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Abstract: Vegetation development in the lowland floodplain alder carr “Na bahné” (eastern Bohemia, the
Czech Republic) has been studied by means of pollen and macrofossil analyses and combined with vegetation
analysis performed over the last 70 years. Local successional changes started with an oxbow lake (160 cal BC)
which has later terrestrialised (630 cal AD). Then it changed from a typical alluvial fen into a Sphagnum-
-dominated spring mire (950 cal AD) supplied by water arising from a river terrace surrounding the locality
from three sites. In the centre of this wetland a small patch of alder carr developed (100 cal. AD), showing
some tendency towards cyclic succession. The alder carr alternated several times with an open Carex fen
(1100 cal AD to recent). The last fen-to-alder carr transition has been documented by direct observation during
this century. Possible autogenic and allogenic factors driving the succession are discussed. The model of

genic cyclic 1on corresponds well with direct field observations and can be used to interpret alder
carr structure, its dynamics, and function.

INTRODUCTION

Woodlands dominated by Alnus glutinosa occur usually on wet minerotrophic (Alnion
glutinoso-incanae according to Ziirich-Montpellier phytosociological system) or organic
substrates (Alnetea glutinosae; the term “alder carr” is usually confined for this type). The
phytosociological classification of alder carrs is well-established in Europe (DORING-
-MEDERAKE 1991, PRIEDITIS 1993, 1997), but little is known about their long-term dynamics
(JENIK 1980). Alder carrs have a limited distribution, being restricted to floodplains where
the natural hydrological regime has not been strongly modified by human action.

Numerous palacoecological studies found alder carrs to be a successional stage that 1s later
replaced by climax forests (TALLIS 1983, WALKER 1970), but others found them to be rather
stable and long-persisting systems (MAREK 1965). Fortunately, in wetland woodlands several
approaches such as direct observations, dendrochronology, pollen and macrofossil analysis
can be combined (FOSTER et al. 1996, DELCOURT & DELCOURT 1991) to determine the factors
responsible for long-term vegetation changes. However, some limitations should be taken
into account:

(1) The peat deposits under alder carrs usually undergo mineralization. Peat is aerated in
mcroollayerofﬂnalderandasaresuleinzralizaﬁonspmdsupUENiK 1980, BENNETT &
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v n, therefore, develops into hummocks and
PIRES |990).. Thchorlglnea2¥ r?u?)tsf 1zlarlglzl'crcc(:)lirlshzci;'(i:ribcc.l in literature. The hummocks can be
i Thl:ﬁ h ‘PGR :Zsl'ns 1997). In extreme cases peal is mineralized nearly completely.
w 0 ].m .'-“gh (I' ﬂ:c t may be one of the factors responsible for the occurrence of
Mlm_:ml:za‘uolr;. ? ses re[c):tidcd in the stable, wet climate of the Middle Holocene (RYBNICEK
slrallgl'a?é'llc v:&alugm) The peat under alder-carr communities is preserved only exceptionally,
ihl:]ﬂ;itatlc; water lc\.'el prevents aeration so that anox ic conditions are mamu.\mf:d lllllrnu.gh-m?:
the year. This particular situation can be found indicated by a ﬂal‘. pcr‘m.u’u.nl ). ‘wu‘ :.3;
surface, without hummocks and hollows microtopography on the site of the present study
1996). ;

(Kl[‘g;q ﬁg:gpiiﬁmﬁinmcn)ls have been changing markedly _during the Ho](occnc n F.‘enfm%
Europe, because of changing periods of sedimentation and erosion (QE'RAVII. 1983, ELLENBERG
1996, BROWN 1997). Periods of low sedimentation were char.a_clerlzcd by lhc‘ (Icvelnpl}mpl
of soils, fens, and cultural horizons, whereas periods o[. prevailing accumulaum?)resu]uf] in
these layers being covered by gravel and clay, often with f:nlbf:ddcd lrlll.'lk:f.(RU!‘[(fKOij\ &
ZEMAN 1994). During erosional periods, the fens developmg in lcm.:sl.naluec% oxbows are
often destroyed, resulting in the loss of pollen and macrofossils-containing scdlmcn‘l nccc.lcd
for the study of the history of alluvial alder carrs. Well-preser\.fcd. lon‘g—lcrm pzlilﬂfzoeuflogltcal
records are therefore quite rare in contemporary floodplains (DORING-MEDERAKE 1991,
PRIEDITIS 1993, 1997). _ :

