
ORIGINAL ARTICLE

Transformation of a lowland river from a meandering
and multi-channel pattern into an artificial canal: retracing
a path of river channel changes (the Middle Obra River,
W Poland)

Marcin Słowik

Received: 24 November 2011 / Accepted: 23 March 2013 / Published online: 5 April 2013

� The Author(s) 2013. This article is published with open access at Springerlink.com

Abstract At the beginning of the nineteenth century, a

significant change in sedimentation took place along the

middle course of the Obra River (W Poland): a ‘‘natural’’

channel bed was replaced by three artificial canals. Before

that time the Obra River bed had been characterized by

various river patterns (braided, meandering and disap-

pearing in wetlands). GPR (ground-penetrating radar) sur-

veys and the analysis of satellite and aerial images were

carried out to retrace the natural river course near the vil-

lage of Kopanica. The GPR, ground-truthed with core data,

revealed that at least two types of the river pattern had been

functioning here before the period of the hydrotechnical

works: a large-scale meandering pattern (width-to-depth

(w/d) ratio ranging from 15 to 40) and a relatively smaller-

scale multi-channel pattern (w/d = 11–22). Possibly, the

transformation was caused by forming a series of large

floods followed by in-channel aggradation and avulsions.

Next, the multi-channel pattern was artificially transformed

into the North Obra Canal. This paper discusses possibili-

ties of a creation of network of channels that were active

after the construction of the North Obra Canal in the

beginning of the nineteenth century. Such intervention

would increase natural values of the presented section of

the Obra valley. The presented study also shows that a

detailed analysis of history and evolution of a given river

course is needed before undertaking any restoration works.

Keywords Changes of river bed pattern � Anthropogenic

intervention � Ground-penetrating radar � River restoration

Introduction

An analysis of the state of human-modified rivers strongly

depends on the ability to reconstruct the natural form and

functioning of a given river basin. Such information may be

a useful guide for river managers in case of planning a

restoration project (Hoffmann et al. 2010). In some cases,

river courses were modified by an anthropogenic interven-

tion in such a way that it is impossible to discern human-

induced changes from the natural state. There are many

examples of transformation of natural river bed patterns into

artificial canals (e.g., the Trent River: Large and Petts 1996;

the Morava River: Babek et al. 2008). Another type of

human intervention was construction of mills (e.g., Large

and Petts 1996; the Obra River, Kaniecki 2004; Kaniecki

and Brychcy 2010) and dams in river courses (e.g., the Dry

Creek: Gordon and Meetenmeyer 2006). Rivers were also

regulated aiming to stabilize a river bed (e.g., the Danube

River: Gingrich et al. 2011). Analyses of river bed pattern

changes are usually conducted using historical materials

(e.g., Large and Petts 1996; Gingrich et al. 2011; Woelfle-

Erskine et al. 2012) and data from field research. Conven-

tional field studies (coring and trenching, collecting

sediment samples or cores to recognize lithology of an

alluvial fill) are also used to study both natural and

anthropogenic changes of river patterns.

This paper aims to reconstruct the ‘‘natural’’ (functioning

before the major hydrotechnical works) course of a lowland

river (the Obra River, W Poland; Fig. 1) by means of geo-

physical (ground-penetrating radar (GPR)) surveys and the

analysis of satellite and aerial images. It is a continuation of

studies conducted in the Middle Obra valley by Słowik

(2011a, 2013). It presents the results of a field research carried

out in the area where traces of former river beds were pre-

served in the modern land surface (Fig. 2c, d). The previous
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research works in the Middle Obra valley indicated remains

of one (multi-channel) pattern that had been active before the

construction of the canals. In this case, traces of two different

river platforms were discovered (meandering and multi-

channel). This provided an opportunity to study the evolution

of the Middle Obra River including factors that may have

influenced the transformation of the river pattern. Secondly,

this paper shows a potential to study the river pattern changes

in a longer timescale; it characterizes not only the multi-

channel planform recognized in the other parts of the valley,

but also a meandering pattern that may have been active

before the transition.

Moreover, discovering remains of two different river

patterns active in the past in one site provokes a discussion:

Which of the river patterns should be restored? This study

underlines the use of geophysical and remote sensing

methods supported by core data for river restoration and

the importance of knowledge regarding postglacial evolu-

tion of rivers that should be used by river restoration

engineers. It is proposed to create a multi-channel course

similar to conditions from the first half of the nineteenth

century. Possibilities of the creation are discussed showing

a path of past changes as well as creation steps to achieve

the planned target. Both natural and anthropogenic trans-

formations of the Obra River bed pattern are discussed

taking also into account information inferred from archival

maps, GPR measurement ground-truthed with core data

(illustrating sedimentary structures of a shallow subsur-

face) and remote sensing surveys (showing traces of former

river beds in the land surface).

