
Reconstruction ofilora, soil and landscape evolution,
and human impact on the Bereg Plain from late-glacial

up to the present, based on palaeoecological analysis

Pdl Simegi

Inttuduclion

The Crcat Hungarian Plain. called "Alfttld" in Hungarian, is the biggesr
sedimentary basin in Europe. filled with Ncogene sedimcnt of great thickness. The
g€ological evohrtion oflhe Pannonian basin starcd in the Miocene. Parallel with the
uplift of lhe Carpathian nountain arch,lhe inner part ofthe surrounded territory began
lo subside. The Pannonian Sea, a subs;diary oflh€ T€thys Sea, cul rh.ough rh€ n€wly
dev€loped basin. In this basin 2000-1000 m thick marine s€dimenrs (conglomerares,
sandslone. marls, clays). thcn I 000-2000 m lhick lake sedimcnts werc deposired during
theLateTerliary. Al the lermjnal pan ofTert iary the brsin boltom b€came land surface
due to lhe €pirogenetic rise of thc Carpathians. Fluvial sedimentarion slarrcd in ihe
inner part, at about the bcginning of Quatemary. As a rcsult of fluvirl activity, a
600-700 m thick sedimentary series accumulaled ;n th€ deepcst pans of the basin
(Stimeshy, 1944, R6nai, 1985).

Rivers cntering Ihe Alfdld built extcnsivc alluvial lans in th€ Quatemary age
(Stjmeghy. 1944, Borsy et al. 1969). Ofthe largc, sand-covcrcd alluvial fans onc
evolved in lhe nonheasrern pan ofthe Alfdld (call€d Nyirsig") (Fieure i . ). Between
thc sand-covcrcd surface of lhe NyirseS and thc volcanit mountain range, \lhich
follows lh€ Carpathians as an inner ring, thcrc is a lowland intersected on the surfac€
by ;nnumerabl€ rivers and brooks- lhis lowland consisls of l$o lare
Pleislocencl lolocene neotectonic calchmenl basins ("Szatmliri-sik", "Latorca-basin")
and an inteFbasin region "Tiszahdf' situatcd in lhe southern pan offie Carparhians
(R6nai. I985. Borsy, 1990, 1995, Borsy-Fdl€8),h&i, 1983. Bo6y er al. 1989).

From lhe point ofview ofevolulion, the nonh€asl€m prd ofthe Atf6ld is on€ of
the most specific regions in llungary. It is in lhis pan of thc country that the relief
conditions aDd the network ol rivers suffer€d the mosl drumatical lranst_ornalions
during lhe last (Weichselian) Slacial. All the watercourses coming from the
C.rpathians and Nonh Tmnssylvania had a role in the evolulion of thc alluvial l_an
plrin. The main river, Rivcr Tisar with its tributades used to flow across thc Nyin6g
rlluvialfan untilthe beginning of the Weichs€lian (Figurc 2.). The Nyirs€g depression
sened as catchm€nt for thc alluvhl d€posits ofth€ river rising in ihe NE CaFathian

The lltrnErrian nameofth. river is Tisa
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Mountains, untilapproximal€ly 30.000 BPyears ago when successive teclonic events
int€rrupted thc accumulation of alluvial sediments. Then, primarily due to t€clonic
causes. the river flowed inlo rhe area ofrhe pres€nl-day Er.valle) tBors,. l9q5).
which is situat€d on the border zone of thc Transsylvanian Mountains and the eastcm
parl of the Great Hungarian Plain (Figurc 3.).

A proc€ss of subsidence. mor€ intcnse than ever bcfore, stan€d in th€
Szaher-Bereg Plain during the Lat€ Ple istocen€ (Siimeghy, I 944). As a consequence
ofthe subsidence. aconplelely n€w network of watercourses develop€d, qhich, in the
course oftheir €rosion and deposilion. hnsformed the sinking area inlo floodplains.
This subsidence srs, for a time. countcrbalanc€d by the aggradational worft of lhc
river. In the middlc pleniglacial period River Tisr leaving thc EFvatle) neandered
over rhe area ofthc Sz-atmer-Bereg Plain from nonh ro south (Figure 4.).

Thus, changes ofthe riverbeds were frequent (Borsy. I 995, Borsy and F€legyhezi,
I98l) in th's plain (l'igures.). In the Szatmdr-Bereg Plain the lev€€s and river channeh
had an impotunt rolc in sediment formalion as wellas in thecvolution ofswamps and
areas wirh bad outlet. One of the most inportant peat bog arcas, which is a nalurc
proteclion area callcd "Nyires.|ake", can be found in an inlilled riv€r channel at
Csaroda village in the Beregplain.

This paper prescnts the r€suhs ofa interdisciplinary study. whose principal aims
were to examine th€ long-term r€lationship b€tween land degradation and human
aoriv ity. This paper shows lhe evolution ofa natural env ironment in the Csaroda region
of nonheaslern Hungary, using various pala€o-€cological lechniques. trom the
late-glacial to Middle Age. ln coniunction with a detail€d review of regional
archaeological dala, thes€ results d€lail for th€ first lime the long-tem.elationship
b€twe€n difTerent prehistoric cultures, technologies and lhe degradation of the
northeastem Hungarian landscape.

Keywords: nora,soil, Iandscape. paleolimnolo$/, UpperTisa Region

Chnnologicdl and palieoacological investigaton of lh. scdinentological
sequence of"Nyftes" Iake at Csorcda

Sitc description

Th€ Nyireslake (48" 22" N and 22'30" E) is situated in lhc Tiszahitt region, ncar
the m.rgin of the Great Hungadan Plain, approximat€ly ll km from the
Hungarian-Ukrainian border. The Tiszahet is the northeaslem region of the Grcat
Hungarian Plain, a small region occupying cca.500 km2 ofth€ Carpathian Basin.'fhis
lakc basin is a development ofthe Tisa rivcrbcd and repres€nts an infilled oxbow lakc
ofclay and organic matter, ov€rlain wilh lluvialsand.

The present vcgelalion ofthe Nyireslak€ consisls ofSphagnum bog and slands
of Belula pubescens. I nwards the peal-bog the veSetalion isdominated by Eriophorum
vaginatum - Menyarthes trifoliata - Vaccinium oxycoccus -Droseta rotundifolia
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Figurc L The gcogmphical rc8ion wirhin the NyiBdg region ofnonh.drem HunSary.

Fisuc 2. T€ndencies ofalluvial fan evolurion in rhe creat Hungari.n ptain (based on Bo.sy,
r995).

