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The relationship between Pin ItS mugo and several species (Carex bigelowii, Hieracillm 
alpinunI agg ., Pulsatilla sc/lerfelii and CallwIQ vulgaris) was studied in the alpine tundra 
localities reforested by dwarf pine in eastern part of the Giant MIs. The young dwarf pine 
plantations grow relatively fas t and become vital under favourable condition s. Annual 
increase in shrub width varies in range 12 to 35 % in stands of age to 35 years. Dwarf pine 
slands arc relatively open, the size of the vacant gaps is sufficient for an original plant 
mkrocoenosc development. Changes in the plant coenoses were described by the repeated 
rei eves use. They documented a decrease of cover or a disappearing set of species. 
in cluding protected ones (e.g. Primula minima, Huperzia selago, HypocJweris uniflora, 
Gelltjalla asclepiadea, Arnica montana. Dipliasjasfrum alpillum) mainly in the closed 
Pill us mugo stands. 
Carex bigefowii 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 Hieraciu11I alpinulrI 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 
nowers was within places of distance to 150 cm. The share of browsed plants increases 
gradually with distance from the neare st pine shrub. There are on ly 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 ecolonal effect within a radiu s of 50 cm from dwarf pine by Pulsatilla 
scheifelii. The species show a lower dependence of occurrence on the pine shrub-plant 
dista nce , nevertheless it is statistically significant. A low accumulation of plants was visible 
within the distance of I 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 co mpari son with dwarf pine undergrowth . 
Cal/ulla 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 g ive the opportunity for development of shade (and other pine 
influences) intolerant species . 

Keywords: alpine tundra , Calflll/a vulgaris , Carex bigelowii, dynami cs, 
Hieracium alpinum agg., horizontal growth. management, Pill us 
11Iugo, Pulsatilla sc11elfelii. shrub-herb influence, spatial structure 
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INTRODUCTION 

The relationsh ip between dwarf pine (Pill/IS l1lugo) and several herb spec ies 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. 200 I ). Following results are a part of the project of 
Minist ry of Environment under notation VaY/620/4/97 solved by the Department of biology at the 
University of Hradec Kral ove. In this field two thesis (KRT1CKOVA 1999: ZIKMUND 1999) were prepared 
under the leadership of 1. M51kovcl (MALKOVA et WAGNEROVA \999) . 

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 releves, 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 (Hieraciwll alpillum agg. , Pulsatilla scherfelii, 
CalhUla vulgaris and Carex bigelolllii) 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 geograph ical and climate differences of eastern and western part of Giant Mts. (e.g. 
altitude higher by lOOm) are concemet. results are published separately using the same methods used by 
PASfALKovA. et al . (2001). 

We thank M. Kocianova. 1. Stursa (Admi nistration of Krkonose National Park) and S. Vacek 
(Forestry and Game Management Research Institute, Opocno Research station) for useful comments. 

ENVIRONMENTAL CONDITIONS OF THE EASTERN GIANT MTS. 

From geologic point of view the bedrock on Modra stran is from muscovite - albitic schist or phyllite 
combined with polygenelic colluvial and Iluviocolluvial deposits. on Studnicna hora it is muscovite­
albitic schist or phyllite and the bedrock on Sti'i'bma plan is created from medium grained biotitic granite 
(CHALOUPSK Y 1968). Soil type is mostly montane humic podzol and immature soils are on the highest 
places of the area (TO~A.SEK et ZUZKA 1983). 

The investigated area (Fig. I .) pertains to the catchments of Upa and Bile Labe. Climate region is cool 
with average annllal temperature varying between 0 and 2.3'C and amount of precipitation from 1200 to 
1500 mm (HLAD:-.'Y, SVKORA 1983). The study plots are located in the anemo-orographic system of Bfle 
Labe(JENfK 1961 ) . 

The vegetation cons ists of a mosaic of communities. JUllcioll trifidi Krajina 1933 (assoc. Cetral'io­
Fes[ucerlll/l slIpillae Jenik 1961 ) constitute community of the highest altitude (above 1470 m a.s.!.). The 
plateau vegetation obtains predominantly growths of alliance Nardo-CariciOfl rigidae Nordhagen 1937 
(prevail ing assoc. Caricifyllae-Narderum (Zlatnfk 1928) Jenfk 196 1) and Calamagrostioll vil[osae 
Pawlowski in Pawlowski , Sokolowski et Walisch 1928 occurring in eutrophic parts (assoc. Crepido­
Ca lalllagrostietwlI villosae (Zlatnfk 1925) Jenik 1961. A mosaic of communities classified within 
alliance Pilliol/ mughi Pawlowski in Pawlowski, Sokolowski et Walisch 1928 (assoc. Myrrillo-Pinetu11I 
I1!llghi Hadac 1956) grows as a parl of uninfluenced natural stands except the highest localities of ridges. 

Parti cular description of environment of arctic-alpine tundra was published by KOCtANovA. et al. 
( 1995) and SOUKUPOVA et al. (1995) . 

METHOD 

The species composition of communit ies on all plots was registered lIsing repeated releves (the 
Braun- Blanquet's scale for abundance and dominance was applied) . Similarity among vegetation of all 
plots was eva luated on the base of the hierarchic agglomerative clustering (average linkage method with 
Euclidean distance as a measure of di ssimilarity; Fig. 2.). Values on representation of species of herb and 
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Fig.!. 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-B lanquet's scale. 

