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DEVELOPMENT OF A HUN GARIAN -ROMANIAN
ECOLOGICAL AND SOCIO -ECONOMICAL
RESEARCH COOPERATION IN THE
SOUTHERN GREAT PLAIN

L8sKPrmeczi

Introduction

Transboundary regions of the Great Plain of the Carpathian Basin have
many similarities and many differences. History of the formation of the basic rock
and soils is the same, climatic conditions and water regime are very similar,
landscape history is also similar, land use practices, however, are significantly
different since long time that have resulted in different landscape and habitat
structure. As the potential pool of flora and fauna is the same for the whole
territory of thesouthern Great Plain, the deviation of tieuralvegetation and
fauna of the two sides of Hungari&omanian border may be due to the
differences of land use.

Val l eys of the rivers K°r°s and Mar
Great Plain. The twoivers connect the human population of trlesindary
regions, and determine land use possibilities. In order to strengthen the
sustainable land use we have to know the functioning of natural habitats and
landscapes, the connecting and mediating role aiiBEs.

In 2010, a new joint research project was organized by the Department of
Ecology, University of Szeged and tBepartment of Ecology and Environmental
protection'Vasile Goldk' Western University AradThe aim of this project is to
improve the eglogical research activity and quality in the southern region of the
Great Plain. Several studies have been implemented in the territory of the Tisza
vall ey that evaluated the geography ai
region (And - 11995,51997, Ki8xVand Sipdsa2k0&®,bOroszi and
Kiss 2005,Siposet al. 2007, Fialkaet al. 2007), flora and vegetation of the two
rivers Or t gu 995 DBt g u bnel Macalk 1 9 9 7, &l 19%7r
Ma r g -etcak 2000, Makra 2005), revealed the structure of particular animal
communi t i eKsssapdSHamak B85y Domokesal.1 9 9 7 , Mar k - 1
and analysed the relationships amdagdscape elements, habitat structure and
structure o€etabd®mt0, (GaemlRHECzH @R Two
morographs are devoted to summarize the results of the latest expeditions along
the rivers K°r ©°sKi(skka mad9 5a)n de BH&gsNaegirnoys
Hamar 1997). Above publications, however, do not take care for the



transboundry differences in land use practices; evaluation of the effect of land
use on the habitat and biota structure in the Great Plain is rather sporadic (e.qg.
Bellon 2004 Mincaet d. 2007).

In the recent project, we planned to reveal the effect of the land use practices
on the development of landscape structure, on the structure of natural vegetation
and fauna. We intended to improve the Hungarian national habitatagwalu
system, and apply for the transboundary regang to assess ecosystem goods
and services in the same target area.

Expected results and impacts:

A \atgributeto the elaboratiomf efficient and sustainable land use models
that sypport and enhance the lifef the trandboundaryr e gi onds i nhabi
l ong term, and at the same time preser
The eonomic growth and the quality of life depend on the rational use of natural
values.

A T he pmvided wéthaigood oppdunity toimprovea joint, Hungarian
and Romanian, system for habitat and ecosystem goods and services evaluation.
This new tool will help the public relevant bodies to develop effective sustainable
development policies for the region.

A The hu msofthertveopartoer unieersitiegereenhanced through
experience exchange and participating in training sesskemshermore, the
implementation of the projegroducedconditions and possibilities for further eo
operation.

Members of the project team

This project was carried out in the frameworkHifngaryRomania Cross
border Cooperation program 20B013as a | oi nt research
Goldkd Western University of Arad as th
Szged as the project partner.

The project fiHabitat and ecosystem goods and services evaluation in the
Mur/eMar os and Cr i sul omadshniplgrfientédsunderihe er v
Hungary-Romania CrossBorder Co-operation Programme 20072013 and
is part-financed by the European Union through the European Regional
Development Fund, and the Republic of Hungaryand Romania. Project
code: HURO/0801/194.

Head of the project management team

Goldkd Western University of Arad. Super
University of Szeged and Violeta Turkcti o r 7 V a gOi | '$¥ern Groversity
of Arad. The project was managed by Mi
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Expert team members were

Aurel Ardelean VGWU Gy°rgy M&BZovics
GabrielGicu ArseneBUAV Katalin,WMarg-czi
Zol t §SnUESt or i Mihai PascuVGWU

Mi kIl - s,UB0 z s - Marian PetresggvGWU

loan DumawWuT Gy°rgy,U%d pos
L8szI| U¥r dRs Attila Torma, USZ
R-bertusgal | ® Violeta Turcus VGWU

T2 mea U8 s s M&rta AKX at nai
L8szl| - KSSZ me czi

VGWU: Vasile Goldk Western Uiversity Arad; USZ: University of Szeged; BUABanat Univesity
of Agricultural Scienceand Veterinary Medicine Timisogr&/UT: Wesern UniversityTimisoara

Study area

Investigdions were carried out in two characteristic river valleys of the Great
Plain. The two river§ K° r/Crsiand MarofVurek T connect transboundary
areas. Their floodplains are similar in Hungary and Romania. Two representative
areas were selected in thggre o n o € r ;ikie wassnéar GyuleN46U3 5 6
E21U1 6 &t the Hungarian side, and the other near Vargsd6U3 6 6 UEQ a
at the Romanian side. These two sites were very close to each other (Fig. 1). Two
representative areas were also selected aleegMaros/Mur& at Magy ar cs a
(N46U8 6 WBB®; Hungary) @mod EBa2dL BRamhami § N4 €
the selected areas was ca. § keach, and represented the landscape structure and
land use practices most characteristic for the target area.

The project consists of four main fields of investigation. The most
charactestic landscape elements of the studied region are the two rivers:
Murew/Maros and CH K°r °s t hat run on a | oose ¢
therefore the riverbeds are rathariable. One research activity aims to reveal the
hydromorphology and to improve the knowledge on the processes of the
formation of riverbed. Water regime of the rivers, frequency, intensity and
duration of floods strongly detmine the vegetation of thoodplain. Natural
vegetation types are characteristic elements of landscapes, and provide habitat for
the elements of the fauna. Thus the second research activity focused on the recent
state of the vegetation (veggbn mapping), and on the history adevelopment
of the recent vegetation fparn. As the cenoses consist of plants and animals, it is
evident that the invesitjon of actual fauna of the target areas is important and is
the third group of sidies. At last, the main biotic impact on the laocdpes is that
of the man. In the fourth project part we attempt to reveal the relationships of the
local inhabitants and the habitat types, and to evaluate the ecosystem goods and
services charadtistic for the target areas.
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Figurel. Location of theexperimental sites in the trabsundary region.

According to the four areas of interest, field data collections were implement
ed by four groups of experts on the basis of the objects and purposes. One group
studied the hydromorphology of the rivers. @groups dealt with the vegetation
and fauna of the sites selected. The fourth group met with representatives of the
local inhabitants in order to make interviews for ecosystem goods and services
evaluation. Details of the methodologies are describecdcim &zapter
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LANDSCAPE HISTORY OF THE
GYULA 6 VI Rk A RBGION

Vi kt -rjaL€&seh- Er dRs, L8szI - K

Introduction

Vegetation history assessment is gaining an increasingly important role in
conservation efforts and researches, since it is essential to have knowledge about
the environmentthe landscape and its patterns and the processes and events that
shaped the vegetation. Thus, landscape history assessment has become an
important step in landscape wide researches. In the past two decades a growing
number of papers were publigshen the gbject (e.gMo | ar@Bi r - 1997, I
and T -t h 199é& al. I1P®MBei Szir maiet ak P0083. ,The Mo | n
application of historical maps in the examination of landscape pattern changes has
al so become widely used an the acacessibiliyt e d  (
of written sources and maps, these surveys can usually cover back till'the 18
cenury. These researches can reveal the past usages of the landscape, the course
of its development, and the extent and direction of its alteration andhels
reason behind these. Thesulting data can be further used in a wide range of
applications, such as research, landscape planning and landscape assessment
(Pickett 1991).

It is well known that the landscape of Hungary underwanimajor
transfomation in the course of the past centuri€Bhis transformation was
influenced by both human presence and natural factors. Humarutiéindtion
has significantly altered the landscape of the Great Hungarian Plain. Throughout
the centuries its inhabitants havslined the fertile lands in various ways and
with varying intensity. Canalizations and drainages have also brought further
changes. To undstand how and why a certain region have evolved to its present
state it is therefore very importatd familiarize oneself withits past. Our goal
wasto reveal the past of the alkaliseeppesaround he Gyul a and Gy
region As a result we were able to learn the traditional ways of land utilization in
the region, further assisting in the conservation of thatural values.

Material and methods

The following ten maps from different eras were used fer landscape
history assessment Military Survey (1783); Plan des Markflecks Gyula (1784);
Mappa Exhibens Situationem Dominii Gyulensis in Comitatibus 8Sieksi,
Csongradiensi et Aradi ensiAnadxA@sevis)ns et



The Harruckern lordship's (B®k®s count
county) map (late T8century); Il Military Survey (1863); Ill Military Survey
(18721884) ; B®k ®s countyby(1B849ef ( cMiela§lefd
administation map of Arad county (late {1 ent ury) (cr asek)ed by
BAk®saba ( 190sébna(191B.®k ®s

In addition, we have used a number of historical documents that heldnelev
data about land usage and vegetation (Kitaibel 1798 in Gombocz 1945, Ecsedy
1832, Kom8r omy 1834, Mogyor -ssy 1858,
1896, Hubai 1934, Scherer 1938, D8nyi
Erdmann 1989, k®-RAQ064,99 37 alb-nterRid8 &idh, an
the locals.

In the era of the Hungarian Kingdom, the area in focus belonged to the
comti es of B®k®s and Ar ad. It i s import
Trianon in 1920, the region that belongtd Arad county was annexed to
Romania. We therefore have much less data about changes regardind' the 20
century.

Results
Before and during the Turkish Occupation (till the end of # Zentury)

In its natural state the landscape of the Great Hungail@n Eonsisted
mainly of winding rivers and marshlands spanning large areas. The shape and
location of the river beds were changing frequently. In lower areas close to the
river, marshlands and pastures were the main food sources for the inhabitants.
During larger floods the higher plains were fertilized by the silt left by the river.
These provided excellent lands for agriculture. Due to the natural richness of
resources, there has been a steady po
Rivers since te Upper Palaeolithic era. However, the effects of human impact
have only lecome noticeable since the last 500 years. There are countless ways
humans utized the land around them. The rivers provided sites for fishing while
temporal wetlands were used fextensive grazing. Aside from providing game
and lunber, forests also offered shelter in times of war. The rich wildlife of
mar shes was also exploited as a food
1997). Higher plains that were not prone to floodingenessential, since they
provided safe zones for the inhabitants to build permanent settlements (Scherer
1938) and for arabl e | ativaaltivétion-okcaopsl 9 9 7 )
only beguninthelate f4c ent ury ( Kar §c s onttdnotdtBad 6 ) .
the alkaline grasslands surrounding
grassl andso, meaning that they have fo
river canailzations. The water regime of these grasslands remained unchanged in
thelast 150 years, and their vegetation remained rich and characteristic. It is also
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presumed that the grasslands were inhabited by native ungulates (Vera 2000,
Mo | naBdrBorhidi 2003), this could mean that the grasslands in the Gyula
region were nairal pasures long before the effects of human animal husbandry.

Inthe 1%'and 18’'cent ury, the majority of B®k
from animal husbandry. Animals that were bred included horses, cattle, lamb and
pork. Beekeeping was also practiced irars near forests (K¢
Grazing can be dated back to these centuries on wetlands south of the present
location of Gyula (Scherer 1938). Wheat, barley, oat and millet were cultivated on
the plough lands, while peas and cabbage were grown gatidens. Also, Gyula
was the only region to grow grapes i |
According to historical sources mentioning a large number of forests near
Gyul av§sgri and Varsg8ny, the area must h
(Screrer 1938). These forests were somewhat farther, in territories which were
not included in our study area.

The beginning of the Turkish Occupation brought a drastic change in the life
of the locals. Gyula fell under Turkish control in 1566, and was netdtbd until
1695. In the Turkish Empire the conquered land and its populace was the property
of the sultan. The sultan then granted portions of these lands to civil servants and
soldiers. However these lands were granted by the sultan for an unspéutified t
period and could be revoked at will. This system resulted in careless land use, and
frequent pillaging (Anon. 1999). The following dubious time period made the

popul ation even more reliant on ani me
1896). The most iportant economical sector of the occupied territories was the
agricultural sector. However, in contr

for animal husbandry, and not for ploughing (Anon. 1999). The locals most
commonly bred cattle. The horse keegiand the number of horses kept, was
falling. Wheat, barley, oat and millet remained the most common crops cultivated
on plough lands. Besides cabbage, gardens adopted carrots, parsley, onions and
gal i c (Kar8csonyi 1896) .

Only a small portion of the popation was able to flee from territories
ocaupied by the Turkish Empire. These included the population of cities, and
nobles. The majority of the locals consisted of the serfdom who had no way of
relocating. In the period before the Turkish Occupation, Bain was
characterized by an extensive network of villages. However, as a result of the war
most of the smaller villages were destroyed and the remaining population moved
to larger setdments. Throughout the one and a half centuries of the Turkish
Occupmtion, the local population decreased or remained stagnhant, thus the Plain
was very scarcely populated. The population density was far below those of
Western Europe. The increase of the population was hindered by wars, and the
following pillaging and epidmics (Anon. 1999). Furthermore, the liberating
troops and wars caused more damage to the region than the Turkish occupation
beforehand. This furthemduced the expansion of marshlands into the ruined
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| andscape ( Deoullue on2ttieg€e Gong abaAdgdriands had to be-re
established (Kar8csonyi 1896) . I'n the
animal husbandry remained the main formjaif, plant cultivation was virtually
nonexistent (Scherer 1938). This can partly be explained by thenfdatdtable
population growth only begun aftertheendiniRas§ k - czi s War f or
in 1711.Afterwards more and more land was drawn into agricultural use. Also,
due to spontaneous and amged immigrations, a number of Slovakians,

Romanians and@mansalsosel ed i n the area (D-ka 20
The 18" century

Animal husbandry was the most important sector, until tHecEitury. It
was practised mostly extensively (Erdmann 1989), meaning that the animals were
out in the fields all year, and werftex their food themselves. This is also pointed
out by the fact, that at the end of thd"t@ntury, most of the agriculturally usable
territories were meaaddDwysvi @andi9p®dIt urGasa
mowing was most common in the lower plaingttlwere the most prone to

flood ng (Erdmann 1989, D-ka 2006) . Bel ts
sdtlements: the inner pastures and the plough land closer to the border and the
outer pastures, most commonly ¢atle, t her

horses, sheep and pigs lived mostly in the outer meadow. Wells were drilled on
fields that were poor in water (Erdmann 1989), therefore wells on maps indicate

pastures. ALeased fieldso had an-i mpor
tures, lnt also as meadows and plough lands. In some places, vineyards were
established on Al eased fieldso. I n B®k
were not leased to the villagers, but to cattle traders, who bought cheap animals in
Transylvania, feedtme up on the rich fields, and
2006).

However, as a result of the population growth during the century and the
increase in grain demand, and also because of the frequent floods on the riverside,
more and more pastures were ploed in. The shrinkage of land available for
grazing resulted in the advancement of forage production and the extensive
arnimal keeping was replaced by the sexiensive animal keeping, which
required a smaller territory for the animals. This meant thaatin@als roamed
the pastures from spring to autumn, but spent the winter in their Maadow
managemenspread to produce food for the animals during winters, however, the
meadows were not properly attended to, and the technology of the haymaking was
undevdoped (Erdmann 1989).

In the 1700s the lands near the outskirts of Gyula were pastures, meadows
and reed beds, while the plough lands were located farther away (Scherer 1938).
Between the 1700s and 1760s depleted fields were used as fallows or meadows,
and crops were moved to the next suitable location. However as of 1760 plough
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lands moved on to occupy the entire flood safe region, and with no more available
land their expansion came to a halt. Lacking available land, the reed beds were
cleared and wereeplaced by meadows and pastures (Scherer 1938). The arable
lands were mainly used to grow wheat, barley, oats, millet and corn, while hemp,
cabbage, tobacco, carrots, peas and
2006). At the end of the f&entury,a growing number of farmhouses were built,

but back then the farmhouse was solely used for the purpose of wintering and
watering the animals (Hubai 1934).

