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Abstract

(1) Peatlands in the Sumava National Park cover 15 % of the area. This rather high proportion contrasts with
their location on the southern boundary of bog distribution. (2) Two opposing processes have been active in
the development of basic mire types in Bohemian Forest. In lower altitudes, terrestrialization proceeds even
since the Late Glacial usually behind the natural leveés and results in the formation of valley raised-bogs,
occupied by Pinus rotundata forests (in local toponymy often called niva/luh, Au). On mild slopes of concave
palaeorelief between 1000 m and 1250 m, paludification proceeds probably since the Atlantic, and results in
the origin of sloping mires with Pinus x pseudopumilio krammholz (cf. locally designated as slat, Filz.) (3)
Complicated microhydrological differentiation of mire surface into hummocks, ridges, hollows, flarks, lawns,
pools, kettle-holes and bog-lakes predetermines highly diversified microenvironments occupied by vegetation
of various growth strategy. Ultimate raising of mire surface is controlled by interactive effect of biomass pro-
duction, necromass accumulation and decomposition differing between the bog (nutrient-poorer) and fen (nu-
trient-richer) components of the mire complex. (4) Adequate actuo-ecological and palaeo-ecological know-
ledge of peatlands is desired for decision-making in nature conservation and landscape management of the
Bohemian Forest landscape.
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Introduction

Peatlands (mires), semiterrestrial ecosystems of permanently or periodically wet oligotrophic
sites where accumulation of dead organic matter (necromass) from primary biotic produc-
tion prevails over its decomposition, are spread between 45 and 75° N. In spite of their la-
titudinal and altitudinal variation over the Holarctic Realm, they include basic structural and
functional features comparable over large territories that are studied by actuoecology.

The opportunity to study these ecosystems has been widely exploited in Fennoscandina-
via (CaJANDER 1913, OsvaLp 1923, pu Rietz 1954, Ruunnirvi 1960, EuroLa 1962, Havas
1961, DiersseEN & DIERSSEN 1978, MALMER 1985, Siors 1983), Russia (BoTcH & MASING
1983), North America (ZoLta! & PoLLETT 1983, FosTeR et al. 1988), Great Britain (MoORE &
BeLLAaMY 1973), France and the Alps (Gams 1958, BORTENSCHLAGER 1984, AMMANN & LOTTER
1989). As a result of these studies, peatlands were classified according to their (i) shape and
surface morphology, (ii) chemistry, and (iii) vegetation (Moore & BeLLAMY 1973, GORE
1983). Proposed zonations of mire provinces based on surface morphology are usually inter-
preted as climate-dependent (FRENzEL 1983). However, evaluations of decisive effects sug-
gest that not one but several climatic factors are responsible for differentiation of mire struc-
tures. For example, zonation of Finnish peatlands by Ruunuirvi (1960) coincides with the



combination of potential evapotranspiration, mean annual temperature and hydrotermic quo-
tient for summer months. Phytosociological classifications are, on the one hand, marked by
higher sensitivity to the surrounding environment. On the other hand, they are rather regio-
nal, lacking an unifying overview. In Central Europe, described phytosociological units cor-
respond with minerotrophic differentiation of sites, ombrotrophic nutrient-poor bogs are co-
vered by the Oxycocco-Sphagnetea, nutrient-richer fens are occupied by the Caricetea fuscae.
For the geomorphology of Bohemian Forest, abundant mire complexes are characteristic
(ScHREIBER 1924, SorroN 1980, Kucera 1989). Within the Sumava National Park, they cover
15 % of the region, i.e., a proportion comparable with that in Sweden where peatlands are
rather common (Gore 1983). [ScHREIBER (1924) gives only 1.1 %, but he involves also foot-
hills with sparse peatlands.] From the other Hercynian ranges, abundant bogs are referred
from the oceanic Black Forest (HOLZER 1977, DIERSSEN & DIERSSEN 1984); occurrence of the-
se ecosystems in the remaining Hercynids is lower (RuboLpH, FiRBAS & SIGMOND 1928, Ru-
DOLPH 1929, KASTNER & FLOSSNER 1933, LANG 1958, JENSEN 1961, VANA 1962, HADAC & VANA
1967, RYBNICKOVA 1966, HUTTEMANN & BORTENSCHLAGER 1987). Number and area mires in Bo-
hemian Forest contrast with their position on the southern boundary of peatlands in the nor-
thern hemisphere (Gore 1983). Morever, they are situated on the transition between oceanic
and continental climate with ombric continentality of climate between 7 and 9 %, and they
are even partly influenced by southern air currents (NEkovAk 1969). Complicated geomor-
phology with a variety of suitable landforms and position on the European climatic
crossroads predispose the notable diversity of mire complexes in Bohemian Forest.