The periphery lines of all Pill us mugo shrubs were mapped as an upright projection of free branches. 
Plants or closed groups of plants (clumps) of selected species (Pulsatilla scherfelii, Hieraciu11! alpillum 
agg ., Callulla vulgaris, Carex bigelowii) were registered as points (clump centroids) - they are called 
"poi nts of occurrence". One occurrence point corresponds to one or several plants (the same approach 
was used by PASfALKOVA el al ., 2001). Each occurrence point has registered number of individual plants, 
number of fiowers (flowering plants ) and browsed plants. 

Graphical data processing (d igitalisation of hand-made plans of plots and database filling) was 
carried out by the TopoL software . Main information was obtained by computing of di stance single 
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occurrence points from the nearest dwarf pine shrub (PAsfALKOVA et al. , 200 I) . Particular evaluation is 
avai lable by plots K I - 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 = :!: (fi ' -F/ f) 
i::::! 

where f is actual i-th frequency, F is relevant expected frequency, t is total number of occurrences, T is 
number'ofthe generated network points, k is a limit interval of distance (these intervals were chosen with 
breadth of 0.25 m starting atO m to the last interval of distance >4 m; d istance equal to 0 m corresponds 
to points within an area of a pine shrub). For interpretation of these graphs see PASfALKOVA 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 xI-test was employed. 

In the CalhlllO 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: 0 - dead heather; E - heather overgrown by grass) . Ths classification 
is similar to PAS1'ALKOVA 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 persquare. 

The nomenclature of higher plants follows ROTHMALER et al. (1990) , for moss species is consistent 
with CORLEY et al. ( 1981). The plant community nomenclature follows MORAVEc et al. ( 1995). Following 
pairs o f species were not distingui shed: AnthoxantlZlllll odoratum and A. nipPol1icum. Senecio filChsii 
and S. hercynicul1l . Species Campallula bohemica and Pulsatilla scherfelij were determined according 

'0 DosT"L ( 1989). 

PLOT LOCALISATION 

Totall y ten PRP' s of20 x 10 m in size were estab lished 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 IQ m) without dwarf pine 
were fi xed for comparing both quali tative and quantitative attributes of the selected herb plant distribution 
(plo ts 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 
Nat ional Park. The major part of plots lies on the northwest and north slopes of Studnicnf hora (plot K5 
with the higher altitude of 1545 m a.s .I.) . The most southeastern plot occurs in locality of Modr<l stnin 
( 1480 III a.s. 1. ), the most northern PRP's were fixed in the area of Stffbme mivrsf (1400 m a.s.l. ) - see 
Fig. I. Z IKMUND ( 1999) has observed (since 1996) plots marked with the first character "Z". "K" is used 
for plots studied by Kr1ickova since 1997 (KRTlt KOVA, 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 Calflow vulgaris because of a lack of adequate communities 
wi thollt dwarf pine plantati on. 

All stud ied plots except Z4lay in area of the forest enterprise Horn! Marsov, forest administration 
Pec pod Snezkou. The mentioned plot is localised in the area of Vrchlabi forest enterprise ('spind leruv 
Mlyn admini stration). 
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For particular plot characteri sation: 

I. The Modra stran locality (1480 m a.s.1. ): 200 m from the monument "Pamalnfk obetem hor" , 50 m 
under road to the Vyrovka Chalet - the plot Zllays by an end of Seneciofuchsii growth, plot K6 is 
wi th distance of 30 m. Both plots are designated for studying the relation between P;'IUS mugo and 
Pulsatilla schelfelii (Photo I ). The parallel plot K6k is locali sed in southeastern direction with 
distance 0[20 m from K6. 

2. Northern and northwestern slopes of the Studnicni how (mountain ): There are 7 plots with dwarf 
pine and two parallel plots here. PillllS lIIugo and Carex bigelowii were mapped in the plot Z2 
(ahitude 1485 m) in the surroundings of lwo 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 relati onships between dwarf pine and Hieracium alpillum agg. The plot Z3 (to study of 
Hieraciul1l alpillum agg. and Callwla vulgaris) is situated on the slopes of Studnicnf hora, too. 

3. The Slilbme nav rsi locality: A plot to study relationshi ps between dwarf pine and heather 
complements the set of PRP's (the plot Z4 is located 50 m to the left from the winter touri st path 
Luc ni bouda - 5pindlerova bouda, 850 m from Lucni bouda at 1400 m a.s. I.). 

All plots occur at 9'h (dwarf pine) forest allitudinal zone. 9Z8 is the most frequent forest type (plots 
Z2, Z3, Z4, K I - K4 and K4k). Forest type 9Z9 is mapped within plots Z I , K6 and K6k. Plots K5 (type 
9Z6) and K5k (type 9Y I) are of different property. 

RESULTS 

Releves (Tables 1.-3.) document properties of plant communities in the eastern Giant MIS. They are 
comparable wi th releves from the western part of the mountains (PAStALKOVA et a1. 200 1). A set of 
heliophilous species (see indication values for light condition; ELLENBERG et al. 1992) shows a cover 
decrease or ext inction. The set part ly consists of protected species - Primula mi,jima (plot K5k), 
Huperzia selago (extinction in the plot KIB , decreased representation in K5 and K5k; thi s situation is 
equivalent to the western Giant Mts., plots PI and P4). Coverage of Veratrum album subsp. lobeliatwm 
has decreased in plots K I A, K4A, K4B and K3A (total extinction). Analogical situation appeared in 
plots PI and P2 in the western Giant Mts . Plots J 1, 12, NI , K I, K2 and P3 showed a cover increase by 
this spec ies on the contrary. The representation of further protected species in plots of the eastern Giant 
Mts. did not change unli ke the plots of the other mountain part - it was extinct ion (P2, P3) or a cover 
decrease (PI , P4) of Hieraciuf1J alpinum agg. in olde r stands with high dwarf pine cover (cover was 
unchanged in the young pine plantations). Species Hypochoeris Illliflora dies out within older stands (PI 
- P4) in the western Giant Mts. , another plots of thi s area show no important change. In the group of 
limited species it is possib le to include Cell/iana asclepiadea (with in plots PI - P4) and Diphasiastrum 
alpillum (plot P2). 

