSTRACT

The origin of Nardus stricta dominated subalpine grassland (Nardo-Caricion rigidae alliance) is a frequently
discussed topic in the Giant Mountains (KrkonosSe in the Czech Republic). Many researchers considered them, as
secondary stands arisen after Pinus mugo removal and by consequent oligotrophization of original plant commu-
nities, caused by long-term rough grazing and hay making activities without manuring. On the contrary, they are
recognized as natural due to inability of generative reproduction of N. stricta and the very slow vegetative spread
there. The aim of this study was to find proofs for generative reproduction of mat grass in subalpine conditions of
the Giant Mountains. We identified a Pinus mugo nursery with arable land abandoned in 1956 and compared its
vegetation with that of the surrounding area. Dense and homogenous sward dominated by N. stricta developed du-
ring the succession on the old arable land for 48 years, and it is an indisputable proof of generative reproduction
of N. stricta there. Synthesizing historical facts on human activities in the past and the results of our contemporary
vegetation analysis, we conclude that the Nardo-Caricion rigidae grassland was capable to spread relatively quic-
kly, when agricultural activities above the upper timber line were introduced.

KEY WORDS: generative reproduction, Nardus stricta, Nardo-Caricion rigidae, arable land succes-
sion, Giant Mountains.
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INTRODUCTION

The origin of Nardus stricta dominated subalpine gras-
sland (Nardo-Caricion rigidae alliance) is a frequently di-
scussed topic in the Giant Mountains (Krkonose). This
species’ poor vegetation is wide spread on the western and
eastern subalpine plateaus there, then fragmentally in the
Kralicky Snéznik and the Jeseniky Mts. in the Czech Repu-
blic (Krahulec et al. 1996). According to Krahulec (1985),
the Nardo-Caricion rigidae alliance represents a significant
relict type of grassy tundra vegetation there, with center of

natural distribution in Scandinavia, Scotland and Island.
Carici fyllae-Nardetum is the only association of that al-
liance due to relatively low heterogeneity of N. stricta sub-
alpine sward in the Giant Mountains (Jenik 1961). Carici
rigidae-Nardetum is its synonym generally accepted in Po-
lish literature (Matuszkiewicz, Matuszkiewicz 1974; Fabi-
szewski, Wojtufi 2001).

The majority of mat grass stands above the upper tree li-
mit were generally considered by many authors as secon-
dary, which arose after Pinus mugo removal and by conse-
quent oligotrophisation of original plant communities, cau-



254 REGENERATION OF NARDUS STRICTA SUBALPINE GRASSLANDS

Hejeman M. et al.

PINUS MUGO NURSERY N
@l Picea abies
3 Pinus mugo . 73
N Olgline 72
= Inside
e Outside
& Transition

.
83 82

sed by long term rough grazing and hay making activities
without manuring (Lokvenc 1960, 1878, 2001; Jenik 1961;
Matuszkiewicz, Matuszkiewicz 1975; Stursa 1983). Stur-
sova (1974, 1985) studied the effect of mineral fertilization
on structure of Carici fyllae-Nardetum sward in the eastern
part of the mountains near the chalet Lu¢ni Bouda. Basing
on the long-term reaction of the sward, she concluded on
low dynamics of N. stricta above the upper tree line and
presumed its inability to colonize the bare ground after
sward removal. She also documented the incapability of
generative reproduction of N. stricta on the example of
trenches excavated before the World War II by the Czecho-
slovak army. The trenches stayed partly without vegetation
cover or were colonized by Avenella flexuosa or Calama-
grostis villosa, not by N. stricta, although this species was
the most frequent in the neighborhood during 40 years of
natural succession. With respect to these facts, she conside-
red Carici fyllae-Nardetum grassland as natural vegetation,
which was, however, probably only partly enlarged by
agricultural activities in the past. In the last few decades,
Calamagrostis villosa and Molinia caerulea expansion was
recorded there (Wagnerova 1991; Lokvenc 1996; Fabi-
szewski, Wojtun 2001). Higher nitrogen deposition is the
generally accepted reason for the increase of these species,
disregarding defoliation activities performed there before
World War II. Hejecman et al. (2003) investigated the effect
of mowing on C. villosa stands in the Western subalpine
plateau of the Giant Mountains. The negative reaction of
C. villosa to the defoliation led them to consider its present
increase, at least partly as a natural succession after cessa-
tion of regular management. It is obvious that agricultural
activities performed above the upper tree line for at least
500 years had to cause C. villosa reduction and N. stricta
increase. Hendrych (2001) raised a presumption on the N.
stricta quick increase during the 17™ and 18" centuries.
Vegetative spread of N. stricta is very slow there (Stursova
1974, 1984), therefore the generative reproduction had to
take part in the process of grassland succession under ma-
nagement activities. This statement on the possibility of
generative reproduction of N. stricta is in sharp discrepan-
cy with Stursova’s (1985) conclusions on inability of this
grass to reproduce generatively above the upper tree limit.
With respect to that, the aim of our study was to prove the

Fig. 1. Position of the nursery in the ortho-
photomap taken in 2000 and detail plan of
relevés collection.

ability of generative reproduction of mat grass in subalpine
conditions of the Giant Mountains.