I The prn oflo@r ?l.isla€n alluvial fs.xposcd on 1n. surfacc,2. Th. pan ofMiddl. pleisr@n.ltuvial
lan.xp*d on th. surf&,3. Tn.altuviatta. buittunlil d. Upp.r pt.ista.n.,4. Thcaltuvial fd buittu.lil
rhe b.gging or rhe Wilm, 5, Altuviat fas blitt untit thc niddt. of the W{hn, 6. The al|lviat f,n built until
rhe b.Baiq 6fthe upp.r p6igl&i.l Friod. ?. Th. .ltuviat fin buili @til tate staci.l rih€.
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Fi8ure l. Nctlvork ofrives in lhe Elrly wijirn (bascd on aosy.nd fdlcgyhdzi. l98r).

ligu.e 4. Nenvork ofrilers in the Uppe! Wijm lbased on RoEt rid Fdlegyhdzi, l9E])
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Comarum palustrc plants mixed wilh Sphagnum species, whilst on th€ edge
Dryopteridi - Aln€tum associalion wilh Thelypteris palustris, and Calamagrosti -
Salicetum cinereae association with Belula pubescens have develop€d (Simon, I960).
Scripo-Phragmiletum association with Clyceria maxima encircles lhe Sphagnum bog.
Oak-ash-elm (Quercus robur - Fro(inus excelsior- Ulmus camp€stris) gallery forests
are found in lhe leve€ zone, which are lh€ highest elevations oflhe p€ar-bog arcas.

The climat€ in this region has a strong submontane chamcrer. Th is is express€d in
lhe amounl of prccipilalion (600-700 mm yr-l), accompanied by cooler summ€r and
colder winter l€mperatur€s (Kakas, I 960).

Fi€ld *ork

Coring was carried oul on a marsh in th€ centr€ oflhe oxbo$ lake (Figure 6.) on
l0 January 1994, using a modified 5 cm diarneter Livingsron€ pisron corer. Core
immediately was $,rapp€d in plastic film and aluminium foil before linally b€ing
sealed in polyrhene she€ts- The core was halved lengrhways in ihe ficld. Halfofthe
sedimentary sequence was analysed in Cambridge (UK) for pollcn and AMS
(Harrington, 1995). whil€ the olher half ol the core in Debrecen (Hungary) for
sediments, geochemistry and radiocarbon (bulk samples) dating.

Lithologic.l anrlysi!

Lithoslratigraphic featurcs were idenlified lhrough macroscopic examination and
gmin-size analysis, and wer€ describ€d using lh€ Troels-Smith (1955) classification.

C.ochcmical rnalysis

Th€ cor€ was divided into 2.5-5 cm scclions. Th€ organic and carbonate conient
ofrhe core was eslimated by loss-on-ignilion (Dean, 1974). The inorganic weight was
tak€n as dry Beight minusorganic matlerand calcium carbonate weight. Theelemcnts
ofNa, K,Ca. Mg, Fe, Mn, Cu, Zn, S,P,Aland Crwere analysed by ICP-AES m€thod,
using a SPECTROFLAME instrument, with simultaneous and sequenlial

Pollcn rnd chrrcorl rnrlysi3

Sediment samples of I cm'were laken from th€ coreal4 cm intewals (staning at
150 from lhc top of lhe core) for pollen analysh, using a volumetric sampler. The
low€st 13 cm represeDled a coa$e sand layer lhal was not subsampled for pollen
analysis. Th€ pr€paralion technique was a modified v€rsion ol Berglund and
Ralskajasiewiczowa's (1986) method. Two Lycopodium spore tabl€ts of known
volume (1391 I spores per tablet) wer€ added (Harrington, 1995) to all sampl€s lo give
a desirable ratio for pollen to exotic spike(Maher, l98l), to enable working out poll€n
concentmtion (Benningron. 1962). A minimum count of 300 grains per sample
(€xcluding exotics) was made in order to cnsure a slatislically significant sample sizt
(Maher, 1972). Charcoal abundances were determined using the point counl method
(Clark, 1982).
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Figure 6. Location ofcoring site, Csarcda peat-bog-

Radiocrrbon drting

Some samples were taken from corc and were sent for conventional bulk
radiocarbon dating to IheNERC facility at East Kilbridge. but only 2 were successfully
p.ocessed (between 162'158 cm and 280-2?8 cm). Two bulk samples w€re analysed
for radiocarbon datins in Debrecen (between 240-245 cm and 260-265 cm). All dates
are presented as calibrat€d BC and AD y€ars 10 make them directly comparable with
archa€ological statements.

Geo-archaeological anrlysis

All lhe world's landscapes and ecosystems arc products of natural and cultuml
processes. After th€ last glaciation, from cca. 10.000 years ago. modern climate and
global env ironment developed but climatic variatio|ls ofsmaller magnitude and shorter
dufation have continued to evolve up to the present (Roberts, 1989). Human impact on
the €nvironment has increased progressively during the last I0 thousand years. Thus,
the Holocene environmenl has developed under constanl or periodic human effects.
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and som€ of the landscap€, soil, and vegetalion changes have evolved by
anthropogenic impacts, thercfore lhe regional human impacl had lo be reconstructed
for the understanding of environmental changes.

The impact of different technologies and cultures on the landscape can be
rn€asur€d in a variety ofways. According lo geo-archaeological hypotheses (Edwards,
l9?9, I 982. I 99 I ) th€ charcoal, pollen, sedimenr and seochemical records will accord
in highlighting anthropogenic effects by recording fire and erosion events, as well as
changing and diversirying lloristic par€ms. These hypotheses are based on several
assumptions e.g. that the poll€n, charcoal and sedimentological, chemical signatures
will rcspond to environmental disturbances induced by human impacl. For lhe
detection of human impacl and fbr archaeological and g€o-archaeological
interprelalion, a rcview was made ofpublished archaeological sites covering tbe time
period between the Mesolithic through the Late lron Age (Roman/Barbarian Age),
within a 50 km radius around theNvires lak€ at Csaroda.

Resulls

Lithologicrl rn3bEis

The core can be divid€d into 7 lithological units. They ar€ described along wilh
the resulls from gmin-size analysis. Sediment accumulalion start€d al about 13000 BP.
The first sediment layer is 425-415 cm thick. The basal sediment is yellow-gr€y,
non-calcareous, non-organic fine sand with coarse sand spots. The grain dislribulion of
basal sand is typical offluvial material, which accumulal€d in the water streams.

The second sediment layer is 415-395 cm thick. This sediment zone consisls of
grey sill with fine sand content. The grey silt contains vivianite ofhigh dry weight
value and low organic conl€nt. The base ofthis layer is sharply dislinct from the sand
below it, bul lhere are some sandy spots and straight-crested sand ripples inlededd€d
in the fine silty layers. This sedim€nt laye. indicates a dynamic d€velopm€ntal stage
between la.ke and fluvial phases. when the fluvial phase came to its end and the lake
phase sta(ed in the oxbow lake, a lhick silt layer accumulated in the oxbow basin.
However. th€ lake stage was interrupted by some flood evenls lvhen inwashed sandy
material accumulated in the la,ke basin.

