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ABSTRACT

In addition to ongoing climate change, alpine estmys are also threatened by the
expansion of non-indigenous species. Expansionaairidpine Pinus mugorurra) in the
Hruby Jesenik Mts. is an excellent example of titeractions between a planted alpine
shrub and alpine ecosystems dominated by grassipecdes. Based on a comparison of
aerial photographs taken in two different perioti87(L/73 and 2003) we analyzed spatial
changes in the dwarf pine cover. We focused onvatuation of the current proportion of
dwarf pine stands above the upper forest limityvat as on the effects of stand texture and
environmental variables on dwarf pine expansiorr ¢tivs 30 year period. During this time,
dwarf pine stands increased their extent by 63%alSiorest-free areas above the upper
forest limit in the northern part of the Hruby Jeieridge are currently covered by dwarf
pine on more than 30% of their surface. Expansiotwarf pine was fastest in open, fine-
grained stands, often situated in lower altituded an north- to east-facing slopes. The
dwarf pine expansion was more intense than pretlibie simple model of vegetative
growth, especially within open stands with shofypormon margins in low altitudes. This
might be explained by more intensive growth in lesseme environment and/or by higher
generative reproduction on these sites. Finally, suggest that expanding dwarf pine
shrubs and recessing grassland patches negatiffettsathe abundance of heliophilous
alpine plants and insects. We believe that theltesid this study could be relevant to
ongoing discussions on the management of sumnestdree areas in the Hruby Jesenik
Mts.

Keywords: Pinus mugg expansion, Sudetes, Hruby Jesenik, object-bdasediftcation,
aerial photographs

INTRODUCTION

Dwarf pine Pinus mugorlurra) is an alpine shrub that occurs mainly istead central
Europe (Businsky 1998, Hamernik and Musil 2007)lyéwrmic growth and clonal
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spreading are characteristic for this species. dditen, it is a successful invader into
grassland communities (Dullinger et al. 2003).

Dwarf pine has been frequently planted in deforkstesteep-sloping mountain areas, in
order to protect soils against mass movement andntéoease the overall rate of
evapotranspiration (e.g. Sokol 1965). This is alse case in the Hruby Jesenik Mts.
(Sudetes, Czech Republic), where it was plantedusnmit grasslands since the middle of
the nineteenth century (HoSek 1964). Strong coripetpressure of expanding dwarf pine
shrubs has probably led, however, to decreaseBeirabundance of heliophilous alpine
plants and insects (e.g. BureS and BureSova 198fasKet al. 2001). The dynamics of
dwarf pine expansion may thus be an important iSsam the viewpoint of nature
protection.

Spatial differences in dwarf pine expansion depamdeveral variables, such as terminal
growth, production of ramets, germination, compatit with hemicryptophytes and
disturbances (Stursa 1966, Wild and Wildova 2002d\ahd Winkler 2008). The influence
of individual factors is also affected by stand anpel the rate of intraspecific competition
(Souek et al. 2001, Wild and Winkler 2008).

The main objective of the present study is to eatalispatiotemporal changes in dwarf
pine cover. In addition, we attempt to assess tssiple influence of both environmental
variables and variables describing dwarf pine tettproperties on spatial inequalities in
dwarf pine expansion. This study is based on a ewmisgn of dwarf pine cover between
1971/1973 and 2003, which was selected as a conedmetween the limited number of
available aerial photographs of sufficient qualityd the optimal length of time needed to
evaluate changes. The thirty-year time span enabigess estimation of dwarf pine spatial
dynamics covering both short-term expansions actrss.

As part of this main objective, we (a) determinbd tecent cover of dwarf-pine stands
and their percentage proportion on the overall rexte#f forest-free summit areas; (b)
ascertained changes in the dwarf-pine cover duhegast 30 years at selected sites; and
(c) evaluated the effects of environmental andutetvariables on dwarf pine expansion.

