University of

Salford

MANCHESTER

Peat bog and alluvial deposits reveal land

degradation during 16th and 17th century

colonisation of the western Carpathians
(Czech Republic)

Kapustov, V, P nek, T, Hradeck, J, Zernitskaya, V, Hutchinson, SM, MulkqQwM,
Sedl e, J and Bajer, V

http://dx.doi.org/10.1002/ldr.2909

Title Peat bog and alluvial deposits reveal land degradation during 16th and 17th
century colonisation of the western Carpathians (Czech Republic)

Authors Kapustov, V, P nek, T, Hradeck, J, Zernitskaya, V, Hutchinson, SM,
Mulkov , M, Sedl| e, J and Bajer, V

Type Article

URL This version is available at: http://usir.salford.ac.uk/45196/

Published Date 2018

USIR is a digital collection of the research output of the University of Saléhere copyright

permits, full text material held in the repository is made freely available online and can be read,
downloaded and copied for non-commercial private study or research purposes. Please check the
manuscript for any further copyright restrictions.

For more information, including our policy and submission procedure, please
contact the Repository Team asir@salford.ac.uk



mailto:usir@salford.ac.uk

PEAT BOG AND ALLUVIAL DEPOSITS REVEAL LAND DEGRADATION
DURING 16TH AND 1/TH CENTURY COLONISATION OF THE WESTERN
CARPATHIAN S (CZECH REPUBLIC)

Short title:DEPOSITIONAL RECORD OF HISTORICAL LAND DEGRADATION IN
THE CARPATHIANS

Veronika Kapustové, 7 R P Panek, Jan Hradecky Valentina ZernitskayaSimon M.

Hutchinsori, Monika Mulkovd, -DQ 6H&GE ORINIW FK % DMHU

'Department of Physical Geography and Geoecologjyersity of OstravaOstravaCzech
Republic

?|nstitute for Nature Managementatibnd Academy of Sciencedlinsk, Belarus
3School of Environment & Life Sciencesnlversity of Salford Salford, UK
“*Department of Geology,dfacky UniversityOlomoug Olomouc,Czech Republic

*The Czech Union for Nature Conservation SALAMANDRR & Q R Y5 B 8 & R &¥éclP
Republic

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process which may
lead to differences between this version and the Version of Record. Please cite this article as
doi: 10.1002/1dr.2909

This article is protected by copyright. All rights reserved.




Corresponding author:

Veronika Kapustova Department of Physical Geography and Geoecology, Faculty of

Science, University of Ostrava, Chittussiho 10, Ostrava 710 00, Czech Republic.

Tel.: +420597 092 384, Fax: +42(97 092323,Email: veronika.kapustov@osu.cz

ABSTRACT

Wallachian (shepherd) colonisation of the upper parts of Carpathians, the second largest
mountain range in Europe, provides a unique opportunity to study hunalaced ecological
changes and subsequent sedimenobilisation within slope and fluvial systemThe
Wallachians came tdhe rearly pristine landscape inthe Czech part ofthe Western
Carpathians durinthe 16 7th Centuy bringinglarge scale deforestati@and grazingo the

upper parts ofits ridges. Despite the importance of thisvent there is a lack ohigh-
resolution multi-proxy reconstructionsto help to decipher the relative influence of
anthropogeni@and climate factorson this landscapeHere we provide a ca. 2.1 kyecord
obtained from a peat baghere using chronological, sedimentological and pollen analyses,
we were able to differentiate between environmental conditions beforiagdamd after
colonisation Prior to colonisation, climate deterioration followitigg onset of Little Ice Age
caused changes forest composition androsion eventgcausing a ~AD @500 gap in the
record). Abrupt humaimduced deforestation detected in the pollen record, together with the
abundant finggrained minerogenicontent of peat deposits between AD640 and AD

187Q correspond to increased runoff and sheet erosion on slopes; enhanced by Little Ice Age
climate deteriorationThe sedimentary record in alluvial deposits downstream indicates that

the colonisation ofthe mountain slopesn this regionnot only hada local effect on soil
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degradation but it also increasethe net aggradation of overbank deposits withalley

floors. After reforestation, net aggradation was replaced by river incision into alluvia.

