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6 6 
LATE-HOLOCEN EE HUMA N IMPAC T IN THE GIAN T 
MOUNTAIN SS (CZECH REPUBLIC) : PALYNOLOGICA L 
EVIDENCEE FROM THREE SITES 

Abstract::  Palaeoecological analyses of three peat sequences from the Giani Mountains in Czech 
Republicc show the patterns of human impact on the vegetation during late-Holocene. The sequence of 
Cerndd Hora. located at 1190 m in the montane forest, recorded a first episode of human impact between 
thee seventh and the beginning of the tenth century AD. and a second phase of human impact which 
startedd at the beginning of the twelfth century AD. The other two sequences, Pancavska Louka and 
Upskaa Raselina, are located above the forest limit respectively at 1320 and 1425 m. A first episode of 
humann impact was recorded from the eleventh until the beginning of the fifteenth century AD in 
Pancavskaa Uiuka, and from the beginning of the twelfth until the end of the fifteenth century AD in 
Upskaa Raselina. After a period of vegetation recovery (in Pancavska Ixiuka during the fifteenth and 
sixteenthh century; in Upska Raselina from end of the fifteenth to the end of the seventeenth century), 
anotherr phase of human impact started. The record of human impact in the three sequences is 
comparedd to the available archaeological and historical information. 

6.11 Introductio n 

Thee Giant Mountains, or Krkonose Mountains (between 50° and 51° latitude N and 
15°° and 17° longitude E) form part of a natural border between Czech Republic and 
Poland.. Peat bogs are present there mainly on the plateaux, between approximately 
13000 and 1450 m, in the subalpine vegetation zone, but scattered bogs are found in 
thee whole area. 
Thee bogs occurring in the subalpine vegetation belt are included by Rybnfcek (in 
Neuhauslovaa ei ai. 1998) in the complex of montane raised bogs. In the subalpine 
vegetationn belt, Pinus mugo Krummholz and alpine steppe vegetation occur. The 
mainn elements of the montane natural vegetation are Picea and Fagus up to the forest 
limit ,, while Abies and Fagus dominate the lower montane vegetation belt. According 
too Rybnicek and Rybnickova (1994), these assemblages originated between 4000 and 
30000 BP, when first Abies alba and subsequently Fagus sylvatica invaded the 
previouss spruce and mixed deciduous forest in the uplands (with Acer, Fraxinus. 
UlmusUlmus and Tilia), while Carpinus spread in the lower altitudes. The natural vegetation 
hass nearly completely disappeared due to human impact and the montane forest 
vegetationn is nowadays mostly replaced by Picea plantations. 
Althoughh the central part of the mountain range was not inhabited until the late-
Mediaevall  period, when mines were opened for ore exploitation, archaeological 
evidencee exists of earlier frequentations of the nearby area. Since at least Roman 
timess trade routes connected the southern and northern headlands of the mountains. 
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FigureFigure 6.1 Map of the area, with the position of the sampling sites of Pane'avska Louka 
(PAN),(PAN), Vpskd Raselina (LBU) and Cerna' Hora (CRH). 

Furthermore,, found coins and coin deposits point to human presence in the southern 
andd southeastern headlands of the Giant Mountains already from the Celtic to the 
Romann period (M. Jezek. personal communication). Archaeological evidence is 
presentt for Germanic settlements in the lowlands to the west of the Giant Mountains, 
alongg the Jizera river and in the Cesky raj area, from the second to the sixth century 
ADD (Waldhauser and Kosnar, 1997). In the sixth century AD. during the Migration 
Period,, Slavic populations colonised the Czech lowlands. In the study region, the 
oldestt archaeological evidence of Slavic presence dates back to the seventh century 
AD.. Remains of Slavic settlements were found at Choustnikovo Hradistë (Sigl and 
Vokolek,, 1993), at Vfesnik (Zeman and Buchvaldek. 1967) and also the fortress of 
Valaa at Kal (Kalferst, 1989; Kalferst el ai, 1986) is of Slavic origin. Both Vfesnik 
andd Vala are located approximately 25 km south of Cerna Hora. 
Upp to the present time, no evidence of permanent settlements has been discovered in 
thee mountain area. The main reasons for the late exploitation of the central part of the 
Giantt Mountains are considered to be the relatively cold climate of the area and the 
presencee of a dense forest. Possibly, the availability of sufficient suitable areas for 
agriculturee in the nearby lowlands of Bohemia to the south and in Silesia to the north. 
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wass another reason for the farming communities not to expand inside the mountain 
range. . 
Inn the fringes of the Giant Mountains settlements were present already in the end of 
thee twelfth century (Lokvenc, 1978). The first historical records of human influence 
onn forest composition in the mountains date back to the thirteenth and fourteenth 
centuries.. Only in the fifteenth and especially sixteenth century mining activity 
developed,, accompanied with pasturalism and other forms of agricultural exploitation 
off  the area. In the fifteenth century ore mining, metal processing and glass 
manufacturingg were operated locally, using the forest for charcoal production, for 
timberr supply and as a source of potassium (this element was necessary for glass 
production;; especially the wood of Acer and Fagus, with a high potassium content, 
wass used for this purpose). In the central part of the range, human impact on 
vegetationn at the forest limit was recorded after this period (Jenfk and Lokvenc, 1962; 
RybnïÈek,, 1990). Extensive deforestation of the mountain slopes occurred in the 
secondd half of the sixteenth century, for the production of timber for silver mines in 
Centrall  Bohemia. The timber was floated on rivers to the vicinity of the mines, to be 
usedd as buttress and for the production of charcoal. For this reason conifers were 
mainlyy exploited, as they float on water. By the seventeenth century, nearly all the 
accessiblee forest in the eastern and central parts of the Giant Mountains had been 
clearedd (Bartos and Novakova, 1997; Lokvenc, 1978). As no river links the western 
partt of the Giant Mountains with central Bohemia, the forest in this area had been 
sparedd from extensive deforestation. Mining lasted until the end of the seventeenth 
centuryy (Firbas and Losert, 1949; Lokvenc, 1978). Once the eastern and central areas 
hadd been cleared, most woodcutters refused to move eastwards to exploit the forest of 
thee Orlické Mountains. They remained in the Giant Mountains and converted to goat 
andd cattle farming, putting the bases for the Baudenwirtschafi. The introduction of 
permanentt mountain farms inhabited the whole year round, located on accessible 
mountainn slopes and even above the forest line (Baudenwirtschafi or Atmwirtschaft), 
forr cattle and goat breeding, was broadly applied during the seventeenth century 
(Firbass and Losert. 1949; Lokvenc, 1978). This agricultural system had a strong 
impactt on the subalpine vegetation: on proper sites, the Pinus mugo stands were 
clearedd and converted into grazing areas and meadows often dominated by Nardus 
strktastrkta (Rybnfcek. 1990). The intense human impact determined changes both in the 
altitudee of the forest limit and in the forest composition. The forest line, which at 
presentt lies at approximately 1210 m. was, before being affected by man, on average 
aboutt 25 m higher, reaching 1235-1240 m (Jenfk and Lokvenc, 1962). The montane 
forestt was composed of Picea. Fagus - which was locally present up to the forest line 
(Fanta,, 1981) -, Abies, Sorbus aucuparia and Acer pseudoplatanus. The 
transformationn of this mixed forest into a Picea-dom'msited forest, took place between 
thee sixteenth and the eighteenth century in the uppermost areas of the Giant 
Mountainss (Rybnfcek, 1990). It occurred due to selective cutting of Fagus and better 
recoveryy possibilities of Picea - faster reproduction rate - compared to the other tree 
speciess and, since the end of the eighteenth century, due to active planting of Picea. 
Thee competitive advantage of Picea was possibly also reinforced by climatic 
deteriorationn during the Littl e Ice Age (Rybnfcek, 1990). Nowadays, the montane 
vegetationn is dominated by a man-made Picea forest (Rybnfcek, 1990). 
Thee pollen record of the bogs at Pancavska Louka, Cerna Hora and Üpska Raselina 
(Figuree 6.1) may reflect human impact and exploitation of the region. In the present 
study,, the palynological results are compared to the available archaeological and 
historicall  information. 
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6.22 Material and methods 

