
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Solar and anthropogenic forcing of late-Holocene vegetation changes in the
Czech Giant Mountains

Speranza, A.O.M.

Publication date
2000
Document Version
Final published version

Link to publication

Citation for published version (APA):
Speranza, A. O. M. (2000). Solar and anthropogenic forcing of late-Holocene vegetation
changes in the Czech Giant Mountains. [Thesis, fully internal, Universiteit van Amsterdam]. in
eigen beheer.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/solar-and-anthropogenic-forcing-of-lateholocene-vegetation-changes-in-the-czech-giant-mountains(32823528-ff5a-436b-b91d-31be12479dcc).html


Solarr and anthropogenic forcing 

off  late-Holocene vegetation changes 

inn the Czech Giant M o u a l p ns 

Wk^kw Wk^kw Alessandraa Speranza 

:: :-M 



SOLARR AND ANTHROPOGENI C FORCING 

OFF LATE-HOLOCEN E VEGETATIO N CHANGES 

INN THE CZECH GIANT MOUNTAIN S 

Alessandraa Olga Maria Speranza 





SOLARR AND ANTHROPOGENI C FORCING 

OFF LATE-HOLOCEN E VEGETATIO N CHANGES 

INN THE CZECH GIANT MOUNTAIN S 

ACADEMISCHH PROEFSCHRIFT 

terr verkrijging van de graad van doctor 

aann de Universiteit van Amsterdam 

opp gezag van de Rector Magnificus 

prof.. dr J.J.M. Franse 

tenn overstaan van een door het college voor promoties ingestelde 

commissie,, in het openbaar te verdedigen in de Aula der Universiteit 

opp maandag 11 december 2000, te 12 uur 

doorr Alessandra Olga Maria Speranza 

geborenn te Bergamo 



Promotor.. prof. dr H. Hooghiemstra 

Co-promotores:: dr B. van Geel, dr ir J. van der Plicht 

Overigee leden commissie: 

drSJ.P.. Bohncke 
prof.. dr J. Fanta 
prof.. dr W. Groenman - van Waateringe 
prof.. drG. Orombelli 
prof.. dr J. Sevink 

Faculteitt der Natuurwetenschappen, Wiskunde en Informatica 

Institutee for Biodiversity and Ecosystem Dynamics 
Researchh Group Palynology and Paleo/Actuo-ecology 
Universiteitt van Amsterdam, The Netherlands 

Centree for Geo-ecological Research (ICG) 

©© Alessandra Speranza, 2000 
alesperanza22 3 @yahoo .co.uk 
Printedd by Ponsen & Looijen BV, Wageningen 

http://co.uk


THISS DISSERTATION IS BASED ON THE FOLLOWING MANUSCRIPTS; 

Speranzaa A., van der  Plicht J. and van Geel B. (2000). Improving the time control of the 
SubborealSubboreal - Subatiantic transition in Czech peat sequence by !4C wiggle-matching. 
Quaternaryy Science Reviews 19: 1589-1604. Chapter 2. 

Speranzaa A., van Geel B., Grattan J.P. and van der  Plicht J. Late-Holocene vegetation 
dynamics,dynamics, climatic change and human impact in the giant mountains (Czech Republic). 
Chapterr 3. 

Speranzaa A., van Geel B. and van der  Plicht J. Evidence for solar forcing of climate 
changechange at ca. 850 cal BC from a Czech peat sequence. Chapter 4. 

Speranzaa A., Hanke J., van Geel B. and Fanta J. (2000). Late-Holocene human impact and 
peatpeat development in the Cernd Hora bog (Krkonose Mountains, Czech Republic). The 
Holocenee 10: 575-585. Chapters. 

Speranzaa AM Brakeboer  Y.F.A., Fanta J., van Geel B. and van der  Plicht J. Late-
HoloceneHolocene human impact in the Giant Mountains (Czech Republic): palynotogica! evidence 
fromfrom three sites. Chapter 6. 



^^ n n 



CONTENTS S 

Chapterr  1 1 
Introduction Introduction 

Chapterr  2 13 
ImprovingImproving the time control of the Subboreal-Subatlantic 
transitiontransition in a Czech peat sequence by '4C wiggle-matching 

Chapterr  3 39 
Late-HoloceneLate-Holocene vegetation dynamics, climatic change and human 
impactimpact in the Giant Mountains (Czech Republic) 

Chapterr  4 73 
EvidenceEvidence for solar forcing of climate change af ca. 850 cal BC 
fromfrom a Czech peat sequence 

Chapterr  5 87 
Late-HoloceneLate-Holocene human impact and peat development in the Cernd 
HoraHora bog (Giant Mountains, Czech Republic) 

Chapterr  6 109 
Late-HoloceneLate-Holocene human impact in the Giant Mountains (Czech 
Republic):Republic): palynological evidence from three sites 

Chapterr  7 125 
Conclusions Conclusions 

SummarySummary I 
SamenvattingSamenvatting II I 
ZusammenfassungZusammenfassung V 
RiassuntoRiassunto VI I 
SouhrnSouhrn IX 

Acknowledgements Acknowledgements 





1 1 
INTRODUCTIO N N 

1.11 Aim of the study 

Thee scope of the present work is to reconstruct vegetation and climate dynamics in 
thee Czech Giant Mountains during the last 4000 years by palaeoecological analyses of 
peatt deposits. A more specific aim is to assess solar forcing of climate in the study 
areaa at approximately 850 cal BC (calendar years before Christ). During this period, 
climaticc change occurred worldwide, corresponding with onset of low solar activity. 
Researchh on solar forcing of climatic change has been hampered by a lack of 
precisionn in the calendar time-control, caused by sun-induced fluctuations of AI4C 
(AI4CC is the relative deviation of the measured l4C activity from the international 
standard,, after correction from the isotope fractionation and decay; Stuiver and 
Pollach,, 1977). Note that in this work AI4C is detrended for the geomagnetic field 
contribution.. With an imprecise time-control, no reliable comparison or correlation 
wass possible between climate indicators and solar proxies. The introduction of the 
innovativee Wiggle-Match Dating (WMD) strategy {van Geel and Mook, 1989; Kilian 
etet at., 1995) contributed to overcome the problem and to achieve optimal time-
control.. In the present study, thanks to the application of WMD strategy, a direct 
comparisonn is made between the curves of botanical climate indicators and the curve 
off  the solar proxy A"*C. Using this information, solar forcing of climatic change 
aroundd 850 cal BC could be studied. 
Ass over the last 4000 years information on the activities of human populations 
inhabitingg the area were recorded in the peat archives, human impact was included as 
aa topic of the study. The availability of undisturbed peat bogs, the sharp climatic 
gradientss in the mountain area combined with the low degree of human impact before 
Medievall  times make the Giant Mountains particularly suitable for the aim of this 
research. . 

1.22 Scheme of the work 

Inn chapter I relevant background information is presented: the research area, 
vegetationn development, human impact in the Giant Mountains, radiocarbon, solar 
forcingg of climatic change. The results are presented in chapters 2 to 6. These 
chapterss maintain the same format they have within the scientific journals where they 
aree published or to which they are submitted. This supports the understanding of the 
singlee chapters, but inevitably leads to the repetition of some parts (introductions, 
locationn and characteristics of the study area, methods). 
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Inn chapter 2 the wiggle-match dating procedures for achieving a calendar time-control 
forr the Pancavska Louka sequence are presented. This chapter was published in 
Quaternaryy Science Reviews, volume 19, p. 1589-1604. Co-authors are Johannes van 
derr Plicht and Bas van Geel. 
Chapterr 3 includes the results of the palaeoecological analyses of the Pancavska 
Loukaa sequence. Changes in vegetation, climate and human impact during the last 
40000 years are discussed. Co-authors are Bas van Geel, John P. Grattan and Johannes 
vann der Plicht. 
Thee influence of solar activity on climate at Pancavska Louka around ca. 850 cal BC 
iss presented in chapter 4, Co-authors are Bas van Geel and Johannes van der Plicht. 
Inn chapter 5. human impact and peat development at the Cerna Hora bog are 
discussed.. This chapter was published in The Holocene, volume 10, p. 575-585. Co-
authorss are Juliane Hanke, Bas van Geel and Josef Fanta. 
AA comparison of evidences of human impact at the sites of Pancavska Louka, Upska 
RaSelinaa and Cerna Hora, and the comparison with archaeological and historical 
information,, are reported in chapter 6. Co-authors are Yvonne F.A. Brakeboer, Josef 
Fanta,, Bas van Geel and Johannes van der Plicht. 
Thee conclusions are presented in chapter 7. 

1.33 The research area 

Thee Giant Mountains (Krkonose in Czech, Karkonosze in Polish and known as 
Riesengebirgee in German) are located at the border between the Czech Republic and 
Poland,, occupying the area between ca. 50" and 51° latitude N and 15° and 17* 
longitudee E. They constitute the biggest mountain range of the Sudete, and have a 
northwestt to southeast orientation. The highest point is Mount Snezka (1603 m). 
Threee peat sequences from the Giant Mountains were analysed and studied: 
Panéavskaa Louka (50°45'10" N, ]5°32T50" E), Cerna Hora (50°39'38.257l" N, 
15°45'21.0822""  E) and Üpska Raselina (50°44,20" N, 15°42'45" E). A description 
off  the sites will be given in the appropriate chapters. 

Geology Geology 
Thee Giant Mountains form the northern fringe of the Bohemian Massif, which is of 
Hercynicc age. They are mainly constituted of crystalline metamorphic rocks 
(Krkonosee - Jizerske Mountains complex) such as mica schists, phyllites and 
orthogneiss,, of Proterozoic to Palaeozoic age. This complex was folded twice during 
thee Palaeozoic and. during the second folding event, in the Carboniferous, it was 
intrudedd by a granite pluton which now forms most of the main ridges and almost the 
wholee of the Polish side of the mountains (Flousek. 1994). In the hard contact zone 
aroundd the pluton, major ore deposits are found. The ores have been exploited since at 
leastt the Middle Ages. Other lithologies occurring in the area are quartzites, basalts 
andd limestones. 
Duringg the Mesozoic and the first half of the Cenozoic, when tropical and subtropical 
climatess dominated in Central Europe, chemical weathering smoothed the reliefs of 
thee Giant Mountains. During the upper Cenozoic, orographic movements related to 
foldingg in the Alpine and Carpathians systems slowly uplifted the Giant Mountains 
(Flousek,, 1994). During the Quaternary ice ages, the relief was modelled by alpine 
glacierss and frost weathering. During the Holocene. the main erosional agents have 
beenn water erosion, landslides and antropogenic factors; frost and biological 

2 2 



Introduction Introduction 

weatheringg are less pronounced; karstic processes are recorded in the limestone area 
(Flousek,, 1994). 
Thee streams are usually mountain torrents with steep gradients and unstable beds 
becausee of strong river traction (narrow, deep valleys). Large fluctuations in water 
levell  and discharge are characteristics. In depressions and springs of the subalpine 
andd montane vegetation belts, mires are present (Flousek, 1994). The main rivers on 
thee Czech side of the mountains are the Elbe, the Upa and the Mumlava, and on the 
Polishh side the Lomnice and the Kamienna. On the Polish side small lakes dammed 
byy moraines are present: Wielki and Maly Staw and the lakes in the Sniezne Kotly 
cirques. . 
Thee soils of the Giant Mountains display a marked altitudinal zonation; their 
developmentt has been influenced by the cold and rather wet climate (Flousek, 1994). 
Al ll  soils, with the exception of small areas with rendzinas on crystalline limestone, 
aree acidic. Brown acidic soils prevail at lower altitudes; at higher elevations they 
gradee into brown podsolic soils, which are the most common soil type of the region. 
Abovee 1000 m, podsolic soils can be found; at higher locations they change into 
alpinee soils, which often display frost action (polygonal and patterned soils; Flousek, 
1994).. Rankers occur in isolated locations, particularly on steep slopes. Rankers in 
thee subalpine belt are mostly covered by Krummholz. Deep fluvisoils are present 
locallyy in floodplains, gley soils are present around springs and in depressions on 
slopes,, and organic soils in the mountain mires of the forest belt and in the subartic 
mires'abovee the timberline. Peat deposits in the Giant Mountains occur at all 
altitudes,, but they are mainly present on the plateau at, or above, the forest limit. 

Climate Climate 
Thee Giant Mountains have a temperate climate, marked by a strong seasonal 
periodicity.. The area is characterised by a short, relatively cold and humid summer, 
andd moderately cold autumn and spring. The winter is usually long and cold, with 
highh precipitation and long snow cover (Neuhauslova et a/., 1998). Due to the relative 
proximityy to the Atlantic Ocean and the prevalence of western winds, the high ridges 
off  the mountains intercept wet, cold oceanic air masses causing high rainfall and 
snowfalll  and low temperatures throughout the year. The mean annual temperature is 
betweenn 0° C and 6*  C, being 0.2° C in Snezka, 1.9° C in Szrenica, 4.7° C in 
Spindleruvv Mlyn, 4.9° C in Harrachov, 5.8° C in Szklarska Poreba, 5.9° C in Karpacz 
andd 6.1° C in Zacler (Flousek, 1994). Precipitation increases with altitude from about 
8000 mm in the foothills to 12001400 mm on the summits (Flousek, 1994); at the 
highestt elevations snow can fall in any month of the year and from mid-October to 
mid-Mayy there is a permanent snow cover. 

Vegetation Vegetation 
Accordingg to Firbas (1952). four vegetation belts can be recognised in the Giant 
Mountains.. Up to approximately 600-700 m. the lowland vegetation belt 
(Hiigellandstufe)) is characterised by mixed forest with Fagus sylvatica, Pinus 
sylvestris,sylvestris, Quercus, Carpinus betulus and Alnus glutinosa. The montane vegetation 
occurss between 600-700 m and 1200-1300 m. Before being affected by humans, it 
couldd reach 1400 m. It is divided in lower montane vegetation (600-700 to 1000 m) 
andd upper montane vegetation (1000 to 1200-1300 m). Fagus sylvatica and Abies 
albaalba are the main components of the lower montane vegetation. Nowadays Picea 
abiesabies predominates. The upper mountain vegetation is mainly composed of Picea 
abies;abies; Abies alba iss usually absent, while Fagus sylvatica is present also locally at the 
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forestt limit (Fanta, 1981). The subalpine belt (Knieholzstufe), occurs up to 1450-
15000 m and locally up to 1560 m. It is characterised by Pinus mugo var. pumilio, 
openn vegetation with Calluna vulgaris and Vaccinium myrtillus, Salix silesiaca, Salix 
lapponum,lapponum, Sorbus aucuparia ssp. alpestris. Prunus padus ssp. petraea and Betula 
pubescenspubescens ssp. carpathica. Picea abies occurs also in this vegetation belt in shrub 
form.. The main bogs of the Giant Mountains occur on the plateaux in the subalpine 
vegetationn belt. According to Neuhauslova et al. (1998). they belong to a complex of 
montanee raised bogs. The most common taxa are Pinus mugo. Eriophorum 
vaginatum,vaginatum, Baeothryon caespitosum, Carex pauciflora, Andromeda polifolia, 
OxycoccosOxycoccos palustris, Empetrum hermaphroditum. E. nigrum, 1'accinium uliginosum, 
V.V. vitis-idaea, V. myrtillus. Sphagnum species and Aulacomnium palustre. Above the 
subalpinee belt, the alpine vegetation belt is limited to the highest elevations, 

HoloceneHolocene vegetation development in the Czech Republic (after Neuhauslova et al., 
1998) ) 
Duringg the Lateglacial, steppe with Artemisia, Chenopodiaceae, Centaurea and 
HelianthemumHelianthemum covered the lowlands, Salix and tall herbs (Cyperaceae. Veratrum, 
Trollius,Trollius, Polemonium, Petasites) grew in alluvial habitats and Pinus and Betula 
tundraa was present in the uplands and mountains. After the sudden increase of 
temperaturee in the Preboreal, the steppe was replaced by a formation of an open forest 
withh Pinus and Betula. Alnus became part of the alluvial communities at the end of 
thee period. At the beginning of the Boreal Corylus, Quercus and Ulmus appeared in 
thee lowlands. Corylus and later Picea expanded in the uplands up to 1000 m. During 
thee Atlantic period Tilia and Quercus, together with Ulmus and Corylus, dominated 
thee lowlands. In the upland areas a mixed montane deciduous forest was present, with 
Ulmus,Ulmus, Tilia, Fraxinus, Acer, Corylus and later with sporadic Fagus. Corylus was 
possiblyy an important component of the vegetation on the highest ridge, while Alnus 
andd Picea stands occurred on waterlogged sites and alluvia at higher altitudes. The 
Subboreall  period was characterised by a gradual temperature decrease. The spread of 
hygrophilouss and mesophilous tree taxa - Alnus, Picea, Fagus and Abies - point to 
humidd conditions. Picea invaded the montane deciduous forest and, towards the end 
off  the period. Abies and Fagus spreaded in the Picea forest. According to 
Neuhauslovaa et al. (1998), the climate of the Subatlantic period corresponds to that of 
thee present time. The migration of Carpinus betulus changed the Tilia-Quercus forest 
intoo a Carpinus-Quercus forest below approximately 500 m. In the mountain areas, 
thee formation of a mixed forest with Fagus, Abies and Picea was completed. Abies 
albaalba was dominant in a belt between those of Quercus and of Fagus. 

HumanHuman impact 
Humann impact on vegetation started in Central Bohemia and Southern Moravia at ca. 
65000 BP (before present, where the present is conventionally 1950 AD), with local 
deforestation,, cultivation and forest grazing (Neuhauslova et al.. 1998). Extensive 
deforestationn in the lowlands occurred during and after the Bronze Age (4000-1000 
BP),, with the conversion of most forested areas into fields and meadows. Although 
thee central part of the Giant Mountains was not inhabited until the late-Medieval 
period,, when mines were opened for ore exploitation, archaeological evidence exists 
off  earlier frequentation of the nearby area. Since at least Roman times trade routes 
weree present, which connected the southern and northern headlands of the mountains. 
Furthermore,, coins and coin deposits point to human presence in the southern and 
southeasternn headlands already from the Celtic to the Roman period (M. Jezek. 
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personall  communication). Archaeological evidence is present for Germanic 
settlementss in the lowlands to the west of the Giant Mountains, along the Jizera river 
andd in the Cesky raj area; these date from the second to the sixth century AD 
(Waldhauserr and Kosnar, 1997). During the sixth century AD (Migration Period), 
Slavicc populations colonised the Czech area. In the study region, the oldest 
archaeologicall  evidence of Slavic presence dates back to the seventh century AD and 
iss located approximately 25-30 km south of the Cerna Hora site. Organised 
deforestationn of the mountain areas started in the eleventh and twelfth century AD 
(Neuhauslovaa et al.> 1998). In the fringes of the Giant Mountains, mines were present 
alreadyy during the twelfth century. The first historical records of human influence on 
thee forest composition in the mountains date back to the thirteenth and fourteenth 
centuries.. Only during the fifteenth and especially sixteenth century mining activity 
developedd in the central part of the range (Firbas and Losert, 1949). The main reasons 
forr the late exploitation of the central part of the mountains are considered to be the 
relativelyy cold climate of the area and the presence of dense forest. Possibly, the 
availabilityy of sufficient suitable areas for farming in the nearby lowlands of 
Bohemia,, southwards, and in Silesia, northwards, was another reason for not 
expandingg inside the mountain range. In the central part of the range, human impact 
onn vegetation at the forest limit was recorded after the sixteenth-seventeenth century 
(Jenfkk and Lokvenc. 1962; Rybnicek, 1990). Extensive deforestation of the mountain 
slopess occurred in the second half of the sixteenth century. The introduction of 
permanentt mountain farms for cattle and goat breeding (inhabited the whole year 
round)) located at, or above the forest line (Baudenwirischa.fi or Almwirtschaft), 
occurredd during the seventeenth century (Firbas and Losert, 1949). This agricultural 
activityy had a strong impact on the subalpine vegetation: the Pinus mugo stands were 
convertedd into grazing areas and meadows, after dominated by Nardus stricta 
(Rybnf£ek,, 1990). While breeding affected the subalpine stands, other human 
activitiess that required high wood consumption such as mining, metallurgy and glass 
productionn permanently decimated the broadleaved and coniferous forests. The 
intensee human impact determined changes both in the altitude of the forest limit and 
inn the forest composition. The forest line, which at present lies at approximately 1210 
m,, was, before being affected by human activity, about 25 m higher, reaching 1235-
12400 m (Jenfk and Lokvenc, 1962). Stands of spruce (Picea abies) could easily 
regeneratee and replace the area previously inhabited by beech (Fagus sylvatica). At 
thee end of eighteenth century, artificial regeneration was introduced on the Jilemnice 
Estatee in the western Giant Mountains: seeds were collected and plants grown in 
nurseriess in forest clearings. An important measure in forest management was 
introduced:: annual cutting of wood could not exceed the annual growth increment in 
thee stands. This management system has been mantained until the 1990s. In 1993 the 
Administrationn of the KrkonoSe National Park took over the management of the 
forests. . 
Inn recent decades air pollution is the most important agent of stress affecting the 
entiree region; most of the sources are situated in adjacent areas of the Czech 
Republic,, Poland and Germany (the "Black Triangle"). The summit ridges of both 
westernn and eastern Giant Mountains are most affected and the anemo-orographic 
systemss enable gas and dust to penetrate further and to reach the central part of the 
mountainn chain. The damage of air pollution is more conspicuous on the highest 
sprucee forest (above 900 m), but at present all forest stands of the Giant Mountains 
are,, to some degree, affected. The negative consequences of air pollution are evident 
nott only on the vegetation; running waters are heavily affected, especially in spring 
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duringg the snow melting and in summer after heavy storms (Flousek, 1994). The 
diversityy and the amount of aquatic algae and of invertebrates decreased and Salmo 
truttafariotruttafario has already disappeared from the streams of the western and central part 
off  the area. Many native species of plants and animals are considered to be in danger 
ass result of anthropogenic pressure: 152 plant and 55 animal species have been 
includedd in the Red Data Book compiled for the territory of the Czech Republic. The 
historyy of nature protection in the Giant Mountains started in 1904. when Count Jan 
Harrachh established the first nature reserve. On the Polish side a nature reserve at 
Malyy Kocial Sniezny was created in 1922, and regulations for the protection of plants 
speciess were issued. A proposal to establish the Krkonose National Park in the Czech 
partt of the area came in 1923 from prof. Frantisek Schustler, who aimed to protect the 
wholee environment, and not only single species. The Krkonose National Park was 
institutedd in 1959 for the Polish territory and in 1963 for the Czech territory. Since 
19922 it is a designated UNESCO biosphere reserve. The restoration of natural forest 
iss promoted by the Dutch FACE foundation (Forest Absorbing Carbon dioxide 
Emissions)) and the preservation of biodiversity is substained by a project of the 
Worldd Bank. 

PreviousPrevious palaeoecological research in the Giant Mountains and the Pancavskd 
LoukaLouka site 
Thee vegetation and the peat bogs in the area of the Giant Mountains have been the 
objectt of numerous studies. Major results on vegetation composition, development 
andd on the forest limit were achieved by Firbas and Losert (1949), Sykora (1967), 
Lokvencc et al, (1994). Fanta (1981), Jenfk and Lokvenc (1962), Firbas (1952). Bog 
vegetationn composition and dynamics were studied by Rudolph (1928), Rudolph and 
Firbass (1927), Rudolph et al. (1928). Detailed results were achieved by Hüttemann 
andd Bortenschlager (1987), who analysed a 2.34 m long peat sequence from 
Pancavskaa Louka (the authors refer to the German name of the site: Pantschewiese). 
Thee sequence covers the period from 7600  130 BP to the present time. The time-
controll  was provided by six radiocarbon dates, five of which are based on 5 cm thick 
bulkk samples and one on a wood sample. In the early Atlantic period Pinus sylvestris 
possiblyy formed the forest limit, as roots attributed to this taxon were found in the 
peat.. Corylus was well represented also in the mountains, while mixed deciduous 
forestt was present, with Quercus, Tilia and Ulmus as main taxa from the lowlands up 
too ca. 1300 m. Alnus and Picea expanded during this period, while the presence of 
pollenn of Abies, Fagus and Carpinus is attributed to long distance transport. The 
presencee of Hedera pollen points to relatively mild climatic conditions. In the late 
Atlanticc Picea became the dominant taxon, both in the mountain forest where the 
importancee of Pinus decreased, and in the mixed deciduous forest, where it caused a 
decreasee especially of Ulmus and Tilia. During this period Alnus reached its present 
dayy extension, and from this moment on its percentages in the diagram hardly change. 
Longg distance transport of Abies and Fagus pollen increased. Although the high 
valuesvalues of arboreal pollen during the Subboreal might indicate the presence of forest 
abovee the plateau of the river Elbe, it is not possible to infer information on the 
positionn of the forest limit on basis of the AP/NAP ratio. The main taxon at the forest 
limitt was Picea, and Pinus was of minor importance. A decrease of Picea seems to 
correspondd to a human settlement phase in the lowlands. The importance of Corylus 
andd Quercus decreased. During this period, Fagus, Abies and Carpinus started their 
expansion.. By the end of the Subboreal. Picea had lost its dominance to Abies and 
Fagus.Fagus. The main feature of the Subatlantic is the predominance of Abies and Fagus in 
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thee mountain vegetation. According to Hiittemann and Bortenschlager (1987), the 
veryy high percentages of these taxa indicate that they were present also on the 
plateau.. The importance of Picea strongly decreased due to the spreading of Abies 
andd Fagus. Pinus mugo spread on the bogs. A decrease in Picea and Abies, 
correspondingg to an increase of pollen of grasses, Artemisia and crops point to a 
phasee of human impact. Hiittemann and Bortenschlager (1987) interpret the phase of 
humann impact as due to the presence of Iron Age settlements at the base of the 
mountains.. Extensive exploitation of the area (deforestation and lowering of the forest 
limit )) occurred after the thirteenth and especially fourteenth century AD. The 
exploitationn of the plateau for breeding induced a spreading of Pinus mugo. Picea 
regainedd its dominance due to introduction of artificial plantation. 