Figurel. The structure of the landscape of Gyula region at the map of the First Military
Survey(1783)

The earliest map madat the time to depict the land use is the | Military
Suvey (1783 Fig. 1. The traces of grazing are clearly visible as
flaccomodationso (NASz8&l 1 8scheno) ar e
buildings were used foheé watering and wintering of the animals (Ecsedy 1832).
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The map shows marshes near Gyul avar s§gn
east of the region of interest. The |
country also cofirms, that the grasslasdnear Gyula are moist (saturated with
water). The extasive marshlands provided a rich environment for a large number

of bird species (storks, wild geese, herons, wild ducks), and also to mosquitoes
(Scherer 1938). The map shows arable fields on theestatiea, soutlvest of

Gyul avar s8&8nd.

Figure2.The region of county) at

This however is contradicted by a number of ottistoricalsources we have
found. The outline of ytdeickateddsthegmapaef s ar

12



Andr 8s Pau;lFgvd tha was Indde Sive years later. This shows
evidence that the area was not ploughed in. This is further evidenced by Kitaibel

(in Gombocz 1945). Alkaline grasslands and pastures are mentioned in his
descrpt i on from 1798. Further mor e, accor
the first arable lands near the city only appeared after the period of the flood
control. It is also clearly visible on a late™8entury map of the Harruckern

estate, thathie region was not cultivated. Therefore it can be stated, that the
information stored in the | Military Survey, is not accurate in this regard.

Turn of the century and the 1century

In the late 18 and early 19 century, the continued population wgrit
resuted in further drainage of marshes ar
1997) . Evidence of river control in tl
but these remained strongly limited until the 1770s (Gallacz 1896). Flood control
works wee also conducted on the sowhst regions near Gyula, at the end of the
18th century, making more room for arable land (Scherer 1938). Imrei \tiua
official responsible for the agriculture in the regiomplayed a major role in the
developmenbf theregion. In an effort to upgrade the Gyula lordship, he ordered
the construction of channels to support watermills around the city, and widened a
number of channels to open new trade routes and possibilities for transportation.
He was also committed to thigainage of lands belonging to the lordship. In the
1800s a number of banks were erected that primarily served to protect the nearby
roads from the floods (D-ka 1997).

A series of major economic changes took place on the turn of the 19
cenury. As a resli of the emerging wars of the era, there was an increase in grain
demand and export. The price of grain and other cereals started to rise. Methods
for lamb breeding and keeping were also advancing, since the demand for wool
also has risen. Cattle and hersreeders have also found a stable market. As a
result, a large scale advancement of agriculture was observable. The breaking up
of pastures, to be used for arable fields, and the use of fertilizer also became
common. Gaining new land by clearing foresiso became a practice in the era.
Newer, more advanced tools and methods were developed and used in agriculture.
New kinds of ploughs were used in ploughing, and harvesting of crops was done
with scythes instead of sickles. Treading grain with horsesheale obsolete by
the discovery of the fl ail (D-ka 2006)

With the end of the Napoleonic wars, the times of prosperity had ended, and
a period of economical recession began. At the end of the 1810s the price of grain
began to fall bringing hard times foretiHungarian economy. This was somewhat
mitigated by a brief uplift in the English textile industry, that resulted in growing
demands for wool. To some extent the rising wool prices offered compensation
for the profit lost on grain, but this brief uplift lgriasted until 1825. However as
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the recession unfolded, the economy began to adapt to the new circumstances.
From around the end of the 1820s goods produced by the peasantry had a growing
demand. This was induced by the local traders, and the preseneegef
settements. As distilleries and sugar production were constructed on the estates,
the demand for beet and potato also rose. Finally corn and tobacco fields also
began to gain | arger ground (D-ka 2006
The 19" century was the era of massive riveddlood control efforts. While
wor k on the Feh®r Ker°os was finished
Fehk®rr ©°s was stil/l i ntact in B®k®s cou
higher regions is known to havethecause
1855 flood in Gyula, it became necessary to regularize the bed of the river
(Mogyor -ssy 1858, D-ka 1997). Wor k wa s
In the following 1860s the weather was dry and droughty, which switched the
locals interests fronflood control, to external water supplementation, however
this did not last too long. With the end of the droughty period, in the 1870s work
on flood control efforts renewed. A new need of draining inland waters arose, and
as a solution, new canals wereea bl i shed. The contr ol
were finished by 1879, and the succeeding efforts were concentrated on inland
water drainage and fortification of th
marsh and lake coverage was shrinkingome eritely gonei but the region
around Gyula generally remained saturated with maise ( Ko m8r o my
Hag&n 1870), this is also evi"amthedd by
century.
Major changes in land usage were in progress in the wake aféneontrol
efforts. Production on arable lands was increasing and their establishment on new
lands weighted more heavily. Furthermore, in contrast to the 1860s tendencies in
other parts of the country, the portion of land used as pastures and meadows was

not growing in B®k®s county. New terri
plowed whenever it was feasible. These new lands were primarily used for grain
production (D-ka 1997). Cultivated pl a

millet (Ecsedyl832). These changing land usage tendencies were also reflected in
the livestock industry. Pigs were the first to be excluded from pastures, but as
overall pasture coverage shrunk, soon sheep farming was also facing a recession
(D- ka 1997) .rdsSflcaitle tlisappeatedhaad nhost cattle were kept in
barns (Scherer 1938). As stabling was gaining more ground, there was an
increaing demand on feed, which somewhat balanced the grain centred land use
of the time (D-ka 199 Wgreuset forcharVestimgehay, a | k
these has a small but guality yield (
' ivestock was dwi ndling in the centu
livestock poduction had a dominating role up until 1850 (Hubai 1934). Riwn

second half of the century, grazing was mostly practiced in lordships. This can be
explained by the changes in society, induced by the emancipation of the serfdom.
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With the cessat i onrithefisuatshrehadstmspendia pbrisod fir
of the week labouring on his lord's fieldsthere was no manpower to cultivate

the lands, and modern infrastructure to help a smaller labour base was
nonexistent. However, these problems had only a minimal effect on the
undemanding extsive livestock farmig ( Ol &h 19%&&nt ulrhyed s
changes in livestock faiing (extensive was abandoned for stabling livestock
farming) have also brought forward a change in the used breeds of animals. It was
not possible to exploit the expensive, high quality feed witidemanding,
hardened animals that were used to grazing. Cross breeding was usually carried
out in the lordships, with the psmtry getting hold of the animals breed there
(D-ka 2006) .

Figure3. By the time of the Second Military Survey (1863) theiwagpf Gyula has been
transformed considerably.

Every wvillage in B®k®s county was d«
not escape the phylloxera disaster, which destroyed the grape cultures, but the
region was repopul at ed IhewiheBek,5herg erek a 2
also a number of orchards. Most of the fruits produced were apples, pears, sour
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cherries, and plums, with also smaller plantations of apricots, peaches and
amonds (Mogyor - -ssy 1858). A growing nu
in the countryside (Mogyor: -ssy 1858), k
was further evidenced by a prohibition that did not permit families to move in
around the time of 1822 (Scherer 1938). The clusters of farmhouses were
scdtered throughthetad scape ( Mogyor -ssy 1858).

While the landscape stayed mostly moist and marshy, according to the map
of the II Military Survey (1863Fig. 3 drainage canals appeared. It is important
to note that the location of lakes and watery grasslands mostly matcdea & 6 s
semi natural, ploughing free areas. (For example, in place of the lake on the
wedern side of the road, going towards Elek and Ottlaka, today alkaline
grasslandsArtemisiasalt steppes, degraded loess steppes and alkaline marshes
can be found.) A umber of lakes can be seenseeth st of Gyul aval
larger ones are referred to by their names, in the map. The area of the Nagy
Muzga Lake is mdy covered by alkaline grasslands nowadays. The Imputzita
Fel sR Lake is now rlangslaaddreemisialsajft steppek al i n
mosai cs. The I mputzita Al s: Lake i s n
grasslands andrtemisiasalt steppes. On the Hungarian side, south of Gyula, the
outline of our region of study is a clearly visible marshy aadked Farkashalom
or Ki s Paddois (well$)larBund ti® lgrassland indicate grazing land use,
similarly to the areas around Gyul ava
the road going to Ottlaka and Elek. These were used as residential buaiergs
the 1850s (Hubai 1934). The fields nea
southwest were already used as plough lands, and there were wooden and tone
buildings on the fields.

While the 11l Military Survey only began 10 years later, it showisience of
major changes in the landscapég. 4) The number of canals increased, and the
whole region became much dryer than before. The extent of the arable fields also
increased with the land gained from the drainage. The number of farmhouses was
alsoincreasing, and there were didadsleading to the buildings. The houses
were surrounded with plough | ands. Th
moist region, and beside the wells, there is specific notation, showing that the
land was used for gramy. The previously mentioned lake on the western side of
the road leading to Ottlaka and Elbkcame a pasturdhe drainage is most

visibleonthe Gyulaw r s 8nd region. The Al s:- and F
are much smaller, and the FelsR Lake
Lake was drained completely and is wus

channel. Many of the smaller lakes also dpsgyed; the remaining ones are
surrounded by wells and reed beds. Wetlands around the lakes coincide with the
present day semi natural grasslands. East of these regions there were dryer
meadows that have been turned to plough lands. A portion of theggh pémds

were vineyards (Pili vineyards).
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Figure4. The map of the Third Military Survey (1871B84) shows further changes.

Turn of the century and the Z20century

On the turn of the and 20" century, the most important sector of livestock
farming was cattle breeding. However, with the growing corn production, the
number of pigs kept was also rising. Keeping horses was also popular, since it
helped in labouintensive agricultural tasks. While sheep farming was losing

ground everywhere, therewa st i Il a | arge sheep popu
(D-ka 2006) . Ho we v e r" century, the livestock farmings e o
undergone a series of major changes. A

had begun its endgatune Othei sourceshiollegad$96 vy 2 (
2000) indicate that until the 1960s, the major sector was cattle farming, and only
then was it replaced by pig farming. The conclusion is that it was in the 20
century, that pig farming became the leading sector of liestock industry.

Poultry farming was undergoing rapid development, while sheep farming was
dwindling away, and horse keeping was made mostly obsolete by modern
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agricultural equipment. The regression of lands used for fallow also had a great
significance(Kollega 19962000).

Cereals took the leading role in cultivation. The most important product was
grain. Coverage of barley and oats was decreasing in favour of corn. As a result of
the developing vegetable oil industry, the total yield of sunflowerdialds also
increasing. Lastly, tobacco also had some significant share. To increase the yield
of the fields, a number of different agmchnological procedures were also
spreading, such as automation with modern machinery, soil fertilization, irrigation
and pest management (Kollega 192@00). All these contributed to the growing
environmental stress on the landscape.

Beginning from the early 2Dcentury, a growing number of farmhouses was
observable in the landscape. Aside from their residential fusstitiese farm
clusters also served as economical cel
farms remained a characteristic part of its network of settlements between the two
world wars. It was not until the 1945s that its population started to decrease
(Becsei 1979) and by the 1990s its population, extent and density decreased
considerably. This is partly due to the events taking place between the 1940s and
1950s, when there was an effort to organize the locals in to the newly established
farm villages. bwever, the main reason behind the sudden population decrease
was the establ i s h-oenmtives that led tb the viidespreeslr s 6
abandonment of the farms, and the shrinkage of these settlements (Kollega 1996
2000). Moreover, the forced industriconcentration, and the collecBations in
the agricultural sector further reduced the population in agricti@sed regions
I1'i ke B®k ®and totiibutedyto abandonment of farms and smaller
villages (Kollega 1992000).

The development ohe present state

After 1920, the Hungariah Romanian border separated the regions around

Gyula and Gyul avarsg8nd. Thus the two
subject to different influences. Gyula remained on the Hungaiten and after
the chage of regimeg( 1 990) , grazing ceased sudde!

personal communication). Until then, grazing was performed with cattle and
sheep. Since the changeer, only small portions of land are grazed with some
cattle, or sheep. Mowing is abdoned on a portion of the meadows, because there

is no need for feed anymore (J. Steigervald, personal communication). In contrast,
on the Romanian side, near Gyul avarss§g
cdtle and sheep. Both sizes show extensiweigihing, however more grasslands

have escaped this fate on the Romanian side. Thersgoral grasslands are
grazed in Romania and mowed in Hungary. Only a handful of patches remain
grazed near ¢éthl.201ibp Themeoncludton id Rat lanskeuon the

two sides differs notably. The grassland on the Hungarian side is undergrazed,
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while the Romanian side is overgrazed, and this is reflected by the vegetation of
the grassl ands ewmah20diay.t h si des (Er dRs

Discussion

Since data on landse history can hold important information for
conseration efforts. In this study, our aim was to reveal the das€d history of
al kaline grasslands between the settle

The alkaline grasslands around Gyula are primary thansndeey did not
form as a result of the flood control efforts in the region, but they have been
alkd i ne f or ¢ e nt uandBerkidi 20@3j. ©his avas (cavifirrhed Byr
Kitaibel (in Gombocz 1945) who reported saline vegetation in the area in 1798,
although flood control in the region did not begin until 1770s, moreover the
opeations in the late I8century could only have effected a small portion of the
area in focus (D-ka 1997). It is presu
native herbivoes before human landls e ( Ver a andBofhidi 2003) | n 8 r
later, in the Middle Ages they were used as pastures according to Scherer (1938),
and from the 1770s grazing is clearly indicated by most of the available maps.

Grazing has continued up untiletipresent day, however it had shown a
steady decline (Hubai 1934, Scherer 1
drainages and the river controls the agriculturally usable area has greatly
increased. This has induced a major shift in the proportion of rdmeches of
cultivation. The area of the arable fields has increased while the extent of the
pastures has decreased, therefore the extensive methods of the animal husbandry
declined gradually (Kollega 19950 0 O , D-ka 1997). "By t't
century, gazing has almost completely disappeared in Hungary. There are no
significantlivest ock i n t he aetal.201k) Ongofthsreasdns ( Er
is that the present day economic status does not make animal farming profitable.
Following the treaty off r i anon in 1920, the Gyul av
Romaina, and was exposed to different economical and societal trends. The most
important diference, is that grazing has continued in these territories ever since
( Er et R.2011a).

The alkaline grasands in the region were not broken up. Although the map
of the | Military Survey marks these meadows as arable fields, this is proven to be
inaccurate, as a number of other maps from tHe cEitury and the notes of
Kitaibel (in Gombocz 1945) contradititese claims. Thus, we conclude that the
maps of the | Military Survey must be treated with caution.

The emergence of the world sihallfarms began in the late “18entury, and
ended in the early 30century.At the beginning, the farmhouses were orded
for the watering and wintering of the animals (Ecsedy 1832, Hubai 1934, Scherer
1938), and for the storage of the harvested forage (Ecsedy 1832). From the second
half of the 1§ century, the building also became residential, and by the edtly 20

19



cenury, they have come to fill the role of economical centres (Hubai 1934). The
expansion of the farm system in the second half of tHec&Btury was strongly
related to the largscale land shaping operations (flood control, marsh drainage)
and the advenif intensive farming (Kollega 1998000). Population on the farm
world started to dwindle in the 1945s (Becsei 1979), and by the 1990s, both its
extent and population have diminished significantly. The main reason behind this
was the collectivization of aigulture, and the transition to large scale production
(Kollega 19962000).