LocationLocation of the sites and field sampling 
ëemaa Hora (50°39'38.257l" N, 15°45'21.0822" E: laboratorium code CRH) is 
locatedd at ca. 1190 m in the southeastern Giant Mountains. A pit was dug in the 
centrall  part of the bog and the material was sampled by pushing two metal boxes 
(50x15x100 cm) into the peat profile. A 96 cm long peat column was recovered. In the 
laboratoryy the material was subsampled: contiguous slices were cut. I cm thick for the 
upperr 87 cm depth, and 0.5 cm thick for the lower 9 cm. From these slides, 
subsampless for micro- and macrofossil analysis, loss on ignition (LOl) and 
carbon/nitrogenn ratio (C/N ratio) and for AMS radiocarbon dating were taken. Time-
controll  was provided by AMS radiocarbon dating five levels. The procedures for the 
preparationn of the samples are described below. A selection of microfossil 
percentagess and concentrations and macrofossil data is presented in Figure 6.2 
(respectivelyy Figures 6.2A, 6.2B and 6.2C; added as a folder at the end of this book). 
Thee complete palaeoecological results are presented by Speranza et al. (2000a; 
chapterr 5 of this thesis). 
Üpskaa Raselina (peat bog near the offspring of the Opa river; coordinates S O ^ ^ O" 
N,, 15°42'45" E; laboratorium code LBU) is located, at approximately 1425 m, on a 
plateauu in the Eastern Giant Mountains. A 133 cm long sequence was sampled by 
pushingg three metal boxes into the peat profile which was exposed after digging a pit. 
Contiguouss slices of I cm thickness were cut in the laboratory for preparation of the 
sampless for micro- and macrofossils analysis, LOI and C/N and for radiocarbon 
dating.. So far the upper 50 cm of the peat deposit has been studied (Figure 6,3, added 
ass a folder at the end of this book). The record includes the beginning of human 
impactt on previously undisturbed vegetation and the sequence reflects the vegetation 
historyy until the present time. 
Pancavskaa Louka (50°45'10" N. 15°32'50" E; laboratorium code PAN) is located at 
ca.. 1320 m in the Central Giant Mountains. A 216.5 cm long peat sequence was 
recoveredd in five metal boxes. From the recovered material contiguous slices, each 
onee 0.5 cm thick, were cut to provide samples for micro- and macrofossil analysis, 
LOl,, C/N ratio, geochemical analysis and radiocarbon dating. The present study deals 
withh human impact, and therefore only selected results from the upper 50 cm are 
presentedd here (Figure 6.4, added as a folder at the end of this book). The sequence 
includess the transition from undisturbed conditions to the first human impact, and the 
followingg phases of exploitation of the area. The complete palaeoecological results. 
coveringg the last 4000 years, are reported in Speranza et al. (chapter 3 of this thesis). 

