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3 3 
LATE-HOLOCEN EE VEGETATIO N DYNAMICS , CLIMATI C 
CHANGEE AND HUMA N IMPAC T IN THE GIANT MOUNTAIN S 
(CZECHH REPUBLIC) 

Abstractt  High-resolution palaeoecological anal>sis of a peal sequence from Pancavska Louka. in the 
Czechh Giant Mountains provided evidence for climatic change and human impact during the last 4000 
years.. The large number of radiocarbon dates of selected plant remains, and application of the wiggle-
matchh dating strategy provided an excellent time control. A main climatic deterioration - shift to cold 
andd wet conditions - was recorded starting at approximately 850 cal BC. Kvidence is presented that 
thiss episode was triggered by a period of relatively low solar activity. The evidence for human impact 
iss supported by documentary/historical information. A first phase of human impact started in the 
eleventhh century and lasted until the end of the fourteenth century AD. A second phase of human-
impactt began during the end of the sixteenth - early seventeenth century AD, and resulted in extensive 
deforestationn of the area. 

3.11 Introductio n 

Thee history of vegetation and the knowledge of climatic changes during the Holocene 
inn Central and Western Europe is mainly based on palaeoecological studies. However, 
theree is still a strong need for detailed reconstructions of short-term climatic change 
byy high-resolution, well-dated palaeoenvironmental investigations. Our aim is to 
assesss climatic change and its forcing factors and to reconstruct a detailed picture of 
changingg human impact on the environment during the last 4000 years. We therefore 
chosee to pursue a high-resolution analysis of microfossils and macrofossils of a 
sequencee from the Pancavska Louka peat bog, in the Giant Mountains (Krkonose or 
Riesengebirge).. The selected period, between ca. 2200 cal BC and the present time, 
includess the Subboreal - Subatlantic transition (at approximately 850 cal BC), when 
evidencee of a major climatic deterioration has been reported from studies in NW 
Europee and elsewhere in the world (Kilian et al.t 1995; van Geel et al.. 1996; van 
Geell  and Renssen, 1998; van Geel et al, 1998). 
AA peat sequence from the site of Pancavska Louka (or Pantschewiese) had previously 
beenn analysed by Hiittemann and Bortenschlager (1987), in their comparison of 
postglaciall  vegetation history and forest limit oscillations between sites in the Central 
Alpss (Zillertal and Kiihtai) and in the Czechoslovakian mountains (Riesengebirge and 
Highh Tatra). 
Thee Giant Mountains are located at the border between the Czech Republic and 
Poland,, in the area between 50° and 51° latitude and 15° and 17° longitude. Subalpine 
peatt bogs are located on the plateaux of the Giant Mountains between approximately 
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13000 and 1450 m. From a syntaxonomical point of view, Rybnicek (in Neuhauslova 
etet a/., 1998) includes the subalpine bogs in the complex of montane raised bogs of the 
SphagnetaliaSphagnetalia medii Raster and Rosser 1933 with Pinus mugo agg., and Sphagna -
PiceelumPiceelum (Tiixen, 1937) Hartmann 1953. 
Thee montane natural vegetation is characterised by Picea abies and Fagus sylvatica 
upp to the forest limit, while Abies alba and Fagus form the lower mountain vegetation 
belt.. According to Rybnicek and Rybnfckova (1994), these assemblages originated 
betweenn 4000 and 3000 BP, when first Abies alba and subsequently Fagus sylvatica 
invadedd the previous spruce and mixed deciduous forest (Acer, Fraxinus, Ulmus and 
Tilia)Tilia)  in the uplands, while Carpinus betulus expanded in the lower altitudes. 
Thee first deforestation activities are recorded in pollen diagrams from the lower 
mountainn zone of Czech mountains between 4000 and 3000 BP (Rybnicek and 
Rybnfckova,, 1994). In a palaeoecological study of a bog at I 190 m elevation in the 
Giantt Mountains, Speranza et al. (2000a; chapter 5 of this thesis) found indications 
forr a phase of exploitation of the lower mountain forest between the seventh to ninth 
centuryy AD, According to Jenik and Lokvenc (1962) and Rybnicek (1990) the 
beginningg of strong human impact in the central part of the Giant Mountains dates 
backk to the fifteenth century with the beginning of mine exploitation. Extensive 
deforestationn of the mountain slopes occurred in the second half of the sixteenth 
century.. In the seventeenth century AD (Firbas and Loser, 1949) the 
BaudenwirtschaftBaudenwirtschaft was introduced. This is an agricultural system for cattle and goat 
breedingg based on permanently inhabited mountain farms at, or above the forest line. 
Thee Baudenwirtschaft strongly influenced the subalpine vegetation: Pinus mugo 
standss were converted into grazing areas and meadows dominated by Nardus stricta 
(RybniCek,, 1990). The intense human impact caused changes both in the altitude of 
thee forest limit and in the species composition of the forest. The present forest line 
liess at 1210 m. Jenik and Lokvenc (1962) estimated that before being affected by 
man,, the forest line was on average about 25 m higher than at present, reaching 1235-
12400 m. The transformation of the mixed forest of Picea abies, Fagus sylvatica 
(locallyy present up to the forest line; Fanta, 1981), Abies alba. Sorbus aucuparia and 
AcerAcer pseudoplatanus into a forest dominated by Picea, took place between the 
sixteenthh and the eighteenth century in the uppermost areas of the Giant Mountains 
(RybnfCek,, 1990). It occurred as a consequence of selective cutting of Fagus and 
moree favourable recovery possibilities of Picea (this taxon has a faster reproduction 
ratee compared to the other tree species present in the area). According to Rybnicek 
(1990),, the onset of the Little Ice Age climatic deterioration may have also reinforced 
thee competitive advantage of Picea. Today the mountain vegetation is dominated by a 
climaxx like Picea forest (Rybnicek, 1990). 

3.22 Material and methods 

Thee investigated peat bog at Pancavska Louka (50°45'10" N, 15°32'50" E) is situated 
att ca. 1320 m altitude on the Czech side of the Giant Mountains (Figure 3.1). 
Thee peat stratigraphy was sampled in September 1996. A pit ca. 2 m long, 1.5 m 
broadd and 2.2 m deep was dug to expose a vertical profile. The material was sampled 
byy pressing five metal boxes (50 x 15 x 10 cm) into the peat profile. Full boxes were 
removedd from the profile, transported to the laboratory and stored at a temperature of 
3°CC This sampling strategy has several advantages over coring: a larger quantity of 
materiall  becomes available, the material is not compressed during sampling. 
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FigureFigure 3.1 Location of the Pancavska Louka site. 

Furthermore,, in the pit the most suitable column of peat could be chosen. A 216.5 cm 
deepp peat column was recovered; an overlap is present between contiguous boxes. 
Thee basal 5 cm were constituted of sandy to silty sediment, with an undulating 
transitionn upwards to an organic horizon still rich in clastic components. From 204 cm 
depthh upwards, peat was present; Drepanocladus prevailed up to ca. 170 cm depth 
andd Sphagnum from ca. 170 cm depth to the top of the sequence. The code PAN 
(Pancavska)) was chosen for the sequence. 

AnalysesAnalyses of micro- and macrofossils 
Inn the laboratory the upper 130 cm of the material was subsampled. Before sub-
samplingg the material in the metal boxes, the outer layer of approximately two 
centimetree of peat was removed to avoid contamination. Contiguous horizontal slices 
off  0.5 cm thickness were cut. From these slices, cylindrical subsamples for 
microfossill  analysis and for macrofossil analysis were taken. The analysis of micro 
andd macrofossils was done with a sampling interval of 0.5 cm. 
Microfossill  samples of approximately I cm' in volume (the precise volume was 
estimatedd by immersion) were treated with KOU and acetolysed according to the 
methodd of Fa;gri and Iversen (1989). When necessary, inorganic material was 
separatedd by using a bromoform / alcohol mixture of specific gravity 2 (Sittler, 1955). 
Too estimate pollen concentrations Lycopodium spores (circa 12542 spores per tablet) 
weree used (Stockmarr, 1971). The identification of pollen grains was based on Moore 
etet al. (1991), on the Northwest European Pollen Flora (Punt, 1976; Punt and Clarke. 
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1980;; 1981; 1984; Punt et a/.. 1988; 1991; 1995) and on a reference collection of 
recentt material. For the microfossil data, a percentage, a concentration and an influx 
diagramm were plotted. The pollen sum (I-pollen: the base of calculation of microfossil 
percentages)) is composed of arboreal taxa (divided into subalpine, mesophilous and 
thermophilouss elements), shrubs, herbaceous taxa and human impact indicators. 
Pollenn grains of Cyperaceae, Ericales and Drosera are most likely of local 
provenance;; these taxa were excluded from the pollen sum. The frequencies of the 
taxaa not included in the pollen sum are expressed as percentages of the pollen sum. 
Macrofossill  samples (4 to 8 cm1 in volume, depending on the compaction of the 
material)) were boiled with KOH (5%) and sieved to obtain the fraction > 100 jum 
(Birkss and Birks, 1980); the material on the sieve was preserved in demineralized 
water,, A few drops of HCI (5%) were added to prevent further decomposition and 
contaminationn by bacteria or fungi. The identifiable material was scanned using a 
binocularr microscope (magnification lOx and 20x) and counted (fruits, seeds), or 
estimatedd as volume percentages (vegetative remains). 
Thee regional pollen record is presented in Figures 3.2 (percentages), 3.3 
(concentrations)) and 3.4 (influxes). The record of local microfossils, including the 
pollenn curves of Cyperaceae, Ericales and Drosera, is presented in Figure 3.5 
(percentages)) and the results of the macrofossil analysis are shown in Figure 3.6. 
Figuress 3.2, 3.3, 3.4, 3.5 and 3.6 are inserted in a folder at the end of this book. 

LossLoss on ignition and C/N analysis 
Subsampless of peat with a wet weight of ca. 5 g were dried at 105°C for 
approximatelyy 16 hours; 2 g of the dry peat was taken and combusted in an oven at 
450°CC for 12 hours. The Loss on ignition (LOI) results are expressed as percentage of 
dryy weight. 
Forr C/N analysis, about 1 mg of sample, previously dried at 105°C, was put in a Carlo 
Erbaa element analyser. There the material was combusted at 1040°C in an 02 

saturatedd atmosphere. The reference material for the determination of C and N was 
acetanilydee (% C = 71.09, % N = 10.36). The results of both LOI and C/N analysis 
aree presented in Figure 3.7. 

GeochemicalGeochemical analyses 
Sampless for the geochemical analysis were taken at a sampling interval of 10 cm. The 
thicknesss of each sample was 2 cm. To avoid contamination, only glass instruments 
weree used for sampling; the instruments were cleaned with demineralized water. Each 
samplee was taken in the central part of the metal box in order to reduce the risk of 
contaminationn possibly coming from the material of the box. The analysis was carried 
outt at the laboratory of the Institute of Earth Studies of the University of Wales, 
Aberystwyth.. A flask with 10 g of sample was placed in the oven and dried overnight 
att 105°C. It was subsequently removed and weighed again. Each sample was 
disaggregatedd with a clean glass rod and 25 ml of 10% nitric acid were added. The 
materiall  was placed on a hot plate and gradually heated to 100°C and left to digest for 
approximatelyy 40 hours. It was subsequently removed from the hot plate and allowed 
too cool. The sample was filtered through fluted Whatman N°l paper into a 10 ml acid 
washedd volumetric flask. The sample was made up to 100 ml with demineralized 
water.. The filtrate was transferred into a plastic bottle, previously rinsed with a small 
volumee of the filtrate itself. In test tubes for each sample a solution of 7.7 ml 
demineralizedd water was prepared: 0.2 ml nitric acid, 2.0 ml sample solution. 0.1 ml 
rhodiumm (internal standard). This diluted the sample solution to approximately 0.2%. 
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Thee sample was then ready for analysis on the ICP (Inductive Coupled Plasma). 
Essentiallyy this involves the feeding of the elements, in the sample solution, into a 
streamm of argon where the elements are ionised and consequently they may be 
characterisedd according to their mass to charge ratio; ions are fed into a mass 
spectrometerr and measured. The ppm figure for each sample is corrected for organic 
contentt of each sample. 
Thee following elements were analysed: Sc, V, Cr, Co, Ni, Cu, Zn (65 and 66), Ga, As, 
Rb,, Sr, Y, Mo. Cd, In, Sn, Sb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy. Ho, Er, 
Tm,, Yb, Lu, Re, Tl, Pb, Bi, Th, U. The curves of each element are shown in Figure 
3.88 (added in a folder at the end of this book). 