Study area

The Obra River valley is situated in the middle and western

part of Poland (Fig. 1) in the area formed by the Vistulian

glaciation 15,000–20,000 years ago. Its middle course was

formed in fluvioglacial deposits within the Warsaw–Berlin

proglacial stream valley. The Obra valley fill is built of

alluvial sands, peats and muds (Multan 2003). The river is

253 km long, and its drainage area is 4,022 km2. It has two

natural outlets: to the Odra River (a canalized bifurcation

of the Obra River; Fig. 1) and to the Warta River (Fig. 1).

In its middle course, the Obra has also one artificial con-

nection with the Warta River (the Mosiński Canal; Fig. 1).

The first hydrotechnical constructions (water mills) were

built in the Middle Obra valley in the twelfth century

(Kaniecki and Brychcy 2010). However, the major hyd-

rotechnical works were conducted here in the beginning of

the nineteenth century; three artificial canals were con-

structed in the middle course of the river (the North, the

Middle and the South Obra Canal; Fig. 1). The canals

replaced the natural river course characterized by various

patterns (meandering, multi-channel and disappearing in

wetlands; Słowik 2011a) and influenced changes of spatial

extent of lakes situated in the course of the river (Słowik

2013). According to Dynowska (1972), hydrological

regime of the Obra River is temperate with spring floods

and groundwater–rainfall water supply.

The detailed study site is situated next to the North Obra

Canal, near the village of Kopanica (Fig. 2). It is located

close to the bifurcation to the Odra River (Fig. 1)—also
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Fig. 1 The middle and lower course of the Obra River. 1—the North Obra Canal, 2—the Middle Obra Canal, 3—the South Obra Canal, 4—the

Mosiński Canal
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transformed into an artificial canal (the Dźwiński Canal;

Fig. 2). The site was chosen for a detailed analysis due to a

complex river pattern that had been functioning here before

the period of the hydrotechnical works. Moreover, distinct

traces of river channels preserved in the modern land sur-

face were localized in aerial photographs (Fig. 2c, d). The

width of the studied section of the valley varies from 0.5 to

1.6 km (Fig. 2). Traces of a discontinuous terrace level can

be found in the valley floor. The Obra valley is an agri-

cultural area; corn is the main sort of cultivation.

Historical maps show that the Obra River bed had a

multi-channel pattern in the eighteenth century (Kopanica

was called ‘‘Kobenitz’’ or ‘‘Kopnitz’’ at that time; Fig. 3a).

In 1828, the North Obra Canal was still connected with the

Fig. 2 Surface sediments geologic map (Multan 2003) a topographic map b aerial images c, d detailed research area. 1—GPR sections,

2—direction of measurement, 3—places of coring, 4—the area illustrated in aerial images, 5—edge of the valley
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network of channels (Fig. 3b). The remains of the multi-

channel pattern stopped functioning before the end of the

nineteenth century (Fig. 3c); single fragments of the

channels can be seen east of the village of Mariendorf (the

map from 1892; Fig. 3c). The North Obra Canal is secured

with artificial dikes acting as flood protection. In summer

season, the Canal is overgrown with vegetation and surface

water velocities do not exceed 0.3 m s-1. They increase to

1.0 m s-1 at early spring during high water levels caused

by snow meltout. Meadows and agricultural areas sur-

rounding the Canal are inundated at that time owing to high

groundwater levels and the lack of amelioration ditches.

The river course is rarely used by tourist (canoe trips) due

to the overgrowth, straight course and the dikes that block

views of the landscape.

Research methods

The GPR surveys were conducted using a georadar MALA

ProEx equipped with shielded 100 and 250 MHz antennae

to retrace the natural course of the Obra River. GPR is a

nondestructive geophysical technique that enables a near-

continuous record of sedimentary structures in the shallow

subsurface. During the measurement, the equipment

transmits a high-frequency electromagnetic wave. Con-

trasts in the dielectric constant usually cause strong

reflections from lithologic boundaries in the subsurface.

The frequency of georadar antennae decides on the depth

range and resolution of measurement. In general, the higher

the antenna frequency, the finer the resolution and the

shallower the depth range is (Neal 2004). A detailed

characteristic of the use of GPR technique in sedimentol-

ogy was presented by Neal (2004).

The GPR surveys were conducted in August 2011 along

27 profile lines (Fig. 2). Situation of the lines was condi-

tioned by traces of former channels preserved in the land

surface but also by high groundwater level (some depres-

sions were inundated and inaccessible) and cultivation.