The third sediment layer is of395-368 cn. lts clay contenl increas€d gradually
from base to top. The r€ddhh brown iron-conlaining and bluish green vivianit€-rich
taminations ar€ visibl€ at some levels. Sediments becom€ progressiv€ly more organic
towards the top. This sediment layer indicates that the lake phase slabitised in the basin
and stagnant wat€r sedimeni accumulated.

The forth sediment layer is of 368-298 cm. This sedim€nt layer consisls of
greenhh grey. non-calcareous sik clay- Organic content is aboul 5 % in lhis lay€r. The
amount ofvivianite d€cr€ases, but som€ iron-rich laminations and spots can be found
in the sediment.
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The nexlsediment layer is298-234 cm thick. This layer is inhomog€neous. There
are six finely laminated and turbid clay and organic-rich sedim€nt zones. This layer
represenls the highest valu€ of carbonates in the sampled core. The laminated and
lurbid sediment slructure indicates that a miss of €roded lerestrial marerial was
inwashed and accumulated in the filling riverbcd, thus th€ concentration ofallogenic

Th€ sixth s€dih€nt layer is 214-l?? cm thick. A sharp lirhological surface
developed belwe€n th€ filih and sixth s€dimcnt layers ofNyires lake ar Csaroda. The
clay arld organic conlenl decreased, but organic componenrs incrcased from the base
of this sediment layer towards its lop. An increase of sand contenr suggests that
material input from floods d€veloped in this layer.

Theseventh sediment layerisof 172- 150 cm. This sedimenr laycrischaracteris€d
with high organic and clay content. Th€ lufbid sedimenl structur€ of lhe boundary
belween the 6th and 7lh layers indicates that a hiSh concenrrarion of inwashed
tcrrestrial s€diment occurs in th€ lak€ (local catchment) basin. This p€ar layerwirh high
clay and organic conlenl d€veloped from 172 cm up to the surface, but the pan from
150 cm lo the top was cut down because the layers mir€d and lhc sedimenl was
dislurbed by postgcnetic process.

Ccochemicsl rn.lysis

The r€sults from geoch€mical and pollen analyses are ploled against deprh
(Figure ?-8.). A statistical proc€dure was used to zone thc data. All rhe zones ar€
numbered from the base upwards and prefixcd wirh followinS letters: NYGZ
(geochemical zon€s), NYO-P (pollen zones).

NYGZ-l (425-415 cm: Late,glacial)
Accumulation inth€ basin slaned in the late-glacial when ariverbcd formed inlhc

Bercg floodplain. Withinth€ riverbed non-calcareous fine sandy coa$e sand sedim€nl
was depositcd with hiSh quarla quanzite. pyroxcne and amphibole conr€nt. This
sed iment was prcdominanlly inorganic andconlained r high conc€ntralion of allogenic
silicat€ minerals such as Al, K, V, Zn (Mackereth, 1966, Engstrom and Wright, 1984.
Engslrom and Hansen, | 984). The anival of these elements into the basin suggests thal
lh€y repr€s€nt fluvirl unwealhered silicak minerals. Thisoverlying sand is considered
fluvialil€ in origin.

NYGZ-2 (4l5-300 cm: Late-glacial)
The aulhigenic fraction shows high vrlues ofFe and Mn and a sharply increasing

Fe:Mn ratio. The similarity ofth€ P curve to th€ Fe and Mn curves suggesh thar lhere
is close relationship among these three clements. Such a rehlionship has been
demonsrrated ro be indicalive ofinorganic P occuning in th€ scdimcnl as an adsorbed
component of amorphous non oxide (Mackereth, 1966, Willis et rl. 1997). They
lbrmed a vivianite mineral (e.9.48G485 cm) in the sedimenr layer (Stimegi, 1996).
The Fe. Mn conlent indicates rhar a sp€cial chcmical w€athering dcvcloped as a result
of acidic conditions in th€ soil and Ihcre was an influx of these clements iD large
quantilies. The Fe, Mn cont€nt suggest that walers at th€ botrom ol th€ lake \rere well
orygenated and preserved lh€se el€ment concenrations in situ in th€ catchmenl basin
(Mackereth, 1966). fhe iron-rich laminas probably consist ofoxidised iron. On the
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other hand the low Sr:Ba ralio indicates (Qi-Zhong, | 984) lhat a low level of chemical
w€athering or a minimal surface erosion process devetoped amund the catchm€nt
basin. These data sugg€sl that clastic components may have enler€d the basin
(Engstrom and Hansen, 1985). The high sand content of lhe sediments in the bottom
layer ofthis zone suggests that the s€diments of fluvial (flood) and stagnant walers
mixed in this zone. The sand content decreascd gradually parallcl with ancreasing clay
cont€nt towards th€ toD ofthis zone.

NYGZ-3 (100-240 cm: cca. 9500-5000 BP)
At the late-Slaciaypostglacial lnnsition all the €lemenrs r€pr€senting allogenic

erosion becamc greally reduced as the percenlage of inorganic material decreased, and
there was an increasc in organic conrent and carbonate. I0 the early postglacial the
amounl ofelemcnts associaled with oxidalion pro{ess€s decreased. The pea.k ofthe S
curve probably indicates bacterialactivity aDd anoxic stage in the lake basin,while the
higher Zn content sugg€sts that reeds and grasses colonis€d and closed on the surfac€
of the lak€. Lev€ls of calcium input prior lo this increase sugg€st that the
lrdnsformalion of the vegetalion condnucd and deciduous forcst elements spr€ad
around the lake basin. This lacuslrin phase differed significantly from th€ previous
pond stage in bolh sediment ch€mislry and tcmperaturc. While the earlicr Pl€istoc€ne
lake €nvironment can be characterised by sedimentalion in cold wat€r lacking Ca
content and much vegetation. the early postglacial pond system can b€ described as
beingrelatively dch in Ca,with carbonatc conl€nt and with v€Setation typicalofeasily
warning vraters. The change of chemical elem€nts indicat€s that a strong erosion
process around the lake and a nulrient-rich lake phas€ dev€loped aft€r th€
late'glacial/postglacial t|ansition.

