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Abstract

Impact of a track, paved by limestone gravel, has been evaluated with regard to a mountain bog of significant
conservational value. Repeated phytosociological survey in 1996 and 2000 extended by sequential aerial pho-
tographs from 1949, 1962, 1982, 1994 and 2000, and by analyses of soil and water chemistry were employed
in the identification of successive changes. Long-term drainage via a deep downslope ditch, construction of a
body paved by allochthonous material, and subsequent dispersal of limestone particles by vehicles and wind
modified the standard mire hydrology, peat-forming process and bog-surface morphology. Since 1949, en-
hanced spreading of Norway spruce is evident, woodless bog centres have disappeared and new bog-lakes
appeared near the track. Due to the effect of limestone, the soil pH,, and content of Ca reached enormous
values 8.1 and 1110 mg/100 g, respectively. Combined impact of both the drainage and base-rich substrate trig-
gered a decline of sphagnum mosses and opened suitable microhabitats for almost 200 alien species, includ-
ing cyanobacteria, algae, bryophytes and vascular plants. Track segments affected by limestone hosted twice
as many vascular species as the limestone-free segments with respective means+s.d. 76.5+18.7 and 40.2x17.0.
Among the bryophytes, five strict calciphilous species were observed: Barbula unguiculata, Didymodon fal-
lax, Ditrichum flexicaule f. densa, Encalypta streptocarpa and Pellia endiviifolia. Water in the track ditch
became inhabited by the Cyanobacterium Leptolvngbva foveolarum, and by abundant diatoms — a phenome-
non never observed in the pools and lakes of the surrounding bog. Marginal strips along the track became in-
vaded by numerous subtermophilous vascular plants seldom encountered at the elevation of 1100 m; 8 species
— Galium verum, Astragallus glycyphollos, Chelidonium maius, Clinopodium vulgare, Euphrasia nemorosa,
Viscaria vulgaris and Calamagrostis epigeios — reach here their altitudinal maximum in the Hercynian moun-
tains of Czechia. Between 1996 and 2000, the track segments within the bog were enriched by a prominent
number of newly arrived species (mean%s.d.: 39+7.5), but only 3.6+2.6 species have been lost. In the same
period, conspicuous disappearance of about 30 species was observed in the track segments situated in cool
valley bottoms. The Administration of the Sumava National Park is urgently recommended to initiate a resto-
ration programme which should prevent further degradation of biodiversity in the Rokyteckd Mire belonging
to the international network of Ramsar sites.
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INTRODUCTION

Undisturbed bogs are inherently marked by sustainable oligotrophic acid environment influ-
enced by permanent waterlogging. Disturbance of both the water and trophy balance results
in a step-by-step degradation of the whole ecosystem, including a change of the entire plant
communities. Drainage itself causes progressive sinking of underground water that evokes, at



first, a loss of uppermost water-saturated layer (called acrotelm) with peat-forming Sphagnum
species (INGrRam 1983, Epom & Goruscov 1996). With the proceeding drainage. the desicca-
ting peat is oxidised and slowly vanishes due to mineralization; later on succession of forest
species, including trees, takes place.

Effect of added alkaline substances. namely of Ca™. is accompanied by an increase of pH,
which causes the Sphagnum decline (MackenziE 1992, KaroreLD 1996). In their experiments.
Crymo (1973) and CLymo & Havwarp (1982) found that combined effect of pH > 5.5 and
calcium concentration > 20 mg.I"" was lethal for most of the Sphagnum species. Abandoned
sites become colonized by the species alien to bogs (MALKovA 1992, KarorELD 1994, Souku-
povA & al. 1998). These species indicate the degree of disturbance and may threaten biodiver-
sity of the surrounding mire.

Path, track and road network promote long-distance spreading of invasive species and ena-
ble their establishment in remote habitats of nature reserves. This process is enhanced by in-
troduction of allochthonous substrates for the construction and paving of tracks (HusAKOVA
1986, MALKOVA & WAGNEROVA 1995, MALKovA & KuLova 1995). In Central Europe, impor-
tant remote near-nature region are mountains which were entered by many lowland species
invading along the communications (Piekos & Mirek 1974, Rostanski 1977, Korecky 1978,
Husakova & Guzikowa 1979, Bures & al. 1992, MALKovA 1992-1994, DostaLek 1997, Hu-
SAKOVA & SPATENKOVA 1999). Although some of these invaders do not survive in severe cold

Fig. 1. — Segment W5 of limestone-paved track through Rokyteckd Mire in August 9, 2000. In the foreground
Verbascum nigrum. a subthermophilous inhabitant occurring here since 1972, is in flower. To the left, through
the spots with sprinkled limestone gravel, soil sampling was carried out along the transect BT.

Obr. 1. — Pohled na vipencovou cestu Rokyteckou slati v dseku W5 k 9. srpnu 2000. V popiedi kvetouci Ver-
bascum nigrum. subtermofilni neplvodni druh. jehoZ vyskyt tu trvd ji7 od r. 1972, Nalevo, v mistech s rozstiik-
nutym vdpencem, byly provedeny odbéry pro padni analyzy na pii¢ném transektu BT.



conditions longer than a few years, others may acclimate and after several years enter the
surrounding communities, and/or may bring about genetic erosion (KrRaHULCOVA & al. 1996).
In national parks and other large-scale protected areas, regular control of vegetation along
the tracks in remote natural sites is recommended (Stursa 1964, HusAkova 1984, MALKO-
VA & KuLova 1995, Soukuprova 2001) in order to prevent endangerment of these areas by un-
desirable invasions.

The following study was carried out to reveal vegetation change along a limestone track
cutting the largest mountain bog complex of Central Europe, which is conserved as Zone I of
the Sumava National Park. and together with other mires of Bohemian Forest, is listed in the
international network of the Ramsar sites. Both drainage and increase of alkalinity affect the
surroundings of this track which is heavily attacked by invasion of alien plant specimen. Our
observation should bring about comprehensive knowledge of plant indicators with regard to
the degree of disturbance and vegetation dynamics.

SITE DESCRIPTION

Rokyteckda Mire (Rokyteckd Slat in Czech, Weitfiller Filz in German) is situated on the
upland of the Bohemian Forest at 49°05°N, 13°25’E, 1120 m a.s.l., where mean annual tem-
perature is 3.2°C and precipitation total 1337 mm, and where snowpack lasts for 6.5 months.
The mire covers about 200 ha (DounaL 1965) and represents the largest block of the patterned
mires in Central European middle-mountains. According to STEINER (1997), this complex
belongs to poorly known extrazonal bogs of the Central European Upland Province. Its de-
velopment started by paludification in the Late Glacial and has been continuing for the past
11000 years (SvoBobova & Soukupova 2000). Recently. this mire serves as a Central Euro-
pean refuge for a number of species marked by boreai distribution, such as Berula nana, Me-
nvanthes trifoliata, Sphagnum compactum. Plant communities in Rokyteckd mire were stu-
died repeatedly (KLECKA 1928, SorroN & SANDOVA 1972), and only recently an analysis of the
blue-greens and algae was carried out by LEDERER (1998) and LEDERER & al. (2001).

The mire consists of four large woodless bog expanses surrounded by closed-canopy stands
of pine krummbholz Pinus x pseudopumilio (JENik & Soukupova 1999). Open bog centres are
marked by notable patterning of bog lakes, bog pools, mud-bottoms, hollows, quagbogs,
lawns, ridges and hummocks. Woodless expanses are occupied mainly by communities of the
Eriophoro vaginati-Trichophoretum caespitosi and Scheuchzerio-Sphagnetum cuspidati (Sok-
RON & SaNDOVA 1972, pers. observ.), lagg is marked by occurrence of scarce Betula carpati-
ca and includes fen soaks with the Willemetio-Caricetum paniceae and Carici rostratae-
-Sphagnetum apiculati. Adjacent communities on mineral grounds are sedge marshlands and
mat grasslands, and waterlogged spruce forests. Montane forests of the surroundings are do-
minated by spruce-sycamore and/or mixed beech-spruce-fir stands.

