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Introduction

1 Introduction

1.1 The need for stream and river restoration

Streams and rivers are fundamental parts of the landscape in temperate ecoregions. Because of
their elongated, linear form, they link many other aquatic ecosystems like lakes or the marine
environment and are additionally connected to terrestrial ecosystems through long stream and
river banks. They are the main routes of transport for water, suspended sediment, and solid
matter on the earth’s surface. The direction of flow and transport is essentially uni-directional
and horizontal in nature (from headwater streams to the see) compared to other ecosystems
like forests and lakes. But streams and rivers are also connected to other ecosystems bi-
directional and in the vertical dimension through the interchange of matter with the floodplain
during floods and through groundwater, respectively. Hence, a certain stream or river section
not only strongly depends on the whole catchment upstream, but also strongly influences the
catchment downstream.

Streams and rivers are also highly important for man. We rely on them for different uses like
water supply, fishery, hydropower, navigation, waste disposal, recreation, and mining of raw
materials. In addition, streams and rivers represent a potential threat to silvicultural or
agricultural land uses, settlements, and traffic infrastructure on the adjacent floodplain through
floods and erosion. Therefore, streams and rivers in Central Europe have been altered by man
throughout ancient and modern times to ensure these uses and to prevent hazards.
Deforestation and land-use change had a noticeable influence on erosion and alluvial
deposition since the Mesolithic Age (Liedtke and Marcinek (2002), p. 150), probably strongly
decreased the input of large wood, and changed stream hydrology. River clearing and
engineering for the improvement of navigation date back to the Roman era (Herget 2000).
But the most severe alterations of stream and river morphology occurred in the 19* and 20
century. Virtually all rivers were cleared, straightened, and deepened to improve navigation;
dams were built for fish hatcheries, water mills, large hydroelectric power plants, and drinking
water reservoirs; large areas were sealed, which led to an increase in surface runoff; and
bank- / bed-trevetments and embankments were built even in many small streams (Kern
1994).

These human alterations led to a severe degradation of stream ecosystems. Despite the loss of

many aquatic habitats and species, several processes and functions like the retention of flood
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waves, the self purification ability, and the recreation value were impaired, which in turn
restricted uses like water supply, fishery, and recreation. In addition to these
hydromorphological changes, dumping of pollutants and toxic substances decreased water
quality. As a consequence, the restoration of streams and rivers has become a widely accepted
social objective in developed nations, which increasingly becomes established in law like in the
“Buropean Water Framework Directive”, recently enacted by the European Union (European
Commission 2000). Because this directive requires a good ecological status of all European
rivers to be achieved by 2015, there is presently a strong demand for cost-effective stream
restoration. In Central Europe, the main problem is the poor hydromorphological status of
most streams, while severe pollution, obvious effects from toxic substances, and acidification
have almost vanished in the past decades (Brookes 1987; Lorenz et al. 2004; Verdonschot and
Nijboer 2004).

Stream restoration in Central Europe started in the 1980’s. Most of these restoration projects
were restricted to short stream sections and focused on the design of new channels and
channel features using heavy machinery. In many cases bank revetments had to be used to
prevent lateral channel migration, even after stream restoration, because natural channel
dynamics could not be admitted due to the adjacent land use (Smukalla and Friedrich 1994).
Such technical approaches are known to be rather expensive, causing costs of 100-500 € per
meter channel length, and therefore, these methods can only be applied in short channel
segments (Gunkel (1996), p. 335). It has been widely stated and it can be considered to be
“state of the art” that streams and rivers should alternatively be restored by initiating natural
channel dynamics, which causes the formation of a natural channel pattern and channel
features, whenever possible (Kern 1994; Gunkel 1996; Patt et al. 1998). Such approaches,
which focus on the restoration of natural processes, are thought to cause less costs and hence,
are of special interest, because long stream reaches and even whole catchments have to be
restored to fulfil the demands of the Water Framework Directive.