1.44 Radiocarbon 

ProductionProduction and decay 
Naturall  carbon consists of three isotopes: , 2C, I3C and the radioactive l4C. 
Quantitatively.. I2C is the most abundant. The ratio ISC/I2C varies in nature around 
0.0111 and 0.12, depending on the origin of the material. Radiocarbon is extremely 
rare:: in atmospheric carbon dioxide and in living matter the ratio l4C/C is 
approximatelyy equivalent to 1.2 x 10"12. In material containing carbon, the quantity of 
thee radioactive 14C depends not only on the origin of the matter, but also on its age. 
Radiocarbonn is mainly produced in the high atmosphere by the impact of neutrons 
(respectivelyy produced by the collision of protons from cosmic rays with high-
atmospheree molecules) with nuclei of  l4N. Once produced, the atom of  l4C oxidises 
too l4CC>2 and enters the global carbon reservoirs: the atmosphere, the ocean and the 
biospheree (Mook and Streurman, 1983). 
Thee radioactive decay of  !4C produces an nitrogen atom and occurs according to the 
followingg reaction: 

l4CC =*  ,4N + p  + v + Q, 

wheree pV is an electron. V is an anti-neutrino and Q is energy. This reaction obeys to 
thee general law of decay: 

AA = A0e
Xl, 

wheree A is the measured specific i4C activity, A„  is the original specific l4C activity 
(13.655 disintegration per minute per gram of carbon), t is the time passed since the 
activityy was A0 and X is the decay constant, which is related to the half-life (A, = In 
2/Tl/2). . 

RadiocarbonRadiocarbon dating 
Thee l4C/C ratio in every living organism (with exception of organisms living in 
aquaticc environments, where a reservoir effect can occur; cf. Stuiver and Polach, 
1977;; Stuiver et al., 1986) remains in equilibrium with the atmospheric ratio because 
off  a continuous C02 exchange. When the organism dies, the C02 exchange stops and 
noo new carbon enters the body. As l4C decays and it is not replaced, the l4C/C ratio 
decreasess at a constant pace, based on the l4C half-life. For radiocarbon dating the 
Libbyy (1955) value of the half-life (5568 years) is conventionally used. Today it is 
knownn that the t4C half-life is 5730 0 years (Godwin, 1962; Olson, 1968). 
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Nevertheless,, the correct value is not used in order to avoid confusion with old 
radiocarbonn measurements based on the Libby value. As the decay rate is constant 
andd not influenced by external phenomena, the less l4C an organic sample contains, 
thee older it is. By measuring the residual radiocarbon contained in the sample it is 
possiblee to estimate its age. The measuring of radiocarbon can be indirect (counting 
thee emission of electrons during decay, in the conventional radiocarbon dating 
procedure)) or direct, by means of an Accelerator Mass Spectrometer (separating the 
threee isotopes and counting directly 14C atoms). The international  l4C standard is a 
batchh of oxalic acid, stored at the US National Bureau of Standards (Godwin, 1959). 
Thee radiocarbon date resulting from the dating process can be converted in calendar 
agess with a calibration curve. The curve is obtained by dating, by means both of 
radiocarbonn (l4C "age") and of dendrochronology (calendar age), tree-ring series 
coveringg the whole Holocene (Stuiver et al., 1998). The calibration is complicated by 
thee non-constant value of the atmospheric radiocarbon activity in the past. 

RadiocarbonRadiocarbon variation, solar activity and climate 
Thee activity of  l4C in the atmosphere is in a stationary state. Nevertheless, variations 
existt in AI4C concentration (Mook and Streurman, 1983). Hessel de Vries (1958) 
alreadyy described variations in l4C activity, which produce so-called "wiggles" in the 
calibrationn curve. Main variations in !4C activity in the atmosphere are due to changes 
inn production and exchanges with the reservoirs (Bradley. 1999). Causes of 
productionn changes are modulation of cosmic ray flux by solar activity (solar wind) 
andd by changes in the geomagnetic field, interstellar modulation and cosmic ray burst 
fromm supernovae and other stellar phenomena. Variations in exchange rate with the 
reservoirss is due in the ocean to changes in CO: ventilation, in the biosphere to 
changess in biomass and in atmospheric C02 concentrations. Furthermore, C02 

emissionn by volcanoes, fossil fuel combustion (Suess effect, cf. Suess, 1965) and 
nuclearr explosions contribute to l4C variations. Although probably all these factors 
playy a role in influencing l4C fluctuations through time, most of the variability is due 
too two factors. Changes in the Earth magnetic field are responsible for the long-term 
variabilityy of  l4C (Mazaud et al.. 1991; Trie et al., 1992). Changes in solar wind 
determinee short-term radiocarbon fluctuations (Stuiver and Quay, 1980; Stuiver, 
1994).. Records of the cosmogenic isotopes l4C and l0Be show periodicities related to 
thee sunspot cycle (Stuiver, 1994; Beer et al., 1994). The reduced solar magnetic 
activityy during periods of low sunspot numbers allows an increased cosmic ray flux 
onn the Earth's outer atmosphere, thus increasing the flux of neutrons and the 
productionn of  l4C and !0Be. Consequently, the AI4C record can be used as a proxy for 
solarr activity (Stuiver, 1965, 1980; Stuiver and Braziunas. 1989; Stuiver and Quay, 
1980;; Stuiver et al.. 1991): the periods of AI4C sharp increase correspond to periods 
off  low solar activity. As past solar activity can be reconstructed from the AI4C record, 
itt is possible to investigate the relation between solar activity and climate in past 
times,, by comparing the curve of AI4C to those of climate proxies. At the present 
time,, indications pointing to solar forcing of climate change have been collected from 
peatt bogs (Blackford and Chambers. 1995; Chambers et al.. 1997; Kilian et al., 1995; 
vann Geel et al., 1996; 1998; 1999), lake level fluctuations (Magny, 1993; 1995) and 
icee cores (Beer et al., 1994; Ram and Stolz, 1999; Ram et al.. 1999). Still, the topic 
remainss controversial, both because small changes in solar energy output are often 
nott considered to be sufficient to influence climate, and because of a lack of a precise 
time-controll  on climate proxy data (Chambers et al., 1999). 
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Thee first objection is based on the relatively small changes in the solar constant. To 
resultt in changes in the climatic record, a 0.4-1.5% variation in solar irradiance is 
needed,, but the estimated solar variability is only 0.24% (cf. Hoyt and Schatten, 
1977).. However, mechanisms of amplification of the small changes in irradiance may 
bee accounted for the observed climatic changes (van Geel and Renssen, 1998). One 
mechanism,, based on a model by Haigh (1994; 1996; 1999) involves variations in 
ultraviolett radiation, which alter ozone production in the stratosphere. Ozone 
changes,, in turn, would trigger changes in absorption of warmth, atmospheric 
circulationn and climate. The other mechanism (Svensmark and Friis-Christensen, 
1997)) is based on the possible role of cosmic rays in cloud formation. An enhanced 
fluxx of cosmic rays would increase ionization and aerosol formation, and it would 
resultt in an increased formation of clouds. The increased cloud cover would influence 
thee thermic balance of the Earth, which would result in climatic change. The second 
objection,, the lack of time-control on climate proxies, is particularly problematic in 
correspondencee with major wiggles in the calibration curve. However, the 
introductionn of the wiggle match dating strategy (van Geel and Mook, 1989; Kilian et 
at.,at., 1995) provides a valid tool in achieving a relatively precise calendar time-control. 
Thiss topic will be further dealt with in chapter 2. 
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IMPROVIN GG THE TIM E CONTROL OF THE SUBBOREAL -
SUBATLANTI CC TRANSITIO N IN A CZECH PEAT SEQUENCE 
BYY  14C WIGGLE-MATCHIN G 

Abstract::  To achieve an optimal lime-control for a late Subhoreal to early Subatlantic peal sequence 
fromm Pancavska Louka in the Czech Republic, different strategies are applied to convert a series of 
radiocarbonn dates into a calendar lime-scale. The methods of selection and preparation of the samples 
forr AMS i4C dating are presented. The results of calibrating single radiocarbon dates are compared 
withh a l4C wiggle-match strategy. As the accumulation rate of the peat was not constant, the 
concentrationss of arboreal pollen are used to estimate the accumulation rate changes and to correct for 
thesee changes. The resulting time-control represents the best solution for this peat sequence with the 
methodss currently available. 

2.11 Introductio n 

Thee conversion of radiocarbon dates into calendar ages is complicated by the 
nonlinearityy of the calibration curve, i.e. the presence of wiggles due to past variations 
inn the atmospheric l4C content (de Vries, 1958; Suess, 1970; Stuiver et al., 1998). In 
particular,, the calibration of radiocarbon dates at approximately 2500-2450 BP is 
problematicc due to a "plateau" (known as the "Hallstatt-plateau'1) in the calibration 
curvee (Kilian et at.. 1995; 2000) (Figures 2.1a, 2.2). 
AA decrease in solar activity caused an increase in production of  l4C, and thus a sharp 
riserise in AI4C, beginning at approximately 850 cal (calendar years) BC {Figure 2.1 b). 
Betweenn approximately 760 and 420 cal BC (corresponding to 2500 - 2425 BP), the 
concentrationn of  l4C returned to "normal" values. These events are mirrored in the 
calibrationn curve as a sharp descent between 850 to 760 cal BC (2700 - 2450 BP) -
correspondingg to the increase in A]4C - and a plateau between 760 and 420 cal BC 
(25000 - 2425 BP) - corresponding to the decrease of the excess in l4C (Figure 2.1), A 
consequencee of the decreasing atmospheric l4C concentration between 760 and 420 
call  BC is that plants and animals that died during that time interval now display 
similarr radiocarbon ages, scattering around 2450 BP. The calibration of these 
radiocarbonn ages into calendar ages gives a probability range covering approximately 
3400 calendar years, from 760 to 420 cal BC (Figure 2.2). 
Thiss lack of accuracy for calibrated results is problematic in palaeobotanical and 
archaeologicall  reconstructions if no other absolute dating method providing a 
calendarr time-scale (i.e. dendrochronology, varved sequences) can be additionally 
applied.. A solution is given by the wiggle-match strategy (van Geel and Mook, 1989), 
wheree a stratigraphic sequence of  14C dates is matched to the wiggles of the 
calibrationn curve. This is analogous to wiggle-matching of radiocarbon dates of 
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floatingg tree rings to the calibration curve (Pearson, 1986). The application of the l4C 
wiggle-matchh dating (WMD) strategy can also provide evidences for a reservoir effect 
inn a sequence, as demonstrated by Kilian et at. (1995) for raised bogs. 
Ann important application of WMD is the research on the apparent existence of a link 
betweenn the decrease in solar activity at 850 cal BC and the climatic deterioration 
occurringg at the same time (Davis, 1994; Denton and Karlén, 1973; Karlén and 
Kuylenstierna,, 1996; van Geel et al., 1998, 1999; Jirikowic et al., 1993; Magny, 1993. 
1999).. Evidence for such a link can be the positive correlation between changing solar 
activityy proxies (the cosmogenic isotopes l4C and l0Be) and geological climate 
proxies.. Such a relationship is feasible only when time-control is precise. The 
applicationn of WMD can provide the required precision, but it requires application in 
thosee parts of the calibration curve where pronounced, characteristic wiggles are 
presentt because the shape of a single wiggle of the calibration curve has to be 
recognisedd in the sediment or peat sequence for the series of  14C dates to be matched. 
Thiss is usually an expensive strategy, as it requires a great number of radiocarbon 
datess by AMS of selected material (leaves, seeds and other above-ground material). 

FigureFigure 2.1 Radiocarbon calibration curve (a) and AIJC detrended for the magnetic field 
(b)(b) between 1800 cal BC and 200 cal AD. Data from the INTCAl. 98 curve (Stuiver et al.. 
1998). 1998). 
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FigureFigure 2.2 Example of the calibration of a radiocarbon date (2450 * 50 BP) around the 
HaUstattHaUstatt plateau. The probability distribution in calendar years yields almost four centuries. 

Palaeoecologicall  analyses of a sequence from the peat bog of Pancavska Louka 
(Czechh Republic) provided data on climatic change towards cooler, moister 
conditionss at the Subboreal - Subatlantic transition. To reconstruct the phases of this 
climaticc event, an accurate time-control was needed. This could be achieved by using 
thee l4C wiggle-match dating strategy. 

2.22 Materials and methods 

PeatPeat samples collection and preparation 
Thee peat bog of Pancavska Louka (50°45,10" N, 15°32'50" E) is located at an altitude 
off  1320 m in the Giant Mountains (Krkonose). in the Czech Republic. It belongs to 
thee complex of montane raised bogs (Neuhauslova et ai. 1998). and at present it is 
approximatelyy 1 km in diameter (Figure 2.3). 
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FigureFigure 2.3 Map and location of the area. 

Thee sampled peat section represents the period from 5320  60 BP (GrA-6326) to the 
presentt time (1996 AD). Here we present the dating procedures and the conversion 
fromm a radiocarbon to a calendar time-scale by means of WMD for the period 
betweenn 3100 and 1900 BP. 
Fluctuationss in the total arboreal pollen concentration mainly depend on changes in 
thee accumulation rate of the peat in the absence of marked human influence 
(Middeldorp,, 1982). Such fluctuations can be used in the wiggle-matching procedure 
too model a distance between subsequent '4C samples that takes into account changes 
inn the peat accumulation rate. We also show a relevant selection of pollen and 
macrofossill data (peat forming plants) for the time range between 3100 and 1900 BP. 
Thee complete micro- and macrofossil record will be published in a future paper (see 
chapterr 3 of this thesis). 
Forr the time interval presented, 29 samples were radiocarbon dated by A MS at the 
Centree for Isotope Research of the University of Groningen. The selection and 
preparationn of the samples for the AMS dating is a complex procedure comprising 
manyy steps, from the collection of the peat sequence in the field to the preparation of 
graphitee targets for the AMS. We briefly describe each step below. 
Sampling,Sampling, preparation and analysis of the macro- and microfossils 
Thee material was collected by digging a pit in the bog. exposing a clean vertical 
profilee and collecting the peat by pressing metal boxes (50 x 15 x 10 cm: open at one 
side)) into the profile. Full boxes were removed from the profile, covered with plastic 
filmm to prevent contamination, brought to the laboratory and preserved at a 
temperaturee of 3 °C. Before sub-sampling the material in the metal boxes, the outside 
layerr of approximately two centimetres of peat was removed to avoid contamination. 
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Contiguouss horizontal slices of 0.5 cm thickness were cut. From these slices, one 
samplee for pollen analysis and one for macrofossil analysis were taken, and the 
remainingg material was preserved. The analysis of micro- and macrofossils was 
carriedd out every cm. The radiocarbon samples were selected from the macrofossil 
samples. . 
Thee macrofossil samples (3 to 8 cm1) were boiled in KOH (5%) to dissolve humic and 
fulvicc acids. Subsequently, the material was sieved (100 u.m mesh); the material on 
thee sieve was preserved in demineralized water. A few drops of HCI (5%) were added 
too prevent further decomposition and contamination by bacteria or fungi. Macrofossil 
analysiss was carried out on a binocular microscope (magnification lOx and 20x); the 
percentagee in volume of each peat constituent within the total composition of the 
samplee was visually estimated. The sample was split in subsamples which were 
observedd in water in a Petri dish. The Petri dish was divided in sectors in order to 
avoidd overlapping with already analysed parts of the subsample. A plus (+) in the 
curvee of a taxon indicates that this taxon was present in the sample in such a low 
quantityy that the attribution of a volume percentage was not realistic. 
Microfossilss samples were treated with KOH and acetolysed according to the method 
off  Faegri and Iversen (1989). The identification of pollen grains was based on Moore 
etal.etal. (1991). Rare taxa are indicated with a plus (+). 

PreparationPreparation of the samples for radiocarbon dating 
Thee selection of macrofossils for radiocarbon dating was undertaken using a binocular 
microscopee (magnifications lOx and 20x). A number of samples showed traces of 
fossill  fungal infection (mycelium). An empirical fungal infection coefficient (FIC) 
wass introduced to tentatively express the degree of fungal contamination of the 
originall  sample. A FIC, going from 0 (very low degree of decomposition; no visible 
infectionn by fungi) to 5 (very decomposed with many hyphae) was given to each 
sample.. Leaves and branches of Sphagnum species (peat moss) were collected for 
radiocarbonn dating. The advantage of mosses for dating is that they represent the 
vegetationn of former surfaces of the bog. On the contrary, Spermatophyta (flowering 
plants)) have roots that penetrate in deeper levels making bulk l4C samples too young. 
Ann advantage of Sphagna on other mosses, from a dating point of view, is their active 
acidificationn of the environment (Clymo, 1963) which inhibits bacteria from 
decomposingg Sphagnum. 
Whenn a sufficient quantity of Sphagnum was collected in a Petri dish, the cleaning 
phasee started: each leaf and branch was cleaned (all material other than Sphagnum 
wass removed, i.e. ericaceous roots, fungal mycelium) and moved to another Petri dish 
inn demineralized water. Material infected by fungi or too decomposed material was 
nott used. A threefold repetition of this procedure ensured that the sample was 
composedd of pure Sphagnum 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 contaminants were present. The FIC is a tentative measure of this 
possiblee contamination. In each step of the preparation of the samples for radiocarbon 
dating,, chemically pure reagents (pA) and demineralized water were used. 
Acidd - Alkali - Acid treatment The purpose of this treatment is to further 
eliminatee every eventual remaining trace of humic and fulvic acids and to eliminate 
thee bacterial C02 formed during the decomposition processes (Mook and Streurman. 
1983). . 
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Thee selected Sphagnum remains were placed in HC1 (4%) for approximately one 
hour.. The material was then sieved and rinsed with demineralized water and 
subsequentlyy put in KOH 1% warm and then sieved and rinsed again. The HC1 (4%) 
treatmentt was repeated for one hour. The material was finally thoroughly rinsed with 
demineralizedd water, put in glass bottles and dried in the oven at 80 °C for 24 hours. 
Combustionn and CQ2 production The samples were combusted in an automatic CN 
Analyserr Carlo Erba 1500, coupled to a Micromass Optima IRMS, enabling high-
precisionn hnC and 6I5N determinations. The CO: produced is trapped cryogenically 
(Aerts-Bijmaera/.,, J 997). 

TableTable 2.1 List of the AMS '4C dates of the peat sequence of Pancavskd Louka for the 
110-56110-56 cm depth interval (between 3100 and 1900 BP). The sample code is that used by the 
RadiocarbonRadiocarbon Laboratory of Groningen University (GrA). The samples with a star (*) are 
composedcomposed of Sphagnum and seeds ofEricales and of seeds ofCarex; all the other samples are 
purepure Sphagnum. FIC is fungal infection coefficient. Large errors are caused by small sample 
size. size. 

Depth Depth 
56.0 * * 

58. 0 0 

59. 0 0 

62. 0 0 

64. 0 0 

66. 0 0 

68. 0 0 

70. 0 0 

72. 0 0 

73. 0 0 

74. 0 0 

75. 0 0 

77. 0 0 

79. 0 0 

81. 0 0 

83. 0 0 

84. 0 0 

86. 0 0 

88. 0 0 

89.0 * * 

90. 0 0 

92. 0 0 

94. 0 0 

96. 0 0 

98. 0 0 

100. 0 0 

102. 0 0 

104. 0 0 

110. 0 0 

SampleSample code 

GrA-1091 0 0 

GrA-1058 0 0 

GrA-1091 2 2 

GrA-709 9 9 

GrA-1052 4 4 

GrA-1056 4 4 

GrA-1056 1 1 

GrA-747 9 9 

GrA-1091 4 4 

GrA-982 4 4 

GrA-1091 7 7 

GrA-1052 3 3 

GrA-1008 9 9 

GrA-982 3 3 

GrA-748 1 1 

GrA-1199 9 9 

GrA-748 2 2 

GrA-748 3 3 

GrA-1057 9 9 

GrA-1091 9 9 

GrA-1052 0 0 

GrA-982 2 2 

GrA-982 1 1 

GrA-981 9 9 

GrA-1051 9 9 

GrA-1051 8 8 

GrA-1056 0 0 

GrA-1051 6 6 

GrA-981 8 8 

RadiocarbonRadiocarbon age 
19400 ±  5 0 

21155 ±7 5 

19100 ±5 0 

21300 ±6 0 

20355 ±  6 0 

22300 ±  5 5 

22555 ±  5 5 

21300 ±  6 0 

24200 ±  5 0 

25155 ±5 5 

24500 ±5 0 

23300 ±  6 0 

24800 ±  3 5 

24555 ±  4 5 

25400 ±  10 0 

24700 ±  5 0 

26500 ±  6 0 

26400 ±  6 0 

25655 ±  9 0 

28800 ±  5 0 

27900 ±  6 0 

27755 ±4 5 

28855 ±4 5 

29255 ±  4 5 

29155 ±6 0 

29000 t  6 0 

31355 ±6 0 

28755 ±  6 0 

31455 ±4 5 

FIC FIC 
0.5 5 
1 1 

0.5 5 

0 0 

0 0 

0 0 

0 0 

0 0 

0. 5 5 

0 0 

0 0 

0 0 

1 1 

0 0 

0 0 

0.5 5 

0 0 

0 0 

0.5 5 

1 1 

I I 

0 0 

0 0 

0 0 

0-0. 5 5 

0 0 

1-1. 5 5 

0.5 5 

0 0 
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Graphitizationn and target production The C02 produced by the CN Analyser is 
transferredd to the graphitization room. For the production of graphite, the method of 
reductionn under an excess of hydrogen gas with iron powder as catalyst is used 
(Vogell  et ai. 1984): 
C022 + 2H2-> (Fe) -> C + 2 H20 
Ann automatic system presses the graphite powder into a target holder that fits in the 
carousell  of the AMS ion source. 
AMSS dating The Groningen AMS accelerator is a tandetron operating at 2.5 MV. 
Performancee tests on the B8 and on the l4C / l2C ratio showed a precision better than 
2%oo and 0.5 pMC respectively (Mous et at., 1995). NC dates are corrected for isotopic 
fractionationn to 5!*C = -25%o, as measured by the AMS itself. 
Thee results of the AMS t4C dating are shown in Table 2.1. These dates were both 
calibratedd and wiggle-matched, so that the results of both approaches can be 
comparedd and evaluated. 

TableTable 2.2 Results of the individual calibration of the dates of Pancavskd Louka. The 
datesdates are calibrated with the Groningen program Cal25. the updating of Cal20 (van der 
PlichtPlicht 1993) using the INTCAL 1998 calibration curve (Stuiver et al. 1998). 

SampleSample depth. 
t4t4CC age and code 

PANN 56.0 
19400  50 BP 
GrA-10910 0 

PANN 58.0 
21155  75 BP 
GrA-10580 0 

PANN 59.0 
P P 

GrA-10912 2 

PANN 62.0 
P P 

GrA-7099 9 

PANN 64.0 
20355  60 BP 
GrA-10524 4 

PANN 66.0 
22300 * 55 BP 
GrA-10564 4 

/ / 

988 cal AD -
222 cal AD 
44 cal AD -

77 cal BC 
2055 cal BC 
2288 cal BC 
3488 cal BC 

1988 cal AD 
1633 cal AD 
499 cal AD -
266 ca! AD 

799 cal BC 
2044 cal BC 
2277 cal BC 
3477 cal BC 

411 cal AD 
1133 cal BC 

2211 cal BC -
2655 cal BC -
3199 cal BC-
3799 cal BC 

a a 

1266 ca! AD 
-- 90 cal AD 
111 cal AD 

-- 3 cal BC 
-- 43 cal BC 
2222 cal BC 
3200 cal BC 

2077 cal AD 
1688 cal AD 
1333 cal AD 
422 cal AD 

544 cal BC 
-- 88 cal BC 
2233 cal BC 
3211 cal BC 

500 cal AD 
-- 27 cal AD 

2055 cal BC 
2299 cal BC 
2666 cal BC 
3500 cal BC 

2 2 

1922 cal AD 
1488 cal AD 
455 cal BC -

433 cal AD 
2622 cat BC 
3611 cal BC 

22 cal AD -
177 cal BC-

111 cal BC 
311 cal BC -
2600 cal BC 
3599 cal BC -

1088 cal AD-
1788 cal BC 

2000 cal BC -

3966 cal BC -

a a 

2122 cal AD 
1766 cal AD 
1355 cal AD 

488 cal AD 
-- 25 cal AD 
2711 cal BC 

2322 cal AD 
144 cal BC 

-- 0 cal AD 
211 cal BC 

-- 39 cal BC 
2722 cal BC 

1100 cal AD 
-811 cal AD 
1877 cal BC 

1733 cal BC 
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TableTable 2.2, continued 
SampleSample depth. 