An increase of coverage was registered by HomogYlle alpina (Zl , KIA , KIB , K2A, K4k, K5k, 
K6A, K68 , K6k), PolygOllllm bistorta (K5B , K5k, K6A), Solidago virgaurea subsp. milllJ.ta (e.g. Z2, 
K2A, K6A, analogically in several plots of the western area) . Cover of Calamagrostis villosa, Calium 
harc),lIicum increased lightly within sunlit gaps among pine shrubs of age of 35 years in the western 
Giant Mts. This dynamics is not possible la generalise because of a short period of observation. 

The releve classification (Fig. 2.) exemplifies small variance among (sub-) plots. It is adequate to fact 
that all plots are si tuated in 911l fores t alti tudi nal zone. There are a homogenous groups of plots K I , K4 
and K5 with the f/ ieraciwll alpimtm agg. observation. Similar status of plots K6 and ZI (to study of 
Pulsatilla sellerfelii ) 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 
plantat ion in the species structure. 

127 



Tab. 1. Releves from plant communities of plots ZI, Z2, Z3, and Z4. Plant species representation 
according to the Braun-Blanquet' s scale with intermediate grades. 

Plot Z IA ZIB Z3A Z3B Z2A Z2B Z4A Z4B 
slope (oJ 20 20 15 10 10 10 15 15 
orientation SE SSE N N N N SW SW 
number of species E2 I I 2 I I I I 2 
number of species El 21 26 13 14 9 9 4 4 
E2 cover [%] 13(22) 6(1 1) 9(18) 8(16) 4(9) 46(53) \6(24) 13(24) 
E, cover (%] 85 (87) 92 (94) 100 95 95 (97) 80 95 (97) 90 (92) 
Eo cover[%j 0 0 10 5 0 5 5 5 

E2: 
Picea abies + r 
Pimls I1I11g0 2 2 2 2 I 3(4) 2(2-3) 2(2-3) 
El: 
AlIlhoxantlllll1l odoratun! agg. I I + 2 I 
Calamag rostis villosa + + 1-2 \ I 
CallEma vulgaris 3 4 I I 4 4 
Carex bigelowii + 2 1( 1-2) 2 3 3 2 2 
Call/pal/lIla bohemica I 
Coe/oglosslln! viride + + 
Deschampsia cespitosa 2 I 
Desehampsia jlexllosa I 2 2(3) 2 3(3-4 ) 3 2 2 
Festuca aizoides I I \ 
Gellm mOIllll1111111 I 
lIieraciwII alpimUfr agg. I I + I r(+) 
HOl1log),lIc alpilla 1( 1-2) I + + 
l1ypoehocris ulliflora I I 
Huperzia selago + + 
Leontodoll hispidlls + 
Lt/wla slldetica + 
Molillia caerulea 2 + 
NarduJ st rieta I 2-3 + 2 2 1(2) \ 
Ph/eullI rlmetiellm 1(+) 
Polygollla1r bistona 2 I I 2 I 
Potelltilla aurea I I 
POIelllilla erecta 1-2 
Pulsatilla selrerfelii I 2-3 
Rl/me.1; aipestris + I 
Senecio !ucJm'j I I 
Silelle dioica + + 
Solidago· mill uta I 2 I + +(1) + 
Triellwlis cm'opaea + 
Vacci"iu", myniflus + \ r( +) I 
Vacci"ium vit is-idaea + + 
Vera/l'IIlIl* 10belilllwIII + + + I \ 
Eo: 
Ce/raria islandica I I r + 
C1adollia sp.div. I I R 
Dicrall ellll eerviculata + 
Dicranella heferomalfa + + + + 
Dicrallum scoparium + + 
Poh/ia "/ltans + + 
Pohlia sp. dj\,. + + + 
Pol)'lricllllm fOn110SLIIII + + + 
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Tab. 2. Releves from plant communities of sub-plots K2, K3, K6, and K6k of lOxlO m in size. 