MATERIALS AND METHODS

Study site

The present study was performed on the Bila Louka me-
adow, 750 m southwest from Lucni Bouda chalet (Fig. 1)
in the eastern part of the Giant Mountains (50°43°55°" N,
15°41°10> W, Czech Republic). According to Soukupova
et al. (1995), the investigated area belongs to the vegeta-
tion zone of arctic-alpine tundra. The study area lies at an
altitude of 1435 m a.s.l. The soil types are podzols develo-
ped on medium grain porphyric granite. The mean annual
temperature is 2°C and the mean annual precipitation is
1380 mm (Vrbatova bouda Meteorological Station). Ba-
sing on historical records and photographs we localized an
abandoned Pinus mugo nursery. The nursery was used for
production of Pinus mugo seedlings in purpose of subalpi-
ne grassland reforestation. The reforestation was performed
on stands where P. mugo shrubs were removed in the past
to enlarge the area for grazing and hay making. The quality
of seedlings was low and their production too expensive,
thus the area was abandoned in 1908 (Lokvenc 1983). The
nursery was experimentally reestablished in 1952 and aga-
in abandoned in 1956 for low quality and insufficient an-
nual growth to seedlings. The nursery was abandoned wi-
thout sowing of any seed mixture, and a natural succession
of the arable land was therefore allowed there in 1908 and
1956. The state of the nursery in 1954, two years before
the second abandonment, is visible in Figure 2. The nurse-
ry was rectangle 50x34 m. ArcView 3.2 software was used
for presentation of study area and data collection design to
enable the repetition of data collection in the future.

Plant species composition

Relevés were collected in ten triplets. The first plot of
the each triplet was placed inside of the nursery (I), the se-
cond in the clearly visible transition zone (T) between two
plots and the third one outside (O) (see Fig. 1). Detailed
description of compared plots is in Table 1. Relevés were
collected in squares 4.2x4.2 m (17.65 m?) in I and O plots,
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and in rectangles 2.8x6.3 m (17.65 m?) in T plots. We used
different sampling plot dimensions, because the transition
zone was up to 3 m wide only. Coverage of all present spe-
cies was visually estimated in percentages at the end of
July 2004. Nomenclature: Kubat et al. (2002), Krahulec et
al. (1996) for phytocoenological units.

Compressed sward height

To evaluate sward heterogeneity, within each plot and al-
so among three investigated stands, we used compressed
sward height parameter measured by rising plate meter.
This method is frequently used for measurement of grazing
intensity and variability of grazing on pastures (Correl et
al. 2003; Pavlu et al. 2003). Ten measurements were per-
formed within each relevé for calculation of mean sward
height and range of heights (maximal height minus mini-
mal height). Range of height was calculated to analyze
sward variability within each relevé.

Data analysis

Redundancy analysis (RDA) in the CANOCO program
(Ter Braak and Smilauer 1998) was used to evaluate multi-
variate plant species data. Redundancy analysis is a direct
gradient analysis based method on the assumption of linear
response and was used because data sets were relatively
homogeneous. Permutations in Monte Carlo permutation
test were performed completely at random in each triplet.

TABLE 1. Description of compared areas.

Fig. 2. Pinus mugo nursery in 1954. Inside of
the nursery is arable land, transition zone
with sods removed from the nursery is in the
right side of the picture.

499 permutations were performed in all analyses. After ob-
taining significant results of RDA analyses, ANOVA was
used to reveal differences in coverage for the most frequent
species. Mean sward height, range of heights, and number
of species were analyzed by one-way ANOVA. Tukey
HSD test was used for multiple comparisons in case of si-
gnificant ANOVA results.