One out of several measures to initiate natural channel dynamics by altering local channel
hydraulics is the placement of cylindrical tree boles, rootwads or whole trees with rootwads
and branches. A great variety of terms has been used for such “wood in streams” in the past
(see reviews in Gregory (2003), Kail and Gerhard (2003)), but in general, they are recently
simply referred to as “wood” or “large wood”, if they exceed 0.1 m in diameter and 1 m in
length (Gregory et al. 2003a). Large wood is a natural component of all aquatic ecosystems in

temperate forested ecoregions. By contrast, large boulders and groins, which can alternatively
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be used to initiate natural channel dynamics, either do not naturally occur in all stream and
river types or must be considered to be completely artificial. Therefore, the placement of large

wood is considered to be the most natural way to initiate natural channel dynamics.

1.2 The role of large wood in temperate stream and river ecosystems

Many studies indicate that large wood is one of the key factors of ecosystems in temperate
forested ecoregions, which influences not only stream hydraulics and morphology, but also
hydrology, sediment budget, and biota across a wide range of spatial and temporal scales (see
reviews in Harmon et al. (1986), Maser and Sedell (1994), Gurnell et al. (1995), Gregory et al.
(2003a2)).

Large wood increases hydraulic resistance (Shields and Gippel 1995; Buffington and
Montgomery 1999; Manga and Kirchner 2000) and flow energy is dissipated at log steps
(Keller and Swanson 1979; Keller and Tally 1979; Heede 1981; Marston 1982; Abbe and
Montgomery 2003; Curran and Wohl 2003), yielding an increased water retention (travel time)
during floods (Gregory et al. 1985; Ehrman and Lamberti 1992). Flow diversity is enhanced
spatially by acceleration and deceleration of the current (Beebe 1997), resulting in increased
niche and habitat variety, e.g. for fish species and age groups (McMahon and Hartman 1989;
Rabeni and Jacobson 1993). Decreased transport capacity in reaches with high loads of wood
results in sediment storage. Such storage effects are apparent in the increase of bed load
transport after the removal of wood (Beschta 1979; Bilby 1981; Klein et al. 1987; MacDonald
and Keller 1987; Smith et al. 1993; Webb and Erskine 2003) or the breakage of single log jams
(Mosley 1981). Organic matter settles in lentic zones that develop behind large wood and is
trapped by complex woody structures (Bilby 1981; Speaker et al. 1984; Ehrman and Lamberti
1992). Wood therefore increases the availability of food for macroinvertebrates, and hence,
potentially increases biomass and alters the composition of functional feeding groups (Smock
et al. 1989).

Changes of channel morphology and sediment budget caused by large wood range from the
increase in sediment patchiness and the number of different surface textures (Rice and Church
1996; Buffington and Montgomery 1999) to the increase in pool volume (Murphy et al. 1980;
Carlson et al. 1990; Fausch and Northcote 1992), initiation of bank erosion (Nakamura and
Swanson 1993), the formation of bars (Fetherston et al. 1995; Abbe and Montgomery 2003)
and log steps (Keller and Swanson 1979; Keller and Tally 1979; Heede 1981; Marston 1982;
Abbe and Montgomery 2003; Curran and Wohl 2003), the creation of avulsions, chutes,
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meander cut-offs (Keller and Swanson 1979; Collins and Montgomery 2002; Webb and
Erskine 2003), and large-scale modifications of channel form, channel type, and floodplain
structure (Abbe and Montgomery 1996; Piégay and Gurnell 1997; Abbe and Montgomery
2003; Brooks et al. 2003; O'Connor et al. 2003). Different parameters have been used to
describe these effects of large wood on channel cross-sections and single channel features.
Cross-section width as well as depth and their variability are higher in channel sections with
high large wood loadings (Keller and Tally 1979; Hogan 1987; Fausch and Northcote 1992;
Nakamura and Swanson 1993; Trimble 1997; Buffington and Montgomery 1999). Murphy et
al. (1980), Catlson et al. (1990), and Fausch and Northcote (1992) reported a strong
correlation of pool volume and large wood quantity, whereas Evans et al. (1993) found the
effect of wood on pool volume to be masked by other geomorphic factors such as a shallow
base of bedrock that constrained pool depths.

In addition to the impact of large wood on stream biota through the modification of abiotic
factors, wood itself serves as a habitat and food resource for macroinvertebrates, fish, and
other aquatic and terrestrial vertebrates.