While the region of interest remains soggy and marshy until the present day,
it was more so in the ¥&entury, and back in the T8entury, large marshes and
a system of smalteand larger lakes dominated the landscape. The conclusion is
that the flood control works, beginning in the latd” t&ntury, have caused the
significant desiccation in the examined grasslands. Smaller lakes have completely
disappeared, and the largeresnhave shrunken extensively. By the earl{} 20
century these remaining lakes are seen to be tiny, and most of them are gone by
today. Seminatural vegetation can still be found on regions, where these once
soggy fields escaped being broken up.
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INUNDATION AREA OF TH E RIVER MAROS NEAR
B¥KENY: -UZENHIBTORY AND HABI TAT
MA PPING

AndreaFodor, Zo | tB88nt or kt Cséh, &atainMar g- czi ,
L8 s KI°.r m®Ic8zsizElr-d R's

Introduction

During human history, activities such as forest plantations and agriculture
have considerably influenced the landscape. In conservation management, it is
important to know the history of the area to be protected (e. g. Milchatrels
1988) . T he s ubManms Natiomaf Park iear M&r8sris°gsite well
known (Paulovics 2002). However, its lange history has never been analysed
yet. In addition, its state has undergone rapid changes recently. Therefore, it may
be useful to resal its present state from a botanical perspective.

In this study, we revealed the lands e hi st ory of the su
Maros National Park and we scrutinized its present state.

Material and methods

The river Mar os has a anmsmallksettemehbte n d

bel onging to Magyarcsan8§d. Ma k - i s e
temperature is 165 0 . 6meAaG annual precipitation |
Kozma 1990) . Water gquality of the Marc

(Somogyi 1990).Floods are most frequent in spring, whereas water level is
mostly low in autumn (Somogyi 1990). The area belongs to the phytogeographic
province Pannonicum, region Eupannonicum, district Crisicum (Borhidi and
S Bta 1999).

In landuse historical analyses,istorical maps and other historical
documents, interviews with local inhabitants, and recent botanical data can be

used and compared with actual field da
In revealing the landise history of the area, we used the following hisbri
maps: Map of the first military surve
Map of the second military survey (1864); Map of the stateed forests of the
river Maros and B®gamell ®k (1869 ; Ma

1884); Map of all forsts of the Hungarian state, with the main tree species
(1885); Map of the river Tisza valley: River Maros valley and the southern part of
the DanubeTisza interfluve (1892); Map of all forests of the Hungarian state,
with the main tree species (1896); Adnii st r ati ve and agricul
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county (1902) ; Ma k - and Nagyszent mi k|
Sannicolau Mare (1972).

Besi des, other historical data (Kita
| ocal hi story and natur al conditions (
recent reports (Paulovics 2Q@2roszi 2009), as well as interviews were used.

We also prepared a hgdt map using ArcView GIS 3.2 (ESRI). Habitats
were identified usi egl.200Tag200fg.bi t at gui d

Results
Land-use history
In the Middle Ages, several villages were located along river Maros. In the

inundation area of the Maros, teewere plenty of lakes, backwaters, brooks and
islands, providing excellent opportunities for fishing, biedching and hunting.

Hi gher | oess plateaus were used for ag

During the Turkish occupation of Hungary, plotighds were uncultivated,
roads were covered with plants, fl ood
2000).

The area revived from the 1730s. The population lived on animal keeping,
fishing and hunting, as well as from salt and wood transportation from
Tramyl vania (And:- 1993) . Nei ghbouring
2000).

By 1770, watemills used the energy of the Maros. The ferry also played a
significant role from the Middle Ages. Intimate connections between humans and
the Maros are emphasizedy t he sigil of ApS8tfalva,
| apwing, some sedges and the river Mar

Soldiers settled in at the end of thé"i&ntury They were allowed to use
| and and forests wunrestrict®dolIlgl779Vi ni c
local inhabitants had good plougdnds. On the island, they had remarkable plum
orchards (their importance is echoed b
Hossz%Yszil v8s). I n Agxterisiveaahimah keepiag veete | i n ¢
typical. Hayme adows al ong the river were fl o
2000).

River canalizations began in 1754, but in a short time, the Maros returned
into its original bed (Paulovics 2002). Therefore, the river flows in its original bed
on the nap of the first military survey (Fig. 1).
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Figure 1.Map of the first military survey, coll. XX., sectXX. et XXXI. (1784)

According to the description of the first military survey, after kemsjing
rains in spring, the whole area was floodedg¢luding the village of
Magyarcsn 8§ d , the roads |l eading to Nagyl ak
Bekay halom.

The area surrounded by the Maros bend was covered by forests which were
flooded (Fig. 1). North of this region, a wet grassland can be sedheFaway,
sweeppole wells were situated on a grassland. Islands are also clearly visible on
the map. According to the description of the first military survey, islands (e. g.
Vranyak sziget, Vatta Mada sziget as wel | as Szilvsgs, R
downstream) were covered by forests of-fgutbwn trees, white willoworests of
medium height or thickets. Near the Bekai halom, there were small swamps,
which dried up often.

In 1793, because of the repeattdodfods, the vill age Mag
the north, where it can be found at present.

In 1801, tobaccmgrowing started in Beka, at the place of the deserted
medi eval village B°k®hgefaltlvudy( Maerepawac
on t he maMertics iaddin 1832 ¢Fig. 2.).
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Figure2MapofCsan§8§d county (1802)

Kitaibel (i n LRk°s 2001) recorded in 1810
for mer , abandoned Csan8§d was fl ooded.
Magyarcsang8d some s pe cAstmgalustayspiacusaldatiso f s
tinctoria, Salvia austriaca, S. vigillata).

After severe floodshad occured (e. g. in 1821 and in 1852), bends of the
Mar os were cut through. First cutti ng
However, in 1879 the river was fl owing

Considerable changes oced between the first and second military surveys.

Both forests and reededs decreased. The area surrounded by the bend of the

Maros is cattdRdoButsde&kimap of the seco
This forest was interrupted by pastures. Also, pastures can be found north of this
regi on. A forestemdbst hleodngoer t maesast o catr &

forest, near the river.

The river was flowing in several branches, which made sudden bends. The
islands were covered by forests. After 1863, a 19 m wide road had to be separated
from the collective pasture for therga hauler horses along the river (Oroszi
20009).
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Figure 3.Map of the second military survey, col. XXXIX, sect. 62 (1864)

The map of the stalewned f orests of the river
(1869) shows that considerable parts of the study areaagetpied by forests
(Fig. 4).

The area called Beka must have been wooded a few years later, as shown by
the map of the third military survey (181384).

Also, the Map of all forests of the Hungarian state, with the main tree species,
made in 1885 showsfarest on the study area.

On a map from 1892 (Map of the river Tisza valley: River Maros valley and the
southern part of the Danubésza interfluve), a forest can be seen, which is
somewhat fragmented. North of 1It&eosfo.re
Further away, there were some swpefe wells, indicating that grasslands were used
as pastures. In this section, some small islands were situated in the river (Fig. 5).
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Figure 5.Map of the river Tisza valley: River Maros valley and the southern part of the
DanubeTisza interfluve (1892)
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Similarly, it seems that the area was wooded in 1896, according to a forestry
map (Map of all forests of the Hungariantetavith the main tree specjdsg. 6).
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Figure 6.Map of all forests of the Hungarian state, with the main tree species (1896)

In 1902, a considerable part of the area under study was covered by forests
according to the Administrative and agricullura map o f Csang8d co
However, in a short time, forests along the Maros were cleared, and the area was
used as arable land (Marjanucz 2000). By 1914, the area had been parcelled out into

all otments, as it can bezertemi kin- & h(eF ing
The dominance of alien plants rose in th& 2entury: for example, in 1949,

one hectare of black | ocusts was plant
Formerly, extensive orchards were pretty wigeead in the area, and the

farmers oftenfred i n small huts from sping t

communication).

Till the regime change, grasslands were used intensively: they were fertilized
and irrigated. After being mown in spring, grasslands were grazed first by horses,
then by cattles, tar by sheep and finally, at the end of the season by pigs (.
Cs&ki, personal communication). Although there were great forests in the area
(Fig. 9), before 1990, nonindigenous poplar forests were planted exclusively (I.
Cs8ki, personal communication).
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Figure 9.Topographical map of Sannicolau Mare (1972)

Present state

Habitat map of the area is presentedrigure 10.At present, grasslands are
partly mo wn , partly grazed by sheep
communication). Most of the forest patches are in a very bad condition, with poor
field and shrub layers. They are planned for restoration wiligémous tree
speci es (I Css8ki, p er s o rwdldw rivenenforeshonc at i«
the riverside, although invaded by alien species, supports relatively diverse herb
and shrub || ayers. Proportion of -orcha
Maros National Park intends to restore the extensive orchards with traditional
frutt rees (I . Cs8ki, personal communicat

We foundthefollowing valuable plant specias the target area

Clematis integrifolia a protected plant species; it is quitermenon on
mesotrophic meadows on the study area.

Lamium album although not protected, it is valuable (Paulovics 2002); we
found this species in the edges of the riverine pepibow woodland.

Ornithogalum boucheanumcommon on the Great Hungarian Plain,
sometimes occuring in large numbers; we found this species in an edge of the
riverine poplatwillow woodland.
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Scilla vindobonensisa protected plant species; this plant was found in the
riverine poplaiwillow woodland.
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Figure 10.Present landise mamf the study area
Discussion

Our landuse historical study revealed that the area surrounded by the Maros
bend was mostly covered by forests. These forests were somewhat fragmented:
several maps indicate a mosaic of grasslands and forests in the atbaofiNlois
region, pastures were typical. Often the whole area was flooded by the river.
Major changes occured from the beginning of th& @&ntury, when forests were
cleared and land was parcelled out into allotments, alien species spread,
grasslands ere fertilized and extensive orchards decreased.

Although the potential vegetation is riverine willgwo p| ar woodl anc
2008), this habitat can be found in a narrow stripe along the Maros exclusively.
The study area is dominated by plantations of imeaspecies and arable fields,
which is wusual in the region (De8k 20
pastures or as hayeadows, also cover a considerable area. Extensive orchards
may also be valuable, with traditional Hungarian ftuit e e s 008D én8he 2
study area, we found some potentially valuable small orchards.
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At present, there are intensive efforts to eradicate the invasive species
Amorpha fruticosand to replace alien trees with indigenous tree species.

We found two protected planspecies. Although localities ofcilla
vindobonensisare known along the Maros, it has not been reported from this
locality (cf. Penksza and Kapocsi 1998, Farkas 1999).
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GEOMORPHOLOGICAL PROCESSES ALONG THE
LOWLAND SECTIONS OF THE MAROS/MU R E AND
K¥R¥S/ CRI k RI VERS

Gy°rgy Sipos, T2mea Kiss, Vilk

Introduction

The historical and economic importance of the Maros/Mare d K°r ° s/ C
Rivers is unquestionable. For a long time they had provided a direct link between
Transylvania and # Great Hungarian Plain. This connection was however
broken during the most of the26entury, but can be and should be revitalized by
mutual RomaniatHungarian efforts.

Due to frequent and highly destructive floodings and intensive channel
formation boh rivers were regulated in order to protect settlements and
agriculture. Regulation works started gradually in the mid 19th century according
to the most ugio-date river management schemes of the time, but the great scale
measures and aims remained umsh@d due to historical and political reasons.
Nevertheless, as a consequence of channel regulation, the alienation of
settlements and people from the river unstoppably began, and thus the common
knowledge about their behaviour and the processes formiingcHanel become
relevant for the public only during great floods or disastrous events.

Meanwhile, as a consequence of continuous measurements since the end of
the 19" c. the hydrology of Hungarian rivers is fairly well known. Numerous
authors have stued the hydrological characteristics of the floods occurring on
the Tisza and Maros/MwkeRi v er s (Bogdsgnfy 1906, K§
1998, 1999, V§gda. 2023). adthe watdd l@vel,of peak dta@es
shows an increasing tendency on theza, recently the development and reasons
of extreme floods, affected greatly by the tributaries, have drawn the attention of
researchers. Several studies have been written on the climatic and hydrological
causes, and the changes experienced on the @atchtims ( Nov 8ky 2000,
2000, Somogyi 2000, B o dtoal. 2004 @hileJashkru s 2
studies have emphasized the significance of floodplain aggradation @tlady
2001, & &lb 2002s Kisset al. 200 2, &8 Kiss02006). The
morphological processes acting in the river bed during floods have rarely been
analysed even though these can also influence stages experienced at a given
hydrol ogi cal situation (St ertab2@). szky 1

In the present study weim to provide an overview of the main
morphological and hydrological features of both rivers. However, in terms of
morphological change River Maros/Muravill be considered, as it is more
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actively responding to anthropogenic effects and interventions. The key processes
that will be analysed are contemporary riverbed formation, channel pattern
change and floodplain sedimentation.

The Maros/Murek catchment

In terms of its shape the catchment of the M3Mas/r River can be divided
into two parts. The upstream part is square shape (approximatdlyg@58m),
while the downstream 200 km section with aftVEaxis, starting from Deva, has
only a width of 2640 km (Laczay 1975). In all the shape of the catchment is
elongated Fig 1.). This feature slightly tempers the ferocity of floods developing
on the mountainous sections as the flood wave flattens on the elongated lowland
section (Boga and ndrswvaniay catthn@né has a T h e
significantly higher density of valleys than that of the lowland parts, the
MarosMu r ewver system is built up by 430 permanent waterflows (Laczay
1975), the registered total length of whichistit8 9 km ( And:- 1993,

1 UpperMures 2 Middie Mures

\
/ ge\“ K
dpacnahg | 3 LowerMures 4  Lowland Mures
P""E"g ——- dividin
Duna o, e“ iding range
5 o .
3
photo in the text ; i

Figurel. The catchment of the Marddu r @ xkd K°r °s/ Cri kK river sy
several maps. Numberedctangles mark the place of photographs shown taken on
different sections of the Mardd/iu r River.
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Figure2The so call e Figure3. The UppeMarosMu r dose

source at Il zvoru to Toplita (Marocs
(850 m), and 4ikmeto Depresiunea Giuwur
the N (1350 m). medence) with mild bends (flow from

left to right)

Figure4. Channel with gravel bars in th Figure5. Braided pattern Middle

TopitaDeda ( Mab®daPv MaosMu r leawing the gorge (flow

(flow from left to right). towards the front).

The highes point of the catchment i
while the | owest point is at 81 m as|l
1986). The surce of the river is located on the northern slopes of the Hargitha
Mountains at IzvoruMu ruel Ku i ( Mragr2d ErdmRHe sofurce to the outlet
the river can be divided into four different reaches on the basis of slope
conditions. The almost 110 kmpper Marodur passes t hrough t
Basin and in between the Gi ur ¢ghavasbkyi an
Hargita) it reaches to the Topliiae d a ( MaDb ® & & )® viigaF4 9. €he (

slope of this reach is very high, in average 369 om/k( T° r ° k

1977).

reach is the Middle Maradsfu r, evkich has a length of 266 km. It passes the

COmpia Transilvaniei (Erd®l yi

Me z Rs ®g)

( G°r ¢h@&nvyais o k) TOrnava Hills (K¢gkea | R h
valley as wide as 15 km at certain sections and built up by sedimentary rocks. Its
slope is 50 cm/km on this reach. The 225 km long Lower Milros/ & K

stretching bet ween Al ba Juli a

(Gyul af

tectonic fult line separatth t he Apuseni -®obohegya®g) Ea
Southern Carpathiangsi@g. 1). Its slope decreases to 30 cm/km. The Lowland
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MarosMu r eaches from Lipova (Lippa) to the outlet, has a length of 162 km
and a slope of 200 cm/km Fig. 1).

Figure6. Meandering section of the igure?. The river at Folt. At certain

Lower MarosMu r & Alba Julia sections braided pattern with bars an
(Gyu af eh®r vgr) (fl islandsappearsagain (flow from leftt
right).

Figure8. The Lowland MarosMu r & k

Figure9. Widened channel of the river
Paulis (¢cp8los). at Pecica (P®cska
its channel which is proved by gravel bar, and small ilthannel islads.

bars and bank erosion (flow towards ti
front).

