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Summary
The Dviete floodplain lies in the southeastern part of Latvia, on the west bank of the Daugava river.
Open grasslands with breeding Corncrakes form an important part of this Natura 2000 site. Since
1930, a channel and a vast network of ditches was dug in this area, in order to drain the valley and
improve its agricultural use. This change in hydrology in combination with land abandonment since
1990 caused the Corncrake grasslands to overgrow with trees and bushes. The goal of this EU/LIFE+
funded project, is to improve the habitat quality of wet grasslands for the Corncrake. This will be
achieved by three actions, taken in the most overgrown part of the floodplain: restoring the
hydrology by restoring part of the Dviete river, removing bushes and introducing grazing by large
herbivores. This document concentrates on the river restoration in combination with natural grazing
by beaver, moose, wild cattle and Tarpans. The Dviete restoration project aims to bring to Latvia the
extensive Dutch experience with re-meandering of small streams.
The Dviete valley is more than 20 km long and 500-750 meters wide and has a small height gradient.
Natural processes as erosion and sedimentation still take place. From the hills in the south several
small streams flow into the valley, transporting fine sandy sediment into the valley. Every year in
early spring, the Dviete valley is entirely flooded by water of the Daugava river, inundating the valley
from downstream to upstream.
The project area lies near Bebrene, directly upstream from Skuku lake, and has a length of
approximately 2 km. In the height gradient a discontinuity is visible in this area: in the first kilometer
upstream the lake, the water level is similar to the lake with hardly any gradient, while about 1 km
upstream a steeper section starts, with a gradient up to 20 cm/km. Due to this difference in slope,
the river will sooner en faster re-meander in the upstream part than in parts just upstream of Skuku
lake.
While restoring small streams, there are a number of possibilities in restoration measurements.
A. Patience. Depending on the longitudinal profile, the discharge and the type of soil of the
riverbed, a canalized stream will in time start re-meandering by itself. This process will be
stimulated by obstacles in the streambed like beaver dams and burrows, fallen trees and
curves. To allow this natural process to take place, artificial river bank protection has to be
removed. Burrow activities of mammals like beaver weaken the river bank and increases
erosion. In a meandering river bed, places with fast flowing water alternate with slow flowing
areas. Vegetation growing in the slow flowing areas, forces the stream to curve even more
and raises the buffer capacity.
B. Restoring the old river bed. Redirecting the canalized stream into old meanders (when still
present) is another way of restoration. This is realized by blocking the artificial stream;
redirected flowing water will search its own path, and erosion en sedimentation will soon
give a natural result. To start these processes, it might be necessary to remove fresh
sediment or vegetation overgrowing the historical river bed. This removed material can be
used to fill and block the canalized streambed and the draining ditches in the floodplain. To
maximize ground water level rise, both ends of the artificial channel should be blocked.
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C. Digging a new river bed. If the old streambed is not visible anymore in the landscape, or if it
has turned into a high value oxbow lake, it might be the best solution to dig a completely
new meandering riverbed. In this case, the natural low-lying places in the floodplain will
guide the design, leading the new river through natural depressions in the floodplain.
In the Dviete restoration project, both the first and second measurement is used. Therefore, the area
is divided into three sections:
1. The upper part with some gradient, where one barely visible historical meander can be
restored by digging out the old bed and using this material to block the artificial channel.
2. The middle part with almost zero gradient and a dry bed in summer, where the old meanders
are still recognizable in the landscape and can be restored quite easily.
3. The lower part without gradient, but containing water in summertime. Here, the former
riverbed can be restored by restoring a sandy high ridge, thus forcing the Dviete to flow
around it, eroding his own historical river bed again. The reed beds in the delta will remain
intact, in order to slow down the outflow of the Dviete into the lake and therefore maximize
(ground)water levels in the project area.
The new river bed will have a depth of approximately 1 meter and a width of 2 to 3 meter, with
partly steep and partly gradual slopes, corresponding the historical situation. Care was taken not to
raise the water levels too much, as fields still in agricultural use (esp. in part 1) have to remain
sufficiently drained.
Beside the measurements within the project area, the report advises on several – future - actions
outside the project area. Restoring the outflow threshold of the Skuķu lake would squeeze the
outflow of the lake, thus retaining the lake’s water during summer time. This will prevent the lake to
dry out, and would help greatly to raise ground water and river water levels upstream. Restoring the
second threshold, just before the Dviete enters Dvīta lake, would further raise (ground) water levels.
Restoration of the thresholds is cheap and effective and contributes significantly to restore the
hydrological situation for the Corncrake.
In the area upstream of the Bebrene bridge, it will be sufficient to leave the Dviete rivier to remeander itself. To speed up this process, disturbances can be added to the riverbed and draining
ditches, such as big tree roots placed near one of the banks. Ditches bringing in water and sediment
from outside the Dviete valley can be blocked partly or entirely, forcing the water to run over the
floodplain, eroding new shallow waterways and bringing fresh sediment to the Dviete.
Mammals have a large influence on the Dviete river system as well. By building dams, eating bark
and cutting trees, beavers have the largest impact. The restoration plan has to assure its survival, by
not removing all trees and bushes but leaving a wooded stretch next to the stream. Large herbivores
like moose, wild cattle and Tarpan will assist the Beaver in keeping the area open en delaying the
reappearance of bushes for a prolonged period. Large herbivores can turn reed beds into a more
open mosaic of flowers and grasses, preferred by Corncrakes. Beavers and large herbivores need a
complete landscape to survive and vice versa. The ecosystem is not complete without large grazing
animals.
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Due to the presented restoration plan, the surface (river) and ground water levels will raise. As the
water level rises above ground and below, old trees will start to die, giving place to wet grasslands.
From cutting trees and mowing, the management can shift towards nature management, i.e.
management of the herds of wild cattle and Tarpan. This will result in a more diverse and more
natural area, giving place to many breeding pairs of Corncrake.

The current situation of the river Dviete in the project area.

New situation after restoration of the river Dviete in the project area.
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1. Introduction
1.1 Project area
The floodplain of the Dviete river is situated in the southeastern part of Latvia (Figure 1). Here,
‘Dviete floodplain nature park’ was established in 2004, both as a national Specially Protected Nature
Territory (Nature Park, Figure 2) and, slightly larger while including Zarinki, as an international Natura
2000 site (Figure 3 and 4).

Figure 1: The Dviete floodplain in the southeastern part of Latvia.

Figure 2: The boundaries of Dviete floodplain Nature Park.
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Figure 3: The boundaries of the Dviete floodplain within the Life project (Natura 2000).

Figure 4: The Natura 2000 boundaries plotted in the natural boundaries of the Dviete floodplain
(the satellite photo is taken during high water).
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Landscape
The Dviete river originates from several streams flowing from the hills in the north en south of the
area, and flows in south east direction towards its mouth in the river Daugava. Being a floodplain, the
area is flat. Therefore, the Dviete floodplain is mainly an open landscape, with large areas of open
grasslands along the rivers Dviete and Ilūkste. Two shallow lakes, lake Skuķu and Dvīta, form an
integral part of the Dviete floodplain as well.

Photo 1: The Skuķu-lake in the Dviete valley. Dviete, May 2011.