PreparationPreparation of macrofossil samples for AMS l4C dating 
Too attain a most precise and reliable radiocarbon time-control, only selected above-
groundd plant remains were selected from the macrofossil samples (Kilian et al., 
1995).. Usually, only Sphagnum leaves and branches were collected; if present, 
DrepanocladusDrepanocladus was also selected. Ericales leaves and seeds of Ericales or seeds of 
CarexCarex were added to samples 89 and 56, because these levels contained few 
SphagnumSphagnum remains which were not of sufficient weight for AMS radiocarbon dating. 
Thee advantage of selected remains of mosses for dating is that they represent the 
vegetationn of former surfaces of the bog only. On the contrary, Spermatophyta 
(floweringg plants) have roots that can penetrate to deeper levels, possibly causing bulk 
i4CC samples to be too young. An advantage, from a dating point of view, of the 
presencee of Sphagna in bogs, is their active acidification of the environment (Clymo, 
1963),, which suppresses decomposition by bacteria. This favours a good preservation 
off  the above-ground material needed for AMS dating. 
Inn sample 29, no recognisable above-ground plant remains were present, so a 
concentratee of pollen grains was prepared to obtain enough material for l4C dating. 
Fromm this level, a bulk peat sample was also dated to compare the result with that of 
thee pollen concentrate. 
AA number of samples showed traces of fossil fungal infection (mycelium). An 
empiricall  fungal infection coefficient (FIC) was introduced to tentatively express the 
degreee of fungal contamination of the bulk macrofossil sample. A FIC, going from 0 
(veryy low degree of decomposition; no visible infection by fungi) to 5 (very 
decomposedd with many hyphae) was given to each sample. 
Oncee a sufficient quantity of Sphagnum or of other macrofossils was collected in a 
Petrii  dish, a cleaning phase followed; each leaf and branch was cleaned (all material 
otherr than Sphagnum was removed, i.e. ericaceous roots, fungal mycelium) and the 
materiall  was moved to another Petri dish in demineralized water. Material showing 
fungall  infection or high decomposition was not used. A threefold repetition of the 
cleaningg procedure ensured that the sample was composed of pure Sphagnum (or 
otherr selected macrofossils) and that no other macroscopic remains were present. 
However,, even if the selected material that constituted the radiocarbon sample was 
cleanedd from any impurity visible under the binocular microscope, it was still possible 
thatt some invisible (too small for detection using low power microscope) fungal 
contaminantss were present. The FIC is a tentative measure of this possible 
contamination.. FIC values are given in Table 3.1, together with the results of the 
radiocarbonn dating. 
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TableTable 3.1 Radiocarbon dates: laboratorium code, radiocarbon age and fungal infection 
coefficient.coefficient. The samples were composed of pure Sphagnum leaves and branches, except those 
indicatedindicated with a star (*):  89 (Sphagnum. Andromeda leaf fragments, one Andromeda seed, one not 
identifiedidentified seed). 56 (Sphagnum , one operculum of Sphagnum, two Carex seeds, one Andromeda seed, 
threethree pans ofcf. Carex seeds), 45b (Pinus needles). 41b (Pinus needles). 29a (pollen concentrate), 29b 
(bulk(bulk peat sample), 27 (90% Drepanocladus. 10% Sphagnum), 24 (65% Drepanocladus, 35% 
Sphagnum).Sphagnum). 23 (Drepanocladus). 21 (65% Sphagnum. 35% Drepanocladus). 

Depth Depth 
203. 5 5 

140 0 
135 5 
130 0 
120 0 

no o 
104 4 
102 2 
100 0 
98 8 
96 6 
94 4 
92 2 
90 0 
89* * 
88 8 
87 7 
86 6 
84 4 
83 3 
81 1 
79 9 
77 7 
75 5 
74 4 
73 3 
72 2 
70 0 
68 8 
66 6 
64 4 
62 2 
59 9 
58 8 
56* * 
45a a 
45b* 45b* 

41a a 
41b * * 

37 7 
33 3 
29a* * 

29b* 29b* 

27* * 
26 6 
25 5 
24* * 
23* * 
21* * 
13 3 
9 9 

Code Code 
GrA-632 6 6 

GrA-709 7 7 

GrA-709 2 2 

GrA-632 5 5 

GrA-1055 9 9 

GrA-981 8 8 

GrA-1051 6 6 

GrA-1056 0 0 

GrA-1051 8 8 

GrA-1051 9 9 

GrA-981 9 9 

GrA-982 1 1 

GrA-982 2 2 

GrA-1052 0 0 
GrA-1091 9 9 

GrA-1057 9 9 

GrA-1203 3 3 

GrA-748 3 3 
GrA-748 2 2 

GrA-1199 9 9 

GrA-748 1 1 

GrA-982 3 3 
GrA-1008 9 9 

GrA-1052 3 3 
GrA-1091 7 7 

GrA-982 4 4 
GrA-1091 4 4 

GrA-747 9 9 

GrA-1056 1 1 

GrA-1056 4 4 

GrA-1052 4 4 

GrA-709 9 9 

GrA-1091 2 2 

GrA-1058 0 0 

GrA-1091 0 0 

GrA-1056 5 5 

GrA-1057 6 6 

GrA-1056 6 6 
GrA-1058 7 7 

GrA-1056 7 7 

GrA-1052 5 5 
GrA-982 9 9 

GrA-1008 3 3 

GrA-1090 9 9 

GrA-1091 6 6 

GrA-709 6 6 

GrA-1092 0 0 

GrA-1091 5 5 

GrA-1056 9 9 

GrA-1057 0 0 

GrA-983 3 3 

AgeBP AgeBP 
53200 ±  6 0 
41800 ±6 0 

39900 ±  7 0 

37400 ±6 0 

37300 ±  6 0 

31455 ±4 5 

28755 ±  6 0 

31355 ±6 0 

29000 ±  6 0 

29155 ±6 0 

29255 ±4 5 

28855 ±  4 5 

27755 ±  4 5 

27900 ±  6 0 

28800 ±  5 0 

25655 ±  9 0 

30000 ±  25 0 

26400 ±  6 0 

26500 ±  6 0 

24700 ±5 0 

2540 ±± 10 0 

24555 ±  4 5 

24800 ±  3 5 

23300 ±  6 0 

24500 ±  5 0 

25155 ±5 5 
24200 ±  5 0 

21300 ±6 0 

22555 ±  5 5 

22300 ±  5 5 
20355 ±  6 0 

21300 ±6 0 

19100 ±5 0 

21155 ±7 5 

19400 ±5 0 

12455 ±5 5 

12800 ±8 0 

13100 ±  6 0 

13900 ±7 0 

12200 ±  5 5 

11800 ±6 0 

7255 ±  4 5 

4200 ±  5 0 

8600 ±  6 0 

3800 ±  4 0 

410±5 0 0 

3500 ±4 0 

1800 ±4 0 

1555 ±5 0 

modemm (143. 3 ±0.8% ) 
14000 ±  4 5 

F/C F/C 
0 0 
0 0 
0 0 
0 0 

0-0. 5 5 

0 0 
0.5 5 

1-1. 5 5 

0 0 
0-0. 5 5 

0 0 
0 0 
0 0 
1 1 
1 1 

0.5 5 
0 0 
0 0 
0 0 

0. 5 5 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 

0.5 5 
0 0 
0 0 
0 0 
0 0 
0 0 

0.5 5 
1 1 

0.5 5 
0 0 
0 0 

0.1 1 
0.1 1 
0 0 
0 0 
5 5 
5 5 
0 0 

0. 5 5 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
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Inn each step of the preparation of the samples for radiocarbon dating, chemically pure 
reagentss (pA) and demineralized water were used. A detailed description of the 
methodd followed in the sample handling and dating procedures is presented in 
Speranzaa et at. (2000b; chapter 2 of this thesis). 

PreparationPreparation of pollen concentrate for AMS NC dating 
Forr the extraction of pollen for radiocarbon dating, the procedure was based on the 
methodd of Brown (1994), as below: 
-- removal of humic and fulvic acids: 4-5 cm* of sample was put in 1.6 N KOH in a 

glasss tube, and the tube was put in a hot water bath; this treatment was repeated 
untill  the supernatant had no colour. The material was sieved on stainless-steel 
sievess and only the fraction between 150 and 20 jj.m was kept; 

-- elimination of organic detritus: cold 3% NaOCl was added to the sample for five 
minutes;; a longer application time could have resulted in the oxidation of pollen; 

-- removal of cellulose: cold 12 M H2S04 was added and left for 2 hours. 
Subsequently,, by adding water to the tubes, the solution was diluted to 1.2 M and 
putt in a boiling water bath for three hours. Finally, it was washed several times with 
0.011 HC1. 

Eachh residue was scanned under the microscope: in all samples only ca 1 to 5% of the 
organicc material was not pollen. The residues were dried at 80°C for about 24 hours. 
Thee selected macrofossils samples and the pollen concentrate of sample 29 were 
AMSS '*C dated at the Centre for Isotope Research of the University of Groningen. 

3.33 Results 

Time-control Time-control 
Thee results of radiocarbon dating (given in BP, which means radiocarbon "years" 
beforee 1950 AD) are presented in Table 3.1. To accurately place in time the events 
recordedd in the sequence, a calendar time-scale had to be produced from the 
radiocarbonn dates. The calibration of separate '4C dates to obtain calendar ages is a 
problematicc issue, especially in the interval of ca. 2425-2500 BP (ca. 760 to ca. 420 
call  BC; Speranza et al., 2000b; chapter 2 of this thesis). For this period, the 
calibrationn curve exhibits a plateau, due to a decrease of atmospheric I4C 
concentration.. As a consequence, plants and animals that died during that interval 
fromm 760 to 420 cal BC all display similar radiocarbon ages, scattering around 2450 
BP.. The calibration of such radiocarbon ages into calendar ages gives a probability 
rangee covering approximately 340 calendar years. This lack of accuracy for calibrated 
resultss is problematic in palaeoecological and archaeological reconstructions if no 
otherr absolute dating method provides a calendar time-scale. We solved this problem 
byy applying the wiggle-matching dating (WMD) strategy (van Geel and Mook, 1989) 
too the radiocarbon dates between 110 (3145  45 BP) and 56 cm depth (1940  50 
BP)) (Speranza et at., 2000b; chapter 2 of this thesis). WMD was performed with the 
programm Cal25, the advanced version of Cal20 (van der Plicht, 1993), using the 
INTCAL988 decadal calibration curve (Stuiver et ai, 1998). The radiocarbon dates at 
27,, 26, 25, 24, 23 and 21 cm depth were also wiggle-matched (Figure 3.9; Table 3.2). 
Thesee levels were formed during the period of sharp changes in atmospheric l4C 
betweenn 1300 and 1850 cal AD, and their radiocarbon dates, plotted on the calibration 
curve,, conform well the wiggles in the calibration curve. 
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TableTable 3.2 Results of the wiggle-match dating of the dates from 27 to 2! cm depth. See 
alsoalso Figure 3.9. 

Depth Depth 

27 7 
26 6 
25 5 
24 4 
23 3 
21 1 

AgeBP AgeBP 

8600  60 
3800  40 
4100 0 
3500  40 
1800 0 
1555 0 

WMDageAD WMDageAD 
approximated approximated 

1378 8 
1467 7 
1556 6 
1645 5 
1734 4 
1912 2 

TableTable 3.3 Calibration of the radiocarbon dates from 203.5 to 120 cm depth and from 
4545 to 9 cm depth: I and 2a probability intervals and middle point of the 2a calibration 
interval.interval. For the calibration of the dates from 110 to 56 cm depth, reference is made to 
SperanzaSperanza et al. (2000b). 