During the conducted measurement, depths of penetration

reached from 2.4 m b.l.s. (below the land surface;

250 MHz antenna) to 3.7 m b.l.s. (100 MHz antenna).

Groundwater level varied from about 0–0.1 m b.l.s. in

depression to 0.5 m b.l.s. in elevated parts of the GPR

profile lines. The measurement was triggered at constant

spacings (0.2 m) by an odometer wheel.

The GPR images were processed using ReflexW5.0

software. Subtract-mean (dewow) filter was used to elim-

inate low-frequency noise. Bandpass frequency tool

enabled to eliminate disturbances occurring at the high and

low ends of the spectrum of GPR signal amplitudes (Best

et al. 2006). Low-amplitude reflections were enhanced

using AGC gain. Background removal filter was applied to

remove horizontal banding that appeared across particular

GPR sections. Static correction tool was used for elevation

corrections where necessary.

The depth range of the GPR measurement was deter-

mined by a comparison of distinct georadar reflectors

appearing in the GPR images and core data. Twelve

boreholes were drilled to determine the georadar depth

range and recognize lithology of the Obra valley alluvial

fill. The profiles with boreholes were treated as reference

sites for interpretation of all the GPR images. In case of a

borehole in 52 m GPR section 11, a distinct GPR reflector

corresponded well to the interface between peats and fine

sands at the depth of 1.4 m b.l.s. (Fig. 5). Such a procedure

was also applied to the remaining core data (Figs. 4, 5). A

similar way of determining the depth range of GPR mea-

surement was presented by, for example, Skelly et al.

(2003). For the brevity of the paper, six chosen GPR sec-

tions representing the most important features of the

floodplain architecture were presented (Figs. 5, 6).

The situation of the traces of river channels in the

modern land surface was determined using aerial and

satellite images. The aerial survey was conducted on the 1st

of April 2010. It was possible to study the configuration of

the Obra valley floor as the land surface was not covered

with vegetation yet. Moreover, the survey was carried out in

a period of high water stages. All the depressions in the

valley floor were easy to distinguish as they were inundated.

The height of the survey was from 100 to 300 m. The

oblique photographs were taken using a camera Sony a350.

The angle of taking the photos was *10� with horizon and

*40� without horizon. The resolution of the pictures was

14.2 megapixels. Furthermore, orthorectified LANDSAT

ETM? images were analyzed. The dataset from the 13 June

2000 (path 191, row 024) was downloaded from

http://landsat.org Web site (Global Observatory for Eco-

system Services, Michigan State University). The images

were processed in ArcGIS9.3.1 software to analyze traces

of the river channels in the floodplain’s surface. The best

image for interpretation was produced by combining bands

5, 4, 2 and 8 (panchromatic image) and applying a pan-

sharpening option to increase the resolution of the image.

Historical maps from 1775, 1793, 1828 and 1892 were

analyzed to study anthropogenic changes of the river bed

pattern and the land use. The earliest maps presented here

are featured with a low accuracy as the distances between,

for example, towns or villages were not maintained. The

materials provide general information how the Obra River

looked like in the vicinity of a given village. The maps

from the nineteenth century were edited in 1:25,000 scale.

They were edited by the General Staff of the Prussian

Army. The maps were made on the basis of triangulation

measurement, and their accuracy is comparable with the

modern maps.
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Width-to-depth (w/d) ratios were calculated for distin-

guished traces of channels by dividing their bankfull

widths by mean bankfull depths to compare the features of

two retraced channel systems. Banktops of channels were

identified in the GPR images to determine their bankfull

widths. Mean bankfull depths were calculated by measur-

ing the channels’ depths in vertical sections spaced 2 m

apart in the GPR images. The w/d ratios were calculated

Fig. 3 Archival maps of the Obra valley near Kopanica. Detailed research area was marked with white rectangle. Note different orientation of

the map from 1775
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for all the channels retraced in all measured (28) GPR

sections.

Results

GPR reflections and core data

Types of GPR reflections were described using the exam-

ples of the sections presented in Figs. 4 and 5. A curved

and concave-up GPR pattern appeared between 0 and 15 m

of section 21, 6–58 m of section 8 and 110–170 m of

section 27 (Fig. 4). The reflections can also be seen in

33–66 m and 116–165 m of section 11, 20–60 m, 78–95 m

and 130–175 m of section 14 and 5–40 m, 55–90 m,

130–160 m and 215–240 m of section 17 (Fig. 5). The

reflectors appeared in all the sections within the depth

range of 0.8–3.0 m b.l.s. (below the land surface) (Słowik

2012). The GPR signal was calibrated with core data. A

concave-up pattern in 4 m of section 21 corresponded well

to the interface between peats and fine sands indicated by

coring at the depth of 1.6 m b.l.s. (Fig. 4). A similar con-

sistency can be seen in 55 m of section 11 (concave-up

pattern and peats/fine sands interface at the depth of 1.4 m

b.l.s.; Fig. 5). In case of the coring which was conducted in

150 m of section 14 (Fig. 5), the GPR pattern was con-

nected with the interface between fine and coarse sands

(depth 1.53 m b.l.s.).