The K°ero°os/ Crik catchment

The catchment of the K°r°s/Crik rive
the catchment is 237 km2, and thus it is the second largest tributary of River
Tisza. As a consequence of the shape of the catchment flood avavesy from
the different sultatchments reach the lowland almost simultaneously, and thus
very severe floods can develf(ffig. 1). The K°r°s/ Cri kK river s
of five main -K°risu/tGQrriikewsl: Aleth®¢1),=236
Felete KT ©s/ Crikul Negru 9{,LSeteK8r ks, Qr=idr
Repede (L=209 km, A=9309 K)n, Beretty-/ BerettHu (L=
andHat ob-Bgyetty:- (L=16%8 kMANndA=83008) kmTh e
system has its sources in the Bihor MountainedB and the Apuseni Mountains
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(Erd@yi-®r chegy s ®g) . TheK%Srnug/c@r io ult hde grrelk

asl , the soKPcé@sofCri hRel FAhR®r i s at 980
in the upland catcment can reach -BO® cm/km, while it is wll below 20
cm/ km, at-Kemhé& sHgtmas only a few cm/ km.

Hydrology of the Maros™Mu r Riwer

The Marosu r &nd its tributaries are mostly fed by overland flow. Floods
rise quickly, and last for only a short time, because of the geology
(overwhelningly crystalline rocks) of the catchment area and the high proportion
of very steep slopes. Two floods are common during the year; the first is due to
snowmelt in early spring, the second is caused by early summer rainfall. The rest
of the year is charaetized by low stages. By analysing the annual change of
mont hly mean discharges Boga and Nov§8Kk
water delivery is usually at April (15 % of the total amount of water). Others also
emphasize the importance of spring flo@sl point out that June rainfall may
cause only a secondary flood wave (Csoma 1975). The minimum water delivery
is at October, equalling 4.5 % of the total mean annual discharge (Boga and
Nov8ky 1986) .

Table 1 Characteristic stage, discharge and seditnemta d v al ues at t he M:

Mur)ekgauge stations?®*, Maxi mum and mini mum ¢
MarosMur ¢ K°r ©° s/
( Mak - (Gyoma)
maximum (19762000) 624 928
Stage (cm) mean (1976000) 36
9 minimum (19762000) -104 -116
bankfull 310
maximum (976:2000) 2 420 1684
. mean (1976000) 161
Discharge (rtfs) minimum (19762000) 34 45
bankfull 850
: suspended load 8300 000
Sediment load (t/y) bed load 58 000
Specific sediment suspended load 1,6x1012
load** (t/m®) bed load 5,5x109

*source: httppwww. vi zadat . hu and Bog8r di 195
** yvalues of sediment load (t/y), divided by the mean discharge (m3/s)

At present, the slope of the studied lowland reach is 0.0028 while the mean
velocity during meaddischarges is 0.6 m/s. The greatest flood oorkavas in
1970 with a peak discharge Q) of 2420 ni/s and a water level (&) of 624
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cm. Nevertheless, the mean dischargg) (i® just 161 riYs, while the minimum
recorded discharge (Q) is 34 ni/s (Hun= -104 cm, 2003). Thus, the ratio
between maxnum and minimum values is 70gble 1).

Compared to other rivers of the region the Mavhs/r &ansports a huge
amount of sediment. The mean discharge of suspended loadd(02D5m) is
263 kg/s (8.300.000 tly), but it may increase up to 10 kg/s during floods. The
volume of the bed load (04 mm) is 09 kg/h( 28 . 000 t/ vy) (Bog
The amount of the annually transported suspended load and bed load matches to
similar values of the Tisza at T8p® a
This fact also underlines the high sediment transport rate of the Maras/e k
River.

Hydrology oft he K°r ©°s/ Cri kK River

Prior to the regulation works the hydrology of the river was determined
natural factors, such as climate, geology and shape of the catchment. Human
interventions however resulted an almost completely regulated river, with
artificial channels and reservoirs, thus the river has lost its natural character.
Floods however rise quickly due to the relief and shape of the catchment, and last
for a long time on the lower reaches due to the impounding effect of the Tisza
(Szl 8vi k 1veldprhent.of sévhre floade is also facilitated by the fact
that temporal differences might be significant in rainfall quantity and intensity,
and the 2830 % of the annual rainfall may occur within onh 82 we e ks ( Szl
1981, And- 2 0 0 2 )arrive ksl fastaasl 2Z86rhaursacsthe howvlgnd
sections, which makes flood prevention a difficult task.

As a consequence of the above the hy
fluctuating. Similarly to the Marosfu r system floods related to snow melt are
the most significant, and there can also be secondary early summer floods related
to rainfall. Besides, the role of Mediterranean airmasses durin autumn rainfall and
floods is also emphasised by some auth
was meas@d at Gyomand® i n 1970 (928 c¢cm), -16hi |l e
cm), during the later the river almost entirely dried up. Therefore, the variability
of discharges is much greater than in case of the Madros/ @able 1).

As a matter of its hydrology and catchment gggl it manly transports
suspended sediments on the lowland reaches. The greatest sediment concentration
measured was 833 gim

Regulationworks
The direction of the Marosfur and t he K°r©°s/ Crik <ch
during the Quaternary, which is refledtby the large symmetrical alluvial fan of

the Maroslu r and the great number of abandoned Holod@leestocene paleo
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channels of both rivers (Mike 1991). Meandering reaches were surrounded by
extensive swamps and wetlan@sg. 1011), and the riversiboded vast areas
every year. Inundation lasted for months, since poéms and natural levees
hindered the drainage of excess water.

Figurel0.Map of the I. Military Sur20,&ect30)1784)

During the 1819" centuries unified regulation works attempted to make huge
flood endangered lands suitable for agriculture all over the lowlands of the
Carpathian BasirfFig. 1611). The largescale works, including channelisation
and the construction of 4220 kms of artificialéeg (Dunkat al. 1996), resulted
in the protection of 21,200 Knof land, a significant achievement in Europe. In
the case of the Mardd/u r leuee construction started in 1752 and followed the
banks of the river, i n créed &little later,inhthe K©° r
beginning of the 19 century Channel adjustments were carried out mostly
between 1847 and 1872 on the Makbs/r &nd between 1855 and 1879 on the
Kero°os/ Crik. These measures reduced cha

Due to the drstic decrease in length, the slope of the Maflas/r @oubled
(from 0.0014 up to 0.0028) and the river incised approximately 1.0 m (calculation
based on decreasing lowest water stages; Rakonczai 2000). As a result of the
closeness to the rim of the lowezgsnent of the alluvial fan and the additional
slope increase, the sediment transport has become more intensive and a down fan
shift of the locus of deposition can be observed. Therefore, aggradation increased,
and led to the appearance of new bars anaddslan the river bed and the
disappearance of dxow lakes on the active floodplain (Gazdag 1964, Ihrig
1973). Traditionally the Marosfu r was an important shipping route for salt
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and timber from Transylvania to the lowlands but, by the end of edr@ury,
navigation was virtually impossible due to extensive-otidnnel bar formation.

River regulation therefore restarted in 1898eTexisting bends were preserved,
however, the lowstage channel width of the river was adjusted to 70 m at bend
apexes and 40 m at crossovers. For training the river revetments were used on the
concave and groins on the convex banks.

—

Figurell Hydrological map of the MarosMfu r @tk Ap 8t f al v a, made by
(1796).

In case of the K°r°s/ Crik the-offgsi m wa
but by deepening the channel itself. The maximum delivery rate was determined
for each tributary, and channel dimensions weneetbped in harmony with these
calculations. As a result the longest sections of artificial channels were made
along this river in Hungary during the regulation works, actually a new river
network developed on the lowlands.

After World War [. the history foregulations split up on the studied
MarosMu r ee&ch. On the lower, 28 km long Hungarian section (between the
outlet and Mak-) river training contir
and 53 groins were built, and the radius of the bends was adjusted-80G00.
However, at the same timeh e upper section between N
a border between Hungary and Romania. As no regulations were subsequently
carried out on this reach it has been unmanaged for almost 90 years. Through the
lack of bank protection, and due to the formerhaightened channel, the river
bed of the Maro8iu r wigened (up to 300 m at some places), and new braids
were born with islands and several different bar types, resulting in frequent
thalweg shifts (Kiss and Sipos 2003). Aerial photographs and modern maps also
show island braided reaches. The lengtlthese on the managed 28 km long
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section is only 1 km; however on the unmanaged 22 km upstream, it increases to
6.6 km. Channel pattern changes were evaluated as a sensitive response to
channelisation works (Sipos and Kiss 2003).

Hydraulical and sedimernitmgical data of the Marosfu r glat the river to
the meandering region on either the Leopold and Wolman (1957), Parker (1976)
or van der Berg graphs (1995) (Sipos and Kiss 2004). However, the width/depth
ratio of some sections exceeds the value of 50, determined by Fergusson (1987
as a threshold for braiding. These crssstions correspond well to that of sand
bedded rivers with high bddad discharge (Schumm 19&%idge 2003)

Geomorphological issues related to channel formation
Riverbed development on the Mardbl r at differentwater stages

Preliminaries

The role of different water stages in the rib&d dynamics of braided and
slightly sinuous rivers is rarely discussed in geomorphological research. Most
investigators concentrate on the effect of a single flood evenn whelying
changes in channel pattern, ffarmation or bedoad processes (e.g. Borsy 1972,
Wolman and Gerson 1978, Osterkamp and Costa 1987, Kochel 1988, Magilligan
1992; etc.).

A common difficulty in such investigations is the collection of precise and
both spatially and temporally high density data. In most cases the solution to this
problem is the restriction of data collection to short river sections, rivers of
relatively low discharge, or to a short period of time. Another problem, which is
emphasizd i n Whitingbds (1997) study on f|
topography at two different water stages, is in relation to the relative depth of
flow, which significantly influences the various terms in governing equations, and
leads different researafseto a variety of conclusions. The measurements of Ryan
et al. (2002) also support this idea. In addition, they emphasize that a shift from
low to moderate transport of bed load occurs typically at about 80 per cent of
bankfull discharge. Inevitably, thidata should be important in terms of the
character of bed topography changes at different discharges. In all, the role of
different stages must be considered when channel geometry and bed topography
are investigated (Jackson 1975, Dietritlal. 1984).

Channel parameters and bed forms are studied most frequently in connection
with floods, since dune and bar formation is the most dramatic and spectacular at
the high stage (Bridget al. 1986, Ham and Church 2000). Meanwhile, the
investigation of a longeriver reach has proved that the growth, decay and
migration rates of dunes during floods are dissimilar at various sections during
varied flood episodes (Lane and Richards 1997, Wilbers and Brinke 2003). In
another case Eaton and Lapointe (2001) found tthatfloods of very different
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parameters did not cause qualitative changes in channel morphology. The
importance of relatively lownagnitude floods in the development of
disequilibrium state was also proved (Fulletaal. 2003). In the absence of large
floods, beematerial transport rates decline over time, and material is mainly
transported by higher stages which occur several times a year (Mosley and Jowett
1999, Ham and Church 2000). Based on N
free period subsequetd a great flood, the distribution of residual water depths
may alter significantly. Mean residual water depth and depth variability increase
over time, while the length of channel occupied by riffles decreases, resulting in
an increase in the degree oédbheterogeneity relative to the time since the
disturbance.

On a few occasions, rising and falling stages have also been investigated.
Bridge and Jarvis (1982) found no evidence for the alteration of hydraulic
geometry at the falling or rising stages, artdtendency was discovered in terms
of the various crossections at any of the measuring stations. According to
Carlinget al. (2000), during the rising river stage, dunes tend to grow in height.
However, during steady or falling stages the diminishinged actually increase
in unit bedload volume by a process of increased leeside accumulation.

In considering the role of low stages in channel development, it is
nevertheless accepted that even low discharges should be considered in terms of
bed formation(Bridge, 2003). Different authors have different views on the
active processes in braided rivers during low stages. According to Friedrahn
(1996), as a result of sediment input during high flow, the bed level rises; at lower
stages the narrowing ahnel incises and thus high portions of the former river
bed are left behind. On the other hand, some other studies report aggradation in
the river bed during low stages (Owegtsal. 1999, Ashworthet al. 2000). The
model of Nicholas (2000) suggests thedided rivers may transport a significant
proportion of their annual bed load during lower discharge periods.

In order to study bed evolution we have chosen the Mdros/ Riwer,
which is the second largest sameldded river on the Hungarian Great Plain.
During the 19th century river regulation works, the meanders were cut off, the
river bed was straightened and bars and islands started to develop. The lower 30
km section of the studied reach is still managed, but the upper 20 km has
developed without huam intervention since World War 1.

One aim of the investigation was to determine the role of different stages on
the crosssectional channel geometry of a large river, with special attention to
low-stage processes. A further aim was to locate braids, ahécbuspected to be
the most significant zones of sedimentation along the river channel, and to
determine their function in rivdved development (depositidrerosion).
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Study area

The MarogM u r River is the second largest river of the Eastern Ghigra
Basin. It is 749 km long with a catchment area of some 30 0G0 wstly
situated in Romania. The lowest, 50 km section of the river was chosen as a study
area. Of this a 28 km long reach is located entirely in Hungarian territory, while
the remaimig 22 km is part of the border between Hungary and Romania.

Hydrological events

Since the middle of the T&entury, hydrological measurements have been

taken continuously on Hungarian rivers. On the reach studied, the daily stage and

discharge data meas e ment s
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set to the level of the lowest water observed prior to 1876.Since then due to the
decrease of low water levels, negatixalues have also appeared in records.

At the beginning of the period studied (from 1940 to 1981), floods (stages
higher, than 350 cm) were common almost every year (Fig. 12). After 1981
several floodree years followed. The durability of floods on MdiMsl r & K
much shorter than on other rivers in the Carpathian Basin. The floodplain is
inundated by the river on average 6 days a year; however, during the record flood

of 1970 stages remained above bankfull for 81 days.
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Based on the analysis of the 65 year gauging data set, the mean stage is
approximately 54 cm, while the mode of the data set i$Gatm, suggesting the
importance of low stages. Between 1940 and 1981 the lowest stage never dropped
below-50 cm, but since 1981 it has been betwéghand-104 cm. The lowest
stage on record was observed at the start of our investigation in 2003. The period
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of low stages lasts apptimately 10 months starting in June and terminating in
March. The decreasing values ofddand H,, during the last 20 years suggest a
climatic change in the catchment area, which may be the reason for such
extremely low stages.
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Figurel3. Hydrograpn s howi ng daily gauging data rec
2000 to 2004.

The extreme lowstage period followed a medium sized flood in 200Q.¢H
500 cm Qux = 1170 nils) lasting for 2 weeks. For the rest of the year an
unusually long lowstage pend followed, when the water level never exceeded 0
cm (Fig. 13).The period between 2001 and 2003 was also characterised by low
discharges, the water level hardly reaching the level of half bank height.
However, daily stage fluctuations have been significaccasionally exceeding
20 cm/day. At the beginning of 2004 a small flood was observgg 440 cm),
but since then the stage and the rate of watesl changes have corresponded
well to usual seasonal tendencies. The mean water stage for theypass Svas
10 cm, while the most frequently occurring stage & cm.

Methods

Data collection was undertaken at different spatial and temporal scale. Width
measurements were done along the whole 50 km long sectionsegsns were
surveyed in five kaids, andaa&s t at i on data were gained
station. The longest period was covered by width measurements (from 1953), at
a-station data are available since 1988, and the -sext®onal measurements
within braids started in 2003. Hereatd collected between 2003 and 2004 are
analysed.

Before studying the role of different stages, their definition is necessary.
Based on the lonterm data set, those stages were considered low, which did not
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exceed fi00 ocmeteo(® = 150 ®s). Actouing to the calculations
made by T°r°k (1977), the channék). form
The bankfull level is at 310 cm (Q = 8507/8). Water levels above this are
considered as floods.

At-a-station crosssectional measurements

Data were collected by the Hungari an
bet ween the same fixed points every mc
certain hydrological periods (floods, extreme low waters) the measurements were
more frequent, sometimes egied daily or even as often as every eight hours.
The depth was measured every 2 m to an accuracy of 1.0 cm. At the same time,
discharge and velocity were also measured, but neldaettransport rate.

From 1988 on, 365 atstation crossectional dataets are available. These
sets represent different water stages and so, the relationship between water stages
and different crossectional parameters can be studied. Maximum and mean
depths and depth variability were determined. Depth variability isitfexethce
between the maximum and mean depth, and refers to the shape of the river bed, as
increasing difference implies a deeper thalweg, thus greater heterogeneity of bed
topography.

