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1. INTRODUCTION, AIMS

River Maros is the fourth largest river in the Gattpan Basin
considering its catchment area (30 33Zkand maximum discharge (2450
m?s). The 18 century river regulations and levee constructionsthe
Hungarian Great Plain have altered the watercoofséhe Maros. The
geomorphologic evolution of the floodplain and flesd-protected area has
been separated, thus modified along the lowlantioseof the river. The
pattern of the river was altered from meanderingttaight and sinous, thus
the rate of channel migration decreased dramaticakspecially
downstream from Maké. Floodplain aggradation bectraenost important
geomorphological process on the floodplain, becatlse considerable
suspended sediment discharge of the river causedaised accumulation
on the artificially narrower floodplain. Accelerdteaccumulation of the
investigated Hungarian floodplain section were aisfluenced by its
relative position to the alluvial fan, and by timereased channel slope and
bed scour, and decreased lateral erosion. Theséi@dogrocesses were
enhanced by vegetation changes. The cultivationthef nutrient rich
floodplain areas became cumbersome in consequéribe changed social
and financial needs. Therefore nowadays mainly stsreand dense
adventive vegetation types are typical on the foriméensively used
orchards and pastures. The above mentioned famtetdted in intensive
accumulation near the channel and in the deepés phthe floodplain (cut-
offs, pits etc.). The aggradation induces seriowsblpms from the
viewpoint of the flood-hazards through raising tlo®d levels.

The following main research aims were addressed:
1.How did the long-term floodplain aggradationerathange along the

lowland section of the River Maros? How did the ragigtion rate vary in
space and time since the mid"@ntury levee construction works?

2. What are the main influencing factors of theatgon?

3.What is the role of the different geomorpholagidandforms in
aggradation process?

4. How has the landscape and vegetation altered 36r years along the
River Maros? How does the vegetation influence athagviation of the
floodplain?

5. Are the pollen grains of adventive plant spe@pgplicable to date the
sediment and to estimate the rate of overbank sadation?



2. APPROACH AND METHODS

The research was carried out using a multiscalenaultitemporal
analysis, applying various methods on differentigtareas. It was aimed to
assess such a long reach of the river as postielefore the measurements
were carried out on four different floodplain areamar the village
Apatfalva, two sites by Makoé (Csordajaras and Zugote) and one site
was chosen at Vetyehat, near to the confluencethéttiRiver Tisza.

2.1 Assessment of the landscape changes sinc8'tredturyregulation
works until the mid-2d century

Early characteristics of the Maros floodplain wekaluated using
a historical dataset, hydrological and militaryvay maps. Based on this
data the general way of landscape changes befork ater the
channelization and levee construction works were alysed.
Simultaneously, these data supported the applicatib palynology in
determination of long-term accumulation rate.

2.2 Landuse change analysis since 1953

Detailed assessment of landuse change was camiedith the
help of aerial photograph series (1953, 1964, 12821 and 2000). As fare
as the financial background did not make possibleuy aerial photographs
for the whole Hungarian section of the River Margp floodplain areas
were chosen to evaluate landuse changes. The @adslaite (3 ki) is
characterised by continuous agricultural use antheriVetyehat site (13,2
km? silviculture was dominant. Geo-correction of thleotos was made
under Erdas Imagine 8.4 software, landuse patchere defined under
ArcView 3.2 (minimum mapping unit was 15°mTen different landuse
categories were separated: water surface, maahedand, forest, pasture,
orchards, reed, scrub, non-cultivated area, adifisurface. Constant-
analysis was carried out and category transitiotrirmawas also produced
between 1953 and 2000 to define the main types hafnges on the
floodplain and assess the steady-state conditidiegpatches.

2.3 Investigation of the floodplain’s hydraulicalughness

Hydraulic roughness caused by vegetation was aglysing the
empirical tables composed by Chow (1959), SzritiniNémeth 1959) and
Werner et al (2005). Minimum, normal and maximundfaulic roughness
values were defined for each landuse categoryflecteseasonal and other
differences (density, flexibility etc.) of the vaggon. Hydraulical
roughness waisivestigated on the whole Csordajaras and Vetysted and
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on 100 meter wide zones in line with the riverb&de analysis was based
on the area (%) of landuse types and their hy@dedutbughness to specify the
change in roughness since 1953.