''44CC age and code 

PANN 68.0 
P P 

GrA-10561 1 

PANN 70.0 
P P 

GrA-7479 9 

PANN 72.0 
24200  50 BP 
GrA-10914 4 

PANN 73.0 
P P 

GrA-9824 4 

PANN 74.0 
24500  50 BP 
GrA-10917 7 

PANN 75.0 
23300  60 BP 
GrA-10523 3 

PANN 77.0 
24800  35 BP 
GrA-10089 9 

PANN 79.0 
24555  45 BP 
GrA-9823 3 

PANN 81.0 
25400  100 BP 
GrA-7481 1 

/ / 

2199 cal BC-
2966 cal BC -
3155 cal BC-
3900 cal BC -

799 cal BC -
2044 cal BC 
2277 cal BC -
3477 cal BC -

5222 cal BC -
5400 cal BC -
7144 cal BC-
7566 cal BC -
5277 cal BC -
7000 cal BC -
7922 cal BC 

4699 cal BC 
5433 cal BC 
5877 cal BC 
6633 cal BC 
7588 cal BC 

2166 cal BC 
2466 cal BC 
2899 cal BC 
4133 cal BC 
4299 cal BC 
4511 cal BC 
4866 cal BC 
5155 cal BC 

5300 cal BC 
5966 cal BC 
6699 cal BC 
7277 cal BC 
7477 cal BC 
7611 cal BC 

4422 cal BC 
4677 cal BC 
5444 cal BC 
5899 cal BC 
6644 cal BC 
7599 cal BC 

5300 cal BC 
7500 cal BC 
8000 cal BC 

f j j 

2088 cal BC 
2311 cal BC 
3100 cal BC 
3522 cal BC 

544 cal BC 
-- 88 cal BC 
2233 cal BC 
3211 cal BC 

4044 cal BC 
5288 cal BC 
7022 cal BC 
7166 cal BC 
5244 cal BC 
5400 cal BC 
7566 cal BC 

4100 cal BC 
4799 cal BC 
5833 cal BC 
6455 cal BC 
6844 cal BC 

2111 cal BC 
2333 cal BC 

-- 257 cal BC 
-- 355 cal BC 
-4211 cal BC 
-- 439 cal BC 
-- 464 cal BC 
-- 488 cal BC 

-- 520 cal BC 
-- 538 cal BC 
-- 609 cal BC 
-- 680 cal BC 
-- 733 cal BC 
-- 754 cal BC 

-4111 cal BC 
-- 449 cal BC 
-- 482 cal BC 
-5811 cal BC 
-- 642 cal BC 
-- 683 cal BC 

-- 520 cal BC 
-- 535 cal BC 
-- 755 cal BC 

2 2 

1866 cal BC -
4000 cal BC -

111 cal BC 
311 cal BC -
2600 cal BC 
3599 cal BC -

5666 cal BC -
5944 cal BC -
6688 cal BC -
7611 cal BC 
4244 cal BC 
4411 cal BC 
4655 cal BC 
4944 cal BC 
5100 cal BC 
7988 cal BC 

5999 cal BC 
6700 cal BC 
7622 cal BC 

2244 cal BC 
3233 cal BC 
5433 cal BC 
6611 ca! BC 
7588 cal BC 

4422 cal BC 
4666 cal BC 
7655 cal BC 

5999 cal BC 
6700 cal BC 
7622 cal BC 

8355 cal BC 
8900 ca! BC 

<T T 

1800 cal BC 
2000 ca! BC 

-- 0 cal AD 
211 cal BC 

-- 39 cal BC 
2722 cal BC 

3999 cal BC 
5733 cal BC 
6122 cal BC 
6800 cal BC 
4122 cal BC 
4266 cal BC 
4500 cal BC 
4833 cal BC 
4977 cal BC 
5133 cal BC 

4055 cal BC 
-- 605 cal BC 
-- 679 cal BC 

-- 204 cal BC 
-- 226 cal BC 
-- 346 cal BC 
-- 649 cal BC 
-- 685 cal BC 

-4111 cal BC 
-- 449 cal BC 
-- 482 cal BC 

-- 407 cal BC 
-- 607 cal BC 
-- 679 cal BC 

-- 400 cal BC 
-- 885 cal BC 
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SampleSample depth. 
WCC age and code 

PANN 83.0 
24700  50 BP 
GrA-11999 9 

PANN 84.0 
26500  60 BP 
GrA-7482 2 

PANN 86.0 
26400  60 BP 
GrA-7483 3 

PANN 88.0 
25655  90 BP 
GrA-10579 9 

PANN 89.0 
28800  50 BP 
GrA-10919 9 

PANN 90.0 
27900  60 BP 
GrA-10520 0 

PANN 92.0 
P P 

GrA-9822 2 

PANN 94.0 
28855  45 BP 
GrA-9821 1 

PANN 96.0 
29255  45 BP 
GrA-9819 9 

1 1 

4200 cal BC 
4388 cat BC 
4622 cal BC 
5677 cal BC 
5944 cal BC -
6688 cal BC -
7611 cal BC 

8411 cal BC -
8633 cal BC 
8966 cal BC 

7722 cal BC 
8400 cal BC 
8611 cal BC 
8966 cal BC 

5299 cal BC 
7044 cal BC 
7188 cal BC 
8244 cal BC 

9533 cal BC 
9855 cal BC 
11288 cal BC 
11877 cal BC 

8544 cai BC 
8777 cal BC 
10011 cal BC 

8799 cal BC 
9411 cal BC 
9733 cal BC 

11288 cal BC-
11877 cal BC -

11322 cal BC 
11677 cal BC 
11922 cal BC -
12122 cal BC 
12544 cal BC-

O O 

4144 cal BC 
4300 cal BC 
4533 cal BC 
5177 cal BC 
5733 cal BC 
6111 cal BC 
6800 cal BC 

7900 cal BC 
8500 cal BC 
8766 cal BC 

7677 cal BC 
7833 cal BC 
8522 cal BC 
8766 cal BC 

5222 cal BC 
5399 cal BC 
7100 cal BC 
7566 cal BC 

9477 cal BC 
9766 cal BC 

-- 998 cal BC 
11822 cal BC 

8400 cal BC 
8599 cal BC 

-- 895 cal BC 

8377 cal BC 
8944 cal BC 
9577 cal BC 

-- 1000 cal BC 
-- 1181 cal BC 

10455 cal BC 
11400 cal BC 
11755 cal BC 
12000 cal BC 
12477 cal BC 

2 2 

4733 cal BC -
7644 cal BC -

5777 cal BC -
6155 cal BC • 
6311 cal BC-
6811 cal BC -
9288 cal BC -
9700 cal BC • 

5799 cal BC-
6377 cal BC -
6822 cal BC • 
9211 cal BC-
9677 cal BC -

8366 cal BC -
8933 cal BC • 

11322 cal BC 
11700 cal BC -
11933 cal BC -
12133 cal BC-
12555 cal BC -

10533 cal BC 
10877 cal BC-
11122 cal BC -
11255 cal BC-

10066 cal BC 

9600 cal BC -
11322 cal BC 
11688 cal BC-
11922 cal BC-
12122 cal BC-
12555 cal BC-

9811 cal BC -
12611 cal BC 
12888 cal BC-

a a 

4099 cal BC 
4766 cal BC 

5611 cal BC 
5933 cal BC 
6199 cal BC 
6666 ca! BC 
7600 cal BC 
9599 cal BC 

5466 cal BC 
5911 cal BC 
6655 cal BC 
7599 cal BC 
9633 cal BC 

4077 cal BC 
8799 cal BC 

-- 920 cal BC 
11399 cal BC 
11733 cal BC 
11999 cal BC 
12433 cal BC 

-- 824 cal BC 
10600 cal BC 
10977 cal BC 
11177 cal BC 

-- 828 cal BC 

9255 cal BC 
-- 969 cal BC 
11400 cal BC 
II744 cal BC 
11999 cal BC 
12455 cal BC 

9800 cal BC 
-- 999 cal BC 
12822 cal BC 
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TableTable 2*2, continued 
SampleSample depth. 

l4l4CC age and code 

PANN 98.0 
P P 

GrA-10519 9 

PANN 100.0 
29000  60 BP 
GrA-10518 8 

PANN 102.0 
P P 

GrA-10560 0 

PANN 104.0 
28755  60 BP 
GrA-10516 6 

PANN 110.0 
31455 5 BP 
GrA-9818 8 

1 1 

11311 cal BC-
11666 cal BC-
11911 cal BC-
12122 cal BC-
12533 cal BC-

11311 cal BC-
11655 cal BC-
11911 calBC-
12111 calBC-

l339calBC--
13577 cal BC-
14588 cal BC-
14944 cal BC-

9566 cal BC -
11288 cal BC 
11877 cal BC-

13333 cal BC-
14533 cal BC-
14922 cal BC -

a a 

10066 cal BC 
11400 cal BC 
11766 cal BC 
12000 cal BC 
12488 cal BC 

10000 cal BC 
11411 calBC 
1176calBC C 
12011 cal BC 

13177 cal BC 
1351ca!BC C 
13722 cal BC 
1476calBC C 

9411 cal BC 
-- 973 cal BC 
11811 calBC 

13222 cal BC 
13877 cal BC 
14799 cal BC 

2 2 

9611 calBC-
12644 cal BC 
12944 cal BC-

9633 cal BC -
12611 cal BC 
12877 cal BC-

12833 cal BC-
15211 cal BC-

11355 cal BC 
12155 cal BC-
l258calBC--

13422 cal BC-
13600 cal BC-
15188 cal BC-

<7 7 

9244 cal BC 
-- 969 cal BC 
12766 cal BC 

9200 cal BC 
-- 966 cal BC 
12833 cal BC 

12611 calBC 
12866 cal BC 

-9011 cal BC 
11366 cal BC 
12366 cal BC 

13166 cal BC 
13488 cal BC 
!370calBC C 

2.33 Conversion of the radiocarbon time-scale into calendar  time-scale 

Calibration Calibration 
Wee calibrated the NC dates with the program Cal25 (van der Plicht, 1993) updated 
withh the new calibration data of Stuiver et al. (1998). The results are shown in Table 
2.2.. Calibration of  NC often yields problematic interpretations in palaeoecology or 
archaeologyy (Dumayne et at., 1995) because the resulting probability distribution is 
noo longer Gaussian, often with several maxima and minima (van der Plicht and Mook, 
1987). . 
Oftenn the results of calibration are sufficient for the aims of the research. The aim of 
ourr research however, is to precisely date the climatic change at around 2700 BP and 
too find periodic cycles in vegetation succession patterns by applying spectral analysis 
too the palaeobotanical data. In this paper we focus on the time control aspects; 
spectrall  analysis will be published in a subsequent paper. Therefore, we need to 
attributee a single age to each level, i.e., we have to express the result of the calibration 
inn a single value. One can choose either the mid-point between the two dates that 
enclosee the 95.4% confidence interval (Bennett, 1995), or the calendar age 
correspondingg to the intersection of the radiocarbon age without its standard deviation 
andd the calibration curve ("best fit" ) (Table 2.3). Both procedures are statistically not 
justifiablee and thus errors in the time-control are introduced. Wiggle-matching of the 
datess is an attractive alternative approach. 
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TableTable 2.3 Choice of a single calendar age for the radiocarbon dates. The average 
(middle(middle point) of the probability interval and the calendar age corresponding to the best 
intersectionintersection of the radiocarbon age without standard deviation and the calibration curve are 
presented. presented. 

Depth Depth 
cm cm 
56 6 
58 8 
59 9 
62 2 
64 4 
66 6 
68 8 
70 0 
72 2 
73 3 
74 4 
75 5 
77 7 
79 9 
81 1 
83 3 
84 4 
86 6 
88 8 
89 9 
90 0 
92 2 
94 4 
96 6 
98 8 
100 0 
102 2 
104 4 
110 0 

RadiocarbonRadiocarbon age 
BP BP 

19400 0 
21155  75 

0 0 
21300 0 
20355  60 
22300 5 
22555 5 
21300 0 
24200  50 
25155 5 
24500  50 
23300 0 
24800  35 
24555  45 
2540  100 
24700  50 
26500  60 
26400 0 
25655  90 
28800 0 
27900  60 
27755  45 
28855 5 
29255 5 
29155 0 
29000  60 
31355 0 
28755 0 
31455 5 

MiddleMiddle point of2orange 

833 cal AD 
1566 cal BC 
1077 cal BC 
1799 cal BC 
455 cal BC 
2844 cal BC 
2900 cal BC 
1799 cal BC 
5800 cal BC 
6055 cal BC 
5833 cal BC 
4811 cal BC 
5888 cal BC 
5844 cal BC 
6455 cal BC 
5866 cal BC 
7655 cal BC 
7566 cal BC 
6500 cal BC 
10877 cal BC 
9744 cal BC 
9177 cal BC 
12277 cal BC 
11344 cal BC 
11099 cal BC 
11033 cal BC 
13911 cal BC 
10799 cal BC 
9177 cal BC 

BestBest fit intersection 
calcal curve 
711 cal AD 
1211 cal BC 
822 cal AD 
1711 cal BC 
433 cal BC 
2877 cal BC 
3755 cal BC 
1711 cal BC 
4466 cal BC 
6799 cal BC 
5322 cal BC 
3977 cal BC 
5877 cal BC 
7377 cal BC 
7822 cal BC 
6844 cal BC 
8055 cal BC 
8033 cal BC 
7911 cal BC 
10322 cal BC 
9633 cal BC 
9166 cat BC 
10466 cal BC 
11833 cal BC 
10933 cal BC 
11077 cal BC 
14100 cal BC 
10188 cal BC 
14122 cal BC 

Wiggle-matching Wiggle-matching 
Wiggle-matchingg with a linear depth scale Wiggle - match dating (WMD) of a 
sequencee of radiocarbon dates means plotting these dates in their stratigraphical order, 
soo that they are best matched with the calibration curve (van Geel and Mook, 1989). 
Thiss strategy makes use of the past atmospheric l4C fluctuations (wiggles) as they are 
observedd in the l4C record of dendrochronologically dated tree rings. These wiggles 
mustt be visible in sediment samples as well when plotting ,4C dates as a function of 
depth.. By considering the presence of the wiggles in the calibration curve and using 
theirr peculiar shape to fit the series of  l4C dates from a peat sequence to the 
calibrationn curve, the wiggle-match strategy uses the past l4C fluctuations for 
improvingg the precision of conversion from radiocarbon to calendar time-scale. In 
otherr words, the stratigraphical order of the l4C dates is used to narrow the probability 
rangee in calendar ages. 
Thee radiocarbon dates (Table 2.1) were matched to the recommended decadal 
calibrationn curve INTCAL 98 (Stuiver et ai. 1998) by the Groningen computer 
programm Cal25. the updating of Cal20 (van der Plicht, 1993). The wiggle-match 
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optionn of the program allows shifting the dataset vertically and horizontally (in 
relationn to the calibration curve), and to linearly compress or expand it. The horizontal 
shiftt option is mainly used for the matching of '4C dates of floating tree ring 
sequences.. The vertical shift option can be used for compensating for the possible 
existencee of a reservoir effect (Kilian et al.. 1995). when the sequence of dates do 
reproducee the wiggle but show older radiocarbon ages. The compression/expansion 
optionn simulates a lower, respectively higher peat accumulation rate. This option uses 
thee complete dataset and thus an over-all linear change in the depth scale is assumed. 
AA first, tentative wiggle-match was pursued by matching the complete dataset to the 
calibrationn curve (Figure 2.4; Table 2.4). 
Itt is not to be expected that peat deposits have a constant accumulation rate over short 
spanss of time (Kilian el al, 2000). The arboreal pollen concentration curve is mainly 
influencedd by changes in the peat accumulation rate. According to Middeldorp 
(1982),, the pollen deposition rate per year, or pollen influx, is constant for regional 
arboreall  components in raised bog deposits, in absence of marked human impact. 
Highh arboreal pollen concentrations indicate that the accumulation rate is low, and 
loww arboreal-pollen concentrations point to a high peat accumulation rate. 
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FigureFigure 2.4 Wiggle-match of the total set of 29 dates from Pancavskd Louka to the 
INTCALINTCAL 98 calibration curve. Each date is given with its standard deviation (error har) and 
withwith its depth in the peat sequence fin cm). 
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TableTable 2.4 Calendar ages after wiggle-match dating of the complete dataset and of the 
sub-datasets:sub-datasets: group 1 (110 to 98 cm); group 2 (96 to 92 cm); group 3 (90 to 86 cm); group 4 
(84(84 to 70 cm); group 5 (68 to 56 cm). 

Sub Sub 
datadata sets 

5 5 

4 4 

3 3 

2 2 

1 1 

Depth Depth 
cm cm 
56 6 
58 8 
59 9 
62 2 
64 4 
66 6 
68 8 

70 0 
72 2 
73 3 
74 4 
75 5 
77 7 
79 9 
81 1 
83 3 
84 4 

86 6 
88 8 
89 9 
90 0 

92 2 
94 4 
96 6 

98 8 
100 0 
102 2 
104 4 

no o 

RadiocarbonRadiocarbon Age 
BP BP 

19400 0 
21155 5 
19100 0 
21300 0 
20355  60 
22300 5 
22555 5 

21300 0 
24200  50 
25155 5 
24500  50 
23300  60 
24800  35 
24555  45 
2540  100 
24700  50 
26500  60 

26400 0 
25655 0 
28800  50 
27900  60 

27755 5 
28855 5 
29255  45 

29155 0 
29000  60 
31355 0 
28755  60 
31455 5 

WMDWMD results 
CompleteComplete data-set 

444 cat AD 
16calBC C 
355 cal BC 
1166 cal BC 
1755 cal BC 
2255 cal BC 
2766 cal BC 

3366 cal BC 
3899 cal BC 
4166 cal BC 
4433 cal BC 
4700 cal BC 
5244 cal BC 
5788 cal BC 
6311 cal BC 
6855 cal BC 
7122 cal BC 

7666 cal BC 
8199 cal BC 
8466 cal BC 
8733 cal BC 

9277 cal BC 
9811 cal BC 
10344 cal BC 

10888 cal BC 
11422 cal BC 
11955 cal BC 
12499 cal BC 
14100 cal BC 

WMDWMD results 
Sub-data-sets Sub-data-sets 

700 AD 
133 AD 
144 BC 
988 BC 
1544 BC 
2100 BC 
2677 BC 

3388 BC 
4033 BC 
4355 BC 
4688 BC 
5000 BC 
5655 BC 
6300 BC 
6955 BC 
7600 BC 
7922 BC 

8022 BC 
8888 BC 
9311 BC 
9744 BC 

9966 BC 
10800 BC 
11644 BC 

12011 BC 
12488 BC 
12955 BC 
13422 BC 
14844 BC 

Thee arboreal pollen concentration curve (Figure 2.5) shows that the accumulation rate 
iss not constant. Factors influencing the peat accumulation rate are organic production 
byy the peat-forming vegetation, peat decomposition, and peat compaction rate. 
Influencedd by temperature, precipitation/humidity and trophic conditions, the species 
compositionn of peat forming vegetation is the main factor influencing the peat 
accumulationn rate. From the significant changes in peat forming vegetation 
distinguishedd in the macrofossil diagram (Figure 2.5), we may expect changes in peat 
accumulationn rate. Therefore, the results of this first wiggle-match (Figure 2.4) are not 
accuratee enough for our purpose because changes in the peat accumulation rate are 
nott taken into account. To solve this problem, the data set was divided in sub-datasets, 
eachh of which was individually wiggle-matched. The division in sub-datasets was 
basedd on the changes in concentration of arboreal pollen (Figure 2.5). To reduce noise 
andd short-term changes, we smoothed the concentrations with a low pass filter. A 
movingg average on each three consecutive samples with weights of 0.25, 0.50 and 
0.255 was applied. 
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FigureFigure 2.5 Arboreal Pollen concentrations as a function <>l  depth, and selected 
macrofossilmacrofossil curves. The values of concentrations and smoothed concentrations are multiplied 
byby 0.01 and are expressed in number of pollen grains per cc of peat. The x-axis scale for the 
macrofossilmacrofossil histograms is the estimated percentage in volume of each constituent within the 
totaltotal composition of the sample. The time-scale is based on the results of wiggle-match dating 
ofof sub-sets with "tree-pollen modelled" sample-distances. 'The dashed lines indicate the 
divisiondivision in groups from I to 5, used for achieving a solution far the time-control; this solution 
waswas considered not optimal and was then rejected. The division in three groups used for the 
optimaloptimal time-control is shown in Figure 2. 7 and Table 5. 
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FigureFigure 2.6 Wiggle-match per suh-dataset: group I (I If) - 98 cm): group 2 (96 - 92 cm); 
groupgroup 3 (90 - 86 cm); group 4 (84 - 70 cm): group 5 (68 - 56 cm). The resulting calendar 
agesages are reported in table 5. Each date is given with its standard deviation (error har) and 
withwith its depth in the peat sequence (in cm). 

Basedd on this smoothed concentration of arboreal pollen. 5 intervals characterised by 
havingg a relatively uniform peat accumulation rate could be distinguished: I 10-98, 
96-92,, 90-86, 84-70 and 68-56 cm, respectively. The results are shown in Figure 2.6 
andd Table 2.4. In our opinion these results do not yet represent the optimal solution of 
thee dating problem. In the case of the Pancavska Louka sequence, the constantly 
changingg arboreal pollen concentrations (reflecting changing peat accumulation rates) 
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makee it rather difficul t to choose at which levels to split the dataset to create sub-
datasetss for WMD. A uniform accumulation rate within each sub-dataset cannot be 
expected. . 

Wiggle-matchingg with inter-sample distance modelled on arboreal pollen 
concentrationn A way to effectively solve the problem of changing peat accumulation 
ratess as reflected in the arboreal pollen (AP) concentration changes is to include these 
changess in the wiggle-match procedure and to model a "depth" scale based on the AP 
concentration. . 
Wee calculated the average arboreal pollen concentration (A) from the smoothed 
concentrationn (A) for the interval 110-56 cm and the deviation of each sample from 
thee average (A / A). This last figure is a measure for the accumulation rate. The 
cumulativee deviations were calculated and subsequently added to the depth of the 
upperr sample to obtain the modelled "depth" scale (Table 2.5) based on a constant 
arboreall  pollen accumulation rate. Each sample in the modelled scale has an AP 
concentrationn equivalent to the average concentration. The calculated distance 
betweenn subsequent '4C dates was used in the wiggle-match procedure. In Figure 2.7 
andd Table 2.5 the results of the wiggle-match of the complete data set with modelled 
samplee distance are shown. 
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FigureFigure 2.7 Wiggle-match of the complete set of 29 dates from Pancavskd Louka using 
modelledmodelled inter-sample distance based on tree pollen concentrations (for details see text). 
EachEach date is given with its standard deviation (error har) and with its depth in the peat 
sequencesequence (in cm). 
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Fromm 1432 cal BC to ca. 800 cal BC the match of the UC dates to the calibration 
curvee is satisfactory, but from ca. 800 cal BC onwards the UC dates do not fit the 
calibrationn curve. This is because of the distribution of the samples at 86, 84, 83, 81, 
79,, and 77 cm depth which appear to be plotted too close to each other as a result of 
thee modelled distance between NC samples. Due to the relatively low values of the 
arboreall  pollen concentration between 86 and 77 cm depth, in the sample-distance 
modellingg this interval was attributed a relatively large accumulation rate, which is 
nott confirmed by the wiggle-matched result. It seems that in this interval the observed 
loww pollen concentration values were determined partly by a high accumulation rate 
(inn this interval about 80% of peat is composed of fast-growing Sphagnum; Figure 
2.5),, but also by a relatively low arboreal pollen influx. Deforestation can be excluded 
ass a cause of this decrease of arboreal pollen influx. Although scattered grains of 
Cerealiaa type and Secale pollen were found throughout the whole analysed sequence 
(ca.. 4100 to the present time), most likely coming from the lowlands of Silesia and 
Bohemia,, no episode of deforestation was recorded until the eleventh century AD (see 
chapterr 3). In the time-span considered in this paper, single grains of Cerealia type 
andd Secale occurred (Figure 2.8; note that these curves are exaggerated by a factor 6) 
butt no evidence of deforestation is observed on arboreal pollen percentages. 
Thee low influx might be the effect of changes in composition of the local peat 
formingg vegetation, that influenced pollen collecting efficiency. Another hypothesis 
onn the causes of the decrease in tree-pollen influx might be the onset of a climatic 
deteriorationn at approximately 850 - 760 cal BC (van Geel and Renssen, 1998). In 
fact,, the decrease of arboreal pollen influx occurred in correspondence with the rapid 
increasee of  ,4C in the atmosphere due to a lower solar activity (Stuiver and Braziunas, 
1993).. The Panëavska Louka site is located at the forest limit in a mountainous area. 
Inn this situation, pollen production is dependent on the length of the growing season 
andd on the occurrence of late frost, the latter a factor that can damage the flowers and 
hamperr pollen production and dispersal. In case of a climatic change determining a 
latee persistence of the snow cover, pollen grains that were deposited on the snow 
mightt have been drained away at the thaw. In both cases: lower pollen production or 
"pollenn drainage", a lower arboreal pollen concentration can be expected. The 
compositionn of the peat shows additional evidence for the occurrence of climatic 
changee at 88 cm depth where wet-growing Sphagnum sect. Cuspidata becomes one of 
thee main elements (it is usually above 20% in volume) of the peat forming vegetation, 
andd at 87 cm depth where the total volume attained by Sphagnum species grows to 
approximatelyy 80% (Figure 2.5). These events can be interpreted as the combined 
effectt of higher precipitation (favouring Sphagnum growth, especially Sphagnum sect. 
Cuspidata)Cuspidata) and cooler conditions (inhibiting decomposition and reducing 
evapotranspiration). . 
Duee to a low pollen influx in the samples between 86 and 77 cm depth, we divided 
thee dataset in three parts - from 110 cm to 88 cm, from 86 cm to 77 cm and from 75 
cmm to 56 cm - and independently matched each part to the calibration curve. The 
resultss of the wiggle-match of the three sub-datasets are shown in Figure 2.9 and 
Tablee 2.5. We observed that the samples from 102 cm and 58 cm depth do not fit  the 
calibrationn curve: they show older radiocarbon ages. During the selection procedures 
thesee samples were assigned a fungal infection coefficient of respectively 1-1.5 and 1; 
wee conclude that a residual fungal contamination was probably still present in these 
sampless after the cleaning procedures and thus fungal remains may have determined a 
reservoirr effect (Kilian et a/,, 1995). 
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FigureFigure 2.8 Selection of pollen curves. The litholog)' shows dominant taxa only. For more 
informationinformation about peat forming taxa see Figure 2.5. Local elements are not in the pollen sum. 
TheThe curves with dotted pattern were exaggerated by a factor 6. SB = Suhhorcal. SA = 
Suhatlantic. Suhatlantic. 

30 0 



WiggleWiggle Match Dating 

TableTable 2.5 Modelled inter-sample distance and calendar ages resulting from 
respectivelyrespectively the wiggle-match of the complete dataset and of the sub-datasets with a modelled 
inter-sampleinter-sample distance. The sub~datasets are: group I (110 to 88 cm); group 2 (86 to 77 cm); 
groupgroup 3 (75 to 56 cm). The inter-sample distance is modelled on changes in arboreal pollen 
concentrations.concentrations. The division in the sub-datasets is necessary to fit also the samples from 86 to 
7777 cm depth to the calibration curve. 

Sub-data Sub-data 
sets sets 

3 3 

2 2 

1 1 

Depth Depth 
cm cm 

56.0 0 
58.0 0 
59.0 0 
62.0 0 
64.0 0 
66.0 0 
68.0 0 
70.0 0 
72.0 0 
73.0 0 
74.0 0 
75.0 0 

77.0 0 
79.0 0 
81.0 0 
83.0 0 
84.0 0 
86.0 0 

88.0 0 
89.0 0 
90.0 0 
92.0 0 
94.0 0 
96.0 0 
98.0 0 
100.0 0 
102.0 0 
104.0 0 
110.0 0 

ModelledModelled sample 
distance distance 

cm cm 
56.0537173 3 
60.3401709 9 
63.0361751 1 
70.6661938 8 
73.0898818 8 
76.539458 8 
78.0577217 7 
79.0059193 3 
81.7831332 2 
82.8675907 7 
83.3569118 8 
83.9936415 5 

85.6965751 1 
86.9194101 1 
87.5855463 3 
88.3525437 7 
88.7060289 9 
89.366353 3 

92.124935 5 
93.5431447 7 
94.6323872 2 
95.8969885 5 
96.6274752 2 
96.9931551 1 
97.938983 3 
100.158497 7 
102.246061 1 
102.793734 4 

110 0 

WMDWMD modelled 
distance distance 

CompleteComplete data set 
2344 cal AD 
1033 cal AD 
200 cal AD 
2166 cal BC 
2988 cal BC 
4000 cal BC 
4499 cal BC 
4788 cal BC 
5644 cal BC 
5988 cal BC 
6133 cal BC 
6333 cal BC 

6866 cal BC 
7244 cal BC 
7455 cal BC 
7688 cal BC 
7799 cal BC 
8000 cal BC 

8855 cal BC 
9299 cal BC 
9633 cal BC 
10022 cal BC 
10255 cal BC 
10366 cal BC 
10666 cal BC 
11355 cal BC 
12000 cal BC 
12166 cal BC 
14322 cal BC 

WMDWMD modelled 
distance distance 

Sub-dataSub-data sets 
3244 cal AD 
2000 cal AD 
1233 cal AD 
966 cal BC 
1666 cal BC 
2655 cal BC 
3099 cal BC 
3366 cal BC 
4166 cal BC 
4477 cal BC 
4611 cal BC 
4800 cal BC 

5844 cal BC 
6577 cal BC 
6977 cal BC 
7433 cal BC 
7655 cal BC 
7999 cal BC 

8288 cal BC 
8799 cal BC 
9177 cal BC 
9633 cal BC 
9899 cal BC 
10011 cal BC 
10355 cal BC 
II144 cal BC 
II899 cal BC 
12088 cal BC 
14566 cal BC 

2.44 Discussion 

Thee result of the calibration of each individual  l4C date presented in Table 2.2 yields 
thee problem of interpreting the probability intervals. Each calendar age has to fall 
insidee the limits indicated by the probability distribution, i.e. between the oldest and 
thee youngest possible calendar age. If we choose the 2o probability distribution for 
eachh calibration (95.4% confidence level), the oldest and the youngest limits (Figure 
2.10)) define a possible range of approximately 250-300 years. 
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FigureFigure 2.9 Wiggle-match of the sub-datasets from Pancavskd Louka with inter-sample 
distancedistance modelled on tree-pollen concentrations: group I (110 - HH cm); group 2 (86 - 77 
cm);cm); group 3 (75 - 56 cm). Each date is given with its standard deviation (error har) and with 
itsits depth in the peat sequence (in cm). 