KEYWORDS human impact;environmental changemountain environment; catchment

linkages;palaeoenvironmental proxies

1. INTRODUCTION

The colonisation of pristine and virtually untouchedlandscapg often connectedto
deforestation, burning anthe spreadof agricultue, is a very important anthropogenic
activity leading to intensified erosion atite subsequent aggradatiof materialin colluvial
zonesand valley floorsSuchmajor palaeoenvironmentaffects,from a number of phases of
historical colonisation from the Late Quaternary to recent timdsve beerdemonstratedn
various settingsaround the world (e.g. Knox, 2006; Beach& LuzzaddeiBeach, 2008

Mclintoshetal., 2009)

One of thelast Europeancolonisatiors that affecteda nearly intactlandscapewas the
Wallachiancolonisationof the mountainous pastof the Carpathian®y shepherdduring the
13th to 17th Centuly. This wmlonisationstarted in the 24A3th Centuly in the Southern
Carpathians (contemporary Romania) asgchedhe territory of the Western Carpathians in
present dayCzech Republiduring the 1€ to 17th Centuy (& W L N D; Wistubaet al,
2018. The number of shepherdm the mountais of the easternmost region of Czech
Republic increasedignificantly from <20 at the end othe 15th Century to >70¢h the first
half of the 19th Centuryandthe area was markedteforestedPitronova, 1965)Although

thegeomorphic and ecologicahpactsof this uplandcolonisationhavebeen hypothesedin
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otherstudies (e.g. Klimekl987), direct radiometric, pollen and sedimentological evidefhce
the impact of this periods still relatively scarce Jankovska, 1995Kukulak, 2000 2003
Wistuba et al. 2018. Recent studies from floodplains situated at the piedmonthef
CarpathianMountains have reveaéd the significant influence of humaninducedland use
changes onepisodesof fluvial aggradationduring the last millennium(Starkel, 2001;
Chiriloaei et al., 2012; Gbica et al., 2013. However, the resolution ofthesefloodplain
archivess notusuallyadequatenoughto distinguish betweethe effects of intensive human
activity during the Medieval Period affecting mainly lower lying regions and the
colonisation of higher elevation areagin case of Wallachian colonisatioparticularly
mountain ridgeswhich took placeseveral centuries lateAlthough datingresolutioncan be
much betteiin peat bog and lacustrine recor@sg. Chambers & Charma@004; * H D @W
al., 2014 Florescuet al, 2017, in the Carpathianssuitable depositsrecordingthe last
several centurieare often limited in theithickness(Feurdearet al. 7D @t alX

2011).

In this study we report on the environmerdffiects of landuse changeselated toclimate
fluctuation and human activityover the last two millennian the mountainous ared the
easternmost part of Czech Republic (Olza River catchment; FigdreWe use
sedimentological and pollen analysesd radiometricdating of landslidenested peat bog
depositsto verify the direct impacs of the terminal phase of Wallachian colonisationthe
Western Carpathiand 6th to 17th CenturyjJankovskal995 Wistubaet al, 2018) High-
resolution multiproxy analysis of deposits in one of the few peat bogs in this region psovide
a unique opportunity to studiie relationship between humanducedland use changeand
their effecton the erosiosaccumulation regimef mountain slopeslo supportour peat bog

data andto evaluate how these geomorphic changes affected the sedimentary flux of the
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major river in the catchment, waso performed sedimentological analysis and absolute

dating oftwo floodplainsectiondying downstreanonthe Olza River.

2.STUDY SITES

Our gudy sites Girova peat bog@ndthe twofloodplain outcrops(undercut bank®lzal and
Olza2 are situatedn the catchment of the Olza RivereasterrCzech Republic, close to the

border with Poland and Slovakia (FigureThble ).

They lie inthe Outer Western Carpathians; a falidthrust mountain belt consisting mostly
of Mesozoic and Tertiary flysch (Picledal., 2006).The foodplainoutcropsare situated 13

km (Olzal)and 45 km(Olza2)downstream from the peat bog (Figui®.1

The nountainous part of the region teday forestedmainly by Picea abies(L.) H. Karst
monocultures, introducei the region in the second half of the 19th Century (mostly after

1870) -D QptN . Forestsoccupy~70 % of the areaFromthe 16th to 19th Century, the

areaof forestcoverwas significantly smalle(39%, Figure 2 due to the related effects of

both fTSDVWRUDOY DQG atidp® SAFAKQL O QYGF R®OMOW Ribedad MitlieEROR QL YV
12th Centuryand was associated witthe rapid development ofpre-existing settlements

followed bythe spreadof arable landand pasturesinitially in the surroundingsof villages

but alongvalley bottomsand footslopes. In contrast, Wallachian colonisatlmganin the

16th Century anevas characterised by scattered settlement onghermountain slopes and

ridges accompanied bthe establishmendf pastures fosheep grazinAa WL ND.
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3. METHODS

3.1.Coring, documentatioand sampling

The deepest part of thpeat bogFigure k) was sampled using an EijkelkarRussian corer
(60 mm diameter).A 130 cm long core was extracted for radiocarbon>’Cs,
sedimentological andollenanalysesThe core sections were describ#te coresectioned at

2.5cmintervalsand stored at 4C.

