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The relationship between Pinus mugoe and several species (Carex bigelowii, Hieracium
alpinum agg.. Pulsatilla scherfelii and Calluna vulgaris) was studied in the alpine tundra
localities reforested by dwarf pine in eastern part of the Giant Mts. The young dwarf pine
plantations grow relatively fast and become vital under favourable conditions. Annual
increase in shrub width varies in range 12 to 35 % in stands of age to 35 years. Dwarf pine
stands are relatively open, the size of the vacant gaps is sufficient for an original plant
microcoenose development. Changes in the plant coenoses were described by the repeated
relevés use. They documented a decrease of cover or a disappearing set of species,
including protected ones (e.g. Primula minima, Huperzia selago, Hypochoeris uniflora,
Gentiana asclepiadea, Arnica montana, Diphasiastrum aipinum) mainly in the closed
Pinus mugo stands.

Carex bigelowii is species with low coverage under dwarf pine and in the nearest belt around
the shrubs, Number of plants increased with the distance from the nearest pine shrub.

A light ecotonal effect by Hieracium alpinum agg. is shown by the dwarf pine periphery.
It can be marked within a close belt — the species indicate an accumulation of individuals
and flowering plants in the shrub surroundings. The highest number of plants occurs on
places with distance of 25-100 cm from the nearest shrub. The maximal accumulation of
flowers was within places of distance to 150 cm. The share of browsed plants increases
gradually with distance from the nearest pine shrub. There are only a few plants as
undergrowth in shrubs of dwarf pine. The parallel plots without dwarf pine show more
plants comparing plots of pine plantation.

There is an ecotonal effect within a radius of 50 cm from dwarf pine by Pulsatilla
scherfelii. The species show a lower dependence of occurrence on the pine shrub-plant
distance, nevertheless it is statistically significant. A low accumulation of plants was visible
within the distance of 1 m around shrubs. The highest number of flowers can be found in
low dwarf pine stands with gaps or in a close peripheral belt of the pine shrubs. Number
of browsed plants was higher in free plot comparison with dwarf pine undergrowth.
Calluna vulgaris is a species often occurring together with young dwarf pine shrubs. The
most vital heather grows in radius of 50-75 cm from pine shrubs. The highest coverage
of flowering heather was on places with distance bigger than 125 cm from shrubs.

It is suggested to adapt management of the dwarf pine stands with regards to the results:
it is necessary to guarantee a sufficient free space (gaps) among individual shrubs of
dwarf pine. The gaps give the opportunity for development of shade (and other pine
influences) intolerant species.

Keywords: alpine tundra, Calluna vulgaris, Carex bigelowii, dynamics,

Hieracium alpinum agg., horizontal growth, management, Pinus
mugo, Pulsatilla scherfelii, shrub-herb influence, spatial structure
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INTRODUCTION

The relationship between dwarf pine (Pinus mugo) and several herb species after reforestation of
high mountains tundra ecosystems was studied in the eastern Giant Mts. by similar approach as in the
western part of mountains (see PastaLkova et al. 2001). Following results are a part of the project of
Ministry of Environment under notation VaV/620/4/97 solved by the Department of biology at the
University of Hradec Krdlové. In this field two thesis (Krrickova 1999; ZikMunD 1999) were prepared
under the leadership of J. Malkovad (MALKOVA et WAGNEROVA 1999).

The dwarf pine influence on the plant communities of subalpine and alpine altitudinal zone was
evaluated within permanent research plots (PRP’s) on the base of coenological relevés, micro-mapping
and documentation of the horizontal growth of dwarf pine with its influence on selected autochthonous
herb species. Single dwarf pine shrubs and selected species (Hieracium alpinum agg., Pulsatilla scherfelii,
Calluna vulgaris and Carex bigelowii) on the PRP were monitored. A goal of the study consists of
documentation of the actual state, changes and their cause. It can be a base for suggestion in the
management to protect the biodiversity in the tundra ecosystems.

As far as to the geographical and climate differences of eastern and western part of Giant Mts. (e.g.
altitude higher by 100 m) are concernet, results are published separately using the same methods used by
PastaLkovA et al. (2001).

We thank M. Kocidnov4, J. Stursa (Administration of Krkonose National Park) and S. Vacek
(Forestry and Game Management Research Institute, Opoéno Research station) for useful comments.

ENVIRONMENTAL CONDITIONS OF THE EASTERN GIANT MTS.

From geologic point of view the bedrock on Modrd strén is from muscovite — albitic schist or phyllite
combined with polygenetic colluvial and fluviocolluvial deposits, on Studni¢nd hora it is muscovite —
albitic schist or phyllite and the bedrock on Stiibrnd pléii is created from medium grained biotitic granite
(CHaLoupskyY 1968). Soil type is mostly montane humic podzol and immature soils are on the highest
places of the area (ToMASEK et Zuzka 1983).

The investigated area (Fig. 1.) pertains to the catchments of Upa and Bilé Labe. Climate region is cool
with average annual temperature varying between 0 and 2.3°C and amount of precipitation from 1200 to
1500 mm (HLaDNY, SYKoraA 1983). The study plots are located in the anemo-orographic system of Bilé
Labe (Jenfk 1961).

The vegetation consists of a mosaic of communities. Juncion trifidi Krajina 1933 (assoc. Cetrario-
Festucetum supinae Jenik 1961) constitute community of the highest altitude (above 1470 m a.s.1.). The
plateau vegetation obtains predominantly growths of alliance Nardo-Caricion rigidae Nordhagen 1937
(prevailing assoc. Carici fyllae-Nardetum (Zlatnik 1928) Jenik 1961) and Calamagrostion villosae
Pawlowski in Pawlowski, Sokolowski et Walisch 1928 occurring in eutrophic parts (assoc. Crepido-
Calamagrostietum villosae (Zlatnik 1925) Jenik 1961. A mosaic of communities classified within
alliance Pinion mughi Pawlowski in Pawlowski, Sokolowski et Walisch 1928 (assoc. Myrtillo-Pinetum
mughi Hada¢ 1956) grows as a part of uninfluenced natural stands except the highest localities of ridges.

Particular description of environment of arctic-alpine tundra was published by KociAnov4 et al.
(1995) and Soukurova et al. (1995).