SampleSample depth 
(cm),(cm), code 

andand MC age 
203.5 5 
GrA-6326 6 

0 0 

140 0 
GrA-7097 7 

0 0 

135 5 
GrA-7092 2 

0 0 

130 0 
GrA-6325 5 

0 0 

120 0 
GrA-10559 9 

0 0 

45a a 
GrA-10565 5 

5 5 

45b b 
GrA-10576 6 

0 0 

42255 cal BC 
42055 cal BC 
41711 cal BC 

28800 cal BC 
28488 cal BC 
28155 cal BC 

26200 ca! BC 
25966 cal BC 
25822 cal BC 
24488 cal BC 
24233 cal BC 
23744 cal BC 
23655 cal BC 

22711 cal BC 
22277 cal BC 
22044 cal BC 
21011 cal BC 

22644 cal BC 
22022 cal BC 

6899 cal AD -
7100 cal AD -
7599 cal AD -
7900 cal AD -
8400 cal AD -

6622 cal AD -
7911 cal A D -
8188 cal A D -
8422 cal AD -

la la 

-42155 cal BC 
-41777 cal BC 
-- 4044 cal BC 

-- 2855 cal BC 
-28411 cal BC 
-26711 cal BC 

-26100 cal BC 
-25911 cal BC 
-- 2455 cal BC 
-24311 cal BC 
-- 2403 cal BC 
-- 2368 cal BC 
-- 2352 cal BC 

-- 2256 cal BC 
-- 2224 cal BC 
-21122 cal BC 
-- 2035 cal BC 

-- 2262 cal BC 
-- 2033 cal BC 

7055 cal AD 
7533 cal AD 
7822 cal AD 
8277 cal AD 
8622 cal AD 

7811 cal AD 
8111 cal AD 
8233 cal AD 
8577 ca! AD 

43244 cal BC 
42555 cal BC 
40244 cal BC 

28911 ca! BC 
26100 cal BC 
25911 cal BC 

28577 cal BC 
27344 cal BC 
26977 cal BC 
26822 cal BC 

23933 cal BC 
23333 cal BC 
23099 cal BC 
20033 ca! BC 
19722 ca! BC 

22966 cal BC 

6644 cal AD -
9288 ca! AD -

6233 cal AD -
6399 cal AD -
9200 ca! AD -

2a 2a 

-- 4287 ca! BC 
-- 4036 cal BC 
-- 3988 cal BC 

-- 2620 ca! BC 
-- 2596 cal BC 
-- 2581 cal BC 

-28144 cal BC 
-- 2726 cal BC 
-- 2685 cal BC 
-- 2290 cal BC 

-- 2389 cal BC 
-- 2322 cal BC 
-- 2007 cal BC 
-- 1973 cal BC 
-- 1955 cal BC 

-- 1947 cal BC 

8933 cal AD 
9311 cal AD 

6288 cal AD 
8988 cal AD 
9577 cal AD 

MiddleMiddle point of the 
22 a probability 

distribution distribution 
41566 BC 

27366 BC 

25744 BC 

21744 BC 

21222 BC 

7988 AD 

7900 AD 
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TableTable 3.3, continued 
SampleSample depth 

(cm),(cm), code 
andand UC a$>e 

41a a 
GrA-10566 6 

0 0 

41b b 
GrA-10587 7 

0 0 

37 7 
GrA-10567 7 

5 5 

33 3 
GrA-10525 5 

0 0 

29a a 
GrA-9829 9 

5 5 

29b b 
GrA-10083 3 

0 0 

27 7 
GrA-10909 9 

0 0 

26 6 
GrA-10916 6 

0 0 

25 5 
GrA-7096 6 

0 0 

24 4 
GrA-10920 0 

0 0 

23 3 
GrA-10915 5 

0 0 

21 1 
GrA-10569 9 

0 0 

6611 cal A D -
7399 cal AD -

5666 cai AD -
5822 cal AD -
5988 cal AD -
7022 cal AD -
7511 cat AD -

7211 cal AD -
7711 cal A D -

7777 cal AD -
9211 cal AD -
9500 cal AD -

12588 cai AD 
13722 cal AD 

14322 cal AD 
15022 cal AD 
15999 cal AD 

10644 cal AD 
11233 cal AD 
11566 cal AD 

14477 cal AD 
15955 cal AD 

14377 cal AD 
14988 cal AD 
15988 cal AD 

14833 cal AD 
15600 cal AD 

16633 cat AD 
17311 cal AD 
17899 cat AD 
19277 cal AD 

16699 cal AD 
17255 cal AD 
17977 cal AD 
18344 cal AD 
19166 cal AD 
19444 ca! AD 

!o !o 

7266 cal AD 
7744 cal AD 

5699 cal AD 
5855 cal AD 
6900 cal AD 
7133 cal AD 
7611 cal AD 

7433 cal AD 
8877 cal AD 

8977 cat AD 
9433 cat AD 
9544 cai AD 

-- 1300 cal AD 
-- 1379 cal AD 

-- 1493 cal AD 
-15144 cal AD 
-16155 cal AD 

-10855 cat AD 
-- 1138 cal AD 
-- 1256 cal AD 

-- 1519 cat AD 
-- 1622 cal AD 

-- 1496 cat AD 
-- 1516 cal AD 
-- 1616 cal AD 

-- 1524 cal AD 
-- 1630 cal AD 

-- 1684 cal AD 
-- 1787 cal AD 
-- 1808 ca! AD 
-- 1949 cal AD 

-- 1695 cal AD 
-- 1780 cal AD 

18133 cal AD 
-- 1877 cat AD 
-- 1940 cal AD 
-- 1950 cal AD 

6411 cal AD -
7899 cal AD -
8377 cal AD -

4433 cal AD -
4700 cal AD -
5333 cal AD -
7944 cal AD -

6844 cal AD -
9199 ca! AD -

6900 cal AD -
7133 cal AD -
7622 cal AD -

12177 cal AD 
13155 ca! AD 
13522 ca! AD 

14155 cal AD 
15544 cal AD 

10366 cal AD 
11511 cal AD 

14411 cal AD 
15466 cal AD 

14233 cal AD 
15488 cat AD 

14555 cat AD 
14644 cat AD 

16500 cal AD 
17222 cal AD 
18288 cal AD 
19133 cal AD 

16611 cal AD 
19088 cal AD 

2a 2a 

7833 cal AD 
8311 cal AD 
8800 cal AD 

4455 cal AD 
4799 cal AD 
7799 cal AD 
8022 cal AD 

8988 cal AD 
9577 cal AD 

7022 cal AD 
7500 cal AD 
9833 cal AD 

-1306ca!!  AD 
-- 1319 cal AD 
-- 1387 cal AD 

-- 1526 cal AD 
-- 1632 cal AD 

-- 1143 cal AD 
-- 1275 cal AD 

-- 1528 cat AD 
-- 1634 cal AD 

-- 1528 cal AD 
-- 1634 cat AD 

-- 1462 cat AD 
-- 1638 cal AD 

-- 1705 cal AD 
-- 1816 cal AD 
-- 1884 cal AD 
-- 1951 cal AD 

-- 1891 cal AD 
-- 1951 ca! AD 

MiddleMiddle point of 
thethe 2 c probability 

distribution distribution 
7611 AD 

6233 AD 

82!!  AD 

8377 AD 

13022 AD 

15244 AD 

11566 AD 

15388 AD 

15299 AD 

15477 AD 

18011 AD 

18066 AD 
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TableTable 3.3, continued 

SampleSample depth 
(cm),(cm), code and 

Cage Cage 
13 3 
GrA-10570 0 
Modem m 

% % 

9 9 
GrA-9833 3 

5 5 

6055 cal AD 
6166 cal AD 

la la 

-6111 cal AD 
-- 665 cal AD 

2a 2a 

5444 cal AD - 548 cal AD 
5600 cal AD - 689 cal AD 
7055 cal AD - 709 cal AD 
7544 cal AD-758 cal AD 

MiddleMiddle point of the 
22 a probability 

distribution distribution 

6511 AD 

AA linear interpolation between the wiggle-matched dated samples was undertaken to 
assignn an age to the non-radiocarbon-dated levels. 
Forr the radiocarbon dates falling outside the WMD intervals, we performed standard 
calibrationss with the program Cal25 (Table 3.3).While the WMD strategy provides us 
withh (approximate) single calendar ages for each radiocarbon dated sample, the 
calibrationn results (probability distributions in calendar ages) are problematic to use 
forr a precise time-control. To reduce the calibration interval to one age, for each 
calibratedd date the middle point of the 2c probability interval was chosen as calendar 
agee (Table 3.3) of the radiocarbon-dated levels. For the interval between 130 cm 
depthh and 110 cm depth, a linear interpolation of the calendar ages of the radiocarbon 
datedd levels (130, 120 and 110 cm depth) was pursued. In the interval between 56 cm 
depthh and the wiggle-match dated level at 27 cm depth, inversion of dates was 
observedd for the levels at 45 and 41 cm depth. Two approaches were attempted to 
solvee the problem: a linear regression among the dates (at 56 and 37 and 33 cm 
depth),, followed by a linear interpolation to assign an age to the non-dated levels; and 
aa linear interpolation between the dates at 56, 37 and 33 cm depth, ignoring the dates 
off  the inverted levels at 45 and 41 cm depth. In the first approach, a linear regression 
wass pursued between the calendar ages resulting from the calibration procedure of the 
levelss at 45 cm and 33 cm and from WMD at 56 cm. This interval is characterised by 
aa relatively stable values of concentration of pollen-sum elements, and thus probably 
byy a quasi-linear accumulation rate. With a linear interpolation of all the dated levels, 
aa calendar age was attributed to each palynological sample. 

TableTable 3.4 Calendar age BC/AD of each sample. 

Depth Depth 
(cm} (cm} 
II I 
12 2 
13 3 
14 4 
15 5 

AgeAge cal BC/AD 
appapp roxim uied 

19544 AD 
19500 AD 
19466 AD 
19411 AD 
19377 AD 

Depth Depth 
(cm) (cm) 

6 6 
7 7 
8 8 
9 9 
10 0 

Age Age 
apf apf 

calcal BC/AD 
mximated mximated 
19755 AD 
19711 AD 
19677 AD 
19622 AD 
19588 AD 

Depth Depth 
(cm) (cm) 

1 1 
2 2 
3 3 
4 4 
5 5 

Age Age 
app app 

calcal BC/AD 
roxiroxi mated 
19966 AD 
19922 AD 
19888 AD 
19833 AD 
19799 AD 
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Depth Depth 
(cm) (cm) 
100 0 
101 1 
102 2 
103 3 
104 4 
105 5 
106 6 
107 7 
108 8 
109 9 
110 0 
111 1 
112 2 
113 3 
114 4 
115 5 
116 6 
117 7 
118 8 
119 9 
120 0 
121 1 
122 2 
123 3 
124 4 
125 5 
126 6 
127 7 
128 8 
129 9 
130 0 

AgeAge cal BO AD 
approximated approximated 

11144 BC 
1152BC C 
1189BC C 
11999 BC 
12088 BC 
1260BC C 
13011 BC 
13422 BC 
13844 BC 
14255 BC 
14566 BC 
1539BC C 
16066 BC 
16722 BC 
17399 BC 
18055 BC 
18722 BC 
19388 BC 
20055 BC 
20711 BC 
21222 BC 
21288 BC 
21333 BC 
21388 BC 
21444 BC 
21499 BC 
21544 BC 
21599 BC 
21655 BC 
21700 BC 
21755 BC 

Depth Depth 
(cm) (cm) 
57 7 
58 8 
59 9 
60 0 
61 1 
62 2 
63 3 
64 4 
65 5 
66 6 
67 7 
68 8 
69 9 
70 0 
71 1 
72 2 
73 3 
74 4 
75 5 
76 6 
77 7 
78 8 
79 9 
80 0 
81 1 
82 2 
83 3 
84 4 
85 5 
86 6 
87 7 
88 8 
91 1 
92 2 
93 3 
94 4 
95 5 
96 6 
97 7 
98 8 
99 9 