RESULTS

Plant species composition

We recorded 18 vascular plant species and moss Polytri-
chum commune Hedw. in the collected relevés. Nardus
stricta, Avenella flexuosa, Carex bigelowii, Deschampsia
cespitosa, Anthoxanthum alpinum, Calamagrostis villosa,
Solidago virgaurea subsp. minuta. Luzula sudetica and Ve-
ratrum album subsp. lobelianum were the most frequent
species. Hieracium alpinum, Calluna vulgaris, Galium sa-
xatile, and Polygonum bistorta occurred in less than one
third of collected samples. Silene dioica, Festuca supina,
Gentiana asclepiadea, Silene vulgaris, and Carex cane-
scens were recorded only in one sample.

We revealed very homogenous and the densest sward of
all compared stands developed on the abandoned arable
land inside the Pinus mugo nursery within 48 years. Mean
total coverage was 95, 80 and 84% inside, outside of the

Abbreviation  Description of the area

—

Pinus mugo nursery, stones and sward were removed in 1905 and again in 1952, natural colonization of arable land was there since 1956.

(6] Outside of the nursery, vegetation received no plowing, sward removal or further destructive impacts.
T Transition zone, stones and swards removed from the nursery were put there in 1905 and again in 1952.
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nursery and in the transition zone respectively (Fig. 3).
Differences in total coverage were significant between I-
O and I-T stands (Table 2). To reveal differences in sward
structure, we performed RDA analyses of collected relevés.
Analysis 1 (Table 3) revealed that at least one stand diffe-
red significantly from other ones. Relevés position explai-
ned together 72.6% of species data variability. Analyses 2-
-4 revealed differences between all combinations of stands.
To show differences among stands, we analyzed the most
common species separately by one-way ANOVA (Table 2,
Fig. 4). Coverage of N. stricta was the highest inside, A.
flexuosa, D. cespitosa and C. villosa in the transition zone,
and C. bigelowii outside of nursery. Mean recorded cover
of N. stricta was 80, 34, and 5%, A. flexuosa 16, 32, and
44%, D. cespitosa 1, 1, and 15%, C.villosa 0.4, 1 and 9%
and C. bigelowii 1, 18, and 14% in I, O, and T stands re-

Hejeman M. et al.

Compressed sward height
18

16
14

o OBl

10

Sward height (cm)

W Mean
[CJ+sE
6 T ssD

Fig. 3. Total coverage, compressed sward height, and range of heights
outside (O), inside (I) of the Pinus mugo nursery, and in the transition zo-
ne (T).

spectively. All stands differed significantly only for cove-
rage of N. stricta, for A. flexuosa they differed significantly
for I-O and I-T stands, and for C. bigelowii in I-O only.
Differences in coverage for other plant species among the
investigated stands were not significant.

Compressed sward height

Mean compressed sward height was 12, 11.9, and 8.5 cm
in I, O, and T stands, respectively, and differed significan-
tly only between I and O plots (Table 2, Fig. 3). The range
calculated as the difference between maximum and mini-
mum sward height recorded in each relevé was more than
four times lower in relevés collected inside the nursery
than in other stands. The mean range of sward heights was
2.88, 12.5, and 13 cm in I, O, and T stands respectively.
I-O and I-T stands differed significantly.

TABLE 2. Results of ANOVA analyses of cover estimates and compressed sward heights inside, outside and in the transition zone of the nursery. Tukey
HSD - indicate significant differences between investigated areas, I — inside of nursery, O — outside of nursery and T — transition zone. Significant results

are bold faced. Degrees of freedom were 2 in all performed analyses.

Variable F-ratio P-value Tukey HSD
Nardus stricta 155.2 <0.001 1-0, I-T, O-T
Avenella flexuosa 10.8 <0.001 I-0, I-T
Carex bigelowii 5.0 0.015 1-0

Luzula sudetica 0.9 0.454

Deschampsia cespitosa 24 0.129

Calamagrostis villosa 0.7 0.541

Anthoxanthum alpinum 2.5 0.1

Total coverage 12.7 <0.001 1-0, I-T
Sward height 4.0 0.041 1-0

Sward height — range 58.7 <0.001 I-0, I-T
Number of species 1.06 0.361
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TABLE 3. Results of the RDA analyses of cover estimates in 17.65 m? plots.
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Explanations:% axis 1 (all) — % species variability explained by axis (all) — measure of the explanatory power of the explanatory variables, F — F-ratio sta-
tistics for the test on the trace (all axes). P — corresponding probability value obtained by the Monte Carlo permutation test (499 permutations, i.e. Type [
error probability in testing the hypothesis that effect of one (all) explanatory variables is zero. I — inside; O — outside; T — transition zone.