Natural qualities
The area is one of the most diverse bird areas of the country. It serves as a resource for many
migratory waterfowl and breeding birds, among which 36 strictly protected species, including the
Corncrake. Three protected Natura 2000 habitat types are found here. Northern boreal alluvial
meadows cover 30% of the area and are situated along the rivers Dviete and Ilūkste. Also Lowland
hay meadows (3%) and Hydrophilous tall herb fringe communities (5%) are found.
Land use
The land use of the Dviete floodplain is dominated by farming. Half of the surface is covered with
humid and mesophile grasslands, partly hay-meadows and pastures, but also a large part with
abandoned grasslands. This open landscape is found mostly in the part of the Dviete floodplain that
is regularly flooded. About 15-20% of the area is used for arable farming, gardens and orchards near
the farms and villages. Most of it is situated above average flood elevation. At least 20% of the area is
covered by forest and bushes, although the use for forestry is restricted since the designation of the
Natura 2000 site in 2004. Finally, there are two eutrophic lakes situated in the area. These cover 4%
of the surface and are used for fishing. In the rivers Dviete and Ilūkste fishing is allowed as well.

1.2 Project goals
Among several other natural qualities, Dviete floodplain Natura 2000 site is recognized as an
internationally important area for the Corncrake. At least 40-100 breeding pairs live here. By
improving the habitat quality for this bird, the situation for the species can be further improved. In
that way, the Dviete floodplain can serve as a source for Corncrake populations in a wider landscape,
from a local to an international scale.
Past developments
During the 20th century, the area of natural lowland grasslands suitable for Corncrakes has been
degraded and significantly reduced. Two main developments have caused this negative trend:
drainage and abandonment of the grasslands. Draining of the area started in the 1930ies, in order to
reduce the flooding of agricultural land. Therefore, the river bed of the Dviete was straightened and
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deepened and a vast network of ditches was constructed in the farm land. As a result ground water
levels and lake water levels declined, changing the natural characteristics of the area entirely.
The second development concerns the change in land use during the 20th century. Before that time,
the traditional land use of hay making and grazing had a positive influence on the formation and
maintenance of Corncrake habitats in Dviete floodplain. Due to several occasions (World War II,
Soviet regime and the recent agricultural crisis) a large area of land has been abandoned and the
grasslands started to overgrow.
Corncrakes need open grassland areas for nesting. It avoids overgrown and fragmented grasslands,
while the presence of shrubs and trees increase the risk of predation. Moreover, the changes in
vegetation structure reduce his food resources (invertebrate fauna).
The most overgrown part of the Dviete floodplain Natura 2000 site is the target area for the
proposed project. To ensure the ecological integrity of the Natura 2000 site (including the continuity
of Corncrake habitat), the project realizes the restoration of wet open grasslands by river restoration,
removal of bushes and the introduction of grazing in the most overgrown part of Dviete floodplain.

Photo 2: Draining wetlands makes them suitable for Agricultural use, but after abandonment the former wetland doesn’t
return. Changed abiotic circumstances cause willow bushes to claim the area instead, making it useless for Corncrake.
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Restoration plan
To restore the Corncrake habitat both mentioned negative developments have to be altered. The
restoration of the former meandering river course, and therefore the restoration of the hydrological
regime, is planned in the section of Dviete river where it is most urgently needed. This action will
improve the quality of the floodplain, prevent new growth of shrubs and favor a greater diversity of
plant species. This attracts a more and divers invertebrate fauna, which form the feeding resource
for the bird. They profit from reduced habitat fragmentation and are less susceptible to predation.
This document describes the realization of this part of the restoration, the re-meandering of the
Dviete. In the Netherlands, there is a lot of experience with the re-meandering of small streams. The
aim is to bring this Dutch expertise to Latvia, providing the Latvian project partners to implement this
knowledge themselves in other project areas in the near future.
Apart from the actions described in this document, other actions are executed as well (Figure 5). This
concerns the restoration of the open grassland by extraction of trees and the introduction of grazing
by wild cattle and tarpans as a management tool. Many communicating activities are executed, both
for the public as for other experts to pass on the experiences and knowledge.

Figure 5: Activities of the LIFE project in the Dviete valley - the blue line represents the course of the river Dviete to be
restored, the yellow squares the areas of new pastures in 2007 and restored Dviete pastures in 2008.
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2. Landscape development and hydrology of the Dviete-valley
2.1 Characteristics of Dviete river
The Dviete is a small stream on the western bank of the Daugava river, with a length of
approximately 25 km. The drainage basin of the Dviete counts 300 km2 and consists of three different
landscapes:
•

A rather flat landscape in the north, with an elevation between 95 and 100 meter above sea
level. This area was formed during the last ice age, when a large glacial lake was filled up with
fine sandy sediments. The ground water table lies near the surface and parts of the area consist
of marsh land. A system of drainage channels has been made to allow agricultural land use.

•

Dviete valley. A 500-750 meters wide valley in the centre of the basin, with a very small gradient
in height: from 90 meter above sea level upstream to 85 meter near the Daugava river.

•

A hilly landscape in the south, with heights up to 200 m above sea level. The hills are the
remnants of a moraine from the last ice age and consist of sand, loam and gravel. The Dviete
valley lies just in front of this mountain range. A large number of small streams originate from
this area and flow into Dviete valley.

Photo 3: In the hilly moraine landscape south of the Dviete several small meandering streams flow towards the Dviete
valley, carrying sandy sediment towards the valley. Bebrene, May 2011.

The most striking event is the yearly flooding of Dviete valley in early spring, caused by high water
levels in the river Daugava. The water enters the Dviete valley from the downstream direction and
floods it up to Bebrene bridge (14 km from Daugava). In some years, the effect of the high water in
the Daugava reaches ever further, up to Kaldabruna bridge (25 km from Daugava). Also large parts of
the flat area in the north are flooded; in total 20 km2 is flooded every year. Downstream, near the
Daugava river, the in- and outflow of Daugava water causes erosion, causing the widening of the
Dviete channel. At Dviete bridge, a bottleneck in the water flow through the valley, a discharge up to
500 m3/s in upstream direction was measured. The discharges in downstream direction (when the
Daugava falls) are smaller. Upstream from Skuķu lake the in- and outflow of Daugava water is more
gentle and the moving water causes no erosion at all.
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Photo 4: In early spring large parts of the Dviete floodplain are flooded, caused by high water levels in de Daugava.

Photo 5: During the yearly floods, old meanders become visible in the landscape again.

After the yearly flood caused by Daugava river, the ground water zone in Dviete Valley and in the
northern flat area is completely filled up. This water will slowly flow out and this causes elevated
water levels in the Dviete till the end of spring. The average discharge of Dviete river itself is
approximately 0,300 m3/sec. Periods with heavy rainfall in this time of the year cause small discharge
peaks and occasional flooding of lower parts of the valley by water of Dviete itself. Peak discharge
can reach up to app. 2 m3/sec. The response time of the drainage basin to precipitation differs from
slow in the northern flat area to fast in the southern hilly area.
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During summer the drainage basin of Dviete slowly dries out. At the end of summer the discharge
drops to a minimum of less than 100 liter/sec. Autumn rainfall will raise the discharge again, but in
most years the levels remain in this period under the yearly average. In winter time, when most of
the precipitation is snow, the discharge will drop again and during periods of strong frost almost all
the water will be frozen into ice. In spring, the discharge will increase due to snow melt: at first in the
Dviete basin itself, soon followed by Daugava water again.

Photo 6: Near the Dviete bridge the river has broad meanders. During the yearly flood of the Daugava this stretch carries
3
a discharge of up to 500m upstream.