Macroinvertebrates use wood as refuge, as an oviposition and pupation site, as an attachment
site for filter feeding, wood is used for case construction by several Trichoptera, and finally,
invertebrates feed on the epixylic biofilms on the wood surface and on wood itself (Dudley
and Anderson 1982; Anderson et al. 1984; Harmon et al. 1986; Benke and Wallace 2003).
Invertebrate biodiversity, density, and biomass is especially high on wood compared to other
substrates. Dudley and Anderson (1982) listed 185 species that are closely associated with
wood in streams of the Pacific Northwest (USA). In the literature reviewed by Benke and
Wallace (2003), invertebrate density and biomass on wood generally approaches or exceeds
10,000 m? and 1 g m™, respectively. Furthermore, wood alters the composition of functional
feeding groups and is of special importance in streams and rivers where other stable substrates
are missing, like in sand-bed streams with shifting sand (Benke and Wallace 2003).

Riverine fish use large wood as a cover to decrease predation risk, as spawning and nesting
cover, for egg attachment, as a velocity refuge during high flows, as a foraging site
(insectivorous fish species), and submerged wood visually isolates individual fish, therefore
decreasing inter- and intraspecific interference competition (see review in Crook and
Robertson (1999), Dolloff and Warren (2003), Zalewski et al. (2003)). Dolloff and Warren
(2003) named 86 fish species that are associated with large wood in the southeastern United

States.
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Other aquatic and terrestrial vertebrates, like birds, reptiles, amphibians, and mammals use
wood as habitat, shelter, and wood increases the food resources of these animals (e.g., leaf
litter, insects, fish). For example, birds are known to use wood for perching, basking, hawking,
and nest in wood accumulations, turtles were observed using partially submerged logs as
basking sites, snakes and lizards use wood as protection from predation and as thermal shelter,
amphibians use wood for egg deposition, mice built their nests of dry grass under logs, and
river otters, skunks, and mink at least partly rely on food resources potentially enhanced by
wood (see review in Steel et al. (2003)). The vast majority of the studies mentioned above have
been carried out in North America.

In contrast to North America, the relevance of large wood for stream ecosystems has long
been overlooked in Central Europe, presumably because it is rarely found in Central
European streams due to the long term human impact on streams and the extensive
management of virtually all forests over many centuries. But recently, large wood in streams is
becoming a research topic of increasing interest in Central Europe, because (a) there is an
ongoing discussion about the potential natural state of Central European streams and rivers,
which should be used as reference and target conditions in stream restoration, and literature
shows that large wood was a key component in other pristine temperate forested ecoregions
before the European settlement like in North American, and (b) there is an urgent need for
cost-effective methods for stream restoration as it has been mentioned above.

Verdonschot and Tolkamp (1983), Eckert et al. (1996), Hering and Reich (1997), and Pusch et
al. (1999) were the first to describe the role of large wood for channel morphology, biota, and
management in Central European streams and rivers. The influence of wood on stream
hydraulics caused diverse flow patterns and increased flow resistance in a lowland sand-bed
stream in Brandenburg, Germany (Mutz 2000). Mutz and Rhode (2003) observed exceptional
high rates of surface-subsurface water exchange in the hyporeic zone of this sand-bed stream
with a high wood standing stock, which indicates that large wood increases hyporeic oxygen
concentration and thus influences the decomposition of organic matter and the self
purification ability. Hoffmann and Hering (2000) summarized detailed studies on
macroinvertebrate communities inhabiting wood (Feld and Pusch 2000; Spanhoff et al. 2000;
Warmke and Hering 2000), on single species (Hoffmann 2000), and general studies on habitat
association of aquatic invertebrates and named 103 taxa that are closely associated with wood
in Central European streams. Only recently, two studies investigated the effect of large wood

on fish communities. Abundance and biomass of brown trout (Sa/mo trutta) and rainbow trout
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(Oncorhynchus myfkiss) increased in a stream section in Liechtenstein after the placement of large
wood (Zika and Peter 2002). A comparable increase in the abundance of rainbow trout after
wood placement in another stream of the Alpenrhein system was reported by Becker et al.
(2003). Except for two recent studies, little is known about the impact of large wood on
channel morphology in Central European streams and rivers. Gerhard and Reich (2000)
quantified changes induced by large wood in channel depth and width in two small lower-
mountain streams, and Mutz (2000) described stream morphology of a small sand-bed stream
with a high wood loading. Transferability of the results of North American studies is limited,
because the natural setting (e.g., discharge, geology, vegetation) differs from Central European
conditions, although the fundamental principles of how large wood influences stream and

river ecosystems are probably the same in all temperate forested ecoregions.