Analysis 1. Explanatory variables Covariables % axis 1 (all) F 1 (all) P 1 (all)
1. LO,T Triplet 70.3 (72.6) 42.5(23.9) 0.002 (0.002)
2. LO Triplet, T 49.7 17.8 0.002
3. T,O Triplet, I 31.7 8.3 0.002
4. T,1 Triplet, O 71.7 45.5 0.002
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Fig. 4. Coverage of the most abundant species outside (O), inside (I) of the Pinus mugo nursery, and in the transition zone (T).

DISCUSSION

Dense sward dominated by N. stricta inside the nursery
is a doubtless evidence of generative reproduction of this
species in subalpine conditions of the Giant Mountains.
The spread of N. stricta swards is very slow and according
to Stursova (1985) does not represent the way of bare gro-
und colonization. In the case of our nursery, the vegetative
spread of N. stricta from outside was impossible from the
practical point of view, because mat grass occurred spora-
dically in the majority of plots in the transition zone. Ba-
sing on the study of historical photographs, we concluded
that the generative reproduction of N. stricta had been po-
ssible also in the period 1908-1952. A continuous N. stricta
sward, but less dense than today, was well visible from
photographs taken there before reestablishment of the nur-
sery in 1952 (not published here). The next, even though
indirect evidence for N. stricta generative reproduction is
its caryopses germination estimated by Malkova & Matéj-
ka (2004). Caryopses collected in the vicinity of our study

area showed a high year-to-year variability in germination,
approximately from 5 to 80% from 1994 to 2001. It is
obvious, that at least a part of caryopses was able to germi-
nate in each investigated season.

The sward was homogenous inside of the nursery and
coverage of N. stricta varied from 70 to 85% there. Varia-
tion was higher in the transition zone and highest outside
the nursery. Coverage of N. stricta ranged from 0.5 to 22%
in T stand and from 15 to 55% in O stand. The low variabi-
lity of N. stricta coverages inside the nursery is an indicator
of relatively homogenous conditions for germination and
seedlings survival during the succession of abandoned ara-
ble land. The best indicator of sward homogeneity inside
each relevé was the range of sward heights. That is why we
performed 10 sward-height measurements per relevé inste-
ad of only one for species coverages. The variability of me-
an compressed sward height was similar on O and I stands
and highest in T stand, as is seen in Figure 3. To know the
variability within each collected relevé, we calculated hei-
ght ranges for each sample, it means, by taking the maxi-
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mum minus minimum sward height from 10 measure-
ments. The mean range of only 2.8 cm in I stand is in sharp
contrast with 12.5 and 13.0 cm in other stands. The range
heights are a good indicator of sward homogeneity and
species distribution there. Relevés were patchy in both
T and I stand and patches were composed of areas domina-
ted by single species. Sward heights 2-5 cm were frequen-
tly recorded in patches dominated by C. bigelowii, on the
other hand, heights 20-30 cm were measured in patches of
C. villosa. The range of sward heights is thus a good indi-
cator of variability in plant species composition in the in-
vestigated stands. The sward inside the nursery I was ho-
mogenous in comparison to swards of T and O stands. Re-
establishment of other species characteristic for Carici fyl-
lae-Nardetum grassland was also possible, as is evident
from their coverages in I stand. We are not able to separate
generative and clonal reproduction for these species and
thus the discussion of generative reproduction is impossi-
ble. Clonal spread by long underground rhizomes, for
example, is characteristic for C. villosa and C. bigelowii
(Moravkova 1999; Brooker et al. 2001).

A. flexuosa, C. villosa, and D. cespitosa had the highest
coverage in the transition zone. It can be explained by hi-
ghest nutrients availability of all stands caused by deposi-
tion of sods removed from the nursery during establish-
ment in 1905 and reestablishment in 1952. Luzula sudetica
was the most frequent in I stand, and is generally the most
common in the dense N. stricta sward above the upper tree
limit. It seems that homogenous vegetation inside the nur-
sery was a more favorable environment for these species.

Synthesis and application

More than 300 ha of Carici fyllae-Nardetum grasslands
on both the high-elevated plateaus of the Giant Mountains
were considered by many authors as secondary, where plots
of Pinus mugo were destroyed (Lokvenc 1960, 1978, 2002;
Jenik 1961). According to Stursova (1985) N. stricta is una-
ble to reproduce generatively above timber line, and thus
she considered the large area of this grassland as natural
communities. She concluded that this area was only partly
enlarged in result of anthropogenic impact in the not too di-
stant past. The inability of N. stricta generative reproduction
was shown on abandoned roads and trenches, which were
colonized by other species, not by N. stricta. Basing on re-
sults of our study we concluded than N. stricta is able to re-
produce generatively in the subalpine conditions of Giant
Mountains. Agricultural activities performed there for at le-
ast 500 years could support the spread of this species.
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