METHOD

The species composition of communities on all plots was registered using repeated relevés (the
Braun-Blanquet’s scale for abundance and dominance was applied). Similarity among vegetation of all
plots was evaluated on the base of the hierarchic agglomerative clustering (average linkage method with
Euclidean distance as a measure of dissimilarity; Fig. 2.). Values on representation of species of herb and
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POLSKO

Fig. 1. Localisation of the permanent research plots (PRP's) in eastern part of the Giant Mts.

moss layer were used. The species representation corresponds to an average cover (in per-cents) by the
respective grade of the Braun-Blanquet’s scale.

The periphery lines of all Pinus mitgo shrubs were mapped as an upright projection of free branches.
Plants or closed groups of plants (clumps) of selected species (Pulsatilla scherfelii, Hieracium alpinum
agg., Calluna vulgaris, Carex bigelowii) were registered as points (clump centroids) — they are called
“points of occurrence”. One occurrence point corresponds to one or several plants (the same approach
was used by PastaLkova et al., 2001). Each occurrence point has registered number of individual plants,
number of flowers (flowering plants) and browsed plants.

Graphical data processing (digitalisation of hand-made plans of plots and database filling) was
carried out by the TopoL software. Main information was obtained by computing of distance single
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occurrence points from the nearest dwarf pine shrub (Pa§TaLkoVvA et al., 2001). Particular evaluation is
available by plots K1 — K6. Each plot of size 20 x 10 m consists of two adjacent square sub-plots.
A regular network of points with step of 0.25 m was generated. The frequency of points of this network
according to the distance of point from the nearest dwarf pine shrub is an estimate of such frequency for
a random point. Dependencies of the studied species on dwarf pine were analysed using graphs of
cumulative differences calculated according to the equation

k
d=X(f/t- E/T)

i=1

where f is actual i-th frequency, F is relevant expected frequency, t is total number of occurrences, Tis
number of the generated network points, k is a limit interval of distance (these intervals were chosen with
breadth of 0.25 m starting at 0 m to the last interval of distance >4 m; distance equal to 0 m corresponds
to points within an area of a pine shrub). For interpretation of these graphs see PasTaLkovA et al. (2001).

It is possible to obtain the significance of the curve of cumulative differences on the base of test of
goodness of fit the actual distribution of objects (occurrence points, plants, flowering plants, browsed
plants, respectively; distribution according to distance from the nearest shrub) and expected distribution
of random points (generated as a point network). The x*-test was employed.

In the Calluna vulgaris micro mapping, the emphasis was laid on the registration of extent of the vitality
classes (A — more than 60 % of heather cover is in flower; B — 30-60 % of heather cover is in flower; C —
less than 30 % of flowering heather; D — dead heather; E - heather overgrown by grass). This classification
is similar to PagTaLkova et al. (2001). An analogical scale was used by Carex bigelowii. The grades (density
classes) are defined according to number of the plant individuals in the square of the side size of 50 cm:
A —1-5 plants; B - 6-10; C - 11-15; D - 16-20; E — 21-25; F — more than 25 plants per square.

The nomenclature of higher plants follows RoTHMALER et al. (1990), for moss species is consistent
with CorcEy et al. (1981). The plant community nomenclature follows Moravec et al. (1995). Following
pairs of species were not distinguished: Anthoxanthum odoratum and A. nipponicum, Senecio fuchsii
and S. hercynicum. Species Campanula bohemica and Pulsatilla scherfelii were determined according
to DosTAL (1989).

PLOT LOCALISATION

Totally ten PRP’s of 20 x 10 m in size were established in the area of eastern Giant Mts. Each plot
intended for monitoring of the dwarf pine growth and of relation between pine and selected herb species
consists of two containing subplots of 10 x 10 m. Three parallel plots (10 x 10 m) without dwarf pine
were fixed for comparing both qualitative and quantitative attributes of the selected herb plant distribution
(plots are marked with “k”).

All PRP’s in the eastern Giant Mts. are found in arctic-alpine tundra of the first zone of the Krkonose
National Park. The major part of plots lies on the northwest and north slopes of Studni¢ni hora (plot K5
with the higher altitude of 1545 m a.s.1.). The most southeastern plot occurs in locality of Modra straii
(1480 m a.s.1.), the most northern PRP’s were fixed in the area of Stifbrné navr3i (1400 m a.s.1.) — see
Fig. 1. ZikmMunD (1999) has observed (since 1996) plots marked with the first character “Z”. “K” is used
for plots studied by Krtickovd since 1997 (Krrickova, 1999). The plot localisation was not accidental but
it had to meet a condition of a sufficient plant frequency by selected species for statistical processing.
There is no parallel plot to the Z4 PRP with Calluna vuigaris because of a lack of adequate communities
without dwarf pine plantation.

All studied plots except Z4 lay in area of the forest enterprise Horni MarSov, forest administration
Pec pod SndZkou. The mentioned plot is localised in the area of Vrchlabi forest enterprise (Spindleray
MIlyn administration).
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For particular plot characterisation:

1. The Modrd strafi locality (1480 m a.s.l.): 200 m from the monument *‘Pamétnik ob&tem hor™, 50 m
under road to the Vyrovka Chalet — the plot Z1 lays by an end of Senecio fuchsii growth, plot K6 is
with distance of 30 m. Both plots are designated for studying the relation between Pinus mugeo and
Pulsatilla scherfelii (Photo 1). The parallel plot K6k is localised in southeastern direction with
distance of 20 m from K6.

2. Northern and northwestern slopes of the Studniéni hora (mountain): There are 7 plots with dwarf
pine and two parallel plots here. Pinus mugo and Carex bigelowii were mapped in the plot Z2
(altitude 1485 m) in the surroundings of two autochthonous dwarf pine shrubs. The other plots were
used to monitoring of allochthonous plantations of age lower than 35 years. Five PRP’s were fixed to
study the relationships between dwarf pine and Hieraciwm alpinum agg. The plot Z3 (to study of
Hieracium alpinum agg. and Calluna vulgaris) is situated on the slopes of Studniénf hora, too.

3. The Stiibrné navrii locality: A plot to study relationships between dwarf pine and heather
complements the set of PRP’s (the plot Z4 is located 50 m to the left from the winter tourist path
Luéni bouda - Spindlerova bouda, 850 m from Luéni bouda at 1400 m a.s.1.).

All plots occur at 9" (dwarf pine) forest altitudinal zone. 9Z8 is the most frequent forest type (plots
Z72,73,74, K1 - K4 and K4k). Forest type 929 is mapped within plots Z1, K6 and K6ék. Plots K5 (type
976) and K5k (type 9Y1) are of different property.