2.4 The measurement of short-term accumulationezhbyg single flood
events

The thickness of freshly deposited sediment wassoed at
Apatfalva (on 34 and 101 points) and at Vetyehat349 and 456 points)
after the spring floods in 2005 and 2006. Samplias carried out along
cross-sections perpendicular to the active charBainpling was denser
near the active channel, as exponential decredhdnereased distance was
expected, as it was suggested in earlier studiégdd@ikoop and Asselmann
1998, Simm and Walling 1998, Steiger et al. 200sKT. et al. 2002).
Three cross-sections in 2005 and two added in 2086 recorded at
Apétfalva (Ap). At the Vetyehat site measurementsevmade along 12
cross-sections on the northern side of the floadp{®j) and 6 on the
southern floodplain section (Vhn 2006 further short (20 m) sections were
investigated near the active channel at Vetyelst,wanted to get clearer
picture on the increased accumulation near thevecthannel. The
thickness of fresh deposit was defined based onliftsrent colour and
texture and on the thin ,marker” layer of fallera\es from the previous
year. The thickness of point samples were meastimes times at each
point, with the acuracy of 1.0 mm, vegetation typerrounding the
sampling point was also documented. Along threessgections and on
some typical sampling points (i.e. in cut-off) tlygain-size of newly
deposited sediment was measured by Kéhn's siltind dry sieving
method. Interpolated sediment accumulation rastapsmwere generated
with Minimum Curvature method under Surfer8 softeyagrid size were set
for 5 meters. Residuals of the surface were catedlwith the same method
after an ,error decreasing iteration” published Ggiger (2002). One-
variable analysis and simple regression analysishenresulted sediment
accumulation and residual raster maps were usedrusigitgraphics Plus
5.1 software.

2.5 Assessment of long term floodplain aggradasimee the 19 century
regulation works

To determinate of long-term floodplain aggradatrate samples
were collected from characteristic parts of thedplain, where (1) marked
change occured in grain-size of the sedimets dtleetaiver regulation (i.e.
sandy surface of pre-regulation natural levee wasered by finer
sediments as the active channel was relocated)wl@ye sedimentation
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was continuous (i.e. in backswamp arée)e deposition since 1950 was
also studied on the rough sandy surface of a forb@er on the low-
floodplain at Apatfalva. Here, along cross-sectig@spendicular to the
active channel five borings were made to deterriedimit between sandy
bar sediments and silty and clayey overbank deqoBfte precise relief of
the floodplain and the bore-holes was also recotied Sokkia SET310
workstation.

Sampling was carried out on the bar surface byrgaeitype hand
auger, while in the case of the cut-offs Foldvgpet hand auger was
applied, and samples were collected from everyri@epth.Sediments of
the backswamp area and the former natural levee w@mpled in 2 cm
intervals using a pit. Grain-size of the collectsinples (Apatfalva 42,
Csordajaras 43, 54 and 55, Zugoly 41, Vetyehata®38pses) was analysed
applying dry sieving and a Kéhn Pipetten methodbaaate content was
measured by Scheibler-type calcimeter, organicestntvas measured by
spectrophotometry after a threatment inClkO; digestion (Tyurin's
method). Due to the short timescale (150 years)cthssical'*C dating
could not be applied, therefore, the pollen graihenvasive plant species
were used to date the sediments of former oxboesland to measure the
rate of accumulation. Samples were collected foirlepo analysis
(Csordajaras 43, Zugoly 41 and Vetyehat 39 samplgyomi-Erdtman’s
zinc-chloride acetholysis method was applieédllen grains were identified
under 400-600 magnification. The pollen of the mabktindant invasive
plant species were collected from the Maros floattpland photographs
were downloaded from Internet databases to creatspexial pollen
identification data set. Charcoal content of thenglas was evaluated on a
five-grade scale. Graphical lay-out of the results produced under Tilia
and Tilia-Graph softwares. The prepared absolutdlempodiagrams
contained the pollen grains of invasives in segagrbups to make the
evaluation easier.