NYCZ4 (240-172 cm: c. 5000-2300 BP)
The change ofthe sedimentsas of5000years BP possibly indicates an increas€d

level ofov€rland soil erosion inro the catchment basin or an incrcaled level offluvial
influence. because a number ofallog€nic claslic materials accumulaled in lhe infilling
rivcrbed. A decreas€ dcvcloped in the S, Zn and organic conlents. This change oflhe
chemical composilion suggests that new. well-oxygenated boltom conditions fo.med
in the basin. Probably, a mass offloodwat€rstreamed intothe basin and the water lev€l
of the lak€ incrcascd. The previous €arly postglacial €utrophic lake stage transformed
into an op€n watercd, mesotrophic-oligotrophic lake phase. Floods could drift the mass
of lhe silicales (sand and sill), thus clastic material became dominanl in the catchmenl

NYCZ-5 ( l?2- ls0 cm: 2300-2000 BP)
The content ofzn. S. P. K el€ments as wcll as organic conlent increased rapidly

in this layer. The increase in calcium is thought to represent throughflow from
deciduous litter deposition onthe on€ hand, and lcaching Ca f.om the soilofthe levee
zone on $e other. Thc colonised peat association absorbed the inwashcd calcium the
same way rs \rilh Pb. Zn, Na and Cu. Th€ incr€a€ ofP, S and organic conlent indicatc
that an eutrophic lake with less oxygenated bollom conditions then a peat bog
developed in the catchmenl basin- These dramalic changes in the chemical composition
indicate an imponanl change in the environment of the catchment basin- Accordinglo
chemical data a mass ofallogenic fragments rnd eroded soil mat€rial accumulated in
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lhe catchment basin from 172 cm and a rapid process of eutrophicalion with p€at
foflnalion slarted,

Pollen.nrlysis

The pollen profile from Nyires-t6 exlends well back into the late-glacial and
Presents a continuous rccord ofvegelation dynarnics around the fillcd riverbed until
1600 BP. Wjth a basin diam€ter ofapproxilnalely 200 m, the pollen catchment will b€
predominantly local and exFalocal in origin (Jacobson and Bndshaw, 1992). Although
a numb€rofpollen gnins could be d€posited by streaminS water in thecatchment basin
during flood tines (Fall, 198?), b€cause this oxbow lak€ was an op€n hydrological
system which could be reach€d by mass€s of flood waler from thc active riverb€d.
According 10 Harrington's work (1995), thc pollen percenlage diagrams and the pollen
concentralion diagrans were zoned based on their informalion conlent (Birks and
Gordon, 1985) and were assigned the prefixes NYO-P lo differenliate them from the
sediment zone scherne.

NYOP-l (412-292 cm: td€-glacial - Early postglacial)
During the lar€-glacial (cca. 12000 BP) and up until the early posrglacial (cca.

9200 BP) vegetation surrounding thc Nyir€s-t6 basin was predominantly coniferous
forest. Tbe composition of this foresr was p.obably similar to the prcsentday southern
edge of thc European bor€al forest!, wilh Pic€a Pinus and Betula (Pastor and
MladenotY, | 992 ). Within the tai$ forest thcre were other spec ies of deciduous trees
and shrubs such as Quercus, Alnus, Ulmus, Tilia, Fraxinus. Salix and Corylus. The
nearcst modem vcgetation analogous to the composition ofthe pollen in this zone is
the Europ€an boreal forest (Peterson, 1981. Nikolov and Helhisaari. 1992) ahhough
these forests do nol contain Ulmus and Corylus. Charcoal concentration values suggest
that buming rvas occuningduring the late-glacial. This buming was probably naturally
induc€d and in pr€s€nl bor€alforests has been shown tobean impo(ant component of
fbresr ecology (Payctte. 1992) Probably associatcd wirh th€ burning, some increase in
plants of the Filicales-typ€ is shown. Generally, all arbor€al taxa fluctualc throughout
this zone exc€pt forPicea which pcaks at 20% totalpollen at 360 cm. before declining
to 3% at th€ top ofthe an€ (Hanington, 1995). The arborcal pollen and non arboreal
pollcn miio curv€ shows a high dcgrce of concordance with the concent ation curv€
indicating panicular abundance ofCorylus. Ulmus, Quercus. Tilia. Fraxinus, Alnus,
aetula- The presence ofdec iduous lrees sugg€sts that there was an importanl t€mperrte
refugial area for dcciduous trees in lhis region during the lasl glacial.

NYOP-2 1292-232 €m: c. 9200-5000 BP)
The lat€-glacial/postglacial transition occuned b€twecn approximal€ly

10.000-9200 BP. Computer simulated climalic mod€lling (Kutzbach and Gu€tler.
I 986, Kutzbach el al. I 993 ) suggests that durinS this period lhe climatc progressiv€ly
became warmer.1h€ climalic chang€ al $c late-glaciavposlglacial transilion resuhed
in som€ environmental changes al the C$roda area. The p€rcenlage arboreal pollen
curves in this zonc are mark€d by hiSh values ofCorylus and UImus. Tilia. Quercus.
Picea is pres€nl in very low quantiti€s and Tilia, Ulmus, Corylus, Quercus taxa are
virtually absenl, and the poll€n perc€nhge of th€se species reached values at 20%
(Hanington. 1995). Quercus incr€ased in abundance 10 become lhe dominanl laxon
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after approximat€ly 9200 BP. The specics composition of the woodland remained
unchangcd until app.oximately ?000 BP, allhough from cca.8000 BP(7000 BC), there
were two considemble increases in charcoal conccntntion and Corylus dominance. A
link has often been suggested b€twecn the early incrcasc ofcorylus in lhe Poslglacial
ofNorth and West Europ€ and anthropog€nic activity (Smith, 1970). In parricular, n
has b€€n sugg€sted thal the firc resistant shoots ofcorylus enabled il ro rhrivc in rh€
Mesolitbic (Smith, | 970), when there was d€libent€ landscape managernent using fire.

NYOP-3 (232-204 cm. c. 50004000 BP ycars)
At approxinately 5000 BP the struciure ofthe woodland Oansfonhed once again

with a large reduction of the diversaty of woodland, and with an increase of open
ground h€rbac€ous typ€s. due ro anlhropogcnic activity. This zooe is markcd by
significant vegelation changes. Quercus rapidly declines from l0% ro l0%, and
reduccd Fraxinus perc€ntag€s and conccntration are noted (Harringlon, 1995). Alnus,
Corylus and Ulmusallshow fluctuations in pcrccntage in lhis zone and concentrations
oflh€se taxa are still significantly high. Pollen concentrations decrease after 220 cn
wilh incr€asing ratio of Umbellifer!€, Filical€s and cramineae. The arborcal pollen
and non arboreal pollen ratio Senerally declinc lhroughout this zone. There was some
increase in charcoal conccntration, and the sedimcnt composition changed to a
brownish gr€y clayey layer with high inorganic content.

NYOP-4 (204-172 cm,4000-2000 BP)
The arboreal pollen record showed an increase in Alnus, Tilia and Carpinus

bctulus. Junglans pollen occun€d for the firsl rimc in very low quantiries and FaAus
rapidly increas€d an€r a charcoal pcak. Corylus, Fraxinus excelsior and Ulmus all
dccline in concentmlion. An increale and consistency are noted in the C€r€alia (2%
dominance) and Artenisia. Gmmineae cu.ves (Har.inglon, 1995). Pollen
concenlrations arc generally high but d€cr€ar€d aft€r 184 cm. Charcoal concentntion
decrcased in this Dollen zone.