Width measurements on the whole reach

In order to identify longerm width changes on the 50 km river section and
the place of potentially braided structures, measurements were done on aerial
photographs and map series from five dates (1953, 1973, 1981, 1991 and 2000)
using Erdas Imagine 8.4 and Arc View 3.1 software. Orgtwecorrected layers
the bankines were digitized and a centreline was drawn for each date. On the
basis of individual centrelines a line was interpolated, along which the width of
the channel was measured every 100 m for each date.

The location of potetial braids was determined by the average difference of
maximum and minimum values per km (ad value). Those sections were
considered braids where the difference between a section of peak width and the
oncoming narrowest section exceeded the ad valuedioea date.

Downstream crossectional measurements in braids

The underwater parts of downstream c¥ssstions at the chosen braids were
surveyed with sonar equipment and a measuring rod. The width of the sections
and height data of the emerged barsewdetermined with Total Station. The
geographical position of crosection end points was measured with GPS.
Perpendicular crossections were made approximately every 100 m or, if the
diversity of bed forms required, the distance between sections wesasied.
Between the end points of neighbouring sections, diagonal sections were also
sampled to increase the reliability of mean depth data. In all, 122 sections were
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made per survey. Data were gained from every 2.0 meters of the sections. Depth
and heightvalues were normalized to the water level of the channel forming
discharge (248 cm).

Measurements were performed on three different dates over the course of a
year. Low water measurements were made in September 20038@icm) and
October 2004 (H =49 cm), while after the falling stage, cressctions were
made in May 2004 at around the 65 year mean water level (H= §1Rig1 13).
Flood-stage measurements have not been made yet due to flashy and fierce waters
making movement on the river almost impbks

Results

Long term bar scale changes

The graph of average-atstation crossectional parameters plotted against
water stage shows that, as the water level rises, -sexti®ns become more
asymmetric, because the thalweg is better defined thaughrage maximum
depths do not change significantly. The average maximum depth is 5.15 m and
5.43 m at low and at flood stages, respectively, and this increases slightly by stage
(Fig. 14). However, during low stages the mean depth values are greatdre and
river becomes shallower on average by 0.6 m when water level reaches the
highest category. This suggests that, during floods, large amounts of sediment are
accumulated in the river bed, but that this will erode during low stages.

6.5 A maximum depth

6.0 o ¢ mean deptp LA

mean depth (m)

w w KA A G O
© v o v o

100 0 100 200 300 400 500 600
water level (cm)

Figure14. At-a-station mean depth and maximum depth values (m) plotted against water
stage (cm) (from 1988 to 2004)
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In order to reinforce this, 171 lestage crossections were evaluated. Here
the longest lowstage data set (18 measurements) from the period of July 1990
and April 1991 is analysed, when water
15a). In the summer of 1990 water stages varied betiéemnd-100 cm (Q =
3551 ni/s). The mean and maximum depth increased by 20 cm and 28 cm,
respectively, equalling a 26°nerosssectional area increase. In the autumn the
water stage rose by 50 cm (Q=680 ni/s), resulting in an aggradation of 22 cm
thick sediment in the crosgection. During the winter the water level fluctuated
between-25 and-75 cm and thus the erosi@i the river bed restarted with
simultaneous thalweg shifts. A slight increase in maximum and mean depth was
measured, though depth variability was no greater, than 0.4. Across -alldgev
periods the maximum increase in crgsgtional area was 28%. dldata proved
that the dominant process during low stages is erosion, which is intensified by
frequent thalweg changes.

Bed processes related to chadimeiming discharge were studied at periods
when stages varied between 250 and 350 cm (Q =85801i/s), nearing flood
discharges, but with a water level below bankfull. The longest chéomeing
period was in Marct\pril 1988, when three smaller flodike waves succeeded
(Fig. 15B. During the first wave, which was the highest,{#369 cm) and
brought he greatest discharge {Q= 765 ni/s), the value of maximum and mean
depth changed cyclically by 1.0 m within2ldays. Consequently, during this
period a great amount of sediment was transported through thesentigs. The
change of bed topography g@sts that the transport was maintained in the form
of mid-channel bars and dunes. During the falling stage the maximum depth was
reduced to 45600 cm, and the mean depth decreased simultaneously. Therefore
the surface of the bed became more even andtel@\due to aggradation and
frequent thalweg shifts.

Since 1988 only two floods have occurred on the Mbfost €998 and
2000). To show the role of floods in bed formation, the spring flood of 2003
(MarchrMay) was choserfFig. 159, as it provided theohgest crossectional
data set (27). Until the peak stage was reached, the maximum depth increased
twice (up to 5.9 and 5.5 m). However;between the two dates it varied around
5.0 m. Meanwhile, the mean depth continuously decreased, which meant that a
great amount of sediment reached the section, though it was transported away.
During the falling stage, the maximum depth changed slightly, but mean depth
increased further on. This should mean that the transport rate became smaller than
it was during theising stage. A comparison of the cressctions before and after
the flood shows that the depth variability decreased to 0.85, and their area was
reduced by 14 m(15%), suggesting rivered aggradation during the falling
stage, though the transport ratamained significant. The phenomenon is also
shown by the discharge vs. watevel curveg(Fig. 16) ofgreatest floods (1938,
1970, 1998, 2000). The watlmvel values belonging to the same discharge at the
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falling stage (upper section of the curve) dwags higher by 0-4.0 m, than at
the rising stage, implying a similar aggradation rate.
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Downstream width change, and iddytng braids

The available getformatical database on channel width enabled detailed
planimetric analysis from 1953 till 1991. In case of the first date, the mean width
of the whole reach was 150 m. However there is a sharp fall in width data at
around ® km from dischargeHig. 17ab, Fig. 18). Upstream from this point 190
m and 114 m were the mean and the minimum width, while downstream they
were 124 m and 53 m, respectively (Table e difference between the two
identified sections was characteristic all periods, as the upper part was
consequently wider than the lower section. The shift in mean width data coincides
with the limit of the length along which the river is managed with revetments and
groins (Fig. 18).

Table 2 Changes in maximum and arewidth values on narrow sections and in braids
between 1953 and 1991.

managed reach {80 km) unmanaged reach (D km)
1953 1973 1981 1991 1953 1973 1981 1991
Wax (M) 231 219 197 191 333 304 2883 304
Winin (M) 53 70 65 55 114 111 95 87
braid wmea 161 150 141 135 229 209 200 190
(m)
narrow 118 115 109 101 171 166 153 147
section
wmean (m)
wmean (m) 124 121 114 106 190 180 167 163
140 }ﬂ]
100 fH M
W I
g i A ﬂ A | i v/ | Hl
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Figure18. Width changes between 1953 and 1991, and the position of revetments and
groins.
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As mean data was calated from a great diversity of widths at the different
dates, the calculation of frequencies concerning widths was necessary in order to
shed light on the changeability of channel width. Frequency calculations were
made separately for the upstream andmkiream reaches (Fig. 19). Downstream
curves are narrower, implying that width values are more homogenous, while
upstream curves are more asymmetric and show a great heterogenity of widths,
with several peaks. When considering the peak of the curvedferedi dates,
there is a move toward lower width values on both sections.

This tendency is also reflected in maximum, minimum and mean values
(Table 2). Mean width decreased by 15 % from 1953 to 1991 (Fig 18.), while
maximum values decreased by 9 % aBd% on the upstream and downstream
sections respectively. In relation to minimum values, there is a drop from 114 m
to 87 m on the upstream section, while in terms of the downstream section there is
almost no difference (Table2). There ax® possible cases for the changes, both
occurring in the 1940s. At the beginning of the decade bankfull and flood stages
were frequent and so a great number of large bars developed. The cutting of
riparian vegetation for war purposes coincided with this process, amtecem
bank erosion and thus channel widening. From then on, as flood frequency
dropped, and lovstage periods lengthened, vegetation could colonise the banks
and extensive sidear surfaces (Kiss and Sipos 2003).
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Figure19. Frequency of width classen the unmanaged (3@ km) and the managed
(0-30 km) reaches at the different dates.
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Table. 3 Position, number and average spacing of braids on the study reach.

1953 1973 1981 1991

ad value 76 75 69 63
109 - - -
126 127 126 12.6
Position of - 142 142 14.1
braids on the 16-3 8 1?4 1?'4
managed reach* :
- - - 18.2
- - 19.2 19.2
25.3 - - -
304 304 303 303
314 314 314 314
325 - - -
- 33 329 329
34 - - -
353 356 355 355
- 37 36.8 36.8
Position of i ] 38 i
braids on the 3?'9 3?'1 32_;'9 232
unmanaged reach * '
- - 40.3 -
- 42.1 - -
428 429 428 427
43.8 44 44 43.9
45.5 - - 45.6
475 475 475 A47.5%
48.7 48.7 48.7 48.7*
49.8 499 49.9 49.9*
No. of braiddower sction 5 2 5 5
No. of braidsupper section 12 12 14 13
average spacingpper section 176 177 168 1.7
*position: distance of the braidos

peak

** aerial photographs did not cover the uppermost 3 km. Supposed location ppatbed

constant position of braids.

Short term braid scale changes

In the last fifty years the width of the river has varied significantly and the

presence of widened, braii#te structures is obvious. Their identification was
based on the ad value, whigaries between 686 m/km over the four dates and
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thus represents 5B % of the average width at egoériod (Fig 17ab). In terms

of the upstream region, differences are even more emphasized and the ad value
can rise to 185 m/km (in 1981). This is dwethe presence of areas where the
channel significantly widens then narrows. These units are island and bar braided
or potentially island braided structures. The number of identified braids is varying
between 14 and 19 on the whole reach at the four ddteslace of braids on the
managed section was changing continuously, which was due to river management
affecting channel width. However, the position of 3 braids seems to be constant
from 1953. The number of upstream, unmanaged braids is between 12.and 1
From them 8 braids were stable during the investigated period. The most changes
on this section can be related to widened straight reach betwegh K8 from

the outlet, in which the place of braids can change easily (Table 3). The position
of stable lbaids may slightly change over time mainly through narroveintheir
downstream end, and the widening of upstream sections. Braids upstream are
much wider, with an average maximum width of 28D m as opposed to the
160-180 m value of downstream braiddghich only develop where no revetments

or groins hinder the evolution of the river bed.

Due to slight changes in their position, necessarily, the spacing of braids is
quite constant at the four dates, and resembles a-pite sequence on the
upstream rach. The wavelength of the rifffgool sequence is approximately 1.7
km. However the distance between braids can be difféFaite 3).

Crosssections made at braids were used for investigating changes in channel
geometry at different stages, and definitng function of braids in sediment
transport in time and space. Braids were chosen in order to represent the
upstream, unmanaged reach (site N@) land the downstream, managed reach
(site No. 45), too Fig. 20).An important characteristic of the sdied braids is
that those upstream contain islands, while those downstream do not.

Figure20. The studied braids (sites Ne5) and the location of perpendicular cross
sections, along which depth measurements were done in 2003 and 2004.
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The mean depthalue for a whole braid was calculated as a sum of all depth
data, and it was evaluated as a value resembling sediment storage, since the
density of sampling was relatively high. Change in the mean depth was well
observable in terms of the braids on thettgasn reach. At study site No.1 the
difference between the leatage and the fallingtage values was 9.6 % and 8.0
%, however, going downstream these differences faded first to 6.6 % (site No. 2.),
then to values around % (site No. 3)Table 4).The snallest changes (0 and
2.1 %) were observed in terms of study site No. 4, which is managed by both
groins and revetments. In case of study site No. 5 the differences were similar to
those of at site No. 3, even though the previous is located on the magaged
(but without groins or revetments), and the later one at the lower end of the
unmanaged reach. This implies that both sections experienced similar changes in
terms of the summed cresectional mean depth data, however, upstream braids
(site No.x2) were seemingly more variable in this respect.

The tendency of change is also obvious. The two autumn data in 2003 and
2004 represented almost the same values, the difference between these was lower,
than 2 %; and seemingly 2003 lestage data were hightttan those measured in
2004. Fallingstage mean depths were always lower, thandtage mean depths.
Thus, at low stage each braid, except the managed one, experienced net sediment
loss that was resulted by the -audishing of previously deposited sedimend
bar forms. The sediment or b&wmhd input therefore, is due to floods and high
water stage periods at springtime. The difference of the two autumn surveys
suggests that the longer the lgtage period is the more sediment is removed
from the channel.

Table 4 Summed mean depth data of the studied braids at dates of investigation.

site site site site site

No.1 No.2 No.3 No.4 No.5
Omean2003 low stage (m) 4.05 n.d. 4.06 4.20 4.20
Omean2004 falling stage (m) 3.66 3.54 3.88 4.11 4.04
Jmean2004 lowstage (m) 3.98 3.79 4.07 4.11 4.14
Difference of 2003 low stage and
2004 falling stage (%) 9.6 n.d. 4.4 2.1 3.8
Difference of 2004 low stage and 8.0 6.6 4.7 0.0 24

2004 falling stage (%)

By comparing individual perpendicular cressctions at differandates, we
can receive information on the location of accumulation and erosion at the braid
scale during different water stages. Change of esesional mean depths at the
three dates (representing two typieedter stages) are shown in Fig. Zlaln
case of study site No.1 upstream sections experienced accumulation during the
falling stage of the 2004 flood; e.g. the mean depth of section A at spring in 2004
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was shallower, than at the previous and subsequent low water surveys by 0.90 and
0.53 m, respawvely (Figs. 20 and 21a). Downstream sections represented
continuously decreasing accumulation, and there was a change from section H,
where fallingstage data were higher, thus net erosion could be suspected at the
lower end of the braid compared to antudata. The depth values of the cross
section series at the two low water stages represented an almost even distribution
of mean depths in the braid during these periods, while the shape of the 2004
spring line resembles a sediment plug in the upstredmohdhe site, which

might represented a local and temporal riffteol setting within the braid (Fig.

21a). The maximum depth variability of the braid was different after falling (2,9)
and during low stages (1,5) referring to the decrease invegrhéerogeneity

and the dominance of sheet erosion.

At site No.3 the maximum difference in mean depth at the same section was
0.97 m (section C). This site showed a similar process concerning the location of
accumulation and erosion (Fig. 21b), i.e. durindirfgl stage accumulation
occurred predominantly at the upstream end. Thesrdiffte compared to the
previous site was that the local rifi@ol system in the braid was apparent at low
water stages, too.
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Figure21. Mean depth changes at cresesctionof the studied braids at different stages.

On the managed reach, braid at site No.4 also represented increased
sedimentation upstream, however the difference in mean depth data was much
less, than at other places (0.39 m at section E), and-sgotsensresembled an
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almost even bed surface at eaetes (Fig. 21c). Site No.5, which is neighboured

by trained reaches but itself is not managed neither by groins nor revetments,
represented different accumulation processes, than any other braids analysed
before. Increased sedimentation subsequent to the falling stage could be observed
in case of downstream sections within the braid (0.5 m), while upstream
sections experienced erosion from autumn 2003 to spring 2004, which means that
the evolving sedimenplug was positioned downstream (Fig. 21d). Maximum
depth variability after falling stage was lower (1.9), than in upstream braids,
suggesting that floods formed smaller bars in height, and the main thalweg was
blocked, decreasing the heterogeneity of the. IDuring lowstage, as opposed to
other cases, the value increased (2.8) probably due to the more stable position and
less diversion of the thalweg, which resulted a more pronounced linear erosion.

Discussion and conclusions

The role of stages in beaifmation

Results on mean depth and cresstional measurements have shown that
each stages have their own function in transportation processes ontzeddad
river like MarosMu r,ewvkere discharge and water level change rapidly and
frequently during th year.

During floods, bankfull and channel forming discharges a great volume of
sediment may be transported through csesgions of the channel in the form of
sediment pulses day by day. Thalweg shifts are frequent, and most of the
sediment is carriechidunes the height of which can reach at least 1 m, thus depth
variability may reach quite high values, e.g. in 1998 during the peak discharge it
was 1.7 at narrow sections.