PalaeoecologicalPalaeoecological analysis of micro- and macrofossils 
Microfossill  samples of approximately 1 cm* in volume (the precise volume was 
estimatedd by immersion) were treated with 10% KOH and acetolysed according to the 
methodd of Faegri and Iversen (1989). Inorganic material was separated by using a 
bromoformm / alcohol mixture of specific gravity 2 (Sittler. 1955). To estimate pollen 
concentrations,, two tablets - but only one to the uppermost samples - of Lycopodium 
sporess (circa 12,542 spores per tablet) were added to each sample (Stockmarr, 1971). 
Forr the microfossil data, a percentage, a concentration and an influx diagram were 
plotted.. The pollen sum is composed of arboreal taxa (divided in subalpine, 
mesophilouss and thermophilous elements), shrubs, herbaceous taxa and human impact 
indicators.. Pollen grains of Cyperaceae. Ericales and Drosera are most likely of 
mainlyy of local provenance, thus they were left out of the pollen sum calculation. The 
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frequenciess of the taxa excluded from the pollen sum are expressed as percentages of 
thee pollen sum. 
Macrofossill  samples of 4 to 8 cm' in volume were boiled in 5% KOH and sieved to 
obtainn the fraction > 100 u;m (Birks and Birks, 1980). The material on the sieve was 
preservedd in demineralized water. A few drops of HCI (5%) were added to prevent 
furtherr decomposition and contamination by bacteria or fungi. The identifiable 
materiall  was observed under a stereo-binocular microscope (magnifications lOx and 
20x)) and counted (fruit, seeds), or estimated as volume percentages (vegetative 
remains). . 

LossLoss on ignition, C/N ratio and geochemical analyses (Pancavska Louka) 
Subsampless of peat with a wet weight of about 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 LOI results are expressed as percentage of dry weight. 
Aboutt 1 mg of peat, previously dried at 105°C, was put in a Carlo Erba element 
analyser.. There the material was combusted at 1040°C in an 0 ; saturated atmosphere. 
Thee reference material for the determination of C and N was acetanilyde (% C = 
71.09,, % N = 10.36). The results of both LOI and C/N analysis for the Pancavska 
Loukaa sequence are presented in Figure 6.4C. 
Sampless for the analysis of metals were taken at a distance of 10 cm. The thickness of 
eachh sample was 2 cm. To avoid contamination, only glass instruments were used for 
sampling;; the instruments were cleaned with demineralized water. Each sample was 
takenn in the central part of the metal box in order to avoid the risk of contamination 
possiblyy coming from the sides of the metal box. The analysis was carried out at the 
laboratoryy of the Institute of Earth Studies of the University of Wales, Aberystwyth. 
AA flask with 10 g of sample was placed in the oven and dried overnight at 105°C. It 
wass subsequently removed and weighed again. Each sample was disaggregated with a 
cleann glass rod and 25 ml of 10% nitric acid was added. It was placed on a hot plate 
andd gradually heated to 100°C and left to digest for approximately 40 hours. It was 
subsequentlyy removed from the hot plate and allowed to cool. The sample was filtered 
throughh fluted Whatman N°l paper into a 10 ml acid washed volumetric flask. The 
samplee was made up to 100 ml with demineralized water. The filtrate was transferred 
intoo a plastic bottle, previously rinsed with a small volume of the filtrate itself. In test 
tubess for each sample a solution of 7.7 ml demineralized water was prepared: 0.2 ml 
nitricc acid. 2.0 ml sample solution. 0.1 ml rhodium (internal standard). This diluted 
thee sample solution to approximately 0.2%. The sample was then ready for analysis 
onn the ICR Essentially this involves the feeding of the elements, in the sample 
solution,, into a stream of argon where the elements are ionised and consequently they 
mayy be characterised 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. Selected curves are shown in Figure 6.4D. 

Time-control Time-control 
Too attain a most precise and reliable time-control, where possible only selected above 
groundd plant remains - usually leaves and branches of Sphagnum or other mosses -
weree collected during the analysis of macrofossils. Nevertheless, in some levels of the 
Cernaa Hora (90.5. 63. 60, 55 cm depth) and Pancavska Louka (29 cm depth) 
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sequencess peat was too decomposed and not enough recognisable above ground plant 
remainss were available for AMS radiocarbon dating. In these cases, a concentrate of 
pollenn was prepared, following the method of Brown (1994), and these pollen 
sampless were AMS dated. For these levels, also a bulk sample was dated to provide a 
controll  for the pollen concentrate sample. In each step of the preparation, chemically 
puree reagents (pA) and demineralized water were used. A detailed description of the 
methodd followed in the radiocarbon sample handling and dating procedures is 
presentedd in Speranza et at. (2000b; chapter 2 of this thesis). The radiocarbon dates 
weree calibrated to obtain a calendar time-scale. For the Pancavska Louka site, the 
wiggle-matchh dating strategy (van Geel and Mook. 1989; Kilian et a/., 1995, 2000; 
Speranzaa et at., 2000b; chapter 2 of this thesis) was used to provide a calendar age to 
thee levels at 27, 26. 25, 24, 23 and 21 cm depth (see chapter 3 of this thesis). The 
proceduree for achieving a calendar time-scaie is reported in Speranza et at., (chapter 3 
off  this thesis). The diagrams of the Pancavska Louka sequence are provided with a 
calendarr time-scale. In this paper, both for Pancavska Louka and for Cerna Hora, the 
radiocarbonn and calendar age of each radiocarbon dated level are presented in Table 
6.1.. The radiocarbon dates of the LJpska Raselina sequence and their calibration are 
presentedd in Table 6.2. The approximate dates in calendar age for all Üpska Ra§elina 
sampless is given in Table 6.3. Interpolation was based on arboreal pollen 
concentrationn "pollen density dating" (cf. Middeldorp, 1982). The program CaI25, 
andd updating of Cal20 (van der Plicht, 1993), was used for both calibration and 
wiggle-matchh dating procedures. Cal25 uses the INTCAL98 decadal calibration curve 
(Stuiverr et a/., 1998). 

TableTable 6.1 Dated levels, radiocarbon laboratory code, radiocarbon age and calendar 
ageage attributed to each dated level for the sequences of Cernd Hora and Pancavska' Louka. 
ForFor the loand 2a confidence level intervals of Cernd Hora and Pancavska Louka see 
SperanzaSperanza et at. (respectively 2000b and 2000a). For Pancavska' Louka. the dates at IS and 9 
cmcm have not been used for the time control. 