Samples from tth ~200 cm long sedimentary sections in floodplain outcrops were
describedextractedand stored in the same manie5 cmintervalsfor grain size analysis
In addition samples from theDlza2 sectionwere subjected tanagnetic susceptibility

geochemical ant'Cs analysis

3.2.Chronology

A total of five sample$rom Girova peat bogandfour samples from the floodplain outcrops
were selected foradiocarbordating For laboratory affiliationssample material and dating
method see Table2. The age of thaippermostsection of theGirova peat bogcore was
constrained on the principle of event chronostratigraphy (Gale, 2009). We used the abrupt
increase in theéPicea abiespollen curve as a markdor the year AD 1870 (x10 years
reflecting the widespread introduction of &icea abiesmonoculture. This decade also
coincides witha significant increase irspecific industrialproductionlocally (7 L QsiteEl

works ~20 km north (Figure D) providing an additional independent chronological marker

via the heavy metalgrofile.
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To support this chronological marker, thHéCs activiy of the uppermost 30 cm of tlere
was analysedat 2.5 cm intervad by gamma assay (Department Gfeology Palacky
Universty in Olomoug Czech Republic **'Cs analysisof the upperl60 cm of theOlza2

floodplain outcrop was performed in the same way.

Radiocarbonand chronostratigraphic dating enabled the creatioaroagexlepthmodel of

the peat bogusing the IntCall3 calibration curve (Reimeet al, 2013) andlinear
interpolationin p F O pdeKage(Blaauw & Goring, 2014) irR software(R Core Team,
2016) To approximate the surface age we used the present date (AD520We also
includedthe pollerrinferred hiatus (90 cm) and two events of abrupt deposition@7m,
7740 cm) into the ag«tlepth modelDepositional rates in the model were estimated from

theweighted average of the calendar ages for every depth.

3.3.Magnetic properties, geochemical anaidiOl and particle size analysis

To enable thesediment sequenamrrelation, nagneticsusceptibility $) was determined
for theentire Girova peat bogoreandthe Olza2 sectiorusinga Bartingtoninstruments Ltd
MS3 meter andMIS2B sensor In order toinvestigate theL Q F U H P Bh&upperpart of
both sequencesve conductedieochemica(XRF) analysisusing a NitonXL3t 900 analyser
for the uppermost 30 cm pkat bogorofile and 160 cm of the Olza2 sectidrOl at 500 °C
was measured in order tdentify allochtonous inpstin the peat bog(Heiri et al., 2001).
Particlesize distributioranalysisof thefine grainproportionwasperformed to detect erosion
inputs anddetermined by laser diffractioMalvern Mastersizer 2000kith Mastersizer

2000 v.5.40 softwaje
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3.4.Pollen, spores and stomata

For the uper 120 cm of the peat bog commllen analysis waperformedusing standard
procedures.Minerogenic matter was separated withe use of heavy liquid (ZnG)
(Berglund& RalskaJasiewiczowa, 1986)he results are presented as a percentage pollen
diagramreconstructedn the program Tilia and TiltieGraph (Gimm, 1991) The pollen
percentages were calculated on the basis of arboreal andrimanmeal pollen sum (AR
NAP). The percentages of tpores ferns and mosses) were calculated on the basis of AP +
NAP + sum of spores = 100%otal counts of pollen are representedai ml sample
prepaed with glycerine In addition Pinaceae stomatdjatom algae, fung spores testate
amoebadgRhizopoda)and intestine parasit€richuris trichiura were fixed in samplesFor
evidenceof active erosive processeposes ofGlomushave been isated amonghe fungal
palynomorphsThe diagram waslivided visually to local pollen assemblage zones (LPAZ)

basedn theabundance of ecologically important taxa.

4. RESULTS

4.1.Girova peat bog
4.1.1.Chronologyand depositional rates

Radiocarbon datingndicates that peatdepositionstarted in 18@50 BC (121 cm,Figure 3
Table2). Assuming a linear sedimentation rate, deposition natieerhigh immediatelyafter
the formation of the depressi¢n7.2 mm.&) andcontinued through 178C D O up to a
hiatusat 90 cm The next dated level (AD 150660)at 77.5 cm suggests that at least 1500

years in the peat bog record are missifter ~AD 1500up to AD 1870 slow 1.7 mm.&)
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deposition took placealternatingwith two rapid accumulationevents(~25 mm.&, 770
cm, 4740 cm Figure 3 inferred fromthe pollen record.The bottom ofsecond eventvas
dated to AD 1523650 (Table 2), which caused reversais the age moded and thus was

excludel. In the modern times (AD 1878011, 15 cm)deposition slowed to1.1 mm.&.

Theonset of**’Cs activitywasdetermined af depth of 20cm with a peak probably related
to the AD 1986 Chernobyl disaster at 5 ¢Rigure 4b). Its positionis at oddswith the

pollen/XRFbased chronologgndwe excluded th&*’Cs results from the agéepth model.