METHODS

Study area

Hruby Jesenik is an old Hercynian mountain rangenioated by the highest peak
Pracdd at 1491 m a.s.l. (Fig. 1). The highest elevatians considered to be naturally
forest-free (Jenik 1961), however the extent okglemds was significantly enlarged by
human activities in the past (Novak et al. 2010).

The study area is characterized by relatively hpghcipitation (around 1300mm per
year). Average annual temperatures oscillate ardub®C in the summit regions. Gently
undulated, high-elevated plateaus are charactefigetigh winter precipitation (100 to
200cm deep snow pack) and strong westerly windg;hwdweep snow away from convex
parts of the terrain.

The montane forests are formed by Norway spritiee@ abiegL.] Karst.) and grade
into alpine grasslands at the alpine treeline e@td he actual upper forest limit is situated
at approximately 1310m a.s.l. (Treml and BanasS 20@@mmit forest-free areas are
covered by grasslands dominated by graminoids (eegtuca supinaNardus stricta,
Calamagrostis villosa, Calamagrostis arundinaceag#ella flexuospand ericoid shrubs
(Vaccinium myrtillus, V. vitis-idagaScattered shrubs of junipelupiperus communissp.
alpina) also occur in the summit grasslands. Non-indigemwarf pine Rinus mugdwas
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planted during the 19th and 20th century in 1.26.26 m up to 2 x 2 m square spacing,
with the most extensive planting occurring betwtenyears 1874 and 1928 (HoSek 1973).

Fig. 1: Study area and the extent of dwarf pine stads in 2003
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Classification of aerial imagery
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We used two classification approaches. In ordetetiermine dwarf pine cover over the
whole study area, pixel based classification wasieg to recent (2003) imagery. On the
other hand, object based classification was usethBbassessment of temporal changes in
dwarf pine cover on selected areas (Fig. 1). Aliahamagery used in the study were

provided as scanned images by Military Office fao@raphy and Hydrometeorology and

their technical parameters are given in Table lages were orthorectified using ground
control points derived from current orthogonal iragCzech Geodetic Survey) and a 10 m
resolution DEM created from contour lines (1 : Z®P and resampled to final pixel

resolution of 0.4 m.

Table 1. Parameters of aerial photographs used irhe study

Year of Scale Type Focal length Resolution of | Camera
acquisition (mm) scanning tm)

1971 1:15000{ Panchromatic 209.83 21 WILD 32
1973 1:15300{ Panchromatic 209.74 21 WILD 32
2003 1:23000| Colour(RGB) 152.14 14 LMK 201

5

Total recent dwarf-pine cover was determined us@B imagery from the year 2003.
Standard supervised classification Maximum Liketiiavith four or five classes according
the spectral characteristics of each image andlyfiggouped into two land-cover classes

92



Joal of Landscape Ecology (2010), Vol: 4/ No. 2

(dwarf-pine and rest) were applied. Partial resoftclassifications were combined into
mosaics covering the whole study area.

Object-based classification was additionally appfer seven selected study sites (188 ha
in total, Fig. 1) in order to estimate the preais@f supervised classification and to assure
comparability of recent and historical images psseel solely using object-based
techniques. This segmentation approach was bastdemlayers of colour imagery (R, G,
B). No filtered layer was used. Classification wasrformed with the help of training
subsets and the segments were classified usingetirest neighbour algorithm. Orthogonal
panchromatic black and white images were usetieaslata source for determining the
historical areal extent of dwarf pine. Only limitedeas well-representing whole summit
regions were selected for analysis and takingaetmunt the minimum sufficient quality of
images (Fig. 1, 2).

The object-oriented approach was applied to hisbimagery due to its better ability to
classify images having limited spectral resolut{ptalounova 2004). This approach relies
not only on spectral characteristics, but enabilesctassification of objects based on their
spatial, shape and textural properties. Classifinaivas done with Definiens 5.0 software
(Definiens, 2006).

Image analysis was conducted through segmentatidnckassification. A median filter
layer with 3x3 pixel window was created before segtation in order to suppress local
inhomogenities in the image and to increase paprasure space provided by scanned BW
photographs (Halounova 2004). Subsequent segnamtatis applied to both the original
layer (determination of edges) and to the filtetager rendering compact segments of
dwarf-pine polycormons.