The locality “Na bahn&” (E Bohemia) is an example of an alluvial alder carr having
well-preserved and relatively long palacoecological record. The lor?ography of the
surroundings suggest the locality was originally an oxbow lake (Smstx‘cl' 1891, MIKY_SKA
1926). Numerous springs at the foot of the terrace, situated around the locallly on three sides,
ensure a stable water regime and permanently high water level. The vegetation cover of the
locality has been repeatedly studied over the last 70 years (MIKYSKA 1926, 1964._ KLIMESOVA
& KLIMES 1996), 50 a comparison between palacoecological and phytosociological data can
be made.

MATERIAL AND METHODS
The study site

The alder carr “Na bahné&” covers an area of about | ha below the youngest (Weichselian)
terrace on the left bank of the Orlice River, about 8 km E of its entrance to the Labe (Elbe)
River (240 m a.s.l., 50°12’ N, 1558’ E; Fig.1). The terrace, about 5 m high, surrounds the
alder carr, from the S, SE, and SW. It is covered with a mixed forest dominated by Quercus
robur. In the north, the alder carr is bordered by wet abandoned meadows, which are gradfmllly
being invaded by alder. At the foot of the terrace several strong springs are situated, stabiiuug
the water regime of the locality. Their discharge is independent of year-to-year C|lm'-’l1lC
variability and of smaller fluctuations of the nearby river’s water level (personal observations
during the last 10 years). The site is situated about 150 m from the present river channc_i.
Peal accumulation has recently resulted in the doming over of the surrounding terrain. This
has led to a certain degree of emancipation of the locality from the direct influence of the
river.

The bedrock of the locality and its surroundings is Cretaceous (Turonian) calcareous n:’arl
covered with acid sandy and gravel sediments, The mean annual air temperature is 7.8 °C,
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Fig. 1. Location of the study area within the Czech Republic.

and annual precipitation is 602 mm (1901 to 1950, Nov§ Hradec Krilové Meterological
Station, 8.5 km E of the locality; VESECKY 1961).

The site under study is dominated by Alnus glutinosa, with scattered Betula pubescens
trees. The following plants prevail in the herb layer (ordered according to their decreasing
frequency): Cardamine amara, Solanum dulcamara, Lycopus europaeus, Urtica dioica,
Thelypteris palustris, Myosoton aquaticum, Calamagrostis canescens, Cirsium oleraceum.
Chrysosplenium  alternifolium, Oxalis acetosella, Athyrium filix-femina, Carex elongata,
Mentha aquatica, Poa palustris. Phytosociologically, the alder carr belongs to a nitrophilous
variant of Carici acutiformis-Alnetum (SADLO, pers. comm. ).

Data collection

A series of exploratory borings was performed in the early spring of 1997 at the centre of
the locality. Peat from nearly 2.5 to about 5 m thickness was found in the area recently covered
by alder carr. Fine-grained mineral flood loam with organic detritus underlay the peat. The
peat deposit reaches its maximum depth approximately 16 metres from the edge of the eroded
terrace.

Sediment sequence 5 m long was taken with a Russian-type corer (JOwsEy 1966) of 5 cm
in diameter for litho-stratigraphic examination, "*C dating, macrofossil and pollen analysis.
The sediments were analyzed for their components according to ABBY & BERGLUND (1986).