4.1.2. Lithostratigraphy, particle size distribution, LOImineral magnetic propertieand

geochemicaanalysis

The lowermost part of the co@30420 cm)comprisescoarse grainedolluvial diamict

with minimal organic content (LOI 6 %{Figure 3 4a).

The depositsat 12067.5 cm depthcomprisevery dark brown to brown sandy silt and
decomposed peat formed predominantly by plant macrorenTdiasapper half of the section
has an increasing sarabntent reaching values of 280% (Figure 3 43. The organic
content fluctuates with the sectionminimumat 9080 cm (LOI <25%) with a pronounced

peak at 7G67.5cm (LOI 68%) (Figureda).

The @refrom 67.545 cm is represented by light yellowish brown silt with some light grey
intercalations (Figure 3)'he grain-size composition (clayeyandy silt)is homogenousvith

a raised sand content (ca. 20%) in the intervai$665cm (Figureda). LOI reveals two
maxima with an organic content >508667.560 cm and~22.5 cm and one minimunmat a

depthof 40 45 cm(LOI <30 % Figure 4a)
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The uppermost secticinom 158 cm comprises dark brown to very dark grey peat with a
clayeysandy silt fraction (Figure 3nd increase in LOI, which reach&sore maximum 76

% at thesurface(Figure 4a)

Values of magneticV X V F H S W) e @dryMdawtiBoughalmostthe wholecore (Figure
4a). From130+ F P r%aluesarefluctuaing between 241 .10 m® kg* andreflecting the
siliciclastic character othe deposit especially the amount of organi@s negative direction)

and partlythegrain sizg(in positive direction)

In the top 15 cn{AD 1870#resent) magnetic susceptibility reveals an exponential increase
reaching a maximum valu&g 93 .10° m3.kg? at the surfaceCorrespondinglythere is an
abrupt increasen XRF-determined Pb, As, Zn and partly Cu concentrations (FigjoyeA

significant peak in the Fe/Mn ratisas recorded in 15 cm depth.
4.1.3.Biotic proxies: pollen, stomata

The core was subdivided into four differdatal pollen assemblage zones-{&4) (Figure
5). Detailed description of the site vegetation history and interpretation is presemtgaen

S1.

LPAZ G-1 (12080 cm, BO BC#AD 0) is dominated by arboreal species (¥85 mainly
Abies alba Mill. and Fagus sylvaticaL. pollen with small admixture ofleciduous trees
(Figure 5).The herbs are represented by the pollerApfceae,spores of fernKilicales
monoletag and minor occurrence of secondary anthropogenic indicators connected with
pasturing (e.gRanunculus, UrticaRPlantago majoi.., Rumex acetosella/acetogatemisia.

Intestine parasit&richuris trichiurawas detected in the record.

LPAZ G-2 (9067.5 cm, AD 1B0#4640). In the pollen spectra coniferous tre@bi¢s

Pinug dominate. The pollenucve of Abies(59 %) culminates at the top of the unit (Figure
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5). Faguspollen almost disappears. Microfossils suclGésmus hydrophilicamoebae fauna
(Centropyxis aculeat&hrenberg Arcella catinusPenardl and damaged pollen are more
abundantHerbs pollen levels are low (>4.5 %). A minor increase in primary anthropogenic

indicatorCerealiaat the top of this unit can be traced.

LPAZ G-3 (67.545 cm, AD 16434870) reveals a major change in pollen spectra with an
abrupt, upward trending increasn herbs. NAP culminates at 50.4 % below the unit top
(Figure 4a, 5). Substantial part of NAP is represented pbynary and secondary
anthropogenic indicatorse(g. Plantago major/media, RumeRanunculus Taraxacurrt.,
Avena, Polygonum avicularéyrtemisia, PoaceaeCerealig Secale Triticum, Fagopyrum
Centaurea cyanysSedumandEuphorbig. At the top of the unit, NAP decreases suddenly to
25 %. At the beginning and the eraf the zone a shofterm increase inBetula pollen is

identified

LPAZ G-4 (158 cm, AD 1870present) is dominated Biceaabiespollen with an abrupt
increase in the percentage of arboreal taxa (nearly 100% at the top of the section) and a
corresponding decrease in NAP to 2.5% (Figure 4 Af)ae vanish in this unit. Primary

anthropogenic indicators disappear towards the top of the core.