The origin of mires in Bohemian Forest

Development of mire ecosystems with characteristic surface pattern and occurrence of spe-
cific biota is a complicated process and its knowledge is only partial (Kratz & DEWITT 1986;
PaveTTE 1988). Certain detection of these processes is possible due to macroremains depo-
sited in peat profiles (SVENssON 1988). Secular changes of the mire and development of sur-
rounding landscape may be further reconstructed from the information on the pollen stored
in the peat profile, supplemented by the informations on archeobotany and human settle-
ments. Global problems on the development of palaco-ecosystems, and the special issue of
development in vegetation subsystems, and succession trends in formation of palaeo-vegeta-
tion and human influence on the vegetation in the past 15 000 years are studied by palaeo-
ecology (HUNTLEY & BIRKs 1983, BERGLUND 1986, LANG 1994).

Viewing global dynamics of water level in the bogs, two contrasting processes are deci-
sive in their formation - terrestrialization and paludification (MALMER 1975, FRENZEL 1983).
The former process is characteristic by long-term filling up of depressions with subsequent
decline of wetness, while the latter process is marked by gradual swamping of a terrestrial
area. In the temperate zone, as a result of terrestrialization, raised bogs have usually deve-
loped with the bottom covered by limnic sediments (RYBNICEK 1973, MALMER 1975, GORrE
1983). Paludification usually prevails on mild waterlogged slopes where blanket bogs and/or
sloping mires arose in temperate to boreal zone. GRANLUND (1932) found that paludification
started in periods of increased climatic wetness what corresponds with the fact that, in ge-
neral, such mires are younger. As the former process is better comprehensible, its knowledge
is more detailed. The latter process is more complicated and not fully understandable, and
therefore alternative explanations have been suggested as regards their development (KuLc-
ZyNsKI 1939/40, HEINSELMAN 1963). In the formation of mires in Bohemian Forest both pro-
cesses have been active (Fig.1).

Mires in Bohemian Forest are spread within a wide altitudinal range of 700 m, with mean
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Fig. 1. — Alternative development in peatlands of the Bohemian Forest: (A) valley raised-bogs have been for-
med by terrestrialization, usually behind natural leveés under the influence of high water table, (B) sloping
mires have been formed by paludification, in the surroundings of springs on mild slopes of concave palaeore-
lief exposed to high precipitation. Black arrows indicate the direction of main water income.




annual precipitation reaching from 729 to 1552 mm. Different geology, landforms, and me-
soclimate predetermine basic hydrological and hydrochemical factors of the peatbogs, and
predispose remarkable richness of their surface pattern. This variability is even reflected by
local toponymy: for the designation of valley-raised bogs the cognomen ,,luh, niva (Au)* is
often used, sloping mires are mostly, but not consequently, called ,slat (Filz)“.

In lower altitudes where material from retrograde erosion was deposited (SEBESTA 1996),
terrestrialization was active in the development of valley-raised bogs behind natural levess,
e.g., Mrtvy Luh (735 m), Malé Niva (755 m), Chalupska slaf (915 m), Harecka slat (870 m).
As it is documented by pollen analyses, formation of these bogs might started already in the
Late Glacial (Hirecka slat : SvoBopovA 1995). Peat depth attains up to 7.2 m (Mrtvy Luh:
RyBNICEK 1989). At present, valley-raised bogs are partly or completely forested by the Pino
rotundatae-Sphagnetum. Open central parts lack bog-lakes and are occupied by the Sphagne-
tum fusci. This type is marked by prominent laggs with communities of the alliances Spha-
gno recurvi-Caricion canescentis, Betulion pubescentis and Calthion.