3.RESULTS

3.1 Changes in landuse and the hydraulical rougkrdghe floodplain

3.11

3.1.2

3.1.3

Based on the historical dataset and and formerrgebgal names
the changes in environmetal conditions and landirsethe

surroundings of the river was analysetihe hydrological and
vegetational changes of the former and presentadtye floodplain
were studied. For example at Csordajaras site mastinave
dominated since 1804. On the other hand at Vetysit&abefore the
regulations marshlands and pastures were mentionelle

nowadays forests dominate, which were mentione® H@he first
time.

The old maps gave data also on geomorphologicaige®s as at
Csordajaras the meander was cut-off in 1846, bull®§9 it was
silted up such an extent, that permanent waterfgup@s not
awailable any more. The same thing happened fewnldters
downstream at Zugoly site between 1864-72 and 1914.

Since 1953 the extension of previous pastate€sordajaras site
decreased and they were replaces by arable lantfoersts. Later
parts of arable lands were unutilized. At Vetyefarests became
prevailing in contrast with the arable lan@m the investigated sites
opposite trends were revealed: simultaneously tithdecrease of
mean patch size (from 1.4 to 0.9 ha) patch derdiiplicated at
Csordajaras site. At Vetyehat site at the same, tinsgeasing mean
patch size (from 1.6 to 3.4 ha) resulted decregsaigh density. It is
important to mention, that mean patch size can rcoyeat
deviations. Patch shapes were very simply (rectangan both sites
and it changed slightly during the investigatedigukr Shannon’s
diversity index increased at Csordajaras site aedredised at
Vetyehat. These changes were not absolutely adyemis. Since
the reason of increasing diversity value was threaging of arable
lands at Csordajaras, while at Vetyehat decremerdremented due
to forests plantation on the expense of arablesland

Landuse did not changed on 40 % of the territoryCsbrdajaras
based on the category-transition analysis betwes8 Jand 2000.
Main transition types were pastures-arable lands2@® %) and also
the pasture-forest transition (11 %). Besides, ¢hxpansion of
uncultivated pastures (6.5 %) and arable lands #)1lwas also
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3.14

3.1.5

3.1.6

considerable, together with floodplain forests panon arable lands
(3.8 %). Concerning Vetyehat site the structure lahduse

transformed significantly. Only on 17 % of the sitas cultivated

with the same method in 2000 as in 1953. Nowadagsrthan a

half (51.5 %) of the territory is used as forest@ad of arable lands.
Large extent (5.1 %) of arable lands became notivatdéd since

1953 and the spreading of scrubs on arable landsiaeumented on
1.2 % of the total area. On 2.8 % of the area thstyres were
replaced by forests, and only 2.6 % is used irsdme way.

The hydraulical roughness increased definitel both study sites.
Normal roughness values were the smallest in 1€5rdajaras:
0.044, Vetyehat 0.045). The same values later rdifftated, as
roughness increased on Vetyehat sitg,{pno0.096) due to the
intensive forest plantations and by 2000 it becatoable of the
roughness estimated on Csordajarasos0.059). Maximum
value of roughness also increased considerably sdrdajaras
(Nmax10550.072; Mhax2006=0.102), though at Vetyehat this tendency
was more expressed {R195570.072; Mhaxe005=0.175) during the
assessed time period.

Change in hydraulical roughness was adverse albweg active
channel in the investigated 100 meter wide zon@ssidering the
highest values of the near-channel zone at Cso&aja
(Nmax200=0.140) and Vetyehat (B0070.189) also increased
hydraulical roughness is measured. Mainly thesettageterritories
exposed to increased accumulation during floods.