Plot K2A K2B K3A K3B K6A K6B K6k 
slope rl 5 5 10 10 15 10 
orientation N N N N SE SE SE 
number of species E2 2 2 I I I I 0 
number of species El 13( 13) 9(9) 11 (12) 12( 12) 22(2 1) 14(14) 19 
E2 cover [%) 8( 19) 9( 18) 8( 16) 11 (19) 22(36) 15(26) 0 
El cover [%) 90(92) 87(93) 95(% ) 96(97) 97 100 100 
Eo cover [%j 3 3(6) 4 3(6) 0 0 0 
E2: 
Pill/IS "'ligo 2 2 2 2 2(3) 2(3) 
Picea abies +- 1 + 
El 
Anthoxamhwn odoratlll11 agg. I (r) 1-2 +-1 (+) I 2( 1-2) I 
Ca/hula vulgaris 2-3 3-4(4) 2-3(2) 2-3 
Campanu/a bohemica + I I 
Carex bige/owii 2 2 2 2 I I 1-2 
Desc/zampsia cespitosa 1-2 I I 
Deschampsiaflexuosa 3 2 3(2-3) 3(2-3) 3 2-3 3 
Hieraciuf11 alpil1ll/1l agg. 2 2 2 2 + R + 
HOl11og),lle alpina r( +) 1(1 -2) 1(1 -2) +(1 ) 
flllp erz ia selago r + + + 
Hypericum maculatIOn r 
Hypochoeris Imiflora + 
Luzllla luwloides r 
Luzula slldetica + 
Maiamhemllm bifolillm + 
Molinia caerulea I 1-2 
Nardlls stric fll 1-2 I 1-2(2) 1-2(2) +( I) 2 
Polygo/!lIm bistorta I I I I 1( 1-2) 1-2 + 
Potelltilla allrea I 1( 1-2) 
Potentilla erecta + 
Pulsatilla scherfelii 2 I 2 
Rumex alpestris r 
Sileue vulgan's I + 
Solidago * minllta r(+) + + +( I) I r 
Triellfalis europaea r + r 
Vaccinium my rtilllls 1(+) +-1 +- 1 + 1(+) I 
Vaccillium uligil10sum + 
Vaccinium vitis-idaea + + .(+) r(+) +(r) 
Veratrum * lobelianl/lIl + +0 + I I I 

Eo' 
Cetraria islal1dica (+) 1 1(2) I 1(1-2) 
Cladonia sp. di v. r I I 

Comment: Sampling date 31 " July, 1997 (main values), repeated at 3n1 September, 2001 (values in 
parenthesis are given in the case of cover difference) 

~ 
Comment: Sampling date 271h July, 1996 (main values), repeated at 3()1h July. 1998 (values in parenthesis 

are given in the case of cover difference) 
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Tab. 3. Releves from plant communities of sub-plots K I, K4, K4k, K5, and K5k. 

Plot KIA K IB K4k K4A K4B KSA KSB K5k 
slope [0] 5 5 10 10 10 15 15 15 
Orientation N N N N N N N N 
number of species E2 2 2( I) I 2 I 2 I I 
number of species El 15(15) 12(1 1 ) 11 ( 12) 14(14) 14( 14) 10(11 ) 9(10) 12(14) 
El cover [%] 18( 19) 32(33) 1(3) 12( 13 ) 12(13) 23(26) 26(29) 1(2) 
El cover (%] 90(92) 87(90) 97(95) 95(94) 96(95) 87(85) 77(80) 85 
Eo cover [%] 2 7 5 9 10 10 12 10 

El: 
Pil1l1s mllgo 2 3 +(1 ) 2 2 2-3(3) 2-3(3) +( 1) 
Picea abies + +(.) + + .(+) 
E, 
AlltllOxanthum odoratllm agg. 1(+) 1(+) +-1(+) 
Calamagrostis villosa I 1-2(1 ) I + + 
CnllllIJa vulgaris 2 2(3) 3(4) 2(3) 2-3(3) 2 2 2 
Campalluia bohemica 
Carex bigeiowii 1-2 1-2 1-2 2 2 2 I 2 
Deschampsia cespirosa +er) 
Deschampsiajlexllosa 2 2 2(1-2) 3 3-4(3) 2-3(2) 1-2 2(2-3) 
Fe.Huca aizoides + I 1-2(1 ) I +(1 ) 
/·/ieracium aipimun agg. 1-2 I 2 1-2 2 2 2 2 
HomogYlle alpina r(+) .(+) .(+) .(+) 
Hllperzin se/ago r +0 + + 1-2(+) 1(+) 2(1-2) 
Nnrdus stric fa 1-2 2 I 1-2(1 ) 1-2( I) .(+) .(+) I 
Polygonum bistor1a I I + I I I +(1 ) +( 1) 
Primllla minima 1(+) 
Solidago * lIu·nwa + + + + + +(r) +(r) 
Triemalis ellropaea +(r) 
Vaccillium myrtillus I +-1 + I + 1(+) + +(1) 
Vnccillillm vitis-idea + +(r) r(+) + + + + .(r) 
VeratruIII * lobe/iallum I (r) .(+) +(r) +(r) 

Eo' 
Cetraria isl(Uldica I 2 1-2 2 2 2 2 2 
C1adonia sn .div. r( +) .(+) 1(+) I I 1-2 1-2 

Comment: Sampling date 26lh August , 2000 (main values), repeated al 3rrl 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 Stiibme m'ivrsf (including PRP Z4) in years 
1999-2000 as the consequence of a condition set (winter freezing, pest gradation) - see Photo 3. An 
an nual increase in the shrub width by young stands (of old ta 35 years) varies from 12 to 35 % (average 
29 %) counting in years 1997, 1999 and 2000. Important changes in the grawth can be found from year 
to year probably as a result of varying climate conditions andJar dwarf pine health status worsening. 
Similar resu lts - average annual increase about 27 % - are found by PAStAL KOVA et a1. (200 1). 

The outline maps of plots K I - K6 in 1999 are a content of Figs. 3.-8. The total area of dwarf pine 
shrubs (first following column; in m! per plO! 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: 

K I 32,772 25-50 cm 
K2 21,622 25-75 cm 
K3 19,201 50cm 
K4 13,730 75-125 cm 
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Fig. 2. Classification of releves 
(from sub-plots of size 
10 x 10 m) using aver­
age linkage hierarchical 
clustering with Euc1idean 
distance as a dissimila­
rity measure. 