RESULTS

Relevés (Tables 1.-3.) document properties of plant communities in the eastern Giant Mts. They are
comparable with relevés from the western part of the mountains (PASTaLkovA et al. 2001). A set of
heliophilous species (see indication values for light condition; ELLENBERG et al. 1992) shows a cover
decrease or extinction. The set partly consists of protected species — Primula minima (plot K5k),
Huperzia selago (extinction in the plot K1B, decreased representation in K5 and K5k; this situation is
equivalent to the western Giant Mts., plots P1 and P4). Coverage of Veratrum album subsp. lobelianum
has decreased in plots K1A, K4A, K4B and K3A (total extinction). Analogical situation appeared in
plots P1 and P2 in the western Giant Mts. Plots J1,J2, N1, K1, K2 and P3 showed a cover increase by
this species on the contrary. The representation of further protected species in plots of the eastern Giant
Mits. did not change unlike the plots of the other mountain part — it was extinction (P2, P3) or a cover
decrease (P1, P4) of Hieracium alpinum agg. in older stands with high dwarf pine cover (cover was
unchanged in the young pine plantations). Species Hypochoeris uniflora dies out within older stands (P1
— P4) in the western Giant Mts., another plots of this area show no important change. In the group of
limited species it is possible to include Gentiana asclepiadea (within plots P1 — P4) and Diphasiastrum
alpinum (plot P2).

An increase of coverage was registered by Homogyne alpina (Z1, K1A, K1B, K2A, K4k, K5k,
K6A, K6B, K6k), Polygonum bistorta (K5B, K5k, K6A), Solidago virgaurea subsp. minuta (e.g. Z2,
K2A, K6A, analogically in several plots of the western area). Cover of Calamagrostis villosa, Galium
harcynicum increased lightly within sunlit gaps among pine shrubs of age of 35 years in the western
Giant Mts. This dynamics is not possible to generalise because of a short period of observation.

The relevé classification (Fig. 2.) exemplifies small variance among (sub-) plots. It is adequate to fact
that all plots are situated in 9" forest altitudinal zone. There are a homogenous groups of plots K1, K4
and K5 with the Hieracium alpinum agg. observation. Similar status of plots K6 and Z1 (to study of
Pulsatilla scherfelii) was documented. Some subplots show most important differences comparing
a pair of plots (example of K2 and Z3 plots). The parallel plots are similar to the plots with dwarf pine
plantation in the species structure.
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Tab. 1. Relevés from plant communities of plots Z1, Z2, Z3, and Z4. Plant species representation
according to the Braun-Blanquet's scale with intermediate grades.

Plot ZIA  ZIB  Z3A Z3B  Z2A Z2B ZAA 74B
slope [] 20 20 15 10 10 10 15 15
orientation SE SSE N N N N SwW SW
number of species E; 1 1 2 1 1 1 1 2
number of species E; 21 26 13 14 9 9 4 4
E; cover [%] 13(22) o6(11) 9(18) 8(16) 4(9) 46(53) 16(24) 13(24)
Ei cover [%] 85(87) 92(94) 100 95 95(97) 80 95(97) 90(92)
Eq cover [%] 0 0 10 5 0 ] 5 5
El-’

Picea abies 4 ’ + x ; 5 4 T
Pinus mugo 2 2 2 2 1 3(4)  2(2-3) 2(2-3)
EI',

Anthoxanthum odoratum agg. 1 1 + : 2 1

Calamagrostis villosa + + 1-2 1 1 ’ . .
Calluna vulgaris : 3 4 1 1 4 4
Carex bigelowii + 2 1(1-2) 2 3 3 2 2
Campanula bohemica i 1 :

Coeloglossum viride + +

Deschampsia cespitosa 2 1 . . . . . .
Deschampsia flexuosa 1 2 2(3) 2 3(3-4) 3 2 2
Festuca aizoides | 1 1 : . . p
Geum montanum 1 ; z § i

Hieracium alpinum agg. . 1 1 + 1 r(+)

Homogyne alpina 1(1-2) 1 + : +

Hypochoeris uniflora 1 ;

Huperzia selago ; ; + +

Leontodon hispidus +

Luzula sudetica - +

Molinia caerulea 2 + ; ? :
Nardus stricta 1 2-3 + 2 2 1(2) 1
Phleum rhaeticum ? 1(+) . 3 "
Polygonum bistorta 2 1 1 2 1

Potentilla aurea 1 1

Porentilla erecta 1-2 :

Pulsatilla scherfelii 1 2-3

Rumex alpestris + 1

Senecio fuchsii 1 1

Silene dioica + + ; g . .

Solidago™ minuta 1 2 1 + +(1) +

I'rientalis europaea + 4 .

Vaccinium myrtillus + 1 r(+) 1

Vaccinium vitis-idaea : > + +

Veratrum* lobelianum + + + 1 1

E{'}:

Cerraria islandica : =z 1 1 r +

Cladonia sp.div. : @ 1 1 R

Dicranella cerviculata : 5 = +

Dicranella heteromalla : : + + : + a
Dicranum scoparium + -

Pohlia nutans . R @ + E + . :
Pohlia sp. div. : : + 5 : i + +
Polytrichum formosum A : : . 5 + + +
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Tab. 2. Relevés from plant communities of sub-plots K2, K3, K6, and K6k of 10x10 m in size.

Plot K2A K2B K3A K3B KoA K6B Kok
slope [°] 5 5 10 10 15 10
orientation N N N N SE SE SE
number of species Ez 2 2 1 1 1 1 0
number of species E; 13(13) %9  11(12) 12(12) 22(21) 14(14) 19
E; cover [%] 8(19) 9(18) 8(16) 11(19) 22(36) 15(26) 0
E; cover [%] 90(92) 87(93) 95(96) 96(97) 97 100 100
Eqg cover [%] 3 3(6) 4 3(6) 0 0 0
E;:

Pinus mugo 2 2 2 2 2(3) 2(3)

Picea abies +-1 + 5

E,

Anthoxanthum odoratum agg. 1(r) g 1-2 +1(+) 1 2(1-2) 1
Calluna vulgaris 2-3 3-4(4) 2-3(2) 2-3 " i .
Campanula bohemica : : : : + 1 1
Carex bigelowii 2 2 2 2 1 1 1-2
Deschampsia cespitosa ; . : " 1-2 1 1
Deschampsia flexuosa 3 2 3(2-3) 3(2-3) 3 2-3 3
Hieracium alpinum agg. 2 2 2 2 + R +
Homogyne alpina r(+) . 5 ; 1(1-2)  I(1-2) (1)
Huperzia selago r + + + ; : .
Hypericum maculatum r :
Hypochoeris uniflora § +
Luzula luzuloides r