Three-level segmentation was applied with the foilhg setting: i) a coarse level with
scale values (in terms of Definiens terminology)giag between 150 and 250 depending
on imagery contrast; ii) a detailed scale (valugs -1 15) to determine individual
polycormons, trees, shadows and other featuresitidally, an even more precise,
segmentation with scale value equal to 5 was pmddrfor young dwarf pine plantations.

Individual segments were classified based on colotensity, shape variables (area,
shape index) and prevailing orientation on a verg &cale. Individual classes (dwarf pine
and shadows) were distributed into groups accorthinfpe coarse scale classification. The
distinct setting of classification parameters tleeabled sorting of segments into individual
classes.

The resulting classification was visually checkedl aany errors were corrected. The
proportion of manual correction was quite high, pites the sophisticated methods of
classification used. This considerable number ohum& corrections needed as well as
limitations in image quality was the main reasom élmalysis was restricted to only selected
areas. Nevertheless we consider this method muickeruand reliable than simple manual
delineation of dwarf-pine borders.

Classification accuracy

Object-based classification of current (2003) immggeras manually corrected at the
study plots, and is assumed to represent the mresisp information about the spatial
extent of dwarf pine stands. Then, superpositiod aomparison of both types of
classifications (supervised and object-orientedyirreed an error matrix. Two types of
errors for both classes (dwarf pine present, dwaré absent) were computed: i) omission
error and the related ,producer’s accuracy”, apdammission error and the related user’s
accuracy (Congalton and Green 1999).
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Temporal changes

Finally, the dwarf pine map for years 1971/73 a@@3, both resulting from object-based
classification, were overlain and changes in dwarfe cover were evaluated. Areas
selected for analysis included only those standsiaei of closed spruce forests, where the
classifications errors are higher. Changes weryaed in 50 x 50 m cells, a size that is far
larger than the orthorectification and classificatierror and consistent with the DEM
resolution, which is important for the analysiseoivironmental variables derived from the
DEM.

In order to visualize even more subtle dwarf pipatigl shifts, we also depicted changes
in a lattice with 15 m resolution (Fig. 2). Thisase is still sufficiently coarse to filter
discrepancies caused by orthorectification and @tige classification.

Overall changes are expressed as area (square) metepixel change. Such changes
accumulate both the short term decline and exparwier the thirty-year period.

The distance of a randomly placed point to the estadwarf pine margin was another
variable used to describe the extent of dwarf nleoth time periods. 468 random points
were generated outside of dwarf pine polycormors€d on 2003 dwarf pine cover). All
points were placed within the minimum convex polygurrounding the margins of dwarf
pine shrubs as were detected at the beginningeaf 970’s.

Fig. 2: Changes in dwarf pine cover at study sitefsom 1971/73 — 2003
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Variables affecting spatial change of dwarf pinensts

We assumed that the changes in dwarf pine covetraren by intra-specific competition
(canopy closure, patchiness) and by such envirotahproperties as altitude, snow depth,
heat load and available soil water. The effectthe$e variables were evaluated within a 50
m lattice, consistent with source data resolutibhe following parameters were set for
every 50 m square cell: orthogonal area of dwarémiover in 1971/73 and in 2003, area
change between the two periods, shrub edge lengtioth periods, number of individual
dwarf pine segments, mean altitude, mean topographtness index (Beven and Kirkby
1979), mean heat load index (McCune and Keon 2@88) mean stand susceptibility to
deflation, which was modeled as a log altitudeeddhce between local altitude maximum
(highest point on a maximum slope line) and a gpiel. Variables were derived from the
10 m resolution DEM and from the created maps airflwine cover.