Thee radiocarbon dates corresponding to the plateau in the calibration curve have even 
widerr ranges (350-400 years). The single calendar ages chosen as arithmetic average 
orr "best fit" display an uncertainty of approximately 125-150 years (half the range). 
Forr the sample at 90 cm depth (2790  60 BP). for instance, whose calibration range 
iss 1125 to 824 cal BC, the uncertainty for the arithmetic mean of the calibration range 
(9744 cal BC) is  150.5 years and that of the "best fit" (963 cal BC) is + 162 I - 139 
years.. The researcher pursuing a detailed reconstruction of vegetation development, 
climaticc change or human activities, or. even more critical, applying spectral analysis 
techniquess on sequences of palaeoecological data, needs to attribute a singular age to 
eachh sample. Reducing the results of the calibration to a single age represents an 
arbitraryy solution that inevitably leads to relatively large errors and thus is not a valid 
methodd to translate radiocarbon dates into calendar ages in correspondence with 
wiggless in the calibration curve. 
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FigureFigure 2.10 Time - depth relations obtained from: a) the calibration of the l4C dates 
(oldest(oldest and youngest interval limits of the 2o probability distribution) and from the wiggle-
matchingmatching dating of the complete dataset and of sub-datasets; h) the calibration of the 4C 
datesdates (oldest and youngest interval limits of the 2o probability distribution, middle point of 
thethe calibration and "best fit")  and from wiggle-matching dating of the complete dataset with 
modelledmodelled sample distance and of the sub-datasets with modelled sample distance 
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Thee application of the wiggle-match strategy to the complete data set is shown in 
Figuree 2.4 and the results are presented in Table 2.4. The results of the wiggle-
matchingg of the complete data set represent an improvement if compared with those 
off  the calibration of each ,4C date because the changes in l4C concentration in the 
atmospheree are used to attain a higher degree of precision. In this respect, WMD 
showss an opposite behaviour compared with calibration of a single date: in the 
presencee of wiggles, WMD increases the accuracy of the result while calibration of 
separatee dates provides relatively wide probability ranges in calendar time. 
Thee wiggle-matching of each separate sub-data set (Figure 2.6), divided according to 
thee main changes in arboreal pollen concentration (Figure 2.5), are a further 
improvementt as the main changes in peat accumulation rate are - at least qualitatively 
-- considered. 
AA sample distance modelled on changes in arboreal pollen concentration shows 
improvedd wiggle-matching results. Here the arboreal pollen concentration 
quantitativelyy establishes the inter-sample distance between the MC dates used for the 
wiggle-match.. In the wiggle-match of the data set with modelled sample distances 
(Figuree 2.7) the position of the 14C dates validates the modelled scale, except for the 
groupss of dates from 86 to 77 cm, probably indicating that in this interval a low pollen 
influxx (and not only an increased peat accumulation rate) partly determined the 
observedd low arboreal pollen concentrations. The division of the data set in three 
subsetss (110 cm to 88 cm, 86 cm to 77 cm and 75 cm to 56 cm) and the independent 
matchh of the three sets, definitely solves the problem of the differences in 
accumulationn rate and in pollen influx. We consider these results (Figure 2.9; Table 
2.5)) as the optimal solution for time-control achievement over the sequence of 
Pancavskaa Louka. In Figure 2.10 we compare the results of the calibration and of 
WMD.. For the calibration, both the use of the average of the 2o probability 
distributionn and the "best fit" to the calibration curve results in an irregularly 
fluctuatingfluctuating time-depth relation, hardly to be expected in a natural situation. The 
resultss of the different attempts of WMD show similar time-depth relations, linear or 
quasi-linear.. The results of the wiggle-match of the complete dataset with modelled 
(onn the arboreal pollen concentrations) sample distance show a discrepancy in the 
intervall  between approximately 800 and 100 cal BC; this discrepancy is probably due 
too the fact that the fluctuating pollen influx between 800 and 600 cal BC 
compromisedd the wiggle-match of the younger levels. The linearity of the results of 
thee WMD of the sets with conventional depth scale derives from the distribution of 
thee dates in the program CaI25 that is linear by default for each dataset. The time-
depthh relation provided by the WMD of the sub-datasets with modelled sample 
distancee (Figure 2.11) shows a sinusoidal trend in the accumulation rates, with quasi-
linearr accumulation rates inside intervals with homogeneous peat composition, and 
smooth,, flowing changes in accumulation rate at the transition between intervals with 
differentt peat composition. A correspondence is observed between the peat 
compositionn and the accumulation rate: high Sphagnum volume percentages 
correspondd to high peat accumulation rates, whereas high Cyperaceae percentages 
seemm to have caused low accumulation rates. The higher rates of peat accumulation 
occurr in the intervals from 97 cm to 91 cm depth and from 87 cm to 68 cm depth 
wheree the percentage of Sphagnum is generally higher than 65% and that of 
Cyperaceaee lower than 25%; the interval from 87 cm to 68 cm depth corresponds with 
thee nearly continuous presence of wet-growing Sphagnum sect. Cuspidaia (Figure 
2.5).. The lowest peat accumulation rates are attained from 110 cm to 97 cm depth, 
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andd from 68 cm to 56 cm depth, where Sphagnum attains usually between 20% and 
40%% of the volume of the peat and Cyperaceae percentages are usually 30% or more. 
Thiss time-depth relation well describes a natural peat accumulation in time; it avoids 
bothh linearity - hardly compatible with natural phenomena - and sharp steps at the 
borderr of two adjacent sub-datasets; this last feature may result from the separate 
wiggle-matchingg of data, and it is justifiable only if hiatuses or discontinuities in the 
peatt sequence go together with steps in the time-depth relation. 

8-1 1 
QQ — 

D.. E uu g DD — 

rr  8 0 

-6 0 0 

-4 0 0 

-2 0 0 

-o o 

OS S 

2 2 
P--

c c 

__  40 0 

200 0 

II  0 

--  20 0 

rr 4oo 
--  60 0 

II  80 0 

--  100 0 

1200 0 

--  140 0 

1600 0 

q q 
< < 

a a 
"n n 

FigureFigure 2.11 Time-depth relation based on the results of wiggle-match dating of sub-
datasetsdatasets with a modelled sample distance. The peal accumulation rate follows a sinusoidal 
curvecurve with lower accumulation rates when inacrofossils of Cyperaceae show a high 
representation,representation, and higher accumulation rates when Sphagna were dominant peat formers 
(>60%). (>60%). 
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2.55 Conclusions 

Too achieve an optimal time control for the late Subboreal - early Subatlantic time 
intervall  of the Pancavska Louka peat sequence, both the calibration of separate l4C 
datess and the wiggle-match strategy were applied. As the considered interval included 
thee period around 850-760 BC, characterised by a decrease in solar activity and a 
sharpp increase of AI4C (van Geel ei al., 1998), the chosen method for transforming the 
radiocarbonn time-scale into calendar time-scale needs to take into account these large 
atmosphericc ,4C variations. The calibration of most dates yields inaccurate results 
(wide,, and often not continuous calendar age ranges) in this interval. The wiggle-
matchh strategy yields better results because it uses the known atmospheric l4C 
changess in combination with the strati graphical order of the dates. The best results of 
wiggle-matchh dating were obtained using changes in the peat accumulation rate, as 
apparentt from the arboreal pollen concentrations, and taking into account a lower 
pollenn influx in a number of samples between approximately 800 and 600 cal BC. The 
WMDD results are precise enough to allow time-control for complex palaeoecologicat 
analysess such as spectral analysis. Our strategy represents the best solution achievable 
todayy for the conversion from the radiocarbon to the calendar time-scale in peat 
deposits.. Accurate selection and handling of the samples are a prerequisite for 
obtainingg reliable results. Finally, we conclude that the local vegetation succession, in 
relationn to the changes in atmospheric radiocarbon content, shows additional evidence 
forr solar forcing of climate change at the Subboreal - Subatlantic transition. 
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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 

48 8 



PancavskdPancavskd Louka sequence 

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 

57 7 



ChapterChapter 3 

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). 

67 7 



ChapterChapter 3 

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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EVIDENCEE FOR SOLAR FORCING OF CLIMAT E CHANGE AT 
CA.. 850 CAL BC FROM A CZECH PEAT SEQUENCE 

Abstract::  A climatic change to wetter and cooler conditions was recorded in the Pancavska lxmka peat 
sequencee in the Giant Mountains (Czech Republic) at ca. 850 cal BC. The curves of climate indicators 
weree compared to A IJC, which is a proxy for solar activity, in order to assess if solar activity had 
causedd the observed climatic change. Visual comparison of the curves showed that changes in the bog 
andd in the regional vegetation occurred in correspondence with the sharp rise in radiocarbon at ca. 850 
call  BC, caused by a sudden shift to low solar activity. Cross-correlation of the curves of climate 
indicatorss with that of AI4C is significant. The results of the sequence provide independent evidence for 
solarr forcing of climate change. 

4.11 Introductio n 

Thee issue of a solar forcing driving climatic change is still quite controversial, 
althoughh increasing evidence highlights the existence of a link between solar activity 
changess and climate (e.g. Chambers et al, 1999; Renssen et al, 2000, Stuiver et al., 
1997).. This evidence has been assembled from different climate data sources: peat 
bogss (Blackford and Chambers, 1995; Chambers et al, 1997; Kilian et al, 1995; van 
Geell  etal., 1996; 1998; 1999), lake level fluctuations (Magny, 1993; 1995) and ice 
coress (Beer et al, 1994; Ram and Stolz, 1999; Ram et al., 1999). Furthermore, 
possiblee amplification mechanisms of relatively small changes in the sun's energy 
outputt into climate variation have been proposed (Svensmark and Friis-Christensen, 
1997;; Haigh, 1994; 1996; 1999; van Geel and Renssen, 1998). 
Ass Chambers et al. (1999) pointed out, attempts to detect solar forcing over sub-
Milankovitchh timescales and for the period before the instrumental record, have been 
constrainedd by a general lack of precision in dating. In the present study, the 
palaeoecologicall  analysis of a peat sequence from the Pancavska Louka site 
(50°45'I0""  N, I5032,50" E) provided local and regional indications of climatic 
deterioration,, at approximately 850 cal BC. During this period a shift to relatively low 
solarr activity occurred and there is a possibility this shift triggered climatic change. 
Too investigate this hypothesis, a comparison was made between climatic indicator 
curvess and the curve of Al4C. which is a proxy for solar activity (Stuiver, 1965; 1980; 
Stuiverr and Braziunas. 1989; Stuiver and Quay, 1980; Stuiver et al, 1991). The 
applicationn of wiggle-match dating strategy (van Geel and Mook, 1989; Kilian et al., 
1995;; 2000) solves the problem of precision in dating bog sequences as reported by 
Chamberss et al. (1999), and makes the comparison of climatic curve indicators with 
thee solar activity proxy A,4C feasible. 
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Ass solar activity changes display periodicities of approximately 11 years (Schwabe 
cycle,, 10-11 years). 22 years (Hale Double Sunspot Cycle). 80 years (Gleissberg 
cycle.. 80-90 years). 200 years (Suess cycle, 180-208 years) and 2400 years (Suess. 
1980;; Damon and Linick. 1986; Hoyt and Schatten. 1997). a forecast could be 
attemptedd in order to predict future solar activity changes. If evidence can be found 
whichh confirms that fluctuations of solar activity trigger climatic change, it will be 
possiblee to couple the forecast of solar activity intensity to that of climatic conditions 
(comparee Damon et ai, 1998). Furthermore, the identification of the role of the sun in 
climatee dynamics will allow a better understanding of the impact of the enhanced 
greenhousee effect. This will improve the short to medium (decadal to century) 
forecastt of climatic trends, with striking advantages for the present and future socio-
economicc and environmental planning. 

4.22 Material and methods 

Pancavskaa Louka, part of a complex of subalpine bogs, is located at 1320 m in the 
Czechh Giant Mountains (Figure 4.1). 
Inn 1996 a sequence was sampled and its upper part, covering the last 4000 years, was 
analysedd (micro- and macrofossils. LOI and C/N ratio: for a description of the 
methodss and the results, cf. chapter 3 of this thesis). An accurate calendar time-scale 
wass achieved by AMS '4C dating of selected plant remains from 48 peat samples. For 
thee reconstruction of a calendar time-scale based on radiocarbon dating, wiggle-match 
datingg strategy (WMD) was used (for detailed information and for the advantages of 
WMD,, compared to calibration, see Speranza et al. 2000; chapter 2; see also chapter 3 
off  this thesis). 

AA A 
Sökotattt Vyso|cé K o )o p L 

"f || Pancavska" Louka 

PAN N 

->£•• bog 

AA mountain 

OO town, village 

## sampling site 

> > 
11 km 

Opska'' raselina 

LufniBoudaa O 

O O 
Spindlertvv Mlyn 

cz z 

Pecc pod 

DD J i ._J "~  SK 

'ss * ' ^ - S " » 

Cera a 

Snëïka a 
A A 

Sn«kou u 

SHoraa A 

svetia a 
A A 

FigureFigure 4.1 Location of the Pancavska Louka sequence. 
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Inn the present paper, a selection of micro and macrofossM curves of climate indicators 
iss presented, covering the period between 1000 cal BC and the start of the first 
millenniumm AD. The curves of botanical climate indicators are compared with the 
AI4CC data from the INTCAL98 calibration curve (Stuiver et al., 1998), which provide 
ann indication for solar activity. A!4C is the relative deviation of the measured l4C 
activityy from the standard, after correction for isotope fractionation and radioactive 
decayy (Stuiver and Polach, 1977). In the present paper, Al4C is detrended for the 
geomagneticc field contribution. A cross-correlation between the data is also attempted 
(Davis,, 1986, Legendre and Legendre, 1998). For cross-correlating the AI4C curve 
withh the curves of climate indicators, both l4C and palaeoecological data have to be 
expressedd in calendar years, and one palaeoecological spectrum has to correspond to 
eachh AI4C value. The missing values are filled in by linear interpolation. Before 
proceedingg with the cross-correlation, the data are standardized. Both standardization 
andd cross-correlation are pursued with the program Systat 5.2.1 (1990-1992; 
Wilkinson,, 1989). 

4.33 Results and environmental interpretation 

Thee peat sequence of Pancavska Louka provides an excellent late-Holocene 
palaeoecologicall  record, which covers the period from ca. 2175 cal BC to the present. 
AA peculiarity of the site, which makes it particularly suitable for climatic 
investigation,, is the absence of pronounced human impact until approximately 1000 
AD.. The record prior to this date reflects changes in vegetation, with no human 
disturbance. . 
Att ca. 858 cal BC, micro- and macrofossM curves of climate indicators point to the 
occurrencee of a change in local and regional vegetation, The curves are shown in 
Figuree 4.2 (added in the folder at the end of this book). The taxa are representative for 
thee events occurring in the local raised bog ecosystem and in regional vegetation 
types.. Micro and macrofossils give indications on regional events occurring in the 
subalpinee vegetation {Pinus and Ericales pollen), at the forest line, in the mountain 
forestt (Picea), and in the lower mountain and lowland forest (Corytus. Tilia, Ulmus). 
Sphagna,Sphagna, Cyperaceae and Amphitrema flavum reflect local events. Ericales can occur 
ass regional species in the subalpine open vegetation, and strictly local (in the bog). 
Duringg the two periods of high Ericales pollen percentages, no increase was recorded 
inn the Ericales macrofossil record. Therefore, the two phases of increase in Ericales 
pollenn percentages are most likely due to changes in regional Ericales cover. 
Thee curves of a selection of indicator taxa are compared with the curve of detrended 
A I4C,, which is, as already mentioned, an indicator for the status of solar activity. For 
alll  curves, the vertical axis (y) is the calendar time-scale BC/AD. 
Att ca. 850 cal BC (88 cm depth), a reduction of the arboreal pollen influx point to a 
decreasedd production of pollen, possibly due to late frost occurrence in the spring. 
Contemporaneously,, the percentages of Corytus decrease and those of Ulmus are 
sharplyy reduced at ca. 830 cal BC (87 cm depth). Titia's percentages decrease at ca. 
8000 cal BC (86 cm depth). The reduction of thermophilous taxa points to a cooling 
episode,, which reduced the distribution of the tree species involved and/or of their 
pollenn production. The percentages of Pinus and Picea tend to fluctuate after 858 cal 
BC.. Pinus displays an overall increasing trend until the start of the first century AD, 
whilee Picea decreases at approximately 858 cal BC (88 cm depth) and goes back to 
normall  values at ca. 697 cal BC (81 cm depth). The changes in the curves of Pinus 
andd Picea possibly reflect the events at the limits of the distribution of these taxa. 
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particularlyy at the forest limit: Pinus from the subalpine vegetation belt expanded 
mostt likely into the mountain forest, while mountain forest, mainly formed by Picea, 
wass shifted to lower altitudes. In stable climatic conditions, the altitudinal distribution 
off  the two taxa reaches an equilibrium. Late-frost damages the newly formed needles 
andd shoots, causing Krummholtz growth deformation, but usually does not kill the 
treess (Tranquillini, 1979). Nevertheless, in case of a trend to cooler conditions, late 
frostt would decrease the competitiveness especially of Picea, because its buds break 
earlyy in the spring when late-frost occurrence can be more frequent. In this way, the 
PiceaPicea forest limit would be shifted to lower altitudes. The curve of Ericales displays a 
sharpp increase at ca. 858 - 829 cal BC (88 - 87 cm depth), and attains high 
percentagess until ca. 697 cal BC (81 cm depth). A second increase is recorded at ca. 
3766 cal BC (71 cm depth), and high percentages persist until ca. 287 cal BC (67 cm 
depth).. The two phases of increased Ericales reflect the expansion of the cold-tolerant 
subalpinee vegetation towards lower altitudes, where Ericales. together with Pinus, 
replacedd the retreating Picea at the forest limit. Ericales displays sharp reactions to 
thee climatic change here - two distinct phases of high percentages, corresponding 
possiblyy to two cold episodes -, while Pinus and Picea display overall trends or 
decreasess followed by fluctuations. A faster life cycle in the Ericales compared to 
PinusPinus and Picea may be the cause of the sharp reactions. Ericales could have settled 
veryy quickly into newly open areas and started to produce pollen nearly immediately. 
Calluna,Calluna, for instance, has the maximum of flower production between ca. 6 and 20 
yearss of age, and subsequently dies, at around 30-40 years (Watt, 1955). On the 
contrary,, according to Leclercq (1945), pine starts to produce flowers at an age 
betweenn 10-15 years and 70 years (this last value refers to individuals growing in 
closee stands). Thus, even if the expansion of Pinus might also have been rapid, it 
wouldd have taken years, maybe decades, before the young trees began to produce 
pollenn in quantities large enough to give a detectable increase in the pollen record. For 
PiceaPicea a reduction at the forest limit would have been partly compensated by an 
expansionn at the lower limit. Part of the decrease in Picea percentages may have been 
duee to a decrease in pollen production, and not, or not only, by a reduction of the 
numberr of individuals. 

AA comparable effect would also have occurred at the end of the environmental 
perturbation.. After the end of their relatively short life cycle, if the environmental 
conditionss went back to a "normal" level, Ericales would have been outcompeted 
fromm the areas occupied during the expansion. Due to its longer life cycle (between 
2500 and 1000 years depending on the species; van Miergroet, 1976), Pinus. once 
expanded,, would have remained longer than Ericales after the return of the 
environmentt to "pre-perturbation" conditions. The increase of Picea percentages at 
thee end of the perturbation would possibly depend on the increased pollen production 
andd on the start of pollen production by young trees settled either at the lower 
altitudinall  limit or in recolontzed areas. 
Inn the macrofossil record, a main change occurred at ca. 858 cal BC (88 cm depth). 
Beforee this date, Sphagnum section Acutifolia, S. magellanicum and Cyperaceae were 
thee main peat forming elements, with S. section Cuspidata only sporadically present, 
usuallyy with very low percentages. At ca. 858 cal BC (88 cm depth), the presence of 
S.S. section Cuspidata became stable in the bog vegetation, with percentages around 
30%,, but in some samples up to ca. 70%. This latter group of taxa, which was not 
identifiedd to species level, includes Sphagnum species living in relatively wet to very 
wett conditions. This points to the occurrence of a shift to wetter local conditions at ca. 
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8588 cal BC. Thee correspondence of local and regional evidence points to the onset of 
cooll  and wet climatic conditions after ca. 858 cal BC. 

4.44 Effect of changing solar  activity 

Inn Figure 4.2 the curves of climatic indicators are compared to the AI4C curve, a solar 
activityy proxy. It should be stressed that the slope of the curve is important (A!4C 
increasingg or decreasing) and not absolute level of AI4C (van Geel et aL, 1999; 
Renssenn et aL, 2000). Indeed the AI4C curve indicates the changes of the atmospheric 
l4CC level: an increase in the curve indicates more I4C production than decay, which 
occurss in periods of low solar activity. A decreasing trend of A14C is caused by the 
graduall  return of the atmospheric radiocarbon level to normal values in periods of an 
activee sun. The synchronicity of the reaction of the local and regional vegetation 
elementss and of taxa settled in different environments (mountain plateaux, slopes, 
valleys,, lowland) may point to a common cause, which triggered the change. The start 
off  the observed changes correspond with a shift from high to relatively low solar 
activity,, and the period from ca. 844 cal BC to ca. 744 cal BC is marked by a sharp 
increasee of A,4C. The good correspondence supports the hypothesis that the start of 
thee changes was triggered by solar activity. After the first perturbation, the curves of 
climatee indicators reflect the reaction of an already modified vegetation on its way to 
aa new equilibrium. This may be the reason that most curves do not correspond any 
moree with the AI4C curve after the first reaction. However, the curve of Ericales 
showss an excellent correspondence with the AI4C curve, also for the period from ca. 
5000 BC to the beginning of the first century AD, when a second sharp increase in 
A t4CC is recorded. Thus, two increases in Ericales pollen percentages started in 
correspondencee with shifts to low solar activity: respectively at ca, 858 (88 cm depth) 
-- 829 (87 cm depth) cal BC (first period of low solar activity, from ca. 844 to 744 cal 
BC)) and at ca. 376 cal BC (the second period of low solar activity, from ca. 414 to 
3344 cal BC). The fast response of Ericales can be explained by their relatively short 
lif ee cycle, as already mentioned in the previous section, and by their location in the 
subalpinee zone, near the highly dynamic forest limit. Both factors have a positive 
influencee on the sensitivity of Ericales to climatic changes. 
Visuall  correspondence of the curve of Ericales with the Al4C suggests correlation 
betweenn solar activity and vegetational change (climatic change). However, this 
hypothesiss is only based on visual curve matching. To test the hypothesis, cross 
correlationn was attempted between the Al4C data and the curves of some botanical and 
zoologicall  taxa, which are indicative for local hydrological and climatic shifts. 

4.55 Cross correlation results 

Cross-correlationn was applied to quantify the possible correspondence between the 
curvess of climate indicators (86 cases, or data points) and A,4C. The results are shown 
inn Figure 4.3. The correlation coefficient and the lag are given between brackets in the 
text.. The program Systat finds the best correlation between two sets of data by 
shiftingg one dataset to the other. The shift (or lag; one lag corresponding to 
approximatelyy 10 years) goes from 0, in case of no shift, to 15 data-points. As the data 
havee been inserted from the youngest to the oldest one, a positive lag indicates an 
earlyy reaction of the curve of climate proxy to the A,4C curve, and a negative lag 
indicatess a late reaction of the climate proxy curve to the A,4C shift. 
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Thee good correlation showed by Ericales pollen (70.5%), Picea (-48.6%), total 
SphagnumSphagnum volume (67.5%) and Cyperaceae (-65.2%) indicates the presence of a link 
betweenn the A,4C and the climate. A common causal relation is most likely the link: a 
shiftt to a relatively low solar activity, which caused an increased radiocarbon 
production,, also triggered the onset of wetter and cooler conditions (for mechanisms 
amplifyingg small changes in solar activity see below). 
AA positive correlation is shown by local macro and microfossil indicators for moist 
conditions:: total Sphagnum volume (67,5% at 3 lags), S. magellanicutn (55.9% at 4 
lags),, 5. section Cuspidata (47.1 % at 4 lags), Amphitrema flavum (40.1 % at -2 lags), 
CallidinaCallidina angusticotlis (25.7% at -4 lags), Fagus (36.4% at 0 lag). 
AA negative correlation is found for indicators for relatively dry conditions such as 
ArtemisiaArtemisia (-58.8% at -1 lag), total Cyperaceae volume (-65.2% at 2 lags) and 
monoletee psilate fern spores {-40.9% at 1 lag). These features suggest a shift to wetter 
conditions.. This was possibly the first event of the climate change: total Sphagnum 
volume,, Sphagnum magellanicutn and S. section Cuspidata, indicators of relatively 
wett conditions started to react in advance of the change in Al4C (positive lag). 
Thee high correlation of Ericales pollen percentages (70.5% at 2 lags) suggests an 
effectt of solar activity in the expansion of Ericales with the subalpine open 
vegetation,, possibly as a consequence of the onset of cooler conditions. The response 
off  Ericales (2 lags, ca. 20 years, in advance to the AI4C curve) has approximately 20 
yearss delay to the first strictly local evidence of climatic change (Sphagna volume 
increase).. Such a delay corresponds to the life cycle of Ericales: as previously 
mentioned,, the maximum of pollen production in Calluna occurs between the age of 6 
andd of 20 years. If Ericales had expanded after a climatic deterioration, the related 
increasee in their pollen production would be recorded with a delay of ca. 5-20 years (0 
too 2 lags). A response to a shift to cool conditions is statistically significant also for 
PiceaPicea (-48.6% at 2 lags) and for Ulmus (-44.2% at 3 lags; but only in the cross-
correlationn of a smaller dataset with 39 data-points, at approximately 850 cal BC). 
Thee reaction of temperature indicators is, like that of the indicators of local moist 
conditions,, also recorded before the changes in A,4C curve (the taxa react with a 
positivee lag). This would point to a late reaction of radiocarbon to the changes in solar 
activityy and cosmic rays. Such a late response has already been found in a comparison 
off  the reaction of  l4C and of the other cosmogenic isotope lfJBe: Bard et al. (1997) 
observedd that the rise in luBe preceded by ca. 10-20 years that of  l4C. Moreover, 
Finkell  and Nishiizumi (1997) reported that the peaks in TÜBe precede those of  l4C 
evenn by ca. 100 years in the period between 8100 and 5200 cal BP. Oceanic 
ventilationn is likely the cause of the delayed radiocarbon response. The ocean, a main 
carbonn reservoir, would have absorbed the surplus production of radiocarbon, initially 
bufferingg its increase. Although we are aware of the limitation of our approach 
(resolutionn of the palaeoecological samples, lags in the reaction of vegetation to 
climate,, eventual resilience to changes, delays in the reaction of atmospheric 
radiocarbonn content as a consequence of ocean ventilation changes), we hypothesise 
thatt the effect of solar activity on climate at ca. 850 cal BC had two phases: a first wet 
phase,, immediately followed by a cool phase. The occurrence of a first wet phase 
mightt imply an increased cloud cover (high rainfall) at the start of the climatic 
perturbation.. During the following cooling phase, wet conditions persisted, either 
primarily,, or because the decrease in temperature would have increased the effective 
precipitationn and decreased evapo-transpiration. 