Numerous dipping GPR reflectors occurred in sec-

tion 27, between 0 and 120 m and 160 and 205 m of the

section (Fig. 5). The signal can also be seen in section 8

(50–66 m of the section; Fig. 4) and 17 (240–290 m;

Fig. 5). Single dipping reflectors appeared in the remaining

GPR sections 20, 60 and 80 m of section 14 (Fig. 5) and

20, 35, 66 and 80 m of section 21. The GPR signal

occurred at the depths form 1.0 to 3.0 m b.l.s. The dipping

pattern was correlated with sand deposits; the reflections

occurred within the fine sands that can be seen in the

bottom part of the core log presented in 80 m of section 21

(depth 1.5–1.8 m b.l.s.; Fig. 4) (Słowik 2012).

A strong horizontal georadar signal, underlain by relatively

weaker horizontal reflectors, was distinguished in the top part

of all of the presented sections. The distinct horizontal pattern

corresponded well to the top layer of peat deposits and fine

sands with organic matter that was presented in the core logs in

sections 21, 14 and 11. The weaker horizontal reflectors can

be connected with fine sands underlying the top layer of

organic sediments. A sequence of GPR pattern changes and its

connection with lithologic variability of the floodplain

deposits can be clearly seen in 95 m of section 11 (Fig. 5).

Fig. 4 Traces of a large-scale meandering pattern preserved in the

floodplain deposits. Note regular dipping GPR pattern in section 27

and traces of river beds marked with concave-up reflectors in all the

presented profiles. 1—peats, 2—silts, 3—sands with inserts of silts,

4—fine sands with organic matter, 5—fine sands, 6—medium sands,

7—coarse sands, 8—numbers of distinguished channels. Erosional

surfaces and layering pattern in sand deposits were marked with

continuous and broken white lines, respectively
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Here, the strong horizontal pattern is connected with fine sands

with organic matter in the top part of the profile; the relatively

weaker reflections correspond to sand deposits (see the core

log in section 11; Fig. 5). The GPR reflectors are underlain by

relatively stronger subhorizontal and wavy reflectors indi-

cating sands with inserts of silts. Similarly, situation of peats,

fine sands and sands with silts is consistent with changes from

strong horizontal to relatively weaker pattern and then to wavy

reflectors in section 14 (core log in 150 m of the section;

Fig. 5). Furthermore, silt deposits were correlated with a

strong horizontal reflector in 50 m of section 21 (Fig. 4).

They are underlain by fine sands corresponding to faint or lack

of reflections. Moreover, the faint horizontal and slightly

wavy reflectors appeared above the curved and concave-up

pattern in sections 8, 27, 11 and 14 (Figs. 4, 5). The GPR

reflections can be noted between 15 and 32 m of section 8 at

the depth of 0.5–1.5 m b.l.s. (Fig. 4), between 230 and 280 m

of section 27 (depth 2–3.5 m b.l.s.; Fig. 4). They can also be

distinguished in 0–38 m, 70–95 m and 128–153 m of sec-

tion 11 at the depth ranging from 0.7 to 2 m b.l.s. (Fig. 5).

Similar relations between the GPR reflectors and core data

were found in section 27 (Słowik 2012).

A number of diffractions were also recognized in the GPR

images. They occurred in the form of hyperbolae; the largest

one can be seen in 5 m of section 11 (Fig. 5) at the depth of

1.6 m b.l.s. Moreover, several small hyperbolic diffractions

were noted between 45 and 110 m of section 27 (depth

2–3 m b.l.s.; Fig. 4). They indicate small objects buried in the

floodplain deposits which are probably large clasts within

sand deposits. Another disturbance obscuring quality of some

of the GPR images is ringing. It appeared between 40 and

60 m of section 21 (Fig. 4) and between 100 and 120 m of

section 14 (Fig. 5) as parallel continuous reflectors. It might

be caused by high water content under the layer of silts pre-

sented in the core log in 50 m of section 21 (Fig. 4).

Interpretation

The curved, concave-up reflections accompanied with the

faint subhorizontal and wavy ones can be interpreted as

erosional surfaces and channel fills, respectively (Słowik

2012). Such types of GPR reflections were also presented

and interpreted in a similar way by, for example, Van-

denberghe and van Overmeeren (1999) and Gourry et al.