Three levels were radiocarbon-dated. A few pieces of alder wood were selected for each
radiocarbon analysis. One sample (Lud529) was dated by decay counting and two others by
AMS method at the Radiocarbon Dating Laboratory, Department of Quaternary Geology,
Lund, Sweden. Age calculations were based on a "*C half-life of 5568 years. The resulis
were calibrated (after STUIVER & REIMER 1993) and are reported on the calibrated calendar
time scale (cal AD, cal BC).

The samples used for pollen (and other microfossil) analysis were prepared by modified
acetolysis method (ERDTMAN 1943). As the lower part of the core had more or less a mineral
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Table 1. Radiocarbon dates from “Na bahné" site.

14¢ Calibrated age Method
Measured "C age !
Lab. No. Depth ERE O e
o AMS
890 + 90 BP 1168 cal AD
P2 : ;%Ii,icm 1440 + 70 BP 635 cal AD dcm
R 450 cm 2020 £ 110 BP 2 cal BC AMS

LuA-4551 =
e T

i ted (35%) cold hydrofluoric acid (HF)
s ngl""“:; ‘;:Tvgg-[f alt;(ég\,jlll;;gzzc:llrgl. 1(.()91 ).)Exlralclcd microfossils were
ff)r 7 hm'“idf bMi(; 3% safr;min and mounted in a liquid glycerol-water mixture. In c;.u.'h
hghﬂ{ Slamv ra )r(:olf 1500 pollen grains was counted. For pollen identification, the following
;::I;sp :sa\:jllimsga reference collection were used: FAEGRI & IVERSEN (1989), MOORE et al.
5).
Ug’?ﬁic?ﬁeﬁrégzvzlzgth{: samples for ¢ and pollen analysis were ta'kcn \;.fasisut]mg:[:li;d
also for macrofossil analysis: Contiguous samples 20 cm long were cut, gnd t‘m r !'thl :r] 'mmc:
of each was determined. Macrofossils were extracledv by heat‘mg eacET sample osr; c ‘:m wm.‘
in a 5% potassium hydroxide (KOH) solution and sieved with _runn.mg water. Si d. i
mesh sizes of 200 pm, 300 pm and 700 pm were uscq. The residues were cxmr:;ne !}JLaCh
a dissecting stereomicroscope. For the macrofossil dl%gram, the ab.solute number o
taxon was recalculated 1o a standard volume of 500 cm” of fresh sediment. ; ‘
Plant nomenclature follows TuTin et al. (1964-1980) and FREY (1995), pollen |?0'mnnc.lj¢11utrn
follows ALPADABA (Alpine Palynological Data-Base, housed at the Geobotanical Institute,
Bern).

Data analysis

In the pollen diagram local elements were distinguished from regional ones accc%rdmg KT
the folloufi?:g methc%d (after RYBNICKOVA & RYBNICEK 1971 and Hull_mu & SHIRRPII-’I-IS. 19951).
Taxa present in both the pollen and macrofossil data-sets were considered as local ( 1gm:l y
component” of the pollen spectra according (o FAEGRI & IVERSEN 1989), whereas pql cn] axa:
not present among the macrofossils were considered to be of cxlralgcnl, rcglm?’?l : od
extraregional ones. Pollen belonging to one or several strictly wetland species was consl clrlt.
as part of the local component, even if it was not recorded as a macro.fosml. Broad plu lcg
types, which include at least one species growing in mesic or dry habitats, were exi: :1(1;1
from the local diagram to avoid possible misinterpretations. Percentage values were cak‘u («;i
on the basis of the regional pollen sum (for the list of regional pollen types see the Ap.pL.n lic}
Concealed, corroded, degraded, and well preserved, but indeterminable pollen grains were
included under “varia”. Printing of the diagrams was performed with TILTA computer program,
written by E.C. Grimm (Springfield). 5 2

Zonation of the pollen and macrofossil diagrams was made visually, using both the presence
and the abundance of the taxa. A more formalized approach to delimit the zones was als;.o
applied, using detrended correspondence analysis — DCA (HILL 1979, TER B}imxu & SMII.AU;;If
1998). DCA belongs Lo a group of multidimensional scaling methods de;lgned 0 (‘iel_ccl the
underlying pattern in the data. It is an extension of correspondence analys!s (CA), cllm‘ll‘lﬂlfng
the arch effect that is produced by CA if data are sampled along long gradients (Wamnrfm:ﬂc‘
et al. 1987). DCA results, presented as ordination diagrams, show the overall trends in the
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data. Similar samples are close together and dissimilar samples are far from each other. If
data are more or less continuous, an ordination diagram is a more useful tool than cluster
analysis, because it reflects better the inherent complicated structure in the data.