Luzula sudetica +

Maianthenum bifolium + i ;
Molinia caerulea ! d 2 . . 1 1-2
Nardus stricta 1-2 1 1-2(2)  1-2(2) +(1) 1 2
Polygonum bistorta 1 1 1 1 1(1-2) 1-2 +
Potentilla aurea 1 1(1-2) .
Potentilla erecta 5 : +
Pulsatilla scherfelii 2 1 2
Rumex alpestris r i
Silene vulgaris s : 1 : +
Solidago * minuta r(+) + + +(1) 1 r
Trientalis europaea . . ; . r + r
Vaccinium myntillus 1(+) +-1 +-1 + 1(+) 1
Vaccinium uliginosum : 4 . . . +
Vaccinium vitis-idaea + + (+) r(+) +(r) ” i
Veratrum * lobelianum + +(.) + 1 1 1
Eo:

Cetraria islandica (+)1 1(2) | 1(1-2)

Cladonia sp. div. r 1 1

Comment: Sampling date 31* July, 1997 (main values), repeated at 3™ September, 2001 (values in
parenthesis are given in the case of cover difference)

€«
Comment: Sampling date 27" July, 1996 (main values), repeated at 30™ July, 1998 (values in parenthesis
are given in the case of cover difference)
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Tab. 3. Relevés from plant communities of sub-plots K1, K4, K4k, K5, and K5k.

Plot KIA KIB Kdk K4A K4B KSA K5B K5k
slope [°] 5 5 10 10 10 15 15 15
Orientation N N N N N N N N
number of species E; 2 2D 1 2 1 2 1 1
number of species E; I5(15) 12(11) 11(12) 14(14) 14(14) 10(11) 9(10) 12(14)
E; cover [%] 18(19) 32(33) 1(3) 12(13) 12(13) 23(26) 26(29) 1(2)
E, cover [%] 90(92) 87(90) 97(95) 95(%4) 96(95) 87(83) 77(80) 85
Ej cover [%] 2 7 5 9 10 10 12 10
E;:
Pinus mugo 2 3 +(1) 2 2 2-3(3)  2-3(3) +(1)
Picea abies + +(.) g + g + : (+)
E|
Anthoxanthum odoratum agg.  1(+) F 5 I(+) +-1(+)
Calamagrostis villosa 1 1-2(1) 1 + + . . ;
Calluna vulgaris 2 2(3) 3(4) 23)  2-3(3) 2 2 2
Campanula bohemica : ; g . . . . ’
Carex bigelowii 1-2 1-2 1-2 2 2 2 1 2
Deschampsia cespitosa +(r) i I i ; : . g
Deschampsia flexuosa 2 2 2(1-2) 3 3-4(3) 2-3(2) 1-2 2(2-3)
Festuca aizoides ; P ; + 1 1-2(1) 1 +(1)
Hieracium alpinum agg. 1-2 1 2 1-2 2 2 2 2
Homogyne alpina r(+) {+) (+) . ; : i (+)
Huperzia selago r +(.) ; + + 1-2(+)  1(+) 2(1-2)
Nardus stricta 1-2 2 1 1-2(1)  1-2(1) (+) (+) 1
Polygonum bistorta 1 1 - 1 1 1 +(1) +(1)
Primula minima i P # . ’ . 1(+)
Solidago * minuta + + + + + +r) P +(r)
Trientalis europaea . . . " g ; . +(r)
Vaccinium myrtillus 1 +-1 + 1 + 1(+) + +(1)
Vaccinium vitis-idea + +(r) r(+) + + ES + ()
Veratrum * lobelianum 1(r) P A+) +(r) +() :
Eq:
Cetraria islandica 1 2 1-2 2 2, 2 2 7
Cladonia sp.div. 1(+) 4 (+) 1(+) 1 1 1-2 1-2

Comment: Sampling date 26" August, 2000 (main values), repeated at 3© September, 2001 (values in
parenthesis are given in the case of cover difference)

Young dwarf pine plantations grow rapidly under favourable conditions and show sufficient vitality
(Tables 4. -5.). A pine dying off was observed at locality Stfibré navrsi (including PRP Z4) in years
1999-2000 as the consequence of a condition set (winter freezing, pest gradation) — see Photo 3. An
annual increase in the shrub width by young stands (of old to 35 years) varies from 12 to 35 % (average
29 %) counting in years 1997, 1999 and 2000. Important changes in the growth can be found from year
to year probably as a result of varying climate conditions and/or dwarf pine health status worsening.
Similar results — average annual increase about 27 % — are found by PasTaLkovA et al. (2001).

The outline maps of plots K1 — K6 in 1999 are a content of Figs. 3.—8. The total area of dwarf pine
shrubs (first following column; in m* per plot of 200 m® in size) and the most frequent distance of
a random point from the nearest pine shrub was according to separate plots in 1999 as follows:

K1 32,772 25-50cm
K2 21,622 25-75cm
K3 19,201 50cm

K4 13,730 75-125cm
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K5 31,274 25-50cm

K6 38,973 0-75 cm

60.

50.

40,

30.

20

Fig. 2. Classification of relevés

(from sub-plots of size 10,
10 x 10 m) using aver-
age linkage hierarchical 0. 4
clustering with Euclidean AR RS ENEAANNARANNANNY
distance as a dissimila- >ASHESAFEESRSBERGIS TS
rity measure.

An unclose character of the stands is visible by comparing similar plots in the western part of the
Giant Mts. (PasTaLkovA et al., 2001). Size and properties of gaps are manifested by Fig. 9. with the graph
of random point frequencies according to their distances from the nearest pine shrub.