NYOP-s (172- 152 c'n,  2000-1500 BP)
Low percentage and concentrations of Picea, Salix. Ulmus, Tilia, Corylus and

Betula reprcs€nl lhe topmost zone. The poll€n dominance of Quercus, Fraxinus
excelsior, Fagus and Carpinus betulus howev€r incr€as€, along with a consisl€nt
pr€s€nce of Vitis (Haffinglon, I 995 ). C€rcalia, Artcm isia. Composila€, Cannabis reach
their maiimal abundance in lhis zone. A new and marked charcoal peak developed in
this zon€. The pollen composition, the APTNAP ratio and an incrcase in grassland
dominance indicrle tbat the constant human impacl developed in the envhonment of
the analysed region. Grazing of the foresl might hav€ limited the €xpansion of
herbaccous taia. The increasc of Cannabis pollen during this p€riod mighl indicale thal
human communiti€s wer€ using the lake for rope produclion (Godwin, 1967).
Evidence for a basin environment developing at this time is apparent in the aquatic
pollen record, which indicatesachange from an op€n water€nvironment to ashallower
wat€r €nvironmcnt coloniscd by Typha and Nuphar.
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Geo-rrchacological.nrlysis

The Mesolithic was sel€cled ?s a slarting point forthe reviewb€cause there were
some archaeological evidences for lhe human occupation of the Csaroda region during
this lime (Kerr€sa 1996).

Cd ADtsC
ftndspots

Barbdian Sroups: Dacs, Cclts, 0-375 26

Celtic J00-0 l l
Early lron Scylhian 600-100 23
Eallv lrcn 900{00 l

Ceva t250-900 32
Lae Bronze Berkesz t450-125020
Middlc Bronze 2000-1500 l 5

2000-1500 8
2E00 2000 32

Earh BroE Mak6 2E00-2000 7
Bad.! 1500-2800 22

Middlc CoDD€r 1900-t500 l l
Eslv CoDD€r 44 t0-_]760
lir. Ncolirhic 45tG],2t0 9
Latc Neolithic Tisz,{s6sznabm.HcrDdy 486&4490 5
Lar. Ncolirhic T@nional Dhas. of Tisra cultut 5t2047 t0 5
LaG Neolithic BiiLt.Esddr souD 5260-4E80 t 6
Middl. Ncolithic htc Alntld Lin@ Pond rTis?rdob) 5310-50@ I I
Middl. Ncolithic Allbld Lincnr Pottcrv (clalsical) 5ll049,lo t 7
EalY N.olithic Kdros 5950- 5400

Nodh Alfitld Lilhic Industry Bcforc 6000 4

Tablc L Review ofthe dchaeologicll culiurcs, agcs and numbes of inhabited sites rcvcllcd
within the Carpathian Basin. insidc r 50 km Rdius ofrhe Cs.roda rcsion. From Mesolilhic
lo the Dark (Migarion) Age.

For an archaeologi€al int€rprctation. a reliew was mide of publishcd
archacological siles, covcring the lim€ pcriod from the Mesolithic through to the
Roman Empirc Age. wilhin the Carpathian Basin, inside a 50 km radius around lhe
Nyires-td site (Table l.). A radius of 50 km incorporates the distinclive Csaroda
topographic region of fedile alluvial plain, and include some eroded volcanic hills and
foothills of Carpathians.
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Radiocarbon analysis

Four evenly spaced samples were taken from the corc and were senl for
convcntional radiocarbon daling to Debr€cen and E3sl Kilbridge. The samplc at
| 62- I 58 cm recorded a date of I 695 +/- 40 y€ars BP (cca. 500 cal AD), the sanple from
245-240 cm rccord.ed a dal€ of 5683 +/-86 y€ars BP (4500 cal BC), lhe sample at
2?5-2?0 cm record€d a dat€ of6587 +/- | l0 years BP (5400 cal BC) and the sample
from 280-278 cm recorded a date of 7670 years BP (6400 cal BC). All th€ dara are
repr€s€nted as calibratcd BC and AD (Sluvi€r ard Reimer, 1993) !o make them directly
companble with the archaeological stalen.nls prcsented in lhis paper.

Conclusion

Th€ lithological, geochemicaland pollen profiles ftom Nyircs-t6 exlend back inro
thc late-glacialand present a continuous record ofvegetarion and landscape dynamics
around the basin until 1600 BP. Wilhoul any radiocarbon dating for this late-glacial
sediment il is nol possible to determin€ thc age ofthe basal sedimenls although,
according to eadier palaeoecological studi€s (willis et al. 1995, 1997, 1998, willis.
1997), the basal fluvial sand sediment layer may represenl th€ transition from
late-glacial (13.000-14.000 BP).

From 380 cm th€ conif€mus pollen, esp€cially that ofPic€4 increased to account
for over 20% ofthe total pollen sum. The values of | 0-20% ofPicea also suggest ftat
this taxa was one ofrh€ major components in the local vegelarion (Perenon, 1983),
probably present on the inside slope of the levees surrounding the oxbow lakc.
Modelling by Bonan (1992) sugg€sted lhat soil tenp€ratures in Picea forests with a
thick forest floor and underlain with Dermafrost did not increas€ with climatic
wanDing, unless accompani€d by increses in precipitation. Spruce was an imponant
constitu€nl oflhe laic-glacial nonh Aakan vcg€lation (Willis 1994) and in the easlem
Carparhians (Pop, 197 | ).

The high value ofQuercus pollen suggcsts rhat this temp€rate climate tree was one
ofth€ dominanl tax! in the late-glacial forest around Nyires{6. The continuous high
value of Tilia, Ulmus, Betula, Qu€rcus, Fraxinus and Corylus wilh Picea pollen
indicates that a mixed conif€rous-hardwood for€stdevelop€d in this region during the
late-glacial period. The nearest modemv€gchtion analogous lo the composition of the
pollen in lhis zone is th€ Europcan boreal for€st association (Pclc$on, 1981, Nikolov
and Helm'saari, 1992), ahhough lhese forests do not conlain Ulmus and Corylus
(Willis et al. 1995). Thus, $ere is no real modem analogu€ for rhis late-glacial
assemblage in Europe, only a similar recent forest type can be found in the nonhern
Dan ofUkraine. A Quercus/Picea/Tiliarulmus/Fraxinus mixed-leaved forest with rich
Corylus shrub level has been shown to havs occurred around Nyires-to durinS Ihe
late-glacial time. Thc trce 10 dominate the mixcd-l€aved fbresl was Quercus, which
was cl€arly a major component ofthe refugial population in this region. Nev€rthel€ss,
th€ dominance ofTilia, Fraxinus, Ulrnus suggests that the last glacial refugia ofthese
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lrees developed inlhis region. This unusualmixture and the high amounts ofQuercus,
Tilia, Ulmus, F.axinus pollen indicates thal this rcgion rcmained a rcfuge of "warm
stag€" deciduous tr€€ lo(a wellinto the most recentglacial.