(2003). Thus, traces of two river channels were distin-

guished in sections 21, 8, 11 and 27 and three and four

channels in sections 14 and 17, respectively (Figs. 4, 5).

The width of the channels varies from 20 (channel II in

sections 14 and 17; Fig. 5) to 55 m (channel II in sec-

tion 27; Fig. 4). Their maximum depths range from 1.8

(channel II, section 14; Fig. 5) to 3.0 m (channel II, sec-

tion 17; Fig. 5) (Słowik 2012). The mean depths of the

Fig. 5 Traces of a small-scale sinuous (section 11) and multi-channel pattern (sections 14 and 17). Explanations—see Fig. 4
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channels vary from 1.2 to 2.2 m. Erosional surfaces

occurred also within an elevated part of section 27

(250–270 m of the section; Fig. 4). They may represent

fluvioglacial deposits neighboring the studied section of the

valley. Moreover, erosional surfaces appeared at the depth

of 2.9–3 m b.l.s. in sections 17 and 27 in the form of

continuous subhorizontal reflectors (Figs. 4, 5). The dip-

ping GPR reflections mark layering pattern within sands

(Słowik 2012). Such sedimentary structures were also

shown by, for example, Vandenberghe and van Overme-

eren (1999) and Kostic and Aigner (2007). They represent

lateral accretion elements indicating development of point

bars and lateral migration of a river channel (Kostic and

Aigner 2007). Sands and silts represented by faint and

strong subhorizontal and wavy reflections, respectively,

were accumulated during flood events when the floodplain

was inundated.

Traces of former Obra channels were also inferred from

the satellite image (Fig. 6a). They were marked in the

image with light violet and dark green. Light green indi-

cated agricultural areas with vegetation and dark violet

ploughed fields. The light green areas illustrate the width of

the Obra valley as well as the bifurcation to the Odra River

(Fig. 6a). Forests were marked with dark green and villages

with light red. It should be noted that delimitation of the

river patterns was limited here by the resolution of the

satellite image which amounted 15 m after applying a pan-

sharpening option.

Discussion

The following sequence of the Obra River pattern changes

may be proposed in the light of the conducted research:

Fig. 6 LANDSAT ETM? satellite image and oblique aerial photo-

graphs illustrating traces of former river patterns in the studied section

of the valley. Traces of meander bends migration phases were marked

with thin continuous lines. 1—Meandering pattern, 2—multi-channel

(anastomosing) pattern, 3—traces of the main, low-sinuosity channel

within the multi-channel system, 4—numbers of channels, in

particular GPR sections distinguished in Figs. 4 and 5. The area

presented in aerial photos was marked in the satellite images with

white lines
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1. A large-scale meandering pattern featured with w/d

ratios from 15 to 40. The pattern formed the actual

width of the valley alluvial fill reaching 1.6 km.

2. A transition from the meandering to a multi-channel

pattern of w/d ratio ranging from 11 to 22. The multi-

channel pattern had been still functioning in the

eighteenth century before the anthropogenic alteration

of the river course (Fig. 3a).

3. Anthropogenic transformation of the multi-channel

pattern into the North Obra Canal.

Meandering pattern

Distinct traces of palaeomeanders were noted in the aerial

images (Fig. 6). Their situation corresponds to the ero-

sional surfaces and channel fills shown in Fig. 4. The

meandering channels are characterized by w/d ratios from

15 to 40 in all the sections describing the channel pattern

(e.g., section 27). According to a classification of natural

rivers proposed by Rosgen (1994), the traces of the

meandering pattern belong to stream type C (low gradient,

meandering, point bar, riffle/pool alluvial channels with

broad, well-defined floodplain characterized by w/d ratio

[12 and sinuosity [1.4) (Słowik 2012). Rosgen (1994)

described this type of river patterns as formed in broad

valleys characterized by well-defined meander bends. The

description matches the studied section of the Obra valley

and distinct traces of palaeomeanders that can be distin-

guished in the satellite and aerial photographs (Fig. 6).

The dipping GPR pattern (sections 8 and 27; Fig. 4 and

the elevated part of section 17; Fig. 5) records a continuous

lateral migration of the meander bends. The dipping signal

is underlain by continuous subhorizontal reflections that

were interpreted as erosional surfaces (Fig. 4). The

reflectors may be the traces of an erosive unconformity

separating the meandering pattern from an earlier period of

the valley development. A similar erosive boundary

between lateral accretion elements (meandering pattern)

underlain by scour fills (braided pattern) was detected by

Kostic and Aigner (2007). However, recognition of deeper

parts of the Obra floodplain deposits is needed to find

evidence for such transition. Traces of two channels were

distinguished in the sections presented in Fig. 4. The

channels that can be seen between 110 and 165 m of sec-

tion 27 and between 63 and 81 m of section 8 can be

interpreted as records of migration phases of the palaeo-

channels (Figs. 4, 6b, c). Migration phases of meander

bends were recognized by Słowik (2011b) in the lower

course of the Obra River. The preserved traces might have

been the effect of a period featured with long-lasting high

water stages and/or frequent flood events. A lateral, stag-

nant water channel might have been formed in such

conditions, in the vicinity of an active river bed (Słowik

et al. 2010; Słowik 2011b).