Sequence Sequence 
depthdepth (cm) 
CRHH 48b 
CRHH 55a 
CRHH 60a 
CRHH 63a 
CRHH 90.5a 

PANN 9 
PANN 13 
PANN 2! 
PANN 23 
PANN 24 
PANN 25 
PANN 26 
PANN 27 
PANN 29a 
PANN 33 
PANN 37 
PANN 41a 
PANN 45a 

Laboratory Laboratory 
code code 

GrA-10107 7 
GrA-9828 8 
GrA-10531 1 
GrA-9832 2 
GrA-10534 4 

GrA-9833 3 
GrA-10570 0 
GrA-10569 9 
GrA-10915 5 
GrA-10920 0 
GrA-7096 6 
GrA-10916 6 
GrA-10909 9 
GrA-9829 9 
GrA-10525 5 
GrA-10567 7 
GrA-10566 6 
GrA-10565 5 

AgeBP AgeBP 

1700 0 
9000  45 
10800 0 
13800 5 
20800 0 

14000 5 
) ) 

1555 0 
1800  40 
3500  40 
4100 0 
3800  40 
8600  60 
7255 JL 45 
11800 0 
12200 5 

0 0 
12455 5 

ApproximateApproximate calendar age 
(cal(cal BC/AD) 

17411 cal AD 
11299 cal AD 
9544 cal AD 
6544 cal AD 
866 cal BC 

--
--
19i2call  AD 
17344 cal AD 
16455 cal AD 
15566 cal AD 
14677 cal AD 
13788 cal AD 
11900 cal AD 
8444 cal AD 
8133 cal AD 
7100 cal AD 
6077 cal AD 
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TableTable 6.2 Radiocarbon dating of the Upska Raselina sequence: dated levels, 
radiocarbonradiocarbon laboratory- code, radiocarbon age, I o and 2o confidence level intervals and 
calendarcalendar age attributed to each dated level. 

Depth Depth 
(cm) (cm) 

28 8 

36 6 

45.5 5 

LaboratoryLaboratory Age BP 
code code 

II  a confidence level 

GrA-125766 40  70 

GrA-150899 370  45 

GrA-125788 840  70 

GrA-152811 820  70 

GrA- !! 5090 I 185 i 45 

GrA-150911 1295  45 

GRA-70944 16S()  60 

14522 cal A D - 1522 cal A D 
15822 cal A D - 1626 cal A D 

10699 cal A D * 1081 cal AD 
11266 cal A D - 1136 cal AD 
1158ca!! A D - 1274 cal AD 

11311 cal A D - 1132 cal A D 
II 159 cal A D - 1280 cal AD 

7788 cal A D - 797 cal AD 
79Hcall A D - 8 9 2 cal AD 

6711 cal A D - 7 2 3 gal A D 
7422 cal A D - 773 cal AD 

2600 cal A D - 2 7 2 cal AD 
2900 cal A D - 2 9 8 cal A D 
3211 cal A D - 4 2 5 cal A D 

2o2o confidence level Approximate Approximate 
calendarcalendar age 

(cal(cal AD) 

14433 cal A D - 1532 ca! A D 1540 cal A D 
1 5 4 0 A D -- 1636 A D 

10366 cal A D - I 144 cal A D 1160 cal A D 
11500 cal A D - 1283 cal A D 

10388 cal A D - 1109 cal A D 1139 cal A D 
H II I cal A D - 1142 cal A D 
I I522 cal A D - 1239 cal A D 

6955 cal A D - 697 cal A D 836 cal A D 
7188 cal A D - 7 4 6 cal A D 
7699 cal A D - 9 0 4 cal A D 
9144 cal A D - 9 7 7 cal A D 

6566 cal A D - 7 8 1 cal A D 757 cal A D 
7911 cal A D - 8 2 4 cal A D 
8422 cal A D - 858 cal A D 

2399 cal A D - 443 cal A D 386 cal A D 
4455 cal A D - 4 7 0 cal A D 
4788 cal A D - 5 3 3 cal A D 

TableTable 6.3 Calendar age attributed to each palaeoecologtcal sample from Upska 
RaSelinaRaSelina sequence, by means of interpolation of the calendar ages of the dated levels (cf. 
TableTable 6.2) on the basis of arboreal pollen concentration. 

Depth Depth 
(cm) (cm) 
1.0 0 

2.0 0 
3.0 0 
4.0 0 

5.0 0 
6.0 0 

7.0 0 
8.0 0 
9.0 0 

10.0 0 

11.0 0 

12.0 0 

13.0 0 

14,0 0 

15.0 0 

16.0 0 

17.0 0 

18.0 0 

Approxx imate 
agee cal A D 

1977 7 

1961 1 

1933 3 

1907 7 

1856 6 

1820 0 

1787 7 

1750 0 

1709 9 

1646 6 

1592 2 

1540 0 

1424 4 

1266 6 

1160 0 

1156 6 

1145 5 

1139 9 

Depth Depth 
(cm) (cm) 
19.0 0 

20.0 0 

21.0 0 

22.0 0 

23.0 0 

24.0 0 

25.0 0 

26.0 0 

27.0 0 

28.0 0 

29.0 0 

30.0 0 

31.0 0 

32.0 0 

33.0 0 

34,0 0 

35.0 0 

36.0 0 

Approximate e 
agee cal A D 

1061 1 

1040 0 

102! ! 