Despite remote location of the mire from human settlements, extensive human impact must
be assumed for marginal areas of the bog during the last two centuries, at least. Smuggler
trails and cattle paths leading to summer pasture land crossed the mire in the past century
(KrosTerMAN 1891). For the purposes of local foresters hay was mown from mat grasslands
once a year (in August) and was carried out by ox-driven rack-wagons (KLecka 1928). Before
the World War II, a trail crossed the mire (Pacovsky 1929), first as a corduroy causeway
whose surface might have been later stabilised by crystalline rock from the surroundings.
Soon after 1948, the area became a part of the infamous “Iron Curtain”, and a new track was
paved by limestone (VANECEK 1972). In the early eighties, the drainage ditch along the track
was deepened and the track body was repaired again by means of limestone (Figs. 1, 2). Since
the declaration of the Sumava National Park in 1991, the track has been used by foresters. In
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Fig. 2. — Situation of the limestone track through Rokyteckd Mire taken from air, with indication of the stu-
died segments W1 to W 12 and location of sampling sites for water (seven white circles) and sampling
transects of soil (TT — top transect, BT — bottom transect). Top right: Longitudinal section of the path crossing
the Rokyteckd Mire with delimitation of the studied segments W2 to W9, location of transects for soil analyses
in top and bottom part of the bog (BT, TT) and of sampling sites for water placed in the western ditch
(1 —beneath the bog, 3 ~ stand of Carex rostrata, 4 — Viola palustris inside loose Carex rostrata beneath bog
without krummbholz, 5 — below the steeper slope with Juncus effusus and Salix caprea, 6 — above steeper slope,
without vegetation, 2 and 7 — ditch within the transects for soil analyses).

Obr. 2. - Letecky snimek vapencové cesty Rokyteckou slati s vyznacenim analyzovanych tseki W1 az W12
a umisténi odbérovych mist vody (7 bilych krouzku ) a odbérovych transektii piidy (TT — horni transekt. BT —
dolni transekt). Vpravo nahore: Podélny fez cestou prochizejici Rokyteckou slati s vymezenim studovanych
dsekl W2 to WO, umisténim transektd na sloZeni pidy v horni a dolni &sti raselinisté (BT. TT) a odbérovych
mist pro vodu ze pfikopu zapadné vedle cesty (1 — pod raselinistém. 3 — v porostu Carex rostrata. 4 — Viola
palustris uvnitf fidké Carex rostrata pod radelini$tém bez kosodieviny, 5 — pod strm&j§im svahem s Juncus
effusus a Salix caprea, 6 — nad strm&jsim svahem, bez vegetace. 2 a 7 — piikop v rdmci transekt(l pro pidni
analyzy).



2000, the limestone layer has been pitched by asphaltic bitumen to stop sprinkling and spla-
shing of limestone, by heavy trucks, into the surrounding bog.

The analysed part of the track encompasses about 1.5 km of communications, and was di-
vided to 12 segments (Fig. 2). Limestone-paved segments W1 to W7 and W10 of the total
length 960 m are placed in the N-to-S orientation between the hill top and Rokytka bridge.
Limestone-free segments W8, WO, W11l and W12 include 450 m of old paths situated just
below the bog, upright to the main track. Segments W2 to W5 intersect the very bog, seg-
ments W1 and W10 traverse mineral bedrock in the length of 340 m, segment W6 consists
entirely of allochthonous material, and segments W7, W8, W9, W11 and W12 are situated on
transient sites between bog and mineral bedrock just above the floodplain of the brook.

METHODS

In order to reveal the effect of limestone-paved track in the bog we have analysed three items:
sequential aerial photographs, chemical composition and occurrence of plant species. The
aerial photographs from 1949, 1962, 1982, 1994 and 1999, provided by Vojensky topo-
graficky dstav Dobruska, were used for evaluation of long-term changes around the track.
Both chemical and plant composition were analysed repeatedly in 1996 and 2000, in order to
estimate short-term changes.

Chemical analyses

Soil samples were taken in September 20, 1996 and on May 23, 2001 from the two 10 m-long
transects placed across the track and its nearest surroundings (Fig. 3); in 2001 the central part
of the track crown could not be re-analysed as it was already pitched by asphaltic bitumen.
Surface layer down to 0.05 m below the plant carpet was scraped in even volumes, every
0.1 m along the analysed part of the transect. Fine earth after air-drying was analysed for
pH,,, pHy and Ca*, Mg*, K+, Na* by AAS in flame after extraction by NH, OAc at pH=7.0
(chemical laboratory of Institute of Botany, Czech Academy of Science). Exchange capacity
was assessed as sum of cations Ca, Mg, K and Na.

Water in the ditch was sampled on 5 microsites in August and September 2000 and on 7
microsites in May 23, 2001 (Fig. 2). Bog water was sampled on 8 microsites from lagg to
mire expanse on June 14, 2001. Conductivity and pH were assessed in situ by multimeter
WTW multiline P4 with pH elektrode SenTix 41 and conductivity sensor TetraCon. Assess-
ment of Mg*, Ca**, CI, SO,* N-NO, were carried by common hydrochemical methods in
Laboratory of Water Management for VItava Catchment in Plzei, and by laboratory of Agen-
cy for Nature and Landscape Protection of CR in Brno, in 2000 and 2001, respectively.

Plant composition

Cyanobacteria and algae were sampled in August and September 2000, from five selected mi-
crosites, where waters meet from the bog and from beneath the limestone track. Water for the
abovementioned chemical analyses was taken here as well. The biological material was ana-
lysed by means of standard algological procedures (HinpAk & al. 1978). Samples were ob-
served in vivo by light microscope Lambda with computer image analysis of JVE, and after-
wards fixed by formaldehyde. If diatoms were present, permanent pleurax preparations were
used for determination (Forrt 1954).

Inventories of higher plants in field were carried out in 1989 (brief inventory of vascular
plants), 1996 (vascular plants including their abundance) and 2000 (bryophytes, abundance
of vascular plants). Altitudinal maxima for the Czech Republic were identified after consul-
ting of Kvétena CR (HEINY & Stavik 1988, 1990, 1992, Sravik 1995, 1997, 2000), HUsAKOVA
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Fig. 3. — Schematic cross-section of 20 m through the limestone-paved track in the Rokyteckd mire. Explana-
tions: 1- bog krummholz with penetrating forest species, 2 — algae of drainage ditch, 3 — emergent macro-
phytes, 4 — perennial invaders, 5 — bare coarse limestone gravel, 6 — bryophytes on fine limestone gravel. 7 —
annual invaders, 8 — died-oft Sphagnum with forest species (Calamagrostis villosa), 9 — declining Sphagnum
russowii, 10 — loose mixture of perennial forbs and graminoids.

Obr. 3. — Schematicky cca 20metrovy priifez napfi¢ vapencovou cestou, kterd prochdzi Rokyteckou slati. Vy-
svétlivky: 1-raSeliniStni kosodfevina s pronikajicimi lesnimi druhy. 2 — odvodiiovaci piikop s fasami a sinice-
mi, 3 — emergentni makrofyta, 4 — vytrvalé Sifici se druhy. 5 — neosidleny hruby vapencovy §térk. 6 —
mechorosty na jemném vapencovém §térku. 7 — jednoleté §iFici se druhy, 8 — odumfelé raseliniky s lesnimi
druhy (Calamagrostis villosa). 9 — odumirajici Sphagnum russowii, 10 — ¥idkd smésice vytrvalych
dvoudéloZnych a graminoidi.

(1984), MALkovA (1992) and ProcHAzkA & KovaRrikova (1999). Nomenclature follows NEu-
HAUSLOVA & KOLBEK (1982).

To assess the abundance of plants along the track. standard phytosociological sampling
could not be applied. Therefore frequency of species was noted in individual segments (Fig.
2) on both tracksides, in belts of 2 m in width. The abundance scale was applied according to
Heny & al. (1973): 1 — very rare, 2 — rare, 3 — scattered, 4 — frequent, 5 — abundant. On the
basis of phytosociological and floristic knowledge of the broader Bohemian Forest and its sur-
roundings, plant species were classed as (i) species native for mires of Bohemian Forest (even
from lower altitudes), (ii) forest species — coming from the surrounding montane forests and
clearings, (iii) species from oligotrophic grasslands, (iv) species from mesotrophic grasslands,
(v) ruderal species, and (vi) subthermophilous immigrants (including calciphilous species):
see Appendix 2.

For evaluation of changes in composition and abundance of vascular plants between 1996
and 2000, multivariate statistical methods were applied in the programme CANOCO (JonG-
MAN & al. 1995). Occurrence of species in various segments of the track was evaluated by
PCA, changes in time were analysed by CCA analysis.



REesuLTS
Track morphology and its effect

The limestone track crosses the northern area of the bog complex in its narrowest position in
the direction to Javoii pila (Fig. 2). To the west of the track. the most valuable part of the bog
is characteristic by its patterning. Comparison of aerial photos taken in 1949 and 1999 sug-
gests that the upper eastern part is loosing its original bog character and is becoming drier
(Fig. 4). Individual segments distinguished for the track coincide with the changes in the ad-
jacent bog parts as follows: Surroundings of W2 were penetrated by spruce wood, most pro-
minently after 1982. An open centre westwards W3 became completely wooded by dense
Pinus x pseudopumilio krummholz, and a deep bog-lake developed from a shallow pool. East
of the segment W4, placed on the steepest slope, drainage triggered dramatic change: the bog
became completely forested by Norway spruce. Segment W5 comprises the bottom part of the
bog, which altered prominently after 1949 both due to the track’s impact and progressive suc-
cession. Eastwards, the impact of low water level is more prominent. krummbholz is denser
and a new bog-lake appeared. W7 is a little crossroads and a parking site. with washed out
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Fig. 4. — Changes of bog near the limestone track through Rokytecka slat after 50 years of its existence and
their relation to segments W2 to W5, Bog eastwards the track is retreating due to serious change of hydrolo-
gical regime. Arrows point to newly arisen bog lakes.