According to cenain pollen analytical studies (Willis et at. 1994, Tzedakis 1993.
Tumer-Greig, 1975) the slight and parallel fluctuation in the lev€ls ofQuercus, Tilia,
Ulmus, Corylus in th€ sequence of Nyi.es,td befo.€ lh€ postglacial cxpansion of
Quercus are thoughl io repr€s€nl late-glacial climalic osc illat ions. A shon colder stage
was rcpresenled by a dighl ris€ in Picea values, with a pamll€l decreasc in Quercus.
Ulmus, Tilia. Corylus values b€tween 390-340 cm. A slighl decrease (10-15%) in
deciduous forest eleficnts and an issociated rise (5-10 %) in Picea crn represent the
Young€r Dryas event. Although there are no data for this event, the comparison with
late-glacial vegetatio|tal changes in lhe pollen diagram ofth€ nearby BA1orliSet (Will;s
er al. 1995) le.ads to rhe conclusion rhal lhese data are r€presentative ofrhe Younger
Dryas. How€ver. some mac.ocharcoal dab and lithological changes (Borsy. 1989,
Borsy et al. I 98 | ) suggest that a shorl and cold late-glacial climatic oscillation, which
can be associaled wnh YoungerDryas. developed in theNo(heastern parl ofthe Great
Hungarian Plain.

On the other hand, it is nisleadinglo interpret fluctuationsofpollen arhounts from
the filling riverb€d as climalic signals, since pollen diagrams may show no apparenl
r€lationship with the vcgelation ofa floodplain (Fall, I98?). Even the poll€n found in
lhealluvium reflecls hydrologicaland sedimentological influenc€s. firstly theeffectof
floods or streams (Fall, | 98? ), sinc€ pollcn types correlatc sign ificanlly with sediment
grain size. Cons€quently, lh€ value of pollen-conlaining a!luvium in reconslructing
palaeo-v€g€talion and climat€ is limited (Fall. 1987).

The possibility of long lransponarion has to be rulcd out for many of these typ€s
(e.s. Tilia, Ulmus, Frai(inus) because ofrheirpoor production and dispersal capabiliri€s
(Bradshaw. l98l). Th€refore. persistent lev€ls of pollen from temp€rate tree taxa
orig;nated from local refugial populations (Bennelt €t al. | 99 I ). which wcre mosr likely
located in micro€nvironmenlally favourable areas such as south-facing dopes (W;llis.
1992) ard more humid ground, esp€cially on an active flood plain.

Based on quartermalacological analyses (SiimeSi-Henelendi, I998), the best
place for refugial for€sl populations could be found between the foothillor sand dune
and floodplain zon€ where warmer microclimate was accompanied wilh more humid
micro€nvironm€nt. A similar situation developed around the Nyires-16 where a wet
floodplain surrounded some small volcanic hills (e.9. Tipct hill at Banbts. NaB/ hill
at Tarpa). Thus, the effccts of slope morphology, i. e. the ah'tudinal microclimatic
gradi€nts and rnosaic patt€rn microenvironment, were favourable for the d€velopment
of relict forest populalions during the Plcislocen€ glacial times. Recent (Deli et al.
1994, 1995) and fossilic mollusc (Sumegi-Szab6, 1992) data suggest that some forest
spots survived in lhe contamination zonc of thes€ hills and sunounding floodplains in
the Pleistocene glacial phases.

Charcoal concenlmtions (Figure 9.) indicate that fires occuned during the
Iate-glacial (Harrington. 1995). Buming was an imporlant componenl of th€
need lel€aved foresl ecosystem, .iusl like in present day boreal foresls (Pay€tte, I 992).
Buming is thought to be rclat€d to lhe high€r flammability l€vels of coniferous

190



I  I  5  g 6 -E

! i 5 E i E ; E E E E E : 5 5 ! ! E E '
E ! t t s E 5 $ 5 ! 5 t F 5 ; ! ! : t : !

a
I

7

FiauE 9. P.Eniiac pollcn and charcoal diagram from Csaroda pcal bog plot d against deplh
(bas€d on Hdingron, 1995)

. F
- t

; f
.F
! L

=t
t

' t

h.
"t"r&\
hT

9 , :

l 9 l



woodlands and also lo lha drier climale that was preval€nt in the nonhersl€m parl of
the Grcat Hungarian Plain during lhe Late Glacial (Willis €t al. 1995).

The lale-glacial/poslglacial transition occurr€d berween approximately
10.000-9200 years BP- Computer simulated climatic modelling (Kutzbach-Cuener,
1986, Kulzbach el al. l99l) suggesl that during this p€riod the climare became
pmgr€ssively *1lrmer. This climatic change at the late-glacial/postglacial transition
resulled in a gradual transfomation of Nyir€et6 at Csaroda. The Picea coniferous
woods declined and mixcd Quercuvulmus/Corylus woodland became €stablish€d.
Th€ early postglacial woodland, althouSh dominaled by Quercus, was still
characleris€d by the presence ofPicea. lt appears that it took mor€ than 1000 years for
lhis tr€€ speci€s to disappear fiom &e forests, only when Quercus woodland expanded
and b€come predominant. Thiswoodland was composed of Quercus, Cory lus. Ulmus,
Tilia, Fraxinus, Alnusand accounled for over 90 y.ofthe tolal pollen.

Microcharcoal records (Figure 9.) from the lale-glacial/postglacial hnsition
suggest that bumings decreased only gradually and pamllel with the decrease ofPicea
poll€n values in the Ny h€s-to. When Picead€clined and Quercus/Corylusrulmus/Tilia
hardwood forest established, a cessation of buming occurr€d, since broadleaved trees
are known to be less combustible than lhe needleieaved Picea (Johnson, 1992),
thereby the foresl b€came less flahfiable.

The change at the late-glacial/poslglacial transition from coniferous to deciduous
woodland isunusualin central and south€m Europe, because most r€gions €xperienc€d
a chang€ from steppe or forest steppe to deciduous for€st (Botlema, 1974.
Huntley-Birks, 1982, Willis, 1992. Jaraine-Koml6di, I 966). N€vertheless. th is ty pe of
forest-to-for€st changc devclop€d in yel another r€gion of thc northeastern pan of the
Ca'pa6ian basin (Willis et al. 1995, 1 997).

Parallel with vegetation changes, lh€re was an increas€ in the l€velotcalcium and
organic matcrial enlering the basin, from about 9000 years BP. The acid nature oflh€
bedrock and low levels of calcium input prior to this incrcase suggest thal, again,
processes other than physical weathcring are rcsponsible for this incrcas€.
Measur€ments of the chemical elemenls in lcaf litter suggcst that deciduous lilter has
higher levels ofcalcium ihan coniferous litler (Willis et al. 1997). Thus,lhis increase
in calcium, which is associated with the transhion from mixcd leaved taiga foresl lo
deciduous forest. reprcsenls throughflow from deciduous litter deposilions and the
Ieaching ofCa ffom rhe brown earth soih (Willis et al. 1997).