Carex bigelowii had low coverage under pine shrubs and within narrow surroundings of shrubs.
Number of plants has increased with distance from the dwarf pine shrubs. Details, graphs and another
matter were collected in ZikMunD (1999). The PRP Z2 is overgrown by healthy vital individuals of
P. mugo of height about 60 cm with relative low density. The herb layer is shaded only a little. Density
class A in the sub-plot Z2A had the highest frequency under shrubs and within narrow surroundings,
a decrease was observed dependently on the distance from the shrubs. A high frequency of the medium
class C was expected not so high as in reality. The class B varied with two peaks (distance lower than
50 em and greater than 150 cm). The class D grows with distance up to 100 cm. The class E was
observed only with distances lower than 150 cm (a maximum at 100 cm). The class F had a maximum
about distance 50-150 cm. All graphs obtained during the period of study are similar — it is an evidence
of a stable growth situation by this species. Analogical results were found in the sub-plot Z2B which is
specific with presence of a big dwarf pine shrub of height above 120 cm and coverage ca 50 %. The
sedge cover of A category was found as undergrowth or within narrow surroundings. On the contrary,
the cover class F was more frequent with bigger distance from the nearest pine shrub.

Hieracium alpinum agg. (PRP’s Z3, K1 — K5 and two parallel plots) shows an accumulation of
plants and flowers in dwarf pine surroundings (Fig. 10.). The most specimens were with distances of
25-100 cm. The higher accumulation of flowers occurred from 100 to 150 cm distantly. As distance
from shrub had grown so a share of browsed plats increased. Figs. 11.-12. present examples of the plot
Z3A for number of plants and flowers according to distance from dwarf pine shrub. PASTALKOVA et al.
(2001) found a few plants inside dwarf pine and a maximum with distance of 50-100 cm. Krtickova
documents higher number of plants in the parallel plots comparing the plots with P. muge plantation
under similar environmental conditions (Tab. 6.).

An ecotonal effect by hawkweed on the P. mugo periphery is developed poorly. It can be found
within a radius 50 cm (plot K1) or more (frequently) — it was by distance of 75-150 cm in the plot K4.
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Fig. 3. Plot K1 with Hieracium alpinum agg. in  Fig. 4. Plot K2 with Hieracium alpinum agg. in
1999. Plot size is 10 x 20 m (in Figs. 4-8 1999,
like that).

A few plants occur as undergrowth. The share of flowering plants was lower inside of shrubs in all plots
of the eastern Giant Mts. Results of statistical testing for dependence between number of all/flowering
plants and distance from the nearest shrub were significant by all plots (Table 7.).

Dependence of Pulsatilla scherfelii occurrence on distance from pine shrub was weak (comparing
H. alpinum agg.) nevertheless significant (Table 7.; plots Z1, K6, parallel plot K6k). A flat accumulation
of plants within a radius to 100 cm (maximum varies between 25-50 cm) was observed in the plot K6
(Fig. 13.). The browsed plants are frequent out of dwarf pine stands, 100 cm and more distantly from
shrubs. See a map of plot Z1 on Fig. 14., distribution of plants regarding to dwarf pine on Fig. 15.

Number of occurrence points by P. scherfelii inside dwarf pine shrubs is reduced but total number of
plats is equal to gaps. Share of flowering plants is significantly reduced inside shrubs (to 3.5 % comparing
7.2 % in gaps). It may not be true under thin shrubs with sufficient lighting of ground. An important
ecotonal effect was registered in the plot K6 within the radius of 50 cm from shrubs. Numbers of plants
in plots K6 and K6k are compared in Table 8.
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Coverage of Calluna vulgaris in plots within the eastern Giant Mts. is higher comparing the western
area. Heather grows in three study sub-plots with 4" grade of the Bran-Blanquet’s dominance scale and
one sub-plot with 3* grade. Heather as undergrowth inside of young dwarf pine shrubs was common in
both parts of the Giant Mts. The highest heather vitality was documented in the shrub surroundings with
radius of 50-75 e¢m. Increasing occurrence of heather was found to distance of 1 m from the nearest

dwarf pine shrubs.

An analyse of the C. vulgaris vitality in 1996 has documented that the highest coverage of full
healthy (flowering) heather (vitality class A) was found with distance from the nearest shrub more than
125 cm. It is possible to see increasing cover of dead (not flowering) class D with distance from pine
shrubs to 75 cm (more than 60 %) during next years. The area increase of the class D (+25 % in 1997,
+16 % in 1998) passed to the exclusion of classes A and E (heather overgrown by grass). There were
several places of dead heather overgrown by Deschampsia flexuosa as change of the class D into E.

Very important increase of extension of dead heather was observed during short period of three
years (Photo 4). There is a set of conditions influencing vitality changes by C. vulgaris. It is not only
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Fig. 5. Plot K3 with Hieracium alpinum agg. in
1999.

Fig. 6. Plot K4 with Hieracium alpinim agg. in
1999.
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Fig. 7. Plot K5 with Hieracium alpinum agg. in  Fig. 8. Plot K6 with Pulsatilla scherfelii agg. in
1999. 1999.

microclimate influence of dwarf pine shrubs. The mesoclimate conditions can vary from year to year
(temperature, precipitation, snow cover height and duration etc.; Kociinova et al. 1995; Spusta 1995;
Harcarik et al. 2001). The species ontogenesis contains more complex facts (e.g. mycorrhiza; JAHODOVA
2001) and oscillations — it can be a topic of a further study (compare PasfaLkovA et al. 2001).
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Tab. 4. Development of total cover of planted dwarf pine in the plots Z1 — Z4 during 1996-98, and pine
growth as mean of the relative shrub area increase. All values in per-cents.

Plot Coverage Coverage Coverage Relative Relative increase
1996 1997 1998 increase 1997-98
1996-97
Z1A 132 17,0 21 22,4 21,7
Z1B 6.5 10,2 11,5 36.3 11,3
Z2A 3.6 6.5 9.5 44.6 31,6
Z2B 46,0 49,0 52,6 6.1 6.8
Z3A 8.8 12,9 18.0 31,8 28,3
Z3B 8.0 11,7 16,0 31,6 26,9
Z4A 16,5 19,3 24,2 14,5 20,2
Z4B 13,2 17,4 233 24,1 25,3

Tab. 5. Development of total cover of planted dwarf pine in the plots K1 — K6 during 1997-2001, and

pine growth as mean of the relative shrub area increase. All values in per-cents.