Evaluation and comparison of the present usedand the
requirements of water authorities resulted, that phoposed grass
belt was not implemented for a long time alongrilierbank. Earlier
(Ihrig 1952) it was defined as a zone two or thiieees wider than
the width of the active channel, later in 2006 @ ®eter wide belt
was required by the lavirorests have the highest maximal roughness
values and change their roughness in the greaesval (n,,=0,06;
Nmax=0,2) among landuse categories. Therefore it ig iaportant to
pay attention to the conditions of floodplain faeesThey are usually
not in accordance with demands of the official laus mainly due
to the poplar plantations with a well developedsdalindigo
(Amorpha fruticosa)undergrowth. Requirements in the floodplain



3.1.7

state became lower since the channelization, becaosdoubt that
they are too difficult to fulfill.

Landuse change influenced hydraulic roughness ehasigppws
clearly that drainage properties of the floodpld&teriorated since
1953 along the Maros, indirectly promoting accekxiafloodplain
accumulation.

3.2 Short-term deposition on the Maros floodplain

3.2.1

3.2.2

3.2.3

Short-term analysis focused on the overbank ddpos@taused by
single flood events. It showed that the thicknetshe deposited
sediment decreased exponentially from the riverbamk300-400

meter distance. The most significant aggradatios maasured in a
20-50 meter wide zone along the riverbank. On disparts of the
floodplain the amount of accumulation decreaseddembsition was
influenced mainly by the geomorphology and vegetatin addition,

downstream component of sediment thickness deateasewider

floodplain sections.

Along straight reaches and undeveloped meandersougiht

accumulation was intensive, but it was restrice@ tharrower area.
The thickest sediment layer (18 and 26 cm durirgflihods in 2005
and 2006) was deposited on the convex bank dovamstfeom the

apex of the bends. This refer to intensive pointdsvelopment.

In contrary, the investigation of a braided uniy (Apatfalva) the

same processes on the flodplain were revealed ss S2006)

publicated in relation to the active channel. Theeatpst

accumulation during floods was observed mainly ipstteam

sections of the braided unit and aggradation dseck@ownstream.
From the three morphological zones (accumulatioangportation

and erosion) defined by Sipos, the first one algolved on the

floodplain, just upstream of the island3ue to the shallow channel
the river transported more and mainly coarse (6067/3and content)
material to the floodplain during overbank flow. Awaid unit

became narrower downwards the amount of overbamosits

decreased as well.

Increased overbank deposition (2.0-3.5 cm per sifigbd event) is

also typical in distant parts of meanders whicheneut-off during
the channelization works and silted-up rapidBuring overbank
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3.24

3.2.5

3.2.6

3.2.7

flows they function as secondary flow channels,raf@e their
sediment supply is continuous. The greater flowoekty was
supported by the relatively higher sand content23%6) of the
samples collected from old meanders far (more th&am) from the
active channel.

The pattern of the deposited sediment wasifiraddby natural

geomorphological units as well as by artificial etis. Increased
accumulation was registered in artificial depressisuch as pits and
cannals.

Sand content of sediment accumulated duringles flood events
decreased by distance from the riverbank. Mairty snaterial was
accumulated 50-80 meter far from the active chanimethe most
upstream site (at Apatfalva) coarse sediment wigh sand content
(60-77 %) was typical, while close to the confluer(at Vetyehat)
the physical parameters of the fresh deposits wandar or finer

than the riverbank material (fine-sand).

Greater amount of fresh sediment depositedoiasts with rare
undergrowth, than in forests characterized by densab vegetation
such as false indigqAmorpha fruticosa)and box-elder(Acer
negundo) The main reason can be the extremely dense \&geta
formed high resistance against water flow and fl@mhlocity became
so slow that only small amount of suspended sedimeas
transported into these patches. On the other hhadjsed sampling
method was not suitable to see clearly how vegstainfluences
overbank deposition. Other sampling strategy shchdde been
applied to assess the role of vegetation, thesesumeents should
be made on such points of the floodplain whereetffiects of other
influencing factors are the same (eg. distance ftmnriverbank).