997 7 
987 7 

957 7 

938 8 
902 2 
861 1 

836 6 
811 1 
801 1 
791 1 

780 0 
775 5 
767 7 

763 3 
757 7 

Depth Depth 
(cm) (cm) 
37.0 0 

38.0 0 

39.0 0 

40,0 0 

41.0 0 

42.0 0 

43.0 0 

44.0 0 

45.0 0 

46.0 0 

47.0 0 

48.0 0 

49.0 0 

50.0 0 

Approximate e 

agee cal A D 

681 1 
661 1 

600 0 
564 4 

522 2 
481 1 

448 8 
403 3 
386 6 
302 2 
262 2 
215 5 

205 5 
180 0 
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6.33 Results and discussion 

CerndCernd Hora 
Inn the pollen record of Cerna Hora (Speranza et at.. 2000a; chapter 5 of this thesis), 
zonee CRH-A and B reflect the undisturbed situation since approximately the first 
centuryy BC (2080  60 BP at 90.5 cm depth; see Table 6.1). Zone CRH-A (Figure 
6.2)) represents the first stages of accumulation at the site, characterised by presence of 
siltt and sand in the material, and high percentages of Cory lus, Alnus and Asteraceae. 
Inn zone CRH-B, a rather decomposed peat is present. The high and relatively constant 
percentagess of Abies, Fagus and Picea indicate the presence and stability of montane 
forest.. The first evidence of human impact occurred at ca. 654 cal AD (zone CRH-C; 
fromm ca. 607 to ca. 908 cal AD). The continuous presence of Cerealia type grains, the 
increasee in Poaceae, Artemisia, Plantago lanceolata, Rumex acetosella type, and the 
sharpp decrease in the curves of Abies, Picea and Pinus, point to the occurrence of a 
firstt phase of human impact. This phase, characterised by presence of recognisable 
SphagnumSphagnum remains, lasted until approximately 908 cal AD, when a decrease in 
Cerealia,, Poaceae and weeds and the recovery of arboreal vegetation indicate a period 
off  less disturbance (zone CRH-D; from ca. 908 to ca. 1090 cal AD). This period 
lastedd until the end of the eleventh century. In this phase, the degree of decomposition 
off  the peat is high again. At ca. 1090 cal AD, a second phase of human impact begins 
(zonee CRH-E), which continues until the present and leads to the complete 
disappearancee of Abies and Fagus. The peat deposit of zone CRH-E has a low degree 
off  decomposition {Sphagna well preserved). According to Speranza et al. (2000a; 
chapterr 5 of this thesis) the observed hydrological changes might have been triggered 
byy human impact. 

UpskaUpska Raselina 
Inn the sequence from Üpska Raselina, zone LBU-A represents the undisturbed 
situation,, previous to human impact (Figure 6.3). The scattered grains of Cerealia type 
mostt likely originate from the nearby lowlands of Bohemia and Silesia. The zone is 
dividedd in three subzones: LBU-A-1 (50 cm - 36.5 cm depth), LBU-A-2 (36.5 cm -
29.55 cm depth) and LBU-A-3 (29.5 cm - 18.5 cm depth). Subzone LBU-A-1, 
correspondingg to the period between approximately the 180 cal AD and 719 cal AD, 
iss characterised by high percentages of Pinus, Abies and Fagus, and by decreasing 
CorylusCorylus percentages, which might indicate a temperature decline. Peat is mainly 
constitutedd of Sphagnum magellanicum and S. section Acutifolia. In subzone LBU-A-
22 (from ca. 719 to ca. 806 cal AD), Abies increases, Corylus and Pinus slightly 
decrease.. An increase in Artemisia is recorded. The thecamoeba Amphitrema flavum, 
ann indicator of local wet conditions, and the wet growing S. section Cuspidata 
increasee at the base of the subzone. Sphagnum section Cuspidata partly replaces S. 
sectionn Acutifolia and S. magellanicum. The shift towards wetter local conditions is 
limitedd to the lowest part of the LBU-A-2 subzone. and already in the middle part 
bothh S. section Cuspidata and Amphitrema flavum decrease. An increase in Abies 
percentagess corresponds to local increase in humidity. The increase in Abies in 
subzonee LBU-A-2. is confirmed by its concentration curve. The percentages of Abies 
remainn relatively high also in the first half of subzone LBU-A-3 (from ca. 806 to ca. 
11000 cal AD), but they are generally lower than in the previous subzone. Picea 
increasess throughout this subzone, while the percentage increase of Pinus is not 
confirmedd by its pollen concentration curve. Betula increases at the base of the 
subzone.. Artemisia slightly decreases and Poaceae remain constant. To conclude. 
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zonee LBU-A is thus characterised by undisturbed condition, with a possible 
oscillationn of climate from relatively dry in subzone LBU-A-1, to slightly wetter and 
possiblyy also cooler in subzone LBU-A-2, and again to drier in subzone LBU-A-3. 
Zonee LBU-B (18.5 cm depth to the top op the sequence) is characterised by human 
impactt on vegetation: its beginning and increase in subzones LBU-B-1 and LBU-B-2, 
itss decrease in LBU-B-3 and a second phase in subzone LBU-B-4. In subzone LBU-
B-ll  (18.5 - 15.5 cm depth, corresponding approximately to the period between ca. 
11000 and ca. 1158 cal AD) the curve of Secale becomes continuous and an increase is 
recordedd of Artemisia, Rumex acetosella type and Plantago lanceolata. A slight 
decreasee of arboreal pollen is recorded, which is mainly due to lower Abies 
percentages.. Locally, a high representation of Sphagnum section Acuti/olia 
characterisess the subzone, together with the sporadic occurrence of Calliergon, 
DrepanocladusDrepanocladus and not-identified Amblystegiaceae. Subzone LBU-B-2 (15.5 - 12.5 
cmm depth: from ca. 1158 to ca. 1482 cal AD) corresponds to a main phase of human 
impact.. Cerealia type, Secale and Poaceae increase at the beginning of the subzone, 
butt they decrease towards its upper limit. Plantago lanceolata slightly increases and 
otherr weeds seem to be more abundant in this subzone {Plantago major/media, 
Chenopodiaceae).. Abies decreases sharply, from ca. 25% to ca, 2%. Fagus and 
CarpinusCarpinus decrease, while Pinus and Betula increase. The reaction of Betula is typical 
forr pioneer plants: it increases very fastly by expanding in clearances, but it is also 
fastlyy outcompeted due to its short life cycle. Locally, Sphagnum is absent and the 
peatt is composed mainly of unidentified Cyperaceae and Eriophorum vaginatum. A 
decreasee of human impact is observed in subzone LBU-B-3 (12.5 - 9.5 cm depth; 
fromm ca. 1482 to ca. 1678 cal AD). The percentages of human impact indicators such 
ass Cerealia type, Secale and Poaceae, which were decreasing already at the top of the 
previouss subzone, have low values at the base of the subzone but show an increasing 
trendd to its top. Among the arboreal taxa, Pinus shows a rise and Abies increases only 
slightly.. Among the local taxa. Cyperaceae pollen displays an increasing trend. High 
percentagess of unidentified Cyperaceae macrofossils are also characterising the 
subzone;; in the upper part, an increase of Eriophorum vaginatum remains was 
recorded. . 
AA second phase of deforestation is recorded in subzone LBU-B-4 (from 9.5 cm depth 
too the top of the sequence; from ca. 1678 cal AD to 1996 AD) which is characterised 
byy a reduction of Pinus and by the complete elimination of Abies. On the contrary, 
PiceaPicea shows an overall slightly increasing trend, possibly due to its fast recovery 
capacitiess (Rybnicek, 1990) and, since the second half of the eighteenth century, due 
too artificial propagation (Lokvenc. 1978). Except for Artemisia, the other human 
impactt indicators increase: Cerealia type and Secale, Poaceae, Plantago lanceolata 
andd Rumex acetosella type, Urtica. Chenopodiaceae, Caryophyllaceae. Locally, the 
percentagess of Cyperaceae pollen strongly increase, probably reflecting expansion on 
thee bog. This is confirmed by the macrofossil data, which indicate an increase of 
EriophorumEriophorum vaginatum. 