31,274 
38,973 

60. 

50. 

40. 

30. 

20. 

10. 

o. 

2S-S0cm 
0-7S cm 

I 

I n 
1 ..cL 

An unclose character of the stands is visible by comparing simi lar plots in the western part of the 
Giant Mls. (PAstALKOVA et al., 2(01 ). 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 narro w 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 mt/go 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 ofthe medium 
class C was expected not so high as in reality. The class B varied with two peaks (distance lower than 
50 cm and greater than 150 cm). The class 0 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 Z28 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. 

Hieraciwll a/pint/m agg. (PRP's Z3, Kl - 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 lOO ro 150 cm distantly. As distance 
from shrub had grown so a share of browsed plats increased. Figs. 11.-12. present examples of the plOl 
Z3A for number of plants and flowers according to di stance from dwarf pine shrub . PAStALKOVA et al. 
(200 1) found a few plants inside dwarf pine and a maximum with distance of 50-1 00 cm. Krtitkova 
documents higher number of plants in the parallel plots comparing the plots wi th P fflt/go plantation 
under simi lar environmental conditions (Tab. 6.) . 

An ecolonal effect by hawkweed on the P mugo periphery is developed poorly. It can be found 
within a radius 50 cm (plOl KI) or more (frequently) - il was by distance of 75-\50 cm in the plot K4. 
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Fig. 3. PIOl K 1 with HieraciufII alpiflum agg. in 
1999. Plot size is 10 x 20 m (in Figs. 4-8 
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Fig. 4. Plot K2 with Hieraciwll aipjnum agg. in 
1999. 

A few plants occur as undergrowth . TIle share of flowering plants was lower inside of shrubs in all plots 
of the eastern Giant Mts. Result s of statisli cailesting for dependence between number of all/flowering 
pl ants and distance from the nearest shrub were signifi cant by all plots (Table 7.). 

Dependence of Pulsatilla scherfelii occurrence on distance from pine shrub was weak (comparing 
H. alpillllltl agg.) nevertheless significant (Table 7 .; plots ZI , K6, parallel plot K6k). A fl at accumulation 
of plants wi thin a rad ius to 100 cm (maximum varies between 25-50 cm) was observed in the plot K6 
(Fig. \3. ). The browsed plants are frequent out of dwarf pine stands, 100 cm and more di stantly from 
shrubs. Scc a map of plot ZI on Fig. 14., distribution of plants regarding to dwarf pine on Fig. 15. 

Number of occurrence points by P scheifelii 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 sufficien tlighling of ground. An important 
ecotonal effect was reg istered 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 Cal/una vulgaris in plots within the eastern Giant Mts. is higher comparing the western 
area. Heather grows in three study sub-plots with 41h grade of the Bran-Blanquet 's dominance scale and 
one sUb-plot with 3r<l 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 wi th 
radi'us of 50-75 cm. Increasing occurrence of heather was found to di stance of I 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 di stance from pine 
shrubs 10 75 cm (more than 60 %) during next years . The area increase of the class 0 (+25 % in 1997, 
+ 16 % in 1998) passed 10 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 0 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 Hieracillm alpirlllm agg. in 
1999. 
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Fig. 7. Plot K5 with Hieracium alpinllm agg. in 
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Fig. 8. Plol K6 with Pulsatilla scherfelii agg. in 
1999. 

microclimale influence of dwarf pine shrubs. The mesoclimate conditions can vary from year to year 
(temperature, precipitation, snow cover height and du ration etc.; KOCIANOVA et al. 1995; SPUSTA 1995; 
HARCARlK et a!. 2(01). The species ontogenesis contains more complex facts (e .g. mycorrhiza; JAHODOVA 

200 1) and oscillations - it can be a topic of a further study (compare PASfALKovA et al. 2(01). 
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Tab. 4. Development of total cover of planted dwarf pine in the plots Zl - Z4 during 1 996~98. and pine 
growth as mean of the relative shrub area increase. All values in per~cent s. 

PlO! Coverage Coverage Coverage Relati ve Re lati ve increase 
1996 1997 1998 increase 1997-98 

1996-97 
Z IA 13,2 17,0 21 ,7 22,4 2 1,7 
Z IB 6,5 10,2 11 ,5 36 ,3 IU 
Z2A 3,6 6,5 9,5 44 ,6 3 1,6 
Z2B 46,0 49,0 52 ,6 6 , 1 6,8 
Z3A 8,8 12,9 18,0 31,8 28,3 
Z3 B 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 23,3 24, 1 25,3 

Tab. 5. Development of total cover of planted dwarf pine in the plots Kl - K6 during 1997- 200 1, and 
pine growth as mean of the rel at ive shrub area increase All values in per·cents. 

PIOl Coverage Coverage Coverage Coverage Relati ve Relative Relati ve 
1997 1999 2000 200 1 increase increase increase 

1997-99 1999-2000 2ooO-D I 
KIA 9 14 18 19 35 22 7 
KIB 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 Hieracillm alpinum agg. in the study 
plots . All values was calcu lated per plot area of 100 m2. 

plol year number of flowering browsed fl oweri ng browsed 
plants plants plants share [%] share [%] 

KI 1997 955 278 105 19,16 11 ,05 
Kl 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 24,1 8 7,79 
K4 1999 153 1 166 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 I1 1 I 23,08 0,21 
K5k 1997 123 1 380 103 30,87 8,37 
K5k 1999 1270 265 76 20,87 5,98 
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Fig. 9. Rel ative frequencies of di stances of random point from the nearest dwarf pine shrub in the plots 
with Hieracium alpillum agg. - K I - K5 (signed 1-5) and Pulsatilla scherJelij - K6 (K ). 