2.2 Longitudinal profile
The gradient in height of the Dviete valley in longitudinal direction is very small. From Bebrene bridge
to Dviete bridge (a distance of 8 km) the differential head is less than 1 meter, app. 10 cm/km.
Upstream from Bebrene this increases till 20 cm/km. In the project area a discontinuity in the
gradient is visible. The first kilometer upstream from lake Skuķu has no gradient at all: the water level
is similar to that in the lake. About 1 km upstream lake Skuķu starts the steeper section, with a
gradient up to 20 cm/km.
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Figure 6: Longitudinal profile of Dviete in the area upstream and downstream the project area

The downstream outlet of lake Skuķu is larger than the upstream inlet. Therefore, the lake does not
have a buffering effect on the water levels in Dviete, situated upstream of the lake. The amount of
water flowing into the lake can easily flow out; an increase in the inflow will not lead to an elevated
water level. On the other hand, the water level in the lake does have a direct effect on the water
level in the Dviete upstream from lake Skuķu, since the gradient in the first kilometer upstream from
the lake is almost nil. When the water level in the lake drops, the water level in Dviete upstream
from the lake will follow simultaneously.
During the canalization of Dviete in 1930, also the connection between the two lakes has been
straightened and deepened. The excavated material still lies next to the channel in this section. The
outflow of water from the Skuķu lake has accelerated since then, causing the water levels in the river
Dviete upstream from the lake to drop faster and further than was the case before the canalization.
Since canalization the lake dries out more of less in summer.

2.3 Morphology of Dviete valley
The Dviete floodplain is remarkable large and has a remarkable low gradient. Therefore it cannot be
formed by the small stream itself. Probably, it has been formed during the last ice age as a large
depression in front of the moraine. The Dviete river follows this low lying area and has formed a
small channel within, with a meandering course due to morphological processes: erosion in the
outside bend and sedimentation in the inside bend (see also chapter 3). The canalization of Dviete in
1930 changed the natural course of the river bed into an almost straight channel. The meandering
processes stopped. The former course of the stream is partly still visible in the terrain.
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Figure 7: Course of Dviete before the canalization (historical map 1933).

Figure 8: Course of Dviete before the canalization. The eastern part (blue line) is still visible in the terrain. The western
(dotted blue) is not visible anymore.

16

Dviete river restoration

Figure 9: Course of Dviete before the canalization on the present topographic map. In the western part, where the
channel is no longer visible, the banks of the stream are drawn on the map.

Photo 7: the former river Dviete is still visible in this stretch of the floodplain.

From the moraine area south of the Dviete valley, several small streams bring sandy sediment to the
Dviete, which carries it further downstream. During bank full situations, coarse sediments (sand) will
be deposited near the channel, while finer material (clay) is carried further into the floodplain where
it deposits. Flooding caused by Dviete itself is however rare, especially since canalization, and most of
the sediments are transported downstream through the channel. When flooding of the Daugava
occurs, the Dviete valley is completely filled up with water. The velocity of the water under these
circumstances is nevertheless very small in most parts of the Dviete valley and transport of
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sediments does not occur. During this period, sediments brought in by the tributaries from the
moraine area will remain at the base of the valley slope.

Photo 8: From the moraine area south of the Dviete valley meandering small streams bring sandy sediment into the
Dviete, which carries it further downstream. Dviete, May 2011.

It is likely that the flat part of the Dviete valley just upstream of lake Skuķu (where the gradient is
almost zero) is a former part of the lake, which has been both filled up by the sediments brought in
by the Dviete (clay and sand) as by peat formation in the shallow parts of the lake. When comparing
the 1925 map of the western shore of Skuķu lake with the present situation, a large area of new land
is visible (colored red in Figure 10). Part of the difference can be explained by a lower water level in
the present situation and by the excavated material that has been placed next to the channel. But
especially along the channel the new land must also have been formed by sedimentation and/or
eutrophic peat formation. In that case, it is likely that this process still goes on.

Figure 10: Comparing the western shoreline of
Skuķu lake in 1925 with the present situation
indicates that the process of delta formation is still
active. The red area is formed in approximately 80
years by sedimentation and peat formation.
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The Dviete valley is divided in some sections by morphological structures, perpendicular to the
direction of the valley (see Figure 11). Most likely these structures are remnants of the ice age:
eskers formed by small streams which flew under the ice.

Figure 11: Morphological structures perpendicular to the direction of Dviete Valley.

Photo 9: Broad sandy morphological structure perpendicular to the direction of the valley, causing Dviete to change its
course to the northern limit of the floodplain. In front on the left is the southern limit of the floodplain. To the right is
the swampy border of lake Skuķu.

These morphological structures have influenced the course of the channel and the location of the
lakes. Just upstream from the Skuķu lake, one of these structures has forced the river Dviete to the
northern limit of the floodplain. During the canalization of Dviete in 1930 the new channel has been
cut through this sandy structure, leaving the excavated material on the shore.
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Figure 12: Location of the morphological structure
near the outflow of Dviete in lake Skuķu. The old
channel (dark blue) is on the north of the structure.
This structure has been cut through during
canalization (light blue).

2.4 Subdivision of the project area in three sections.
Inside the project area the river Dviete can be divided in three different parts (from upstream to
downstream):
1. The upper part, where there is still some gradient; in this area the former course of the flow
is not visible anymore.
2. The middle part, where the gradient is almost zero; the former course is still visible in the
terrain, although during summer time it is as a dry bed.
3. The lower part where the gradient is almost zero as well; here, the former course is still
visible in the field and contains water during whole year. In this part the new channel has
been cut through the former morphological structure.
All these three parts of the river Dviete can be restored to a more natural situation. In chapter 4 and
5 the different measurements for these sections will be discussed.

Figure 13: Subdivision of the Dviete valley.
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Photo 10: The outflow of the former Dviete river into the Skuķu lake at the start of the former delta. In the middle of the
picture the river splits into a small branch to the left and a main course flowing to the right.

2.5 Subdivision of Dviete valley in different sections
Of course, several parts of Dviete river situated outside the project area have influence on the
stream inside the project area. These sections will also briefly be discussed in this report.
i.

Upstream from the Bebrene bridge, where the gradient is quite high (20 cm/km) and some
new meandering has occurred. Quite a lot of sand from the moraine area enters Dviete river
here.

ii.

Between Bebrene bridge and the project area, where the gradient decreases.

iii.

The project area itself

iv.

Lake Skuķu

v.

The channel between Skuķu and Dvīta lake

Some advices on measurements to be taken in these areas will be discussed in chapter 4.5.
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3. Restoration of small streams
3.1 Possibilities for restoration
In restoring small streams there are a number of possibilities for river restoration. Depending on the
longitudinal profile, the discharge and the type of soil of the riverbed, a canalized stream will in time
start re-meandering by itself. Obstacles in the streambed (e.g. beaver dams and burrows) or sharp
curves in the course of the river will stimulate that process. On the other hand, river bank protection
with e.g. artificially placed rocks, wood, bricks or even concrete will stop the natural process of remeandering and need to be removed. Re-meandering in a natural way is a slow process and given
time, will give a nice result. The steeper the longitudinal profile and the bigger the discharge, the
faster the process of re-meandering will take place. For Dviete this means that e.g. parts upstream
from Bebrene bridge, where the profile has some slope, will sooner en faster re-meander than parts
just upstream of Skuķu-lake, where the profile is nearly flat. Re-meandering lengthens the path river
water has to take and slows down the flow. The curved riverbed has a greater capacity to buffer
water compared to a straight channel. In the curved flow places of fast flowing river water alternate
with places where the flow almost comes to a standstill. Water vegetation quickly grows in such
places, forcing the stream to curve even more and raising the buffer capacity of a natural river. These
combined effects raise both the river water level and the ground water level.
Depending on the time the natural process of re-meandering will take, artificial measurements can
be necessary to speed up the process. When a canalized streambed is not only straightened, but also
deepened, it might be necessary to take additional measures. As natural re-meandering does not
raise the bottom of streambed by itself and a low lying bottom drains the valley in dry seasons and
thereby annulling the ground water level rise in wet periods. In this chapter four different
possibilities for re-meandering will be described, from ‘doing nothing’ (par. 3.2) via ‘giving the stream
a hand’ (par 3.3 and 3.4) up to digging a whole new course (par 3.5).