Multi-channel pattern

Traces of two, three and four channels were distinguished

in sections 11, 14 and 17, respectively (Fig. 5). They are

characterized by w/d ratios ranging from 11 to 22. Dipping

GPR reflections marked a lateral accretion pattern; how-

ever, changes of the direction of dipping can be observed.

The erosional surfaces marking the channels are situated at

different elevations (Fig. 5). This may have been caused by

a various degree of eroding and reworking the channels.

This suggests changes of direction of the lateral migration

of the channels. A multi-channel pattern may have been

functioning in the area of the valley situated close to the

North Obra Canal (Fig. 6). The remains of the channels are

situated at a lower level of the valley floor than the pal-

aeomeanders (see section 17 in Fig. 5). It means that the

river bed incised into the valley floor during the transfor-

mation (Słowik 2012). The pattern can be classified as type

DA according to the classification of Rosgen (1994). He

described such a river pattern as anastomosing (multiple)

with narrow and deep channels (w/d ratio \40), well-veg-

etated floodplain and associated wetlands, variable sinu-

osity and stable streambanks.

The distinguished channels have some features of an

anastomosing river. Smith (1983) presented core logs

illustrating silts and muds as dominant elements of anas-

tomosing river architecture. Such deposits are also present

in the Obra valley alluvial fill (see core logs in Fig. 5). It

can be suggested that the system of the channels was sta-

ble. Except for the cohesive deposits, the stability of the

streambanks may have been influenced by a dense vege-

tation cover and wetlands. Before the period of the hyd-

rotechnical works, the Obra valley was an enormous

wetland which can be seen in the archival maps presented

by Słowik (2011a) (see also the map from 1775; Fig. 3a).

Furthermore, the pattern is similar to the Columbia River

planform studied by Makaske et al. (2009). The main, low-

sinuosity channel (Fig. 6) is accompanied here by a num-

ber of secondary channels. The channel is marked with

dark green in the satellite image (Fig. 6a), and an elongated

pool overgrown with alder trees in the aerial photos

(Fig. 6b, c). The w/d ratios of the Obra and Columbia River

(from 9 to 23; Makaske et al. 2009) are comparable

(Słowik 2012). Makaske (2001) stated that straight chan-

nels may occur in a combination with anastomosis.

River patterns of many lowland rivers have been altered

from braided to meandering due to the Holocene climatic

changes (e.g., Kozarski and Rotnicki 1978; Starkel 2001;

Leigh 2006) and/or anthropogenic intervention (Matys
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Grygar et al. 2011). An opposite transition (from a mean-

dering to multi-channel planform) was recognized in the

studied course of the Obra River. The transformation from

meandering to anastomosing pattern was suggested by

Gradziński et al. (2003) in the case of the Narew River.

Moreover, they stated that some of meandering sections are

still active within the modern anastomosing pattern. A

similar situation may have taken place in the Obra valley;

distinct traces of a relatively small-scale meander (sec-

tion 11; Fig. 5, see also Fig. 6) were classified here as

belonging to the multi-channel pattern.

A series of large floods followed by channel aggradation

causing avulsions may have caused the transformation of

the river planform (Słowik 2012). However, the character

and timing of such processes require further studies. The

multi-channel pattern was transformed into the North Obra

Canal in the beginning of the nineteenth century. The maps

from 1828 and 1894 illustrate the process of accumulation

of organic deposits in the remains of the channels (Fig. 3b,

c). The land use was also altered; wetted meadows were

replaced with agricultural areas (see the archival maps and

satellite image in Figs. 3, 6, respectively).

Implications for river restoration

Two types of natural river patterns have been distinguished

within the studied section of the Obra valley. The main

question is which river pattern is to be restored?

Determining condition of a given river course must be

determined in relation to a reference point (Cairns 1989 in:

Brierley et al. 2002). In the studied case, the state of the

Obra River in the eighteenth century (Fig. 3a) that pre-

ceded the anthropogenic alteration of the river course was

recognized as the reference condition. It may be described

as ‘‘close to natural.’’ In terms of geomorphic recovery

(Brierley et al. 2002) the Obra River is in a poor condition;

after constructing the North Obra Canal (stage C and D;

Fig. 7) the river system is not able to go back to its ‘‘nat-

ural’’ structure. According to the River Styles framework

(Brierley et al. 2002) the site near Kopanica belongs to

alluvial settings with absent natural channel.