Tab. 7. x2- test of goodness of fit comparing occurrence point-pine (B), plant-pine (R), flowering plan t­
pine (K) and browsed plant-pine (0) distances with generated random point-pine distances 
within plots of the K series in 1999 . Compared values are resul ts of the xl-test: bold faced 
values significant at level a<O, 1 %, insignificant values at level a = 5 % are written in italics. 
Number of degrees of freedom (n-2) is presented. 

n-2 B R K 0 

KI 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 Hicraci um 13 21,9 323,5 99,4 26,6 
K5 Hieracium 14 73,6 345,5 151,2 83,2 

K6 Pul satilla 10 91,1 530,8 49,2 
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Fig. 10 (A-E). Relative cumulati ve difference in the frequency o f occurrence points, plants, flowering 
plants (flowers) and browsed plants by Hieracium a/pinum agg. in the plots K 1 - 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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"Elb. 8. Number of all plants and flowering plants of Pulsatilla seller/e li; in the stud y plots. All values 
was calculated pe r plOL area of 100m2• 

plot year number of flowering plants flowering share 
plams [%] 

K6 1999 416 26 6.25 
K6k 1999 262 49 18.70 
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Fig. 10 (A-E). Relative cumulative difference in the frequency of occurrence points, plants, flowering 
plan ts (flowers) and browsed plants by Hieracium aip;IIum agg. in the plots K I - K5. Horizon­
tal axis - distance from the nearest dwarf pine shrub (in m). Significance of di fference of a curve 
from the zero li ne was tested (see Table 7 for results). 
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Fig. 12A. Number of Hieracium alpillllm agg. plants in plot Z3A according to distance from the nearest 
dwarf pine shrub (ZIKMUND \999) . PloUed values of absolute frequency are necessary to evalu­
ate regard ing to the frequency of positions with the same di stance from shrubs. 
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Photo 1. Plots K6 and Zl in the area ofl ocalilY Modra stran . Spatial relationship between dwarf pine and 
Pulsatilla schetfelii were monilored. (J. M<1lkova) 

Photo 2. Spalial relationships Pi/ills IIIllg0, H ieraciul1I a/pinum agg. and Caffuna vulgaris were studied 
in the plot Z3 (area of the Studnicnf hora) . (J. Malkova) 
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Photo 3. The young plantation of dwarf pine was died off in the plot of Stffbme m\vrsf in 1999. 
(J. Malkova) 

Photo 4. Heather dying offin the plot Z3 in the locality of Studnj~nf hora. (J . Malkova) 
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CONCLUSION 

Frequencies and vitality were evaluated for several species - hawkwecd (l-lieracilllll a/pill/./III agg.), 
pasque flower (PIl/sariffa sche/felii), heather (CallwJa vulgaris) and sedge (Carex bigelolVii) with 
spatial relation to growing dwarf pine (PirIllS mugo) shrubs. Evidence for ecotonal effect within 
surroundings of the pine shrubs wi th width about 60-1 00 cm (approximately equal 10 height of shrubs) 
was obtained. The effect is specific according to separate species (PAStALKOVA et al. , 2(01). The ecotonal 
dfect is significant by increase of vi tality o f hawkweed and pasque fl ower, particularly by increase of 
fl owering intensity. The open dwarf pine canopy is a reason of this situation when that herb species 
grows under sufficient light condi tion with using favourable microcJimate impact of dwarf pine shrubs. 
We can talk about a temporal ecological Jee·effecL The pine surroundings show lower browsing by 
ungulate game. The study plOlS have more open dwarf pine stands with greater gaps compared with 
those in the western Giant Mts. (PAStAlKOVA et aI. , 2(0 1). 

On the base of obtained data, the size of gaps is insufficient for some heliophilous species (e.g. 
Hieraciu11l alpillum agg., Pulsatilla seller/elii, Hypoehoeris UTllflora , Arnica montana. Primula millima, 
Lycopodium cial/atum, Diphasiastrum alpillul1l subs. complanatum) from point of species survival. 
These plants do not grow inside of mature dwarf pine shrubs (MALKovA, 2001). 

The extent of vital CallUlIO vulgaris patches has decreased (especiall y in the locality of Stn1>rne 
navrsi). 

Comparing PRP' s with P. l1Jugo stand and plots without pine plantation, more plants of Hieracium 
alpillulII agg. and Carex bige/olVi; occur in the free plots . Possible differences o f the community 
st ructure (see rei eve classi fication) are necessary to take into accou nt. 

The young dwarf pine plantations grow relatively fast, consequen tly 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 (EUf:..'IBERG et al . 1982) e.g. Pulsatilla sellerj'e!ii, H)poclloeris Imij1ora, HieraciwlI 
alp;nlllll agg., Arnica mmlfQIIQ, Primula minima, LycopodiulIl clavawm , Diphasiaslrllm alpillum are 
running as dwarf pine grows. The size of gaps is insufficient for survival species HieraciulIl a/pillum 
agg. and Pulsarilla scherfelii. 