1.3 The use of large wood in stream and river restoration

Considering its beneficial effects on stream hydrology, hydraulics, sediment budget,
morphology, and biota, large wood can be used, not only for initiating natural channel
dynamics, but also for many other objectives in stream restoration projects. Therefore, wood
is often added in stream restoration projects, e.g., for local bank protection (Shields et al.
2001), as grade control (Rosgen 1996), to enhance spawning habitat (riffles) and rearing
habitat (pools) for fish (House and Boehne 1986; Crispin et al. 1993; Cederholm et al. 1997;
De Jong et al. 1997), to create cover for fish (De Jong et al. 1997) or to enhance habitat for
benthic macroinvertebrates (Hilderbrand et al. 1997). The vast majority of these restoration
projects have been carried out in the north-western U.S. to restore fish habitats by the
placement of artificial instream structures such as log weirs. In many other North American
river restoration projects, tree revetments are used to protect banks in formerly stable,
meandering channels, which are developing into braiding rivers with unstable banks due to
detrimental channel works and land use changes upstream (Kondolf 1996). Therefore, channel
stabilization rather than initiating later channel dynamics is one of the primary objectives in
North American river restoration projects.

In contrast to North America, only few restoration projects have been carried out in Central
Europe in which large wood has been used. Gerhard and Reich (2001) and Kail and Hering
(2003) give some basic information about the use of large wood in stream restoration, but
detailed information about restoration projects are rarely found in open literature. Hence,

monitoring results, which can be used as case studies and from which management guidelines
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can be derived, are missing. Moreover, transferability of the results from North American
restoration projects is limited, because land-use pressure is particular high in Central Europe,

and the natural setting (e.g., discharge, geology, vegetation) and restoration objectives differ.

1.4 Stream or river restoration — a definition of terms

The term “stream (or river) restoration” is used for a wide variety of project objectives,
ranging from conventional bio-engineering (e.g., using vegetation for bank protection instead
of concrete walls) to the restoration of natural processes aiming to generate natural instream
structures (e.g., riffles, pools, undercut banks) and a natural channel pattern (Kondolf 1996).
Restoration objectives should be clearly stated, not only qualitatively but also quantitatively
whenever possible, because they serve as a reference condition (a) to identify the deficits by a
comparison of the objectives with the present state (Deutscher Verband fiir Wasserwirtschaft
und Kulturbau 1996; Gunkel 1996; Patt et al. 1998) and (b) to allow for a sound project
evaluation (Kondolf 1995; Downs and Kondolf 2002; Shields et al. 2003a).

Stream restoration was defined in the U.S. as “the return of an ecosystem to a close
approximation of its condition prior to disturbance” (National Research Council USA 1992).
In many stream types irreversible changes have occurred (e.g., extinction of species, Late
Holocene alluvium) and hence, the re-creation of a previous pre-historical state is impossible
(Kauffman et al. 1997; Brown 2002). This is especially true for a densely populated cultural
landscape like Central Europe where streams have been altered by man since the Mesolithic
Age. Therefore, the “potential natural state” of a stream, which would develop from the
present state under the present conditions without further human influence, is used as a
reference and target condition in Central European stream restoration projects since the mid-
1990’s (Deutscher Verband fiir Wasserwirtschaft und Kulturbau 1996). Within the scope of
this thesis “restoration” is defined as any approach to develop a degraded ecosystem towards

its potential natural state.

1.5 Scope of the thesis

The main objective of the thesis is to help develop a Central European perspective on the
significance of large wood in streams and rivers and its use in stream restoration. Four studies
are compiled in this thesis, which focus on (a) the potential natural state of Central European

streams in respect to the amount and distribution of large wood, (b) the influence of large



Introduction

wood (single large fallen trees) on channel morphology, (c) the quantification of the potential
use and the simulation of the effects of large wood in restoration projects, and (d) the review
of restoration projects in which large wood has been used so far.