Reconstructing the large-scale meandering planform

would be difficult to conduct due to a long path of changes

that took place after its functioning (Fig. 7). Natural factors

influencing changes of the river pattern in stage A and B

were possibly prevailing (possibly series of large floods,

river bed incision), although an anthropogenic influence

cannot be excluded here; riparian peatlands served for

clear-cutting and hay making since the Iron age (Schwaar

1990 in: Jensen et al. 2006). Embankments and dikes were

constructed along river courses in Medieval times (Jensen

et al. 2006). The first water mills in the Middle Obra valley

were built in the twelfth century (Kaniecki and Brychcy

2010). Since the beginning of the nineteenth century, the

anthropogenic influence became dominant—the multi-

channel planform was replaced with the North Obra Canal

(Fig. 7; stage C and D).

It is proposed to restore the multi-channel section of the

Obra valley that was active in 1828 (see the map in Fig. 3a)

The restoration regards the river channels as well as the

floodplain with wetlands and riverine meadows. A resto-

ration path to such a target point was shown in Fig. 7. As

the anthropogenic changes of the Obra pattern are irre-

versible, the planned reconstruction of the Obra pattern

would be, in terms defined by Brierley et al. (2002), a

‘‘created river condition.’’ Two possible scenarios of the

creation may be proposed. The first one is to reconstruct

the entire multi-channel pattern (stage F; Fig. 7) and the

other to restore the main, low-sinuosity channel that was

retraced in the aerial photos and satellite image (see Fig. 6

and stage F1 in Fig. 7). Here, the main question is whether

the river, having recreated the main channel, would be able to

self-adjust and ‘‘activate’’ the remaining channels. Geologic

surveys showed that the channels are filled with organic

deposits, silts and silty sands. The sediments are resistant to

erosion so, possibly, a high-magnitude flood event (or a

series of floods) would be needed to have caused such

reaction of the river. It would be difficult to control such an

intensive flood, and its consequences would be hard to pre-

dict. Thus, stage F1 (Fig. 7) seems to be more realistic.

A number of studies (e.g., Makaske 2001; Gradziński

et al. 2003) showed that in-channel and floodplain aggra-

dation have an important influence on evolution of anas-

tomosing rivers. Thus, the created system would be

permitted to evaluate as aggradation occurs. When a sig-

nificant erosion prevails, for example, tending to alter the

river planform toward meandering, interventions aiming to

maintain the restored multi-channel pattern should take

place. Such involvement in processes forming river bed

was applied, for example, in a restored course of the Clark

Fork River where avulsion cutoffs formed by an intensive

flood were refilled with sediment (Woelfle-Erskine et al.

2012). The restoration of the Obra River should lead to

creation of a relatively stable floodplain that would allow

development of ecotourism as well as wildlife and fish

preservation. Jacobson and Galat (2006) proposed a reha-

bilitation project of the Missouri River aiming to recon-

struct its historical, multi-channel course from 1894. They

found out that a spatial extent of shallow water areas was

greater in the historical than in the modern channel which

was favorable for fish and plant species. Possibly, this

might also have been the case of the Obra River. A varying

distribution of the elevations of the retraced Obra channels

(Fig. 5) may suggest a more frequent occurrence of shal-

low water conditions in comparison with the modern arti-

ficial canal.
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Another question arising from the proposed river res-

toration is what would be lost if the conditions from the

first half of the nineteenth century are restored? The main

goal of the construction works was to lower the ground-

water level to 20 cm below the land surface (Schütze 1914)

and to turn the Obra wetlands into an agricultural area. The

canals provided water conveyance through the area of the

Middle Obra valley. In the case of the river restoration, the

water transfer near the study site would stop functioning

and the restored area would be more frequently flooded.

However, the studied area is regularly inundated anyway

due to high groundwater levels in spring months. As a

result, fields localized in the depressions of the valley floor

are inundated. It was observed during the field surveys that

local farmers tried to cover the depressions with sand to

elevate the land surface and avoid the inundation. More-

over, flooding would be needed after the restoration to

allow the river to self-adjust.

River restoration and river history

According to Downs and Thorne (2000) river restoration

can be defined as a historically influenced exercise in

environmental enhancement through morphological modi-

fication. This means that a historical analysis of a river

pattern as well as field surveys are crucial before

attempting to restore a river course. It is obligatory to

understand how a river behaves or behaved in a given

valley setting (Brierley et al. 2002). Woelfle-Erskine et al.