PancavskdPancavskd Louka 
Inn zone PAN-A (Figure 6.4), before ca. 1060 cal AD, when the first major phase of 
deforestationn occurred in the Giant Mountains, the only recorded sign of human 
presencee are scattered grains of Cerealia type and Secale, probably transported from 
thee nearby lowlands of Silesia and, possibly, from the Bohemian basin. An isolated 
episodee of deforestation possibly occurred during the eight century AD. In that 
period,, a minor decline in Abies and an increase in Cerealia, Artemisia. Poaceae and 
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charredd particles occurred. An increase in metal content - zinc, arsenic and lead - in 
correspondencee with the evidence of deforestation and disturbance, might indicate a 
first,, marginal use of mines in the Giant Mountains. Abies, the only tree affected by 
thee deforestation, is characteristic of the lower montane forest vegetation. Its decrease 
impliess that most likely some deforestation took place in the mountain area between 
thee lowland and 1200 m. This is also confirmed by the increase in the curves of 
metals:: ores were present in the mountain area and not in the lowlands. During the 
eleventhh century AD (subzone PAN-B-1; from ca. 1060 to ca. 1422 cal AD), an 
increasee of Cerealia type pollen and Secale, which become continuous, and a sharp 
increasee of Poaceae, Artemisia, Plantago lanceolata and Rumex aceiosella type 
indicatee the onset of a main phase of human impact in the Giant Mountain area. A 
decreasee of Abies and Picea corresponds to the increase in human impact indicators. 
Ass the decrease recorded in the curve of Abies - one of the main elements of the 
lowerr montane forest - is particularly sharp (its percentages decline from ca. 25% to 
5%),, most likely the deforestation took place in the lower montane forest belt. This 
phasee stopped at the beginning of the fifteenth century AD: in subzone PAN-B-2 
(fromm ca. 1422 to ca. 1600 cal AD) Cerealia and Secale, Poaceae, Plantago lanceolata 
andd Rumex acetosella type decrease. The diagram shows that Pinus, Picea and Abies 
recolonisedd the open areas. At the end of the sixteenth - beginning of the seventeenth 
century,, the increase of human impact indicators (Cerelia and Secale, Poaceae, 
PlantagoPlantago lanceolata and Rumex acetosella type) and the decrease of forest elements 
{Abies{Abies and, later, Fagus, which both remain at very low percentages since the 
eighteenthh century AD), indicate the occurrence of a second phase of human impact 
(subzonee PAN B-3: from ca. 1600 cal AD to 1996 AD). This phase lasts until the 
presentt time. During this phase, an increase of pollen of Pinus - well visible in the 
influxx but less remarkable in the percentage curve - and of local Cyperaceae points to 
thee increase of dryness (Cyperaceae may also indicate a higher trophic level), possibly 
relatedd to the colonisation of the plateau and to attempts to drain the bogs. In 
correspondencee with the two phases of human impact (subzones PAN-B-1 and PAN-
B-3)) the LOI slightly decreases, possibly as a consequence of the higher input of soil 
dustt coming from the newly deforested areas. The metal content increases since the 
eleventhh - twelfth century AD, pointing to an increasing exploitation of ores. 