As restoration should approach to develop a degraded ecosystem towards its potential natural
state, stream restoration projects in which large wood is used should be geared to the potential
natural amount and distribution of large wood. The potential natural state, so called
“Leitbilder”, which can be used as reference and target conditions in stream restoration, have
been developed for many different stream and river types in Central Europe (e.g.,
Landesumweltamt Nordrhein-Westfalen (1999, 2001)). It has been pointed out in the
corresponding textbooks that large wood is an important component in all stream and river
types, but it was further stated that detailed descriptions of the amount and distribution can
not be given due to the present lack of knowledge on large wood in Central European
streams. As a first step to develop reference conditions for large wood in Central European
streams, the amount and distribution of large wood in some of the most natural stream
sections was investigated (see section 2).

The main objective of stream and river restoration projects that try to initiate natural channel
dynamics is to create natural channel features like pools, bars, and cut banks, which in turn are
important habitats, e.g. for fish (see 1.2). That is, stream and river restoration primarily tries to
change channel morphology by modifying channel hydraulics. To markedly alter channel
hydraulics and morphology, the wood pieces placed in the streams and rivers must be
sufficiently large. In many streams and rivers this holds true only for large fallen trees, which
are increasingly used in restoration projects. But few is known about the exact effect of such
single large fallen trees on channel morphology; about the type and size of the channel
features, which are caused by such large wood pieces, and the time and discharge necessary
for such channel features to develop. Therefore, the impact of single large fallen trees on
channel morphology was investigated in six short channel sections in Central Europe (see
section 3).

Despite the beneficial role for stream ecosystems, large wood must be considered to be a
potential threat to land uses and works in the channel and on the adjacent floodplain. Large
wood can be transported downstream, damaging bridges and other works and rises the water
level, thus increasing flood probability upstream. Fixation of the large wood pieces can
prevent downstream transport, but probably markedly increases the costs and is less

preferable from an ecological point of view, because many channel features can only be
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created and maintained, if natural wood transport and dynamics are restored. Therefore, in a
densely populated area like Central Europe, adjacent land uses rather tightly constrain the
options for stream restoration projects in which large wood is used without additional
anchoring. The potential use and effects of large wood in Central European streams was
quantified to assess, if large wood recruitment and placement are suitable methods to restore a
considerable part of the streams and rivers (see section 4).

Several authors pointed out that the experiences gained in restoration projects may provide
valuable information for the improvement of future project designs (Bryant 1995; Kondolf
1995, 1996, 1998; Roper et al. 1997; Bash and Ryan 2002; Downs and Kondolf 2002; Bisson
et al. 2003; Reich et al. 2003). However, large wood has been rarely used in Central European
stream restoration projects in the past, and only two of these restoration projects have been
described in more detail in open literature (Gerhard and Reich 2000; Semrau et al. 2003).
Therefore, a mail survey was started to summarize the experiences that have been gained so

far and to derive management guidelines (see section 5).



Quantity and distribution of large wood

2 Quantity and distribution of large wood in Central

European streams — present and potential natural state

2.1 Summary of the section

Nine investigations concerning the volume of large wood in Central European streams are
summarized. Altogether, 34 stream sections were examined ranging from Northern German
lowland streams to brooks in alpine regions. The study streams are among the most natural
streams in Central Europe and are in a “near-natural” condition according to Central
European standards (riparian forest currently unmanaged, no removal of large wood for at
least 10 years, bordered by deciduous forest).

Considering large wood of a diameter > 0.1 m and wood accumulations, the median volume
of large wood related to stream length is 17.2 m* km™ and 37.8 m’ ha' related to stream
bottom area. The median number of logs (> 0.1 m diameter) is 200 logs km™ and 300 logs ha!
related to stream length and bottom area, respectively. The spacing of larger logs
(diameter > 0.2 m, length > 3 m), which can be classified as “small fallen trees”, is 21 small
fallen trees per kilometre stream length. Large fallen trees (diameter > 0.5 m, length > 10 m),
which can act as key-pieces in the formation of wood accumulations, are missing completely.
Regarding the three main ecoregions, the median standing stock of large wood related to
stream bottom area in alpine streams (2 m? ha) is significantly lower compared to the median
in lowland streams (41.8 m® ha') and for streams in lower mountain areas (36.9 m® ha!, Mann-
Whitney-U-test, p < 0.05). Regarding only stream sections in the lowland and lower mountain
area, median volume of large wood is 41.4 m? ha''.