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

SUMMARY 

The relationship between an shnlb species (Pillus lIIugo) and Carex bige(owii, Hieracilllll alpilllllll 
agg., Pu/sarilla scherfelii and Cal/ww vulgaris was studied in the tundra ecosystems reforested by dwarf 
pine in eastern part of the Giant MI5. The young dwarf pine plantations grow relatively fast and become 
vital under favourable condi ti ons. 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 suffi cient for an 
original plant microcoenose developmenl. Changes in the plant coenoses were described by the repeated 
releves use. It was a way to describe decrease of cover and/or extinction of several plant spec ies 
includ ing 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 neares t pine shrub. 

A light ecotonal effect by Hieracium alpillum agg. is 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 su rroundings . The highest number of plants occurs on places with distance of 25- 1 00 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 wit h di stance from the nearest pine sh rub. There are 
only a few plants as undergrowth in shrubs of dwarf pine. 
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There is an ecotonal e ffect wi th in a radius of 50 cm from dwarf pine by Pul.'wrilla sc/Jelfelii. The 
species show a lower dependence of occurrence on the pine shrub-plant di stance , nevertheless it is 
statistica ll y sign ificant. A low accumulation of plants with distance from shrubs to I m was vi sible. The 
highest number of flowers can be found in low dwarf pine stands wi th gaps o r on a c lose peripheral belt 
of the pine shrubs. Number of browsed plants was higher in free plot comparing dwarf pine undergrowth. 

CaJiltllo vulgaris is a species often occurri ng together wi th 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 wi th distance above 125 cm from shrubs. 

It is suggested to adapt management of the dwarf pine stands wi th regards to the results: it is 
necessary to guarantee a sufli cient free space (gaps) among individual shrubs of dwarf pine. The gaps 
enable development o r shade (and othe r pine influences) intolerant species. 

SOUHRN 

Vztah mezi kle~ i horskou (Pill/IS IIl11g0) a vybranymi druhy byl inneho patra po vysokohorskem 
za lesnovani v lundrovych ekosystemech byl resen ve vychodni casti Krkonos na katedre biologie 
Uni verl.ity Hradec Kralove. Na feseni se pOO vedenim a za spoluprace Malkove podf1eJi po dobu 3-6 let 
v ramci dlplomovych Cl doktorandskyc h prad KKTICKOVA. ( 1999) a ZIKMUND (1999). 

Ve vychodnfch Krkonosfch bylo vyty~eno 10 trval ych vyzkumnych ploch la x 20 m (dale jen 
TV?). kafda slozena ze dvou subploch vel ikostl 10 x la m (vzajemne se dotykajQ ke sledovanf vli vu 
rozrUstaj fd se kle~e na vybrane druhy rostlin . Dale byly fixovany Ifi kontrolnf plochy bez kJecovych 
porostu (velikosL 10 x 10 m) pro porovmlni kvalitativnfch a kvantitativnich znaku rUstu vybranych 
cevnatych rostli n (dale kontrola - k). VeSkere sledovane TV? Jeif v arklo-alp inske lundfe v I. z6ne 
KRNA P. Yetslna ploch byJa fixovana na SZ a S IlbocI S l udni ~n f hory (nejvy~e lezl v 1545 m n.m.). 
Nejjizneji se nachazf TVP na Modre stnlni (1480 m n.m.), nejsevemej i jsou TV? na Stfibmem navrS{ 
(1 400 m n.m.) - obr. I . Pfsmenem Zjsou oznaceny ctverce, v nichz provadeJ vyzkum od roku 1996 
ZlK~1UND (1 999). pfsmenem K pJochy sledovanc od roku 1997 Krti ckovou (KRTICKOVA. 1999). Umistenf 
p[och ve vysadbach kosodi'evi ny slari do 35 let nebylo nahodne, ale muselo spli'iovat podminku vyskylll 
dostatecneho pottu jedincu vybranych rosllinnych taxonu, aby bylo mozne vysledky jejich dynamiky 
statisticky zpracovaL 

V trvalych vyzkumnych plochach (daiejen TV?) byl hodnocen vliv klece na rostlinna spolecenstva 
subal pfnskych a alpinskych poloh na zaklade opakovanych fytocenologickych snimku, mikromapovani 
a lCj mena studia ho rizontalnfho rozrUstani klece ajeho vlivu na vybrane autochtonnf druhy bylinneho 
patra. V TV? byla monitorovana vital ita, fertilita. pocelnost a pokryvnosl i vyska klecovych porostu. 
U vybr::mych puvodnich druhll Hieracium alp;,wl1l agg. , Pulsatilla sche,felii, dale Ca/hma vulgaris. 
Care .. bigelowii bylo presne zakreslovano umfstenf, pocet rostlin , kvetu a okousanych kvetu. Pro 
Ca ll1llw vlI lgaris byla vytvorena specialni stupnice na zaklade pokryvnosti a stupne kvetenf. 

Klasifikace fytocenologickych snfmku (obr. 2.) dokJada pomeme male rozdfl y mezijednotlivymi 
lokalitami resp. pJochami/subplochami . Opakovane fytocenologickesnimky zachycuj i tab. 1-3. 