(2012) noted that river restoration projects are not always

based on data referring to reference conditions that pre-

ceded a given disturbance. They reported findings of

Montgomery (2008) who noted that a sinuous or mean-

dering course is often being restored even when such a

river pattern was not present in the history of a given river

course. A construction of a river channel different from

natural geomorphic conditions may lead to failure or

Intact

Degraded

A

B

series of large floods
base lavel changes
river incision
forming bifurcation to Odra

C

construction
of the North Obra Canal

D

straightening the Canal,
cutting off remains of
multi-channels

E

accumulation of organic deposits
in remains of old channels,
land use changes - replacing wetted
meadows with arable lands

Holocene

1828

1892

present

F

- 1 - 2 - 3 - 4 - 5

condition planned
to be created

excavation of new river course
along retraced old channels,
filling canalized reaches

post-project monitoring

F1

riverself-adjustment

?

studies regarding sediment transport,
erosion/deposition processes,
riparian vegetation, modeling
river reaction after planned
intervention

Fig. 7 A schematic path of transformations of the Obra River pattern

with proposed possibility of restoration. The concept is based on the

recover potential framework of Brierley et al. (2002). A—highly

sinuous meandering river with w/d ratio 25–40, B—network of

simultaneously functioning channels indicating features of anasto-

mosing pattern (w/d ratio = 11–22), C—state after construction of

the North Obra Canal which is connected with active network of

channels south of Kopanica (see also the map from 1828 in Fig. 3).

Canalizing bifurcation to Warta (construction of the D _zwina Canal).

D—straightening of the Obra Canal and cutting off remains of the

former channels. E—deposition of organic material in remains of

river channels, land use changes—wetted meadows transformed into

arable lands. F—scenario I: excavating retraced network of channels

and creating river conditions similar to those from 1828 (stage C),

F1—scenario II: excavating the main, low-sinuosity channel and

further river self-adjustment to stage F. 1—active channels, 2—

remains of former channels, 3—floodplain with agricultural areas,

4—area of floodplain, 5—areas surrounding river valley

Transformation of a lowland river 1297

123



reduced ecological benefit (Woelfle-Erskine et al. 2012).

They also stated that multi-channel patterns can be treated

as reference conditions in many alluvial rivers. The pre-

sented case of the Middle Obra valley confirms their

notions.

This study underlines the need to recognize the history

of a river system before undertaking any restoration works.

It also shows the application of complementary geological,

geophysical and remote sensing methods to study the

evolution of a river system. Basing only on the aerial and

satellite images (Fig. 2), a restoration of the large-scale

meandering pattern would seem to be a rational decision.

However, the meander bends belonged to an ancient river

system functioning in discharge and sediment supply

conditions that were different from these forming the

anastomosing system. Such conditions are impossible to be

reconstructed today owing to a long path of changes from

the meandering planform to the present state (Fig. 7). This

is why the river course proposed for restoration should

correspond to the historical multi-channel pattern.

It should be noted that the paper shows only a geologic

and geomorphologic background that is needed for river

restoration. A significant input form other nature specialists

(e.g., biologists, biogeographers, economists) is needed to

further develop this idea.

Conclusions

Geologic, geophysical and remote sensing surveys enabled

to retrace a sequence of changes of the Obra river pattern.

Two types of the river planform were distinguished: a large-

scale meandering and multi-channel indicating features of

an anastomosing river course. The transformation from the

meandering to multi-channel pattern might have been

caused by series of large floods followed by in-channel

aggradation and avulsions. Next, the network of channels

was replaced with an artificial canal. As a result, remains of

the natural channels were filled with organic deposits and

overgrown. Traces of both river patterns were preserved in

the modern land surface in the form of palaeomeanders and

elongated depressions and ponds. The land use of the

studied section of the valley was also altered; wetted

meadows were replaced with agricultural areas.

The studied reach of the Obra River is not able to self-

adjust to the conditions from the period preceding the

hydrotechnical works. On the basis of the conducted

research, it was proposed to create the river course from

1828 when the multi-channel pattern was still active. Such

intervention would also influence restoration of the flood-

plain vegetation and might stimulate development of eco-

tourism in the middle course of the river. This study shows

that the analysis of a river course history and evolution is

crucial before attempting any restoration works. This is

mandatory that a restored river pattern should correspond

to the conditions that were present in the past in a given

river system.

Acknowledgments The results presented in this paper are a part of

a research program ‘‘Determining changes of river bed pattern in the

middle course of the Obra Valley using analysis of satellite and aerial

images, and GPR (ground-penetrating radar) method’’ supported by

the National Science Centre Grant No 2011/01/B/ST10/04930. MSc

Remigiusz Tritt and MSc Jacek Cieślewicz are acknowledged for
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