3.2 Let time do the job
Given enough time, any stream will meander again. Loose soil, fast flowing streams, big floods and
weak spots in the banks will help to see the result within a life time. Before letting nature do its work,
it is often necessary to remove any river bank protection in the stream as it will frustrate nature’s
work and lengthen the time needed for re-meandering.
The speed of spontaneous re-meandering depends on several aspects:
1. The slope of the streambed in the direction of the flow. In hilly terrain erosion and thus
spontaneous re-meandering can give nice results in a few decennia. E.g. the stream in Photo
11 has a fall of 3m per km and re-meandered itself within 20 years. On the other hand, in an
almost flat area it can take more than a life time before spontaneous re-meandering gives
good results;
2. The amount of water flowing though the stream, especially during flood has a great impact
on erosion: the bigger the flood, the more erosion, the faster re-meandering occurs;
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3. Obstacles in the streambed: rocks, fallen trees, collapsed bridges or other buildings, material
from landslide, beaver dams or even odd curves in the riverbed will speed up the natural remeandering process;
4. Weakened banks. Burrowing activities of small to medium sized mammals can weaken the
river bank. Especially big old collapsed beaver burrows produce al lot of loose soil that when
the river is flowing towards it can easily be eroded at high water levels (Photo Photo 12).

Photo 11: It is hard to believe that this stream was canalized up to 50 years ago. After being neglected, this relatively fast
flowing stream re-meandered itself within 20 years. An easily erodible soil and a quick reaction to heavy rainfall made
this possible. Nowadays it is one of the finest examples of meandering streams in the Netherlands, including pebble
islands, high water gullies and old streambeds that are slowly overgrowing. Worm, October 2009.

Letting time do the job is preferable, as it gives a perfectly natural result. But it sometimes takes just
too long. In these instances it is better to help nature locally. In the case of the Dviete area this
means that re-meandering in the moraine area south of the Dviete valley will be a relatively quick
process. In the valley itself, spontaneous re-meandering will be much slower, even almost zero
upstream of the Skuķu-lake.
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Photo 12: This old and partly collapsed beaver burrow presents a weak spot in the river bank that is prone to further
erosion and can be a starting point for re-meandering of the canalized stream. Dviete, May 2011.

3.3 Obstacles in the streambed
As mentioned before, obstacles in the streambed seriously speed up the spontaneous re-meandering
process. Trees standing on the river bank are undermined by the flowing river. Once sufficiently
undermined, the trees fall into the stream and block the flow. The river water has to squeeze itself
through the narrow gap between the uplifted root system and the remaining river bank (Photo
13Photo 13). This forces a quick erosion of the remaining bank, often supporting the next tree. In a
single flood series of trees can fall into the flow and cause a major relocation of the streambed.
During flood the river water can push series of fallen trees together into one big barricade, collecting
driftwood and drifting vegetation. Such a barricade forces bank erosion even more.
In general, fallen trees will stimulate sedimentation behind them. As the streambed is forced around
them and therefore widened, the relative calm flow behind the trunk collects sediment in the form
of a shallow, a small island or in the form of a slow sloping bank opposite of the eroding river bank.
During floods, fallen trees can drift downstream. When they get stuck in the streambed, they quickly
assemble more driftwood and drifting vegetation during the flood. A barricade of trees and
vegetation forces the river to run around it, eroding its banks on both sides in the process. Behind
the barricade new sediment accumulates and a new island appears (Photo 11). As the banks erode in
time, the island behind the barricade will grow in size and height.
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Photo 13: A detail photo of a tree just fallen into the stream, showing that the tree forces the flow through a narrow gap
between the uplifted roots and the remaining river bank. This causes quick erosion. Geul, October 2003.

As Photo 13 and Photo 13Photo 15 show, time can create beautiful meandering streams. In both
streams Geul en Worm trees growing on the banks of the stream are essential in the re-meandering
process. Unfortunately there are no big trees on the banks of the Dviete. Luckily, other obstacles can
also do the job, such as the collapsed wooden bridge in upstream part of the Dviete in Photo
14Photo 14 or the remnants of a beaver dam in the Dviete in Photo 15 15. Especially obstacles placed
asymmetrically in the stream bed will cause the water flow to start meandering as it bounces from
side to side. Erosion and sedimentation will do the rest. Photo 14 also shows that the re-meandering
effect of an obstacle seems to fade away in the distance. This is however a time effect as each
meander causes in time the next one to evolve. The longer the process is allowed to work, the
lengthier the stretch with meanders will become. When no natural obstacles are present, they can be
introduced into the stream, e.g. by putting in one of more trees, its roots or when naturally present,
one or more big rocks. However, as pointed out in the previous paragraph, spontaneous remeandering only works properly when the inclination of the valley floor is sufficient, i.e. outside the
project area in the upstream part of the Dviete.

Photo 14: A collapsed old wooden bridge in the Dviete caused a disruption in the water flow, which in turn stimulated
meandering downstream (left side of the photo). Dviete, May 2011.
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Photo 15: A remnant of a beaver dam causes this first onset of spontaneous re-meandering. Dviete, May 2011.

3.4 Let water do the job
Both previous paragraphs described natural re-meandering with none or only subtle human
interference. Sometimes however the natural re-meandering process is very slow or the stream is
dug out deep or otherwise normalized or canalized too much. In these occasions more interference is
necessary in order to help the natural processes. Remnants of the old meandering stream or natural
depressions in the river valley can point out opportunities. With limited digging the canalized stream
can be redirected into the old meanders or towards natural depressions in the stream’s floodplain.
By redirecting the flow into the stream’s floodplain, the stream is allowed to search its own
meandering path. Only a small part has to be dug. From there on the flow will search its own path
and follow the lower areas in the floodplain. It will be shallow at first, form slow flowing broad pools
at some places and narrow fast flowing streams in between. Erosion and sedimentation will in time
determine the depth of the new stream. Erosion will start at the narrow parts and the extracted
sediment will be deposited wherever the flow slows down. The old grassy vegetation drowns, leaving
the soil less protected from erosion. New swamp vegetation will more easily grow at places where
water is flowing slowly, overgrowing shallow pools and forcing the stream to flow faster in the
remaining area. Together these effects create a new natural meandering riverbed. An example is
shown in Photo 16.
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Photo 16: A small side stream has found its own meandering bed on the floodplain, creating shallow wet places and
swampy wet grasslands. No machine or hand work was done to archive this effect. Geul, April 2010.

Photo 17: This old river bed of the Dviete can be re-used. After cutting off this branch, a soft peaty sediment
accumulated. By redirecting the flow into the old bed this will erode away. Dviete, May 2011.

Another possibility is to reconnect the old meandering tracts of the former stream. This is a good
possibility in those occasions where the old meanders are still present in the floodplain (Photo 17)
and they don’t have a very high biodiversity or form the habitat of endangered species. Sometimes
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redirecting the flow into the old meanders suffices and the flow washes away the newly deposited
sediment. In other cases part of the new sediment in the old streambed has to be removed. This is
especially the case when a closed vegetation cover is refraining erosion and when the (ground) water
levels may not raise too much because of agricultural use of neighboring land. The removed
sediment and vegetation can be used to fill and block parts of the former canalized streambed or to
block one of both ends of draining ditches in the floodplain (PhotoPhoto 18).