Pri hodnocenf poctu a vitality jestlabniku, konikJece , vfesu a ostrice Bigelowovy ve vztahu 
k rozrUstajidm se mladym porostum kJece bylo zjgteno, ze v okoli zkoumanyc h mladych vysadeb 
pusobi tzv. ekotonalnf efekt v siri okolo 60-- 1 00 cm (priblizne odpovfdal vyke klece), pficemz vliv na 
jednotlive druhy se projevuje specificky. Prukazne bylo positivni pusobenf ekotonalnfho efektu na 
vi talit u jedincu jestrahnlku a koniklece a zejmena na intenzitu jejich kvetenf. Duvodem je skutetnost, :le 
vysazemi. kid ma dosud relativne nilky zapoj a studovane druhy rostlin dosud netrpi nedostaLkem svetl a, 
naopak vyuzivajf casto pfizni vejsiho mikroklimatu v zaveLri kJece . Lze tedy hovofit ° docasnem efektu 
ekologickeho kryti. Sledovane plochy mcly oproti obdobnym plocham ze zapadnich Krkonos (PAstALKOVA 
et aJ. 200 I) podstalne rozvolnenejsl porost kl ece s vetsfmi volnymi plochami mezi jednotli vymi keri . 
V blfzkosti kJece byl take zjisten nizsl okus kvctu sparkaLou zvefi. 
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Pro Carex bigelowi; byla prokazana nfzka pokryvnosl v kJeci a v jeji lesne blfzkosti. Pocet rosliin 
stoupal se vzdalenosti od klece. 

Hieraciul1! alpiflllm agg. (TVP Z3, K 1 az KS a dYe plochy kontrolnf)jevl urcitou kumulaci jedincu 
i kveru v okoli klece. Obr. 3.-7. znazomujf rozmlsten! kern kJece a rosllin druhu HieraciwlI alpit/un! agg. 
v plochach KI-KS, prostorove uspor<'i.dani v plo~e Z3Aje na obr. 11 . Nejvfce exemplaru bylo v intervalu 
25-100 cm. Frekvence poctu nahodnych bodu podJe jejich vzdalenosti od nejbJizsfho kere klece na 
plochach KI - KS znazotTlUje obr. 9. Kumulalivni diference poctu bodu vyskytu , poctu rostlin, kvetu 
a okousanych rostlin v zeivislosti na vzdeilenosli od nejblizMho kere klele na plochach K I-KS je zobrazena 
na obr. 10. Obr. 12. znazomuje pocty jedincu a kveui u Hieracium alpillum agg. v Z3A v l3vislosti na 
vzdalenosli od klece. NejvelSi kumulace kvetu byla do 150 cm od klece. V konlrolach bylo vice rostlin 
net na b\fzkych 12 TVP zalotenych v nedalekych k lecovych poroslech, ledy ve srovnatelnych 
stanovi slnich podminkach (tab . 6.). Tab. 7. zahmuje stati stickou vyznamnost odchylky jednotlivych 
kfivek od nulovych hodnot diferenci (test dobre shody). Pod vlastnf klecf roste jen nizky pocet rostlin. 
Procento kveteni v kleci bylo sni.!eno. Zavislost vyskytu poetujedincu i kvetouclchjedincu na vzdaJenosti 
od klece byla vysoce statisticky prukazml. 

Pulsari/la scherfelii mel proti H. alpilZwn agg. nizsi, presto statisticky pn.ikaznou zavis lost vyskytu 
na vzdalenosti od klece, patma je mima kumulace rostlin do 100 cm od klece, maximum jedincu 
v intervalu 25-50 cm (obr. 13., 15.). Prostorove uspoI'adanf kern klece a druhu Pulsatilla scheifelii v K6 
zachycuje obr. 8. a v plose Z I B obr. 14. Pocty rostlin na studijnfch ploch<'i.ch K6 a K6k jsou v tab. 8. 

Druh Calluna vulgaris byl promerovan ve tI'ech plochach s hodnotami abundance a dominance 4, 
jednu plochu s hodnotou 3. Nejvetsi vitalita vresu byla prokazana v prumeru v intervalu 50-75 cm od 
klece. Z hodnocenf vitality Cal/una vulgaris v roce 1996 vyplynulo, ze nejvelsf pokryvnost zdraveho 
(kvetoucfho) vI'esu (kategorie A) byla ve vzdalenosti nad 125 cm od kJece. V mlsledujfcfch letech Ize 
pozorovat zvetsujici se pokryvnost odumI'ele kalegorie D (do 75 cm od klece vice nef 60 %), tedy behem 
knltke casove periody tn sez6n bylo zjisteno vyrazne zvyseni pokryvnosli odumreleho vresu. 

Mlade vysadby klece se pomeme intensivne rozrUstaji (v prumeru 0 29 % za rok) a zmensuje se 
velikost volnych ploch mezi ken klece. Pnrustky vysazene k1ece v TVP vychodnfch Krkonos jsou v tab. 
4. a 5. S rozrustanim P. mugo dochazi k ubytku heliofilnich druhu (napI'. Pulsarilla sellerfelii, Hypoclloeris 
unijlora, Hiera cium alpinum agg., Arnica montana , Primula minima, LycopodiwlI clavatunl , 
Diphasiastrum alpinum) a ph dalSfm vZrUstu zapoje klece mUle dojft at k uplnemu vy mizenf techto 
druhu . Pro tyto druhy jsou nektere volne plochy jiz nedoslatecne vzhledem k moznosli jejich pretiti. Pod 
vzrostlou zapojenou kleci tyto taxony nebyly jif nalezany (viz fytocenologicke snfmky PAStALKOVA et al. 
2(01). 

PI'i managementu pine zapojenych klecovych porostu je pOlrebne predevsim zajistit dostatecny 
odstup jednotlivych kern tak, aby volne pJochy umotiiovaly zdamy vyvin chranenych a ohrofenych 
druhu , ktere jsou vetsinou helioflinf. 
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