4.2.0lzalfloodplain outcrop

4.2.1.Chronology and lithostratigraphy

The Olzal section reveals 200 cm thick sequence afassiveoverbank depositeverlying
the sediments ofa palaeochannel anthe lowermost channel facies of imbricated gravels
(Figure 6. Organicpalaeochannel deposits (28315 cm) arancised into underlying gravels

and consistof very dark brown to brown silisThe kasal part (organic detritus) of the
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palaeochannel infilshows an ag&30 410 BC The overlying deposits (14® cm) show
slight upwardly coarseningbrownish grey silty sandswhich have accumulated sinc&D

1440 A800(Figure 9.

4.3.0lza2floodplain outcrop
4.3.1.Chronology lithostratigraphy mineral magnetic properties, geochemical analysis

The Olza2 outcropis represented bg 210 cm thick sequence of overbank deposits with
occasional gravely inclusions overlying bashhnnelgravels(Figure §. Overbank deposits
conset of several units differing in grain size and overall textlitee asal sequence (210
180 cm probably facie of lateral levegconsists of light yellowsands.This unit isoverlaid
by alterations of silty and sandijght to brownish gey layersof overbank sediment3he
base of overbank sedimentation (170 cm) yields anAdy&490 A650. Another radiocarbon
age(AD 15204800) obtainedat 85 cm overlapsvith this sampleén uncertainty marginand
showsthat 85 cm obverbank depositaccumulatedvith a minimum sedimentation ratel0
mm.a’. The yppermost ~50 crhasaccumulated sincéne beginning ofhe 19th Centuryi.e.
the time interval when extensiveblack coal mining and smelting/orks started in the
surrounding areaThis is evidenced bythe common occurrence of anthraciéthin the
deposits anthe exponential increase $r as well as Zn and Pb concentratiofise onset of
137Cs activity is detectedat 50 cm with a peakprobablyrelatedto the AD 1986 Chernobyl

disasterat 20 cm below thdéloodplain surfacé€Figure §.
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5. DISCUSSION

The Girova peatcore covers(although not continuouslyja. 2.1 kyr and contains traces of
human activity making it possibléo discussthe effect of both anthropogeni@and climate
factors onvegetationcoverand geomorpic processesFurthermore, alongsidthis upland
mire site, théDlza River floodplain depositsighlight thelinks between theonsiderable land
use changesaused by Wallachian colonisatiom the mountains anthe sedimentary flux

downstream

5.1.Climate and anthropogenic impact within the Girova peat bog slope system

5.1.1.Before Wallachian colonisation (180 BE-AD 1640)

The bioticproxies and physical properties tbe deposits suggest that during this period, the
evolution ofthe study site and its surroundings was influencednly by climate factors. The
minor influence of humans at the onset of Roman Pasiaddicatedby the occurrence of
plants associated with pastures and meaddwble S1), as well as the intestinal parasite
Trichuris trichiura (first stage of human activity in Figure 5). Although human occupation of
the mountainous sections of the nearby Polish patheiVestern Carpathians since ca. BC
4000 has been reported, these sparse settlements were eigitifecancefor the ecology of

the mountains and were restricted to a small numbdbaztions (Margielewski, 2006;

Margielewskiet al, 2010).

The acumulaton of colluvial deposits at the bottofh30A420 cm)of the depression may be
attributed tolocally enhanced erosiofiom a fresh landslide surface (Margi&tski, 2009.
The onset othe peat bog 18050 BC)thusprovides a minimum age fahis largerotational

landslide (Figure d). This event correlates well with a relatively humid phase (ca. 40& BC
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AD 0, Roman Period recorded nearby as demonstrated by an increased frequency of
landslides (Margielewski, 200&nd large floods in the Polish VistulRiver catchment
(Starkel et al, 2006). During 180 BCAD ~0 (Roman PerioddenseAbiesFagus forest
dominated the sit® ¥urroundings A similar vegetation composition was revealed at the
bottom sections of peat bog20 km wesbf our siteby Jankovsk&1995) Rapiddeposition

(~7.2 mm.&) can be associated with the early successistage of peat bogformation
(Charmanet al, 2015)and with a minerogenic input fim the landslidedisturbed slopes

(Figure 4a)

The peat bog record is interrupted byepositional hiatusindicated byradiocarbon dating
the shift in arboreal pollen tébiesPinusforests and disappearance of deciduous te86
cm depth.The ayestepth model suggestsgap from ~AD 04500 (Figure 3)anddatesthe
overlying core section tthe Little Ice Age(LIA). In the greater Tatra Mtsegion (Western
Carpathians, 720 km east of our site), the LIA was associated with a series of pronounced
cold periods betweenAb 1300 and 1850Buntgenet al, 2013 Figure7b). The core section
dated to~AD 15004640 (G2 unit 9065 cm) overlaps with one othese periods,
correspondindo theSpoérer solaminimum (AD 1500455Q Usoskin, 2017Figure 7H and
subsequent warmingThe \egetation composition, Iagpe erosion indicators (spores of
Glomus frequent inputs of coarse mateyjavidenceof very rapidaccumulationi(e., the
abundance oflamagedollen, reduced pollen concentratioms)dtemporary floodingf the
depression ifdicated by hydrophilic amoebae)suggest climate deterioration andhe

intensification of slope processes
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5.1.2.During Wallachian colonisation (AB1640 870