Photo 18: This former draining ditch has been turned into an oxbow lake like swamp by blocking both ends of this broad
ditch. Leenderbos, August 2007.

When redirecting the stream, the old canalized section has to be blocked. It can be filled up
completely, but essential is only to block the upstream part effectively and sufficiently robust. It is
essential that the blockade can’t erode away quickly. Without a stream flowing through, the blocked
canal is quickly overgrown with swampy vegetation. During floods sediment is deposited into the old
canal, but not eroded anymore. The new stream will gradually clog the downstream outflow of the
old canal, leaving it as an artificial oxbow lake. Beaver can speed up this process by building a dam in
the outflow of the old canal. In time plant growth and sediment will fill up the old canalized part of
the stream. Oxbow lake biodiversity will profit in the mean time (Photo 18).
In our case we want to raise the ground water level as much as possible. Blocking only the upstream
part of the canal, leaves the whole canal and side ditches to drain the floodplain towards the place
where new and old stream meet. Blocking also the downstream part of the old canalized stream will
effectively stop this drainage and force water to search new ways towards the newly meandering
stream. In parts of the Dviete where one side of the canalized stream is in full agricultural use, this
draining effect cannot be undone. In that case, side ditches leading from the canal into the nature
restoration area can be blocked instead.
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3.5 Digging a new stream bed
When neither shallow depressions nor old streambeds are visible in the floodplain, or when the old
streambed remnants have turned into rich oxbow lakes, it is wise to choose another solution. In the
Netherlands often a completely new meandering stream is dug out. The excavated soil is used to
block or even fill up the canalized stream. Excavating a new stream is also a good solution when the
depressions are too shallow or the longitudinal profile of the stream’s valley is too flat. Shallow
flooding river water can in those occasions form a nuisance to neighboring farmers that want to keep
their current intensive land use. A new meandering flow can easily be led away from these
agricultural neighbors.
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4. Plan for the Dviete
4.1 Advice for restoration of the Dviete
As described in chapter 2.5, the course of the river Dviete within the project area can be divided in
three different parts. From upstream to downstream these are (see Figure 14):
Part 1. The upper section. The length of this stretch of the present channel covers 480 meters; the
slope is 60 cm/km. This section is almost straight, though it contains two small curves. The southern
bank is densely forested, while the northern bank is in agricultural use. The river bed is shallow,
approximately 1 meter deep and it is 7.5 meters wide.
Part 2. The middle section. This section is longer and flatter, with a length of the present channel of
800 meters and a slope of 10 cm/km. It is an entirely straight section. The land use consists of dense
forest and open grassland, alternating on both banks. The river bed is approximately 1.5 meter deep
and 7.5 meters wide.
Part 3. The lower section. The length of the present channel covers 700 meters. In this section there
is no height difference left: the slope is 0 cm/km. Once again an entirely straight section. Both banks
are covered with forest. Halfway, the bed cuts through a ridge of 3 meters high; here, the land use
changes on one bank into grassland. The river bed is 1,5–2 meters deep and 10–12 meters wide.

Figure 14: The three different sections of the river Dviete within the project area.

Figure 15 to Figure 17 show the historical river bed of the Dviete, plotted into the current situation.
This historical course is deduced from an accurate map from approximately the year 1930; this map
was part of the plan to canalize the river. On the map, the original river bank is plotted very precisely
and the heights are measured with an accuracy of 1 cm. At the moment the map was drawn, the
upper section of the river Dviete, being section 1, had been canalized already. Nevertheless, part of
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the historical course was still visible at the time; this is represented in Figure 15 by a dotted line. In
the other parts, being section 2 and 3, the historical course was still used by the river water. Here the
new, straightened course was constructed after the year 1930.
It can be seen that the river course was considerably winding, although the bed was more or less of
the same width and depth as in the current situation. The lower section formed a kind of mini delta,
dividing its course in several branches before entering the lake. The river flowed round the high ridge
that runs straight across the valley.

Figure 15: Section 1: the historical river bed of the Dviete (around 1930), plotted into the current situation. The black
lines represent the river bank: the course was at the time 6-8 meters wide. Red numbers show the height above sea
level. The blue lines represent the parts that were still active in 1930. Where the line is dotted, this was not the case
anymore.

The depth of the new water bed should be related both to the historical references as to the depth
of the existing channel. While a raise in ground water level is intended, the new course should be
shallower than the existing one, being the channel. Historical references show that in section 3, near
the lake, the water depth was around 1.5 meters. During a field visit the thickness of the fresh
sediment layer in the former branch in section 2 has been measured and appeared to be
approximately 70 cm under the water level, which was 30 cm under the height of the surrounding
land. As the characteristics of the Dviete do not change too much in the project area, this depth of 1
meter is used as the main guideline for the restoration activities. This raises the ground water level
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somewhat more and helps to achieve the project goals. Care was also taken not to raise the water
level too much, as fields still in agricultural use (esp. in part 1) have to keep sufficient drainage.

Figure 16: Section 2: the historical river bed of the Dviete (around 1930), plotted into the current situation. The black
lines represent the river bank: the course was at the time 8 meters wide. Red numbers show the height above sea level.
This part of the Dviete was still active in the year 1930.

Figure 17: Section 3: the historical river bed of the Dviete (around 1930), plotted into the current situation. The black
lines represent the river bank: the course was at the time 10-15 meters wide. The bed follows the northern edge of the
valley, round the high ridge that runs straight across the valley. About 300 meters before the river flows into the lake,
the course divided itself into three of four branches, of 4-6 meters wide each. One of these branches divides again , in
another four branches. The red numbers show the height above sea level. ; The height of the bottom of one of the
branches near the mouth counted 85,7 meters (shown in pink). Therefore, the depth of the river bed at this place must
have been around 1,5 meters. This part of the Dviete was still active in the year 1930.
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Based on the different natural and cultural characteristics of the three distinguished sections, we
advice to approach the stream restoration in those three parts in three different ways (see Figure
18).
Section 1 partly lacks the presence of a distinct historical course. The dotted stretch shown in Figure
15 has vanished entirely. Probably it was already filled up with sediment during the first period of the
canalization activities. Therefore, in this first part no river restoration will take place. In the
downstream part, where in 1930 a winding part was still active, a natural course can be found in the
underground. The fields on the northern bank of the present channel are still in agricultural use and
cannot be used for the project. The advice in this section is to take up the historical course from the
place where it still can be recognized in the current landscape. Where this course bends too much
north and probably runs through the agricultural field (dotted line in Figure 15), the course should be
slightly changed southwards.
In section 1, the river has the potential to start meandering by itself due to the existing slope. In the
first part of the section, where no digging or filling takes place, two or three tree roots can be put in
the untouched stretch. This might help the river to start creating some curves and find a more
natural way to flow through the land. This will lengthen his course, and therefore increase the
surface and ground water levels.
In Section 2 the historical route is still largely recognizable and as a lower part in the landscape. This
low-lying stretch is at present 8 meters wide and 50 cm deep, and it is filled with sediment and
swamp vegetation. During a large part of the year, this course still carries water. This historical
course has to be dug out, to restore the course to a fully fledged part of the river bed.
In the middle of this section, a ford will be constructed: a broad and shallow stretch in the new river
bed, to allow agricultural vehicles to pass.
Section 3 holds a clearly visible historical course as well. Locally, this course is overgrown with reed
beds, but the depth is in most parts considerable. During the entire year, this part of the course still
contains water. The advice for this stretch is, to refill the artificial channel with sediment where it
runs through the high ridge. As a result, the water of the Dviete river is forced to flow around the
ridge again. By itself the river will re-use the old river bed that is still available. There is no need for
any excavation work in this section. The dense reed beds are retained in order to slow down the
outflow of the Dviete into the lake and to maximize ground water levels upstream when the water
level in the lake drops in early summer. By retaining the existing reed beds, the resistance of this
section is maximized. The vegetation slows down the water flow into the lake, keeping it as long as
possible in the river bed. When necessary, the channel outflow into the lake can be entirely closed
(see §4.4); nevertheless, this is not part of the current project.
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Figure 18: Advice on the measurements to take in the different sections.