Onn the other hand, the recorded lags may depend on the different reaction times of 
eachh taxon, with local peat forming vegetation reacting faster than trees. Nevertheless, 
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iff  the decrease in pollen percentages of trees was, in the first instance, due to 
hamperedd pollen production (and less to the decrease of the number of individuals) 
thee decline in pollen production would be immediately at the onset of the cool shift. 

4.66 Conclusion 

Thee recorded climatic change to wetter and cooler conditions was most likely caused 
byy a decline in solar activity around 850 cal BC Both the visual correspondence of 
thee changes in the curves of climatic indicators with the "solar activity proxy" A I4C. 
andd the results of cross-correlation support a solar activity effect on climate. The low 
solarr wind intensity allowed more cosmic rays to penetrate in the higher atmosphere 
andd thus greater quantities of radiocarbon were formed (sharp increase of AI4C). 
Moreover,, changes in solar activity in the past were probably amplified in two ways 
(comparee van Geel and Renssen, 1998); 

1)) an increased cosmic ray flux in the high atmosphere would enhance ionisation and 
thee production of more aerosols, which would result in an increased global cloud 
coverr (Svensmark and Friis-Christensen, 1997; Pudovin and Raspopov, 1992; 
Raspopovv et at., 1997); an increased cloud cover would result in wetter and cooler 
climaticc conditions; 

2)) a decrease in solar UV radiation would cause a decrease in the ozone production 
inn the high atmosphere; a lower ozone content would determine changes in the 
globall  atmospheric circulation, with equatorward displacement of the westerly jet 
streamss and of the Hadley cells, as proposed in a model by Haigh (1994; 1996; 
1999).. That would imply a cooling in the middle and high latitudes and a change 
inn precipitation patterns due to a displacement of storm tracks. 

Thee reaction of the vegetation in the area of Pancavska Louka occurred immediately 
att the onset of the climatic change, and it preceded the reaction of A ,4C. The late 
reactionn of A ,4C was possibly due to the reservoir role of the ocean. The ocean 
initiall yy absorbed part of the surplus of  I4C and delayed the increase of  l4C in the 
atmosphere. . 

Thee problem of precise calendar time-control during periods of radiocarbon changes 
wass solved with the application of the wiggle-match dating strategy. A high-
resolutionn analysis compensated for the relatively low accumulation rate of bogs. 
Still ,, the interpretation and the formulation of a model are hampered by the reaction 
timee of ecosystems and by their singularly complicated reactions, which occurred 
afterr the equilibrium was broken at the beginning of the climatic deterioration. 
Despitee the limitations and uncertainties, the data provide further, strong evidence for 
solarr forcing of climate change. 
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LATE-HOLOCEN EE HUMA N IMPAC T AND PEAT 
DEVELOPMEN TT IN THE CERNA HORA BOG (GIAN T 
MOUNTAINS ,, CZECH REPUBLIC) 

Abstract::  Pollen analysis of a small peal bog at ^erna Hora, Czech Republic, shows late-Holoccne 
humann impact on ihe vegetation. The palynological results are compared with historical documentation. 
Macrofossill  analysis and changing pollen concentrations provide evidence that human impact on the 
regionall  vegetation determined changes in the hydroiogical conditions of the bog, and in the peat 
accumulationn rate. From approximately 2100 BP (start of peat growth) to approximately 1400 BP no 
humann impact has been identified from the pollen record and the decomposition of the peat deposit 
indicatess moderately moist conditions within the catchment. Subsequent changes corresponded with two 
phasess of inferred human impact on the vegetation. From approximately 1400 BP (seventh - eighth 
centuryy AD) and especially after 900 BP (eleventh - twelfth century AD), human impact (deforestation) 
becamee evident and the less decomposed peat was formed under locally wet conditions. 

5.11 Introductio n 

Thee Giant Mountains or Krkonose (Figure 5.1), part of the Sudety mountains which 
formm the northern fringe of the Bohemian Massif, are the highest mountain range of 
Centrall  Europe to the North of the Alps. 
Thee elevations range from 400 to 1600 m. The strong environmental gradients form the 
basiss of a distinct altitudinal vegetation zonation. According to Rybnicek and 
Rybnfckovaa {1994), at around 2000 BP the natural vegetation of the lowland area was 
mixedd broad-leaved forest composed of Carpinus and Quercus, In the submontane zone 
(500-11000 m). Fagus sytvaiica dominated forest communities, in admixture with Abies 
albaalba and Picea abies. Beneath the forest line (1100 to 1300 / 1400 m), in the montane 
zone,, a continuous belt of indigenous Picea abies forest was present, with Fagus 
sylvatica,sylvatica, Acer pseudoplatanus and Sorbus aucuparia in admixture (Rybnfcek, 1990; 
Rybnicekk and Rybnfckova, 1994). Locally, Fagus could be present up to the forest line 
(Fanta,, 1981). Since the Middle Ages, the vegetation characteristic of the submontane 
andd montane vegetation belts has been replaced by plantations of Picea abies. In the 
subalpinee zone, Pinus mugo forms extensive stands on both mires and mineral soils. 
PiceaPicea abies and Sorbus aucuparia are present sporadically. The highest elevations are 
coveredd with alpine grass and herbaceous vegetation (Jenfk. 1961; Fanta, 1969; 
Rybnfcekk and Rybnfckova. 1994; Flousek, 1994; Emmer et ai, 1998). 
Thee regional archaeology of Roman artefacts and Baltic amber imports allow inference 
too be made on the existence of pre-historical trade routes connecting the southern and 
thee northern headlands of the Giant Mountains (Rehak and Kvët, 1993). Evidence of 
humann presence at the southern and south-eastern headlands of the mountains in pre-
historicall  times (from the Celtic until the Roman period) comes from the discovery of 
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coinss and coin deposits at various places (Jezek. personal communication). Abundant 
archaeologicall documentation confirms the existence of Germanic settlements in the 
lowlandss to the west of the Giant Mountains, along the river Jizera and in the area of 
Ceskyy raj, in the second - sixth century AD (Waldhauser and Kosnar. 1997). The 
Germanicc colonisation was followed by the Slavic colonisation during the Migration 
Period,, in the sixth - seventh century AD. Remains of Slavic settlements have been 
foundd at Choustnikovo Hradistë near Dvür Kralové (Sigl and Vokolek, 1993) and at 
Vfesnfkk (Zeman and Buchvaldek. 1967), in the direct vicinity of the Slavic fortress of 
Valaatt Kal (Kalferst, 1989; Kalferst et at., 1986). Both Vfesnfk and Vala are situated 
nearr the town of Pecka. about 25 km south of the investigated site of Cerna Hora. 
Accordingg to Lokvenc (1978) and Bartos and Novakova (1997), the mountainous area 
off the Giant Mountains was not, or was only scarcely inhabited before late Medieval 
time.. The first historical records of human influence on the forest composition date 
fromm the thirteenth and the fourteenth century. In the fifteenth century ore mining, metal 
processingg and glass manufacturing were operated locally: this industry used the nearby 
forestt as source of fuel and timber. The beginning of human impact on the vegetation at 
thee forest limit is recorded after this period for the central part of the mountains 
(Rybni'cek.. 1990). Large-scale exploitation of forest developed in the sixteenth century 
(Rybnfcek,, 1990). when the area had been appointed as a source of wood for the silver 
miness in Kutna Hora (Central Bohemia). The first colonists, who opened high altitude 
pasturess to clear the forest by order of the Czech kings, were experienced wood cutters, 
minee workers and craftsmen from the Alps (Central Inn area. Schwaz, Tirol. Austria). 
Att the beginning of the seventeenth century, the central and eastern part of the Giant 
Mountainss area was largely deforested (Lokvenc. 1978: Bartos and Novakova. 1997). 
Associatedd with forest clearance, the colonists introduced pastoralism; this resulted in a 
locall lowering of the alpine timbcrline and in permanent deforestation of accessible 
slopes. . 

Organisedd forestry developed in the eighteenth century as a reaction to a lack of timber 
forr continued industrial activities in the area. The focus of this forestry was on Picea 
abies.abies. which can quickly regenerate naturally. Picea was predominantly planted within 
extensivee forest clearings. Regeneration of indigenous broadleaved species was 
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neglected.. At the end of the twentieth century, after 250 years of this practice, forest 
compositionn decreased from about 30% of broadleaved constituents (reconstructed 
naturall  composition) to some 5%, while that of Picea increased to 87%. The 
developmentt of forestry in the area followed the principles of the soil-rent theory and 
thee "Normalwald", typical for the Central European forestry school of the eighteenth 
andd nineteenth century (Flousek, 1994; Fanta, 1999). This change in forest 
compositionn might be seen as the main cause of the borealisation of forest owing to the 
establishmentt of a dark, wet and cool microclimate and acid litter in dense planted Picea 
abiesabies forests (Emmer etal., 1998; Fanta, 1999). 
Inn the Giant Mountains, peat deposits are present on flat areas at altitudes from 800 to 
14000 m. While at higher altitudes peat growth characterised almost all the Holocene 
afterr approximately 8000 BP(Hiittemann and Bortenschlager, 1987), at lower altitudes 
peatt growth seems to be a rather "young" phenomenon, generally since about 3000 BP 
(Firbas,, 1952; Pacltova, 1957). A striking feature is the luxuriant bog vegetation 
resultingg in fast peat growth and bog expansion in the areas occupied by forest, causing 
damagee to the trees. The causes of the late-Holocene peat expansion are not exactly 
known,, but climatic change to cooler and wetter conditions and even human impact 
(comparee Moore, 1975 and Moore et al., 1986) may have played a role. A key for 
settlingg this issue is the reconstruction of palaeoenvironmental change. We analysed 
materiall  from a core taken in a small peat bog located on the flat ridge between the 
mountainss of Cema Hora and Svëtla. The occurrence in the palaeobotanical record of 
indicatorss for changes in climate or for human impact could provide the answer to the 
issuee of peat expansion in the mountain and submountain vegetation belts in the Giant 
Mountainss and could possibly indicate a suitable management policy for these wet 
areas. . 

5.22 Material s and methods 

Thee peat bog at Cerna Hora (50o39'38.257r*N, 15°45'21.0822"E, geographical 
coordinatess on the Krasovsky ellipsoid) is situated at about 1190 m (Figure 5.1); the 
bogg is about 10 m long, 5 m wide and about 100 cm deep in the central part. It is 
situatedd in an opening of the forest, about 20 m long and 10 m wide. The terrain is 
mildlyy sloping with a south-western aspect. The surface of the mineral subsoil may 
formm a pocket at the place where now the peat is growing. The present vegetation is 
mainlyy composed of Sphagnum and Polytrkhum species, Calamagrostis villosa, 
JuncusJuncus ftliformis and Eriophorum vaginalum. Individuals of Pinus mugo agg. are 
presentt in the transitional area between the bog and the Picea forest. Vaccinium 
oxycoccosoxycoccos and V. uliginosum are present in the bog vegetation. In the planted Picea 
forest,, Sorbus aucuparia and Vaccinium myrtillus are frequent. 

PaiaeoecoiogicaiPaiaeoecoiogicai sampling 
Thee material was sampled in September 19%. A pit of about 2 x 1.5 x I m was dug to 
exposee a peat section. The material was sampled by pushing two metal boxes (50 x 15 
xx 10 cm) into the peat profile. The peat column is 96 cm deep and the overlap between 
thee two boxes is 2 cm. Our sampling strategy has two advantages over coring: a larger 
quantityy of material becomes available, and the material is not compressed during 
sampling.. Furthermore, in the pit the most suitable column of peat could be chosen and 
woodd (thick coniferous roots) could be avoided. 
Inn the laboratory the material was subsampled. Contiguous slices were cut, 1 cm thick 
forr the upper 87 cm of depth, and 0.5 cm for the lower 9 cm of the core. From these 
slices,, cylindrical subsamples for microfossil analysis (0.77 cm1) and for macrofossil 
analysiss (4.5 cm') were taken. The code CRH (Cerna Hora) was chosen for the core. 

89 9 



ChapterChapter 5 

Thee analysis of pollen and macrofossils was done with a sample distance of 5 cm 
betweenn 95 and 65 cm depth and between 45 and the top of the sequence; between 65 
andd 45 cm depth and for the samples at % and 95 cm depth, the analysis was carried 
outt with a sample distance of I cm, to allow a more detailed palaeoenvironmental 
reconstructionn for the intervals that had shown vegetation changes. 
Microfossill  samples were treated with KOH and acetoiysed according to the method of 
Faegrii  and Iversen (1989). Inorganic material in samples below 45 cm depth was 
separatedd by using a bromoform / alcohol mixture of specific gravity 2 (Fïegri and 
Iversen,, 1989; Moore et al., 1991). To estimate pollen concentrations, two tablets of 
LycopodiumLycopodium spores (circa 12,542 spores per tablet) were added to each sample. The 
minimumm pollen sum per sample was 500 grains. After having reached the pollen sum, 
thee remaining part of each slide was scanned so as to detect sparsely occurring taxa. 
reportedd in the diagram as "+". For the microfossil data, a concentration and a 
percentagee diagram were plotted. 
Macrofossill  samples were boiled with KOH (5%) and sieved to obtain the fraction > 
1500 |im (Birks and Birks, 1980). The identifiable material was counted (fruit, seeds), 
orr estimated as volume percentages (vegetative remains). 

LossLoss on Ignition 
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 were 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. 

C/NC/N analysis 
Aboutt I mg of sample, previously dried at 65°C, was put in a Carlo Erba element 
analyser.. There the material was combusted at 1040"C in an 02 saturated atmosphere. 
Thee reference material for the determination of C and N was acetanilyde (% C = 71.09, 
%% N = 10.36). 

5.33 Radiocarbon dating of the Cerna Hora sequence 

ProcedureProcedure for selection and preparation of the samples for radiocarbon dating 
Fivee levels (90.5, 63, 60, 55 and 48 cm) were AMS radiocarbon dated at the Centre for 
Isotopee Research (CiO) of the University of Groningen. In order to improve the 
accuracyy for the uppermost sample, only selected above-ground plant material was 
collected.. No macrofossils suitable for 14C dating were preserved within the samples 
fromm 90.5, 63, 60 and 55 cm. For these levels we concentrated and dated the pollen 
fractionn present in the samples. For the same levels, a bulk peat sample was also dated 
too compare with the results from the dating carried out on the concentrated pollen 
samples.. For the level at 48 cm. two samples were collected: CRH 48a consisted of 
PiceaPicea needles and CRH 48b was composed of pure Sphagnum leaves and branches. 
Bothh samples were treated with HC1 4c/c, KOH 1%, HC1 4% to eliminate eventual C02 
formedd by bacterial activity, and dried at 80°C for about 24 hours. 
Forr the extraction of pollen for radiocarbon dating, the procedure was based on the 
methodd of Brown (1994). 

Results Results 
Thee l4C dates are given in Table 5.1. For the depths 90.5, 63. 60 and 55 cm. we 
assumee that the dates given by the pollen concentrate samples are more reliable than 
thosee given by the bulk samples. As the bulk sample is composed mainly of rootlets 
comingg from higher levels, it should be younger than the age of the sub-sample from 
thee same level composed of pollen. The results confirm this (see Table 5.1). In the 
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followingg part of this article we refer, for the depths 90.5, 63, 60 and 55 cm, to the 
agess of the pollen-concentrate samples only. Two samples CRH 48a and CRH 48b. 
showw a good correspondence inside their standard deviation and both dates can be 
consideredd reliable. As the age of depth 48 cm, we use the date of the Sphagnum 
samplee CRH 48b (smaller standard deviation). 

CalibrationCalibration and interpolation of the radiocarbon dates 
Thee dates were calibrated to the calendar time-scale with the Cal 20 program (van der 
Plicht,, 1993). The results of the calibration are shown in Table 5.2. Hereafter (Table 
5.3)) we present the result of both a linear interpolation of dates and of the interpolation 
basedd on changing concentrations of pollen sum elements (Pollen Density Dating or 
PDD)) (cf. Middeldorp, 1982). When indicating the age of a level where no radiocarbon 
datee is available, we refer to the results of the linear interpolation. These interpolations 
havee limitations and do not yield absolute age values. Nevertheless, the results provide 
indicationss of changing sedimentation rates and an indication of the age of each level. 
Thee main limitations are the number of  l4C dates in the core and the choice of a single 
valuee for the calibrated date (middle point between the oldest and the youngest 
boundariess of the calendar age interval with 1 o~ confidence level; see Table 5.2). 

TableTable 5.1 List of radiocarbon dated levels, composition of the NC samples, events 
characterisingcharacterising the level and difference in BP age between the (a) and (b) sub-samples of 
eacheach level. 

Depth Depth 
(cm) (cm) 

48b b 

48a a 

55b b 

55a a 

60b b 

60a a 

63b b 

63a a 

90.5b b 

90.5a a 

Lab.Lab. no. 

GrA-10i07 7 

GrA-10574 4 

GrA-10088 8 

GrA-9828 8 

GrA-10108 8 

GrA-10531 1 

GrA-10085 5 

GrA-9832 2 

GrA-10084 4 

GrA-10534 4 

Date Date 

1700  30 BP 

2000  70 BP 

5900  30 BP 

9000 i 45 BP 

10100  35 BP 

10S00  60 BP 

12600  35 BP 

13800  45 BP 

20355  35 BP 

20800 r. 60 BP 

Material Material 

Sphagnum Sphagnum 

Conifer r 
needles s 

bulkk sample 

pollen n 
concentrate e 

bulkk sample 

pollen n 
concentrate e 

bulkk sample 

pollen n 
concentrate e 

bulkk sample 

pollen n 
concentrate e 

Event Event 

fastt Sphagnum growth, 
Abies-FagusAbies-Fagus forest 

eliminated d 

maximumm of Cerealia, 
secondd phase of human 

impact t 

decreasee of human 
impact,, peak of Pinus 

grassess maximum, 
firstt phase of human 

impact t 

stann of 
peatt growth 

AgeAge difference 
(a-b) (a-b) 

30 0 

310 0 

70 0 

120 0 

45 5 
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TableTable 5,2 Calibration of the radiocarbon dates and choice of a single value as result of 
thethe calibration. 

Depth Depth 
(cm) (cm) 

48b 48b 

55a a 

60o o 

61a 61a 

90.5a a 

Date Date 

1700  30 BP 

9000  45 BP 

P P 

13800  45 BP 

20800  60 BP 

CalCal date I o 

>>  1928 cal AD 
1800-- 1810 cal AD 
1734-- 1776 cal AD 
1672-- 1686 cal AD 

1156-- 1212 cal AD 
1116-- 1140 cal AD 
1046-- 1092 cal AD 

9 4 2-- 1016 cal AD 
892-9222 cal AD 

624-6844 cal AD 

2 2 -66 cal BC 
166-322 cal BC 

CalCal date 2 a 

>>  1918 cal AD 
1840-- 1872 cal AD 
1718-- 1818 cal AD 
1666-- 1698 cal AD 

1028-12322 cal AD 

1144-- 1154cal AD 
1096-- M12cal AD 
8511 - 1042 cal AD 
814-8466 cal AD 
792-8022 cal AD 

736-7700 cal AD 
604-- 720 cal AD 

2022 cal BC-68 cal AD 
346-3200 cal BC 

Corresponding Corresponding 
ageage in cal years 

BCBC I AD 

17411 cal AD 

11299 cal AD 

9544 cal AD 

6544 cal AD 

866 cal BC 

5.44 Description of the pollen zones 

Thee results of micro- and macrofossil analysis are presented in Figures 5.2 and 5.3. 
Forr Abies, Betuia, Fagus, Picea and Pinus the polien concentration curves are given in 
Figuree 5.4. The pollen sum (calculation basis for percentages of microfossils) 
comprisess arboreal pollen, non arboreal pollen and human impact indicators. 
Cyperaceae,, Ericales and Melampyrum are considered as possibly local, and thus 
excludedd from the pollen sum. Micro- and macrofossil diagrams are divided into local 
assemblagee zones from A to E. 

ZoneZone A (96 - 92.5 cm, before the first century EC) 
Thee sediment is formed of indeterminate rootlets and sand. The concentrations of pollen 
summ elements vary between 65,000 and 124,000. Arboreal pollen reaches 92%. 
CorylusCorylus and Alnus have high percentages: about 20%, and 25% respectively. Betula 
andd Fagus are also abundant. Abies is present at low percentages: around 3%. Among 
thee herbs, Artemisia, Asteraceae Tubuliflorae. Poaceae. Ericales and Cyperaceae are 
present;; Plantago lanceolaia. P. major/media, Chenopodiaceae, Ranunculaceae. Unica. 
Humulusi'CannabisHumulusi'Cannabis type and Melampyrum occur. Monolete psilate fern spores are 
abundant.. The following fungal spores are present: Ustul'ma deusta (Type 44), Type 17 
andd the newly distinguished Type 571 fungal spore (Figure 5.5). 
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TableTable 5.3 Interpolated age BC/AD by means of linear interpolation and Pollen Density 
DatingDating (PDD). The calibrated dates used for (he interpolations are indicated in bold. 

Depth Depth 
(cm) (cm) 

0.0 0 

1.0 0 

5.0 0 

10.0 0 

15.0 0 

2 0 . 0 0 

25 .0 0 

30 .0 0 

35 .0 0 

40 .0 0 

45 .0 0 

46 .0 0 

47 .0 0 

48 .0 0 

49 .0 0 

50.0 0 

51 .0 0 

52 .0 0 
53 .0 0 

54 .0 0 

Linear Linear 
calcal BC/AD 

1996.0 0 
1990.7 7 

1969.4 4 

1942.9 9 

1916.3 3 
1889.8 8 

1863.2 2 

1836.6 6 

1810.1 1 

1783.5 5 

1756.9 9 

1751.6 6 

1746.3 3 

AD D 
AD D 

AD D 

AD D 

AD D 

AD D 

AD D 
AD D 

AD D 
AD D 

AD D 

AD D 

AD D 

1 7 4 1 . 00 A D 

1653.6 6 

1566.1 1 
1478.7 7 

1391.3 3 

1303.9 9 
1216.4 4 

AD D 

AD D 

AD D 

AD D 

AD D 

AD D 

PDD PDD 
calcal BC/AD 

1996.00 AD 

1995.33 AD 

1990.11 AD 

1973.33 AD 

1959.66 AD 

1952.33 AD 

1941.11 AD 

1932.55 AD 

1887.55 AD 
1843.22 AD 

1798.33 AD 

1789.00 AD 

1776.77 AD 

1 7 4 1 . 00 A D 

1654.99 AD 

1613.00 AD 

1491.00 AD 

1408.00 AD 
1337.11 AD 

1263.11 AD 

Depth Depth 
(cm) (cm) 

55.0 0 

56.0 0 

57.0 0 

58.0 0 

59.0 0 

60.0 0 

61.0 0 
62.0 0 

63.0 0 

64.0 0 

65.0 0 

70.0 0 

75.0 0 

80.0 0 

85.0 0 

90.5 5 

95.0 0 

96.0 0 

Linear Linear 
calcal BC/AD 

1 1 2 9 . 00 A D 

1094.00 AD 

1059.00 AD 

1024.00 AD 

989.00 AD 

9 5 4 . 00 A D 

854.00 AD 

754.00 AD 

6 5 4 . 00 A D 
633.33 AD 

612.77 AD 

509.44 AD 

406.11 AD 

302.99 AD 

199.66 AD 

8 6 . 00 A D 

6.99 BC 

27.66 BC 

PDD PDD 
calcal BC/AD 

1 1 2 9 . 00 A D 

1051.66 AD 

1019.66 AD 

984.99 AD 

966.77 AD 

9 5 4 . 00 A D 

861.11 AD 

804.66 AD 

6 5 4 . 00 A D 
622.66 AD 

591.66 AD 

546.22 AD 

461.66 AD 

408.22 AD 

267.77 AD 

8 6 . 00 A D 

302.33 BC 

465.33 BC 

ZoneZone B (92.5 - 64.5 cm, from before the first century BC to the end of the sixth century 
AD) AD) 
Thee peat is mainly composed of unidentified rootlets. Vegetative remains of 
EriophorumEriophorum vaginatum are present from 80 cm depth upwards. The decomposition rate 
iss high. Total concentration of the pollen sum elements varies between approximately 
210000 and 25000. Two levels are present where the concentration is around 7200 
grainss per cm1, and one level where the concentration is ca 12,000 grains per cm3. 
Aboutt 94 - 98% of the pollen sum is comprised of arboreal pollen: Abies increases at 
thee beginning of this zone and subsequently remains stable. Pinus has a maximum at 
thee beginning and end of zone B. Artemisia, other Asteraceae Tubuliflorae and Poaceae 
aree present. Melampyrum is very abundant from 90 to 80 cm depth; its percentages vary 
betweenn 7.6 and 26.2%. At 75 cm depth, Melampyrum decreases to less than 2%. 
Urtica,Urtica, Humulus!Cannabis type and Chenopodiaceae occur. Also fungal spores of 
Ustulina,Ustulina, the coprophilous ascomycete Sporormiella (Figure 5.5), and Type 90 were 
found. . 