According to my opinion, there was no reasordifferentiate in
width of the restricted use along the riverbanksDahube, Tisza,
Drava, Koros and Bodrog Rivers agains other laryers (21/2006
Governmental Decree). Along the mentioned riversnidires was
provided as a near-bank unvegetated zone, butse o& Maros it
was determined as 6 metr&esults of my investigation showed that
most of the sediments deposited in a much wide§®én wide zone
during overbank flows. The question of the resédctzone width



3.3

3.3.1

3.3.2

3.3.3

should have to assess from the aspects of econamynature
protection.

Long-term floodplain aggradation after the rivegulationworks

Elevation changes and distance from the bvardt were proved the
most important influencing factors of depositiorridg the last 50-55
years on the former bar surface at Apatfalva. @hdri areas closer
to the active channel accumulation rate was 1.4ycifarther it
decreased to 0.4 cmly. In former chutes of the barface
accumulation rate was the same as in cut-off meande9 and 2.6
cmly).

Accumulation rate depended on elevation (i.e. domadnd energy of
inundation, water depth) of geomorphological unigignificant
change in grain-size characteristic of sediments naticed at the
depth of 98 cm on the backswamp area of Csordajénas former
natural leveee the same process (sand turnedilhend clay) was
observed at the depth of 35 cm. Both refer to #hecation (cut-off)
of the active channel, in other words to the tirheieer regulations.
On various geomorphic units different aggradati@swneasured: on
backswamp area accumulation rate was 0.63 cm/ytewhi inactive
natural levee 0.23 cmly.

Floodplain accumulation was the greatest in the cd®xbow lakes,
but there were also differences, caused by theréift date of their
regulation (Csordajaras 1846, Zugoly 1864-72, iedye 858), their
different position in relation to the alluvial faand to the confluence
with River Tisza. The accumulation rate is alsduehced by the
position of sampling points within the old meandansl the distance
from the active channel. These factors explain vagiance of
aggradation rate in the three assessed meanderdé@@@ds 2.45
cmly, Zugoly 1.3 cm/y and Vetyehat 1.8 cmly). Chamgof
aggradation rate were determined by pollen grapee@ding of ash-
leaved mapple and false indigo in 1880’s, and ragwie 1960's)
and military maps. Aggradation was rapid during jineenile phase
of oxbow-lake development and later became slovecept at
Csordajaras site, where agriculture became moeasnte during the
last 40-50 years causing significant erosion preegsalong the
former river banks by agricultural machines.



3.4 General conclusions

34.1

3.4.2

3.4.3

The long-term development of the Maros fldaulp tends to
uniformisation with accelerated aggradation of a@sepreas (old
meanders, canals and pits) and slower depositionelenated
surfaces (former natural levees and point barsan8libnement of
former geomorphic units, equalization of elevatibffierencies were
partly compensate by anthropogenic interventiostafgishment of
canals and pits), and by natural intensive poimtamal natural levee
development, as it was observed during short-texmstigations.

Determined short and long-term accumulatades — which were the
same or greater than it was experienced in ca$éspa river (Gabris
et al. 2002, Kiss et al. 2002, Balogh et al. 208&ndor and Kiss
2006b, 2007) — supported that it is also import@ntecon with

aggradation of the Maros floodplain in terms obfioprotection and
flood hazard.

The examined Maros floodplain sections belémgNanson and
Croke’s (1992) B3b (lateral migration, scrolled ditplains), B3c
(lateral migration, backswamp floodplains) and Gitefally stable,
single-channel floodplains with low natural levesdéackswamps)
orders and suborders, based on their specificrstgg@wver, channel
pattern before and after the channelization, anctedsed lateral
migration followed river regulation. In its presestate the Maros
describes order C1 mainly. All three but in highdsgree C1 order
fulfill significant overbank deposition.

3.4.4 Results obtained from exotic pollen basedmblogy demonstrate

that only few species were applicable from the moue adventive
plants of the flora of the Maros floodplain. Thypé of investigation
should be based mainly on ragwd@dnbrosia artemisiifolia)due to
its wellknown spreading, its significant pollen guetivity and easy
identification of ragweed pollen grains. Exotic lpal grains occuring
merely just in one or two samples are not suitdbielongsighted
conclusions. This method secures reliable resuitg mgether with
other investigations.
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