After floods or any cases when the water level falls at least 50 cm at a rate of
10 cm/day, accumulation will be the dominant process. However, the amount of
deposited sediment differs greatly if straight and braided sections are considered.
The ata-station data and the discharge vs. wddeel curves suggest that in
straight reachethe decrease of depth, i.e. aggradation can bd.0.f, which
means a 145 % (1014 nf) decrease in the cresectional area. In the braids the
values of aggradation can reach up to 22 % (1&0ancertain crossections,
however, in average a 15 % sssectional change was measured here, too. The
way of sedimentation differs in the narrow, straight and in the braided sections, as
it is shown by depth variability values. In the narrow sections the surface during
falling stages becomes even (depth \a@lity = 0.85), but in the braids the
accumulation forms large bars and depth differences are greater (depth variability
=1.93.0).

Aggradation at falling stage will provide deposits for low water sediment
transport. During londpsting lowstage periodsmost of the accumulated
sediment is relocated. Therefore, in narrow reaches-samt®nal area increases,
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which means net erosion and an increase in mean depth. Braids experience similar
transportation processes, when the mean of all s@s$ons is cosidered
however, there are well separable functional and morphological zones within one
braid structure. In case of some individual cfesstions aggradation can also be
observed, as a result of relocation. In cases of upper braids and narrow sections by
the end of the lovstage period depth variability values decrease to 1.6 and 0.4,
respectively, and crossections reflect more homogeneous Hged topography,
suggesting rather sheet than linear erosion durinestage transport. In the lower
braids @pth variability increased by low stage, implying the importance of a
single thalweg in linear erosion. The effectiveness of-dtage periods in
transporting bed load is even more significant, if there are frequeb@®E@m
fluctuations in the water leyewhich act like small floods, and deposit further
sediment ready to be relocated.

Function and characteristics of braids

Concerning total amount of sediment deposited during falling stage, braids
store overwhelmingly more, than straight, narrow reachisrefore, their role
must be significant in influencing transportation processes, through the storage of
large volumes of sediment subsequent to floods and the continuous release of
them during low stage.

The difference in location of sedimentation iraids is mainly reasoned by
the structure of these units. At those braids, which are characterised by islands the
sediment plug of the falling stage is deposited at their upstream end, because
i slands, usually |l ocated atam potwver bybr ai
decreasing channel width. Thus, they create a transportation zone in the
downstream end. Braids with no islands are more likely to experience deposition
at their downstream end during falling stage. However, increased bar formation
due to extrene floods might create surfaces for vegetation to colonise, which after
all, may lead to the development of islands and finally the shift of transportation
zone (Fig.22). Thus concerning braids two types of general setup can be
separated: a pfislandformation and a posslandformation state. These states
basically determine the locus of deposition.

In upstream braids with islands usually more sediment is accumulated. The
change in the average cres=ctional area is the greatest in the uppermost braid
(10 %), going downstream on the unmanaged reach the value decreases (6%),
while concerning the managed reach in braids without islands it falls to 3 % and 4
%, meaning a one half reduction in the storage function of the braids.

Difference in braids also ppears when taking a look at their width
conditions, namely braids on the unmanaged reach are wider, than those
downstream. However, a constant tightening of braids was observed during the
last fifty years, and the rate of narrowing was identical, 28 %ot reaches. At
the same time, the mean width of the whole river has decreased only by 15 %,
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showing that braids are more prominent places of narrowing. Changes in the
regime of the river, and altered lande can be placed in the background of this
process. As it can be seen on the hydrograph of the last sixty years the frequency
of floods has decreased, while that of extreme low waters increased. Therefore,
the need for the sediment storing function of braids is less necessary, which leads
to their tightning. The process is carried out by vegetation colonisingoside

— Phase 1.

T e W, T
-— rla —

— Bank «—— Erosion
—-— Brink-line of bars <+— Transportation
— — Base-line of bars «---+ Accumulation

Emerged bar surface [ Island (vegetation)

Figure22. Hypothetical model of the relocation of accumulation and erosion during the
evolution of a braid.

Finally, the significant role of low stage in channel forming seeme todil
supported from two aspects. First, low waters are proved to be important in
sediment transport by eroding and relocating sediments deposited during the
falling stage of yearly reoccurring high stages. On the other hand, théelomg
increase in thdength of lowstage periods results channel narrowing and the
decline of braids.
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Long term geomorphological changes

Preliminaries

The horizontal and vertical parameters of channels (channel pattern), affected
by several factors, are broadly discusseddifierent geomorphological and
hydrological texts (Schumm 1977, Knighton 1998, Bridge 2003, Ricéaal.

2005). The effects of different anthropogenic activities on channel morphology
are less widely investigated. However, the results of these studiss brau
incorporated into the process of river management, as is emphasized by several
authors (Newson 1997, Hey 1997, Gilvear 1999, Downs and Gregory 2004, Chin
and Gregory 2005). Furthermore, some researchers have drawn attention to the
fact that engineeng works designed to stabilise the channel and to control floods
often increased flood hazard (Tiegs and Pohl 2005, Pinter and Heine 2005).

Human activities affecting channel morphology and fluvial processes can be
quite varied. Indirect influences, incling changes of lardse and management
on the catchment, urbanisation and land drainage, can alteffrand sediment
yield. A wide range of direct impacts influence the channel itself: e.g. dams,
reservoirs and gradmontrol structures, channelizatioaytificial cutoffs and
rectification, instream mining, installation of groynes, artificial bank stabilisation
etc. (Newsoret al. 1997, Knighton 1998 Jribelarreaet al. 2003, Antonelli et al.

2004).

Land management and urbanisation usually change bgdiolbgy, thus
these can substantially alter flood frequency and lead to increased flood hazard
(Stover and Montgomery 2001, Kondadt al. 2002). Nevertheless, indirect
human impacts are very often combined with local channel transformations, as in
the cae of Italian and Alpine rivers, where catchment scale and local impacts
were superimposed and led to incision. The first phase of incision (at the end of
the 19th c.) was derived from lainde and landnanagement changes, while the
second phase (19460) was the result of instream gravel mining and construction
of upstream dams (Rinaldi and Simon 1998). The same phases were divided by
Antonelli et al. (2004) on the Rhone River, though they describe the second half
of the 20th century as a relaxation periafier human and climate induced
channel adjustments. By contrast, sedimentation of the-bee@rduring the last
20 years has been reported on the Yellow River after a significarbffrun
decrease from the catchment due to climate change and altered activdies
(Xu 2002).

Direct anthropogenic interventions on lowland alluvial rivers primarily aim at
ensuring navigation and enhancing flood control. However, measures may lead to
|l ong profile degradation, channett nar
incision (Rinaldi and Simon 1998, Arnaf@dssetta 2003, Surian and Rinaldi
2003). Channelisation is one of the typical approaches during river training. Its
effects were studied by Brookes (1985) and Yatesal. (2003). Both of them
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found that channdation resulted an increase in slope and a decrease in
roughness. The use of artificial eoffs is another frequent method of training,
especially in case of large alluvial rivers. Investigations show that it leads to
increased stream power (Laczay 194} bedoad transport (Biedenhast al.

2000), which can change channel geometry and water surface profiles (Smith and
Winkley 1996). Processes are very similar to those acting in the case of a natural
cut-off (rapid widening, accelerated bank erosiamrrfation of bars and riffles
etc.), and in most cases, following the rapid changes of the figsy@ars, the
channel needs an additional few years to relax and to become stable (Hooke
1995).

Study Area

The MarosMu r River is the second largest riveirtbe Eastern Carpathian
Basin. It is 749 km long with a catchment area of some 30 000 km2, mostly
situated in Romania. The lowest, 50 km section of the river was chosen as a study
area. Of this a 28 km long reach is located entirely in Hungarian teyntiile
the remaining 22 km is part of the border between Hungary and Romania.

Methods

On the Maro¥iu r éwdrological survey maps were not made, thus a
regulation map series (1829), military survey maps (1865) and aerial photographs
(1950, 1973, 2000) were used for the analysis. The earliest map series had a very
good resolution, still, because of acty problems it was only used for the
determination of relative indices.

Maps of different projection systems and aerial photographs were
geocorrected by AutoDesk Land Desktop 2004 and Erdas 8.4 softwares, and
transformed into the Unified Hungarian ProjentSystem (EOV). Subsequent to
this the centrdine and inflection points of the studied reach were determined by
measuring and halving the distance between {iark at every 100 m. Based on
this planform parameters, such as sinuosity (S), meandeemgthl/ meander
chord Il ength (alc) and total sinuosit
meanders were categorised according to the classification of Csoma (1973) and
Laczay (1982)

Results

Channel pattern change prior to the regulation works

The pbanform of the preegulation river was investigated with the help of
two map series. The base map series was originating from 1829 and made by
Szat hm8ry. This was compared to the m
made around 1865 right during thegulation works. The original course of the
river could be unambiguously identified on this map series as well. On the
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investigated reach the average sinuosity of the river was 2.09 and 2.16, however,
based on the direction of flow, morphology of meandbesinvestigated reach

can be divided into four sections. If these are compared, than morphological
factors show significant differencéBable 5)

Table 5 Morphological parameterson the lower 50 km of the river prior to the regulations.

1829 1865
S EP i / h S EP i / h| p(m)
Section 1. 1,32 1,74 1,24 1,46 1,66 1,17 8537
Section 2.| 2,23 2,76 1,68 2,17 2,91 1,70 32027
Section 3.| 2,01 2,01 1,63 2,05 2,20 1,40 29048
Section 4. 2,58 2,58 1,68 2,71 2,71 1,65 26532
Entire 2,09 2,31 1,64 2,16 2,48 1,57 96144
section

The most upstream section was characterised by meanders dissected by
islands, the sinuosity of the main channel was the lowest here. The a/c ratio was
right at the limit of welldeveloped meanders according to the classification of
Csoma(1973) and Laczay (1982) (Table 5, Fig 23). The width of islands on this
section did hardly exceed the double of the net channel width, suggesting that
these forms are reflecting a braided pattern. As a consequence Section 1.
represented a transitional ttdetween meandering and braided patterns.

Section 2 was characterized firstly by a main channel with well developed
and mature meanders, and subchannels which themselves were meandering too.
Sinuosity and the a/c values were considerably higher herée(®abig. 23). In
1829 and 1865 52 % and 43 % of meanders were falling to the mature category
and first one, later two ovenature meanders could be identified on this section.
Section 2. also contained islands, but the maximum width of these was
approximately 4.5 times greater than the net width of the channel, thus these
islands were probably dissected from the floodplain. the more detailed 1829 maps
show in channel bars primarily at inflection points. Based on these morphological
features this sectionad also a transitional pattern, however, in all it can be
considered an anastomosing river reach. Meanwhile sub channels are also in
between meandering and braided patterns.

Concerning the next section meandering was dominant, however sinuosity
and meandecurvature decreased here. In terms of planform Section 3. was
similar to Section 1., though here, mature meanders were present in a higher
proportion (47 and 53 %).

On Section 4., close to the outlet, meanders were jammed, providing a
compound and in cexin cases distorted pattern for the river. Although Section 4.
represented only 10 % of the entire studied reach, 40 % of the meanders were
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identified here. As a consequence sinuosity was the highest here, its value was
almost double of the values of Sectil (Table 5, Fig. 23)No islands were
identified on the reach. The proportion of mature meanders was still around 50 %
but a/c values were higher even than on Section 2. Based on these Séction 3
can be regarded unambiguously meandering before ghtations.

It is obvious that both map series clearly show the spatial change of channel
patterns and meander curvature. There can be several causes in the background,
such as different slope, the fining of the material of the river bed and the banks, or
the impounding effect of the Tisza. It must also be emphasized, that according to
the digital terrain models made by Botlik (2005) the edge of the Mdros/ e K
al luvi al fan is situated at Ma k - , whi
Section 2. and 3.meaning that braided like transitional patterns are rather
characteristic on the alluvial fan, while truly meandering patterns appear only
downstream of the fan edge.

Legend

Figure23. Morphology of the Maro$/u r River prior to the regulations, based ont he
map series of Szathm8ry S8muel (1829) a

Beside spatial changes temporal differences can also be investigated with the
help of the two map series, reflecting the natural pace of river development. The
sinuosity and thushe length of the main channel increased, while average
meander curvature values decreased. Sinuosity increase was resulted by the
development of new bends (e.g. meander 3 on Section 1., and meander 58 on
Section 4.). Decreasing a/c values were due to skveasons. Firstly the
curvature of the newly developing bends is naturally lower, secondly two
meanders were cuaiff naturally between the two mapping (meander 14. and 39.),
thirdly in case of certain bends the changing position of the inflection points
resulted an increased chord length which in turn lead to a decrease in the a/c ratio
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(e.g. meander 21.). The temporal change of the a/c ratio can bers&m24.,

where positive values stand for the increase of curvature or to the development of
new berls, while negative values representaefit and replacement of inflection
points.

development of new bend-—
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Figure24. Difference of 1865 and 1829 a/c values of bends ont he studied section.

The analysis above clearly show that the river prior to the regulations was
developirg actively, its average morphological parameters significantly changed
due to the development of new bends and the naturalficaf others. It is also
clear that in between the two mapping dates considerable changes occurred on
each section, and the difence between average morphological parameters could
be as much as-80 %, suggesting intensive processes, especially in the light of
the changes in the past 50 years.

Channel pattern change in the past 50 years

The planform change of the Marbbll r was analysed with the help of
aerial photo series from 3 dates (1953, 1973, 2000). On the basis of earlier results
very slight changes were expected, and thus very precise measurements were
necessary to detect changes. Measurements were made following uniform
principles, width was measured at the same locations on each photo series, and
the centreline was drawn by using the halving points of these-seotisns.
When making average calculations for different sections, in each date the earlier
demonstrated natal border lines were considered.

In all Section 1. was affected the least by regulation activities. Here the
sinuosity values of the past 50 years fall close to that of the natatal(Table 6).
The total sinuosity of the reach has increased accotditige changes in the size
and number of ikthannel islands, however its maximum value was always the
highest on this section. Meander curvature values have also increased (Table 6).
Besides, the apex of meander 2. and 4. shiftee2090m from 1865 to 138 and
further 5660 m from 1953 to 2000 (Fig. 25). Shifting can be explained by the
maturing of the meanders and their slight downstream migration. As a conclusion
however, this section has preserved its transitional state between meandering and
braided ptterns
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Figure 25. Shifting meander apex, and meander development at bend 4. (2000 aerial photo
in the background).

";?7 nerging
he bank.

stabilisation of point bars
after 1953

o ucdle

Figure26. Shifting centreline at a straightened section (2000 aerial photo in the
background).
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Figure27. Development o mature meander (bend 29) on Section 3. (2000 aerial photo
in the background).

Figure28. Shifting of centreline due to point bar formation on Section 4. (bends 40., 41.
and 42.) (2000 aerial photo in the background).
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In case of Section 2. thenigth of the centreline decreased by 56 % from 32
14 km (Table 6). Due to increasing slope the channel slightly incised, later at
certain sections it widened and braided units of islands and bars developed. The
significant shifting of the centreline (occasally 6670 m between 1953000)
underlines the changing character of straightened Section 2 (Fig.A26a
consequence centreline length has also varied significantly, however a/c values
are far less than the threshold value (a/c = 1.1) for undevelmrads. Based on
the above, Section 2. has turned to be a truly braided reach due to the regulations.