Obr. 4. — Zmény raselini$té v blizkosti vipencové cesty prochizejici Rokyteckou slati po 50 letech jeji exis-
tence a ndvaznost na studované tseky W2 a7z WS5. RaSelinisté situované vychodné od cesty degraduje
v disledku vazného pozménéni hydrologického rezimu. Sipky ukazuji na nové vznikla raeliniStni jezirka.



limestone gravel, which represents a segment with the effect of limestone only since the ear-
ly eighties.

Segments W8, W9, W11 and W12 include old limestone-free tracks built on ancient fen,
which have been occasionally used by walkers in the past 10 years. Segment W8 was not al-
most used in the last 10 years and is covered by the tussocks of Nardus stricta. Segments W 1
and W10 cross mineral grounds above the bog; the former serves as an occasional parking
site or for storage of trees and does not contain limestone. Segment W6 is an artificial em-
bankment composed of mineral substrate built about 15 years ago.

On the cross-section, the track includes 10 microhabitats (Fig. 3). Before autumn 2001, the
track crown was covered by fine-grained limestone, which provided “suitable* environment
for bryophytes and a few annual species. Both shoulders were formed by coarse limestone,
an environment less hospitable for the establishment of plants. In late autumn 2000, the track
crown was pitched by asphaltic bitumen and both kinds of microhabitats were covered by this
new material.

Tracksides are inclined both side to the ditch. Western ditch is 0.9 m deep, filled by stream-
ing water and covered by emergent macrophytes. Its slopes are rather steep, coarse gravel in
the upper part of the inner trackside is occupied by perennial invaders (Fig. 1). Eastern ditch
is shallow, mostly wet but lacking open water. As whole, it provides suitable environment for
perennial invaders. In the upper part of the trackside slope, annual invaders are established.
Original surface of the bog is situated higher than the surface of track. Where Sphagnum died
off due to the limestone influence on the outer trackside, bare peat is occupied by perennial
grasses and forest forbs, namely by Calamagrostis villosa and Senecio nemorensis. In the
upper part of the outer trackside, where acrotelm has not been completely excluded yet, luxu-
riant shrubs of Vaccinium myrtillus are developed. Under the krummbholz stands, moss carpets
of Sphagnum russowii are present already.
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Fig. 5. — Chemical parameters of water sampled upwards the ditch along the track paved by limestone
in the Rokytecka mire on May 22, 2001.

Obr. 5. — Chemické sloZeni vody v pfikopu vzhiiru podél vapencové cesty prochdzejici Rokyteckou slati
ke 22. kvétnu 2001.



Table 1. — Comparison of chemical content of water in bog an that sampled in the ditch along the limesto-
ne-paved track through the Rokyteckd mire in August/September 2000 from sites where composition of cya-
nobacteria and algae was analyzed.

Tabulka 1. — Srovnéni chemického sloZeni vody odebrané v srpnu a zafi 2000 na raselinisti (bog) a v ptikopu
(ditch) podél vapencové cesty Rokyteckou slati v mistech, kde byla analyzovéna skladba sinic a fas.

Unit Bog Ditch
pH 4 6.7-7.2
Conductivity uS.cm™ . 151-2.7
Ca mg.l”! <5.0 45
Mg mg.l! ] <3.0 <3.0
N-NO~ mg.l"! 2 0.8

Ccr mg.l' <5.0 <5.0
SO - mg.1"! <5.0 <5.0

Chemical composition

Water in the ditch between the track and bog became highly minerotrophic. In comparison
with the bog, pH in the ditch water increased from about 4-4.2 up to 7-7.3, conductivity from
24-48 uS.cm™' up to 150-230 pS.cm', concentration of Ca* from 1-2.5 mg.I"' to about
200 mg.I'! (in spring) and that of Mg* from 0.3-0.7 mg.l"' to about 150 mg.I"! (in spring).
Concentrations of both cations in the ditch were higher in spring. Concentration of nitrates,
Cl- and SO,* in the ditch did not show any substantial change (Table 1).

Water trophy in the ditch raises gradually downwards the slope: conductivity from 135 to
206 uS.cm™, Ca** from 70 to 107 mg.I"', Mg** from 103 to 156 mg.l"' and pH from 7 to 7.2
(Fig. 5). The highest values of pH of almost 7.4 were found in the steepest sites of a ditch
occupied by Juncus effusus; luxurious stands of Carex rostrata occurred on sites with less
streaming water where pH was lower (about 7.1).

Mineral composition of soil is heavily affected by limestone. In 1996, pH value of the track
crown reached to 8.1. This value decreased gradually with the increasing distance from the
track centre (Table 2) so that in the outer trackside of the top transect, pH reached already
values less than 5. Outer trackside of the bottom transect is more affected and pH decreases
only beneath the krummbholz in the zone with declining Sphagnum. Exchange capacity was
higher in 2000 than in 1996. Its values in bottom transect BT were higher than in the top
transect TP. They increased gradually from the track crown to the maximum in the outer track-
side at the distance of 4 to 5 m far from the track.

Distribution of calcium and magnesium in soil is more complicated. Their contents gradu-
ally increased from the track crown across the inner to outer trackside. In the bottom transect,
the highest contents of Ca and Mg (1110.5 and 34.4 mg/100 g dry soil, respectively) were
found in the dense stands of Calamagrostis villosa (zone 8 in Fig. 3), and even at bog surface
beneath krummbholz with the acrotelm, the respective contents reached about 150 and 20 mg/
/100 g dry soil. Namely the content of Mg is maintained relatively high even beneath the
krummbholz. This resulted due to wind allocation of limestone in the form of tiny dust, which
cause more rapid enrichment of the soil than the coarse gravel (Table 2). A really high Na
content was found in the ditch bottom in 1996 and was accompanied by lower Ca content.
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Plant bioindicators
Cyanobacteria and algae

Number of species and their distribution along the track ditch differs substantially from those
in the surrounding bog. In the whole Rokytecka Mire, 86 species have been observed, howe-
ver, only half of this number has been found in the track ditch inside the bog (Appendix 1)
and 13 species were common for both the bog and the track.

In the composition of bog, Chlorophyceae and Zygnematophyceae prevail, being accom-
panied by Cyanobacteria and some diatoms. Along the track, predominance of diatoms is stri-
king (Fig. 6). Most common feature is the cyanobacterium Leptolyngbya foveolarum, which
was found also in the disturbed part of Hirecka Mire affected by limestone (SoukupovA & al.
1998). Algae Achnanthes affinis, A. flexella, Achnanthes sp., Calonels silicula, Cymbela gra-
cilis, Gomphonema olivaceum, Navicula radiosa, Pinnularia subcapitata, Closterium acero-
sum, Cosmarium hornavanense and C. subcostatum belong to species alien to bogs.

Bryophytes

The limestone track is occupied by a number of bryophytes which are alien not only to the
bog and neighbouring Norway spruce forests, but to the Bohemian Forest as a whole. The
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Fig. 6. — Basic comparison of composition of blue-greens and algae in the very bog and in the ditch along the
limestone-paved track crossing the bog Rokytecka Mire. For details see Appendix 1.

Obr. 6. — Zikladni porovnani skladby fléry sinic a fas na nenaruSeném raselinisti a v pfikopu podél vapencové
cesty prochdzejici raelinistém Rokytecka slat. Podrobné viz Priloha 1.



track in Rokyteckd mire is not built of compact limestone gravel like that in Hirecka Mire
(SoukupovA & al. 1998) and therefore its impact due sprinkling reaches rather far beyond the
track itself. Heavy trucks sprinkle the limestone mud and air-whirls blow the tiny dust seve-
ral meters far into the bog (Table 2), where the Sphagnum mosses die off due to their enor-
mous sensitivity to alkaline substances.

Diversity of bryophyte species along the track is rather high, three distinct groups can be
distinguished according to their environmental relationship. First group are native species that
are able to withstand the change of acidity or they occur on microsites unaffected by lime-
stone. It includes common species of bogs and/or surrounding forest (Dicranum scoparium,
Pleurozium schreberi, Barbilophozia floerkei, Barbilophozia lvcopodioides, Sphagnum sp.
div.) as well as species of forest clearings and wet grasslands (such as Brachyvthecium ruta-
bulum, B. salebrosum, Rhytidiadelphus squarrosus).