Since the changes in dwarf pine found were mostpagrsions (as opposed to retreat),
we focused on relations between dwarf pine expangidependent variable) and
explanatory variables. The increase in dwarf piogec was expected to be limited by
physically restricted growth where complex margiese present, therefore the difference
between the expected and actual increase in dwafqover was set as another dependent
variable. This variable was computed as followsre@ 2003 — Area Simulated +
2500)/2500. The simulated (or potential) area walsutated as the dwarf pine cover in
1971 and 1973 buffered by a 180 and 192 cm zorspeotively, related to the average
annual length increment of dwarf pine (6 cm — KyR@D6). This variable equals 1 when
the potential and actual increases in dwarf pinecare identical.

In order to suppress spatial autocorrelation, 183 ¢squares) were randomly selected.
Only non-neighbouring cells were selected that oedat least 20% of each studied area.

The influence of individual variables was analyZed all study areas together, which
includes the whole spectra of stands that are prasethe summit part of the Hruby
Jesenik Mts. Using multiple linear regression,whgables with highest explanatory power
for dependent variables - dwarf pine cover in 2088ange in dwarf pine cover, or
difference between expected and actual expansioa searched for. The dwarf pine cover
in 1971/73, edge length in 1971/73 and environmerdaables derived from the DEM
were considered as explanatory variables. The ledioe matrix of explanatory variables
was calculated before the analysis and only the aoweakly correlated variables entered
into the model. Normality was tested using the $loayilks test of normal distribution.
Root square transformation or the arcsine transition was applied to some variables in
order to comply with normal distribution criterideee the Results section). Hierarchical
partitioning (Chevan and Sutherland 1991) enablecbuhposition of the total variation
explained by the regression model into the indepenhdccontributions of individual
variables.

Since we found that different initial dwarf pineveo determines the variant influence of
other variables, their effect on dwarf pine expansivas additionally assessed separately
for both low and high initial dwarf pine canopy oy

RESULTS

Classification accuracy

Overall accuracy of standard Maximum likelihoodssiéfication of 2003 RGB imagery
approaches 95% in four cases and was always hitgher85% (Tab. 2). The relatively
lower classification accuracy occurred in areavaithigher proportion of trees (Pead
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and Maly ¥d sites). The overall classification accuracy aehiewas 90.1% and proved
using this approach for estimation of recent dwaré cover.

Table 2: Error matrix for maximum likelihood classification of RGB images (2008
Manually corrected data derived from object-oridntkassification were considered as a reference.

. Producer's accuracy| User's accuracy| Overall accuracy

Locality Class (%) (%) (%)

Serak no-pine 94 95 91
pine 71 78

Cervena hora —12-PIN€ 93 99 92
pine 85 71
P, no-pine 88 99

Maly Ded . 89
y e pine 93 55

Jeleni studanka—12-PIN€ 98 92 91
pine 58 83

Keprnik no-pine 94 95 94
pine 94 93
no-pine 84 92

Pradtd 86
pine 89 78

Petrovy kameny—>-Pn€ o4 95 93
pine 92 89

Recent extent and temporal changes of dwarf pingosh

Dwarf pine recently covers 179.2 ha of the summagta in the Hruby Jesenik Mts., from
which 153.7 ha is situated above the alpine tinberiThe alpine forest-free areas differ
both in their extent and in amount of dwarf pinewexo(Fig. 1). The areas situated in the
northern part of the main ridge of the Hruby Jdsevits. (Serék, Keprnik andervena
hora) have the highest dwarf-pine cover, exceedioge than 30% of the area above the
timberline (Tab. 3). On the contrary, the lowesbgmrtion of dwarf pine is found in the
area of Petrovy kameny — Pec (9.5%).

Table 3: Extent of forest-free areas above alpingrberline and corresponding
dwarf-pine cover (in 2003)

Locality Forest-free area Dwarf pine Dwarf pine cover —

) extent (ha)* extent (ha) relative proportion in %
Serak 10.76 3.67 34.1
Keprnik 67.19 24.01 35.7
Cervena hora 56.38 18.38 32.6

Maly Déd 66.93 14.40 21.5

Pradcd 153.86 26.65 17.3
Petrovy kameny - Pec 697.00 66.54 9.5

*... based on data by Treml and Banas (2000)

The overall increase in dwarf pine cover rangeanfi2z3% to 94% in the study period.
The lowest increase in dwarf pine cover was atlSEga%), whereas the highest expansion
was found at Jeleni studanka (Tab. 4). The avesageal expansion of dwarf pine in all
studied areas ranged around 2%.
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Table 4: Changes in the dwarf pine cover between I%/73 and 2003
Changes are inferred from square lattice captureBlig. 1 and 2, which doesn’t overlay whole area
above the alpine timberline.