GeochemicalGeochemical analysis 
Thee geochemical data have been integrated in the text relative to the results of the 
Pancavskaa Louka sequence, to which they pertain. Nevertheless, it can be useful to 
comparee the geochemical results also with results of the sequences of Cerna Hora and 
Opskaa RaSelma, because the recorded metals derived from regional sources. 
Thee slight increase of lead, zinc and arsenic already in the eight century AD 
correspondss well to the first phase of human impact recorded at Cerna Hora (from ca. 
6077 to ca. 908 cal AD). This would reinforce the hypothesis that deforestation in the 
vicinityy of Cerna Hora was at least partly due to the start of mining activities in the 
area.. The main increase in metal content occurred since the eleventh-twelfth century 
AD,, coincides to the start of the first main phase of human impact both in Pancavska 
Loukaa and in Üpska Raselina. 
Duee to the large sample distance for the analysis of metals (at ten cm increments), no 
metall  record is present in correspondence with subzone PAN-B-2 (decrease of human 
impactt during the fifteenth and sixteenth century AD in Pancavska Louka). Therefore 
itt is not possible to know whether a decrease of metal content and thus of mine 
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exploitationn occurred in correspondence with the pollen record showing a period of 
lowerr human impact and forest recovery. 

6.55 Palynological records of human impact and comparison with archaeological 
andd historical evidence 

Figuree 6.5 gives an overview of the phases of human impact recorded in the three 
sequences.. Although there is archaeological evidence of earlier settlements in the 
vicinityy of the Giant Mountains (Germanic settlements near the Jizera river and in the 
Ceskyy raj area, from the second to the sixth century AD; Waldhauser and Ko§nar, 
1997),, no human impact was recorded in any of the three sites before the seventh 
centuryy AD, apart from some scattered grains of Cerealia type. From ca. 607 to ca. 
9088 cal AD, evidence of deforestation and increase of human impact indicators is 
recordedd in the Cerna Hora bog and, to a lesser extent, also in the Pancavska Louka 
sequence.. The decrease of Abies and Picea in the Cerna Hora record suggests that the 
montanee forest was affected, or at least the lower montane forest. In the Panèavska" 
Loukaa sequence, only a slight decrease in Abies is recorded, together with slight 
increasee in Artemisia, Poaceae and Cerealia type. Among the analysed metals, the 
curvess of lead, zinc and arsenic show a first increase, which points to the first 
exploitationn of ores in the area. The fact that sources of metals are present in the 
mountains,, in primary or secondary deposits, corroborates the hypothesis of an early 
phasee of exploitation of the Giant Mountains, already in the period of the seventh to 
thee beginning of the tenth century AD. At the Üpska Raselina, this phase of 
deforestationn was not recorded, and Abies, which decreased in the other sequences, 
showss an increase. The evidence of human impact recorded in Cerna Hora from the 
seventhh to the beginning of the tenth century AD, corresponds well with the period of 
existencee of a Slavic village and a fortress at some 25 km south of the investigated 
site.. From ca. 908 to ca. 1090 cal AD, human impact was at a low level. But in the 
Firstt half of the twelfth century, all the sequences show a sharp decrease of arboreal 
pollen,, mainly of Abies and Picea, and an increase of human impact indicators, which 
pointt to the beginning of the massive deforestation of the mountain area. There is 
goodd agreement between the dates of the start of this phase in the three sequences: ca. 
11044 in Pancavska Louka, ca. 1129 cal AD in Cerna Hora, and ca. 1139 cal AD for 
thee beginning and ca. 1160 cal AD for the increase in deforestation at Üpska Raselina. 
Thiss deforestation phase in the pollen record corresponds well with historical sources 
forr the beginning of deforestation in the mountain area, viz., a start in the twelfth 
centuryy and continuation during the thirteenth century AD (Firbas and Losert, 1949). 
Thiss deforestation was related to local ore exploitation. At the Cerna Hora site, this 
phasee of human impact continued from the twelfth century until the present time. 
However,, at Üpska RaSelina, a decrease of human impact and recovery of forest 
elementss is observed in zone LBU-B-3 from ca. 1482 to ca. 1678 cal AD. In 
Pancavskaa Louka, the decrease is recorded in subzone PAN-B-2, from ca. 1422 to ca. 
16000 cal AD, It seems that the phase of human impact decrease in Üpska Raselina 
startedd 60 years later than in Pancavska Louka. The question rises whether the phases 
off  relatively low impact recorded in the two sequences reflect the same event. The 
uncertaintyy in radiocarbon dating and calibration of the dates, and the low resolution 
off  palaeoecological analyses make it problematic to relate proxy records to historical 
eventss (Dumayne <?r a/.. 1995). Accumulation of uncertainties might lead to a "suck-in 
andd smear" effect (Bailfie, 1991). The phase of decrease of human impact has similar 
radiocarbonn ages in both sequences (380  40 BP in Pancavska Louka; 370  45 BP 
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inn Üpska Raselina). Nevertheless, these radiocarbon ages correspond with a plateau in 
thee calibration curve: organic remains which accumulated between ca. 1450 cal AD 
andd 1600 cal AD display similar radiocarbon ages; the uncertainty of the 
measurementss makes the interval even broader. The application of wiggle-match 
datingg to the dates from Pancavska Louka, which is possible thanks to the higher 
numberr of dates available, solved this problem, so that the calendar time-control of 
thatt sequence is very accurate. In Üpska Raselina. due to a lower number of dates 
available,, only simple calibration was pursued, and thus the time-control is less 
reliable.. This lower accuracy level does not allow to draw any certain conclusion on 
thee precise dating of this phase and on its possible coincidence with the phase 
recordedd in PanÈavska Louka. As the phase of interruption of human impact has 
approximatelyy the same duration (ca. 196 years in Üpska Raselina, ca. 178 years in 
Pancavskaa Louka) and displays similar characteristics in both sequences, it may 
reflectt the same historical event. If it is the same event recorded at both sites, 
Panëavskaa Louka can provide a reliable chronology; from the beginning of the 