Suitable gentle slopes of extensive plain palaeorelief in the central Sumava between 1000
and 1200 m are covered by sloping mires. High precipitation (annual mean between 1000 to
1500 mm), and relatively low temperature with annual mean between 3 and 4 °C (NEKOVAR
1969) predisposed paludification process (e.g., in Rokytecka slat , Blatensk4 slat , Rybéren-
ské slat , Tetfevskd slat ). Pollen-derived dating of their profiles (KLEcka 1928) suggests their
origin in the Atlantic. The mires mostly include several smaller bog centres with bog-lakes;
peat depth reaches up to 5.5-6.5 m (PoHoRAL 1964). They are marked by occurrence of P. x
pseudopumilio (Pinus mugo x P.rotundata) krummholz, belonging usually to the association
Sphagno magellanici-Pinetum mughi. Open central parts are mostly covered by the alliance
Oxycocco-Empetrion hermaphroditi (namely by the Sphagno magellanici-Trichophoretum
caespitosae). Numerous depressions (see below) are occupied by several communities of the
Leuko-Scheuchzerion. (SOFRON & SANDOVA 1972, SorroN 1980, pers.observ.).

Microtopographic differentiation

Undulating surface pattern of peatlands is related mutually with microhydrological pattern
of surface. Dried parts, usually hummocks or ridges covered by xeromorphic vegetation,
alternate with shallow waterlogged depressions, like hollows, flarks or lawns occupied by
emergent macrophytes and floating moss-mats, and occassionally deep waterbodies appear,
such as little bog-lakes or pools with open water. Each of the mentioned structures represents
an unique microhabitat with vegetation of different growth ecology (CLymo 1992). Blue-gre-
en algae (GRANHALL & SELANDER 1973, LEDERER 1996), lichens, mosses (LINDHOLM 1990,
RocHEFoRT et al. 1990, RypiN 1993), graminoids (CLymo 1970), forbs and ericoid shrubs
(WALLEN 1986), and woody species (KRrisa1 1973) play their special role in the building of
bog surface and superficial water flows on the mire. A growing mire performs an intermit-
tently changing environment passing up and down the hydrological limit. To highlight or-
ganization within mire ecosystems with special regard to interactions between dominant life
forms and to assess the balance between production and decomposition processes on diffe-
rent sites of the microtopography, in relation to physical parameters (microclimate, pedolo-
gy, hydrochemistry, microhydrology) is the main goal of actuo-ecological research.
Depressions noted by enormous variety of shapes and types (MasiNG 1982), are of special
importance also in the succession of bogs in Bohemian Forest. In mud-bottom and tussock-
bordered hollows, decomposition prevails above accumulation and the countour is often
maintained by resistant Eriophorum vaginatum (HosiaisLuoMa 1975, JENIK & SOUKUPOVA
1992). For occasionally and/or permanently inundated lawns, with green carpets of Sphag-



num dusenii, S. cuspidatum, Drepanocladus fluitans, Carex limosa, Scheuzeria palustris, and
Rhynchospora alba (on southern foothills) small-scale terrestrialization is expected (KRIsAl
1971, Kucera 1995). However, JounsoN, DamMman & MALMER (1991) found that decomposi-
tion rate of dead mosses in lawns was higher than in the surface-raising wet hummocks, on
Sumava occupied by Sphagnum magellanicum, S. fuscum, S. balticum, S. rubellum, Polytri-
chum strictum, Eriophorum vaginatum, Carex pauciflora, Oxycoccus palustris, Andromeda
polifolia. In contrary, dry hummocks covered by lichens, Calluna vulgaris, Empetrum her-
maphroditum, Vaccinium uliginosum, Betula nana, and dwarfed Pinus x pseudopumilio, re-
present stagnation and/or decaying phases of mires. Thus both processes of decomposition
and accumulation operate hand in hand (Si6rs 1990, MALMER 1992), and result in a compli-
cated pattern of different micro-forms covered by a varying mixture of well-adapted vegeta-
tion that is difficult to deal with (AARTOLAHTI 1965, VERRY 1984, Sjors 1990, Backeus 1991).
This problem in Sumava mires, namely in the Luzenska slat , was already touched by Kuce-
RA (1995: p. 97) who was quite indecisive about the fate of different depressions in the deve-
lopment on mire surface.

Differing ability of plant populations as regards water level is challenging for derivation of
successional hydroseres that coincide with small-scale terrestrialization (e.g., SOFRON & SAN-
povA 1972, RYBNICEK & RYBNICKovA 1974). Such series are useful in the interpretation of re-
lationships among the mire communities. In the last 2000 years, however, PAYETTE (1988)
reconstructed cyclic successions. In this respect, prevailence of one-way successional trends
in the abovementioned proposed hydroseres is astonishing, and the opposite process should
be reconsidered. Moreover, microhydrology is not the only decisive factor in this develop-
ment. MALMER (1992) brought attention to different humification in relation to availability of
minerals in different parts of mires: about a fifth of annual litter production is accreted into
bog-peat (cf. wet hummocks), and three~times less into fen-peat (depressions, laggs). Also
this setup between nutrient-poorer and nutrient-richer microhabitats implicates how fragile
the balance among the processes controlling the development of peatlands is. Adequate actuo-
ecological research of these components will advance understanding of biodiversity in these
ecosystems in Bohemian Forest range.