4.2 Measurements to be taken (program of demands)
Excavation of the former bed
This measure is applied in section 1 and 2.
Dimensions: the new course is 8 meters wide at ground level and has a depth of 1 meter. In the
curves, the outside bend is steep (1:1) and 1 m deep. The convex bank runs after a bottom stretch of
1 meter at first steeply up with a slope of 1:3, but the last 4.5 meters the slope goes up very gradual,
with 1:10 (see profile 2). On the straight stretches, the slope of both banks is within the first three
meters 1:7. In the central part of cross section the bed is 60 cm deeper with a slope of 1:1 and a
width of 1.5 meters (see profile 3).
Type of the course: The excavation work follows exactly the natural forms and low lying parts of the
terrain, which are still available here. Nevertheless, locally a small deviation can occur when the
situation acquires it.
Amount of ground: Over the length of 1200 meters a river bed will be dug with a cross section of 4.2
m2. This means that 5000 m3 of sediment gets out.
Implementation conditions: first, the terrain has to be cleaned of all bushes and trees. The released
stumps have to be kept aside. Because of the peat soil, special material has to be used with broad
caterpillar tracks.
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Filling-in the old morphological structure
This measure is applied in section 3, near the existing ridge that runs north from the de view tower.
Dimensions: the existing canalized course (up to 12 meters wide) is filled up entirely until the height
of the ridge (3-4 meters) is reached. The ridge is 30-35 meters wide.
The supplementation is carried out in a way that the historical form is restored, and that both sides
of the ridge linkup with each other perfectly.
Amount of ground: Over the length of 35 meters, the ground is supplemented in an area of 12x4
square meters. This requires 1750 m3 of ground.
Implementation conditions: the required sediment can be collected in the direct surrounding of the
ridge. Downstream of the ridge, on both banks of the canal lays an amount of ground that probably
was dug out during the canalization activities of 1930. This sediment can be used to refill the ridge.
Taking away vegetation in the old bed
This measure is applied in section 3; not in the ‘delta’ where the river flows into the lake and all
retention is welcomed, but in the first 300 meters of this section. Here, the historical river bed has
been grown over completely by marsh vegetation.
Dimensions: the available historical course (locally 15 meters wide) will be cleaned of reed and other
high growing vegetation in the central part, leaving an open stretch of 7–10 meters wide. The water
vegetation can remain. This applies especially for the first part, just after the branch off the current
course. The length of this stretch is 250–300 meters. Also at the end, near the lake, the bed is
overgrown by vegetation and has to be cleaned over a length of 100 meters leaving an open stretch
of circa 10 meters wide.
Amount of plant material: Over a length of 350 meters, 2 -3 m3 per meter plant material has to be
taken out. This means that in total 1000 m3 plant material gets out.
Implementation conditions: this part of the course is always wet, so the digging work has to be
executed from a small, shallow boat.
Filling up the old channel
This measure is applied in all sections.
Dimensions: the existing canalized course is filled up as far as possible. To fill up the entire 2100
meters long canal bed, 15,000 to 20,000 m3 of sediment is needed. From the excavation works in
sections 1 and 2, around 7000 m3 ground is available. With this material, half of the canal can be
filled up.
In all cases, the first 100-200 meters of the canal bed in the sections 1 and 2 has to be filled up. This
is important in order to ensure the ridge does not break through during a flood. If that happens, in
time the Dviete river will follow its canalized bed again in staid of flowing through its restored course.
In section 3, filling up will not be necessary, because the restoration of the historical ridge will cause
sufficient barrier for the water flow. The material left over after this filling, can be spread over the
rest of the canal bed. The stubs that had to be removed from the surface in order to be able to dig
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out the historical river bed, can be used to fill up the canal bed as well. However, under no
circumstances the roots may surface, as they might sprout again.
Implementation conditions: while filling up the water courses, it is important to avoid discomfort to
the grasslands in agricultural use. The drain into the river has to be guaranteed. Map 1 to Map 3
show the course of the Dviete river in the current situation and after the restoration.

Map 1: Current situation; the blue lines represent the water courses and ditches of the project area.

Map 2: Changed situation: the red lines show the parts that are filled up completely (continuous line) or partly (dotted).
The yellow dot shows the present location of a beaver dam.
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Map 3: New situation after restoration.

Add tree roots
Trees and tree roots that have to be removed for the mentioned measurements, can be used to add
disturbances in the newly dug old bed, e.g. in the second part of section 1 and in section 2. By putting
tree roots and entire trees in the course, the water will start to bend around it and the beginning of
meandering will occur. When the roots remain under the water surface, they are not able to sprout.
Digging of new ditches
Locally, it might be needed to connect some existing ditches to the new river bed. This concerns
areas that due to the new course of the restored river bed cannot drain properly anymore after the
restoration works have been carried out. In that case, the existing water system has to be connected
to the new water course of the Dviete.
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4.3 Cross sections
The vertical cross sections in profile 1-4 are shown, as referred to in paragraph 5.2.
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4.4 Advice on sections outside the restoration area
Lake thresholds
At the downstream end of the project area, the Dviete flows into the Skuķu-lake. At the other end of
the lake, the Dviete continues for a short stretch before it flows into another lake: the Dvīta lake. Our
field visit to this short stretch learned that during canalization of the Dviete and draining of the
Dviete valley, the sandy threshold in the outflow of the Skuķu-lake has been lowered (Photo 19).
Close to the Dvīta lake another sandy threshold has been dug through (Photo 20). Near this threshold
there is an old bridge and a ford, running over underwater remnants of the threshold. The remnants
of both thresholds are still visible in the landscape as artificial banks next to the canalized stream.
Restoring both thresholds would have a great impact on the (ground) water level of a large area.
Restoring the outflow threshold of the Skuķu-lake would squeeze the outflow of the lake, thus
retaining the lake’s water into the lake and keeping it from drying out in the summer. The presence
of a lake in summer time would help greatly to raise ground and river water levels upstream and
would restore the lake ecosystem and fish community that once was present.
Restoring the other threshold, just before the Dviete enters the Dvīta-lake, would further raise
(ground) water levels. As a result the grasslands in the floodplain between both lakes will become
much wetter, increasing the area with high ground water levels significantly. This action depends
however on the willingness of the owners and users of that land to co-operate. Restoring the Skuķulake threshold on the other hand, can be undertaken without such impact. Both actions will help to
solidify ground water raise actions undertaken in the project area.
It should be realized that the effect on the water table in the project area of restoring these two lake
thresholds will even be stronger than the effect of the river restoration itself. This is caused by the
significant prolongation of the time that water is stored in the lake and in the upstream Dviete river
system. Although this study concentrates on the river restoration itself, is must be emphasized that
restoring the lake thresholds should be part of a sound restoration and therefore should be included
in the total plan. Restoration of the thresholds is cheap and effective and contributes significantly to
realize the project goal: creating wet grasslands for the Corncrake.