Table 6 Change of morphological parameters determining channel pattern (length of

centerline: p, sinuosity: S, total sinuosig/P , meander curvature: al

p (m) 1953 1973 2000

Section 1. 9205 9292 9312

Section 2. 14364 14326 14340
Section 3. 16613 16716 16775
Section 4. 9132 9168 9212

Entire section 49314 49502 49639
S 1953 1973 2000

Section 1. 1,3770 1,3900 1,3921
Secton 2. 1,0213 1,0186 1,0196
Section 3. 1,1794 1,1867 1,1909
Section 4. 1,0862 1,0905 1,0957
Entire section 1,1404 1,1448 1,1478
EP 1953 1973 2000

Section 1. 2,0539 2,0103 1,9317
Section 2. 1,5877 1,5289 1,4737
Section 3. 1,2544 1,3052 1,2966
Sectian 4. 1,0862 1,0905 1,0957
Entire section 1,4537 1,4452 1,4134
a/cmean 1953 1973 2000

Section 1. 1,3187 1,3304 1,3245
Section 2. 1,0121 1,0091 1,0104
Section 3. 1,1345 1,1413 1,1449
Section 4. 1,0601 1,0633 1,0668
Entire section 1,0869 1,0897 1,0917

The length and sinuosity of the earlier meandering Section 3. has also
decreased (by 43 %) due to the regulations. Nevertheless, here a slight increase
can be detected between 1953 and 2000, but these changes were also caused by
human intervention, namelhe training of certain meanders in the 1950s. The
best example in this respect is meander(B@ 27), wherehe a/c value increased
from 1.42 to 1.50 due to regulation activities (revetments). Later, from the 1980s
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due to the formation and stabilisai of 4650 m wide point bar surfaces (Blanka

et al. 2006) inflection points were replaced, chord length increased and thus the
a/c value decreased (a/c = 1.48). As opposed to the slight overall increase of
curvature values on Section 3. 45 % of the restithdose not meet the threshold
morphological parameters of river bends.

Section 4. is outstanding in terms that its length decreased the most
drastically due to the regulations, by
of the river, as the concavbank of almost each meander is fixed by revetment
structures. On the contrary, the sinuosity of the section slightly though, but
continuously increased between 1953 and 20@ble 6). Centreline increase is
mainly resulted by changes on the meandersesloto the estuary. Here point bar
formation gradually pushes the centreline towards the protected bank (15 m in
average). Still, only 4 bends can be classified as well developed on this section
(Table 6). Based on the above it is obvious, that chaogesection 4. are the
most significant in terms of a pattern rearrangement, though this is inhibited by
bank protection structuréBig. 28.

Conclusions

In all it turned clear that due to the regulation works the rate of
morphological development has slawdown on both managed and unmanaged
sections (Fig 29)Although on certain reaches there are obvious signs of channel
pattern rearrangement, during the assessed 50 years the length of the centreline
increased only by 325 m, while sinuosity increased byyn 6 a, and th
of average meander curvature increase
decrease of total sinuosity is clear however (2.9 %), which is in close relation with
the decreasing number ofdmannel islands.

meander development on lower sections

1 variable centreline, fluctuating a/c
Il II- III B EEsw B i
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Figure29. Difference 0f1953 and 2000 a/c values of bends ont he studied section. If
compared to Fig. 24, significantly smaller changes
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Floodplain aggradation and floodplain geomorphology

Preliminaries

Extended floodplain areas were formed by the rivers of the Carpathiam Bas
however as the consequence of 1hé@lf century river regulation works the area of
floodplains were drastically decreased. The levee constructions split the uniform
floodplain to an active artificial and an inactive protected floodplain which
developedn different ways.

The development and geomorphological processes of floodplains are widely
studied. According to early researches the dominant process on floodplains is
l ater al accretion in connection with
1949, Wl man and Leopold 1957, K8r ol yi 1
Leopold (1957) 8®0 % of the floodplairmaterial is derived from lateral
accretion and only insignificant amount {20 %) is from vertical accretion
deposited during floods. However, the &tene might be even missing in case of
some floodplains (Allen 1965). Later, the researches emphasised the role of
vertical accretion in floodplain processes, highlighting overbank aggradation,
island and obow lake sedimentation (Chorley al. 1985). Rctors influencing
the devel opment of floodplains were di
(1992), where the main factors are (1) lateral pbartaccumulation; (2) vertical
accretion of floodplains in the form of natural levees, sand sheets amd fi
floodplain sediments; and (3) channel aggradation of braided rivers. In their
classification secondary processes are (1) sillimgof concave banks; (2)
aggradation of convex banks of wide rivers and (3) accretion of oxbow lakes.

The overbank sedimeation on natural floodplains is a very complex process
influenced by numerous factors, therefore its spatial and temporal pattern is quite
uneven. The overbank accumulation is greatly dependent on the gemorphological
features and micrtopography of the flodplain (natural levee, baskvamp,
drainage ditches and abandoned channels etc.), which control overbank hydraulics
(Nicholas and Walling 1997). Other factors, as riparian vegetation (Stdigédr
2001, Kiss and S&8ndor 2 ltafnel YWalling ansl Heaa n ¢ e
1998, Oroszi 2008) and etal2002halsowinfluence e f |
the sedimentation.

The natural floodplain development might be altered by human impact. Here
the key factor is the sediment discharge modification¢lvivas detected on each
continent during the last 200 years (Owenhal.2005), thus the rate of floodplain
aggradation was increased by one order approximately (i.e. Knox 1987, Florsheim
and Mount 2003, Benedetti 2003). Most studies explain it by catctsnale
human induced changes, like mining (Knox 2006), land conversion (Florsheim
and Mount 2003) , i nt enet ialf 3090n Igecceaand i ¢ u |
Pavlowsky 2004, Knox 2006, Owens and Walling 2002), timber harvest
(Constantineet al. 2005) and athropogenically induced changes in fluvial
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dynamics (Hohensinnat al. 2004, Owent al.2005). Local human impact also
can cause accelerated floodplain aggradation, like revetment construction
( K@yr 1960, Brown 1983), river regulation (Ten Brinkat al. 1998) and
creation of narrow ealRl03).i ci al fl oodpl a
However in some cases the overbank sedimentation was reduced in response
to better land management and soil conservation practices (Knox 1987, Benedetti
2003), forestation due tdepopulation and socieconomic changes (Keesstra
2007). Besides, the impact of river incision in response to channelisation can
decelerate overbank sedimentation, since incision can raise the relative elevation
of the floodplain above the river bed, teby the frequency of overbank flows
and the overbank aggradation can be reduced considerably (Wyzga 2001).

Table 7 Overbank sedimentation on the artifical floodplain of the Tisza River since the
19" century regulation works

Author Location | Method Periad | Total amount (and rate) of
overbank sedimentation
K8r ol y Along compariso| 1838 Narrow floodplains: 0.8..6 m
(1960) the Tisza| n of 1957 (0.6-1.3 cmly)
River elevations Wide floodplains: 0.2.5 m
(0.1-:0.4 cmly)
G8 beti § Tiszadob| DTM 1846 Floodplain: 0.180.59 m (0.1
al. (2002) 1983 0.4 cmly)
Szadi- |Gul 8§ ( heavy 1946 Floodplain: 0.580.60 m (0.91
al. (2008) metal 2008 cmly)
markers
Baloghet | Vezseny | pre- 1857 Floodplain: 0.40.75 m (0.20.5
al. (2005) regulation | 2005 cmly)
buried Poirt bar: 1.761.83 m (1.11.2
paleosoils cmly)
Ox-bow lake: over 1.5 m (over
1.0 cmly)
S 8 nd o Nagylr | magnetic | 1856 River bank: 0.60 m (0.4 cm/y)
Kiss T, susceptibi| 2005 Pointbar: 0.92 m (0.€m/y)
(2006) Szdnok, | lity, Floodplain: 0.35 m (0.2 cmly)
S8§ndoi M8r t (heavy Before 1975: 0.9.6
Kiss metal cmly
(2008) markers After 1975: 11.5 cmly
Sz | §v i Middle | cross 1976 Riverbank: 0.35 m (5 cmly)
(2001) and section 1983 Point bar, natural levee: 0.70 n
Lower surveys (10 cmly
Tisza
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Overbank sedimentation plays important role in the floodplain development
of the Tisza and Mardgfu r Rivers (Table 7)since they transport considerable
amount of suspended sediment and their floodplain became significantly narrower
after 19th century levee constructions. Nevertheless researches were carried out
just on the Tisza River. However, thgeomorphological setting of the
MarosMu r Riwer promotes overbank sedimentation, because its short lowland
section is situated in the front of an extended alluvial fan and the regulation work
was quite drastic, as the meandering river became almo#ly tsttaightened.

These factors altered the rate of overbank deposition by means of increased slope
and channel erosion, which increased sediment discharge. Besides, thedafd

the floodplain was also changed, as wetlands and meadows were replaced by
dense forests increasing the roughness

The present study aimed to (1) determine the rate and longitudinal variations
of overbank sedimentation on the lowland section of the Mdros/ River since
the mid19th century regulation works, and to (2) evaluate the rate of
accumulation in relation to geomorphological setting and forms of the floodplain.
The rate of overbank aggradation has key aspect in flood hydrology and flood
forecast as the elevated floodplain is able to transport less amount of water
(Keesstra 2007), thus even levee heightening might be necessary in accordance
with the amount of aggradati onetaAccor
(2002) and Kisset al. (2002 the crosssectional area of the floodplain was
already reduced by-56 % due to overbank deposition along the River Tisza
playing important role in the development of record floods betewen 1998 and
2006.

Methods

To determine the spatial and temporaltgrat of overbank sedimentation
along the Maro®Mu r ®irer two approaches were applied. The amount of
sedimentation and its longitudinal characteristics were calculated based on
elevation difference of the active and protected floodplain areas using DiiéM. T
temporal changes in sedimentation rate were determined by sediment and pollen
analysis. As the aim of the study was to specify the overbank sedimentation of the
active artificial floodplain since the regulations, the number of applicable dating
methodswas limited, therefore the pollen grains of invasive plants appearing at
known date were applied.

Digital Terrain Modelling
The DTM represents the area (250°kwf 4 km buffer zone along the 34 km
long lowland section of the Mardgiu r Riwer (Fig 30B). Between the 284
fluvial km only the northern zone was modelled because no maps were accessible
for the southern, Romanian section.
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The DTM was created in ArcGIS 8.2 applying 10 m pixel size, using
topographical maps (scale: 1:100) made in 1983. The whole area was divided
by crosssections spaced in 1 km distance parallel with each other and near
perpendicular to the Mardd/u r Riker. The measurements were made for the
areas bordered by the cresextions and the levees. In arde determine the
amount of floodplain aggradation since 1880 differences in mean elevation data
between the artificial (active) floodplain and the flgmdtected (inactive)
floodplain areas were calculated.

Danubg

HUNGARY

Figure30. The study area is located oretMarosM u r River. The digital terrain model
represents the 4 km buffer zone of the lowland section of the river. Sediment samples
were taken at three sites (Ve, Zu. Cs) fromalffs, and at Cs site from different
geomorphological units ¢3).

Sedimentologicahnd palynological analysis

The temporal variation of overbank accumulation was determined applying
sedimentological and pollen analyses. Samples were collected afFgit&9C)
where (1) the grain size distribution changed sharply after the cut off® dne
increased distance from the active channel (e.g. the sandy deposits on-the pre
regulation natural levee were covered by finer floodplain sediments, or in the cut
offs silt and clay were deposited over the coarse sand of the channel bed) and (2)
always fine floodplain sediments were deposited, e.g. in adaaknp(Table8).
Cutoffs (Csl, Zu, Ve) were sampled from boreholes (5 cm interval), while at
other sites (Cs2 and Cs3) sampling pits were established (2 cm sampling interval).
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Table 8 Main characteristics of the sampling sites

Sampling| Unit |Date ol Distance | Floodplain|Vegetatior, Sampled |Elevation
site cut off| from the | width (m) form (m asl)
active
channel
o (m)
cut-off

—_ 830
© . (CSl)I

- . meadow,| natura

C a"f‘;‘;l'a' 1846 | 840 1700 | plough [levee (Cs2| 32
o field back

8 swamp 83.2

(Cs3)

= __ |secondary

23 | alwial | 8% | 450 2100 | fOr€SS, | ot | 815
s 72 orchards
N fan

[¢b]

- plough
=2 |fioodplain| 1858 | 1740 | 2200 | M9 | oot | 780
P replaced '
> by forests

Grain size distribui on of the sampl es-pipeites det

method and wet sieving, the organic content (%) was measured following

Tyurinbdbs met hod.
Poll en extraction f o lErdomare tde spohomorpine t h o

were studied under a 48D magnificatbn, and identification was carried out

on species, genus and family levels. Pollen diagrams were drawn under Tilia and

TiliaGraph softwares. The arbour (AP) species were divided into allochthonous

species representing upstream catchment areas and aubmtighgpecies

reflecting the local environment. The allochthonous pollen were used to identify

greater floods (see Weninger and McAndrews 1989¢iXal. 1996, Constantine

et al. 2005).The herbaceous (NAP) species were also divided as above, but the

autochhonous species were grouped into associations as pondweeasetesn

reed Phragmitetey wet meadowsMolinio-Juncete® dry meadow and ruderal

weeds FestuceBrometea+Chenopodietaherbs of willow standsSalicetea

NAP) and other herbs. As introducéavasive species were used to date the

sediment, they got into a separate group. The appearance date of an invasive

species on the floodplain of the Mardsl r River was determined based on

herbariums and descriptions. Those species were used for dating, which have well

documented history and no close native relatives.
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Results

Spatial pattern of aggradation based on DTM
The reach can not be consideredas entity, as it can be divided into five
geomorphologicalinits (Fig. 31).

outlet unit floodplain unit Elevation
1 2,3 ,4,5 /6 ,7,8 ,9,10,11 (m) asl
7 12

—96

Figure31. The digital terrain model of the study area represents the active floodplain
bordered by levees, the lines frame the areas which were the basis of the height
calcdation. Based on the amount and pattern of aggradation the area was divided into five

geomorpological units.

The alluvial fan unit is the highest characterised by Pleistocene sand ridges
and shallow valleys dissecting the alluvial fan. In this unit theerggulation
MarosMu r Riwver had meanderingnastomosing pattern and slightly (0.3
m) incised floodplain. The levee was built on the edge of this lower floodplain
section(Fig. 32). During the regulations this section of the Mavhs/r Riwer
was toally straightened, thus the channel became deeper and much wider, the
pattern changed into braided (Kiss and Sipos 2007). These changes affected the
floodplain development, as along the regulated channel another lower floodplain
was developed, thereforeetfartificial floodplain can be divided into a higher and
a lower part (their difference is 0181 m). Therefore, the duration of floods is not
even on the artificial floodplain, the lower floodplain is inundated more often.
Because of these terrace suefgcit is not possible to calculate the aggradation
using the DTM.

The southern segment of the fan front unit is characterised by abandoned
meanders and pokliar remnants, whilst the higher northern part (byl1®m) is
dissected by deep valleys andrered by sand dunes. In this unit the whole active
floodplain is quite aggraded especially the areas near the active channel, though
some preregulation forms are still visible. Comparing the mean elevations the
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amount of over bank am.cSineeuHe ®levatiom of thes 1.
protected floodplain segments differs considerably, it is also possible to calculate
the amount of aggradation compared just to one flood protected segments. The
amount of overbank aggradat ioghern side, 0. 8 ¢
but 2.34N0.11 m compared to the southe

B8 : secondary alluvial fan front :
outlet unit floodplain unit Seconcary atuvias IRRBR L altuviil fin unkt o
86 : : fan unit Lunit o
: : : oo0oO -
: : ‘o © u
c 84 T : !j o L n" e
= z z PRI
— g : ] a ® b o 8
A : s F ] Al
o PO B B B : Oip a8 7
S 80— 5 at poadat
g A ,06888 006870 '
S 18t+—5—+ : : : :
%’ o : ; ] © North protected floodplain
76 : : A South protected floodplain
74 ® Artificial, active floodplain
72

1234567 8091011121314151617181920212223242526272829303132
cross-section

Figure32. Elevation differences between the northern and southern flood protected areas
and the elevation of the artificial (active) floodplain

The next unit can be considered as a secondtwyial fan, which was
developed after the levee constructions, as the form is limited to the artificial
floodplain and it is much higher than the protected-rpgulation floodplain
areas. The floogrotected area is characterised by breaches, cresplsses of
the former meanders and bamkamps. In this unit the accumulation is the
greatest (2.44N0.24 m), being the mos:H
natural levees. The aggradation shows an increasing tendency towards
downstream, which suggethe active development of the secondary alluvial fan.