Log-transformed percentages of individual pollen and macrofossils taxa were used as input
data in our case. Before analysis, some macrofossil taxa were combined into higher pollen
taxa; e.g. all macrofossil finds of Carex species were lumped together because pollen grains
of individual species are not determinable at the species level.

In the scatter diagram, the samples were grouped into “zones” using the following procedure:
Three pollen samples were randomly selected from adjacent depths. All other pollen samples
located in the range of the three chosen samples were included into the selection. The selection
process was continued by including aditional samples until there were no overlapping zones
in the selected pollen samples. Then, macrofossil samples were selected from the same depths
as the previously-selected pollen samples. If necessary, the macrofossil selection was continued
in the same way as that of the pollen samples. After completing the macrofossil selection,
the pollen selection was adjusted to include samples from corresponding depths. This iterative
procedure continued until the pollen and macrofossil selections included contiguous samples
from the same depths. Finally, the same procedure was performed for samples so far not
included into any selection. Thus, an equal number of non-overlapping envelopes, which
included samples from the same depths, was obtained for pollen and macrofossils. The whole
procedure was repeated 100 times in order to determine alternative zonations.

RESULTS

The results of the pollen and macrofossil analyses are presented in the form of diagrams
(Figs. 2 and 3). Four local zones were distinguished on both pollen and macrofossil diagrams.
Absolute ages of the zone boundaries can be roughly estimated by linear interpolation from
three available radiocarbon dates (Tab. 1).

If the pollen and macrofossil data are used simultaneously for DCA analysis, only two
zones can be distinguished in the ordination diagram (Fig. 4). Further division would result
in an overlap of envelopes, including samples belonging to individual zones. The lower zone
corresponds to the visually delimited zone NBL-1 (oxbow lake phase; 160 cal BC — 610 cal
AD). The remaining samples form a group that can be further divided if the taxa are weighted
or if a different approach gives more weight to the dominant taxa. For example, zone NBL-2
is differentiated from the other zones by the abundant Filipendula and Caltha macrofossils

and Filipendula pollen, zone NBL-3 by Equisetum and Sphagnum spores, and zone NBL-4
by abundant Cyperaceae pollen and Berula fruits.

Zone NBL-1 (oxbow lake phase; 160 cal BC — 610 cal AD)

This zone is characterized by the findings of indicators of permanent water bodies,
suggesting that a small oxbow lake has been present. According to the finds of aquatic plant
remains (Myriophyllum spicarum, Ranunculus subgen. Batrachium, Potamogeton, Nuphar
lutea, Ceratophyllum demersum and Nymphaea alba) its depth was about 1.5 m. The
occurrence of Nympheaceae and Ceratophyllum has been confirmed by the findings of
trichosclereids and leaf-spines, respectively (determination after VAN GEEL 1978). The high
diversity of aquatic macrophyte vegetation indicates that the oxbow lake was not completely
shaded by trees (PRACH et al. 1996). The occurrence of Mougeotia zygospores (chlorococcal
algae) indicate permanent, shallow-water conditions as well (JANKOVSKA & KOMAREK 1982).
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Fig. 4. DCA ordination of pollen and macrofossil data from the alder carr “Na bahné”. Full symbols — pollen
samples, open symbols ~ macrofossil samples, circles ~ lower zone, triangles — upper zone. Numbers denote
the order of samples from the surface (1) to the bottom (25). The two zones were delimited using the procedure
described in the methods.