AgeAge cal BO AD 
approximated approximated 

2622 AD 
2000 AD 
1233 AD 
500 AD 
233 BC 
966 BC 
1311 BC 
1666 BC 
2166 BC 
2655 BC 
2877 BC 
3099 BC 
3233 BC 
3366 BC 
3766 BC 
4166 BC 
4477 BC 
4611 BC 
4800 BC 
5322 BC 
5844 BC 
6211 BC 
6577 BC 
6777 BC 
6977 BC 
7200 BC 
7433 BC 
7655 BC 
7822 BC 
7999 BC 
8299 BC 
8588 BC 
9400 BC 
9633 BC 
9766 BC 
9899 BC 
9955 BC 
10011 BC 
10188 BC 
10355 BC 
10755 BC 

Depth Depth 
(cm) (cm) 
16 6 
17 7 
18 8 
19 9 
20 0 
21 1 
22 2 
23 3 
24 4 
25 5 
26 6 
27 7 
28 8 
29 9 
30 0 
31 1 
32 2 
33 3 
34 4 
35 5 
36 6 
37 7 
38 8 
39 9 
40 0 
41 1 
42 2 
43 3 
44 4 
45 5 
46 6 
47 7 
48 8 
49 9 
50 0 
51 1 
52 2 
53 3 
54 4 
55 5 
56 6 

AgeAge cal BO AD 
approximated approximated 

19333 AD 
19299 AD 
19255 AD 
19200 AD 
1916AD D 
I912AD D 
18233 AD 
17344 AD 
16455 AD 
15566 AD 
14677 AD 
13788 AD 
12733 AD 
11900 AD 
11044 AD 
10177 AD 
9311 AD 
8444 AD 
8366 AD 
8299 AD 
8211 AD 
8133 AD 
7877 AD 
7622 AD 
7366 AD 
710AD D 
6844 AD 
6599 AD 
6333 AD 
6077 AD 
5811 AD 
5566 AD 
5300 AD 
5044 AD 
4788 AD 
4533 AD 
4277 AD 
4011 AD 
3755 AD 
3500 AD 
3244 AD 

TableTable 3.4, continued 

Inn the second approach, a linear interpolation was pursued for the dates 56-37, 37-33, 
33-277 cm depth. The radiocarbon dates at 45 and 41 were not used for the 
interpolation.. In this way, the inverted dates were not influencing the time-control. 
Thee first method - linear regression and interpolation - caused an artificially sharp 
risee of the influx of the pollen sum elements at 40 and 39 cm depth. As the difference 
inn the two time-control solutions is only slight, the second method - elimination of 
somee dates and linear interpolation - was chosen and applied in the diagrams. For the 
uppermostt samples, the radiocarbon dates obtained for the levels at 13 (modern UC 
values)) and 9 (sample much too old) cm depth were not used. 
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FigureFigure 3.7 Loss on ignition and C/N ratio fluctuations (Pancavskd Louka). 

call AD 

FigureFigure 3.9 Wiggle-match dating of'C samples from 27 to 21 cm depth. See also table 2. 
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Thee age of the uppermost levels was obtained by linear interpolation between the 
calendarr age of the level at 21 cm depth (upper WMD sample) and the age of the top 
off  the sequence, corresponding to the year of sampling, 1996 AD. The age of each 
palaeoecologicall  sample is shown in Table 3.4. In the following text, dates are given 
withh a yearly precision; we are well aware that such a high precision level is not 
realistic. . 

PalaeoecologicalPalaeoecological analysis 
Regionall  pollen diagrams showing percentages, concentrations and influx are 
presentedd in Figures 3.2, 3.3 and 3.4 respectively. The infrequent regional taxa, not 
shownn in Figure 3.2, are listed in Table 3.5. The non-pollen microfossil percentages 
off  local taxa are shown in Figure 3.5. Also the curves of Cyperaceae, Ericales and 
DroseraDrosera are shown in Figure 3.5. The macrofossil record is shown in Figure 3.6. In 
eachh diagram assemblage zones were distinguished: A 1-3 and B 1-3 for the 
microfossils,, and I - VII for the macrofossil diagram. 

TableTable 3.5 Less frequent taxa, not inserted in the pollen diagram, listed according to the 
levellevel in which they were found. 

Sample Sample TaxonTaxon and percentage or presence (*) 
5 5 

10 0 

14 4 
15 5 

16 6 
17 7 
18 8 
19 9 
20 0 

2! ! 
22 2 
23 3 
25 5 

28 8 
29 9 
.10 0 

32 2 
35 5 
39 9 
40 0 
42 2 
45 5 

47 7 
50 0 

GentianaGentiana pneumonanthe lype (0.3), Sanguisorba minor ssp. minor (*), Trientalis europaea 
(0.3) ) 
Crassulaceaee undiff. (*), Gentianella campestris lype (*). Lobelia (0.3), Menyanthes 
trifoliatatrifoliata  (*), Polygonaceae undiff. (0.3), Rhinanthus type (0.6), Sanguisorba minor ssp. 
minorminor (0.3), Silene vulgaris lype (0.3), Solanaceae (0.3). Swertiaperennis (0.3) 
AnagallisAnagallis tenella type (0.2) 
CornusCornus suecica (*), Menyanthes trifoliata (0.3). Plantago maritima lype (0.3), Rhinanthus 
lypee (0.3), Samolus valerandi (0.3). Saxifragaceae undiff. (0.6), Umbilicus rupestris type 
(0.3) ) 
Trilelee spores undiff. (0.2) 
Fabaecacc undiff. (0.2) 
SanguisorbaSanguisorba minor ssp. minor (0.2) 
ArmeriaArmeria maritima lype (0.2), Convolvulus arvensis (0.2). Sedum typee (0.2) 
ApiumApium inundatum type (0.3), Digitalis purpurea type (*), Erodium (0,3), Scheuchzeria 
(0.3),, Sedum type (*.), Sinapis lype (*) 
PopulusPopulus (0.2) 
AdonisAdonis aestivalis type (0,2) 
Triletee spores undiff. (0.2) 
AnagallisAnagallis arvensis lype (0.3), Apium inundatum type (*), Gentiana pneumonanthe type (*), 
OrnithopusOrnithopus perpusiltus (*), Rhinanthus lype (*) , Saxifraga granulata lype (0.3). 
ScheuchzeriaScheuchzeria (0.3) 
Fabaceaee undiff, (0.2), Lycopodiella inundata (0.2) 
Fabaceacc undiff. (0.1), Sparganium erectum (0.1) 
EquisetumEquisetum (*). monolete verrucute fern spores (*). Lobelia (*). Polygonaceae undiff. (0.3), 
PopulusPopulus (0.3), Sinapis type (*) 
CentaureaCentaurea nigra lype (0.3) 
AconilumAconilum (0.3) 
LycapodiumLycapodium annotinum type (0.2) 
MenyanthesMenyanthes trifoliata (0.3), Saxifraga oppositifolia type (0.3). Trientalis europaea (0.3) 
LysimachiaLysimachia vulgaris type (0.3) 
MenyanthesMenyanthes trifoliata (0.3). Saxifragaceae undiff. (0,3), Saxifraga granulata lype (0.6), 
UmbilicusUmbilicus rupestris type (0.6) 
EchiumEchium vulgare (0.2) 
DigitalisDigitalis purpurea type (0.2). Rhinanthus Upe(0.2), Ulex type (0.2) 
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Sample Sample 
53 3 
55 5 

60 0 

6i i 
65 5 
66 6 
68 8 
70 0 
71 1 
75 5 
76 6 
77 7 
78 8 
79 9 
80 0 
83 3 
87 7 
89 9 
93 3 
96 6 
97 7 
98 8 
99 9 
100 0 
105 5 
106 6 

no o 
105 5 
122 2 
125 5 
128 8 
130 0 

TaxonTaxon and percentage or presence (*) 

ResedaReseda lutea lype (0.2) 
AdonisAdonis aestivalis lype (.0.3). Akhemilla type (*), Saxifraga cernua type (*.). Viola palustris 
typee (0.3) 
Fabaceaee undiff. (0.6), Sanguisorba minor ssp. minor (0.3), Sa.xifragaceac undiff. (0.6), 
TrolliusTrollius europaeus (0.9) 
GeumGeum (0.2). Mentha lype (*) 
SinapisSinapis type (0.3) 
AdonisAdonis aestivalis type (0.2), Solanaceae (*) 
Saxifragaceaee ündiff. (*) 
SanguisorbaSanguisorba minor ssp. minor (0.2), Saxifraga cernua type {* ) 
PotamogetonPotamogeton (*), Viscum album (0.2) 
UmbilicusUmbilicus rupestris type (*) 
Monoletee verrucate fern spores (0.1), Populus (0.1) 
CentaureaCentaurea nigra type (*) 
AlchemillaAlchemilla type (*) 
HelianthemumHelianthemum (*) 
Triletee spores undiff. (0.2) 
LvcopodiellaLvcopodiella inundata (0.2). Solanaceae (0.2) 
Trilelee spores undiff, (0.2) 
EquisetumEquisetum (0.3) 
CornusCornus suecica (0.4), Trilete spores undiff. (0.2.) 
EquisetumEquisetum (0.3) 
IlexIlex aquifolium {*) 
LycopodiumLycopodium annotinum type (*), Saxifraga oppositifolia lype (*) 
HottoniaHottonia palustris (*) 
AlchemillaAlchemilla lype (*) 
AnagallisAnagallis arvensis lype (0.2), Saxifraga oppositifolia type (*) 
Genlianaceaee undiff. (0.2) 
Monoletee verrucale fern spores (*), Sinapis type (0.2) 
GentianaGentiana pneumonanthe type (0.2) 
Fabaceaee undiff. (0.3) 
Monoletee verrucate fern spores (0.4), Umbilicus rupestris type (0.2) 
VeratrumVeratrum album (0.2) 
Monoletee verrucate fern spores (0.5) 

TableTable 3.5, continued 

3.44 Zonation of the regional vegetation succession 

ZoneZone A (130 cm -30.5 cm depth; ca. 2174 cal BC- 1068 cal AD) 
Zonee A, representing undisturbed vegetation, is divided in three subzones: A-l , A-2 
andd A-3 (Figures 3.2, 3.3, 3.4). 

SubzoneA-11 (130 cm - 88.5 cm depth; ca. 2175 - 870 cal BC) 
Inn zone A, the taxa dominating the natural, late-Holocene mountain vegetation are 
recorded.. Picea, which attains high percentages (20-25%) in the samples at the base 
off  the zone, is reduced to around 10% at approximately 2000 cal BC. Fagus and Abies 
aree already present at the base of zone A. The percentages of Abies increase from 
quitee low values at the beginning of the zone, to up to ca. 40%, in correspondence 
withh the decrease of Picea percentages. Abies fluctuates but remains generally around 
20-25%.. Pinus, Betula, Fagus and Quercus only show minor changes. Between ca. 
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10188 and 989 cal BC, temporary decreases in Corytus, litmus and Tilia are recorded. 
Thesee changes are clearly visible in the percentage diagram, and they can be traced 
backk also in the influx curves of the mentioned taxa. At ca. 940 cal BC, a temporary 
increasee is recorded in the percentage of Betula, while Pinus decreases. The change is 
alsoo visible in the influx curves. In this subzone. Poaceae and Artemisia have quite 
loww percentages (lower than 5%), but a slight increase of Artemisia, in combination 
withh Brassicaceae and an increase in Rumex acetosetla type and Plantago lanceolata 
iss recorded between 110 cm and 104 cm depth (ca. 1456 - 1208 cal BC). 

Subzonee A-2 (88.5 cm - 58.5 cm depth; ca. 870 cal BC - 160 cal AD) 
Characteristicc for the beginning of this subzone is a decline of the curves of 
thermophilouss taxa - Corytus, Tilia and Ulmus. At 88 cm depth (850 cal BC), 
percentagess of Corytus decrease; those of Ulmus sharply decrease at 87 cm (830 cal 
BC)) and those of Tilia at 86 cm (800 cal BC). The representation of these taxa 
becomess discontinuous in subzone A-2 and remains lower than in the previous 
subzone.. The percentages of Pinus, Beiula, Picea, Fagus and Abies fluctuate; Pinus 
displaysann increasing trend, Betula shows higher percentages in the upper half of the 
subzone,, and it decreases at the border with subzone A-3. Picea decreases at the 
beginningg of the zone and, after recovery, it also shows a slight decrease in the upper 
partt of the zone. These trends are also visible in the respective influx curves. Abies 
percentagess fluctuate at the beginning, they are reduced in the middle of the zone and 
increasee towards the top. Abies influx decreases at the beginning of the subzone and 
increasess in the upper half of the subzone. 