The next group are invasive species. which spread along the tracks or ditches. They are not
strict calciphytes, however, many of them may appear on microsites with rather high pH or
may co-occur together with strictly basiphilous species: Brachythecium albicans, Bryum cre-
berrimum, B. pallens, B. pseudotriquetrum, Hypnum lindbergii, Philonotis fontana or liver-
wort Marchantia polvmorpha subsp. ruderalis.

The last group of strict calciphytes is represented by 4 to 5 species: Barbula unguiculata
(the species prefers alkaline substrates. but it might be met also outside them), Didymodon
fallax, Ditrichum flexicaule f. densa, Encalypta streptocarpa, and liverwort Pellia endiviifo-
lia. Three of these species were found also in Hiarecka Mire, while Didvmodon fallax, and
Pellia endiviifolia are missing there. In contrast. Tortella inclinata, frequent in Harecka Mire,
has not been found in Rokyteckda Mire. Both Didvmodon fallax and Tortella inclinata are
alien in the native bryoflora of the Bohemian Forest. The former species was observed in mor-
tar joints of ancient touristic chalet beneath the Svaroh summit as a new finding for the Bo-
hemian Forest in 1995, however, the site is secondary. According to the available information,
Pellia endiviifolia has not been observed in the Bohemian Forest so far.

All the mentioned calciphyte species were brought to the locality with the imported lime-
stone, like in the case of Hiireckda Mire. Only solely sporophytes, spores as well as other di-
aspores were observed in all the mentioned species (most often, though rarely were found by
Didvymodon fallax).

Vascular plants

From the total number of 177 species found along the track in 1996 and 2000, only less than
I'1% are native in communities of the adjacent bog, fen and waterlogged spruce forests. The
remaining 157 species are alien to mountain mires. About 11% of species entered from the
surrounding forests and their clearings. Almost half of species arrived from grassland com-
munities, especially from oligotrophic grasslands of both the higher and lower altitudes
(30%), less species came from nutrient richer grasslands of lower elevations (13%). Of great
importance for the biodiversity deterioration in the Rokyteckd Mire is massive spreading of
ruderal species, which represent 30% of the species observed along the track. Serious change
of environment is expressed by the occurrence of basiphilous (Sanguisorba minor and Poa
compressa) or even of rather calcicolous species. such as Linum catharticum, Ajuga geneven-
sis, Vicia sylvatica; and also of subthermophilous species, e.g. Cardaminopsis arenosa, Ver-
bascum nigrum (Fig. 1). Eight species reached here new altitudinal maxima for the Czech
Republic: Galium verum, Astragallus glveyphyllos, Chelidonium majus, Clinopodium vul-
gare, Euphrasia nemorosa, Viscaria vulgaris and Calamagrostis epigejos. Most of these sub-
thermophilous species is met in the segments W2, W3, W4, W5 and W7, situated inside the
bog. Only Clinopodium vulgare was found along the track in the spruce forest on mineral.



Fig. 7. — Track segments (circles 1 —= W1, 2 - W2 etc.) ordinated by PCA for 1996 and 2000 according to the
linear response of vascular plants (lines with arrows); plant abbreviations include first three letters of genus
and species given in Appendix 2).

Obr. 7. — Ordinace PCA tsek cesty (plné body 1 —W1,2-W2 a7 12 - W12) pro roky 1996 a 2000 na zakladé
linearni odpovédi cévnatych rostlin (praméty se Sipkami); zkratky rostlin jsou utvofeny vZdy z prvnich tii pis-
men rodového a druhového jména uvedeného v Priloze 2.



Spatial differentiation along the tracks

Individual segments of the track differed according to the presence of limestone on the track.
PCA ordinations based on species abundance in 1996 (Fig. 7: top) and 2000 (Fig. 7: bottom)
ordered the segments unpaved by limestone (W8, W9. W11 and W12: positive values of 1
axis) separately from those paved by limestone (W10, W1 to W6). The number of species
along the segments paved by limestone, attained to 76.5+18.7 (mean=s.d.), which was twice
as high as the number along segmentt unpaved by limestone (40.2+17.0: Table 3).

Track segments unpaved by limestone and lacking deep ditch (W8, W9, W11 and W12) are
marked by the appearance of species from oligotrophic grasslands (Nardus stricta. Polvgonum
bistorta, Amica montana, Anthoxantum odorata, Veronica officinalis, Carex pilulifera). bog
species (Vaccinium uliginosum, Eriophorum vaginatum, Melampyrum pratense), species of
fens (Juncus filiformis, Pedicularis sylvatica) and several species of surrounding forests (De-
schampsia flexuosa, Homogyne alpina, Galium saxatile, Solidago virgaurea, Omalotheca syl-
vatica).

Species composition of limestone-paved track differed between those segments crossing the
bog itself (W2 to W5) and those on mineral ground (W1, W10, W6, W7). Limestone seg-
ments across mineral soil area are accompanied mostly by common species of path margins
in Bohemian Forest, such as Rumex acetosella, Campanula patula, Thymus pulegioides., Vis-

Fig. 8. — Rubus idaeus on the outer trackside of the limestone-paved track in Rokyteckd mire (segment W2) as
an example of penetration of species from the surrounding forests and clearings to the bog (August 2, 2000,
photo by P. Husdk).

Obr. 8. — Rubus idaeus na vnéjsim zafezu vapencové cesty Rokyteckou slati v iseku W2 jako piiklad proni-
kini lesnich a pasekovych druhi na raselinisté.



Table 3. — Changes in occurrence of vascular plants and their frequency along the tracks in Rokyteckd mire
between 1996 and 2000.

Tabulka 3. - Charakter a etnost zmén ve vyskytu a abundanci cévnatych rostlin na riznych secich cest
Rokyteckou slati zjisténych v rozmezi let 1996 a 2000.

Limestone-paved | i o Limestone-free
mineral | bog
Track segment W L 10 16 P4 2 305 9 11 12
newly arrived +72(wi 4 11 . 25 A\ 37 - 34 46 | 25 6 . 0 1 3 4
spreading 32 7 4 8 40344
retreating 26 08 - 7 b 3 7 o h 2 8
Gedoffl 4 6 2 4 105 6 13 0 7T 0 3
no change ] 26 34 43 39 0 36 ' 22 | 41”‘ 7 7 s 22 . 19
Total No. of species | 61 | 52 89 44 100 80 85 90 24 27 30 68

caria vulgaris. Oxalis acetosa, Ligusticum mutellina, Filaginella uliginosa, and Clinopodium
vulgaris (positive values of 2" ordination axis).

Limestone segments inside the bog (W2 to W5) are occupied by a great variety of species.
Apart from ruderal species. like Tussilago farfara, Tanacetum vulgare, Epilobium ciliatum,
Galeopsis bifida, G. tetrahit, Artemisia vulgaris, Taraxacum officinale, Calamagrostis epi-
geios, Geranium robertianum, surprisingly a high number of subthermophilous species grows
here (Linum catharticum, Coronilla varia, Galium verum, Verbascum nigrum, Melilotus
albus, Hvpericum perforatum). Moreover, several forest and clearing species (Senecio nemo-
rensis, S. fuchsii, Athvrium filis-femina, Dryopteris dilatata, Chamerion angustifolium, Rubus
idaeus) occur preferentially along these track segments (Fig. 8).

Changes between 1996 and 2000

Migration in segments

During the investigated four years, presence of species on the track displayed remarkable
shifts: altogether 29 new species immigrated and 19 species disappeared between 1996 and
2000. The establishment of immigrants differed among the segments (Table 3). Limestone
segments in the bog were species-richest by the newly arrived species (mean+s.d.: 39+7.5),
and even limestone segments on mineral area were invaded by rather high number of species
(16.5+9.3). On limestone-free segments, appearance of new species was scarce (3.3£2.2).
Number of declined species was similar in all kinds of segments (7.0+3.2, 10.0+9.3,
10.0+13.6, respectively) suggesting that relatively most species disappeared in the limesto-
ne-free segments, and relatively most species survived on the limestone segments of the bog.

PCA based on species composition in 1996 ordered the limestone segments one after the
other regardless the bedrock. according to the direction from where the species were coming,
i.e. from W10, through W1, W2, W3, W4, W5 to W6 (Fig. 7: top). In 2000 (Fig. 7: bottom),
the limestone segments from the bog (W2 to W5) were ordered separately from those on the
mineral bedrock (W6, W7. W1 and W10). This suggests that before 1996 the immigration
process prevailed along the limestone track. while in 2000 the distribution of species coinci-
ded more with the suitability of the colonised environment. A remarkable change in ordina-
tion is obvious for segment W6 that was built completely of allochthonous material and was
noted by conspicuous turnover of species.