The range of volumes found in the study streams can be regarded as the minimum volume of
large wood that should be present in a “near-natural” Central European stream. However, it is
hard to estimate how closely these values represent natural conditions. From the distribution
of size classes, comparison with the amount of wood in some of the most natural streams
flowing through deciduous forest in other temperate forested ecoregions, and the historical
description of the river Oder, it is deduced that the current large wood standing stock is
considerably less than the potential amount of large wood. For centuries, all of the streams
have been anthropogenically influenced. Historic alterations of the stream, its floodplain, and
the riparian vegetation may still affect large wood supply and standing stock. It is concluded

that virtually all streams in Central Europe are highly altered with respect to the loading of
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large wood, and stream restoration projects should aim to increase the input of large wood

even in the most natural stream sections.

2.2 Scope of the section

In general, there are three complementary ways to deduce the potential natural state of
streams in respect to large wood. First, the present state of the most natural stream sections,
which developed under the present natural setting with a low human impact, can serve as a
basis for the description of the potential natural state. Second, complementary information
about the historical state of the streams can be used to describe the state of streams with a low
human impact. However, it is necessary to assess how the remaining human impact influenced
the present and historical state of these most natural stream sections. Third, models of wood
dynamics in streams and rivers can be used to predict the abundance and distribution of wood
in the potential natural state. As a first step to derive the potential natural state of Central
European streams, the amount and distribution of large wood in some of the most natural
stream sections was investigated.

In North America, extensive studies concerning large wood have focused on the standing
crop of wood in streams of various forest types. Thus, detailed analyses on the amount of
large wood in pristine streams are available from many parts of North America (e.g., Triska
and Cromack (1980), Swanson et al. (1984), Wallace and Benke (1984), Harmon et al. (1980),
Naiman et al. (1986), Robison and Beschta (1990a), Bilby and Ward (1991), Marcus et al.
(2002), review in Gurnell (2003)).

In contrast to North America, only few studies on large wood standing crop in Europe have
been published. In the last years, some investigations estimating quantities of large wood in
single floodplains have been carried out in France, Great Britain, and Spain (Piégay 1993;
Piégay and Gurnell 1997; Elosegi 1999; Diez et al. 2001; Gurnell 2003). However, a
comparative investigation of large wood in Central European streams is still lacking.

Due to the long term human impact on streams and the extensive management of virtually all
forests over many centuries, large wood is rarely found in Central European streams. Because
undisturbed natural streams no longer remain, it is impossible to investigate the amount of
wood in streams under pristine conditions. Moreover, we do not have a reliable data source
on the standing crop of large wood in the most natural streams under the current conditions.
However, in the last few years some investigations have been carried out concerning the

amount of large wood in Central European streams.
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The main objective of this section is to summarize these investigations and to describe the
quantity and distribution of large wood in stream sections with currently low human impact
and thus a comparatively high amount of large wood. Moreover, its variability due to location,
riparian forest type, and human impact is investigated. Based on this information, it may be
possible to deduce the potential natural state, which can serve as a reference and target

condition in stream restoration projects.

2.3 Study streams

The results of nine investigations were compiled, concerning the quantities and distribution of
large wood in streams in different parts of Germany, and at two sites in Tyrolia (Austria) and

the Alsace (France) (Figure 2.1).

Figure 2.1: Location of the stream groups 1-7/8 in Germany, stream group 7 in Alsace (France), and
stteam group 9 in Tyrolia (Austria). I = lowland, II = lower mountain area, and III = alpine region
correspond to the ecoregions 14, 9 and 4 according to Illies (1978). Borders of the lowland ecoregion
is modified according to Briem (2003). Numbering of the stream groups corresponds to the numbers
of the streams in Table 2.1 and the numbers of the stream groups in Table 2.2.
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The investigations were carried out between 1995 and 1998 by institutes of different
universities. The streams or stream sections investigated (n = 34) represent streams of all
Central European ecoregions (lowlands n = 17, lower mountain area n =9, alpine region
n = §; ecoregion 14, 9, and 4 according to Illies (1978), modified according to Briem (2003)).