Subzonee A-3 (58.5 cm - 30.5 cm depth; ca. 160- 1068 cal AD) 
Thee subalpine taxa Pinus and Betula decrease at the base of the subzone, in 
correspondencee with an increase of Abies and, later, of Fagus. The percentages of 
TiliaTilia  and Ulmus in this subzone are generally higher than in subzone A-2. However, 
thee representation of these taxa is still lower than in subzone A-1. At 54 cm depth 
(3766 cal AD) an increase of Betula goes together with a decrease of Abies. A second 
BetulaBetula minimum is recorded from ca. 480 cal AD (50 cm depth) to ca. 770 cal AD (39 
cmm depth), together with an increase in Picea and Abies. At approximately 690 cal 
ADD (42 cm depth). Abies percentages reach very high values (ca. 49%), 
contemporaneouss with a decrease of Fagus. At approximately 800 cal AD (38 cm 
depth)) Abies decreases and Betula and Corytus show an increase. An increase of 
monoletee psilate fern spores is recorded in correspondence with both phases of Betula 
increase. . 

ZoneZone B (30.5 cm - 0 cm depth; ca.1068 - 19% cal AD) 
Att 30 cm depth a sharp decrease in arboreal pollen percentages is recorded, in 
correspondencee with an increase of human impact indicators. To better describe the 
eventss linked to human impact, zone B was divided into three subzones: B-l, B-2 and 
B-3.. Pollen sum concentrations fluctuate between 50000 and 10000 grains/cm3 but the 
concentrationss are low in the upper 10 cm as a consequence of the lack of compaction 
andd the low decomposition, characteristic of the acrotel m of a peat sequence. 

Subzonee B-l (30.5 cm - 26.5 cm depth; ca. 1068 - 1423 cal AD) 
AA sharp decrease in the percentages of Pinus. Picea, Carpinus, Abies and Tilia is 
observed.. An increase of Betula is evident in the percentage curve, in the 
concentrationn and, slightly, in its influx curve. Salix is continuously present in this 
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subzone.. Cerealia type, already sporadically present in zone A, shows a continuous 
curvee here; the Secaie curve is continuous from 31 cm depth to the top of the core. In 
subzonee B-l both Cerealia type and Secaie curves show high percentages, reaching 
maximumm values above 3%. Grains of Fagopyrum escuienium and of Castanea 
appear.. Centaurea cyanus appears at 29 cm depth and is present throughout the 
subzone.. Cannabis type (possibly including the species Cannabis sativa and Humutus 
lupuius;lupuius; the identification of Cannabis type grains to a generic level was attempted 
butt provided identifications with a too low degree of certainty) increases, possibly due 
too the superimposition of the signals of cultivated Cannabis to that of the wild 
Humulus.Humulus. Also the other human impact indicators show high values: Poaceae increase 
too ca. 10%, Artemisia to approximately 5%. Brassicaceae appear, Rumex acetosella 
typee increases up to above 5%, Plantago lanceotala increases. Apiaceae, 
Chenopodiaceae,, Asteraceae Tubuliflorae, Ranunculaceae and Plantago major/media 
increase.. Monoiete psilate fern spores increase to a maximum above 9%. 

Subzonee B-2 (26.5 cm - 24.5 cm depth; ca. 1423- 1601 cal AD) 
Inn correspondence with a temporary decrease of human impact indicators, an increase 
off  arboreal pollen percentages is observed. Cerealia type and Secaie percentage 
decrease,, and Secaie is even absent from the sample at 26 cm depth. Centaurea 
cyanuscyanus is absent from the whole subzone. Among the disturbance indicators, 
ArtemisiaArtemisia shows a decrease, Brassicaceae are absent, Plantago lanceolata decrease to 
valuess below 1%, Rumex acetosella type decreases to approximately 1%. The 
decreasee of Cerealia and disturbance indicators is also evident in the respective influx 
curves.. Cannabis type also shows a reduction and is absent at 25 cm depth. Pinus 
showss a remarkable increase: from ca. 15% in the previous subzone, to above 35%. 
Picea,Picea, Abies (to above 10%) and, slightly, Salix, increase. Betula, Fagus, Quercus and 
CorylusCorylus decrease, while Fraxinus is absent. 

Subzonee B-3 (24.5 cm - 0 cm depth; ca. 1601 - 1996 cal AD) 
Humann impact indicators are very well represented. Cerealia type (excl. Secaie) is 
presentt throughout the zone, locally with high percentages (above 5%). Secaie 
increasess at the start of the subzone, where it reaches approximately 4%, but shows 
loww values in the upper 15 cm of the core. The curve of Centaurea cyanus follows 
thatt of Secaie: it appears at the bottom of the subzone and it is absent at the top. 
Poaceae,, Plantago lanceolata and Rumex acetosella type attain high percentages. 
AbiesAbies decreases to values usually lower than I %. Fagus decreases in the lower part of 
thee zone and its percentages fluctuate but remain relatively low, never going above 
5%.. The representation of both Abies and Fagus tends to be very reduced towards the 
presentt time. Picea shows an increasing trend, but its percentages oscillate towards 
thee top of the subzone. Pinus and Salix are fluctuating, but they are generally well 
representedd in comparison to the other subzones; 

3.55 Zonation of local vegetation succession 

ZoneZone /(130 cm - 88.5 cm; ca. 2175 - 870 ca! BC) 
Thee Sphagna are well represented but show strong fluctuations (Figure 3.6). S. 
magellanicummagellanicum and S. sect. Acutifolia are the main peat constituents. S. section 
CuspidataCuspidata is sporadically present. The sample at 130 cm depth is constituted mainly 
off  Drepanocladus. This moss, indicating a higher trophic level than Sphagnum 
species,, shows up again in the upper part of the sequence (zones V, VI and VII) . The 
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totall  percentage of vegetative remains of Cyperaceae oscillates around 30%; the main 
componentss are Carex limosa rootlets and Eriophorum vaginatum. The vegetative 
remainss of Cyperaceae that could not be identified with certainty, were assigned to 
thee category of "not-identified Cyperaceae". The volume percentages of Ericales are 
usuallyy not higher than 20%. Branches of Ericales are present (ca. 5% in volume). 
Apartt from a few Oxycoccos branches at 123 and 122 cm depth, the remaining part 
wass not well preserved and could not be further identified. Ericales leaves are more 
abundantt in the lower part of the zone, where they attain up to ca. 20%. Vaccinium 
leavess are the most represented, and leaves of Andromeda polifolia, Oxycoccos 
palustrispalustris and cf. Empetrum also occur. Andromeda seeds were recovered from levels 
inn the lower and upper part of the zone. The percentages of Ericales rootlets oscillate 
upp to a maximum of 30%. Pinus periderm (outer cell layer of roots) occurs in the 
middlee part of the zone and is locally abundant; nevertheless it is not possible to 
reconstructt from which level the pine roots penetrated. Head capsules of larvae of 
PrionoceraPrionocera are present in the lower part of the zone. Cailidina is present in the upper 
part.. As the loricae of Cailidina are approximately 145 jam long and up to 75 ^m 
wide,, thus smaller than the mesh of the sieve we used (100 pirn), we presume that 
mostt specimens passed through the sieve and could not be recorded during the 
macrofossill  analysis. As a consequence, the record of Cailidina angusticollis in the 
macrofossill  diagram does not show the true representation of the species. In the 
discussionn of the results we therefore refer only to the Cailidina record in the 
microfossill  diagram, In the local microfossil record (Figure 3.5), a phase of high 
AmphitremaAmphitrema flavum - a Thecamoeba living on a relatively wet bog environment - in 
thee upper part of the zone corresponds to an increase in Cailidina angusticollis, both 
taxaa indicating an increase in local humidity. 

ZoneZone 11 (88.5 cm - 78.5 cm depth; ca. 869 - 639 cal BC) 
Thiss zone is characterised by increasing and high percentages attained by Sphagna 
(upp to 90% in volume) and especially by a shift in Sphagnum species composition. 
Thee predominantly aquatic Sphagna of the section Cuspidata - only sporadically 
presentt in zone I - suddenly become important peat formers, besides S. magellanicum 
andd S. section Acutifolia. In the lowest sample (88 cm depth. 858 cal BC), Sphagnum 
sectionn Cuspidata is the only Sphagnum section present. Cyperaceae macrofossils are 
veryy scarce in zone II, and only in the lower samples Cyperaceae attain ca. 20-25%. 
Ericaless macrofossils show a similar distribution to Cyperaceae: their percentages are 
usuallyy low, except for the levels at 89 and 88 cm depth, where the Ericales are 
abundant.. Apart from rootlets and roots, leaves of Vaccinium spec, Oxvcoccos 
palustris,palustris, Andromeda polifolia and cf. Empetrum occur. Seeds of Andromeda 
polifoliapolifolia were also recorded. 
Inn contrast with the macrofossil record, pollen percentages of Ericales are generally 
highh in this zone. Therefore, the increase was possibly due to pollen produced by 
Ericaless growing in the subalpine vegetation and not by Ericales from the local bog. 
Ericaless increase at ca. 829 cal BC (87 cm depth) and they decrease at the end of the 
zone,, at ca. 676 cal BC (80 cm depth). Scattered grains of Drosera occur in 
correspondencee with the maxima of Ericales. At approximately 780 cal BC (85 cm 
depth)) the Thecamoeba Amphitrema flavum, an indicator of local humid and 
oligotrophicc conditions, strongly increases, reaching its maximum value at ca. 695 cal 
BCC (81 cm depth). Also Type 35, typical of meso-oligotrophic. wet conditions occurs 
inn this zone. The fungal spore of the Type 3A. an indicator of local relatively dry 
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conditions,, decreases at the base of the zone and either is absent, or attains only 
relativelyy low percentages. 

ZoneZone III  (78.5 cm - 61.5 cm depth; ca. 639 - 60 cal BC) 
Thee volume percentages of the Sphagna oscillate and tend to be lower than in the 
previouss zone. Sphagnum sect. Cuspidata is more abundant in the lower part of zone 
IIII  and it usually shows a low frequency or is even absent in the upper part. Not-
identifiedd Cyperaceae are present in the whole zone, with percentages around 20%. 
EriophorumEriophorum vaginatum remains are more abundant in the upper part. 
Ann increase in Ericales pollen percentages, possibly due to regional vegetation similar 
too the increase recorded in zone N, is recorded at ca. 376 cal BC (71 cm depth).. Pollen 
off  Drosera occurs. At 480 cal BC (75 cm depth) A. flavum increases again and has a 
maximumm at ca. 460 cal BC (74 cm depth). Other, minor phases of increase are 
recordedd at ca. 335 cal BC (70 cm depth), and at ca. 216 cal BC (65 cm depth). 
Scatteredd spermatophores of Copepoda occur in the centre of the zone and become 
moree abundant at its top; they indicate the presence of, at least temporary, open water. 

ZoneZone IV (61.5 cm - 53.5 cm depth; ca. 60 cal BC - 399 cal AD) 
Thiss zone is characterised by a gradual shift of peat forming plants, from 
predominantlyy Sphagna to Cyperaceae. Eriophorum vaginatum and not-identified 
Cyperaceaee are present in the whole zone, while Carex limosa roots occur in the 
upperr part. Carex seeds are also present. Ericales rootlets and roots display a 
decreasingg trend. Ericales branches were also occasionally found. Leaves of 
VacciniumVaccinium sp„ Andromeda, Oxycoccos palustris and unidentified Ericales leaves, and 
seedss of Andromeda are present. Sphagnum magellanicum attains 15 to 30%, but in 
onee level it reaches 50%. Sphagnum sect. Cuspidata and sect. Acutifolia occur 
sporadically.. Spermatophores of Copepoda indicate relatively wet local conditions. 