CCA ordination of data on change in the species abundance from both 1996 and 2000
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Fig. 9. — CCA ordination of changes in the studied segments of the limestone-paved track across Rokytecka
Mire between 1996 and 2000 based on abundance of vascular plants. In the upper left corner, the ordination
of the track segments W1 to W10 is given: 1.6 - position of segment W1 in 1996; 1.0 — its position in 2000
etc. The change in occurrence of species in the shaded area new was not important. For better resolution the
section in the right bottom is magnified. Abbreviations of plants include first three letter from both the genus
and species names given in Appendix 2. For futher explanation see text.

Obr. 9. — Ordinace CCA na ziklad¢ abundance cévnatych rostlin zachycuje zmény mezi roky 1996 a 2000 ve
studovanych dsecich vapencové cesty prochazejici Rokyteckou slati. V levém rohu nahofe je promitnuta ordi-
nace usekd cesty W1 az W12 v letech 1996 a 2000, pficem? oznaceni 1.6 udava pozici iseku W1 zr. 1996,
oznaceni 1.0 pak jeho pozici z 1.2000 atd. Uvnit Sedé podlozené plochy byly zmény ve zastoupeni druhi
minimalni. Kvali lepSimu rozliSeni je ¢ast vpravo dole zvétena. Zkratky rostlin se skladaji z prvnich tii pis-
men rodového a druhového jména uvedeného v Priloze 2. Podrobnéji viz text.

(Fig. 9) confirmed again that the limestone-paved segments differed from limestone-free seg-
ments (W8, W9, W11, W12). The latter are marked by the rather stable occurrence of origi-
nally bog species Vaccinium uliginosum and Melampyrum pratense, and of the group of spe-
cies, which are stable and abundant here and occasionally enter other segments (Nardus
stricta, Pedicularis sylvatica, Deschampsia flexuosa, Anthoxanthum odoratum, Polygonum
bistorta, Homogyne alpina, and Arnica montana). Most of these species are character plants
of acidic grassland communities of the alliance Violion caninae Schwickerath 1944. Juncus
filiformis, Carex nigra, Hieracium pilosella, and Vaccinium myrtillus represent the species,
which apart of their occurrence in limestone-free segment are penetrating to the limestone-
paved segments in bog.

Limestone-paved segments were ordinated together and the intensity of spreading follows
first axis of CCA ordination. Negative values of the first axis corresponds to the new immi-
grants prevailingly to bog segments, such as Veronica beccabunga, Euphorbia nemorosa,



E. roskoviana, Fillago uliginosa, Galeopsis bifida, Poa compressa, Juncus articulatus, J. ef-
fusus, Phleum pratense, Galium uliginosum, and Plantago lanceolata. Moreover, the ordina-
tion suggests the shift in species composition from prevalence of tall ruderal species in 1996
(positive values of 1" axis) to species of oligo- and mesotrophic grasslands in 2000. This
agrees with the general trend of succession along roads and tracks, which was mentioned also
by HusAkova & Spatenkova (1999).

Species dynamics (see Appendix 2)

Among the newly appeared species native to mires, most of them were represented by spe-
cies of minerotrophic fens and laggs (e.g., Carex rostrata, C. canescens, C. echinata, Calyco-
corsus stipitatus); on the segments outside the bog they were not present or even retreated.
Species from this group were most often found as new findings in the limestone-free segments
adjacent to the bog, however, their turnover (arrival of new species versus disappearance of
old species) was high. Retreat and disappearance of species from this group prevailed along
the mineral segments (e.g., Carex nigra, C. canescens).

For arrival and establishment of species from the surrounding forests and clearings (Fig.
8), the limestone segments within the bog were suitable (e.g., Rubus idaeus, Chamerion an-
gustifolium, Calamagrostis villosa, Senecio nemorensis, Omalotheca sylvatica), some of them
again later retreated (Luzula pilosa, Hieracium lachenalii, Homogyne alpina, Poa nemoralis,
Melandrium rubrum). Most of these species occurs on the limestone segments situated on the
limestone-free segments outside the bog (e.g., Calamagrostis villosa, Deschampsia flexuosa
and Homogyne alpina). On wind- and cold-exposed sites many of these species again died off
(Rubus idaeus, Senecio nemorensis, Athyrium filix-femina, Salix caprea).

The group of species derived from oligotrophic grasslands is differentiated among (i) those
which are omnipresent, such as Agrostis tenuis or Potentilla erecta, (ii) those which are new
or frequent on the limestone segments, such as Hypericum maculatum, Galium uliginosum,
Achillea millefolium, Stellaria graminea, Luzula multiflora or Festuca rubra, (iii) those which
newly arrived only to the limestone segments in the bog, such as Euphrasia roskoviana, Pim-
pinella saxifraga, Dianthus deltoides, Hypochaeris radicata, Lychnis flos-cuculi, Epilobium
palustre or Equisetum palustre, (iv) those which newly arrived only to the limestone segment
on mineral area, such as Ligusticum mutellina, Thymus pulegioides or Holcus mollis, (v) those
which are retreating and/or disappearing from the limestone segments and are common on
limestone-free segments, such as Veronica officinalis, Galium saxatile, Polygonum bistorta,
Hieracium pilosella or Anthoxanthum odoratum, (vi) retreating or disappearing species from
both limestone-paved (Cardamine pratensis, Phyteuma nigrum, Arnica montana, Carex mu-
ricata agg.) and limestone-free segments (Carex pilulifera, Festuca ovina).

Occurrence and changes in species from the mesotrophic grasslands show higher resem-
blance: namely Ranunculus acris, R. repens, Rumex acetosa, R. alpestris, Taraxacum offici-
nale agg., Leontodon autumnalis, and Veronica chamaedrys occur on the majority of segments
regardless location and substrate. Limestone segments were suitable for new appearence of
Festuca pratensis, Alchemilla monticola, A. acutiloba, Vicia sepium, and V. cracca, those lo-
cated only in the bog area were newly settled by Plantago lanceolata, Dactylis glomerata, and
Leontodon hispidus, and those only in mineral area by Filipendula ulmaria and Arrhenatherum
elatius. A few species declined (Lathyrus pratensis and Trifolium pratense).

The remaining two groups of ruderal and subthermophilous species did not arrive to the
limestone-free segments at all, and those being present, shortly disappeared. Limestone-paved
segments are noted by high turnover in immigration and extinction of species. In general, the
limestone-paved segments in the bog area provided more frequently suitable microhabitats for
colonization of both ruderal (Calamagrostis epigejos, Chamomilla suaveolens, Lolium pe-



renne, Plantago maior, Rumex obtusifolius, Galeopsis tetrahit, G. bifida, Melilotus albus, Sa-
lix purpurea, Cerastium holosteoides, Juncus bufonius) and subthermophilous species (Linum
catharticum, Hypericum perforatum, Veronica beccabunga, Vicia svivatica, Poa compressa).
A few immigrants arrived to limestone-paved segments on mineral, e.g. ruderals Filaginella
uliginosa, Aegopodium podagraria, Elvtrigia repens or subthermophilous Clinopodium vul-
gare, Euphorbia cyparissias. Among the ruderals on the limestone segments. the highest dis-
appearance of newly colonized species was observed. in particular in the mineral area (Fallo-
pia convolvulus, Capsella bursa-pastoris, Spergularia rubra, Trifolium hybridum), less in bog
(Anthriscus sylvestris, Equisetum arvense, Heracleum sphondylium, Urtica dioica, Tanacetum
vulgare). Some extinction was also observed among the subthermophilous species, i.e.. Coro-
nilla varia, Astragallus glvevphyllos in the bog area. and Cerastium arvense, Linaria vulgaris
in the mineral area.

Dynamics of the spreading

According to the abovementioned comparison, limestone-paved track provides suitable envi-
ronment for the migration of species. Where the track crosses the bog. the environment is
more suitable for the ecesis of newly arrived species. and especially the establishment takes
place there of ruderal and subthermophilous species as well as those of oligotrophic gras-
slands. Retreat of these species is rather low and this implies that most of the immigrants are
well established. A higher decline of species was observed only in the cold and windy valley.
adjacent to the bog (in segments W8 and W6 disappeared 33 and 26 species. respectively).
This implies that the environment inside the disturbed bog provides, apart from the favoura-
ble water and nutrient regime, suitable microclimatic conditions supporting plant survival.

Long-term occurrence of some ruderal and subthermophilous species in these elevations
can be proved by a comparison with some older floristic data. VANECEK (1972) recorded 6
alien species on the same limestone track about 30 years ago. Half of them were found dur-
ing our investigations (Verbascum nigrum. Melilotus albus, and Coronilla varia). but we have
not noted Anchusa officinalis, Echium vulgare, and Jasione montana. In 1989. i.e. 10 years
ago. 19 species were observed by Husdkova: occurrence of all of them was recorded by our
investigations. This shows a high degree of plant survival and suggests that at least some of
the species may develop seeds and/or other reproductive organs.