Chlorocoecal algae (e.g., Pediastrum, the genera frequently found in pollen preparations from
lake environments) grew in low quantities in the pond, as is true also for many recent oxbow
lakes (PITHART et al. 1996). Macroscopic statoblasts of Cristatella mucedo (Bryozoa) also
indicate permanent water conditions, either stagnant or slowly flowing.

Amphibious plants such as Alisma gramineum, Polygonum amphibium, and Sagittaria
sagittifolia formed the littoral vegetation, which passed to the telmatic belt formed by sedges
(predominantly Carex rostrata) and by other common marsh plants (Lycopus europaeus,
Lythrum salicaria, Cicuta virosa, Ranunculus Sflammula, Solanum dulcamara). An alder stand
occurred near the oxbow lake (see abundant finds of Alnus glutinosa seeds). Pine (Pinus).
hombeam (Carpinus betulus), and lime (7ilia cordata) probably grew on the adjacent terrace
slope situated 16 m or more from the sampling site.

Zone NBL-2 (fen phase; 610 cal AD - 930 cal AD)

After the oxbow lake had filled up, an eutrophic fen dominated by Filipendula ulmaria
and Caltha palustris has developed. Sedges (Carex vesicaria, C. pseudocyperus, C. echinald)
were relatively infrequent. Accumulation of peat began at that time. Comparison of pollen
and macrofossils shows a high coincidence in Filipendula pollen and seed occurrence. This
comesponds o the results of other authors (JANKOVSKA 1980, FAEGRI & IVERSEN 1989), who
W tha the gravity component prevails in the pollen rain of this entomogamous plant
With unusually high pollen production. Although Alnus glutinosa pollen is abundant in the

enlire 20ne NBL-2, the number of macrofossils slowly decreases robably indicating that
‘alder declined locally; ) 5
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Zone NBL-3 (Sphagnum mire phase; 930 cal AD — 1100 cal AD) :

An abrupt vegetation change took place at the onset of NBL-3 zone. Sphagnuwm mire,
dominated by Equisetum and Calla palustris replaced the previous eutrophic fen. Amnr_lg the
mosses, Sphagnum palustre dominated, S. squarrosum was less common. Leaf remains of
mosses from the Amblystegiaceae family (Drepanocladus and Calliergon) were also present
in the sediment. The occurrence of Tilletia sphagni, a parasitic fungus forming spores in the
capsules of Sphagnum, correlates with the Sphagnum spore occurrence (as also noted by
KUHRY 1997 and vAN GEEL 1978).

The vegetation change at the transition between zones NBL-2 and NBL-3 indicates that
the site became more oligotrophic. From that time, the river activity contributed only little
to the sedimentation process at the site and the effect of local springs at the foot of the terrace
started to dominate.

Zone NBL-4 (alder carr phase; 1100 cal AD to present)

Another abrupt vegetation change occurred during the transition between zones NBL-3
and NBL-4. The Sphagnum-dominated mire changed into a fen with Potentilla palustris,
Lycopus europaeus, Cicuta virosa, Carex echinata, and Caltha palustris. The decline of
mosses was likely caused by the invasion of birch trees (through the overshading). The surface
became more nutrient-rich after the mosses declined and this enabled colonization of the site
by alder. Finally, a closed alder carr had developed.

During the next 900 years the alder carr declined and re-established repeatedly. In the
pollen record four stages dominated by alder were associated with few heliophilous wetland
herbs, mostly grasses and Cyperaceae (different Carex species according to the macrofossil
data). A similar tendency is observed also in the macrofossil diagram, where three
alder-dominated stages can be distinguished as well. Some chronological displacement
between the pollen and the macrofossil records is probably caused by the fact that the core
was subsampled contiguously for macrofossil analysis, whereas for pollen analysis
a discontinuous subsampling was performed.