Site name Dwarf pine extent | Change in percent Mean an_nual
[ha] of 1971/73 change in %
1971/73 2003
Serak 1.48 1.82 +23.2 +0.73
Keprnik 9.33 15.43 +65.3 +2.04
Cervena hora 8.49 15.19 +78.7 +2.46
Maly Déd 7.89 13.30 +68.5 +2.28
Pradd — Sever 8.43 13.28 +57.4 +1.92
Petrovy kameny 7.09 9.68 +36.4 +1.21
Jeleni studanka 3.87 7.49 +93.9 +3.13
All sites in total 46.59 76.20 +63.5 +2.05

Spatial changes in dwarf pine cover revealed smatements for dense stands (Tab. 5).
In contrast, considerable expansion was seen imsapapen canopy shrubs or at the
margins of isolated shrubs, where intra-specifiengetition and physically restricted
growth was much lower (Tab. 5). Despite the ovearaitease in dwarf pine cover, some
local reductions were found (Fig. 2), mainly neatrBvy kameny and also, though less
pronounced, close to the timberline on the eashgaslope ofCervena hora, the western
flank of Maly Déd, the northern flanks of Pré&dl and the east-facing slope of Jeleni
studanka. Except for the Petrovy kameny site, cmmable numbers of Norway spruce
trees were common at all of these sites.

Table 5: Results of regression models describing the influee of individual variables
on changes in dwarf pine cover between 1971/73 aA@03

Statistically significant variables are highlighted
b* ... standard regression coefficient R. coefficient of determination.

All Initial area < 420 m? | Initial area > 420 nt

Variable b* P b* =) b* P
Edge length 1973 0.28 0.05 0.39 0.00 - 0.95
Free area size 1973
(arcsin transformed) i 0.48 i 0.75 0.35 0.00
Number of segments 0.31 0.00 - 0.08 - 0.24
Heat load index -0.28 0.01 -0.32 0.01 - 0.52
Topographic wetness index - 0.06 - 0.25 - 0.22
Altitude -0.33 0.00 -0.32 0.02 - 0.35
Stand_ susceptibility to i 0.88 i 0.89 i 0.43
deflation
Full model Adjusted Adjusted Adjusted

R?=0.26, p<0.01 | R?=0.49, p<0.01 R?=0.09, p<0.01

The densest dwarf pine stands covered forest-fre@seof the Pradl andCervena hora
sites at the beginning of the studied period. Tleards also had the smallest gaps within
dwarf pine stands (Fig. 3). On the contrary, dwane communities at Keprnik Mt. were
relatively open with large gaps. The most consioleraeduction in gap size during the
study period was found at the Serak and Maigl Bites (Fig. 3).
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Fig. 3: Distance to the nearest dwarf pine marginn 1971/73 and 2003
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Variables affecting the spatial pattern of dwanfi@iexpansion

The dwarf pine cover in the year 2003 is mainly etegent on the previous extent of
stands in 1971/73 (b*=0.77; P<0.01); in other wottie larger the pine area in 1971/73,
the larger was its cover in 2003. Initial (1971/&8)ge length is strongly correlated with
pine area (r=0.79), and thus longer edge length9inl/73 resulted in higher dwarf pine
cover in 2003. The initial number of pine segmeaftects the recent dwarf pine cover as
well (b*=0.15; P<0.01), and of the environmentakighles only altitude plays a role
(b*=-0.15; P<0.00).