ZoneZone V (53.5 cm-43.5 cm depth; ca. 399-651 cal AD) 
Peatt is constituted mainly of Cyperaceae, their volume varying from ca. 40% to 90%. 
CarexCarex limosa and rootlets and seeds of Carex species occur. Eriophorum is present 
onlyy in the upper part of the zone. Sphagna show a relatively low representation, not 
higherr than 30%', and Drepanocladus fluitans reaches up to approximately 40%. 
Ericaless are absent or, if present, they have very low percentages. Needles of Pinus 
mugo,mugo, present in low frequency at the base of the zone, increase in the upper part. 
Copepodaa and Amphitrema flavum, indicators for local wet conditions, are absent or 
veryy scarce, while the fungus Type 24. indicator for dry conditions was found. 

ZoneZone VI (43.5 cm -28.5 cm depth; ca. 651- 1243 ca! AD) 
Thee zone starts with high Sphagnum values, but in the upper part the total volume of 
SphagnumSphagnum species shows a decrease; a shift is observed from S. sect. Cuspidata, well 
establishedd at the base and in the middle of the zone, to S. magellanicum. Towards the 
topp of the zone, the latter disappears while Cyperaceae increase. Apart from a few 
leavess occurring at the base of the zone, Drepanocladus fluiians is absent. Scattered 
needless of Pinus mugo have been found. Amphitrema jlavum. an indicator for local 
moistt conditions, is well represented. Copepoda are also present. At 30 cm depth, a 
singlee spore of Neurospora (T. 55C) was observed. The spores of this fungus only 
germinatee after having been subjected to moist heat (van Geel, 1978; Shear and 
Dodge,, 1927) and they mainly indicate occurrence of fire. The occurrence of the 
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sporee may be related to the beginning of strong human impact and deforestation (see 
Figuree 3.2: pollen diagram of regional elements). 

ZoneZone VII (28.5 cm - 0 cm depth; ca. 1243 - 1996 cal AD) 
Considerablee fluctuations in peat composition (Carex limosa, Eriophorum vaginatum, 
DrepanocladusDrepanocladus fluitans, Amblystegiaceae and Sphagnum) are observed. In the lower 
partt of the zone, Drepanocladus occurs and it is substituted upwards by S. section 
CuspidataCuspidata and, later, by Amblystegiaceae and by S. section Acutifolia. The presence 
off  Carex limosa. Drepanocladus fluitans and other Amblystegiaceae indicates an 
increasee of available nutrients, possibly related to human impact (see the pollen 
diagramm of regional elements in Figure 3.2 and the section on human impact). Ericales 
increasee in correspondence with Sphagna. Leaves of Vaccinium and Andromeda are 
abundantt in the upper part of the zone. 
Thee pollen of Cyperaceae shows extremely high values (up to ca. 150%) between ca. 
19122 and 1941 cal AD (21 - 14 cm depth). The low representation of Amphitrema 

flavumflavum (indicator of ombrotrophic conditions) may be related an increased nutrient 
level.. Spores of the coprophilous fungus Sporormiella are present. Worth mentioning 
iss the occurrence of Arcella in the upper half of the zone, which might also be related 
too increased trophic conditions. 

LossLoss on ignition and carbon/nitrogen analysis 
Thee results of loss on ignition (LOI) and of carbon/nitrogen analysis (C/N) are 
presentedd in Figure 3.7, Although both analyses represent the local situation, for the 
descriptionn of the results of LOI and C/N analysis it is more convenient to use the 
zonationn of the regional microfossil diagram. 
LOII  is relatively constant around values of 99% in the whole zone A. A slight 
decreasee of LOI values (input of some inorganic material after inundation?) occurs at 
thee border between subzone A-l and A-2 (samples 89 and 88; ca. 865 cal BC), in 
correspondencee with the local and regional changes occurring at the Subboreal-
Subatlanticc transition (see paragraph on climatic deterioration around ca. 850 cal BC). 
Inn zone B-l, LOI decreases to approximately 91%; in subzone B-2 it increases 
slightlyy and decreases again in subzone B-3. The LOI fluctuations observed in zone B 
correspondd well to the human impact pattern and are probably related to the input of 
soill  dust. The upper eleven samples display an increasing trend of LOI values, a 
featuree most likely determined by the not yet complete realisation of decomposition 
processes.. The carbon/nitrogen ratio shows quite strong fluctuations and corresponds 
withh the ratio between the estimated volumes of Sphagna and Cyperaceae (Figure 
3.10). . 
Sampless rich in Sphagnum show a high C/N ratio, while samples with a high 
representationn of Cyperaceae tend to display a low C/N ratio. In peat deposits changes 
off  the C/N ratio reflect the processes of decay (Kuhry and Vitt, 1996), such as degree 
off  peat decomposition and related water table fluctuations. In the present study, layers 
withh high Sphagnum volume percentages were usually well preserved (high C/N 
ratio),, while remains of Sphagna, present in layers rich in Cyperaceae, were often 
moree decomposed (better preservation of Cyperaceae remains compared to 
Sphagnum).Sphagnum). If decomposition is low. Sphagnum is well preserved and the 
carbonn nitrogen ratio is high, white if decomposition is high. Sphagnum is degraded 
fasterr than Cyperaceae remains. The latter tend to increase in relative volume. The 
loww C/N ratio in correspondence with high Cyperaceae and low Sphagnum volumes 
inn the peat can be attributed to an original difference in C/N ratio in Sphagna and 
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Cyperaceae.. The original ratio in Cyperaceae and Sphagna would be subsequently 
modifiedd by the degree of decay and the differential enrichment of nitrogen in the 
catotelm. . 

FigureFigure 3.10 Comparison between fluctuations of the C/N ratio and peat composition in 
thethe Pancavskd Louka sequence. 

3.66 Discussion 

Time-control Time-control 
Afterr combining the WMD results and the palaeoecological data, we observed a 
discrepancyy around the level at 88 cm depth, because the influx curve of the pollen 
summ elements, derived from the calendar ages attributed by the WMD strategy, 
displayedd a very high value for sample 88. which is not supported by the peat 
compositionn data (sample not strongly decomposed). The high influx in sample 88 
appearedd to be an artefact of WMD. The wiggle-match program determines the 
positionn of a sample on the calendar time-scale as a linear function of the distance 
betweenn contiguous samples in the WMD file (Speranza et at.. 2000b: chapter 2 of 
thiss thesis). In assessing the best match of the dataset with the wiggles of the 
calibrationn curve, the core group of dates has usually more effect on the match than 
thee youngest or oldest dates. As a consequence, the age of the level at 88 cm depth -
thee upper sample of the WMD file - was too uncertain, and therefore linear 
interpolationn between the WMD ages of the levels 86 and 90 was performed. 
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RegionalRegional and local vegetation development, climatic changes and human impact 
(Figuress 3.2-3.6) 
Inn the discussion of the palaeoecological results, the regional microfossil zonation 
wil ll  be used. 

ZoneZone A 
SubzoneSubzone A-1 (130 cm - 88.5 cm depth; ca. 2(75- 870 cat BC) 
Att the base of this subzone an expansion of Abies corresponds with a decrease of 
Picea.Picea. According to Rybnicek and Rybnickova (1994) during this period Abies partly 
replacedd Picea in the uplands. The relative stability recorded in the pollen diagram, 
andd the high representation of thermophilous taxa {Corylus, Tilia and Ulmus), indicate 
thatt during this period climatic conditions were possibly stable and relatively warm. 
Thee base of the subzone A-l at ca. 2174 cal BC is characterised by relatively wet 
locall  conditions, as indicated by the peat composition (predominantly Sphagnum; 
presencee of Prionocera larvae). As a consequence of fast growing Sphagnum peat, 
pollenn concentrations are relatively low. A drier phase occurred between 113 cm 
depthh (1672 cal BC) and 106 cm depth (1301 cal BC). Sphagna are in this interval 
relativelyy scarce, S. sect. Acutifolia prevails whilst S, magellanicum is less abundant, 
andd the volume percentage of not-identified material is relatively high, possibly due to 
aa relatively high peat decomposition rate. The absence of Amphitrema flavum and 
PrionoceraPrionocera might also point to drier local conditions. Moister conditions characterise 
thee upper part of the subzone, from 105 to 89 cm depth. 
AA temporary decrease in Corylus, Ulmus and Tilia recorded between 97 cm and 94 
cmm depth (1018 cal BC - 989 cal BC) is possibly related to a short, relatively cool and 
wett episode. Such a change is also reflected in the local peat sequence, with an 
increasee of the peat-forming Sphagna and the occurrence of a maximum of S. sect. 
CuspidataCuspidata (ca. 50% of peat volume) at the end of this phase. Comparable evidence for 
aa temporary climatic shift during the eleventh century BC was found by Aaby (1976) 
inn the Draved Mose sequence in Denmark, as a shift from dark, more humified, to 
light,, less humified peat, and by van Geel (1978) as one of the wetter episodes during 
thee later part of the Subboreal (Engbertsdijksveen, The Netherlands). 
Thee event recorded at 91 cm depth (940 cal BC), characterised by an increase of 
BetulaBetula and Poaceae, and an abrupt decline of Pinus and, to a lesser degree, Picea, 
couldd not be given a clear interpretation in terms of regional changes. However, a 
contemporaryy increase in charred particles could be the result of fires: the conifers 
wouldd have burnt easily and given space to the recolonising Betula, Salix, grasses, 
herbss and ferns (an increase was recorded in monolete psilate fern spores, from less 
thann 2% before the disturbance, to more than 4% at 91 cm depth). 

SubzoneSubzone A-2 (88.5 cm - 58.5 cm depth; ca. 870 cat BC - 160 cal AD) 
Coolingg The onset of a climatic deterioration is observed at 88 cm depth (858 
call  BC). The decrease of thermophilous taxa - Corylus, Tilia and Ulmus - is 
interpretedd as the effect of a lowering of temperature. The cooling triggered a shift of 
thee vegetation belts to lower altitudes: Pinus expanded in the mountain vegetation 
belt,, while Picea had a lower resistance against late spring frost. Both Pinus mugo 
(thee pine present at the forest limi t in the Giant Mountains) and Picea abies have 
similar,, high tolerance to winter low temperatures {-36°C to -38°C for Picea abies, -
35°CC for Pinus mugo: Ulmer, 1937; Pisek and Schiessl, 1946) and they are not likely 
too be damaged in winter (Tranquillini, 1979). Frost resistance becomes lower during 
thee summer when newly formed needles and shoots are still undeveloped, especially 
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inn Picea that has an early bud-break (Tranquillini, 1979). Although late frost usually 
doess not kill the tree, but determines the Krummholz growth deformation (Daniker, 
1923),, it would have decreased the competitiveness of Picea at the forest line during a 
coldd spell. The decreasing Picea percentages at the beginning of subzone A-2 may 
reflectt the lowering of the Picea forest-line. The increases of Ericales pollen at ca. 
8299 and at 376 cal BC (respectively 87 and 71 cm depth) was not due to local 
Ericales,Ericales, as it was not corresponding to an increase in Ericales macrofossils. Most 
likelyy the Ericales in the subalpine vegetation belt spread, reflecting a lowering of the 
mountainn forest limit and expansion of the subalpine vegetation to lower altitudes, in 
responsee to a cold spell. The increase of Picea at around 81 cm {ca. 697 cal BC) and 
thee contemporaneous decline of Abies, may reflect the expansion of Picea at its lower 
distributionn limit, where it could outcornpete Abies and deciduous taxa. The changes 
occurringg between ca. 850 and ca. 300 cal BC at the tree- and forest-line and those 
involvingg thermophilous taxa in the valleys are most conspicuously recorded in the 
sequence.. Evidently, trees settled at their distribution limit (tree line and forest line) 
aree more sensitive in their response to climatic deteriorations. At lower altitudes, it is 
mostt likely that only taxa having a narrow tolerance to low temperature were strongly 
reduced,, while taxa with a broader tolerance might have lowered their upper 
distributionn limit only. 
Thee temperature drop must have had major effects on the composition of various 
vegetationn types. Some taxa had their distribution reduced after the cold phase 
(Corylus,(Corylus, Tilia, Ulmus), while others could expand (Pinus, Artemisia. Ericales) or 
shiftt to lower altitudes (Picea, possibly Abies). Readjustments to new equilibria 
occurredd during the persistence of the cooling and especially when the climate went 
backk to pre-deterioration conditions. That might explain the fluctuations observed in 
somee curves (i.e. Abies, Ulmus, Corylus). 
AA recovery of vegetation is observed in the upper part of the subzone: Betula 
maintainss relatively high values until approximately 61 cm depth (ca. 23 cal BC), and 
subsequentlyy it shows a steady, constant decrease. Poaceae and Artemisia attain very 
loww percentages. Pinus pollen percentages increase until 59 cm depth (123 cal AD). 
Highh Pinus percentages persist long after the end of the climatic deterioration. This 
phenomenonn might depend on the presence of young individuals of Pinus, which 
duringg the cool phase had settled in sites that were abandoned by other tree taxa (i.e. 
Picea,Picea, Abies) and which persisted after the recovery of climate. In the period of 
warmingg after the climatic deterioration, the abandoned areas at the forest limit could 
bee recolonised by Picea or Fagus immediately only if no other tree species were 
present,, or after the death of the trees occupying that area. 
Wett shift In spite of the difficulties in discerning a temperature signal from a 
locall  humidity signal in palaeoenvironmental data - complicated also by the 
dependencee of effective precipitation on temperature - a signal of local humidity 
changess was provided by local taxa, both micro- and macrofossils. In local zone II, 
fromm ca. 869 cal BC on, and in the first part of the local zone III . until ca. 416 cal BC, 
thee wet-growing Sphagnum sect. Cuspidata was an important peat forming element, 
andd Cyperaceae and Ericales show low values. Leaves of Oxycoccospalustris and 
seedss of Andromeda polifolia, both relatively wet-indicating Ericaceae, were found in 
zonee II, the latter also in zone 111. Among the local microfossils, the curve of 
AmphitremaAmphitrema flavum also points to wetter condition on the bog surface. 
Thee shift to cooler and wetter conditions occurred in correspondence with the sharp 
increasee of AUC in the atmosphere around 850 cal BC. This increase was induced by a 
decreasee in solar activity and related increase in cosmic ray intensity. The relation 
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betweenn the observed episodes of climatic deterioration and the decreases in solar 
activityy will be extensively discussed later in this paper. 