According to archaeological dala (Figure 9.), Mesolilhic human communities
€xisr€d in rhis region (Matskevoi, 1991. Chapman. 1994, Kendsz et al. 1994) wh€re
they uscd the habital for hunling-fishing-galherin& yet human role in nalure was
already far from prssive (Robeds, 1989). Palaececological dala sugge$ lhat these
human populations lived in the closed forcsl environm€nt in this region. This
conception is very differcDt from lhe vi€w of other authors (Jarain€-Koml6d i, | 987: p.
38, 41, Ken6sz, 1996: p. I8). It s€ems thal some archaeologisls and botanists did nol
think about the effects of mosaic pattem environmenls which developed equally al
macro-, rcgional, and micro-levels in thc Carpalhian basin (Sumegi, 1996, Sijmegi et
31. t998)_
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Il has long been suggesled that fire was an important tool of hunt€r-gatherers of
lhe Mesolithic (Smith, 1970, Smith et al. 1989). In pollen and charcoal records ftom
s€veral Hungarian sites there is conespondance between sorne small peaks of hazel
pollen and microcharcoal (Willis, 1997. Willis €t al. 1995, 199?: Figure 5., 1998).
These dala suggest that Mesolirhic peoplemay have bee responsible for bringing about
the change in v€gctalion b€fore 6500 cal. BC. Moreov€r. rhere is no archaeological
evid€nce for the Neolithic occupation of the Carpathian basin before lhis time
(Hertelendi er al. 1995, Whitllc, 1996). Probabty, these pataeo-ecotogicat (\viltis,
1997) and archaeological data indicate an indircct cause-effecl relalion in lhar lhe
hunting-gathering p€opleofrhe Mesolilhic p€r'od used fire forchangingrhe vegetarion
slruclure in the Carpathian basin about 7000 cal. BC.

According to Harrington's work (lJanington, 1995) therc is no real charcoal
€vidence for human burning in the €arly postSlacial sequ€nce ofNyires-t6 between c.
7000 and 8000 cal. BC. Howev€r. there is an unusually high concentration of hazel
pollen, which develop€d parallel wilh thc decline of Pic€a pollen values, and a small
and slight peak ofcharcoal concenlration b€twccn 6500-7000 c.l. BC. Some known
localiti€s ofthe Llesolithic cultur€ arc found close lo lhe locarion ofthc analysed core
sequence (Figure 10.), lhus these data suggest rhat Mesolithic communities in this
region staned the transition roN€olithic agriculture and entered the subslitution phale
(Zv€lebil and Rowlcy-Conwy, 1986) about 7000 cal. BC.

A considerable increaseofth€ charcoaland haz el Dollen conc€ntmtion without an
€vidence of strong change in tr€€ composition indicates that a new blt not too st.ong
human effect could dcvelop in this region froh cca.5?00cal. BC. Some early Neolilhic
sites (Kalicz-Maklay, l9?6, I977) can b€ found arcund the analyad sequ€nce (Figurc
l0), but it seems lhat early Neolilhic p€oplc conlinued the late M€solithic way oflife.
Namely, lhey hunted, fished and gathercd.nd only slightly dislurbed the composilion
of the postglacial woodland in this region. Probably. this ancient and primitiv€
econom ic strate$/ was more us€fulon lhc acidic bedded soilsurface wilh closed forest
cover than whal lh€ real transition to N€olithic way of life could have offered. This
effect is call€d "gre€n conidor impact" (S0megi-Ken€sz, 1998). ll is possible that the
land use of the Ktrds and then lh€ Lin€ar Pottery culture rooled in the Mesolithic
subsislence (Chapman, 1994). thus environmental erlecls and palinological r€sponse
would be small.

According to pal.eo€cological data lhis region was a backgound of the
gathering, hunting, fishing economy durinS theNeolithic Age where realpastur€ lands
oramble lands wcrc not form€d- Thiscan b€ slated in sDileofthe frct that a numb€rof
Middle N€olithic and Lal€ Neolithic settlemcnts (Bona, 1986, Kalicz.-Makkay, 197?,
NaS/, 1998. Rsczky. 1983, Kosse, 1s79. Kurucz, 1989, Kalicz, 1994) can be found
within the 50 km radius of the Nyires-16 al Csaroda (Table L)-

The first real anthropog€nic impact b€gan to develop at lhc €nd of the Late
NeolithicAge (abour4500-4600 cal. BC), for r{hich an increase in coppervalues *"s
detected. Although lhe gmdual incr€ase in copper amounts is indepcndenl of other
geochemical signatur€s. th€ sedimcnl struclurc does not indicale soil erosion or an
increase oforganic content in the catchment basin. Archaeologacal €videnc€ suggesls
that extensive copper mining occured in the Carpalhian Basin from approximalely
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6000 years BP (Kalicz. 1982, Sherrax, 1982a, b) when various Lare Neolirhic and
Copper Age cullures (Figs. ll, 12) seltl€d in rbe Csaroda region (BognAr-Kutzi6n,
1963, 1966, 1972, Kalica 1994, Kalicz-RaczLf, 1984, 1987. Korek, 1989). This
activity must have released Cu particles into the atmosphere. which could be carried
into lhe basin by rainwaler (Willis et al. 1995). Copp€r data from Nyires-t6. rogerher
wilh carlier geochemical records from an othcr catchmenl basin at Batorliger (Willis et
al. 1995) suggest that coppe. mining and melting start€d in rhe nodheasr€m part of
Carpathian Basin in thc Lale Neolithic Age.

Parallel wilh the rise of copper conlents, v€gelation was still predomiMntly
wooded but suffered dislurbances by fir€ which causedstrass in the for€st (HarrinSron,
1995). Th€ composition ofthe forest was similar lo rhe previous woodland phase but
UImus (eln ) was gradually declining in abundance. In many areas ofnonhwest Europe
th€ d€clin€ ofelm coincid€d broadly with rhe firsl signs of human activiry b€iw€€n
aboul 5300 and 5000 BP (Bell-Wilker. 1992). Some researchers argued that elm
decline was caused by lhe advenl of lhe new Neolilhic agicultural economy
(Tro€ls-Smith, 1960, Mitchell, 1956. Rackham, 1980, 1986), while recent ecological
dala su8gest lhal a disease could bc thc cause of tle Ulmus dccline (Rackham, I 980,
1986). Thus. the exact cause ofelm decrcasc commencing in this region in the Lale
Ncolithic/Early Copper Age is unknown-