ZoneZone C (64.5 - 60.5 cm, from the beginning of the seventh to the end of the ninth 
centurycentury AD) 
Thee peat of this zone is characterised by the first occurrence of recognisable Sphagnum 
leavess and branches in the macrofossil samples and by the increase of Eriophorum 
vaginatumvaginatum remains. The concentration of pollen sum elements oscillates from values 
aroundd 10.000 to approximately 26,000. The arboreal pollen percentages decrease from 
96%% of zone B to 83%. Picea, Pinus Abies and Quercus show a decrease relative to 
zonee B. The increase of other trees such as Carpums, Ulmus, Tilia. Fraxinus and 
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CoryiusCoryius might be an artefact as a consequence of percentage calculations. The 
percentagee of human impact indicators increases to about \%. The first Cerealia and 
SecaleSecale poilen occurs. The Poaceae strongly increase, Artemisia and Asteraceae 
Tubulifloraee increase slightly and taxa such as Plantago lanceolata, P. major/media, 
RumexRumex acetoselia type and Chenopodiaceae occur. Monolete psilate fern spores increase 
andd Pteridium occurs. Ustulina deusta and Type 83 occur. 

ZoneZone D (60.5 - 55.5 cm, from the beginning of the tenth to the end of the eleventh 
centurycentury AD) 
SphagnumSphagnum is not preserved in the macrofossils, and peat is mainly formed of 
unidentifiedd rootlets and Eriophorum vaginatum. Charcoal is present. The concentration 
off  pollen sum elements increases in comparison to the previous zone, and it reaches 
valuess between 32,000 and 79,000 at the top of this zone. The percentage of the 
arboreall  pollen slightly increases to about 89%, mainly because of an increase in 
representationn of Abies and Pinus. The percentages of Poaceae decrease. The curve of 
MelampyrumMelampyrum reaches its maximum value and Ericales show an increase. 

ZoneZone E (55.5 - 0 cm, from the beginning of the twelfth century AD to the present) 
SphagnumSphagnum becomes important as peat forming element: after having disappeared from 
thee macrofossils in zone D, it occurs again at 57 cm depth and at 56 cm it reaches 
approximatelyy 60% in volume of the peat and it remains a main peat constituent up to 
thee top of the sequence. A shift is observed from Sphagnum cf. tnagellanicum to 
SphagnumSphagnum section Acutifolia, Sphagnum papillosum and Sphagnum section Cuspidata. 
Inn the upper 10 cm of the sequence Polytrichum is present. The concentration of the 
pollenn sum elements decreases to about 12,000-14,000 at the base of the zone, it 
oscillatess between 51.5 and 47.5 cm depth, and from 47.5 cm to the top it remains 
stablee to values lower than 5000. The percentages of arboreal pollen decrease to values 
betweenn 60% and 80% and reach a minimum of ca 47% at 49 cm depth. Mainly Abies 
andd Fagus are affected: Abies decreases to values of less than 3% at 45 cm depth and 
remainss low; Fagus nearly disappears at 47 cm depth and subsequently oscillates 
betweenn 1 and 3%. Carpinus, Ulmus and Tilia pollen curves are also affected and they 
eitherr disappear or their presence becomes discontinuous. The increase of Pinus and 
PiceaPicea from 45 cm depth is mainly an effect of percentage calculations, due to the 
disappearancee of Abies and Fagus (compare the concentration curves in Figure 5.4). 
Humann impact indicators constitute from 6% to 23% of the pollen sum. Cerealia type 
andd Secale increase and their curves become continuous. Other human impact indicators 
increasee and their presence becomes stable. The first grains of Cenlaurea cyanus appear 
att the beginning of this zone. Fagopyrum and Linum usitatissimum are present. The 
curvee of Artemisia shows a maximum at the beginning of this zone. At the start of the 
secondd phase of human impact, between 54 and 45 cm depth, monolete psilate fern 
sporess increase. Fungal spores of cf. Eniophlyctis lobata (Type 13), Type 8E, the 
coprophilouss Sporormielta, Type 83 and Type 3A occur. A newly distinguished fungal 
spore,, Type 572 (Figure 5.5), appears and reaches 91%- at 50 cm depth. Charcoal 
particles,, observed in the microfossil slides, gradually increase in zone E. 

5.55 Regional and local vegetation development and human impact 

Thee base of the section, corresponding to the start of organic accumulation at the 
samplingg site, dates back to before the first century BC {zone A), The very high pollen 
concentrationn is indicative of a low sedimentation rate. 
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FigureFigure 5.2 Microfossil diagram of the site of Cernd Hora. The pollen sum is 
constitutedconstituted of arboreal pollen, non arboreal pollen and human impact indicators (upper 
diagram).diagram). In the lower diagram are reported the taxa not included in the pollen sum. The 
hollowhollow line indicates that the curve is exaggerated by a factor 6 for easing readability. 
TheThe A MS "C dates are BP. 
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FigureFigure 5.3 Macrofossil diagram of the site of Cernd Hora. 
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FigureFigure 5.4 Concentration curves of the pollen sum and of Abies. Be tula. Fagus, 
Picea,Picea, and Pinus (Cernd Hora site). 

Thee relative abundance of Corylus, Alnus, Fraxinus, Tilia and Carpinus in the pollen 
assemblagee may point to relatively warm and humid climatic conditions in the lowlands. 
Coveringg the period from before the first century BC to the end of the sixth century AD. 
zonee B represents the situation existing before human impact. High arboreal pollen 
percentages,, the abundance of Abies. Faults. Picea. Quercus and the presence of Acer, 
Carpinus.Carpinus. Tilia. Ulnuts. point to the existence of natural, undisturbed vegetation in the 
valleyss and the mountains. Close to the site a forest formed by Abies and Fagus with 
somee Picea was present: the presence of needles of Picea as macrofossils indicates that 
PiceaPicea was also growing in the immediate vicinity. In this interval are relatively high 
percentagess of Pinus subgenus Pinus pollen grains. This type of pollen belongs most 
likelyy to Pinus mugo agg. as. in the mountain area of the Giant Mountains. Pinus 
sylvestrissylvestris is absent. The presence of Pinus mugo agg. may indicate local occurrence of 
thiss species. The low representation of grasses and herbs points to the low level, or 
evenn absence of human impact in the area. At the beginning of the seventh century AD 
(zonee C) changes in the vegetation occurred. The curves of Abies. Fagus. Picea and 
PinusPinus decrease. The Poaceae and weeds (Artemisia. Chenopodiaceae. Plantago 
lanceokUalanceokUa and Rumex aceiosella type) spread. Plantago major/media occurs and ferns 
sporess (Monolete psilate fern spores and Pteridium) increase. 
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FigureFigure 5.5 Spores of the coprophilous fungus Sporormiella (1-6) and of two new 
Types:Types: Type 571 (7 - 10) and Type 572 (II - 14). Type 571 is a spindle-shaped spore 
19.119.1 - 26.6 x 6.6 -9.1 pin. At both ends the walls are thickened, showing appendages of 
aboutabout 1.5 pin in diameter. Type 572 is a fungal spore, one-septate. 20.8 - 35.7 x 9.1 -
12.512.5 pjn. The septum shows an approximately I pin wide pore. The distal cell ends 
bluntly,bluntly, longer and wider than the proximal cell. An approximately 2 (Mn wide pore is 
presentpresent on the proximal cell. The wall near the pore is thickened. All magnifications 
xlOOO. xlOOO. 

Forr the interpretation of these events, different explanations could be given, for instance 
windd damage causing an opening of forest vegetation and local waterlogging (Rybnfcek 
andd Rybm'ckova, pers. com.). However, we consider that the observed changes point 
too the occurrence of a phase of disturbance (human impact) at approximately 1380  45 
BPP (seventh - eight century AD). We suppose that openings in the submountain and 
mountainn forest were created, possibly either for forest pastures or for a first 
exploitationn of ores. Cerealia. also present in this pollen zone, could not be cultivated at 
thee altitude of the site: this pollen more likely originated from the lowlands. 
Ann interruption of human impact took place from the beginning of the tenth to the end 
off  the eleventh century AD (zone D). where pollen of forest elements - Abies. Pinus 
andd subsequently Fagus - increases, and that of herbaceous taxa decreases. Pinus 
increasedd its competitiveness with the availability of light in the openings and rapidly 
settledd in the clearances. The presence of Salix and the slight increase in the curve of 
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BetuiaBetuia also point to the existence of open areas in the forest. Artemisia, PUmtago 
lanceolatelanceolate and Rumex acetosella type remained constant, possibly due either to some 
continuingg human interference on the vegetation, or to a too short recovery time before 
thee start of the following exploitation phase. 
AA second, more intense phase of human impact started around 900  45 BP (eleventh -
twelfthh century AD; Table 5.2; zone E). This impact phase has conditioned the 
vegetationn composition until the present time. Valleys and lowlands became 
permanentlyy cultivated, as indicated, among others, by the curves of Cerealia type and 
SecaleSecale cereale and by the occurrence of Fagopyrum and Linum usitatissimum grains. 
Thee first occurrence of Fagopyrum is recorded in the fifteenth century AD; this finding 
correspondss well with the period of cultivation of this plant, native of Central Asia and 
introducedd in Europe by the Mongolian population in the thirteenth and fourteenth 
centuryy AD (cf. Hegi, 1948 ex Rybnfëkova, 1974). The first occurrence of Centaurea 
cyanuscyanus pollen grains is recorded approximately in the twelfth century. The curves of 
weeds,, of the nitrophilous Urtica, of grasses and of charcoal also point to a period of 
intensee human impact. The occurrence of sporadic grains of Juniperus and the increase 
off  Betula and Salix, and the maximum of Artemisia, all light-demanding taxa, confirm 
thatt an extensive opening of the vegetation took place. 
AA reduction or disappearance of the main tree taxa becomes evident; Abies and Fagus 
weree nearly eliminated from the submontane and montane forest. In the lowlands, the 
presencee of Carpinus, Quercus, Tilia and Ultnus was reduced. The increase of Picea 
andd Pinus is thought to be mainly an artefact of percentage calculations, due to the 
reductionn of Abies and Fagus. the other strong pollen-producers. Nevertheless, slight 
increasess in the pollen concentration curves of Picea and Pinus only, may indicate that 
thesee two taxa remained longer than Abies and Fagus. Picea has a better capacity to 
recoverfromm disturbance than Abies and Fagus (Lokvenc, 1978; 1992). Since the end 
off  the eighteenth century, planting of Picea stands was introduced, so the increase of 
fatfat Picea pollen curve may be attributed to the existence of plantations. Also the onset 
off  colder conditions during the Little Ice Age might have played a role in increasing the 
competitivityy of Picea (RybniÈek, 1990). The increased values of Pinus could be 
explainedd both by the presence of clearances in the forest and by an increased input of 
pollenn coming from the Pinus mugo stands near the forest line. After deforestation, 
pollenn derived from the forest line - just about 150 m higher than Cema Hora - could 
moree easily reach small bogs that were not surrounded by a close forest. 

5.66 Loss on ignition and C/N rati o 

Losss on ignition (LOÏ) gives indications of the ratio between organic and inorganic 
matter.. LOI fluctuations are caused by changes in the input of inorganic material in the 
systemm or by changes in net organic production. 
Thee carbon/nitrogen ratio in a peat bog depends on the C/N ratio in the peat forming 
vegetationn (Kuhry et ai, 1992) and in differential loss of either carbon or nitrogen in 
thee decomposition process (Kuhry and Vitt, 1996). During decomposition, carbon is 
releasedd both under aerobic and under anaerobic conditions. Nitrogen is released only 
underr aerobic conditions; its loss under anaerobic condition is negligible. Changes in 
degreee of anaerobic decomposition can explain changing C/N ratios (Kuhry and Vitt. 
1996).. The results are reported in Table 5.4 and in Figure 5.6. 
Thee very low values of LOI at the base of the section (zone A) indicate strong 
decompositionn when organic accumulation started. In the curve of the LOI, minimum 
valuess are found at the limit between zones D and E (samples 54 and 55). 
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TableTable 5.4 Results of the loss on ignition and C/N analyses. Loss on ignition and the C and 
NN are expressed in percentages of dry weight. The value C/N is adimensional. 

DepthDepth (cm) 
1 1 
5 5 
10 0 
15 5 
20 0 
25 5 
30 0 
35 5 
40 0 
45 5 
46 6 
47 7 
48 8 
49 9 
50 0 
51 1 
52 2 
53 3 
54 4 
55 5 
56 6 
57 7 
58 8 
59 9 
60 0 
61 1 
62 2 
63 3 
64 4 
65 5 
70 0 
75 5 
80 0 
85 5 
90 0 
95 5 
96 6 

LOILOI (%) 
98. 3 3 
97. 5 5 
94. 9 9 
95. 7 7 
97. 1 1 
95. 4 4 
96. 3 3 
93. 3 3 
92. 7 7 
93. 7 7 
93. 2 2 
94. 3 3 
93. 5 5 
95. 2 2 
92. 9 9 
91. 5 5 
89. 6 6 
88. 7 7 
82. 8 8 
83. 1 1 
87. 1 1 
86. 4 4 
88. 3 3 
91. 7 7 
92. 7 7 
93. 5 5 
93. 2 2 
94. 3 3 
95. 3 3 
96. 9 9 
97. 8 8 
96. 3 3 
95. 3 3 
93. 9 9 
91. 7 7 
50. 3 3 
18. 4 4 

C(%) C(%) 
41. 9 9 
42. 0 0 
41. 2 2 
40. 9 9 
42. 3 3 
42. 3 3 
42. 3 3 
42. 3 3 
43. 6 6 
45. 5 5 
44. 9 9 
44. 9 9 
44. 4 4 
41. 9 9 
45. 1 1 
44. 4 4 
44. 0 0 
44. 1 1 
42. 3 3 
43. 4 4 
47. 4 4 
46. 9 9 
47. 8 8 
48. 0 0 
47. 5 5 
46. 7 7 
47. 0 0 
47. 2 2 
47. 9 9 
47. 2 2 
48. 5 5 
47. 0 0 
46. 6 6 
47. 0 0 
44. 3 3 
23. 5 5 
8. 3 3 

N(%) N(%) 
0.8 9 9 
0.7 2 2 
1.2 3 3 
0.6 7 7 
0.6 0 0 
0.8 9 9 
0.6 7 7 
0.9 7 7 
1.6 1 1 
1.6 8 8 
1.7 6 6 
1.2 7 7 
1.2 9 9 
0.9 7 7 
1.4 8 8 
1.8 7 7 
2.0 2 2 
1.9 0 0 
2.1 9 9 
1.8 4 4 
1.6 9 9 
1.5 6 6 
1.6 5 5 
1.7 5 5 
1.8 0 0 
1.6 5 5 
1.8 5 5 
1.7 9 9 
1.7 6 6 
1.7 1 1 
1.3 0 0 
1.6 3 3 
1.3 2 2 
1.3 1 1 
1.6 3 3 
0.9 8 8 
0.3 1 1 

C/N C/N 
47 7 
58 8 
34 4 
63 3 
71 1 
48 8 
63 3 
44 4 
27 7 
27 7 
26 6 
36 6 
35 5 
44 4 
31 1 
24 4 
22 2 
23 3 
19 9 
24 4 
28 8 
30 0 
29 9 
28 8 
26 6 
28 8 
25 5 
27 7 
27 7 
28 8 
37 7 
29 9 
35 5 
36 6 
27 7 
24 4 
27 7 

Thiss suggests the occurrence of soil erosion after deforestation in the surroundings of 
thee bog and maybe also the occurrence of superficial water runoff coming from the 
deforestedd surroundings of the bog. Low LOI values can, for a minor part, also be 
explainedd by a low peat accumulation rate. 
Thee values of the C/N ratio are rather low from the base of the section up to 40 cm; very 
loww values occur between 55 and 51 cm, with a minimum at 54 cm. A higher C/N ratio 
characterisess the upper 35 cm. The rather low C/N values between 96 and 40 cm 
indicatee persistence of decomposition under anaerobic conditions in the catotelm, which 
ledd to a loss of carbon and to a differential enrichment in nitrogen. 
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FigureFigure 5.6 Loss on ignition, carbon and nitrogen percentages and carbon I nitrogen 
ratioratio (Cernd Hora site). 

Thee high C/N ratio of the upper part of the zone E, from 35 cm to the top, indicate that 
noo differential release of C or N occurred and thus the decomposition processes took 
placee during a relatively short period mainly in aerobic conditions. 
Becausee the minimum in the C/N ratio between 55 and 51 cm coincides with the 
minimumm in LOI, we can hypothesise a common cause. LOI may point to the 
occurrencee of superficial runoff in this interval, as a consequence of deforestation. The 
presencee of a surplus of superficial water might have determined anaerobic conditions 
inn the acrotelm, suppressing the release of nitrogen, but permitting still that of carbon, 
thuss finally lowering the C/N ratio. The excess of water would subsequently have 
favouredd the growth of Sphagnum. 

5.77 Comparison between palaeobotanical evidences of human impact and 
historicall  records 

Ass discussed previously, two main phases of human impact on the vegetation are 
evidentt from the Cerna Hora pollen record. 
Thee first human impact phase dates back to 1380  45 BP (seventh - eighth century 
AD).. The pollen diagram may provide an indication that during this period farming 
communitiess were present in the adjacent lowlands. This early human impact on the 
forest,, already in the seventh - eighth century, (without supporting historical records) is 
controversial,, and therefore we emphasise the careful selection of the l4C samples and 
thee interpretation of these dates: for the sample at 63 cm. the l4C date on pollen 
concentratee (1380  45 BP) and that on a bulk sample (1260  35 BP) are in fairly 
goodd agreement with each other. Furthermore, the dates at 63 cm also fit well with the 
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datess of the depths below (90.5 cm, 2080  60 BP) and above it (60 cm. 1080  60 
BP). . 
Thee onset of the Slavic settlement in the lowlands south of Cerna Hora is in the sixth 
centuryy AD. The nearest settled sites found until now are the early Slavic fortress Vala-
Kall  and the agricultural settlement of Vresnik, both at the town of Pecka (Zeman and 
Buchvaldek,, 1967; Kalferst et aL, 1986), and Choustnfkovo Hradistë at Dvür Kralové 
(Sigll  and Vokolek. 1993) at some 25 km distance from Cerna Hora. The founding of 
thesee settlements falls into the seventh century. They ceased to exist two centuries later. 
Forr the tenth and eleventh century the archaeological evidence displays a hiatus in the 
settlementt continuity. The next wave of colonisation which has been archaeological I y 
fullyy documented (the Pfemyslid colonisation) took place in the twelfth century. The 
settlementt structure of the broader area, including the Giant Mountains, stabilised 
duringg the thirteenth century (Jezek, personal communication). 
Thee beginning of the second human impact phase is recorded around 900  45 BP 
(eleventhh - twelfth century AD) and goes on until the present. It has maxima in the 
seventeenthh century (49 cm, approximately 1653 cal AD; Table 5.3) and in the 
eighteenthh century (47 cm, approximately 1746 cal AD; Table 5.3). This second phase 
correspondss well with the historical data reporting the continuous exploitation of the 
forestt in the last ten centuries: the presence of a castle near Vrchlabf in the eleventh 
century,, deforestation in the thirteenth century, extensive deforestation in the sixteenth 
century,, the disappearance of a considerable part of the forest in the central and eastern 
partt of the Giant Mountains area at the beginning of the seventeenth century and the 
applicationn of modern forestry techniques since the eighteenth century. 

5.88 Effect of deforestation on local hydrological conditions and peat 
development t 

Changess in pollen concentrations, peat composition and radiocarbon data indicate that 
somee abrupt accumulation rate changes occurred between pollen zone B and zone E. 
Zoness C and D represent the transition interval between the more decomposed lower 
partt (zone B) and the less decomposed upper part (zone E). Zone C first records local 
conditionss suitable for the formation of less decomposed peat; in zone D. formation of 
decomposedd peat recurred. Changes in peat growth were synchronous with the major 
changess in regional vegetation (Figure 5.7). 
Wee interpret the recorded disturbance and opening of the forest by human activity as the 
factorr influencing local hydrology and thus influencing the decomposition process and 
thee accumulation rate of the peat at Cerna Hora. 
Wee presume that forest exploitation in the vicinity of the bog led to a decrease in 
evapotranspirationn and to local wetter conditions. Different mechanisms may have 
playedd a role in decreasing evapotranspiration, viz., changes in heat balance and a 
declinee of the leaf area index (LAI) (Kfecek, 1996). in combination with a change in 
waterr retention capacity of the soils (Bormann and Likens. 1994). 
Inn the case of recent deforestation studied by Kfecek. in the upper plain of the 
neighbouringg Jizera Mountains, after forest cutting the increase in albedo by 100% and 
inn sensible heat flux by 40%, and the decrease in net radiation by 15%, determined a 
decreasee in annual evapotranspiration by about 150 mm. The LAI declined from 16-20 
too values lower than 3 after deforestation, determining a decrease in the interception and 
evapotranspirationn of ground water by trees. This resulted in a decrease of the soil 
infiltrationn capacity from 150 to 40 mm h l. 
Thee soil infiltration capacity may be further reduced after deforestation due to the 
disappearancee of forest litter on the soil: the presence of dead biomass intercepts and 
dispersess the energy of falling drops of water, increases water retention and facilitates 
percolationn in the soil (Bormann and Likens. 1994). 
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FigureFigure 5.7 Scheme of the events (natural situation/deforestation) recorded in the 
CerndCernd Hora sequence. 

Thee combination of a change in heat balance, a reduced leaf area index and a decrease in 
infiltrationn capacity, causes a surplus of water remaining in the soils. 
Althoughh the small bog of" Cerna Hora is ombrotrophic. and thus resembles a raised 
bog.. its hydrological balance is not completely independent from the surroundings. We 
supposee that the above described processes occurred in the immediate surroundings of 
thee bog and that, as a consequence, also the hydrological balance of the bog itself was 
influenced.. As the site of Cerna Hora is on a flat part of a gently degrading slope, the 
waterr did not flow away, but some stagnation may have occurred. The effect was 
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enhancedd peat growth and a decrease of the decomposition process, resulting in the 
preservationn of Sphagnum in zone C, on top of the highly decomposed peat of zone B. 
Furthermore,, as an effect of the decrease of decomposition a decrease of available 
nutrientss was favourable for the growth of Sphagnum, further increasing the 
accumulationn rate. The active acidification by Sphagnum (Clymo, 1984) will also have 
contributedd to the decrease of the decomposition. 
Inn zone D (from the beginning of the tenth to the end of the eleventh century AD), a 
temporarilyy increased tree density following a temporary decrease of human impact, led 
too drier soil conditions again (higher evapotranspiration). This led to a decrease of 
moisturee in the bog. This hydrological change is also reflected in the temporary rise of 
MelampyrumMelampyrum (Moore et a/.. 1986; Turner ei ai, 1993) and in the local occurrence of 
sclerotiaa of Cenococcum geophiium. Owing to drier conditions, the decomposition rate 
increased,, preventing the preservation of Sphagna. The high pollen concentrations 
indicatee a slow peat accumulation, in agreement with the establishment of drier 
conditionss and a high degree of decomposition of the peat forming plants. 
Ass a consequence of the deforestation at the start of the second phase of human impact 
(fromm the beginning of the twelfth century AD to the present) sudden changes in 
hydrologyy and peat accumulation, similar to those of zone C, were induced. We 
interprett the reappearance of Sphagnum peat and a low degree of decomposition as due 
too a raised water table. The hypothesis of the occurrence of a water surplus at this level 
iss supported by the results of LOI and C/N ratio. 
Upp to the present, the level of the water table may have fluctuated but remained 
relativelyy high. At the surface Sphagnum is an important peat constituent, but that is 
mostt likely an effect of not-yet-occurred decomposition in the acrotelm; the occurrence 
off  Poiytrichum at 10 cm depth indicates that the local conditions became drier. If the 
changess in peat composition are compared with the results of pollen analysis, the 
tendencyy to drier conditions took place alongside the increase of Picea between 20 and 
155 cm depth. This increase is most likely due to the plantation of Picea in the area. The 
increasedd tree-density after planting apparently also determined an increased 
evapotranspirationn and lowering of the water table; this situation would favour drier 
conditionss on the bog surface and stimulated the growth of Poiytrichum. 
Importantt for the present forestry activities is the question whether the patterns of peat 
extensionn and accumulation could return to pre-anthropogenic (i.e. reduced) conditions. 
Mostt likely this will not happen: the impact of human activities triggered the shift from 
moderatelyy drained soils with the formation, at places like the Cema Hora site, of a 
highlyy decomposed, "dry" peat, to more waterlogged conditions which enhanced the 
expansionn of Sphagnum peat growth. The present vegetation type, thanks to the 
abundancee of Sphagnum, has a good buffer capacity for water: it can take up the 
surpluss of water and use it during dry periods. It can. thus, not only successfully 
opposee the effects of the evapotranspiration of trees, but it also creates unfavourable 
conditionss for trees that get waterlogged in their root zone. The decomposition rate of 
needless and other organic material is slowed down by the presence of water that reduces 
thee microfaunal and microbial activity. Water also reduces the quantity of available 
oxygenn and lowers the soil temperature (Moore et at.. 1984). The soil acidification 
resultingg from this process acts as a weakening factor for the trees; only plants resisting 
acidd conditions, like Eriophorum and Ericales, can survive, while Sphagnum increases 
itss dominance. Although macroclimatic and environmental conditions are different, the 
mechanismss behind the enhanced peat growth we observe for the Cerna Hora bog 
seemss to have much in common with those causing the development of blanket mires 
underr influence of human impact on the British Isles (Moore. 1975; Moore et ai.. 
1984).. Deforestation and, even more important, the repeated alternation of deforestation 
andd artificial afforestation during the historical period has had a positive effect on peat 
growth: : 
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duringg deforestation the water table rises, supporting Sphagnum growth, 
-- after afforestation, the accumulation of dead organic matter and the relatively low 

decompositionn enhance soil acidification and absorption of water. 
Thee described phenomenon supports the borealization hypothesis as formulated by 
Emmerr et al. (1998). The indirect effect of former deforestation (peat growth, 
hamperingg drainage of the area and creating unfavourable conditions for trees) has led 
too worsened conditions for forest growth in the flat and semi-flat areas of the middle 
altitudess in the Giant Mountains. This situation, initially caused by deforestation,, cannot 
bee compensated for with the planting of Picea trees in close canopy. Dense stands of 
treess result in cold and dark conditions on the forest soils, which are unfavourable for 
decomposition.. While the presence of trees can help to achieve drier conditions (higher 
evapotranspiration),, it also determines fast accumulation of organic material that 
absorbss water and stimulates peat expansion. The alternation of deforestation and 
afforestationn since the sixteenth century until the present time, will have contributed to 
thee extension of the Sphagna-Piceetttm forest community. 
Thee role of climate has not been mentioned in our interpretation because in the data we 
didd not find clear evidence for effects of climatic change. No climatic change is known 
too have occurred in correspondence with the first phase of human impact (zone C, from 
thee beginning of the seventh to the end of the ninth century AD). After the Medieval 
climaticc optimum, the first evidence of a climatic deterioration in historical time occurred 
inn the Czech Republic around the fourteenth century (Firbas and Losert, 1949), thus 
afterr the change in peat accumulation at the beginning of the second phase of human 
impactt (zone E, beginning of the twelfth century AD to the present time). This climatic 
deteriorationn might have enhanced the change, but could not have caused it. 
Thee correspondence of the two phases of increased peat accumulation and of Sphagnum 
preservationn (zones C and E) with the increase of indicators of human impact in the 
pollenn record supports our hypothesis that human impact on the vegetation caused the 
changess in decomposition and peat accumulation rate. We suppose that the observed 
changess in humidity were limited to the bog and to its hydrological basin. In case 
climatee change also played a role in determining the vegetation development, the effects 
weree outstripped by the considerable hydrological changes as a consequence of human 
impact. . 
Thee main motivation of forestry in the Krkonose National Park is restoration of self-
sustainingg forest communities and ecosystems as the main indigenous components of 
mountainn landscape as well as for carbon storage. The reconstruction of the natural 
forestt is promoted because of the role of trees as a store of carbon. We emphasise here 
thatt peat-forming vegetation may - on the long term - be a more effective store for 
carbonn (Kobak el «/., 1998; Kuhry and Vitt, 1996) than a moribund forest. 