39

Dviete river restoration

Photo 19: Excavated sand from the outflow threshold of the Skuķu lake was turned into a sand bank along the Dviete.
Dviete, May 2011.

Photo 20: High sandy banks along the Dviete just before entering the Dvīta lake. They are remnants of the sandy
threshold in the Dviete valley before it enters the lake. Dviete, May 2011.
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Photo 21: Many small streams run from the moraine area south of the Dviete valley and bring sandy sediment into the
Dviete. Dviete, May 2011.

The upstream stretch
Upstream of the project area, the landscape changes. The Dviete is a much smaller stream, the
inclination of the Dviete valley is somewhat steeper and the soil is more sandy and less peaty. Many
small streams run from the adjoining moraine area and bring sandy sediment into the Dviete stream
(Photo 21). Inflow of side streams, obstacles such as a remnant of a beaver dam and a broken bridge
(Photo 23), water vegetation, etc., cause disruptions in the stream which in turn cause erosion of one
of the stream’s banks and sedimentation close to the opposite bank. These banks quickly overgrow
at low water in summertime. The next flooding season this new vegetation helps to collect more
sediment, which in turn gives room for more growing vegetation and so on. A perfect start for
natural re-meandering, which in effect is visible in many places upstream. Leaving this natural
process to do its job and not disturbing its work is will in time lead to a meandering Dviete.
Leaving the Dviete to re-meander itself would suffice in most of the area upstream of the Bebrene
bridge. To speed up this process it is possible to add locally some more disturbances into the
riverbed, such as big tree roots placed in one side of the stream bed. Especially the area just
upstream and the area downstream of the Bebrene bridge meandering can use some extra help. As
the stream broadens downstream of the bridge even complete trees including roots, trunk and
branches can be put into the stream.
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Photo 22: Sand from side streams is used to build sand bars in the Dviete and helps the re-meandering process.

Photo 23: Locally re-meandering is already giving good results, such as this part downstream of a collapsed bridge.
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Photo 24: The valley is covered with ditches to drain the area into the Dviete. Dviete, May 2011.

Draining ditches
Special attention must be given to the draining ditches that connect to the Dviete. In ditches without
a stream swamp vegetation is often already starting to overgrow the ditch and slowing down
draining (Photo 24). Obstacles like bushes, trunks and roots can be placed in the ditch or in the
Dviete near the mouth of the ditch or downstream of it. Roots and trunks must be heavier when
placed in the Dviete than in a ditch without water flow.
There are two options for draining ditches with small streams from outside the Dviete valley. They
can be blocked entirely while redirecting the streams to run over de floodplain. The redirected
streams will search their own patch and create wet circumstances in a wide area. Redirecting a
stream is best done just before the streams enter the floodplain, leading them away from the ditch in
the floodplain. To avoid the stream from flowing into the ditch after a short stretch, the ditch has to
be blocked at both ends. The blockade at the mouth of the ditch into the Dviete is most important as
it causes sediment to accumulate into the old ditch and refrains the stream from eroding it again.
Especially streams from the north with limited sediment can be treated like this.
Some side-streams, especially those from the moraine hills in the south, carry a good amount of
sandy sediment, which plays an important role in the re-meandering of the Dviete further
downstream. For these small side-streams there is the option to put obstacles on the bottom of the
side-stream, causing sedimentation behind it. After the streambed has risen to the level of the
obstacle, sediment will start passing over it. After a while new obstacles can be put into the
streambed, raising the water level in the side stream and the ground water level of the surrounding
floodplain. Beaver dams in side-streams have the same effect. E.g. the beaver dam on Photo 25
causes the sandy sediment of the stream in Photo 21 to build up in the ditch behind the beaver dam.
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Even after the beaver dam has disappeared this will raise the bottom of the ditch and reduce its
draining effect permanently.
Of course, these actions can only be undertaken when landowners and users agree with it. Raising
(ground) water levels is all about convincing humans. Once humans agree and refrain from repairing
ditches and erosion spots or destroying beaver dams, nature will continue re-meandering and will
restore the natural ground water levels.
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5. The role of beaver and large herbivores
In a natural environment not only the soil type, precipitation and meandering rivers defines the type
and diversity of the nature around. It is the interaction between these processes and all living
creatures that creates the full biodiversity of a natural environment. In this chapter, the four
mammals that play an important role in river ecosystems are dealt with. Their interaction with the
system and the importance for animals like the Corncrake is highlighted.

5.1 Beaver

Photo 25: This beaver has built his dam at a strategic place. A small stream from the moraine hills next to the valley
supplies a constant water flow and keeps these ditches also in summer full of water. Dviete, May 2011.

Beavers eat water-plants, waterside vegetation and the bark of several trees, such as willow. The last
being prime food in wintertime, when herbs are not available. Bark is collected by cutting trees and
nibbling it from the fallen tree. Trunks, branches and twigs are also cut into smaller pieces and
transported to food stores, safe dinner places, beaver burrows and beaver dams. Beavers are good
swimmers, but are not very fast when moving over land. To avoid predation, beavers prefer to swim.
Trees and vegetation is collected as close to the waterside as possible. They build burrows in river
banks or in a self-made pile of wood, vegetation and mud. Beavers build dams in order to keep the
entrance of their burrows under water and to make their food, such as trees, accessible via
swimming. For the same reason they build canals as well. As Photo 25 illustrates, beavers can have
an important effect on the local water system. Their dams raise the water level of the ditches and
streams behind them. The water level on both sides of the dam can differ up to one meter and if
necessary, beavers build multiple dams in a row to raise the water level sufficiently. The rising water
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levels cause the surrounding ground water to rise as well. Sometimes dams are used to inundate
parts of a valley. In this way, many standing big trees in the neighborhood of dams drown, after
which they are felled by strong winds or cut by beavers.

Photo 26: Beaver dams raise the water level, causing big trees to drown, such as the birch on this photo. All willows on
the foreground have been cut and eaten by beaver, causing an open spot. Self-build canals give beaver access to forest
patches away from water. Dviete, May 2011.

Beavers cut trees and bushes for building material or for their bark. Some trees and bushes such as
willow can re-grow quickly after being cut. These re-growing bushes are excellent food for browsing
mammals such as red deer, auroch and moose. In combination with these large browsers, bushes
disappear and leave a grassy area full of sedges and herbs behind. As a result, beaver has to move on
and start collecting his food in a new spot, where after a while the same happens. This process slowly
turns extensive beaver bushes into wet grasslands, thus adding Corncrake habitat.

5.2 Moose, wild cattle and tarpan
As written above, wild herbivores play an important role in the ecosystem. Most large herbivores
prefer grass in summertime and bark in winter (Photo 27). As selective grazers, wild cattle and
tarpans make room for flowers and other herbs to enter into the grasslands. Their de-barking and
browsing activities in winter and early spring suppress forest encroachment for a prolonged period.
Moose eat twigs and leaves in summer, and can penetrate deeply into wet areas, enlarging the effect
of other herbivores. Together with the cutting activities of beavers, large herbivores can even turn
dense bushes into open land.
Tarpan and wild cattle have a preference for reed as food (Photo 28). They turn accessible reed beds
into flower-rich wet grasslands, creating ecologically important open shallow wet areas. Corncrakes
will profit from these open areas without trees, bushes or tall reed beds. Moreover, grazing by wild
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cattle or tarpan means mowing is not necessary anymore. Grazing in low densities causes much less
destroyed nests and dead chicks than mowing a big area in a day’s time, leaving surviving chicks and
nests open for predators in short mown grassland. Grazing also turns uniform grasslands into a
mosaic of flowers and grasses, tall and short grazed patches next to each other with intermediate
patches in between. These flower rich grasslands provide a broad spectrum and high numbers of
insects and other small animals where Corncrakes and their young feed on.