At approxinately 3500 cal. BC the struclure ofth€ woodland tansfo.med once
again with a large r€duction in the diversily ofthc woodland and wilh an incrcase of
open ground herbaceous (€.9. Umbellifera€, Compositae)lypcs usually associatcd with
anthropogenic activity. Woodland instability manifesls in th€ declines of Quercus,
Ulmus, Corylus (Harringon, 1995) which may b€ anribulablc to anlhropogcnic
dislurbanc€ (Aaby, | 986), to a form ofarboriculturc of building (Hullunen et al. | 992 ).
Wood from oak and haz€l, for exampl!. ar€ panicularly processible as building
material (Rackham, 1980). Th€ g€neral rise in Non Arbor Pollen taxa corelatcs with
some charcoal peaks, Charcoal concentration increased to a ma,(imum al this time
suggcsting that anlhropogenic activity was occurinS in lhe lbrm of clearancc by
burn ing and €xtern inal in8 natural vegetation. Accord ing lo archaeoloBical data a peak
ofsetllcmenl number and an occupation maximum formed iround Nyir€s-16 (Table 1.,
Figs. ll., 12.) from th€ Lale Copper Age to the Middle Bronze Age. The lack of
evidence for soil €rosion during this period indicates lhat either thes€ activilies w€re
not occuring in thecatchmcnl basin orthe nature ofanthropogcnic aclivitieswas such
lhal they did not cause soil degradation. Possible forest clearance may have aimcd al
increasing the hunring potential on ungulates or at ensuring b€lrer possibilities for th€
grazing of domestic animals (Simmons, 1969). This region. firstly the backswamp
areas which can be found behind lhe lev€€s of th€ infilled river channel, may have
provided vast open grounds for animal husbandry including horse breeding, from the
Early Bronz€ Age. However.there is stillnoevidence for large-scale cereal cultivation
or large open lands for arrimal kecping. as opposed 10 other diagnms in central and
southern Europ€ ofthis tirne (Willis, 1994, l996, Willis-Benne( 1994).

From th€ Middle Bronze Age the composition of the woodland cbanged and a
considerable increase of Alnus. Ca.pinus bctulus and Fagus is delecied. The €xpansion
ofthcse lree ta,\a indicar! lhar high degrec ofclearing activity and human disturbance
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(Bjorkman-Bradshaw, 1996) started on th€ low floodplains (Behre. 1988, Willis.
I 992). Some auihors a€ued that the rise of these laxa can be corelated with human
impact Ctzcdakis, 1993). The presence ofJuglans in the pollen diagram from Middle
Bronze Age clearly signifies cultivation by lo{al human communiti€s (Kremen€lski,
1995). and it could represent th€ migration of this planl from lhe south causcd by
anthropogenic influence (Bollema, 1983). The final period of impacl coincides w'th
th€ Lale lron and Roman Ages during which lime Scythian and Cehic g.oups lhen
som€ difTercnt Barbarian groups occupied the Csaroda region (l rogmayer, 1980.
Bona, 1993). lh€ Late lron Age groups broughl about a tecbnical revolution in the
production ofhigh qualily iron lools(Szrb6. l9? l). Geochemicalrccords suggesl lhai
a threshold ol ineversibility was crossed, and that soil €rosion wrs thereafter
continuous. The high increase of Cannabis (hemp) pollen during this period mighr
indicate thal Barbarian groups were using lhe Nyhcs-t6 lakc tbr rope production
(Godwin, 196?). The basin ofthe lakc. however, was shallow and supporred the gro$th
of aqualic sp€cies such as Typha. Potamogelon, Myriophyllum and NupMr
(Harrington. 1995). Probably. one pan of this lake was cleared for the proc€dnre of
hemp retting, which process uninl€ntionally iniroduccd larg€ quantilies ofCannabis
poll€n intolhe lake. A sim ilar lak€-clearing procedure is known lo haveoccurred in lhe
Roman Age on th€ Nagy-Mohos lake al Kel€mdr. which can bc found I50 km to rhe
nonh*esl. Parall€lwithlhe increase oflhe hemp poll€n values, charcoal concentralion
increased, probably indicatinglhat a cl€arance ofland for Cannabis cultivation started.
Oak, beech, lime and €lm trees also re-€stablished, although a marked increase ol'
grasses and open-ground hcrbaceous typesand conlinuing soilerosion suggest that aD
unsrable open landscapc sas dev€loping upon human impacr.

Stnnary

The s€quence from Nyires-t6 providcs an important record of envirormcntil
changes in lhe northeastern of Caipathian Basin from the late-glacial to limcs ol'
Holocene anthropogenic disturbance.

At lhe b€ginning of lhe late-glacial lhe catchmenr basin of Nyires-t6 was an
infilled riv€r channel whi€h was cut olI from rhe riparian system. According to
palinologicalwork, pollen in the alluvium reflects hydrologicaland sedimentological
innuences, firstly lhe ellecl of floods or strcams. b€cause pollen types corrclate
significanlly with s€dimcnt gmin sizc. Cons€quently. lh€ possibilitics lo use
pollen-containing alluviwn wilh special pollen taphonomy in the reconstruction of
palaeo-vegetation and climate are limited.

During lhe late-glacial highly mixed communilies (Quercus Picetulmus/
Tilia,/corylus forcsl) \r€r€ present, which have no analogue in the modem flora. The
occurence and dominance ofdeciduous rree populations suggest thal this region, with
its close proximity to the Carpathian mountain range. was an impona Pleistmene
refugial area for Tilia, Quercus, Ulmus and Corylus. Thetransition from late-glacialto
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postglacial tooli 1000- 1500 y€ars for the cold-sla8c lbresr r a todcclinegridlrll) rnd
lhe warm-p€riod foresl taxa to gair dominrnc€. lhus. rhe hiSh divcrsil) ot'
QuercuvulmuvcoryluvTili./Fd.iifus gallcry forcsrs:rnd the lbrest-ro-tbrcsr lpc
changc devcloped cround lh€ analysed region in rhc early posr3lacial phasc.

A rumber ofErrly and Middle Ncolithic sitcs can bc tbund around thc rnalyz0d
tque ce. hut accordin8 lo paheo-€ookrgical data there e Do reul marls oi'
anlhropogcnic disLurbance. soileroxion orch0r)8es in rhc composilion ol vegctrlion.ll
is possiblc lhal the lrnd usc ofthc Korits and lhcn lhe Linc.rr PotLcry cultures roorcd in
thc M€solithic subsistcnce. thus environmcnlrl eliccts and palinological response
would bc small.

An€rihe LateNeolithic Agc continuous brl smrll-scdcanthropogenic imprcr ljan
be dclcctcd cround the analysed rcgion. Doring rhc l.are lron Agc lhc impacr upon rhc
lcgetation around thc Nyire!-ti) b.$in b€can|€ iDtensc \\ith lvidespread opeD grounds
for lnimal husbandry. ljrom the beginninS ol thc ltomi]tr Agc a peak ofhuma'r eiltcls
dBvelopcd in lhis reSion whioh was Lrscd li)r nrarrl:cturinS hcmp ropes. Clcrring rhc
wn)dlands u d burnirgs resuhed in I redueliur ol lvoodlands, lvith incrt:lse in
grasscs and scancrcd oaks. DurinBlhc Romrn Ernpirc Age I Clirpinus,Fagus-QncrcLrs
woodland dev€loped around thc palaeo-ecololdcul site rnd rhc tbmalior oflhc pcar
bog slarlcd in lhe basiD ofNyircs-lo.
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