5.99 Conclusions 

Thee pollen and macrofossil record of a small bog in the area of Cerna Hora shows that 
peatt accumulation at the site started before the first century BC; until the end of the sixth 
centuryy AD the natural vegetation was undisturbed. Human impact on the environment 
apparentlyy started in the seventh - eighth century, it decreased from the beginning of the 
tenthh to the end of the eleventh century AD and it increased again in the twelfth century. 
Sincee then it remained permanent. Human impact apparently had considerable effects: 
directlyy in the form of deforestation and indirectly - as interpreted by us - through 
hydrologicall  effects and a related increase of peat growth which was most likely 
irreversible. . 
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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 

Appro xx  imat e 
agee ca l  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 

Approximat e e 
agee ca l  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 

Approximat e e 

agee ca l  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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FigureFigure  6.5 Scheme of the events related to human imparl as recorded in the peat 

sequencessequences of Üpskd Raselina. 1'ancavska' Louka and Cernd Hora. Main historical events as 

knownknown from written sources or archaeology are mentioned. 
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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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CONCLUSIONS S 

Thee main conclusions, specific to each research topic and to each peat sequence, have 
beenn mentioned in the appropriate chapters. Here, methodological considerations and 
aa comprehensive overview of the conclusions on solar forcing of climatic change and 
onn human impact on the vegetation in the Giant Mountains are summarized. 

Methodology y 

Sincee pollen analysis was pioneered, the palynological method has been settled and 
improvedd to achieve higher accuracy in palaeoenvironmental reconstructions. In this 
respectt it might be useful to stress some considerations made in the course of the 
presentt work. High-resolution analysis of different proxy data and their combination 
providedd detailed information on vegetation dynamics, climate change and human 
impact.. Such an approach is particularly useful in Europe, where the general lines of 
vegetationn development and climatic change are already known, and where it is 
necessaryy to refine the analysis to understand the decade-to-century-scale changes 
andd local variability. This last factor, local variability of phenomena, is of a crucial 
importancee in understanding the agents of climate change. The different sensitivity of 
areass to climatic agents (for example the effect of the ocean, cloud cover, or changes 
inn atmospheric circulation) will trigger peculiar reactions in regional and local 
vegetation.. The particular characteristics of such reactions will allow a reconstruction 
off  the modality of change in climate. 
Togetherr with a higher detail in palaeoecological reconstructions, a precise and 
accuratee calendar time control has been essential. Only with a precise chronology of 
eventss can a single event be recognised in different sequences and discriminated from 
otherr events occurring close in time. This will allow a clear progression to be made in 
assessingg the causes of climatic change. Radiocarbon dating is the main method for 
providingg a time-control in palaeoecological research. While the introduction of AMS 
l4CC dating represented a major improvement as it allows dating very small samples, it 
iss still crucial to provide selected hand-picked material. A sample constituted of clean 
above-groundd remains which has the same age as the level to be dated will provide a 
moree accurate estimation of the age than a bulk sample. This recommendation is 
particularlyy valid when dating in the proximity of a wiggle in the radiocarbon 
calibrationn curve and when applying the wiggle-match dating strategy. In this case, an 
appropriatee selection of the material will yield a better reconstruction of the wiggle in 
thee set of radiocarbon dates. The application of the wiggle-match dating strategy is 
cruciall  to achieve an optimal time-control in periods of AI4C fluctuations. 
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Furthermoree this strategy also makes it possible to correlate AI4C fluctuations directly 
withh evidence for climatic change in the same core. In this respect, wiggle-match 
datingg makes the palaeoecological investigation of solar forcing on climatic change 
realistic:: the time-control limitation reported by Chambers et ai (1999) for detecting 
solarr forcing in proxy climate records is largely resolved with the application of this 
strategy. . 

Thee analysis of microfossils other than pollen (i.e. fungal spores, algae, thecamoebae 
andd other animal remains) can add useful information for the reconstruction of local 
conditionss such as, amongst others, the degree of humidity and trophic conditions. 
Unfortunately,, the systematic position and the ecological requirements of some of 
thesee microfossils are not yet known. Nevertheless, a more general use of these "extra 
fossils""  would rapidly increase the amount of available information and enlarge the 
valuee of their contribution to palaeoecological reconstructions. 

Solarr  forcing of climate change 

Increasingg evidence is found for solar activity to be an agent of climate change. In 
thiss study, strong support was found for the hypothesis of solar forcing of climate 
changee as recorded in the peat bog at Pancavska Louka around 850 cal BC The 
resultss are based on visual comparison and cross-correlation of the curve of residual 
AI4CC and those of climate indicators. They indicate a reaction of regional and local 
vegetationn corresponding to the sharp increase of AI4C at ca. 850 cal BC. However, 
furtherr investigation is necessary on the mechanisms amplifying changes in solar 
activityy and on the role of the atmosphere and the ocean. Moreover, further, well-
documentedd evidence is necessary from locations at many latitudes and time-spans. 
Thee creation of a network of research sites can provide data on the worldwide 
variabilityy of the effects of solar activity forcing. In particular, evidence has to be 
collectedd of solar forcing of climate during intervals of sharp changes in AI4C (1300-
18000 AD, 850 BC, 4000-3000 BC. 7500 BC, 8300 BC. 9300 BC). Some of these 
periodss are characterised by well known climatic changes: Altered - Younger Dryas 
transition,, Younger Dryas-Holocene transition. Pre-Boreal Oscillation, Little Ice Age 
(comparee Renssen et al.y 2000). 

Humann impact in the Giant Mountains area 

Thee palaeoecological reconstruction of human impact on the vegetation in the Giant 
Mountainss area during the last 4000 years corresponds relatively well with the 
archaeologicall  data and historical sources. Until ca. the sixth century AD. no human 
impactt was recorded in the vicinity of the Giant Mountains, and only long distance 
transportt of Cerealia type pollen grains occurred. In the Cerna Hora sequence, 
deforestationn is recorded during the seventh to the beginning of the tenth century AD ! 
possiblyy due to Slavic settlements in the nearby lowlands. Human impact increased in 
alll  the three sequences during the eleventh - twelfth century AD. In the records of 
Pancavskdd Louka and Üpska Raselina a vegetation recovery is recorded in ca. the 
fifteenthh and sixteenth centuries. The vegetation recovery at Üpska Raselina 
continuedd until the end of the seventeenth century. 
Uncertaintiess in calibrating the palynological record with human impact made it 
difficul tt to clearly quantify the degree of colonisation and the territorial limit of 
humann influence. This is especially true in mountain environments, where, due to a 
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steepp temperature gradient, different vegetation zones are situated relatively close to 
eachh other. Therefore, pollen from different ecosystems and altitudes is easily 
transportedd and deposited in bogs. Furthermore, the possible extent and impact of 
humann altitudinal expansion depends on the type of activity (hunting, mining and 
agriculture).. In this respect, further palaeoecological analysis, combined with 
archaeologicall  survey in the Giant Mountains, could help completing the picture of 
pastt exploitation of the area. 

Thiss research served to reconstruct, by means of different techniques and tools, past 
environmentall  changes. The results achieved on the main research objective, the 
climatee change at ca. 850 cal BC and, in general, the investigation of vegetation and 
humann impact, demonstrate the potential of the integration of palaeoecology with 
aspectss of climatology, isotope physics, archaeology and historical sources. 
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Abstract t 

Thee aim of this research was to identify the factors influencing late Holocene 
vegetationn change in the Giant Mountains (Krkonose in Czech), using three peat 
archivee sequences. A more specific aim was to evaluate the role of solar forcing on 
climaticc change at ca. 850 cal BC. 

Thee Giant Mountains are located at the border between the Czech Republic and 
Polandd and they occupy the area between 50° and 51° latitude N and 15° and 17° 
longitudee E. The studied sites are the bogs at Pancavska Louka (1320 m), Cerna Hora 
(11900 m) and Üpska Raselina (1425 m). For the PanCavska Louka site a sequence 
coveringg the period between ca, 2200 cal BC and the present time was studied. The 
analysiss of a sequence from Cema Hora was undertaken in order to understand the 
causess and mechanisms of peat expansion in the area; this sequence covers the period 
fromm ca. 96 cal BC to the present. A sequence from Üpska Raselina was analysed, 
whichh covered the period from 180 cal AD to the present time. Special attention was 
focusedd on the upper part of the sequence to generate information on human impact. 

Onn the collected material, microfossil (pollen and other microscopic remains) and 
macrofossill  analysis, loss on ignition and C/N ratio determination were carried out. 
Onn the Panëavska" Louka sequence, geochemical analysis of selected elements was 
alsoo completed. 
Timee control was achieved by AMS l4C dating of selected plant material. Calibration 
off  the dates provided a calendar time control. For the Pancavska Louka sequence, to 
improvee the precision and accuracy of the calendar time control in periods of major 
changess in A14C, the wiggle-match dating strategy (WMD) was applied to the 
radiocarbonn dates between ca. 3200 and 2000 BP, and to those between ca. 800 and 
1000 BP. The results of simple calibration were then compared to those from different 
WMDD solutions for the dates between ca. 3200 and 2000 BP. The best results of 
WMDD were achieved by modelling the distance in cm between subsequent dates, on 
thee basis of the arboreal pollen concentration. As changes in arboreal pollen 
concentrationn in the peat sequence are assumed to be due to changes in accumulation 
ratee (assuming that the arboreal pollen influx is constant in time, in the absence of 
humann impact), a linear accumulation rate was modelled by correcting for the 
concentrationn changes. In this way, a solution was found to the problem of non-
linearityy of stratigraphical depth to time. 

Thee results of the Pancavska Louka high-resolution palaeoecological analysis indicate 
thee occurrence of a climatic deterioration in correspondence with the sharp increase of 
detrendedd AI4C at ca. 850 cal BC. As the sharp increase in AI4C was induced by a 
periodd of low solar activity, the hypothesis was proposed that the low solar activity 
hadd also triggered the recorded climatic change. The hypothesis was tested by cross-
correlatingg the curve of detrended AI4C with selected curves of micro and macrofossil 
climatee proxy-indicators. A significative positive or negative correlation was found 
forr many climate proxies. Particularly high coefficients were found for Ericales pollen 
(70.5%% positive correlation), and for Sphagnum macrofossils (67.5% positive 
correlation).. The increase of Ericales pollen percentages in correspondence with the 
AAUUCC increase may point to the spreading of the subalpine vegetation belt during cool 
episodes.. The increase of Sphagnum macrofossil volume percentages points to the 
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markedd sudden dominance of S. section Cuspidata in the sequence and the increased 
peatt preservation, due to increased local humidity. The visual correspondence of 
changess in curves of regional and local elements with the increase of the solar proxy 
A ,4C,, confirmed by cross-correlation, suggests that low solar activity was the cause of 
climaticc change at ca. 850 cal BC. This finding constitutes new evidence for solar 
forcingg of climatic change. 

Evidencee of human impact from the three sequences was compared with the available 
archaeologicall  and historical information. No evidence of human impact was recorded 
beforee the seventh century AD, except for scattered grains of Cerealia, most likely 
comingg from the nearby lowlands of Silesia, or from the Bohemian basin. From the 
seventhh to the end of the ninth century AD, a phase of deforestation was recorded in 
thee Cerna Hora sequence. A slight decrease in Abies and increase in Artemisia, 
Poaceaee and Cerealia was found in Pancavska Louka in the eight century AD, 
accompaniedd by an increase of lead, zinc and arsenic. This last feature points to the 
startt of mining activities in the Giant Mountains area. The period from the seventh to 
thee end of the ninth century AD corresponds well with the arrival of Slavic 
populationss in the nearby area and with the existence of Slavic settlements in the 
lowlands.. In the eleventh - twelfth century AD, a major phase of deforestation is 
recordedd in the three sequences. This phase agrees with historical information, which 
detailss the beginning of deforestation for local ore exploitation during the twelfth and 
thirteenthh centuries. In the Cerna Hora record, this phase continued until the present 
time,, while in those from Pancavska" Louka and Üpska Raselina it lasted until the 
fourteenthh and fifteenth century AD respectively. At Cerna Hora, decreases in the 
degreee of peat decomposition and therefore better preservation of Sphagnum remains 
inn the peat occured in correspondence with the two phases of human impact. A link 
wass hypothesised between deforestation and decreases in evapotranspiration and 
increasedd local humidity, which would lead to lower decomposition and more 
favourablee conditions for Sphagnum growth. A recovery of forest elements wad dated 
inn the sequences of Panéavska Louka and Üpska Raselina to the fifteenth and 
sixteenthh centuries AD. Possible causes of the decrease of human impact on the 
environmentt may have been the onset of a climatic deterioration, possibly the Littl e 
Icee Age, or socio-economical causes. The evidence of a climatic deterioration in 
Pancavskaa Louka corresponds well with the start of the Spörer minimum of solar 
activity.. A climatic deterioration might have hampered human activities in the 
mountainn area, which in turn would have allowed forest recovery. However, the 
socio-economicc crisis determined by famine and plague epidemics from the 
fourteenthh to the sixteenth century may also have negatively affected human activities 
inn the Giant Mountains, Furthermore, the crisis of the silver mines in Central Bohemia 
duringg the sixteenth century also had a negative effect on the economy in the Giant 
Mountains.. In fact, the timber production was mainly directed to Central Bohemian 
mines,, so that a decreased demand for timber would have led to a decrease in forest 
cuttingg and a recovery of the forest. In the seventeenth century, a second phase of 
humann impact was recorded both in Pancavska Louka and in Üpska Raselina. This 
phasee approximately corresponds to the intensive deforestation of the area which 
resultedd in the near total disappearance of Ahies and Fagus forest, and their 
successivee replacement with Picea plantations. 
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Samenvatting g 

Hett belangrijke doel van onderzoek was het vaststellen van factoren die de laat-
holocenee vegetatieontwikkeling in het Tsjechische Reuzengebergte (Krkonose) 
hebbenn beïnvloed. Een meer specifieke doelstelling was het vaststellen of er sprake is 
vann een relatie tussen de klimaatsverandering die plaats vond in de periode rond 850 
voorr Chr. en de variaties in de zonneactiviteit die in deze periode optraden. 

Hett Reuzengebergte ligt op de grens van de Tsjechische Republiek en Polen, tussen 
50°° en 51 ° NB en 15° en 17° OL. Voor dit onderzoek werden drie kernen bestudeerd, 
afkomstigg van veenafzettingen bij Panéavska Louka(1320 m), Cerna Hora (1190 m), 
enn Opska Raselina (1425 m). 
Vann Pancavska Louka werd een veenkolom geanalyseerd die de periode van 2200 
voorr Chr. tot heden omvat. De analyse van de kern van Cerna Hora werd uitgevoerd 
omm een beeld te krijgen van de oorzaken van de veenuitbreidingen in het 
studiegebied;; de kern omvat de periode van % voor Chr. tot heden. De derde 
geanalyseerdee veenkolom (Üpska Raselina) omvat de periode van 180 na Chr. tot 
heden.. In deze kern werd de periode van de laatste 1000 jaar bestudeerd om de 
effectenn van menselijke invloed in het gebied te achterhalen. 

Vann de verschillende kernen werd de micro- en macrobotanische inhoud onderzocht. 
Daarnaastt werden analyses met betrekking tot 'loss on ignition' en C/N-verhouding 
uitgevoerd.. Materiaal van de kern van Pancavska Louka werd tevens geochemisch 
geanalyseerd. . 
Dee tijdscontrole van de verschillende kernen is gebaseerd op l4C AMS dateringen van 
geselecteerdee bovengrondse plantendelen. Voor de Panéavska Louka kern werd, om 
dee tijdscontrole in kalenderjaren rond perioden met een grote veranderingen van Al4C 
tee verbeteren, 'wiggle match dating1 (WMD) toegepast (perioden tussen 3200 en 2000 
BPP en tussen 800 en 100 BP). De resultaten van de calibratie van de dateringen tussen 
32000 en 2000 BP werden vergeleken met verschillende oplossingen waarbij WMD 
werdd toegepast. De beste WMD resultaten werden verkregen door de afstand tussen 
dee monsters te modelleren op basis van de absolute afstand (diepteverschil) en de 
concentratiee boompollen per monster. Daarbij werd er van uitgegaan dat 
veranderingenn in de concentratie van boompollen. bij afwezigheid van menselijke 
invloed,, direct samenhangen met veranderingen in de groeisnelheid van het veen. Op 
basiss van deze aanname kon het niet-lineaire verband tussen diepte en tijd worden 
gemodelleerd. . 

Dee analyse met hoog oplossend vermogen van Pancavska Louka toont een duidelijke 
klimaatveranderingg rond 850 voor Chr., die samenvalt met een sterke toename van 
AMC.. Omdat deze toename van AI4C werd veroorzaakt door verminderde 
zonneactiviteitt werd de hypothese opgesteld dat de afgenomen zonneactiviteit ook de 
klimaatveranderingg heeft veroorzaakt. De hypothese werd getest door een 'cross-
correlatie'' uit te voeren tussen de curve van A,4C en curven van diverse micro- en 
macrofossielenn die als indicatief voor klimaatveranderingen kunnen worden 
beschouwd.. In de meeste gevallen werd een significant negatieve danwe! positieve 
correlatiee gevonden. Met name werd een goede correlatie gevonden voor pollen van 
Ericaless (+ 70,5 %) en voor de macroresten van Sphagnum (+ 67,5 %). De toename 
vann pollenpercentages van Ericales, in samenhang met de toename van A14C, is een 
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aanwijzingg voor de expansie van de subalpiene vegetatiezone gedurende een koelere 
periode.. De toename van het volume van Sphagna hangt samen met een dominantie 
vann S. sectie Cuspidata in dit deel van de veenkolom. Bovendien kan een betere 
preservatiee als gevolg van nattere lokale omstandigheden ook een rol gespeeld 
hebben.. De visueel geconstateerde overeenkomst in veranderingen van lokale en 
regionalee vegetatie-elementen met veranderingen in zonneactivitek, gerepresenteerd 
doorr de AI4C curve, wordt bevestigd door de uitgevoerde cross-correlaties. Het ligt 
daaromm voor de hand te concluderen dat de klimaatverandering rond 850 voor Chr. 
werdd veroorzaakt door een verminderde activiteit van de zon. 

Aanwijzingenn voor menselijke invloed in de drie kernen werd vergeleken met 
beschikbaree archeologische en historische informatie. Voor de zevende eeuw na Chr. 
zijnn geen aanwijzingen gevonden voor menselijke invloed, afgezien van enkele 
stuifmeelkorrelss van granen die waarschijnlijk afkomstig zijn uit het Silesisch 
laaglandd of uit het Boheems bekken. In de periode van de zevende eeuw tot het eind 
vann de negende eeuw werd ontbossing geregistreerd in Cerna Hora. In de monsters 
vann Pancavska Louka is sprake van een kleine afname van Abies en een toename van 
Artemisia,Artemisia, Poaceae en Cerealia in de achtste eeuw. Tevens werd een toename van 
lood,, zink en arsenicum in deze periode geregistreerd, hetgeen een indicatie is voor de 
startt van mijnbouw-activiteiten in het Reu zen gebergte. De periode van de zevende 
eeuww tot het eind van de negende eeuw valt samen met het binnentrekken van 
Slavischee stammen in het gebied en de aanwezigheid van een aantal Slavische 
nederzettingenn in de nabijgelegen laaglandgebieden. 
Dee elfde en twaalfde eeuw na Chr. werden gekenmerkt door een sterke ontbossing. 
Dezee fase komt overeen met de uit historische bronnen bekende start van de 
ontbossingg ten behoeve van de lokale erts-exploitatie gedurende de twaalfde en 
dertiendee eeuw. In de monsterserie van Cerna Hora loopt deze fase ononderbroken 
doorr tot het einde van de twintigste eeuw, terwijl in Panëavska Louka en Upska 
RaSelinaa deze fase eindigt in, respectievelijk, de veertiende en vijftiende eeuw. In 
Cernaa Hora komen afnamen in de mate van decompositie van het veen tot twee maal 
toee overheen met fasen van menselijke invloed. Mogelijk leidde ontbossing tot een 
afnamee van de evapotranspiratie en daarmee tot een lokale vernatting, met als gevolg 
eenn verminderde decompositie en betere omstandigheden voor de groei van 
Sphagnum. Sphagnum. 
Eenn tijdelijk herstel van de bossen vond plaats in de vijftiende en zestiende eeuw. 
Mogelijkee oorzaken van deze verminderde menselijke invloed zijn gelegen in een 
klimaatverslechteringg (aanvang van de Kleine IJstijd; begin van het Spörer-minimum 
inn zonneactiviteit) en/of sociaal-economische redenen. De klimaatverslechtering heeft 
mogelijkk een negatief effect gehad op de economie, hetgeen kan hebben geleid tot een 
herstell  van de bossen. Bovendien zal de crisis in de zilver-mijnbouw in Centraal 
Bohemenn in de zestiende eeuw een negatieve weerslag hebben gehad op de 
economischee activiteiten in het Reuzengebergte. De houtproductie in het 
Reuzengebergtee was met name gericht op de Centraal Bohemen, zodat een 
verminderdee vraag automatisch zal hebben geleid tot een verminderde productie in 
hett Reuzengebergte en dus tot herstel van de bossen. 
Inn de zeventiende eeuw zien we in zowel Pancavska Louka als in Upska Raselina een 
tweedee fase van menselijke invloed. Deze fase viel samen met een intensieve 
ontbossingg van het gebied en met een bijna geheel verdwijning van Abies- en Fagus-
bossen.. Deze bossen werden vervangen door Picea aanplant. 
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Zusammenfassung g 

Ziell  dieser Arbeit war die Identifizierung der Faktoren, durch die die 
Vegetationsgeschichtee des Riesengebirges (KrkonoSe, Tschechische Republik) 
beeinflusstt wurde. Hierzu wurden drei Torfprofile aus Hochmooren untersucht. Ein 
weiteress Ziel war die Evaluierung des Einflusses der Sonnenaktivitat auf die 
Klimaveranderungg um 850 cal BC. Das Riesengebirge liegt im Grenzgebiet zwischen 
derr Tschechischen Republik und Polen (50" - 51" N, 15" - 17°E). Untersucht wurden 
Hochmooree im Gebiet von Panëavska Louka (1320 m), Cerna Hora (l 190 m) and 
Üpskaa RaSeiina (1425 m). Am Untersuchungspunkt Pancavska Louka konnte das 
Zeitintervalll  zwischen etwa 2200 cal BC und heute analysiert werden. Am Profil 
Cernaa Hora wurden Studiën zu den Ursachen und Mechanismen des Torfwachstums 
imm Untersuchungsgebiet durch geführt. Das Profil umfasste das Zeitintervall von ca. 
966 cal BC bis heute. Das Profil Üpska Raselina umfasste die Zeit zwischen 180 cal 
ADD bis heute. Hier wurde besonderer Wert auf die Untersuchung des oberen Teils des 
Profilss gelegt, um den menschlichen Einfluss zu analysieren. 

Amm gesammelten Material wurden Mikrofossilien (Pollen und andere mikroskopische 
Reste),, Makrofossilien, Glühverlust und das C/N-Verhaltnis untersucht. Am Profil 
Panèavskaa Louka wurde zusatzlich eine geochemische Analyse bestimmter Elemente 
durchgefuhrt. . 
Einee exakte zeitliche Einordnung wurde mit AMS 14C-Datierungen von 
ausgelesenemm Pflanzenmaterial vorgenommen. Durch Kalibrierung wurden die 
erhaltenenn Datierungen auf Kalenderjahre umgerechnet. Um die Prazision der 
Kalenderjahr-Zeitkontrollee in Intervallen grösserer Al4C-Fluktuationen zu erhöhen, 
wurdee am Profil Pancavska Louka in den Zeitintervall en zwischen ca. 3200 and 2000 
BPP und ca. 800 and 100 BP die "wiggle-match dating"-Technik (WMD) angewendet. 
Hierbeii  wurden die Ergebnisse einer einfachen Kalibrierung mit denen anderer 
WMD-Ergebnissee verglichen. Mit den besten Ergebnissen des WMD wurde die 
Entfernungg zwischen zwei Datierungspunkten in Zentimetern auf Basis von 
Baumpollenkonzentrationenn berechnet. Da angenommen wird, dass Anderungen der 
Baumpollenkonzentrationenn in Torfprofilen von Anderungen der Sedimentationsrate 
abhangenn (unter der Voraussetzung, dass der Eintrag an Baumpollen zeitlich konstant 
undd menschlicher Einfluss nicht vorhanden ist), wurde mit Hilf e der 
Baumpollenkonzentrationsanderungenn eine lineare Sedimentationsrate berechnet. 
Somitt konnte eine Lösung des Problems der nicht-Linearitat stratigraphischer Tiefe-
gegen-Zeit-Kurvenn gefunden werden. 