Plot Coverage | Coverage | Coverage | Coverage | Relative | Relative Relative

1997 1999 2000 2001 increase increase increase

1997-99 1999-2000( 2000-01
KI1A 9 14 18 19 35 22 7
KI1B 17 22 32 33 27 29 4
K2A 8 11 16 19 26 29 14
K2B 9 13 17 18 29 22 4
K3A 8 11 15 16 26 26 6
K3B 11 13 18 19 19 26 2
K4A 7 9 12 13 24 28 6
K4B 7 10 12 13 30 16 8
K5A 12 16 23 26 25 30 10
K5B 14 21 26 29 32 22 10
K6A 22 29 33 36 24 12 9
K6B 15 20 25 26 23 20 3

Tab. 6. Number of all plants, flowering and browsed plants of Hieracium alpinum agg. in the study

plots. All values was calculated per plot area of 100 m®.

plot year number of flowering browsed flowering browsed
plants plants plants share [%] share [%]
K1 1997 955 278 105 19,16 11,05
K1 1999 786 100 10 12,78 1,34
K2 1997 1035 203 23 19,65 2,27
K2 1999 958 91 3 9,55 0,37
K3 1997 542 135 37 24,88 6,82
K3 1999 564 59 2 10,46 0,44
K4 1997 1687 408 131 24,18 7,79
K4 1999 1531 166 22 10,84 1,47
K5 1997 941 360 84 38,29 8,98
K5 1999 835 278 57 33,27 6,82
K4k 1997 510 121 65 23,73 12,75
K4k 1999 481 111 1 23,08 0,21
K5k 1997 1231 380 103 30,87 8,37
K5k 1999 1270 265 76 20,87 5,98
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Fig. 9. Relative frequencies of distances of random point from the nearest dwarf pine shrub in the plots

Tab.

with Hieracium alpinum agg. — K1 — K5 (signed 1-5) and Pulsatilla scherfelii — K6 (K).

7. %*-test of goodness of fit comparing occurrence point-pine (B), plant-pine (R), flowering plant-
pine (K) and browsed plant-pine (O) distances with generated random point-pine distances
within plots of the K series in 1999. Compared values are results of the ¥*-test: bold faced
values sigmificant at level a<0,1 %, insignificant values at level oe = 5 % are written in italics.
Number of degrees of freedom (n-2) is presented.

n-2 B R K 0
K1 Hieracium 14 65,1 444,9 85,2 12,2
K2 Hieracium 14 31,8 515,1 56,3 21.8
K3 Hieracium 13 14,2 130,6 67,9 119,3
K4 Hieracium 13 21,9 323,5 99,4 26,6
K5 Hieracium 14 73,6 345,5 151,2 83,2
K6 Pulsatilla 10 91,1 530,8 49,2




Plot 1: Hieracium alpinum - 1999

20 ——— points
—o—plants
8 -- 4~ --flowers
" - % --browsed
)
@
o
=
2
o
&
©
o
>
K
3
E
1 ® d
o 4,00
0t

Fig. 9. Relative frequencies of distances of random point from the nearest dwarf pine shrub in the plots
with Hieracium alpinum agg. - K1 - K5 (signed 1 - 5) and Pulsatilla scherfelii - K6 (K).

Plot 5: Hieracium alpinum - 1999
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Fig. 10 (A-E). Relative cumulative difference in the frequency of occurrence points, plants, flowering
plants (flowers) and browsed plants by Hieracium alpinum agg. in the plots K1 - K5. Horizon-
tal axis - distance from the nearest dwarf pine shrub (in m). Significance of difference of a curve

from the zero line was tested (see Table 7 for results)
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Plot 2: Hieracium alpinum - 1999
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Tab. 8. Number of all plants and flowering plants of Puisatilla scherfelii in the study plots. All values

was calculated per plot area of 100 m®.
plot year number of flowering plants | flowering share
plants (%)
K6 1999 416 26 6,25
Kok 1999 262 49 18,70
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Fig. 10 (A-E). Relative cumulative difference in the frequency of occurrence points, plants, flowering
plants (flowers) and browsed plants by Hieracium alpinum agg. in the plots K1 - KS. Horizon-
tal axis - distance from the nearest dwarf pine shrub (in m). Significance of difference of a curve
from the zero line was tested (see Table 7 for results).
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Fig. 11. Spatial arrangement of the Pinus mugo stand and Hieracium alpinum agg. within PRPZ3A (plot

size 10 x 10 m). Polygons (K1- K25) — dwarf pine shrubs, points (1-189) — hawkweed plants
(Zixmunp 1999).
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Fig. 12A. Number of Hieracium alpinum agg. plants in plot Z3A according to distance from the nearest
dwarf pine shrub (Zikmunp 1999). Plotted values of absolute frequency are necessary to evalu-

ate regarding to the frequency of positions with the same distance from shrubs.
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Fig. 12B. Number of Hieracium alpinum agg. flowers in plot Z3A according to distance from the nearest
dwarf pine shrub (Zikmunp 1999).

Plot K: Pulsatilla scherfelii - 1999
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Fig. 13. Relative cumulative difference in the frequency of occurrence points, plants, flowering plants
(lowers) and browsed plants by Pulsatilla scherfelii in the plot K6. Horizontal axis - distance
from the nearest dwarf pine shrub (in m).
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flower plant clumps (ZixkMUND 1999).
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Photo 1. Plots K6 and Z1 in the area of locality Modrd strafi. Spatial relationship between dwarf pine and
Pulsatilla scherfelii were monitored. (J. Malkova)

Photo 2. Spatial relationships Pinus mugo, Hieracium alpinum agg. and Calluna vulgaris were studied
in the plot Z3 (area of the Studni&ni hora). (J. Mdlkov4)

143



Photo 3. The young plantation of dwarf pine was died off in the plot of Stfibmé navrsi in 1999,
(1. Mélkova)

Photo 4. Heather dying off in the plot Z3 in the locality of Studniéni hora. (J. Mélkovd)
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CONCLUSION

Frequencies and vitality were evaluated for several species — hawkweed (Hieracium alpinum agg.),
pasque flower (Pulsatilla scherfelii), heather (Calluna vulgaris) and sedge (Carex bigelowii) with
spatial relation to growing dwarf pine (Pinus muge) shrubs. Evidence for ecotonal effect within
surroundings of the pine shrubs with width about 60-100 cm (approximately equal to height of shrubs)
was obtained. The effect is specific according to separate species (PaSTaLkovA et al., 2001). The ecotonal
effect is significant by increase of vitality of hawkweed and pasque flower, particularly by increase of
flowering intensity. The open dwarf pine canopy is a reason of this situation when that herb species
grows under sufficient light condition with using favourable microclimate impact of dwarf pine shrubs.
We can talk about a temporal ecological lee-effect. The pine surroundings show lower browsing by
ungulate game. The study plots have more open dwarf pine stands with greater gaps compared with
those in the western Giant Mts. (PastaLkovA et al., 2001).