The uppermost two samples of the pollen diagram comprise approximately the last 70
years, for which direct botanical observations are available (MIKYSKA 1926, MIKYSKA 1964,
KLIMESOVA & KLIMES 1996, RYDLO, unpubl.). In the Sphagnum peat layer (16-27 cm), several
mosses indicating mesotrophic to eutrophic habitats are recorded (Sphagnum palustre,
S. recurvum, and Calliergon cordifolium were abundant, and Sphagnum squarrosum and
Rhizomnium punctatum were infrequent). This layer, formed by species indicating an open
vegetation, corresponds to the situation recorded by MIKYSKA (1926) in the 1920s. The current
situation of the locality, which is completely covered with alder carr, is reflected by the pollen
and macrofossil sample taken from a surface moss polster.

DISCUSSION
Taphonomy of the pollen spectra

In the dynamic environment of a river floodplain where the position of the river bed is not
fixed and where erosion and accumulation periods alternate, a long, well-preserved, and
undisturbed palacoecological record has rarely been studied. We have found a profile with
a continuous sedimentation from about 160 BC up to recent. It is a pertinent question to what
extent this profile was disturbed by the nearby river and influenced by accumulation of flood
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Joams. The deposition of redeposed pollen and macrofossils Ly Cf”“lﬂicmc the interpretation
of the palacoecological record. The low;rmosl. one third of the prof |]c‘ was formed
predominantly by finely granular clay material, “':th}1 rcp.rcstfm.-; a flood deposit. 'Onc reason
why such deposits were avoided in palaeoccologlgal slgdics in the past was “,m fear that the
pollen would be selectively transported by wnlcr‘c;llher into or out of the site. The ecological
coherence of floodplain diagrams suggest that l}.ns is not an ltlsurmﬂunlublc.pmhlcm in most
cases (BROWN 1997). This seems to be true also in our case as lhc.rc was 1o significant change
in the regional pollen record at the transition from. floodplain sedimentation to autochthonous
organic sedimentation. In addition, direct observations showed (Bl_{OWN 1985) that while flood
waters often contain a high concentration of pollen, flood deposits contain very little due to
the constant turbulence which does not allow pollen to settle out. Because of this, we consider
our results comparable and equally reliable to those obtained from any peat-bog.

Zonation of the pollen and macrofossil diagrams

We used two approaches to evaluate the diagrams. Visual zonation is the commonly used
one whereas multivariate analysis is less frequently used even though is an efficient and
well-established approach (PRENTICE 1986). The advantage of multivariate analysis over
subjective visual evaluation is its repeatability (using the same data and the type of analysis,
the same results are obtained by any researcher), However, the process of multivariate analysis
does not include any information outside the analyzed data set. Thus, no experience of the
researcher is used in the interpretation of primary data. As a result, the zonation based on
a multivariate analysis reflects well the pattern in the data-set, but its predictive power is
usually lower than that of the traditional visual zonation.

Visual evaluation of our diagrams resulted in four zones differing in species composition
and abundance. To establish individual zones more weight was given either to species
composition (transition of zones NBL-1/2 ) or to the dominance of selected taxa (transition
of zones NBL-2/3 and NBL-3/4). Using the ordination axes I and II, DCA procedure separated
individual pollen and macrofossil samples quite well. Further separation of any group
consisting of a minimum of 3 samples based on both pollen and macrofossils was possible
in one way only, with a zone boundary placed between sample Nos. 17 and 18. Any other

division would result in an overlap between envelopes enclosing groups of samples based on
pollen, macrofossil data, or both,

Local vegetation succession

It has been shown in numerous palacoecological studies that vegetation succession during
the terresirialization of freshwater lakes is rarely determined by a single factor. Numerous
aumgemc as well as allogenic factors cause the probabilistic character of the transition between
mdmdu_al succession stages (WALKER 1970, TALLIS 1983, SINGER et al, 1996, YU etal. 1996).
The main factors responsible for successive vegetation development in the site under the
present study seem to be the changing hydrological regime of the locality (effects of the river
and artesic springs), and changes in nutrient availability (competition for nutrients between
'.SP hag"“‘m m““‘ﬁ_. herbs, and seedlings of woody plants). The fast transition between
individual successional stages has been promoted by a high accumulation rate of peat
(2.4 mmlyear, on average). The effect of allogenic factors prevailed at the beginning of
suceession, and later autogenic factors became dominant, Over the last nine centuries autogenic

Late Holocene history and vegetation dynamics of a floodplain alder carr 52

factors contributed significantly to the characteristic successional pattern in the alder carr
communily as described below.