If the change in dwarf pine cover is taken as aeddpnt variable, then the number of
dwarf pine segments and altitude are the most enfial variables (Tab. 5). A higher
number of segments results in a higher expansiodweairf pine, and this expansion was
also more pronounced at lower elevations. Dwaré rpanded significantly less at sites
with high heat load. Also, the initial edge lendais a statistically significant effect. This
variable, however, is correlated with the numbesefments (r=0.45). The influence of
other variables on the dwarf pine expansion issigntificant.

The effect of the above-mentioned variables is ghable in relation to initial dwarf pine
cover (Tab. 5). We expected that until the cerizamopy cover is achieved, the stand
expansion would be driven mainly by edge length atiwr textural and environmental
variables. However after reaching the point, whexqgansion is physically limited, only the
variables related to available space for expangiere supposed to be more important. In
both periods (1971/73 and 2003), there is a sttmagr relationship between dwarf pine
cover in assessed square cells and correspondgggledgth approximately to the value of
420 nf. Then, fluctuating or decreasing values of edgette with increasing dwarf pine
cover could be observed, which indicate physicatrigion of growth. Therefore we
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divided analyzed data into two subsets based dralirdrea (or edge length) within the
square cell.

Resulting regression models show that edge lehgidt, load index and altitude affect the
expansion especially when the initial dwarf pinevero(or edge length, r=0.79) is low
(dwarf pine cover 420 nf, n=60). The regression model including these Wéemthen
convincingly explains the changes in dwarf pineamgion. On the contrary, these variables
lose their explanatory power when the initial dwairie cover in 1971/73 is moderate or
high (dwarf pine cover > 4203nn=70). In these cases, the free-area size (talidiwarf
pine cover — both variables describe the sametguaithe only influential variable.

We know, however, that the edge length variableomes$ the relationships analyzed,
because the growth of complex dwarf pine marginghigsically restricted. This is not a
case of a difference between expected and actoadase in dwarf pine cover. Values of
this variable are again influenced by initial edgegth and altitude (both with negative
relation) (Tab. 6). The whole model explains 35%haf variability, of which 29% consists
of edge length and 6% of mean altitude, as indicde hierarchical partitioning. Edge
length is, however, strongly correlated with freeaacover (r=-0.79), and this should be
taken into account.

Table 6: Results of the regression model describinghe influence of individual
variables on differences between expected and actuacrease in dwarf pine cover
Statistically significant variables are highlighted

b* ... standard regression coefficienf R. coefficient of determination.

Variable b* P
Edge length 1973 -0.71 0.00
Free area size 1973 (arcsin transformed) - 0.33
Number of segments - 0.19
Altitude -0.32 0.00
Heat load index - 0.15
Topographic wetness index - 0.46
Stand susceptibility to deflation - 0.55
Full model Adjusted R=0.35, p<0.01
DisCcuUsSION

Dwarf pine stand dynamics

The high accuracy of aerial photograph classiftcatresulting from spectrally well
differentiated classified objects — dwarf pine molymons against contrasting alpine
grasslands - enabled us to perform a quantitatteessment of dwarf pine stand spatial
dynamics. The annual rate of stand expansion reat{®8%o at our study sites. In total, the
expansion ranged between 23% (Serak site) and ¢8¥€na hora site). This is rather low
compared to results of Seek et al. (2001), who found a rate of dwarf pirengtexpansion
between 46-90% within 17 years in the Western Gidiist WWe assume that the difference
might be due to the uneven spatial pattern of assestands at the very beginning. In the
Western Giant Mts. dwarf pine stands were rathenpgnabling lateral spreading in
comparison to sites in the Hruby Jesenik Mts. #lo06a) compared the rate of native and
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planted dwarf pine expansion, also in the Giant.Miser 35 years, the native stands
expanded 0.93-1.17% a year and planted stands696alyear.

The rate of dwarf pine expansion significantly edriamong study sites in the Hruby
Jesenik Mts. We suppose that these differences veerged by dissimilar initial conditions
- varying stand canopy cover (affecting intraspeaibmpetition), the different origins of
planted dwarf pine as suggested by HoSek (1964),utieven age of dwarf pine and
probably also by different Norway spruce canopyecat the sites.