On the base of obtained data, the size of gaps is insufficient for some heliophilous species (e.g.
Hieracium alpinum agg., Pulsatilla scherfelii, Hypochoeris uniflora, Arnica montana, Primula minima,
Lycopodium clavatum, Diphasiastrum alpinum subs. complanatum) from point of species survival.
These plants do not grow inside of mature dwarf pine shrubs (MALKovVA, 2001).

The extent of vital Calluna vulgaris patches has decreased (especially in the locality of Stfibrné
navrsi).

Comparing PRP’s with P. mugo stand and plots without pine plantation, more plants of Hieracium
alpinum agg. and Carex bigelowii occur in the free plots. Possible differences of the community
structure (see relevé classification) are necessary to take into account.

The young dwarf pine plantations grow relatively fast, consequently with decrease of size of free
gaps. The average annual increase in shrub width is equal to 29 %. Decrease of cover or total extinction
of heliophilous species (ELLENBERG et al. 1982) e.g. Pulsatilla scherfelii, Hypochoeris uniflora, Hieracium
alpinum agg., Arnica montana, Primula minima, Lycopodium clavatum, Diphasiastrum alpinum are
running as dwarf pine grows. The size of gaps is insufficient for survival species Hieracium alpinum
agg. and Pulsatilla scherfelii.

Management of closed dwarf pine stands is necessary to guarantee a sufficient spacing of single pine
shrubs for development of protected and endangered heliophilous species within gaps of satisfactory size.

SUMMARY

The relationship between an shrub species (Pinus mugeo) and Carex bigelowii, Hieraciwm alpinum
agg., Pulsatilla scherfelii and Calluna vulgaris was studied in the tundra ecosystems reforested by dwarf
pine in eastern part of the Giant Mts. The young dwarf pine plantations grow relatively fast and become
vital under favourable conditions. Annual increase in shrub width varies in range 12 to 35 % in stands
of age to 35 years. Dwarf pine stands are relatively opened, size of the vacant gaps is sufficient for an
original plant microcoenose development. Changes in the plant coenoses were described by the repeated
relevés use. It was a way to describe decrease of cover and/or extinction of several plant species
including some protected herbs during the period of the study.

Carex bigelowii is a species with low coverage under dwarf pine and in the nearest belt by the
shrubs. Number of plants increased with the distance from the nearest pine shrub.

A light ecotonal effect by Hieracium alpinwim agg. 1s shown within the dwarf pine periphery. It can
be marked within a close belt —the species indicates an accumulation of individuals and flowering plants
in the shrub surroundings. The highest number of plants occurs on places with distance of 25-100 cm
from the nearest shrub. The maximal accumulation of flowers was within places of distance to 150 cm.
The share of browsed plants increases gradually with distance from the nearest pine shrub. There are
only a few plants as undergrowth in shrubs of dwarf pine.
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There is an ecotonal effect within a radius of 50 ecm from dwarf pine by Pulsatilla scherfelii. The
species show a lower dependence of occurrence on the pine shrub-plant distance, nevertheless it is
statistically significant. A low accumulation of plants with distance from shrubs to 1 m was visible. The
highest number of flowers can be found in low dwarf pine stands with gaps or on a close peripheral belt
of the pine shrubs. Number of browsed plants was higher in free plot comparing dwarf pine undergrowth.

Calluna vulgaris is a species often occurring together with young dwarf pine shrubs. The most vital
heather grows in radius of 50-75 cm from pine shrubs. The highest coverage of flowering heather was
on places with distance above 125 cm from shrubs.

It is suggested to adapt management of the dwarf pine stands with regards to the results: it is
necessary to guarantee a sufficient free space (gaps) among individual shrubs of dwarf pine. The gaps
enable development of shade (and other pine influences) intolerant species.

SOUHRN

Vztah mezi kle¢i horskou (Pinus mugo) a vybranymi druhy bylinného patra po vysokohorském
zalesiovani v tundrovych ekosystémech byl feSen ve vychodni ¢dsti Krkono3 na katedfe biologie
Univerzity Hradec Kralové. Na feSeni se pod vedenim a za spoluprace Malkové podileli po dobu 3-6 let
v ramci diplomovych ¢i doktorandskych praci Krrickova (1999) a Zikmunp (1999).

Ve vychodnich Krkonogich bylo vyty&eno 10 trvalych vyzkumnych ploch 10 x 20 m (déle jen
TVP), kazda sloZend ze dvou subploch velikosti 10 x 10 m (vzdjemné se dotykajf) ke sledovéni vlivu
rozrustajici se kle¢e na vybrané druhy rostlin. Déle byly fixovény tfi kontrolni plochy bez klecovych
porostu (velikost 10 x 10 m) pro porovnani kvalitativnich a kvantitativnich znaka rastu vybranych
cévnatych rostlin (ddle kontrola — k). Veskeré sledované TVP leZi v arkto-alpinské tundie v I. z6né
KRNAP. VESina ploch byla fixovdna na SZ a S dbo¢i Studni¢ni hory (nejvyse lezi v 1545 m n.m.).
Nejjiznéji se nachdzi TVP na Modré strani (1480 m n.m.), nejsevernéji jsou TVP na Stfibrném navrsi
(1400 m n.m.) — obr. 1. Pismenem Z jsou oznaceny Ctverce, v nichZ provadél vyzkum od roku 1996
Z1kMunD (1999), pismenem K plochy sledované od roku 1997 Krtickovou (KrrickovA 1999). Umisténi
ploch ve vysadbdch kosodfeviny stéfi do 35 let nebylo nihodné, ale muselo spliiovat podminku vyskytu
dostate¢ného poctu jedincl vybranych rostlinnych taxoni, aby bylo moZné vysledky jejich dynamiky
statisticky zpracovat.

V trvalych vyzkumnych plochéch (ddle jen TVP) byl hodnocen vliv kleCe na rostlinna spoleCenstva
subalpinskych a alpinskych poloh na zidkladé opakovanych fytocenologickych snimkt, mikromapovani
a zejména studia horizontdlniho rozristani klece a jeho vlivu na vybrané autochtonni druhy bylinného
patra. V TVP byla monitorovéna vitalita, fertilita, poetnost a pokryvnost i vySka kleCovych porosti.
U vybranych pavodnich druht Hieracium alpinum agg., Pulsatilla scherfelii, dile Calluna vulgaris,
Carex bigelowii bylo presné zakreslovdno umisténi, pocet rostlin, kvéti a okousanych kvéta. Pro
Calluna vulgaris byla vylvofena specidlni stupnice na zdkladé pokryvnosti a stupné kveteni.