The dynamics of the alder carr

Forests dominated by alder have been present in Central Europe since the Early Holocene
(HUNTLEY & BIRKS 1983, LANG 1994, BERGLUND et al. 1996). They represent an important
successional stage of terrestrialization of freshwater bodies. In wet, oceanic climates they are
a characteristic transient vegetational stage in eutrophic lake basins that have filled up. Later,
they often develop into oligotrophic Sphagnum mires (WALKER 1970, TALLIS 1983). According
to some authors (e.g. MAREK 1965), alder-dominated forests may persist continuously at one
site over thousands of years. However, the character of the alder life cycle (MCVEAN 1953,
1956a) makes this idea uncertain. Long-term persistence of alder-dominated stands require
continuous alder regeneration. Alder carrs require nearly full light conditions for their
establishment. Most alder-dominated stands with a canopy cover of 30-50% are not suitable
for alder seedlings to survive (KORPEL 1995, TUCKER & FITTER 1981). The light regime in
a closed alder carr is insufficient even for regeneration from the bases of dead mother trunks,
so daughter trees have a low vitality and soon die. Seedlings and basal shoots can develop
and contribute to the canopy only in a swamp carr on a floating mat where trees are short
(2 1o 3 m tall, with little foliage) and sparse (MCVEAN 1956b).

Another factor adversely affecting the establishment of alder seedlings in alder-dominated
stands is often the too high soil moisture (MCVEAN 1956a). In an alder carr, mineralization
of the peat results in increased soil moisture and waterlogging. The age structure of most
alder stands also raises doubts about their long-term persistence. Even-aged alder populations,
indicating a short single period of alder establishment, are usually found (PIGOTT & WILSON
1978, TUCKER & FITTER 1981). Therefore, the natural regeneration of alder in an alder carr
seems o be unlikely.

In the case of the *'Na bahné&” site, we have found alder carr persisting over several centuries.
However, it was found in the palaeoecological record to be a dynamic system with a tendency
towards cyclic development. Closed-canopy alder carr alternated several times with open
vegelation dominated by sedges and Sphagnum. It resembles the hypothesis of cyclic
development made for various types of forests (MICHAL 1983, DELCOURT & DELCOURT 1991,
KORPEL 1995, SCHMIDT 1998).

The second half of the last alder carr cycle has been recorded on the site by several botanists
and documented since the 1920s. In the centre of the locality, MIKYSKA (1926) described
a mire surrounded by young alder carr forming a belt close to the terrace edges. In his second
paper (MIKYSKA 1964), he described the vegetation of the same locality after 38 years. The
central part of the mire was already overgrown by young alder forests. At present alder forms
a homogeneous stand on the whole surface of the site (KLIMESOVA & KLIMES 1996), differing
only in the age of the trees between the centre and the margin (KLIMESOVA et al. 1997). The
results of the botanical studies carried out over the last 75 years accord well with the polien
and macrofossil analyses. The observed pattern of long-term cyclic development can be
explained using one of the following models:

(a) Allogenic model ~ direct human disturbance

The decline of the tree canopy could be associated with cutting. Decomposition of alder
trunks and stumps is relatively fast, so their absence in the peat noted by us during the pilot
study cannot serve as evidence against cutting. However, the tming of the individual
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quccessional cycles of the alder cart does not correlate with that of anthropogenic impact, 4
evidenced by pollen analysis (POKORNY & BENES, in prep.). Therefore the hypothesis of direcy
human disturbance is not supported by any evidence.