The effects of different stand age were clear i@ southeastern part of the Petrovy
kameny site, the eastern part of Keprnik and aféheni studanka site, where young dwarf
pine stands rapidly expanding in comparison withstands.

Stand age is well correlated with stand canopy coYeung planted stands with open
canopy usually expand faster. The closed canopydai the Serak site was apparently a
limiting factor for expansion. Closed stands thawdnbeen non-expanding since the 1970's
as well as isolated fast expanding polycormonesvi@and at this site, as well as at the
Jeleni studanka site and less distinctively atttesena hora and the Keprnik sites. Rather
open stands that were evenly expanding over they stiles were found on Pra&tl and
Maly Déd. At the Petrovy kameny site, closed stands hasmiroed since the 1970’s,
except at the southeastern tip. These stands yodalilined, however, probably due to
attacks of the European pine sawfly (Neodipriorifeg)y or were eliminated to enlarge ski
slopes.

Reasons of uneven dwarf pine stand expansion

As expected, the current dwarf pine cover mostlpethels on its extent in the year
1971/1973. Explaining the variations in the stardamsion is more challenging, however.
Above all, this variation is affected by the splapattern of stands as manifested by the
number of segments and edge length in the initeaaiop. More complex margins of
scattered dwarf pine polycormons evidently accé&detateral spreading. Expansion of
dwarf pine was faster at low altitudes and at “czitds” (with low heat load). The negative
relation of dwarf pine expansion to heat load cduddattributed to the higher number of
days with snow cover on north-facing slopes pogsitnipeding soil freezing and winter
desiccation, which are contrariwise stronger ontlséacing slopes (Tranquillini 1979,
Cairns 2001). Dwarf pine in the Hruby Jesenik Migws on sites that are far below its
physiological limits, which might be another reaseshy south facing slopes were not
preferred. In this context, it is difficult to exgph the faster expansion of dwarf pine at low
elevations, especially when there is no effecttahd susceptibility to deflation on dwarf
pine spreading. Nevertheless, we suggest thatgsgoow deflation and the related climatic
extremes characteristic for the highest elevat{®nadd, Petrovy kameny, Keprnik) play a
role, as was shown already by Kyncl (2006), whontbisignificantly lower terminal
increments of branches on extremely deflated sidge parts of other studied sites
(Seréak, Maly d and Jeleni studanka) are not as wind-swept, ldadould be one reason
why the variable of stand susceptibility to defati which was expressed as altitudinal
difference, failed. Moreover, this result couldalbe caused by the sample plot size
(50x50 m), with the windward and leeward sites €lds mountain tops often being
included together.

The expansion of open canopy stands showed a\mosdiation to variables describing
stand texture (margin length in the year 1971/187A8 the number of segments). Open
stands are less physically restricted in expansornhe fine-grained and complex character
of dwarf pine stands favors their lateral spreadiffge relation of increases in dwarf pine
cover to heat load and altitude was explained above
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The growth of closed canopy stands is, on the aontcontrolled mainly by the extent of
open space towards which the stand could exparnkr@xtural and topographic variables
do not play a significant role. This suggests thixaspecific competition leads to limitation
of stand growth, as was shown by Wild and WinkB(8).

The analysis of differences between the expectddaatual rate of dwarf pine expansion
offered us a completely different view on the irase in dwarf pine cover. Expansion was
higher than expected at sites with low initial edgeagth in 1971/73. This variable,
however, is strongly correlated with free area sind therefore we suggest that (a) there
was an even greater potential for spreading thanntledeled 6 cm per year, and (b)
generative reproduction has to be taken into adcdure hypothesis regarding the greater
spreading potential is also supported by the highan-expected expansion at lower
elevations, where Kyncl (2006) determined a terinimerement of pine branches
approaching 8 cm per year.