DISCUSSION

Synchronized impact by both drainage and alkaline compounds is a severe threat to natural
bogs. While the sole effect of drainage is stepwise and causes long-term degradation of the
whole ecosystem, the effect of alkaline substances is immediate. While the former factor
brings about shifts in plant communities after decades (Epom & WENDEL 1998). the latter be-
comes evident almost immediately. While the effect of added alkaline compounds might be
reversible after their removal (KarorkLd 1996), prevention of proceeding drainage enables
conservation of only so far undisturbed bog parts (BrRooks & STONEMAN 1997).

Limestone added to the oligotrophic bogs evokes the change in pH and in calcium (+ mag-
nesium) content. Combination of both these high values is lethal for most acidophilous spe-
cies and in the near surrounding of the limestone-paved track through Rokyteckd Mire the
upper limits of pH (5.5) and Ca (2 mg.I"") for Sphagnum growth (CLymo 1973, Crymo & Hay-
warD 1982) were surpassed many times in both cases (Table 1. Fig. 4). As a consequence, the
affected microsites were marked by a decline of Sphagnum carpet and of acidophilous vascu-
lar plants, such as Vaccinium uliginosum, Eriophorum vaginatum, Calluna vulgaris (Appen-
dix 2). Open peat surface with the added nutrients remains free and “fertilized” for the ecesis
of species alien to bogs.



Absence of 1/3 of the common bog plants and more than 80 % of species alien to bogs
were observed in mires affected by alkaline air pollution in the Northeast Estonia (KAROFELD
1994). Along the limestone-paved track in Rokyteckd Mire, the proportion of alien vascular
species was even higher (90%). and the absence of common bog blue-greens and algae in the
track ditch reached almost 85%. The number of 147 vascular species found along the
limestone-paved track across Rokyteckd Mire was about the same as that of 140 species no-
ted by Karortip (1994) in two NE Estonian complexes of Niisaare and Liivjirve Bogs. Also.
the immigration of the aliens shows certain similarities despite the difference in biogeograph-
ical regions. For example, in both disturbed mire areas the common appearance was observed
of Populus tremula, Chamerion angustifolium, Rubus idaeus. Solidago virgaurea, Angelica
svlvestris, Luzula pilosa, L. multiflora, Taraxacum officinale. Calamagrostis epigeios, Tussi-
lago farfara, Urtica dioica, Cirsium heterophyllum, C. palustre, Rumex acetosa, Cerastium
holosteoides, Dactylis glomerata, Carex ovalis, Potentilla erecta, Prunella vulgaris, Festuca
rubra, Hieracium pilosella. The comparison proposes that the bog degrading due to alkaline
enrichment is generally suitable for establishment of tall herb and ruderal species which are
prevailingly well equipped for long-distance anemochoric dispersal.

Rather high proportion of species from oligotrophic grasslands. found along the lime-
stone-paved track in Rokyteckd Mire. suggests that their occurrence is related also to the
change of hydrological regime. Most of them are clonal plants with tiny seeds which might
be easily dispersed by means of transport vehicles. Open unshaded tracksides are suitable for
their survival.

Establishment of the subthermophilous species was most probably initiated by their import
of the allochthonous material from the limestone quarries at the foothills of Bohemian Forest
near Horazdovice, as mentioned already by Vanicek (1972). Their long-term occurrence in
these altitudes is obviously enabled by microclimate promoted by the very bog, which warms-
-up during the summer season (e.g.. in early September 1997 the temperature of a bog-lake
reached to almost 40°C) and afterwards released slowly the heat so that the first autumnal
frosts do not harm the plants (e.g., during September 21, 1997 with monthly temperature
minimum of —11.8°C on the Modrava plains, the ground temperature on the Rokyteckd Mire
fell down only to —0.3°C). Effect of the prolonged season in autumn, caused by heat storage
of peat and sheltering against severe winds provided by krummbholz, may thus support not
only survival of subthermophilous species. but also contribute to improved survival of other
alien species and increase probability of their generative reproduction. Meeting of non-native
and native taxa may bring about unwanted cross-breeding (KraHuLCOVA & al. 1996) and com-
petitive suppression of original species. Long-term survival of aliens in suitable conditions
inside the bog may provide an outlying site for their further disperse to remote biotopes.

We may conclude that the limestone-paved track across Rokyteckd Mire due its
three-dimensional effect threatens the biodiversity of a valuable bog, belonging to the inter-
national network of Ramsar sites. Preservation of the natural biodiversity of this bog is a key
priority and the impact of alkaline enrichment and progressing drainage by a track should be
prevented. The Administration of the Sumava National Park is urgently recommended to de-
velop a restoration programme that might prevent damage of the supreme value of the natio-
nal park.
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SOUHRN

Biodiversita horského raselinisté¢ Rokytecka slat, patficiho k plo§né nejrozséhlej$im raselinist-
nim komplexiim , Stfedoevropské nahorni provincie* (sensu STEINER 1997) je vysledkem de-
likdtniho ekologického vyvoje, ktery tu probiha od pozdniho glacialu. Dlouhodoba existence
nenaruSeného raSeliniSté je neodlu¢né spjata s udrZzenim prevazné ombro-oligotrofniho pro-
stfedi a trvalého zamokfeni. Pfi vyraznéj$im pozménéni obou téchto faktori dochazi k na-
ruseni celého ekosystému, vcetné rostlinnych spolecenstev. Odvodnéni vede k postupujicimu
zaklesavani hladiny podzemni vody, které zplsobuje nejprve ztritu akrotelmu, tj. svrchni vo-
dou nasycen€ vrstvy s raSelinotvornymi radeliniky. S dal$im odvodiovanim prosychajici ra-
Selina oxiduje a diky mineralizaci se postupné odbourava. V pfipadé pfisunu alkalickych 1a-
tek, jako kupfikladu Ca*, se zvySuje pH a v disledku pak opét odumiraji raSeliniky (letalni
je zejména kombinovany vliv pH > 5,5 a koncentrace vépniku > 20 mg.l""). Oba tyto nezadou-
ci procesy pisobi kolem cesty opakované zpeviiované drcenym vapencem prochazejici rase-
liniStém Rokytecka slaf. Cilem studie bylo postihnout miru a dynamiku tohoto naruSeni
s ohledem na vyznam vegeta¢ni biodiversity tohoto raselini§tniho komplexu.

Priizkum se opiral o floristickou a opakovanou fytocenologickou analyzu fas, sinic, mecho-
rostll a cévnatych rostlin doplnénou o chemické rozbory pady a vod. K identifikaci vyraznych
sukcesnich zmén bylo vyuZito sekvence leteckych snimka z let 1949, 1962, 1982, 1994
a 2000. Dlouhodobé odvodnéni hlubokym piikopem svedenym po svahu, blokujici ptisobeni
alochtonniho materialu cestniho télesa a rozptyl drobnych vapencovych &éstic vozidly a vét-
rem do okoli, vyznamné pozménily raSeliniStni hydrologii, raSelinotvorny proces i povrcho-
vou morfologii raseliniSté. Od roku 1949 postoupilo Sifeni smrku dovniti raselini§té, zanikla
nékterd oteviena radeliniStni centra, v blizkosti cesty vznikla novd jezirka (Obr. 4). Diky va-
penci dosahlo pH,, v pid€ az 8,1 a vapnik 1110 mg/100 g (Tabulka 2); ve vodé piikopu pak
doséhlo pH aZ 7,2, vodivost 206 uS.cm'; koncentrace vépniku 107 mg.I"' mnohondsobné pie-
sahuje letalni hodnotu pro raseliniky (Tab. I, Obr. 5). Vyvolany astup raseliniki oteviel vhod-
né mikrohabitaty pro ecesi t€méf 200 neplvodnich druhi sinic, fas, mechorosti a cévnatych
rostlin. Useky cesty s vapencem hostily dvakrat vice cévnatych rostlin neZ Useky bez vapen-
ce. Mezi mechorosty bylo nalezeno 5 striktné kalcifilnich druhlt — Pellia endiviifolia, Didy-
modon fallax, Ditrichum flexicaule f. densa. Encalypta streptocarpa a Barbula unguiculata,
pri¢emZ prvni dva zcela chybi v pfirozené skladbé bryoflory Sumavy. Vodu v ptikopu podél
cesty obyvaji hojn€ rozsivky a sinice Leptolyngbya foveolarum. K ecesi mnoha nepiivodnich
druhd nezadoucich pro raSelinistni biodiversitu do§lo ve zhruba 25 m pasu podél cesty, posti-
Zeném rozptylem vapencovych Castic a prachu. Vyznamna je zejména viceletd p¥itomnost
Cetnych subtermofilnich druhd, 8 druhii zde v 1100 m n.m. dosahuje svého altitudinalniho
maxima pro hercynska pohoti CR: Galium verum, Astragallus glycyphollos, Chelidonium
maius, Clinopodium vulgare, Euphrasia nemorosa, Viscaria vulgaris a Calamagrostis epi-
geios. K ustupu uchycenych druhl dochazi jen ve velmi omezené mife: mezi roky 1996
a 2000 bylo na vapencovych tsecich cesty uvnitf raSelini$t¢ p¥itomno v priméru (+ s.d)
39+7.5 nové zaznamenanych druhd, zatimco jen 3.6+2.6 druhd ustoupilo. Na zakladé zjiste-
ného stavu doporucujeme Spravé Narodniho parku Sumava zahajit d¢innou asanaci o naruge-
nych partii raSeliniSt&, zejména odstranéni vapencového materidlu a Gpravu vodniho rezimu
tak, aby nedochazelo k dalsi degradaci biodiversity tohoto unikatniho piirodniho Gzemi zafa-
zeného mezi mezindrodné vyznamné mokiady Ramsarské konvence.
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Appendix 1. - The list of Cyanobacteria and algae found inside the bog Rokyteckd mire and on its contact

with the limestone track (R1 to R5): x — presence of species.