Diee Ergebnisse der hoc h au fg e losten palaoökologischen Analyse des Profils 
Pancavskaa Louka zeigen, dass die klimatische Verschlechterung um ca. 850 cal BC 
mitt einem zeitgleichen starken Anstieg im "detrended Al4C"-Gehalt korrespondiert. 
Daa der starke Anstieg im Al4C-Gehalt durch eine Periode geringer Sonnenaktivitat 
induziertt wurde, wurde eine Hypothese vorgeschlagen, nach der die geringe 
Sonnenaktivitatt auch die nachgewiesene Klimaveranderung ausgelöst hat. Diese 
Hypothesee wurde getestet, indem Kreuz-Korre lat ionen zwischen der "detrended 
AMC"-Kurvee und den Klimakurven aus Mikro- und Makrofossilanalysen erstellt 
wurden.. Besonders hohe Koeffizienten wurden für Ericales-Pollen (positive 
Korrelationn 70,5%) und Sphagnum-MakrofossiYien (positive Korrelation 67,5%) 
gefunden.. Der korrespondierende Anstieg der Prozente von Ericales-Pollen und dem 
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A l4C-Gehaltt scheint auf eine Ausbreitung von subalpiner Vegetation wahrend 
kühlererr Zeitintervalle hinzudeuten. Der Volumenprozentanstieg an Sphagnum-
Makrofossilienn weist auf eine plötzlicbe Dominanz von S. Sektion Cuspidata, bessere 
Erhaltungsbedingungen,, und damit auf erhöhte lokale Feuchtigkeit hin. Die durch 
Kreuz-Korrelationn belegte deutliche Korrespondenz der Anderungen in den Kurven 
regionalerr und lokaler Elemente mit dem Anstieg im solaren AuC-Gehalt führt zu 
demm Schluss, dass geringe Sonnenaktivitat die Ursache für die Klimaanderung um 
8500 ca] BC war. 

Diee Hinweise auf menschlichen Einfluss aus allen drei Profilen wurde mit 
verfügbarenn archaologischen und historischen Informationen verglichen. Hinweise für 
menschlichee Aktivitaten vor dem 7. Jh. n, Chr. wurden bis auf vereinzelte 
Getreidepollenkörnerr wahrscheinlich vom Silesia Flachland oder aus dem 
Böhmischenn Becken nicht gefunden. Eine Phase mit Waldrodung wurde im Cerna" 
Horaa Profil vom 7. bis zum Ende des 9. Jh. n. Chr. gefunden. Ein leichter Rückgang 
vonn Abies und ein Anstieg von Artemisia, Poaceae und Getreide in (Combination mit 
einemm Anstieg an Blei, Zink und Arsen wurde im Pancavska Louka Profil für das 8, 
Jh.. n. Chr. gefunden. Letzteres weist auf den Begin des Bergbaus im Riesengebirge 
hin.. Die Periode vom 7. bis zum 9. Jh. n. Chr. stimmt gut mit der Ankunft der Slawen 
undd dem Autreten slawischer Siedlungen in den benachbarten Flachlandgebieten 
überein.. Eine starke Waldrodungs-Phase im 11./12. Jh. n. Chr. wurde in allen drei 
Profilenn gefunden. Sie stimmt gut mit den historischen Quellen, die von beginnender 
Waldrodungg und Erzgewinnung wahrend des 12. und 13. Jh. n. Chr. berichten, 
überein.. Im Cerna Hora Profil dauert diese Phase bis in heutige Zeit, wahrend sie in 
denn anderen Profilen etwa bis in das 14./15. Jh. n. Chr. nachzuweisen ist. Eine 
graduellee Abnahme der Torfzersetzung und dadurch eine bessere Erhaltung der 
Sphagnum-ResXeSphagnum-ResXe im Torfkörper des Cerna Hora Profils korrespondiert mit zwei 
nachgewiesenenn Phasen menschlichen Einflusses. Eine Verbindung zwischen 
Waldrodung,, einer Abnahme der Evapotranspiration und einer Erhöhung der lokalen 
Feuchtigkeit,, die zu geringeren Torfzersetzungsraten und besseren 
Wachstumsbedingungenn für Sphagnum führen würden, kann angenommen werden. 
Einee Wiederbewaldung erfolgte im 15./16. Jh. n. Chr. Mögliche Erklarungen für eine 
Reduzierungg des menschlichen Einflusses auf die Umwelt könnten fortschreitende 
Klimaverschlechterungg -möglicherweise die kleine Eiszeit- und sozio-ökonomische 
Grimdee sein. Der Nachweis einer Klimaverschlechterung im Pancavska Louka Profil 
korrespondiertt gut mit dem Spörer-Minimum der Sonnenaktivitat. Eine 
Klimaverschlechterungg könnte menschliche Aktivitaten behindert und somit eine 
Wiederbewaldungg ermöglicht haben. Die sozio-ökonomischen Krisen, die durch die 
Pestepedemienn zwischen dem 14. und 16. Jh n. Chr. hervorgerufen wurden, dürften 
diee menschlichen Aktivitaten im Riesengebirge ebenfalls negativ beeinflusst haben. 
Ausserdemm hatte die Krise der Silberminen Zentralböhmens im 16. Jh n. Chr. einen 
negativenn Effekt auf die Ökonomie des Riesengebirges. Die Silberminen 
Zentralböhmenss waren der Hauptabnehmer für Holz und ein krisenbedingter 
Nachfragerückgangg für Holz dürfte zu einem Rückgang der Waldrodung und zu einer 
Wiederbewaldungg geführt haben. Für das 17. Jh. n. Chr. zeigen die Profile Pancavska 
Loukaa und Üpska Raselina den Beginn einer zweiten Phase menschlichen Einflusses. 
Diesee Phase korrespondiert mit einer intensiven Waldrodung im 
Untersuchungsgebiet,, dem fast völligen Rückgang von Abies- und Fagws-Wald und 
demm Ersatz durch A'cea-Pflanzungen. 
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Riassunto o 

Scopoo della ricerca è stato 1'identificazione dei fattori che durante il tardo Olocene 
hannoo influenzato i cambiamenti della vegetazione nei Krkonose, mediante analisi di 
tree sequenze provenienti da torbiere. Obiettivo piü specifico è stato la valutazione 
dell'effettoo della variazione dell'attivita solare sul cambiamento climatico awenuto a 
circaa 850 cal BC. 
II  KrkonoSe (parte dei Sudeti) sono situati al confine tra la Repubblica Ceca e la 
Polonia,, tra 50° e 51° di Iatitudine N e 15° e 17° di longitudine E. 1 profili studiati 
provengonoo da torbiere presso Pancavska Louka (1320 m), Cerna Hora (1190 m) e 
Upskaa Raselina (1425 m). Per il sito di Panfavska Louka, è stata studiata una 
sequenzaa torbosa che copre il periodo da circa 2200 cal BC al presente. L'analisi della 
sequenzaa da Cernïi Hora ha avuto lo scopo di comprendere Ie cause ed i meccanismi 
deH'espansionee delle torbiere nell'area. Questa sequenza comprende il periodo tra 
circaa il 96 cal BC ed il presente. La terza sequenza analizzata proviene da Üpsk£ 
Raselinaa e comprende il periodo da circa 180 cal AD al presente. Particolare 
attenzionee è stata rivolta alia parte superiore di questa sequenza, per ottenere dati 
sulPimpattoo umano sulla vegetazione. 

Sull  materiale raccolto sono state eseguite l'analisi dei microfossili (polline ed altri 
residuii  microscopici) e dei macrofossili e la determinazione della perdita al fuoco e 
dell  rapporto C/N. Sui campioni provenienti da Pancavska Louka è stata condotta 
anchee l'analisi geochimica di alcuni elementi. 
Laa cronologia sulle tre sequenze è stata ottenuta tramite datazioni AMS l4C di 
materialee vegetate selezionato. La calibrazione delle date ha fomito la cronologia in 
annii  calendario. Sulla sequenza di Pancavska Louka, per migliorare la precisione e 
1'accuratezzaa della cronologia in anni calendario in periodi caratterizzati da notevoli 
variazionii  in Al4Ct è stata applicata la tecnica del 'wiggle-match dating*  (WMD). Tale 
tecnicaa è stata utilizzata per periodi compresi tra circa 3200 e 2000 BP e tra circa 800 
ee 100 BP. I risultati della semplicc calibrazione sono stati comparati a quelli ottenuti 
daa differenti soluzioni del WMD tra circa 3200 e 2000 BP. I migliori risultati del 
WMDD sono stati conseguiti realizzando un modello della distanza in cm tra datazioni 
adiacenti,, sulla base della concentrazione di polline arboreo. Dato che si ritiene che Ie 
variazionii  della concentrazione di polline arboreo dipendano da cambiamenti di 
velocitaa di sedimentazione (assumendo che 1'influsso di polline arboreo rimanga 
costantee nel tempo, in mancanza di impatto umano), una velocita di sedimentazione 
linearee è stata simulata in base al modello, correggendo per Ie variazioni di velocita di 
sedimentazione.. In tal modo il problema della non-linearita della profondita 
stratigraficaa rispetto al tempo è stato risolto. 

II  risultati deU'analisi paleoecologica di dettaglio della sequenza di Pancavska Louka 
indicanoo 1'esistenza di un deterioramento climatico in corrispondenza del brusco 
innalzamentoo del AI4C a circa 850 cal BC. Dato che il brusco aumento del A!4C è stato 
causatoo da un periodo di attivita solare relativamente bassa, si puó ipotizzare che il 
bassoo livello di attivita solare abbia innescato anche la fluttuazione climatica 
osservata.. L'ipotesi è stata testata mediante correlazione incrociata della curva del 
AA]4]4CC con curve di particolari microfossili e macrofossili che sono considerati 
indicatorii  climatici. Una correlazione significativa, positiva o negativa, è stata trovata 
perr molti indicatori. Coefficienti di correlazione particolarmente elevati sono stati 
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trovatii  per Ie Ericales (70.5%, correlazione positiva) e per i macroresti di Sphagnum 
(67.5%,, correlazione positiva). L'aumento delle percentuali polliniche di Ericales in 
corrispondenzaa dell'aumento in ANC potrebbe riflettere la diffusione della 
vegetazionee subalpina durante Ie fasi fredde. L'aumento delle percentuali in volume 
dii  macroresti di Sphagnum indica 1'improvvisa dominanza di S. sezione Cuspidata 
nellaa sequenza ed un aumento nel grado di conservazione della torba, dovuto ad una 
piüü elevata umidita locale. La corrispondenza visibile delle variazioni delle curve 
deglii  elementi locali e regional! con P aumento del AI4C {indicatore del livello di 
attivitaa solare), confermata della cross correlation, suggerisce che il basso livello di 
attivitaa solare è stato la causa del cambiamento climatico a circa 850 cal BC. Questi 
risultatirisultati costituiscono un'ulteriore evidenza dell'effetto dell'attivita solare sul clima. 
Lee indicazioni di impatto umano sulla vegetazione registrate nelle tre sequenze sono 
statee comparate ai dati archeologici e storici. Nessuna traccia di impatto umano è stata 
trovataa prima del settimo secolo AD, fatta eccezione per alcumi grani pollinici di 
Cerealia,, molto probabilmente provenienti dalle vicine pianure della Slesia o dal 
bacinoo boemo. Dal settimo alia fine del nono secolo AD una fase di deforestazione è 
stataa registrata nella sequenza di Öerna Hora. Nella sequenza di Pancavska Louka, 
nelPottavoo secolo AD, sono stati registrati una moderata diminuzione di Abies ed un 
aumentoo di Artemisia, Poaceae e Cerealia, ed anche un aumento di piombo, zinco ed 
arsenico.. Questo indicherebbe Pinizio dell'attivita mineraria nell'area dei Krkonose. 
Ill  periodo tra il settimo e la fine del nono secolo corrisponde airarrivo di popolazioni 
slavee nell'area e alia presenza di insediamenti slavi in pianura. Tra Pundicesimo ed il 
tredicesimoo secolo AD, un'importante fase di deforestazione viene registrata nelle tre 
sequenze.. Questa fase è in accordo con le informazioni storiche, che pongono 1'inizio 
dellaa deforestazione e dello sfruttamento locale delle miniere nel dodicesimo e 
tredicesimoo secolo. Nel record di Cerna Hora questa fase si protrae fïno ad oggi, 
mentree in quelli di Pancavska Louka ed Üpska Raselina è terminata rispetti vamen te 
nell  quattordicesimo e quindicesimo secolo. In Cerna Hora una diminuzione del grado 
dii  decomposizione della torba e quindi una migliore conservazione dei resti di 
SphagnumSphagnum nella torba sono avvenute in corrispondenza di due fasi di impatto umano. 
Unn collegamento è stato ipotizzato tra la deforestazione, la diminuzione 
delPevapotraspirazionee e Paumentata umidita locale, che avrebbe portato ad una 
minoree decomposizione e a condizioni piü favorevoli alia crescita dello Sphagnum. 
Unaa aumento degli elementi forestali nel diagramma pollinico ha avuto luogo nei 
secolii  quindicasimo e sedicesimo. Possibili cause della diminuzione dell'impatto 
umanoo sulPambiente possono essere state un deterioramento climatico, forse la 
piccolaa eta glaciale, o problemi socio-economici. Evidenze di deterioramento 
climaticoo registrate in Pancavska Louka corrispondono alPinizio del minimo di 
attivitaa solare di SpÖrer. Un deterioramento climatico potrebbe avere ostacolato le 
attivitaa umane nell'area montana e questo avrebbe consentito la temporanea ripresa 
dellee foreste. Tuttavia la crisi socio-economica determinata dalle epidemie di peste tra 
ii  secoli quattordicesimo e sedicesimo AD ha avuto un effetto negativo sulle attivita 
umanee nei Krkonose. Inoltre, anche la crisi delle miniere di argento nella Boemia 
centralee ha avuto conseguenze negative per Peconomia dei Krkonose. Infatti la 
produzionee di legname era principalmente diretta alle miniere della Boemia centrale, 
ee Ia diminuzione della domanda di legname avrebbe causato la diminuzione del taglio 
edd il recupero delle foreste. Nel diciassettesimo secolo AD, una seconda fase di 
impattoo umano ha avuto inizio sia in Pancavska Louka che in Üpska Raselina. Questa 
fasee corrisponde alia deforestazione intensiva dell'area ed alia quasi totale scomparsa 
dellee foreste di Abies e Fagus, ed alia loro sostituzione con piantagioni di Picea. 
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Souhrn n 

Cflemm tohoto vyzkumu bylo identifikovat faktory, které mëly vliv na zmëny vegetace 
vv Krkonosfch v pozdnfm holocénu. Specifickym cflem bylo vyhodnotit vyznam 
slunecnff  aktivity pro klimatickou zmënu obdobf kolem r. 850 pred nasTm letopoctem 
(BC).. Vyzkum byl proveden na tfech profilech z krkonosskych ra§eliniSt'. 

KrkonoSee lezf na hranici mezi Ceskou republikou a Polskem. IJzemf je zhruba 
vymezenoo koordinatami 50-51° S zemëpisné sffky a 15-17° V zemëptsné délky. 
Studovanéé lokality jsou raselinistë Pancavska louka (1320 m nadm. vySky), Cerna 
horaa (1190 m) a Üpska raSelina (1425 m). Z lokality Pancavska louka jsme mëli k 
dispozicii  sekvenci, ktera zachytila obdobf asi od r. 2200 BC do soucasné doby, Na 
materialuu z Cerné hory jsme predevsfm studovali prfciny a mechanismy rüstu a 
rozSifovanff  raSeliniStë; tato sekvence pokryva obdobf asi od r. 96 BC do soucasnosti. 
ZZ tipské raSeliny jsme mëli k dispozici profil, kterf zachytil obdobf od r. 180 naseho 
letopoctuu (AD) az do soucasné doby. ZvlaStnf pozornost jsme vënovali rozboru 
hornfchh castf studovanych profilü s cflem ziskat informace o vlivu clovëka na 
vegetacnff  kryt v pozdnim holocénu. 
VV odebranych vzorcfch jsme analyzovali mikrozbytky (predevsfm pyl) a 
makrozbytky,, provedli jsme ztratu zfhanim a stanovili pomër C/N. 
Naa vzorcfch z Pancavské louky byl rovnëz proveden geochemicky rozbor vybranych 
chemickychh prvkü. 
Naa vybraném rostlinném materialu byla stanovena chronologie datovanfm AMS UC. 
Kalendafnff  chronologie byla stanovena kalibracf a wiggle-match dating (datovanfm). 
Vysledkyy analyz Pancavské louky naznacujf zhorsenf klimatickych podmfnek, coz 
korespundujee s pfibyvanfm AI4C kolem r. 850 BC. Aékoliv vzrüst AI4C byl zpüsoben 
obdobimm nfzké slunecnf aktivita byla pffcinou klimatickych zmën. Hypotéza byla 
nazalenaa u mnoha klimatickych indikatoru. Zmëny v kfivkach regionalnfch a 
lokalnfchh elementü v korelaci s pribyvanfm AI4C (idikator slunecnf aktivity) 
naznaëujf,, ze nfzka slunecnf aktivita zpüsobila klimatické zmëny kolem r. 850 BC. 
Dükazyy o vlivu clovëka na vegetacnf kryt zfskané ze tff zkoumanych profilü jsme 
porovnalii  s archeologickymi a historickymi prameny. Nezjistili jsme zadny vliv 
clovëkaa v üzemf pfed 7. stoletfm AD - s vyjimkou ojedinëlych pylovych zrn obilovin 
pochazejfcfchh zrejmë ze slezské nfziny nebo z pfilehlé casti ceské panve. V profilu 
Cernaa hora jsme zaznamenali obdobf odlesnënf. které trvalo od 7. do konce 9. stolett 
AD.. Mfrny pokles v zastoupenf jedle a vyssf frekvencf pylu Artemisia, Poaceae a 
Cerealiaa byl zjistën na lokalitë Pancavska louka v 8. stolen' AD. Souëasnëjsme na této 
lokalitéé ve stejném obdobf zjistili geochemickou analyzou zvyseny obsah olova, zinku 
aa arsenu v raSelinném substratu. Da se tedy soudit. ze jiz v tomto ranném obdobf se v 
Krkonosfchh tëzily rudy a zpracovavaly kovy. 7. stoletf je obdobfm slovanské 
kolonizacee a do 9. stoletf existovala slovanska sfdlistë v nfzinach v okolf hor. V 11. a 
12.. stoletf jsme ve vsech tfech profilech zaznamenali po^atek faze silného odlesnënf. 
Taa souhlasf s historickymi tidaji. které dokladajf pocatky odlesnovanf pfi lokalnf tëzbë 
rudd v prübëhu 12. a 13. stoletf. Profil Cerna hora ukazuje, ze tato faze pokracuje bez 
prerusenff  az do soucasné doby. Podle rozboru profilu Pancavska louka trvala tato faze 
doo 14. stoletf. podle profilu z Üpské raseliny do 15. stoletf. Na Cerné hofe souhlasi 
zpomalenff  rozkladu organického materialu a zachovanf makrozbytku rostlin 
raselinikuu s obëma fazemi lidského vlivu. Vyslovujeme proto hypotézu, ze existuje 
zavislostt mezi odlesnenim. poklesem evapotranspirace a zvysenfm püdnf vlhkosti. 
Tatoo situace vedla ke zpomalenf rozkladu organického materialu a vytvofenf 
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prfznivëjsichh podmfnek pro rust Sphagnum. Castecna obnova lasni'ch dfevin byla 
datovanadoo 15. a 16. stoletf AD. 
Moznouu prïcinou ménë intenzfvnfho vlivu clovëka na horské prostredf v tomto obdobf 
mohlaa byt Mala doba ledova nebo socialnë-ekonomické okolnosti. Doklad o zhorsenf 
klimatuu v profilu Pancavska louka souhlasf s pocatkem Spörerova minima solarm 
aktivity. . 
Chladnëjsïï klima mëlo zfejmë za nasledek omezenf cinnosti clovëka v horach, coz 
mohloo vest ke zlepsenf podminek pro pfirozenou obnovu lesa. Ale i socialnë-
ekonomickéé kriza a jimi podmmëné morové epidemie a obdobf hladu ve 14. az 16. 
stoletff  napochybnë vedly k omezenf cinnosti ëlovëka v Krkonosich. Na ekonomickou 
situacii  v uzemf mëla viiv i stffdava prosperita a krizova obdobï stri'brnych dolü ve 
strednichh Cechach. Tëzba dfeva v Krkonosich byla vlastnë do znacné mfry ffzena 
potFebouu tëchto dolü, takze nizsi potfeba dfeva v dolech vedla primo k omezovanf 
tëzebb a castecné obnovë iesa. Podle profilu Pancavska louka a Üpska raselina byla 
druhaa faze lidského vlivu zaznamenana v 17. stoletf. V této fazi doslo k rozsahlému 
odlesnënf.. Z uzemf témëf üplnë zmizely jedlové a bukové lesy. Jejich mfsto pozdëji 
pfevaznëë zaujaly kulturnf smrkové porosty. 

X X 







Acc k now ledgm en ts 

Thiss thesis has been the result of four years of work. During this period, many people 
contributedd to completion, i am grateful to all the people who contributed to the 
researchh in various ways. 

Firstt of all, 1 wish to thank dr Bas van Geel, my supervisor, for having given me the 
opportunityy to work on this project, for having faith in my research potential, for 
givingg great support, the fruitful discussions on vegetation and climate and for the 
pleasantt atmosphere at the laboratory. I am indebted to prof. Henry Hooghiemstra, 
myy promotor, for his support and advice. An important contribution to the research 
wass given by dr ir Hans van der Plicht: I am grateful to him for having provided the 
radiocarbonn dates, for his advice on the topic of radiocarbon dating, the discussions 
onn the time-control and the advice during the writing of the manuscripts. I wish to 
thankk prof. Josef Fanta, for providing information and for contributing with great 
enthusiasmm to the research. Prof. Jan Sevink is thanked for having provided 
informationn on the Giant Mountains and their forests. 
Drr Sjoerd Bohncke is thanked for his advice and discussions. I want to thank dr Jiri 
Flousek,, Anna Pasekova and the staff of the Krkonose National Park for their 
support,, the permit to work in the park, the assistance during the information 
collectionn and their hospitality during our stay in Vrchlabi. Dr Igino Emmer is 
thankedd for his assistance and the advice during the fieldwork. 1 am grateful to dr 
Johnn Grattan for providing the geochemical analyses. Dr Jan Albert Bakker, dr Joost 
Duivenvoorden,, dr Monique Heijmans, dr Ko van Huissteden, dr Martin Jezek, dr 
Miloss Kaplan and dr Juul Limpens are thanked for their helpful discussion. I am 
gratefull  to dr Kamil Rybnfcek and dr Vlasta Jankovska" for the information, advice 
andd discussions. Dr Keith Barber and dr Michel Magny are thanked for their critical 
manuscriptt reviews. I wish to thank Mark Kilian for the (scientific and non-scientific) 
discussionn and the help he gave me in learning Cal20, Tili a and Tiliagraph. 
Differentt people helped me by checking the English in the manuscripts and in the 
thesis,, and by translating the abstract in Czech, Dutch and German: Josef Fanta, Bas 
vann Geel, Rob Marchant, Dmitri Mauquoy, Herman Mommersteeg, Ludek Tikovski 
andd Michael Wille. Thanks! 

ÏÏ  am grateful to Annemarie Philip, Elly Beglinger and Rob Bregman for the 
preparationn of the samples. I want to thank Anita Aerts-Bijma, Dicky van Zonneveld 
andd Fsaha Ghebru for the preparation of the AMS l4C samples and, together with the 
completee staff of the CIO of the Rijksuniversiteit Groningen, for providing a very 
nicee working atmosphere. 
Drr Jan Peter Pals helped with the identification of seeds. Guido van Reenen is 
thankedd for the identification of some mosses and, together with Thomas van Wissen, 
Damienn van Zijst, Liesbeth Clason and Bert Ockeloen for computer support. Erica 
Ijssel.. Jody dos Santos, Marine Schuiling and Maria Touber are thanked for their 
support. . 
11 feel very grateful to dr Cesare Ravazzi, who introduced me to palaeoecology and, 
togetherr with prof. Giuseppe Orombelli, made it possible for me to visit the Hugo de 
Vriess Laboratory for the first time. 



II  thank Patrick Bogard, Rens van Beek, Margriet Huisink, Sander Huisman Guda van 
derr Lee, Nico Pieterse, ïngrid Takken for the activities in the ICG promovendi 
commissie. . 

II  am also very grateful to the Universiteit van Amsterdam for having permitted this 
research,, and for having supported me for three years as a "bursaal" and for 
approximatelyy one year as an AIO. 
Yvonnee Brakeboer and Juliane Hanke are thanked for having analysed the sequences 
off  Upska" Raselina and of Cerna Hora during their student stage, and for the pleasant 
co-operationn during the writing of the manuscripts. Norbert Mommersteeg is thanked 
forr having made the thesis cover. 
II  wish to thank Raymond Young and Elsbeth Heijna for their friendship 
Maartenn Blaauw and Dmitri Mauquoy have been great friends and colleagues, 
pleasantlyy alternating scientific and non-scientific discussion topics. They made life 
att the laboratory very agreeable, together with Maria Victoria Arbelaez Velazques 
Ellyy Beghnger, Juan Carlos Berrio, Arnoud Boom, Arthur van Duimen, Frans van 
Dunne,, Louis Lie, Catalina Londono, Sheila Luijten, Rob Marchant, Liz van Ommen 
Gerardd Oostermeijer, Annemarie Philip, Eva Ran, Ludek Tikovski, Maritza Veiez and 
Michaell  Wille. 

Herman,, thanks for all your support, discussion and assistance. 

EE per finire vogiio ringraziare i miei genitori e Francesco, per la loro continua 
presenzaa e sostegno. Grazie. 







'HaSJNi i 


	Cover
	Titlepage
	CONTENTS
	1 INTRODUCTION
	2 IMPROVING THE TIME CONTROL OF THE SUBBOREAL - SUBATLANTIC TRANSITION IN A CZECH PEAT SEQUENCE BY 14C WIGGLE-MATCHING
	3 LATE-HOLOCENE VEGETATION DYNAMICS, CLIMATIC CHANGE AND HUMAN IMPACT IN THE GIANT MOUNTAINS (CZECH REPUBLIC)
	4 EVIDENCE FOR SOLAR FORCING OF CLIMATE CHANGE AT CA. 850 CAL BC FROM A CZECH PEAT SEQUENCE
	5 LATE-HOLOCENE HUMAN IMPACT AND PEAT DEVELOPMENT IN THE ›ERNç HORA BOG (GIANT MOUNTAINS, CZECH REPUBLIC)
	6 LATE-HOLOCENE HUMAN IMPACT IN THE GIANT MOUNTAINS (CZECH REPUBLIC): PALYNOLOGICAL EVIDENCE FROM THREE SITES
	7 CONCLUSIONS
	Abstract
	Samenvatting
	Zusammenfassung
	Riassunto
	Souhrn
	Acknowledgments
	Cover