SubzoneSubzone A-3 (58.5 cm - 30.5 cm depth; ca. 160 cal AD - 1068 cal AD) 
Afterr the climatic deterioration observed in subzone A-2, the vegetation settled to a 
neww equilibrium. The reduction observed in the representation of the pioneers Pinus 
andd Betula, and the increase in Picea, Abies and Fagus reflects the recolonization by 
mountainn forest taxa of the areas left during the cool and wet phases. 
Twoo phases of decrease in Abies contemporaneous with the increase in Betula were 
recorded.. The first decline occurred at 54 cm depth (376 cal AD), and was preceeded 
byy an increase of Fagus. The observed changes may have been the result of an 
expansionn of Fagus both in the lower and upper mountain forest. An increase in 
BetulaBetula and a slight increase of Artemisia are also recorded. The macrofossil record 
(Figuree 3.6) shows that locally Drepanocladus becomes a major peat constituent in 
thee middle of the subzone, and Carex limosa rootlets, present in very low percentages 
fromm the base of this subzone, increase to approximately 30% in volume. Probably 
CarexCarex limosa and Drepanocladus settled contemporaneously (and Carex roots 
penetratedd to lower levels) as they are part of the same association Sphagno dusenii-
CaricetumCaricetum limosae (Rudolph et al., 1928; Hadac and Vana, 1967), reflecting less 
oligotrophicc conditions. We cannot tor the moment assign the recorded increase of 
availablee nutrients to local dynamics of the bog vegetation, or to an external cause 
(climaticc change or human impact). Human impact can be excluded as a cause for the 
changee because in the pollen diagram no evidence for human activity was recorded. 
Thee contemporaneous change in peat composition and increased accumulation rate 
andd also the relatively low C/N ratio, may point to increased surface wetness of the 
bog.. However, the occurrence of Pinus needles may indicate the occurrence of drier 
conditionss or of an increase in nutrients, which would fit with the occurrence of 
Drepanocladus.Drepanocladus. The shift from Sphagnum to Drepanocladus might have been 
preceededd by a phase of relatively drier conditions, which also might have induced a 
decreasee in Abies. Dryness would have caused a lowering of the water-table, and 
enhancedd peat oxidation, leading to the liberation of more nutrients and thus to an 
increasee in the local trophic conditions. A higher availability of nutrients was more 
favourablee to Drepanocladus and Carex limosa, which replaced the oligotrophic 
Sphagna.Sphagna. The increase in accumulation rate appears to be linked to the presence of 
DrepanocladusDrepanocladus as a main peat constituent and the higher accumulation rate is linked 
withh low C/N ratios as the aerobic decomposition would have been of short duration. 
Thee decrease in Drepanocladus and its disappearance correspond, regionally, to a 
phasee of Abies increase and, locally, to an increase in S. section Cuspidata and to high 
valuess of Amphitrema flavum, pointing to a decline in available nutrients. Both the 
AbiesAbies rise and the more ombrotrophic conditions on the bog surface may point to 
higherr air humidity and rainfall. We realise that the above-mentioned possible link 
betweenn local bog succession and forest development contains a speculative element. 
Thee second Abies decline took place around 795 cal AD (38 cm depth), 
contemporaneouslyy with an increase of Betula, but no correspondence with the local 
bogg succession could be detected. 

ZoneZone B 
SubzoneSubzone B-l (30.5 cm - 26.5 cm depth; ca. 1068 - 1423 cal AD) 
Att 30 cm depth (ca. 1103 cal AD) the Cerealia type curve show a rise, marking the 
beginningg of intense human impact in the valleys of the Giant Mountains area. In the 
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samee level, an increase of wild grasses, Artemisia, Chenopodiaceae, Plantago 
lanceolatalanceolata and Rumex acetosella type occurs. Picea shows a temporary decrease, 
whilee at 29 cm depth (1190 cal AD) Abies percentages decrease from ca. 20% to ca. 
2%.. Percentage and influx values of Fagus remain constant during this phase of 
deforestation.. Either conifers were preferentially cut because their trunks (in contrast 
withh Fagus trunks) could float on the water, and thus could easily be transported on 
thee rivers, or Fagus was at first spared for its fruits and leaves which could be used as 
foodd and straw in cattlesheds. Another possibility is that in an open forest or in 
clearancess Fagus might produce more pollen than in a closed forest, and that a 
reducedd number of individuals growing in open forest could produce the same amount 
off  pollen as a greater number of trees in a closed forest. In correspondence with this 
firstfirst phase of human impact a decrease of LOI values (Figure 3.7) is recorded, caused 
mostt likely by the presence of open areas where soil dust could be blown out from the 
valleyss onto the bogs. 
Thee relatively high Corylus percentages (see also the influx curve) and the increase in 
SalixSalix show that both taxa could take advantage of the deforestation, at least in their 
pollenn production. Cotylus aveilana was possibly also spared for its nuts. 
Thee interpretation of the strong reduction of local Sphagna (Figure 3.6), as an effect 
off  human impact in the valleys is uncertain, but the sudden appearance of 
DrepanocladusDrepanocladus fluitans certainly points to increased trophic conditions of the bog 
surface.. However, human impact (e.g. a higher population density of domesticated 
herbivores)) as a cause for the appearance of Drepanocladus is not certain, because a 
similarr shift in local zone VI occurred in the absence of human impact. 
Thee simultaneity of shifts in the raised bog vegetation with the first phase of human 
impactt might be coincidental. On the other hand, the climatic conditions during the 
Medievall  Warm Epoch (1150-1300 cal AD in Central Europe; cf. Lamb, 1984; Bodri 
andd Cermak, 1997) might have caused changes in the local succession and created 
favourablee conditions for local farming communities to colonise the valleys of the 
Giantt Mountains. 

SubzoneSubzone B-2 (26.5 cm - 24.5 cm cm depth; 1423 cal AD - 1601 cal AD) 
AA partial recovery of forest vegetation is observed during this period. The first taxa to 
reactt are Pinus and Picea, while Abies increases more slowly and attains its maximum 
towardss the end of the subzone. The observed decrease of light-demanding Beiula, 
CorylusCorylus and Quercus could be related to a progressive closing of the forest by 
recoveringg Abies and Picea. The percentual decrease of herbaceaous taxa is in 
agreementt with the re-establishment of forest in this period. The temporary increase 
inn LOI values points to a lower soil dust influx in the bog, as a consequence of the 
reforestation.. Due to the very short period of recovery - less than 200 years before the 
onsett of the second human impact phase - the "natural" vegetation was not re-
established.. The forest succession remained in an early stage: Pinus and Picea were 
abundant,, while Abies and Fagus could not attain the pollen percentage values they 
hadd prior to the deforestation. The decrease of human impact indicators might have 
beenn induced by changing environmental conditions (i.e. climate) and by a change in 
socio-economicsocio-economic conditions. However, also plague epidemics occurred in Bohemia 
sincee the fourteenth century causing declines in population density (Maur. 1987) and 
relatedd recovery of forest. 
Inn case the decrease of human pressure on vegetation was climate-induced, the 
recoveryy of vegetation would also have been influenced by climate so that, most 
likely,, it would have led to the formation of assemblages different from the ones 
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existingg before the human impact. In case of a cooler period, for instance, Pinus 
wouldd be more competitive than Picea at the forest limit, and Picea would at least 
partiallyy replace Abies in the lower mountain area. Support for the hypothesis that 
climaticc change (start of the Littl e Ice Age; Spörer Minimum in solar activity) was the 
causee of the reduction of human impact may be found in local changes in the bog 
succession,, which could hardly be influenced by human activity in the valleys. We 
wonderr whether the sudden reappearance of Sphagnum magellanicum and Sphagnum 
sect.. Cuspidata represent an indication for climatic change to wetter conditions. Due 
too the high degree of disturbance on the regional vegetation, it is not possible to assess 
ann eventual contemporaneous decrease in temperature. The onset of this supposed 
episodee of climatic change occurred simultaneously to the increase of atmospheric 
At4CC starting at ca. 1390 cal AD (Figure 3.1 la) and related to the Spörer sunspot 
minimumm (ca. 1410 - 1534 AD); this episode of climatic change might be triggered 
byy the decrease in solar activity (Damon et a/., 1998). The relation between climatic 
change,, AI4C and solar activity as observed in the data from Pancavska Louka will be 
discussedd below. 

SubzoneSubzone B-3 (24.5 cm - 0 cm depth; ca. 1601 - 1996 cal AD) 
Att 24 cm depth (ca. 1645 cal AD), the increase of Cerealia type, Secale, and weeds 
andd the decrease recorded in the percentages of arboreal pollen, mark the beginning of 
aa second human impact phase. This phase lasted until the present time. It is 
characterisedd by the nearly complete elimination of Abies and Fagus stands while 
PiceaPicea was planted. The strong deforestation led to increased erosion, which is 
reflectedd in the sequence as a decrease of the LOI values due to an increase of wind-
blownn dust. The higher degree of competitiveness of Picea over Abies and Fagus in 
thiss period, can be explained by Picea's faster capacity of recovery after deforestation 
(Rybniëek,, 1990), and possibly also by the Littl e Ice Age climatic cooling, which 
mightt have resulted in an expansion of the cold-tolerant Picea (Rybmcek, 1990). The 
factt that Picea has been planted in the Giant Mountain since the eighteenth century 
(Firbass and Losert, 1949) explains for most recent times its predominance in the 
upperr and lower mountain vegetation belts. An increase in Pinus and Cyperaceae, 
alsoo recorded at Pancavska Louka by Huttemann and Bortenschlager (1987; cf. data 
off  Pantschewiese, the German name of Pancavska Louka), may point to drier soil 
conditionss in the subalpinc area as result of drainage of the bogs. 