Photo 27: Especially in wintertime modern versions of the auroch eat twigs and bark.
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Photo 28: Tarpans prefer to eat reed, creating open reeds beds or turning them into grasslands. In doing so tarpan
facilitates Corncrake which prefers middle tall vegetation with some open spots.

In a natural river valley with lots of old en new meanders, accessibility is an important factor. Where
large herbivores can easily come, permanent wet grasslands are maintained. On the other hand,
inaccessible areas turn into reed beds or wetland forests. Limited accessibility leads to half open
forest or half open reed beds. All these different ecosystems and habitats together form in essence
the complete river valley ecosystem. Without sufficient pressure of a broad spectrum of grazing
animals only one aspect, the closed forest part, would be present. A broad spectrum of grazing
animals form together with a natural meandering river the basis of ecosystem (bio)diversity.
By building dams, eating bark and cutting trees, beavers have a large impact on the Dviete river
system. Removing all trees and bushes would chase away the beavers. Beaver dams would quickly
disappear, enabling the Dviete to dry out more in summer. Leaving a small stretch of trees and
bushes next to the stream, would be enough to keep beavers and beaver dams from disappearing in
the area. As a consequence, it is important to facilitate the presence of an as broad as possible
spectrum of grazing mammals in the area. The habitat Corncrakes prefer, needs beaver, wild cattle,
tarpan and moose to be present in the river valley. To realize this favorable situation, these grazing
animals must have food and some kind of shelter all year round. During flood, wild cattle and tarpan
have to have access to higher grounds in order to survive and avoid drowning. Beavers need bushes
in a limited part of the Dviete valley for dam building and winter food. Wild herbivores, such as
moose, need a place to hide in summer, like small bushes, islands or impenetrable reed beds. In
winter time or whenever there is a flood they must be able to migrate out of the area and have
access to higher grounds. This means, while the complete spectrum of large herbivores develop and
maintain the open habitats at the same time they need the half open and closed habitats for shelter
and winter food. In other words: the ecosystem needs the large herbivores to develop the complete
spectrum of landscapes and the herbivores need a complete ecosystem for survival. In a stable state,
a river valley ecosystem should therefore contain all its components and endless transitions in
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between. Only in this way, the natural variety in flora and fauna, including the Corncrake, can be
maintained.

Photo 29: Moose prefers swampy areas in summertime and consumes lots of braches and leaves. Moose can help in
keeping the wet areas open.
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6. Expected effects
6.1 On the water table
Due to the restoration of the mostly historical course of the Dviete river within the project area,
water levels will rise. At first, the river water level will increase. A deep, small, straight stream like the
current canal, will bring all water very fast from the high to the lower grounds, while a shallow,
broad, bending course keeps the water longer inside the area. Instead of a highway, a side road is
created. Due to the prolonged residence time of the water within the project area, water will be
withheld during wet periods and make a further delivery during dry periods. The restoration of the
thresholds will have a comparable effect on the lakes: the water will stay longer inside the lakes,
preventing the lakes from drying out during summer time. The lakes will function as a reservoir,
which will affect the entire project area positively.
The ground water levels will follow the increased water level of the river and both lakes: the water
outflow of the project area is declined and slowed down, so the area surrounding the Dviete river will
be less drained. The relatively deep and fast flowing channel will no longer drag the water out of the
flood plain into his bed, because this bed is higher and filled up more than the channel used to be.
The decline of the ground water levels in summer will therefore be less severe as well. The effect of
the raised ground water levels will be shown best in the low-lying area, especially in the area
adjacent to the old canal (less drained) and the new river bed (moisturized).
Several ditches in the southern part of the valley are filled up partly, preventing the remaining parts
from draining into the Dviete. The remaining parts will fill up with rain water, seepage water or with
water from a tiny stream. Once this water has filled the ditch, the water will start seeping slowly
through the surrounding marshlands and wet grasslands.

6.2 On the vegetation
The Dviete river restoration aims at increasing both ground and river water levels in a large area. As
the water level rises above ground and below, old trees will start to die. Not only by direct drowning,
but also indirectly because the weakened tree is attacked by insects, fungi or is blown over by strong
winds. When the water level of the lake rises and gets a more permanent character, a large part of
the willow bushes around the lake will drown.
However, somewhat higher up and therefore dryer a new area with good conditions for the
development of willow forest will appear. Those areas typically dry out in May and June, the precise
moment that willows spread their seeds. During this time, new trees will germinate here in open,
non covered soil. It is therefore of great importance that wild cattle, tarpan and moose have
immediately year round grazing access to those areas were young trees start growing. Young trees
are good food and browsing is done almost year round. As a result, many young trees will not survive
their critical first year and the area will remain open and a suitable habitat for Corncrakes.
Where once bushes grew, it will be much wetter after the restoration activities are carried out, but
parts of the land will still dry out during summer. Reed will start growing at places that dry out in July
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or August. But since most areas are readily accessible for wild cattle and tarpan, these reeds are
grazed upon and as a result will be kept open and low. Reed beds and willow forests will only appear
at places that are not very accessible and therefore not often visited by the large herbivores.

6.3 On the management of the area
From cutting trees and mowing, management can shift towards nature management, i.e.
management of the herds of wild cattle and tarpan. It is important that conditions are good for
beavers, moose, wild cattle and tarpan. The area should have extensive wet grasslands with lots of
sedges, but also some scattered bushes for moose to hide in summertime, for beaver as food and
building material and as winter food for tarpan and wild cattle. Old floodplain forest should be
present in the area as well, as it is good for biodiversity and provides shelter and winter food for the
large herbivores.
Care must be taken that the number of grazing animals is neither too large nor too small. In high
numbers, the herbivores will keep the grasslands very short, i.e. too short for Corncrakes. In small
numbers, the development of willows and reed is not sufficiently suppressed. The right amount of
grazing animals is best found out in practice: when the grasslands are too short, the amount of wild
cattle or tarpans has to be lowered. On the other hand, when the amount of willow bushes or reed
beds grows quickly, then more grazing or browsing animals are needed. Experience from other
places in Latvia and in the Netherlands shows that numbers will most probably end up somewhere
between one animal per 2 hectares and one animal per 4 hectares.
Currently the channel shaped riverbed form is a barrier in the landscape, that is difficult to cross.
Solid dams should be made in strategic places, so large grazers like wild cattle and tarpans can pass.
This measure can be combined with the dams which are already constructed for the river
restoration. While blocking the water flow through the canal with the material dug out of the new
river bed, a passage for the animals is created at the same time. This will result in a better
accessibility for otherwise isolated parts of the area. The wider spread grazing activity creates a more
open landscape, which in turn is positive for corncrakes.
The current channel has very steep slopes. Especially in winter this can be dangerous for the grazers:
they can fall down on the ice and are unable to climb back again. Where possible it is advisable to
push the sides of the slopes into the channel, making the sides less steep and therefore less
dangerous for the grazers. As a positive side effect, the old channel will turn into a shallow puddle
and becomes ecologically much more interesting. Nevertheless, this measure should not be applied
at all canal slopes, as the disappearance of steep banks will hinder beavers. Beaver prefers these
steep channel sides for its burrow. As beavers play an important role in the ecosystem, it is advisable
to save 20m of steep slope after each 100m of channel transformation.
While the restored riverbed will be relatively shallow and its slopes will be mostly gradually
descending, it is expected that grazers will frequently wade across and also graze and browse on its
slopes during passage. This again will result in more open vegetation in and around the riverbed.
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