Its northern and southern segments are nearly at the same elevation (height
difference 60.8 m), therefore there is no significant difference in the amount of
accumulation comparing the active flodmip height to these protected areas
(North: 2.54N0.42 m; South: 2.35N0.27

On the classical floodplain unit the fluvial form assemblage is the same as it
was in the previous unit, but here the intensive aggradation is limited along the
active channeln the form of point bars and natural levees, the further areas are
characterised by moderate aggradation. Since thergmsiation aggradation did
not bury the former geomorphological features, it can be seen that the former
floodplain was also convex. €hprotected former floodplain areas are almost at
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the same elevation (their difference: 0.3 m). In this unit the overbank
sedi mentation of the artificial flood
shows a decreasing tendersgwnstream (Fig33). Asthe elevation of the two
protected sides is almost the same, here the calculated aggradation data is
probably the most precise (North: 2.01

3.0 . - P - T .
outlet unit 5 floodplain unit isecondary o  fan front unit
25 _ : ;alluvial fan_ ,

amount of aggradation (m)
I
I
I
I
I
I
I
I
[
I
]
I
[
I
I
[
1
I
[

1 23 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24
cross-section

Figure33. Amount of aggradation on the active floodplain since levee constryd3ao
1983)

The outlet unit of the reach differs from the upstream units in its regulation
history, because here the long -offt section of the MarodMu r Riker got
outside of the artificial floodplain, thus the posgulation sediments were
deposited on a flat surface instead of a convex one. The elevation difference
between the northern and southern flgodtected area is the greatest {B.8 m)
of all units. Before the regulations the northern area was a flatdveakp with
shallow breaches, but the southern area is characterised by a greathpaleel
with high pointbar system. The amount of aggra
than it was bfre showing an increasing tendency towards the outlet of the
MarosMu r Riwer. The pattern of the accumulation is also different, as it is the
greatest in the baekwamp area instead of near the channel. In this unit the
calculated accumulation data could be distorted by the high elevations of the
southern palepoint-bars, therefore compared to the southern inactive floodplain
segment it is only 1.25N0.61 m, but c
2. 70N0. 70 m m.
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Temporal pattern of aggradation: analysis of sediment profiles

Sediment and pollen profile of aicoff (Csl) located on the fan front
unit

The sediment record of the almost totally filled up-effitwas divided into
three zones and the middle zone into two-zoiles based on the physical and
palynological character of the samp{€gy. 34).

Allochton AP Autochton AP— Lemnetea—Phrag- Festuco metea nvasive 25

Pollen density (grain/cm
Pollen =
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Figure 34. Sediment and pollen profile of a @ff (Cs1) located on the fan front unit. The
proportion (%) of pollen grains is exaggregated (10x) for better visualization, AP: arbour
species, NAP: herbaceous species.

In the lowest zone (l. 38820 cm) the saples contain high proportion (77
92 %) of sand. The coarse sand fraction-@32 mm) represents the bkdd
material of the river. The proportion of allochthonous pollen grdirsu§, Abies,
Juniperu$ is high and because they were transported frarugiper part of the
catchment, very often the grains are corroded and broken. The pollen spectrum
also reflects the environment of the site, wh8aix and Quercuswere the
dominant species of the riparian forest. The samples of the zone were deposited
before the cuioff (1846) when the channel was still active.

The samples of the middle zone (Il. 3380 cm) contain more clay and silt
(2550 %) and organic material, but sandy layers are intercalated in between
them. In the ll/a sulzone (248380 cm) pondwed speciesMyriophyllum
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Potamogetorand Nymphea appear andCarex indicates the expansion of the
marshland. The higher surfaces were covered by riparian f&atst, Quercus
PopulusandUImug, pastures and plougdtelds. This sukzone represents ax-

bow lake in its juvenile stage with deep open water. Sand and allochthonous
pdlen from the catchment were washed into the lake during floods. The sandy
layers are covered by finer, organic rich sediments deposited during falling stage

or smaller floodsThe pollen ofAmorpha fruticosavere found in the 36810 cm
sampl e, the plant appeared in ttder are
negundowas found in the 25@60 cm sample and was discovered in 1889
(Priszter 1960).

The pollen spectrum of thé/bb subzone (176245 cm) reflects mature state
of the oxbow which most of the time was wetland and open water appeared just
temporally in the deepest part during floods when allochthonous pollen were also
transported to the site. The decreased amousarad suggests that flood velocity
decreased as the enff was gradually filled up. After floods pondweeds
appeared, though the plants of wetland associations Gaéha, Carexand
Lycopu3 are continuously represented. These changes reflect the rapid
sadimentation of the cudff. Pastures and cultivated areas extended in the close
vicinity of the site (reflected by cult. Graminea@henopodium Orobanche
PlantagoandArtemisig. The pollen of the invasivBolidagosp. (at 21220 cm)
and Galinsogasp. @t 186190 cm) were found, however we could not identify
them on species level, but their different species appeared in the area between
1870 and 1902 (T2Zm8r 1948) .

In the upper zone (lll. 470 cm) the higher clay content of the samples
indicates the exuasive deposition of suspended sediment. By this time theftut
became aggraded in such extent, that it did not play role in water conductivity
during floods, so the sediment could reach this point just in suspension. The
wetland almost disappeared, hgghilous species appeared temporally during
floods. The riparian forest was driven back and near the site pasturing and
ploughing became dominant. For dating the sediment the pollékmtbirosia
artemisiifolia (115135 cm) can be applied, which appearedtmnfloodplain in
1955 (Priszter 1960).

Sediment profile of a natural levee (Cs2) on the fan front unit

The natural levee became inactive after the meander became cut off in 1846
(Fig. 30C). The sediment profile was divided into two zones (Fig. 35).uBeca
the form is elevated its material is drier, therefore no pollen gainsfawend.

In the lower zone (I. 3338 cm) the proportion of sand fraction is very high
(80-85 %), but it is slightly finer (0-D.2 mm) than the preseday bedload (0.2
0.3 mm)of the Marodlu r Riker. Between the sandy sediments silty (40 %)
and clayey (20 %) layers rich in organic material are intercalated, which were
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probably deposited during falling stage of floods. These characteristics suggest
that this zone represent the period ofechatural levee formation.
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Figure35.Sedi ment profiles of the Csordaj 8r 8§s
coring was made in a coff, the Cs2 on its natural levee and Cs3 in the backswamp area,
behind the poinbars. B: Grairsize digribution (%) of the profiles.
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The proportion of sand decreased te480% in the upper zone (I1-86 cm),
and it is mostly consists of very fine sand. The proportion of silt and clay
increases to 40 % and -3D % respectively. These samples corresponthé
postregulation period, when only suspended sediment could be transported and
deposited at the site.

Sediment profile of the baekwamp (Cs3) on the fan front unit

The site is situated near the -@it and natural levee described above. It was
enclesed by the meander just behind its pdiat system and it was always a
backswamp(Fig. 30C). Unfortunately its samples are pollen sterile.

In the lower zone of the profile (I. 1986 cm) the sand fraction is dominant
(90 %), the proportion of medium s is 60 % (Fig. 3p Finer fractions are
underrepresented and the organic content of the samples is very low. These
samples probably represent a pdiat and they were deposited when the
meander was developing and the site was at the channel. In thie zode (11.
98-198 cm) the amount of sand fraction decreases3(6@) and the medium
sand fraction is replaced by finer sand. The sediments are getting finet9854
cm), but then they become coarser agairl(®8 cm) as the proportion of sand
reaches O %. The finer sediments of the upper zone (H28cm) sign that the
active channel got far from the site, thus just suspended sediment (silt and clay
40-40 %) was deposited.

Comparing the profile to the Cs2 sediment record it becomes possible do
deternine the age of the zones. Probably the lower and middle zones were
deposited when the meander was still active, and gradually finer material was
deposited as the channel migrated away from the site. The sediments of the upper
zone were deposited after tmegulation, when only final material could be
transported here.

Sediment and pollen profile of the -@if (Zu) located on the secondary fan unit

The lowest zone (I. 17800 cm) consists of high proportion of sand-(9D
%), and the amount of medium sharepresenting the bddad material is 1435
% (Fig. 36).As these samples are almost pollen sterile it is difficult to reconstruct
the environment. The bottom sample (3D cm) contains some pollen-23
grain/cnf), whilst in the upper samples polleerssity increases simultaneously
with silt and clay content (33850 cm: 58 grain/crd; 230240 cm: 912
grain/cnf). The pollen spectrum dominated by allochthonous, mostly broken pine
pollen grains, but some autochthonous pollen also appeBaull(s, Carg,
Phragmites Gramineae and cultivated plants).

The middle zone (ll/a. 1790 cm) contains very fine material, since the
proportion of silt increases to 45 % and the clay to 25 %. Though some sandy
layers also appear, e.g. between 160 and 130 cm depshrtdraction (0-8.1
mm) has double peak. These sediment property changes reflect that the channel
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was not active any more and sandy material was transported into b jcist
during floods. The zone is rich in pollen, though the pollen densityedses
upwards (13060 cm: 54154 grain/crft 90-130 cm 354 grain/cm).
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Figure36. Sediment profiles of the studied enffs: Ve is located on the floodplain unit,
Zu is on the secondary fan unit and Csl is situated on the fan front unit.
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This zone cotains considerable amount of alochtonous grains, Fikeis
(very often broken)FagusandAlnus The pondweeds\ymphaeaMyriophyllum
and Potamogetojindicate deep water in a juvenile stagebmxv, which was
surrounded by reeds. The riparian forest \@aminated by willow and poplar
species mixed witlQuercus Fraxinus and Uimus Some lands were cultivated
nearby as it is indicated by cereals and weeds. Amerpha fruticosawas
introduced in 1885 to stabilisanditshe ri
pollen appeared in the 13210 cm sample.

In the upper zone (II/b.-80 cm) the sediment is getting even finer, as the
proportion of clay increased to 50 %. As the-afitwas aggrading and getting
shallower the velocity of the flood water decreahsensiderably, therefore just
suspended material was deposited. The intensive sedimentation is also reflected
by a 1914 map, which show a fillegh cutoff covered by wet meadow. The
pallen density of the samples is low20 grain/crf). The environmentfcthe cut
off did not change significantly, as still mixed willow stands are nearby. The
species of thePhragmiteteaare continuously represented, while thilinio-
Junceteaassociation reflect the existence of wet meadows. In the area the first
appearancef the Ambrosia artemisiifoliavas detected in 1955 (Priszter 1960),
and its pollen grains were found in samples between 70 and 80 cm. In the upper
samples (680 cm) the proportion of arboreal pollen decreases, though the
Populussp. becomes dominant iromnection with the intensive poplar forest
pl antati ons i n-offtodcane driercad dnl@arexsp.lcauld grawt
but the grasses, cereals and other cultivated plants and their weeds became more
abundant. The pollen grains of tanbrosiaare rg@resented in great number
indicating its intensive spreading, which is also proven by the air pollution data of
the last few decades (Makeaal.2005).

Sediment and pollen profile of a coff (Ve) located on the floodplain
unit

The lowest zone (I. 25860 cm) contains mostly sand (90 %), where the
high proportion (2840 %) of medium sand represents the-luedl of the pre
regulationchannel (Fig36). The pollen density of the samples is quite l0x#50
grain/cnf), except a silty sample (38%0 cm: 77pollen grain/crf). Besides of
the great number of allochthonous pollen graiBsfs, Fagusand Alnug the
local vegetation is also represented. Near the channel riparian forest dominated
(Quercus, Salixand Populug whilst the deeper areas were coveredniarshes
and wetlands.

In the middle zone (Il. 12255 cm) the grahsize and the proportion of sand
decreases (20 %). Similarly to the site at Zugoly (Zu Il/a zone) a double peak of
0.1-0.2 mm sandy deposits can be identified at-256 cm depth. Basedats
pollen content the zone can be divided. In the lowerzaue (ll/a 186255 cm)
the pollen density is high (maximum 282 grainfcah 250255 cm). There are
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numerous allochthonous pollen and their broken fragmétitaig Fagug. The
local forest wasdominated by oak, poplar and hazel. In thebow lake
Myriophyllum was typical, while many marshland species also occurred (eg.
Callitriche, LycopusandCarexsp.). The elevated surfaces were cultivated as it is
reflected by the corn pollen and some wegitsenopodiumPlantagq.

In the upper suzone (Il/b 116180 cm) the pollen density decreases40
grain/cnf). The pollen spectrum is similar to the previous-sabe, though the
proportion of hygrophilous plants decreased. Probably it is in relatidn tint
rapid aggradation of the coff which was probably dry most of the time, only
great floods could supply some water and allochthonous sediment to the
depression.

In the upper zone of the sediment profile (IH100 cm) is getting finer, as
the silt content decreases (3% %) and the clay content increases-§80%),
indicating the increasing importance of suspended sediment in overbank
sedimentation. Riparian forest is still dominant, but in the upper part of the zone
(0-50 cm)Populussp. becomesaininant in connection with the intensive forest
plantation between 1953 and 1964. The increasing proportion ofvegten
pondweeds and wetland species indicate permanent water supply, which can be
explained by the artificial modern wateatention of thecut-off.

Discussion

The average sedimentation rate of the studied area was 1.2 cm/y based on
DTM, while the sedimentological and palynological data suggesR.@.Zmly
aggradation rate. These data are higher than the sedimentation rate measured on
the Tisza River(Table 7), which can be explained by the different hydrological
characteristics of the two rivers. The MaMs/ r Riwer has higher sediment
discharge and slope, less intensive lateral migration, more irregular and narrower
floodplain and the olgt of the river is very close to the margin of the alluvial fan.
The rate of accumulation was not uniform in space nor in time, as it changed
downstream and on the different fluvial forms.

Spatial changes

Aggradation rate along the river

First of all, arelation between the active artificial floodplaindth and the
accumulation rate waanalysed (Fig37). No unambiguous link was established
bet ween the parameters, though on th
negati ve, etvah(2002¢fouGdositivé relationship between them.

However, the geomorphological unitsf the studied reach presented
characteristic tendency in the aggradation rate (Fig. 33). The overbank
sedi mentation was the most i ntensive
cmly), whereas in the outlet unit (1498 cm/y) and in the floodplain unit
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(1.96KNR0.23 cm/y) it was moderate, and
greatest difference between these units is slope, therefore the relation between the
aggradation ra& and slope was analysed (Fig. 38). These are directly proportional
on the secondary alluvial fan and on the floodplain units, though as the slope
decreases the standard deviation increases suggesting the influence of other
factors (i.e. micrerelief or vegetation). In the case of the fan front and outlet units
this relationship could not be found.
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Figure37. Relationship between the width of the artificial floodplain (m) and the amount
of aggradation (m).

On the outlet unit the slope of the river @asecondary role in aggradation,
as here the drain back effect of the Tisza is probably the major control on
sedimentation. It can be proven by the increasing tendency (Fig. 33) of the
aggradation towards the outlet (it is almost doubled) and by the rpattehe
accumulation (Fig. 32). Here the greatest amount of aggradatiot along the
active channel, but in the baskwamp area indicating the importance of particle
settling from suspension in still water. The situation is totally different in the fa
front unit, where the greatest slope and the smallest aggradation rate were
measured. This phenomenon can also be explained by the velocity conditions
(Fig. 39): here the velocity of the flood on the floodplain is quite great0(8.3
m/s) due to the get slope of the floodplain and the low vegetational roughness
(dominance of pastures and plotfgglds). At this velocity the suspended
sedi ment is in transportation accordi
resulting smaller rate of aggradation.

85



slope
0.00025

{ab front uﬂi{

—
X X 4\%\{
X N
A‘b
0.00020 X <
$
(W)
Ko
0.00015
N
- .
\),i\et nit S
0.00010 i RS .
S m N
=
g " =
0.00005 + o=
(@) O
o
0.00 : : : : ; :
0.0 0.5 1.0 1.5 2.0 25 3.0

amount of aggradation (m)

Figure38. Relationship between the amount of aggradation (m) and the slope of the
artificial floodplain on the different units of the study area.

Figure39. Average flood flow velocity and the depth of the inundation on the floodplain

of the fan font unit in April, 2006.
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