(b) Other allogenic impacts = . .
Changes in water level and nutrient availability, either human- or climatically-induceq

may also stimulate or prevent the establishment of alder and Icvcnluull'y. cause a dieback of
the fully matured stand. Human-induced changes or hydrological conditions resulting in the
dieback of alder-dominated forest have been described by BROCK et al. (1989). JANSsEN ey
al. (1995) explained the dieback and new establishment of an alder stand by fluctuations ip
water level caused by long-term changes in river discharge. It is difficull to reject any of
these hypotheses in our case, However, the results of the pollen and macrofossil analyses and
(he continuous character of the sedimentation indicate that abrupt hydrological changes did
not oceur during critical periods in the development. The same holds true for nutrient
availability.

(¢) Autogenic model

As alder cannot regenerate in closed-canopy stands, a massive dieback of even-aged alder
trees can be expected at an age of 100150 years, depending on their vitality. Increased light
availability may stimulate the development of an open mire covered with light-demanding
plants and intensively accumulating peat. The more the substrate has been mineralized during
the previous alder phase, the longer the stage of open vegetation is, because the mineralization
resulted in an increased soil moisture. Therefore, the evapotranspiration rate decreases as the
result of tree layer dieback, thus contributing to the general waterlogging of the site. Only
when the newly formed peat layer starts doming over the groundwater table again (as a whole
or by forming tussocks), alder seedlings may establish on the site and the cycle is completed.
A newly-established alder stand is even-aged because the establishment took place during
:; shlort time. This development can be further complicated by the fluctuation of the water
evel.

.'If the peat layer is repeatedly mineralized during the alder carr phase, the cycle can hardly
be inferred from palacoecological data. In the case of larger alder stands the eyelic development
may lake place in a mosaic of patches. Even in this case pollen analysis does not represent
a suitable approach for studying the long-term cyclic development, because of the noise
caused by the dispersal of pollen between individual patches. WIEGERS (1985) proposed
d similar pattern of cyclic succession for floating fen woodlands albeit with one more factor:
vertical movement of the whole surface below the water table caused by the weight of the
frees, [" ll?c “f"""] part of the “Na bahné” site, where the core has been taken, peat
mlnemllz'auon i5 4 slow process due to the high and stable water level resulting from (he
local springs. Thus the exceptional hydrological conditions resulted in a well-preserved
.mlqgncal tecord. Cyclic development directed by autogenic factors was still possible
cre: (he high water-level further increased after a dieback of the tree layer, and later on,

m"hﬂfl g:ssl?;ll':'vegelation formed relatively dry hummocks, establishment of alder was again
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APPENDIX

The list of pollen types not included in local pollen diagram (for separation criteria see
methods)

Trees and shrubs: Abies alba, Acer, Carpinus betulus, Cornus sanguinea, Corylus avellana, Euonymus
europaeus, Fagus sylvatica, Fraxinus excelsior, Hedera helix, Juglans, Juniperus, Picea abies, Pinus sylvestris,
Quercus, Sambucus nigra, Tilia, Ulmus, Viburnum opulus, Viscum album.

Anthropogenic indicators: Cannabis sativa, Centaurea cyanus, Chenopodiaceae, Con arvensis,
Plantage lanceolata, Plantago major/media, Polygonum aviculare, Rumex acetosa-type, Rumex
acetosella-type, Secale cereale, Triticum-type, Zea mays.

fould,

Herbs: Composi bf: Cichorivideae, Compositae Subfam. Asteroideae, Cruciferae, Galium-type,
Umbelliferae, Carvophyllaceae, Grami , Calluna, Calystegia, Campanula, Centaurea jacea-type,
Epilobium, Euphorbia, Helianth larium-type, Hi lus lupulus, Impatiens, Labiatae, Lotus-type,

Melampyrum, Mentha-type, Papilionaceae, Polygonum persicaria-type, Ranunculus-type, Rosaceae, Rubus,
Sanguisorba officinalis, Stachys-type, Symphytum, Trifolium, Valeriana officinalis-type, Veronica-type, Viola
palustris-type.

Spores: Anthoceros punctatus, Lycopodil inum, Polyy