3.77 Climati c deterioration around ca. 850 cal BC and 1400 cal AD in relation to 
periodss of low solar  activity 

Thee record of micro and macrofossils in the Pancavska Louka core shows phases of 
coolerr and wetter climatic conditions, occurring in correspondence with sharp 
increasess in AUC. Holocene atmospheric radiocarbon fluctuations are mainly caused 
byy changes in solar activity (Stuiver, 1965; 1980; Stuiver and Braziunas. 1989; 
Stuiverr and Quay, 1980; Stuiver et ai, 1991). The solar wind acts as a magnetic 
shield,shield, which modulates the penetration of cosmic rays in the higher atmosphere. 
There,, neutrons produced by cosmic ray flux, react with nitrogen nuclei to form UC. 
Changess in solar wind induce fluctuations in cosmic ray intensities, and consequently, 
inn the quantities of radiocarbon produced (Stuiver and Quay, 1980). Sharp increases 
off  MC, like those starting at approximately 850 cal BC and 1400 cal AD, were caused 
byy decreases in solar activity. However, can relatively small changes in solar activity 
havee a forcing effect on climate? Orbital forcing of climatic change on the long time-
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scaless (IO3 to 105 years) of Milankovitch's cycles is generally accepted. It is based on 
thee variation of received solar energy per unit area of the Earth's surface, which varies 
duee to changes in the Earth's astronomical parameters (Hays et aL, 1976; Berger, 
1988).. However, the existence of short-term (lO'-lO1 years) solar forcing, caused by 
changess in solar activity, is still debated (cf. Chambers et aL, 1999). The amplifying 
mechanismss for solar forcing of climate and climate change are not yet completely 
known,, due to incomplete understanding of atmospheric processes. Probably, changes 
inn qualitative and quantitative output of the sun do trigger changes in the physical and 
chemicall  properties of the atmosphere (cf.: van Geel and Renssen, 1989; Svensmark 
andd Friis-Christensen, 1997; Haigh, 19%; 1999; Labitzke and van Loon, 1988; 1989; 
Pudovkinn and Veretenenko, 19%; Raspopov el aL, 1997a; 1997b; Veretenenko and 
Pudovkin,, 1999). 
Solarr forcing of climate change can be detected in different proxy data: peat bogs 
(Blackfordd and Chambers, 1995; Chambers et aL, 1997; 1999; Kilian et aL, 1995; van 
Geell  et at., 19%; 1998), lake levels fluctuations (Magny, 1993) and ice cores (Beer et 
aL,aL, 1994; Ram and Stolz, 1999; Ram et aL, 1999). A main constraint in precisely 
relatingg an episode of climatic change (as reflected in the geological record) to a 
changee in solar activity is the general lack of precision in dating (Chambers et aL, 
1999).. In the present study, the application of the '4C wiggle-match dating strategy 
(vann Geel and Mook, 1989; Kilian et aL, 1995) provided a high degree of accuracy 
andd precision in dating the events recorded in the peat archive. Thanks to this 
strategy,, we could accurately compare the record of micro and macrofossils with 
A14C,, which is a proxy of solar activity (Stuiver and Quay, 1980). 

EvidenceEvidence for solar forcing of climate change in the Pancavskd Louka record 
Ass seen in the previous chapters, the micro- and macrofossil records from the 
Pancavskéé Louka sequence indicate the occurrence of climatic deterioration at 
approximatelyy 850 cal BC and 1400 cal AD. To assess whether solar forcing of 
climatee change occurred, a comparison between the climate-proxy curves and the 
curvee of A'4C was made (Figure 3.1 la and b). 
Thee changes in local peat forming vegetation correspond very well to the sharp rise in 
thee A^C curve after ca. 850 cat BC: the wet-growing Sphagna of section Cuspidata 
suddenlyy appear and become an important element of the peat forming vegetation. 
Thee curves of regional forest elements also show changes in correspondence with the 
sharpp radiocarbon rise around approximately 850 cal BC. A correspondence is 
observedd between the sharp rise of the A,4C curve and the decline of the pollen curves 
off  Cory lus, Tilia and Ulmus. These tree taxa are sensitive to low temperatures, 
thereforee their reduction is interpreted as an indication for a cooling phase. The curve 
off  Ericales pollen corresponds closely with the fluctuations of the A l4C curve. It 
reachess its maximum value at ca. 829 cal BC and maintains high percentages until ca. 
7200 cal BC. In correspondence with the second main increase of AI4C (ca. 414 - 334 
call  BC), the Ericales curve also increases (at ca. 376 cal BC). As already mentioned, 
thesee two episodes of increased Ericales pollen most likely reflect an expansion of the 
subalpinee vegetation to lower altitudes. A slight reduction of P'tcea in correspondence 
too the increases in Ericales pollen points to a lowering of the forest limit. Between ca. 
13800 cal AD (27 cm depth) and 1465 cal AD (26 cm depth; start of regional subzone 
B-2),, an increase in Sphagnum magellanicum and S. sect. Cuspidata occurred (Figure 
3.11 la), which point to the onset of wetter local conditions. 
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FigureFigure 3.11a Comparison between the curve of the solar activity proxy A,4C with climate 
proxiesproxies among the recorded fossils in the Pancavskd Louka sequence for the Little Ice Age. 
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FigureFigure 3.lib Comparison between the curve of the solar activity proxv A,'4C with climate 
proxiesproxies among the recorded fossils in the Pancavskd Louka sequence for the Subboreal-
Subatlant'u'Subatlant'u' transiton. 
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Thee recognition of a climate signal in the regional vegetation record is unfortunately 
complicatedd for this period, because of the strong effects of human impact. Pinus 
increasedd to over 40% of the pollen sum, and the increases of Picea and Abies reflect 
aa decrease of human impact and tree regeneration following deforestation. It is 
uncertainn to what degree the observed changes are due to climate change. A decline of 
CorylusCorylus (from ca. 5-6% to less than 1.5%) occurred between approximately 1380 cal 
ADD (27 cm depth) and 1465 cal AD (26 cm depth). This sharp decline was most likely 
ann effect of the recovery of forest vegetation: the increase of tree representation 
causedd a reduction in the amount of light reaching the ground, which prevented the 
growthh of light-demanding taxa such as Corylus. However, a temperature decrease 
mightt also have played a role in the Corylus decline. The decline of Corylus is 
possiblyy so sharp because of the combined effect of reduced light (due to forest 
recovery)) and lower temperatures. Salix, another light-demanding taxon, increases in 
subzonee B-2, possibly because it is favoured by low temperatures. The local increase 
off  Sphagna, and the regional decrease of Corylus and the increase of Salix were 
contemporaneouss with the increase in atmospheric l4C related to the Spörer sunspot 
minimum. . 
Inn the two periods, the good correspondence found between the start of the indicators 
off  wet or cool climatic conditions and reduced solar activity (as reflected by sharply 
risingg AUC) supports the hypothesis that a temporarily decreased solar activity 
triggeredd climate change. 

3.88 Geochemical analyses 

Att the base of the sequence {216.5 cm depth; not shown in Figure 3.8), high values 
aree recorded for many elements: scandium, vanadium, chromium, nickel, gallium, 
rubidium,, yttrium, lead. Such a feature is normally encountered at the base of bog 
deposits,, and it is related to very low accumulation rates, and possibly also to the 
presencee of residuals of minerals from the rocky substrate. A rise in lead content was 
recordedd at 60 cm depth, corresponding approximately to the first century AD (Figure 
3.8,, inserted in a folder at the end of this book). This lead enrichment is a feature 
occurringg in many deposits in Europe (Shotyk, 1998), caused by large-scale metal 
extractionn during Roman times. A general increase of all elements occurred with the 
beginningg of human impact in the area: a first slight increase of zinc and lead 
occurredd at 40 cm depth, approximately in the eighth century AD, possibly linked to 
thee first extraction of metals in the area of the Giant Mountains. At 31 cm depth, in 
thee eleventh century AD, an increase is recorded in scandium, vanadium, zinc, 
gallium,, arsenic, cadmium, barium, and lead. Possibly it was caused by the mining 
activitiess of people during the first main human impact phase in the mountain area 
(eleventhh - twelfth century AD). The concentrations of metals further increase 
towardss the top of the sequence. The phase of decrease of human impact (subzone B-
2)) is not recorded in the geochemical data but that might depend on the large (10 cm) 
samplee distance: decreased human impact occurred between 30 and 20 cm depth, so it 
mightt not have been recorded either in sample 30 and 20. The highest values for most 
elementss (brought by wind and clouds as condensation nuclei) are reached at 10 cm 
depthh and correspond to the twentieth century. They reflect the very high pollution 
levelss present in the surrounding areas (Czech Republic, Germany, Poland). 
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3.99 Human impact 

Thee record of scattered grains of Cerealia type and Secale from the start of the studied 
sequencesequence (ca. 2175 cal BC) indicates the continuous presence of farmers in the 
distance,, possibly in Silesia and in the Bohemian Basin, respectively to the North and 
thee South of the Giant Mountains. Geochemical analyses (Figure 3.8) show an 
increasee of zinc, arsenic and lead already in the eighth century AD and possibly 
indicatedd a first marginal use of mines in the Giant Mountains. This feature is in 
agreementt with a phase of human impact recorded at the nearby site of Cerna Hora 
(11900 m) between the seventh and the ninth century AD (Speranza el a/., 2000a: 
chapterr 5 of this thesis). This phase corresponds to the settlements of Slavic 
populationss in Bohemia. 
Thee phases of intense human impact as recorded in Pancavska Louka sequence - first 
phasee in the eleventh century, major increase during the seventeenth century -
correspondss well with what is known from historical sources. During the first phase 
off  colonisation of the Giant Mountains area, the magnitude of deforestation was 
alreadyy high. 
Thee phase of temporary decrease in human impact (subzone B-2, ca. 1420 cal AD to 
16000 cal AD) is contemporaneous with a climatic change to wetter and most likely 
coolerr conditions. This started during an increase of  MC (Sporer minimum of solar 
activity;; Littl e Ice Age). On the other hand, the rise of forest elements during the 
secondd half of the fourteenth and the begin of the fifteenth century AD may reflect the 
ratherr frequent occurrence of plague epidemics which determined the start of a 
demographicc and socio-economic crisis between 1360 and 1370 AD (cf. Maur, 1987). 
Whichh was the factor determining the decrease of human impact recorded in subzone 
B-2?? Possibly both the plague and climatic deterioration induced a decrease of human 
impactt on the natural vegetation. 
Duringg the sixteenth - seventeenth century the colonisation of the plateau, with the 
introductionn of the Baudenwirisehaft, is reported in historical sources. In the diagram, 
evidencee for this mountain agriculture (i.e. Pinus increase on the plateau, Cyperaceae 
increasee in the bog vegetation; both of those features may possibly be determined by 
drainagee of the bogs for the creation of pastures) occur in correspondence with the 
secondd human impact phase. The curve of Sporormiella. a coprophilous fungus, 
mightt indicate the presence of grazing domesticated animals. However, we cannot 
excludee a role of wild animals such as red deer (Cervus elaphus) and roe deer 
(Capreolus(Capreolus capreolus). 
Thee pollen data indicate that the current arboreal vegetation is dominated by Pinus 
andd Picea, in agreement with what is observed in the area. Abies and Fagus, before 
humann impact the main elements of lower mountain and - together with Picea - upper 
mountainn vegetation, are very scarce in the upper samples, and this reflects their low 
representationn in the present day vegetation. 

3.100 Conclusions 

Betweenn 2175 cal BC and 1068 cal AD, the vegetation as recorded in the Pancavska 
Loukaa sequence was characterised by relatively stable conditions. However, episodes 
off  climatic change occurred atca. 850 cal BC and 1400 cal AD, which determined the 
occurrencee of main changes both in local bog vegetation and in regional forest 
succession.. These climatic changes were triggered by the onset of minima in solar 
activityy (sharp increases of AUC). An essential element for a comparison between the 
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curvess of climate indicators and AI4C was a precise time-control. A high degree of 
datingg precision was accomplished with the application of the wiggle-match dating 
strategy. . 
Humann impact became a major factor during the second half of the eleventh century 
AD.. This Medieval and later human impact is in agreement with historical sources. A 
decreasee of human impact occurred in the fifteenth - sixteenth century AD, probably 
ass a consequence of climatic deterioration and/or an outburst of plague. A second 
phasee of human impact started in the sixteenth - seventeenth century AD and went on 
untill  the present time. 
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