Ptiloha 1. — Druhovi skladba sinic a fas na radeliniSti Rokyteckd slaf a na jeho kontaktu s vipencovou ces-

tou (R1 a7z R5): x — presence druhu.

) ) . Bog. "7 RI ‘ R2 ~R3 ‘R-l - RS
pH 40 1 69 \ 69 | 69 169 ¢ 67
(onduulvny (mS/un) 48 156 ' 221 . 152 1 227, 151
CYANOBACTERIA 1 ’ .
Aphanocapsa sp. X ‘ ;
Ap/mm)t/lre('()rmi('l'().\'g:/}(‘r(!@}lArGﬂ. - x L +7
Aphanothece sp. - X ‘ -
Chroococcus obliteratus RICHTER X 1 ;
Chroococcus subnudus (HANSG. )CRONB el KOM X N
Cvanodictvon turfosum LEDERER X . | .
Eucapsis starmachii KOM. et HIND. oox :
Glocothece rupesiris (LYNGB.) BORN. in WITTR. et NORDSL; X i - i
Hapalosiphon hibernicus W.et G.S. WEST X ; o i
Leptolyngbya foveolarum B e ‘L,f),( XX X
Merismoarcus sp. X o L
Merismopedia unau/umTHOMPSON X 0 ‘ ]
Phormidiunt sp. l ) X
Pseudanabaena sp. B * ‘ 4 x
RHODOPHYTA - T
Batrachospernum vagum (ROTH) AG. ‘( | | ‘
CRYPTOPHYTA B i
Cryptomonas sp. X X 4 {
Chilomonas oblonga PASC H X ’ . | |
DINOPHYTA 7 L
Gloeodiniwm montanum KLEBS x 7 ’ o |
Gymnodinium sp. X i i
CHROMOPHYTA N . [ .

C HRYSOPHYCEAE 5 i
Bitrichia ollula (FOTT) FOTT X ‘ ’
Dinobryon pediforme (LEMM.) STEIN X ‘ !
Gloeochrysis urfosa (PASCH.) BOUR. X B {7 7 : ‘
Lagynion simplex (FOTT) FOTT X 7 | l
Synura sphagnicola KORS 7 Vx" ; i

XANTHOPHYCEAE - IR
Chlorobotrys cf. q/m‘olh(’( e X i : |
Chlorobotrys polychloris PA§CH X o

BACILLARIOPHYCEAE e I

A(/manf/u'\ aﬁ‘mn ] CoX T

Achnanthes flexella (KUETZING) (JRL NOW | i i X
Achnanthes sp. X | ]
Caloneis silicula CLEVE !




Appendix 1. — continued
Priloha 1. — pokracovani

i Bog | RI R2 R3 R4 | RS
pH 40 | 69 | 69 | 69 | 69 | 6.7
Conductivity (mS/cm) 48 | 156 | 221 | 152 | 227 | 151
Cymbela gracilis X
Cvmbela naviculiformis AUERSW. X i
Cymbella sp. X X
Eunotia bilunaris (EHRENB.) GRUN. X X
Eunotia tenella (GRUN.) HUST. X
Eunotia valida HUST. X X
Eunotia sp. X X
Fragilaria construens (EHRENB.) GRUN. X
Fragilaria leptostauron X
Frustulia rhomboides (EHRENB.) D.T. X X X
Gomphonema olivaceun DESMAZIERES X X
Meridion circulare AG. X
Navicula crvptocephala KUETZ X
Navicula subtilissima CL. X X
Navicula radiosa KUETZ X
Navicula sp. X X
Nitzschia sp. X X
Pinnularia apendicullata (AG.) CL. X
Pinnularia gibba EHRENB. X X

H.f’j_rznularia microstauron (EHRENB.) CL. X X
Pinnularia viridis (NITZSCH) EHRENB. X X
Pinnularia subcapitata X
Pinnularia sp. X X
Tabellaria flocculosa (ROTH.) KUTZ. X
EUGLENOPHYTA
Euglena acus EHRENB. X
Euglena mutabilis SCHMITZ X X
Menoidium sp. X
CHLOROPHYTA

CHLOROPHYCEAE
Binuclearia tectorum (KUTZ.) BEGER in WICHM. X
Botryococcus pila KOM. et MARVAN X
Carteria turfosa FOTT X
Chloromonas chlorogoniopsis (ETTL) GERL. et ETTL X
Chloromonas sp. X
Chlorosarcina sp. X
Coccomyxa confluens (KUTZ.) FOTT X
Coccomyxa subglobosa PASCH. X
Coccomyxa sp. X o
Desmococcus vulgaris (NAG.) BRAND X
Eremosphaera viridis DE-BARY X
Gloeocvystis polvdermatica (KUTZ.) HIND. X




Appendix 1. - continued
Priloha 1. — pokracovani

) Bog | RI R2 | R3 R4 | RS
pH 40 | 69 | 69 | 69 | 69 | 67
Conductivity (mS/cm) 48 | 156 | 221 | 152 | 227 | 151
Gloeocystis vesiculosa NAG. X
‘ Gloeocystis sp. X
Microspora stagnorum (KUTZ.) LAGERH. X X X
Microspora tenuiderma LOKH. X
~Microthamnion kiitzingianum NAG. X -
Microthamnion strictissimum RABENH. X
Monoraphidium tatrae (HIND.) HIND. X X
| Oedogonium irzigsohnii DE BARY X
Oedogonium sp. steril. X X
Oocvstis solitaria WITTR. X
Stigeoclonium sp. juv. x
| Trebouxia cladoniae X
_Trebouxia sp. div. X
~ ZYGNEMATOPHYCEAE
Actinotaenium cucurbita (BREB. ex RALFS.) TEIL. X
| Bambusina brebissonii KUTZ. X
Closterium acerosum B B X
_Cosmarium hornavanense RUZICKA X
Cosmarium obliqguum NORDST. X
e osmarium pygmaeum ARCH. - X
7 C &vmar[um regnellii WILLE X B
Cosmarium subcostatum NORDST. X
Cosmariwmsp.div. X " -
) C ilm(;m(\ is_brebissonii MENEGH. X X |
Cvlindrocystis crassa DE-BARY X
Euastrum binale TURP. ex RALES X
| Euastrum gavanum DE-TONI 7 X
_ Euastrum sp. X
Mesotaenium chlamyvdosporum DE-BARY X .
Mesotaenium macrococcum (KUTZ.) ROY et BISSET X —
Mougeotia sp. steril. X X X X
Netrium digitus (EHRENB. ) ITZIGS. et ROTHE X
; Ngrrium oblongum (DE-BARY) LUTi(rEM X
Penium silvae-nigrae RABENH. X
Peniwmsp. ] X
h!’/eur()menium minutum (RALFS) DELP. X
| Spirogyra sp. steril. X X X X
Staurastrum crenulatum ( NAG.) DELP. X
Staurastrum irregulare W. et G.S. WEST X
Staurastrum orbiculare X
Staurastrum simonyi HEIMERL x
Staurastrum sp. B X X i




Appendix 1. — continued

Priloha 1. — pokracovani

, Bz Rl _R2 R} R& RS

pH 40 169 69 1 69 | 69 | 67
48 156 221 | 152 | 227 151

Conductivity (mS/cm)

Xanthidiunm concinnunm ARCH. X | !