Locally, there are other factors not included ins tlanalysis affecting the rate of
expansion, such as type of ground vegetation anov&jo spruce canopy cover. The
relations of Norway spruce canopy cover and dwamk pexpansion/retreat were well
documented at the Jeleni studanka site. In theacobmbne between dwarf pine and spruce
stands, where the spruce formed isolated encldliesmost extensive decrease of dwarf
pine was found. This has also been reported elsewhdhe Sudetes Mts. — Kozibety in
the Giant Mts. (Jenik and Lokvenc 1962), or obsgriog the authors in area of Maly
Sreznik in the Kralicky S&znik Mts.

The expansion of dwarf pine stands is also affebtedround vegetation cover and type,
both influencing the generative reproduction (Dngkr et al. 2003, Wild 2006a). These
factors were not tested due to the lack of a detalegetation map. We could only
approximate the influence using habitat maps pexpéor the NATURA 2000 delineation.
Unlike the other localities, the Keprnik and Peyrédameny sites are dominantly covered
by Avenella flexuosaand Festuca supina(NATURA 2000 habitat code 6150 Alpine
grasslands), creating good germination conditiarsdiwvarf pine (Treml and Senfelder
2007). Moreover, the highest number of young sagdliof dwarf pine has been recently
recorded at these sites (Treml and Senfeldr, 200%refore, the fast expansion of gappy
dwarf pine stands at the Keprnik site is in agragméth the hypothesis of auxiliary role of
generative reproduction.

The extent of alpine enclaves above the upper tfdnest — implication for nature
conservation

The extent of forest-free alpine enclaves is clufoa the existence of a number of
threatened species. This has been demonstratedefdiruby Jesenik Mts. for insects by
Kuras and Helova (2002) and for plant diversity Zgidler et al. (2009, 2010). Areas
included in this study are characterized by anrest® cover of dwarf pine stands (being
most extensive at the Keprnik, Serék afervena hora sites) that continue to quickly
expand (2% a year). At the Keprnik site, the dvpamke stands are rather concentrated in
closed patches, leaving relatively enough openesplaowever, dwarf pine stands at the
Cervena hora and Serék sites are spread all over.lddk of open non-forested alpine
enclaves thus might threaten valuable species,aasdemonstrated by Kuras (2007), who
stated that the extent of dwarf pine stands andetttent of alpine enclaves are well
correlated with the diversity and abundance of loatyerflies.

The size of open spaces is also an important fanthrencing plant species diversity
(Soukupové et al. 2001). The diversity of thencion-trifidi and Nardo-Caricionrigidae
plant species studied by Zeidler et al. (2010) wlasely related to the edge distance of
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dwarf pine stands. The smaller the gap was, theidlae plant diversity. Sites having only
small patches of open enclaves are probably styoergilangered by the disappearance of
alpine species sensitive to light conditions.

CONCLUSIONS

Dwarf pine stands increased their cover by 63 pergetween 1971/1973 and 2003, with
an annual expansion of approximately 2 percent.sites analyzed include more than one
third of all dwarf pine stands in the Hruby JeseMis., represent both ,average“ and
“extreme” sites from the view point of snow packptteand include plantations of diverse
age. Thus, we consider the results to be reprasentand valid for the Hruby Jesenik Mts.
as a whole. Variability in the expansion of starsdsignificantly influenced by intraspecific
competition since closed stands expand less or ghmvexpansion compared to open
stands. Altitude and heat load as a proxy for annear-ground temperature regime are the
only influential environmental variables. Dwarf pistands expand more at lower altitudes,
probably due to the less extreme microclimate. h@alues of the site heat load support
faster dwarf pine expansion. We suggest that greate longer snow cover at sites with
low heat load probably results in lower winter deation, which is more typical for south
facing slopes. More intense dwarf pine expansi@m tbxpected was characteristic mainly
for open stands and lower altitudes. This might eoglained by the less extreme
environment and possibly also by the certain rélgemerative reproduction.

Heliophilous alpine species are most endangereadpine enclaves with extensive dwarf
pine stands and small gaps. This is especiallycéise for the SerakKervena hora, Maly
Déd and Keprnik areas.
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