Conclusions

Peatlands, as ecosystemic islands of specific structure and development, are decisive for de-
velopmental analysis of biodiversity and ecological classification mountain region of Bohe-
mian Forest. In the Hercynian mountains, and in Bohemian Forest particularly, they provide
a key for understanding of biotic development in Europe since the Late Glacial. Extensive
bogs and fens in Bohemian Forest range, with their extraordinary variability of surface
structures and multiple environmental diversification, have been providing a framework for
long-term survival and mixing of relic elements and species immigrating from warmer ha-
bitats and from the Alps (Sprtzer 1981, MikkoLa & Spitzer 1983, Habac & VARA 1967, Le-
DERER 1996). Recent overloading by eutrophication and drainage makes these ecosystems
highly threathened (TWENHOVEN 1992) and further research is urgently needed. In particular,
viewing the dramatic dynamics in polluted mountain regions of Czech Republic, this know-
ledge is needed as a basic decision-making criterion for the predictions of management in
nature reserves and landscape, and in Sumava Biosphere Reserve, particularly.

Acknowledgements

The study was supported by Grant Agency of Czech Republic (grant No. 206/96/1115).
I wish to thank to Administration of the National Park Sumava for its courtesy of the research
activities.



Souhrn

(1) V Biosférické rezervaci Sumava ragelinigtg zaujimaji zhruba 15 % rozlohy, co? je podil
charakteristicky pro uzemi Eastého vyskytu ragelinit (napt. Svédsko), zatimco pro ob-
last na jiZni hranici roz3ifeni ra3elinist je tato hojnost neobvykla.

(2) Sumavska radelinisté se vyskytuji v pfiblizng 700-metrovém vyskovém rozmezi, v jeho
rdmci se na tvorbé téchto ekosystémi podilely rozdilné geologické, geomorfologické,
klimatologické i biotické faktory. Z hlediska urCujiciho vodniho reZimu se pak pii je-
jich formovéani ucastnily dva alternativni procesy — terestrializace (zazemiovani)
a paludifikace (zvodnéni). Za agrada&nimi valy toki se v niziich nadmotskych vyskach
pi genezi udolnich vrchovist (lokalné zvanych niva/luh, Au) uplatiiovala terestrializa-
ce, a to mnohdy jiZ od pozdniho glacialu. Svahovd raselinisié na misovitych svazich
paleoreliéfu mezi 1000 a 1250 m n.m. s vystupy pramenii formovala od atlantiku paludi-
fikace (typ obvykle, ale ne soustavn& nazyvany slat, Filz). Dominantni dfevinou na ddol-
nich vrchovistich je stromovita borovice blatka (Pinus rotundata), na svahovych raeli-
niStich pak kledovity kfiZenec borovic blatky a klece, tzv. borovice baZinna (P x
pseudopumilio).

(3) Komplikovana mikrohydrologicka diferenciace raselinitniho povrchu s kope¢ky (bul-
ty), pasy, sniZzeninami (§lenky), prohlubnémi, tfasovisky, jarky, nadrzkami, kolky
a raleliniStnimi jezirky pfedurluje vysokou rozriizngnost mikrobiotopii, obsazenych
vegetaci odliSné ristové dynamiky. Samotné narastani lo¥iska pak je vysledkem inter-
aktivng plsobicich procesi produkce biomasy, akumulace a dekompozice nekromasy,
které se odliSuji mezi oligo- (raelini$tnimi) a minerotrofnéj3imi (slatinnymi) kompo-
nentami ra3eliniStnich komplexd.

(4) Sumavské raelinigté Jako ostrovni ekosystémy se specifickou strukturou a vyvojem
predstavuji jednu ze zékladnich sloZek Sumavské biodiversity. Je proto tfeba definovat
Jjejich hodnotu vyvéZené s ohledem na aktuoekologické a paleoekologické poznani a vy-
uZit t€chto znalosti pfi rozhodovéni o zpasobu hospodareni na tzemi Biosférické re-
zervace Sumava.
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