Xanthidium sp. Cox 1 !
et L - ; |

Zvgogonium ericetorum KUTZ. LOX X | i




Appendix 2. — Species frequency of vascular plants along individual track segments W1 to W12 in 1996 (96)
and 2000 (00). Shading in left caption refers to changes in species occurrence and frequency between the stu-
died years. For scale of species abundance see text (Hejny et al. 1973)
Priloha 2. — Zastoupeni druhi cévnatych rostlin v jednotlivych tsecich cesty W1 to W12 v letech 1996 (96) a
2000 (00). Charakter stinovéani vyznacuje zmény ve vyskytu a zastoupeni druhi ve srovnavaném obdobi (new —
druhy nové v r. 2000, spreading — druhy Si¥ici se, retreating — druhy ustupujici, die off — druhy vymizelé). Stup-
nice abundance sensu Hejny et al. (1973): 1 — velmi vzacné, 2 — vzacné, 3 — roztrousené, 4 — ¢asté, 5 — hojné.
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Appendix 2. - continued
Priloha 2. — pokracovini

I [ v W W wTw W w wIw W w W ww ww W

spreading 10101 1.6 6 7 7[4 422335 5[9 912128 8

retreating 96 0096 0096 00/96 00{96 00196 00196 0096 00[96 00[96 00]96 00 96 00
die-off J !
Athyrium filix-femina e o1t

Drvopteris dilatata

Petasites albus

Populus tremula juv.

Hieracium lachenalii

— o]
w '
i wl-
wfw]—
o

Luzula pilosa

— e ]
NPT S

Homogyne alpina

Melandrium rubrum

Solidago virgaurea

Poa nemoralis

Maianthemum bifolium

OLIGOTROPHIC
GRASSLANDS

Ligusticum mutellina

Thymus pulegioides

Holcus mollis

| Achillea millefolium o

|
T
]
]
|
g
I
|
|
|
|
i
I
|
;. l.
<l
)

Galium uliginosum

Cardaminopsis hallerii

Campanula rotundifolic

SRRV D) F SR TR

|
SR SR
w -

Stellaria graminea 3 3

Hypericum maculatum

|
I
|
]

Carex ovalis

LSRR N R )
i

Festuca rubra

[30]

L]
[l =
[SEE
o fa] -
L 9 o] -

Luzula multiflora

IR W+ [+
o | w9

[N &

Cirsium palustre

SNSRI ST R SRESEY SRS Y [ V) PRy S YR

W9 9 N9

Prunella vulgaris

Y S I R R wi

Mvosotis nemorosa

—fr o o o

Juncus articulatus

Rhinanthus minor ) _’ e el .23 2 213 3

Euphrasia nemorosa

Chaerophvllum hirsutum

Lychnis flos-cuculi N AR L S . ,:_‘ 2 2. .. . R
| Epilobium palustre SRS P . i I
Lotus corniculatus a2 20 N

Pimpinella saxifraga

Angelica sylvestris

Veronicaserpstiolio 2 1] . .|+ 3 33

Euphrasia rostkoviana

Hypochoeris radicata R RS R

Glveeria fluitans L1202




Appendix 2. — continued
Priloha 2. — pokracovani

WWWWWWWWWWWWWWWWIWWWWWWWW
spreading ool 16 67 7|4 42233 55[99 111112128 8

retreating 96 00196 00196 00196 00[96 00,96 0096 0096 00]96 00 96 00|96 0096 00
die-off {

Viscaria vulgaris D A R N T T R N
Carex brizoides PO T I T

Equisetum palustre

| Galiwm palustre | o o o B3 L 2 2.

Cirsium heterophyllum

Dianthus deltoides P T P

Hieracium lactucella

Eriophorum angustifolim | . . | . .. .|+

Pedicularis sylvatica

Nurdus stricta

Deschampsia cespitosa

il |-
£
[0 I~
™~
L)

Veronica officinalis

Galium saxatile

=
FS

Agrostis capillaris

(=]
o R W
[SEINEF SN S ) S RV
i (e [ -
NI Iy (Y PN
W (|-

Potentilla erecta

B 9 [ W W [ U .
109 [ [ | [t [t .
1wuumuwhw-
[} RISH RICH B SR § S RRISREY  ERTEE

Polvgonum bistorta

|

|

[SVRE IR R Y [3e) RT RN ')

(AN SRR K
+
9 |

Hieracium pilosella

(%) Qﬂ‘u o [t (WY it ]
B9 (B [ W 9 [ |9 | W .
B (b9 [ [ [ [ [ [N W

W |t

Anthoxanthum odoratum

— 09 BN
(R S
w9 |-

Arnica montana

|-

Festuca ovina

_ Carex pilulifera R R R A I N el e ]2

Senecio rivularis P T T B e A I |

—_ =l R I | Wi W W W W] w  w Uy W

Cardamine pratensis

Carexmuricataagg. |2 . |. .2 .]. .J2 .12 2|1 212 2
MESOTROPHIC
GRASSLANDS

Filipendula ulmaria

Alopecurus pratensis

Arrhenatherum elatius

Alchemilla acutiloba .

Festuca pratensis

Alchemilla monticola

Vicia sepium

Vicia cracca

Galium album

Plantago lanceolata

Dactvlis glomerata

Ranunculus acris

Ranunculus repens

Rumex acetosa et alpestris




Appendix Z. — continued
Priloha 2. - pokracovani

101011 116 6

spreading

W W WwWWwW

'wWw

WWWWWW

77

W WW W

44"7?3

12128 8

retreating

96 00196 00196 0096 00

96 00{96 00196 00

96 00 96 00

die-off

Taraxacum officinale agg.

Phleum pratense et ulpmum

Poa pratensis

o

|

‘M‘Ng
RN S

Leontodon amunmu/z\

Trifolium repens

i
|

&iw .
T

Leucanthemum vulgare

‘N w e

Leontodon hispidus

Chaerophvllum aurewm

|
T

SRR RS

LS ES N L S

‘
|
[JER ORI

w4
[N - B

Poa trivialis

Campanula putul

Veronica ¢ llumae(/r VS

Lathyrus pratensis
| Tiifollium pratense
RUDERAL

_ Filaginella uliginosa

| Acgopodium podagraria

Elytrigia repens

_ Scrophularia lm(lv\u

C erastium /mlmte mde\

Galeopsis bifida

| Artemisia vulgaris

Plantago major

 Salix purpurea

£

s .
(SR ST S
[ N R

Pm/ annua

C (llunmem\m eplqelm

Rumex obtusifolius

Galeopsis tetrahit

wl+ |+ |}

~ Chamomillla suav en/en\

Lolium perenne

Melilotus ulhu\'

Juncus hufmum

Am/muu\ \\/l(’\l'[\

~ Equisetum arvense
Heraclewm sphondy Imm

Gemnmm mb()mmumz

Rumex acetosella
Um( a dl()l( a
| Sagina proc umlu ns-

E/n/u/num ciliatum

w9 .
(NN

w .
o |-

e | .

ol + i+

Tuna( etum v u[ gare

9]
(5 BN EoN K

[S3 I -N ST




Appendix 2. — continued

Priloha 2. — pokracovani

spreading

10 l()l |

WWWWWWWW
16677

retreating

die-off

96 ()o\% 00 96 00 96 00

WWWWWW
442233

W W
55

w w‘w WWWW W

9 9 1111 ]

96 00 96 00 96 00 96 00]9

96 ()0\ 96 00|

12 l" 8 8]
96 ()() 96 ()0

Cirsiunt arvense )
Tr lfulzum h\ln u/um )
Capsella bursa- /)m/m:\
Fallopia convolvulus

Spergularia rubra

|
T
|
'7.77 .
|
|

Cirsium vulgatum

Rumex crispus
SUBTHERMOPHILOUS
Clinopodinm vulgare
Euphorbia cvparissias
Linum catharticum
Poa compressa
Hypericum perforanim

Salix fragilis juv.

Sanguisorba minor
Ajuga genevensis

Vicia syIvatica
Galium verum

Medicago lupulina

Veronica beccabunga

Cardaminopsis arenosa
Linaria vulgaris
Chelidonium majus
Potentilla argentea
Cerastium arvense

| gl glvephos

Verbascum nigrum

Coronilla varia

‘2 2 N i B ’ i
1 21 L. ‘ BB L. Lo
L 1 i j f
b + + b- = +- - i
. 1 ‘ ‘ i
1 - "
1 | . |
L . R
- L
SR R N EEEEEs S $4 B L;,,,m L
: 2 B I P
2 2 . L
] ] B L
| 2 .o . N L]
‘ 22 2020, ;
I . . (I 4 St
. I 1 1 1 ! i
+ +- = —e ] + —
- S L e j .
1. . .o 2 . cle i ‘
202 2 31 212 3.3 3 | +
) 3 213 2 222 201 2)3 1]. 717 +
BN SN SN N R +
, B L | +
i i ; A
A LS . i -
| I + R . e .
; 2 .. .
i I 11
e I - - I
L 2 |