A decrease in arboreal pollgiollowed byenhanced fine grained input (probably from sheet
slope erosion)wasdated tathe intervalAD 1520 4790and lastedip to AD 1870(unit G-3;
Figure 3, 4a, 5). The drupt onset olRumex Plantagolanceolata Avena and Polygonum
aviculare and alsahe presence o€erealiaandFagopyrumat the unit bottontlearly shows

a land coverchangeassociatedvith intensve grazing activities and farmingin the close
vicinity of the peat bogsecond stage of human activity in Figure B)ese land use changes
canundoubtedlybe attributed to tharrival of the Wallachiars in this regionduring the 16th

to 17th Century(-D Q ptN Jankovska, 1995; Wistubat al, 2018). The NAP curve
culminatedin ~AD 17804840 with a sudden drop after this periodhis correspondgo
historical records opeakdeforestationn the regionin the secondalf of the 18th Century
when >25,000 sheep and goats grazed in the upper catchment of the Olz@Riveo\a
1965. The pesence okxtensivepastures and fieldat this time is also showin historical
maps AD 1836, Figure 2). Subsequently, the appearanuie pioneer trees indicatethat
grazing activitiesleclinedin the first decades of the 19th Centur{ Q p t N ). Wallachian
colonisation of thestudy area overlaps with chate deterioration in Central and Eastern
Europearound AD 15004.82Q especiallyin the Maunder minimum(Glaseret al, 201Q
Blntgenet al, 2013;Figure D). Even hough poxy-based palaeoclimatic reconstructions
can be sensitive tthe potential bluring of climate factors by human activitgmentowicz

et al. * H 2tQaNV20149, the climate deterioratiomt the study sités indicatedoy the
decrease inAbies sp, increass in humidity indicators Cyperaceaeand diatom algae
concentratiopandthe enhanced input of fine grained material from sheet erq3iahle S1,
Figure 44. Similar, butlesspronouncedecords of enhanced soil erosion du¢h@synergic

effect of climate anttumaninduceddeforestatiorhave been observad other peat bogs and
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lakesin Eastern Europee(g. Margielewski, 20061 amentowiczet al, 2011; 7 D Q et)al,

2011;Florescuet al, 2017).

5.1.3.After Wallachian colonisation (AD 18#resent)

Gradualhumaninducedafforestation of the mountains Bicea abiesdetected in th&-4
core unit(third stage of human activity in Figure BableS1), started in the first decades of
the 19th Century and culminated in the second half of the 20th Century. $bc&870 a
large portion of the region has been afforestedPlmga abieglantations producing timber
for heavy industry { D Q p t N ). Amplified effects of climate warming and humamuced
afforestationacross the region can be considered as a cause iofydof the peat bog,
reflected by the decrease in sedimentation rate (1.1 frigure 3), the disappearance of

Algaeand also by the presence of peak in the Fe/Mn iratioe profile(Figure 4b, 5).

The exponential growth of thieicea abiescurve in our pollen diagram correlates well with

$r values and concentrations of Pb, As and Zn. This most likely reflects the onset of massive
emissions of magnetic particles and heavy metals in the second half of the 19th Century
reflecting extensive sHOWLQJ ZRUNV LQ 7 LQHF a NP QIRUWK RI
comparison with these chronological markér&Cs activity displays slight discrepancy as

its occurrence follows the increase in heavy metals concentratiorslsmthe exponential

growth of Picea abies curvelated to the end of 19Century. Thismisalignmentmay be

explained by vertical migration 8f'Cs (Ciszewsket al, 2008; Parret al, 2013).
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5.2.Linkages between Wallachian colonisatioduced land use changes and sediment flux

in the Olza River

In additionto the peat bogcorerevealinglocal anthropogenieffectswithin the slope system
we canalsoidentify erosion impactselated to thalisturbanceof thesemountainslopeson
the floodplairs of the rivers downstreantFigure 6). The o outcrops show thick deposits
(145470 cm) of overbanksilty sandsthe bottom partsof which were dated to ADL440 +
1800 and AD 1490 #4650, i.e. correlatingstrongly with the period of humaninduced
deforestation andollowing soil cover degradatiodetected within thgoeat bog(Table 2,
Figure 6). Although the onset ofthis major changen sediment flux within the slope and
fluvial systemsoverlaps with theLIA, our pollen signals clearly reveal its connection with
the colonisation of the mountairs in the 16 A7th Centuy. Furthermorepoth in the peat bog
and alluvial sequencethis sedimentary changeok place several centuries after the onset of
LIA (~AD 1300; Buntgenet al, 2013. However, it is probablethat the deforested and
grazed slopesvere subsequentlynore susceptiblego erosionby intense rainfallgluring the
LIA (Glaseret al, 2010. Such amplificatiorof climate factors by human impaleas been
reportedelsewheree.g, Kadlecet al.(2009) and Wistubat al.(2018).The dfects of human
inducedincreases in sediment fluxes in the mountains may be accommatiatedtream
within the largerrivers. For instance, Kadleet al. (2009) found noincrease of deposition
rates for the Morava River during the last 500 yddmvever in the same catchmerdloser

to the mountain foothills, Stacket al. (2014) identifieda significant increasan the

floodplain{ Vertical accretion following-AD 14604.630.