fifteenthh century to the end of the sixteenth century AD. Another point of discussion 
concernss the cause of the interruption of human impact: were the changes in 
exploitationn patterns of the area due to a climatic deterioration and/or to socio-
economicc or political reasons. Some evidence points to the onset of a climatic 
deterioration.. Historical sources report the occurrence of cooler years in the fifteenth 
centuryy and in the second half of the sixteenth century (Brazdil, 1994; 1996). The 
occurrencee of colder years lasted until the nineteenth century and was interrupted by 
warmm years at the turn of the eighteenth and nineteenth centuries (Brazdil, 1996). The 
mentionedd episodes of climatic deterioration are considered the expression of the 
Littl ee Ice Age (Brazdil, 1996). The phase of decrease of human impact recorded in 
Pancavskaa Louka corresponds very well to a cool period which started during the rise 
inn radiocarbon (decrease in solar activity) attributed to the Spörer sunspot minumum 
(13900 to 1460 cal AD; cf. chapter 3 of this thesis). In Pancavska Louka evidence of 
increasedd local humidity - an increase in Sphagnum section Cuspidata - and, 
possibly,possibly, of reduced temperature - a Corylus decrease - occurs in correspondence 
withh the decrease of human impact. However, the decrease of Corylus can also be 
interpretedd as due to a decrease in available light. linked to forest recovery. At Üpska 
RaSelinaa a sharp decrease in Corylus is recorded as human impact decreases, but no 
correspondingg relevant changes in local peat composition occur. Only after the start of 
thee forest recovery phase, a shift from undifferentiated Cyperaceae to Eriophorum 
vaginatumvaginatum is recorded. This species can live within a relatively broad range of 
ecologicall  conditions, so that the interpretation of this shift in local vegetation is 
problematicc in terms of climatic change. When compared to the data of Brazdil 
(1996),, the phase of human impact decrease in Üpska Raselina - if the calendar age 
(ca.. 1482 to 1678 cal AD) attributed to it is correct - covered a period of oscillating 
climate,, going from mild condition in the first half of the sixteenth century to cold 
fromm the second half of the sixteenth century on. Reasons other than climate change, 
namelyy a link to socio-economic or political factors could also have determined the 
observedd changes in exploitation of the area. The decrease of human impact around 
thee year 1422 cal AD in Pancavska Louka and around 1482 cal AD in Üpska Raselina 
roughlyy corresponds with the occurrence of the plague. In Poland the first cases 
occurredd in the first half of the fourteenth century, the last epidemics was recorded 
betweenn 1567-1569 AD (cf. Gtadykowska-Rzeczycka, 1987). In Bohemia, frequent 
plaguee epidemics occurred between 1348 and 1415 AD. the last of which possibly 
wass in 1595, determined a social and economic crisis (Maur, 1987). Long lasting 
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crisiss of Central Bohemian silver mines in the sixteenth century caused a heavy 
economicc depression in the Giant Mountains. During the whole century repeated 
faminee outbreaks followed by social rebellions impacted on the area. A population 
densityy decline had also consequences for the economy, with implications for the 
metal,, timber and agricultural production in the Giant Mountains (Lokvenc, 1978). 
Anotherr hypothesis on the decrease of human impact is based on the exploitation of 
thee Giant Mountains. Up to the sixteenth century AD the main exploitation of the area 
wass focused on timber. Since 1610. the centre of timber production moved to the 
Orlickéé Mountains, as the exploitable areas in the Giant Mountains had been cleared. 
Mostt woodcutters moved to the new area, but some remained in the Giant Mountains 
andd became farmers, putting the bases for the Almwirtschafi. The first mountain farm 
onn the ridge above the forest line, Lucni' Bouda (Wiesenbaude, near the Üpska 
Raselina).. according to Lokvenc (1978), was probably built already in the second half 
off  the sixteenth century. Its existence was for the first time mentioned in a document 
fromm 1623 AD (Firbas and Losert, 1949). 
Thee start of the second phase of human impact after ca. 1600 cal AD (Pancavska 
Louka)) and after ca. 1678 cal AD (Üpska Raselina) and its continuation until the 
presentt time corresponds well with the recent exploitation of the area. In particular, 
thee increase of human impact recorded at Pancavska Louka since the beginning of the 
seventeenthh century and at Üpska Raselina in the second half of the seventeenth 
century,, may correspond to the institutionalisation of the Almwirtschafi agricultural 
systemsystem (deliberations and laws were issued, taxes were collected). As the main 
economicall  activities in the Giant Mountains - ore exploitation and wood production 
-- were not strictly depending on climate, the human impact decrease of subzone 
PAN-B-22 of Pancavska Louka and subzone LBU-B-3 of Üpska Raselina was likely 
determinedd by socio-economic factors. Palynological evidence (if any) for a possible 
contemporaneouss climatic deterioration were obscured by the effects of alternating 
humann impact and the recovery of the natural forest. 

6.66 Conclusions 

Thee three bog sites provide detailed evidence for human impact on the vegetation. 
Theree is good agreement between the sequences and the pollen record corresponds 
welll  with archaeological and historical information, confirming the high value of bog 
archivess as sources of proxy data. The occurrence of differences in the recording of 
eventsevents (i.e. the absence of an interruption in human impact around the fifteenth and 
sixteenthh century AD in Cerna Hora) are probably given by the different 
topographicall  and altitudinal location of the sites, which induces differences in the 
recordedd signal. The lower altitude of Cerna Hora. and its relative vicinity to the 
lowlandss and the broader valleys, most likely determined the presence of a continuous 
signall  of human activity around the site. On the contrary, due to their higher altitude 
andd greater distance from the lowlands and valleys, Pancavska Louka and Üpska 
Raselinaa recorded only the stronger signal of human impact and the signals 
originatingg in the vicinity of the sites (i.e. in the montane forest and at the forest 
limit) .. The occurrence of pronounced human impact since the twelfth century, 
outstrippedd for a great deal climatic change evidences in the pollen record. 
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