Klasifikace fytocenologickych snimku (obr. 2.) dokladd pomérné malé rozdily mezi jednotlivymi
lokalitami resp. plochami/subplochami. Opakované fytocenologické snimky zachycuji tab. 1-3.

Pfi hodnoceni poétu a vitality jestfdbniki, koniklece, viesu a ostfice Bigelowovy ve vztahu
k rozristajicim se mladym porostim klece bylo zjisténo, Ze v okoli zkoumanych mladych vysadeb
pusobi tzv. ekotondlni efekt v §ifi okolo 60-100 cm (pfibliZné odpovidal vy3ce klece), pricemZ vliv na
jednotlivé druhy se projevuje specificky. Prikazné bylo positivni pisobeni ekotondlniho efektu na
vitalitu jedinca jestfdbniku a koniklece a zejména na intenzitu jejich kveteni. Ditvodem je skutednost, Ze
vysdzend kle¢ md dosud relativné nizky zdpoj a studované druhy rostlin dosud netrpi nedostatkem svétla,
naopak vyuzivaji Casto piiznivéj§iho mikroklimatu v zavétii klece. Lze tedy hovofit o do¢asném efektu
ekologického kryti. Sledované plochy mély oproti obdobnym plochdm ze zdpadnich Krkono$ (PASTALKOVA
el al. 2001) podstatné rozvolnénéjsi porost klece s vétsimi volnymi plochami mezi jednotlivymi kefi.

xxr »we

V blizkosti kleCe byl také zjiltén niZ3i okus kvétl sparkatou zvefi.
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Pro Carex bigelowii byla prokdzana nizka pokryvnost v kle¢i a v jeji tésné blizkosti. Pocet rostlin
stoupal se vzdalenosti od klece.

Hieracium alpinum agg. (TVP Z3, K1 aZ K5 a dvé plochy kontrolni) jevi ur€itou kumulaci jedinc
i kvéti v okoli klece. Obr. 3.-7. zndzoriuji rozmisténi ket kleCe a rostlin druhu Hieracium alpinum agg.

<o

v plochdch K1-KS5, prostorové uspofadani v plode Z3A je na obr. 11. Nejvice exemplaftu bylo v intervalu
25-100 em. Frekvence poétu ndhodnych bodir podle jejich vzdalenosti od nejbliZsiho kefe klede na
plochdch K1-K5 znézorfiuje obr. 9. Kumulativni diference po¢tu bodt vyskytu, potu rostlin, kvéti
a okousanych rostlin v zdvislosti na vzdalenosti od nejbliZ§iho kefe kle¢e na plochach K1-KS5 je zobrazena
naobr. 10. Obr. 12. zndzorfiuje pocty jedinci a kvétd u Hieracium alpinum agg. v Z3A v zavislosti na
vzddlenosti od klece. Nejvét$i kumulace kvéti byla do 150 cm od klece. V kontroldch bylo vice rostlin
neZ na blizkych 12 TVP zaloZenych v nedalekych kle€ovych porostech, tedy ve srovnatelnych
stanovi$tnich podminkdch (tab. 6.). Tab. 7. zahrnuje statistickou vyznamnost odchylky jednotlivych
krivek od nulovych hodnot diferenci (test dobré shody). Pod vlastni kleci roste jen nizky pocet rostlin.
Procento kveteni v kledi bylo sniZeno. Zavislost vyskytu poctu jedinci i kvetoucich jedinch na vzdalenosti
od klece byla vysoce statisticky prikaznd.

Pulsatilla scherfelii mél proti H. alpinum agg. niZsi, presto statisticky pritkaznou zavislost vyskytu
na vzdalenosti od klege, patmmd je mira kumulace rostlin do 100 cm od klece, maximum jedinct
v intervalu 25-50 cm (obr. 13., 15.). Prostorové uspofddani keiti kle¢e a druhu Pulsatilla scherfelii v K6
zachycuje obr. 8. a v plofe Z1B obr. 14. Poéty rostlin na studijnich plochdch K6 a K6k jsou v tab. 8.

Druh Calluna vulgaris byl proméfovin ve tfech plochich s hodnotami abundance a dominance 4,
jednu plochu s hodnotou 3. Nejvétsi vitalita viesu byla prokdzana v pruméru v intervalu 50-75 cm od
klede. Z hodnoceni vitality Calluna vulgaris v roce 1996 vyplynulo, Ze nejvétsi pokryvnost zdravého
(kvetouciho) viesu (kategorie A) byla ve vzdalenosti nad 125 cm od klece. V nasledujicich letech lze
pozorovat zvétsujici se pokryvnost odumfelé kategorie D (do 75 cm od klece vice neZ 60 %), tedy béhem
krétké Casové periody tif sezén bylo zji§téno vyrazné zvysen{ pokryvnosti odumielého viesu.

Mladé vysadby klece se pomémé intensivné rozristaji (v priméru o 29 % za rok) a zmen3uje se
velikost volnych ploch mezi kefi klece. Prirtistky vysédzené kle€e v TVP vychodnich Krkono$ jsou v tab.
4.a5. S rozrastdnim P. mugo dochézi k tibytku heliofilnich druhti (napt. Pulsatilla scherfelii, Hypochoeris
uniflora, Hieracium alpinum agg., Arnica montana, Primula minima, Lycopodium clavatum,
Diphasiastrum alpinum) a pfi dal§im vzristu zdpoje klece miZe dojit aZ k dplnému vymizeni téchto
druht. Pro tyto druhy jsou nékteré volné plochy jiZ nedostateéné vzhledem k moZnosti jejich preZiti. Pod
vzrostlou zapojenou kleéi tyto taxony nebyly jiZ naléziny (viz fytocenologické snimky PasfaLkova etal.
2001).

Pfi managementu plné zapojenych kledovych porostil je potfebné pfedeviim zajistit dostatecny
odstup jednotlivych kefu tak, aby volné plochy umozZiiovaly zddmy vyvin chranénych a ohroZenych
druhu, které jsou vétsinou heliofilni.
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