Afforestation of the mountain slopedter ~AD 1870 was probably also reflected in the
decreased sediment supply to rivers which responded by accelerated incision into the alluvia

DQG EHGUR F& al.&2018 Wlubdét al, 2018.

This article is protected by copyright. All rights reserved.



5.3.Regional comparison

Several studies throughotlie CarpathianMountainsshow e&idenceof landscape changes
connectedo this colonisation of mountain ridges and slopdsgure 7 revealsthe onset ofthe
lasthumaninduced abrupt sedimentary changesordedwithin peat bogs and alluviEcross
the Carpathiammegion In the Czech part of Carpathians, massive overbank accumulation in
two small mountain catchmemt®5 km west of Girova peat bog was reliably attributed to
deforestation of mountain ridgekiring Wallachian colonisation (Wistule al, 2018).In
the Polish Carpathianthere areseveral cases of charceah minerogenic horizons dated to
the 1447th Centuy which are embeddedwithin peat bog sectiongMargielewski &
Kovalyukh, 2003;Margielewski, 2006).Aggradationof 18 m thick overbank deposits
connectedo forest cleaanceand farming irthe 14th to 15th Centuy has alsdeen described
from the eastern part ¢iie Polish Carpathians (KukulaR000, 2003 Further to the easin
WKH 8NUDLQLDQ & Detdh @Q0IKdeBegbed excEeptierally thick alluvium (~5m)
in the DniesteRiver valleywhere theonset of sedimentationasdated to AD 14@ A630. In
the Romanian part of Carpathiatisereis alittle geomorphic angedimentary evidenoef
mountaincolonisation (Chiriloaei et al, 2012) but other studiesprovide pollen record of
significant landuse changesf mountain slopesluring last ca. 500 yeaf§eurdearet al,

7D et aK 2011 *H D @t\val, 2014 Florescuet al, 20179).

Analogies to similar respons@&s mountain landscapes in the last millennigan also be
found in other Central European regiortddany recent studies from thisegion have
emphassedthe geomorphic role of various periods of historicalonisation (e.g. Klimek,
2002; Klimeket al, 2006); some of theraveeven show that humarnduced geomorphic
processes durinigst severalcenturies werg¢he mosteffective of the whole Holocene egh

(Latocha& OLJR
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6. CONCLUSIONS

Our multiproxy study of he Girova peat bogn the upper slopes olie Western Carpathians
(Czech Republicyprovides evidenceof the mountain environmefftVesponseto climate
changes and human impache peat bog started to evolvea. 18050 BC (Roman Period)
and up to ~AD 180 its surroundingscomprisedan almost pristingnaturally forested area
Intensve erosioneventson slopes disturbed by tHandslidewere detected during this period
An increased intensitin erosion eventduringthe LIA caugda pronounced hiatus-AD 0 +
1500 gap) in the recordhe mset ofthe majorhuman inducedandscape changeas dated
to AD 15204790 and is characterised by an abrupt increase in the percentagrbsiHnd
fine grained minerogenic material within the peat bog depdBitis was attributedto the
Wallachiancolonisationof the areathe last phase dfumaninduceddeforestationgrazing
and farming affecting the mountainous partsof the Carpathians.Amplifying the
geomaphological impacts of thelimate deterioratioof LIA, these land use changesused
increased runoff, accelerated sheet erosiod the delivery of minerogenic deposits to
sedimentary sinksuch as peat bogsnd floodplains However, its impact was spatially
limited to theimmediatemountainslopesand the nearesilley floors Deposition within the
peat bog has declined slightly sinre&D 1870 indicatingthatthe sedimentary fluxand soil
degradation on slopegas effectively eliminated after the introduction of the legal protection
of forests in themid 19th Century Future investigatios could revealto what extentthis
major landuse changefluenced theaggradation of alluviunm the more distanpiedmont of
the Carpathians Furthermore, didhis colonisation also lead to thedevelopment of major

erosioral landforms such as gullies atahdslide®
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Table 1.Study site characteristics

Coordinates Temperature®
Study site / / Site description
Elevation Rainfall®

0.9 ha peat bog occying a neafscarp depression ¢
a large fossil, rotational landsliden the northern
slopes ofGirovd Mt Apart from the peat bog itsel
which is overgrown by herbs (particulafquisetum

Girova 490 32'08,N "8.1°C palustre L., Mentha longifolia (L.) Huds., Urtica
18° 49.36'E o Lo

Peat bog / / dioica L.), trees are only present as individuals

(Figure 1c) 640 m a.s.l 976 mm Salix capreal., Picea abies(L.) H. Karst., Fagus

sylvatica L., Acer pseudoplatanusL., Corylus
avellanaL. andSambucus racemosa at the edge of
the peat bog. The wider surroundings of the site
densely forested byRicea abiesnonoculture.

Olza 1l 49° 38.00'N Olza River floodplain at the foothills of the

Floodplain  18°42.70'E 8'/9 ¢ mountains 13 kmdownstream from the Girova pe
outcrop / *931 mm bog The surface oHolocene floodplairstands 23
(Figure 1d) 328 ma.s.l. m above the river channddedrock is not exposed.
R , Olza Riverfloodplain 45 km downstream from the
Flgcl)zda Ii\in igo ggigg “8.9°C Girova peat bogclose to the town of Karvinithin
P ' / an urbanised and industrialised section of

outcrop /

(Figure 1e) 212 mas. 751 mm floodplain standing 3 m above theiver channel.

Bedrock is not exposed.

3Mean annual temperature and annual rainfall with respesbtd 9812010 measured ajablunkov, Ropice
and™ Karvindmeteorological stations (féocations VHH )LIJXUH E GDWD VRXUFH y+00
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Table 2. Radiocarbon dates obtained in the study.

Depth Lab. Material 14C age Cal. age Median age
(cm) ID (a BP error) 1 (cal a, BC/AD)
Peat bog
samples:
121 "UGAMS- Picea abies 2100 + 20 18050 BC 120 BC
9249 needles
97.5 "UGAMS- Picea abies 2070 + 25 170 BGAD O 90 BC
11043 needles
77.5 "UGAMS- Picea abies 290 + 25 AD 15001660 AD 1560
11516 needles
65 "UGAMS- Picea abies 270+ 20 AD 15201790 AD 1640
9250 needles
47° "UGAMS- Picea abies 290 + 20 AD 15201650 AD 1560
11044 needles
Floodplain
samples:
195 "Ki-15213 leafs 2280 + 80 730110 BC 330BC
145 "Ki-15214 wood 320+70  AD 14401800 AD 1570
170 " GdA-1792 charcoal 300+30  AD 14901650 AD 1560
85 " GdA-1793 charcoal 260+ 25  AD 15201800 AD 1650
Georgia, USA

" samples sent to Kyiv Radiocarbon Laboratory, Ukraine

™ samples sent to GliwicRadiocarbon Laboratory of the Institute of Physics, Silesian University of

Technology, Poland

®Accelerator Mass Spectrometry method

PLiquid Scintillation Counting method

‘Re-deposited older material, excluded from the #iggth model

sam
ples
sent
to
Cent
er
for
Appl
ied
Isoto
pe
Studi
es,
Univ
ersit

y of
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Figure 1. Location of study sites im +Carpathian Mountains, £ Olza River catchment

(source of background datgsri, USGS, NOAA; Simplified geomorphic sketches of study

sites:c *Girova peat bogd +Olzal floodplain outcrope +Olza?2 floodplain outcrogsource
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Figure 2. Comparison of landuse patterns in the mountainous part of the Olza River
catchment in the Czech Republic AD 1836 and 2006 (source: Imperial Imprints of the
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Figure 3. Age#epth model, lithology and LPAZ units of the Giropéat bog sequence.
Light shaded envelope represents-sigma error, while the dark shaded envelope represents
onesigma error of the modelled chronology. Black text are medians for radiocarbon ages

used in the model and bold text are sedimentation rates.
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Figure 4. Physical, sedimentological, pollen and geochemical properties of the Girova peat
bog sequencea *whole sequence; Rupper 30 cm* Granulometry was determined as

percentagérom grains <2 mm.
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Figure 5. Percentage pollen and microsilsdiagram of the Girova peat bog sequence.
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Figure 6. Lithology and chronology of the floodplain outcrops of the Olza River and the
physical and geochemical properties of the Olza2 sedimentary seqiacde datesare

medians forcalibratedages
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Figure 7.a tRadiocarbon dating of last humarmuced abrupt sedimentary change recorded

within peat bogs and alluvial plains in various partshefCarpathians; htWest Carpathian

May dJune temperature anomalies wiD 19614990 (Bintgenet al, 2013) and solar

activity minima (Usoskin, 2017); e&Timing of the Wallachian colonisation in Carpathian
UHJLRQV DIWHU awLND VRXUFH RI WRSRJUDSKLF EDF

Natural Earth vector data).
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