Only streams where (a) logs have not been removed during the past 10 years or only large
accumulations are infrequently removed and (b) where there is no indication of recent
management of the riparian vegetation are considered. Although the study streams probably
are among the most natural stream sections in Central Europe, all of these streams and
riparian forests have been managed in the past. None of the streams is located in an old-
growth forest. These streams were selected to highlight the minimum standing stock of large
wood present in “near-natural streams” according to Central European standards. As the data
originate from nine distinct investigations concerning different stream types and employing
slightly different methods, the streams are grouped by investigation. The study streams are

further characterised in Table 2.1.

2.4 Methods

In all investigations (a) mean or maximum and minimum diameter and length were measured
for each log, (b) the volume of logs was calculated by assuming that they were of cylindrical
shape, and (c) single logs and large wood accumulations (“debris jams”) were distinguished
(except one stream section).

Due to the very different stream types and investigation intensities, the investigations differ in

some aspects, which limits comparability of the data. The methods mainly differ in regard to

(a) the diameter of the smallest wood pieces recorded, (b) the frame of reference for the large

wood volume (stream bottom area or section length), (c) the border of the area investigated,

and (d) the method to calculate volume of large wood accumulations. These methodological
differences are summarized in Table 2.2 and highlighted in the following description.

—Group 1 streams: For each log and accumulation, the proportion of its volume located in
four zones was measured (according to Robison and Beschta (1990b)). Due to the method
used it was possible to calculate the wood volume inside the bankfull channel and neglect
large wood above the bankfull channel and on the stream banks. The volume of
accumulations was calculated from length, width, and height.

—Group 2 stream: Only accumulations (dams) were surveyed, single logs were not measured.

Thus, the total volume of large wood present in the channel is probably higher than the
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volume recorded. For each accumulation, the volume was calculated from length, width, and
height of the dam. This value was multiplied by 0.5 to allow for hollow spaces.

- Group 3 streams: Only the volume present inside the bankfull channel was considered. The
volume of accumulations was calculated from the following data: cover density in vertical
view (4 classes estimated); share of twigs (diameter ~ 0.01 m), branches (diameter ~ 0.05 m)
and logs (diameter ~ 0.1 m); length and width of the accumulation. All accumulations were
seen as a single layer. The area covered with wood was calculated from the cover density and
the area of the accumulation. This value was multiplied by the percentage and mean
diameter of twigs, branches, and logs, respectively.

—-Group 4 streams: For each log and accumulation the proportion of the volume located
inside and located outside the bankfull channel was measured. Only the main trunk of whole
trees was measured, neglecting branches and twigs. The volume of accumulations was
calculated by measuring length and mean diameter, and estimating the density.

—Group 5 streams: The same method as described for group 1 was used. All logs forming
accumulations were measured individually.

—Group 6 streams: All large wood at least partially located inside the bankfull channel was
recorded. The proportion of the logs and accumulations located inside and above or outside
the channel was not distinguished. Therefore, it is not possible to separate the volume of
wood inside and outside the channel. The volume of accumulations was calculated by
measuring mean length, width and height, and estimating their density.

—Group 7: For each piece of wood located at least partially inside the stream, the volume
inside and outside the channel was measured. The volume of accumulations was calculated
as the product of mean length, width, and height. This value was multiplied by 0.5 to allow
for hollow spaces. Only data on the volume of large wood but not on the number of logs
are available.

—Group 8: The large wood was surveyed on banks of the alluvial floodplains not flooded at
low flow. However, these gravel banks are flooded at times of high discharge and therefore,
belong to the bankfull channel. The areas investigated do not usually represent a transect
through the channel. The volume of accumulations was calculated by measuring mean
length, width, and height, and estimating their density.

—Group 9: Ten floodplain sections were examined. The areas investigated can be seen as a
transect through the whole floodplain, including the active channel and the terrestrial parts.

All logs forming accumulations were measured individually.

16
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Table 2.2
Main methodological differences between the investigations and list of references. 2only accumulations
were surveyed. LW = large wood.

ded (cm)

stream group

number of streams/stream
sections investigated
diameter of smallest wood
LW related to bottom area
LW related to section length
border of area investigated

reference

o | p1eces recor

bankfull channel Kail (1999)

shoreline at mean flow Meyer unpubl. data
shoreline at mean flow Mutz unpubl. data
bankfull channel Weill unpubl. data
bankfull channel Hering unpubl. data
shoreline at mean flow Hering and Reich (1997)
bankfull channel Eckert et al. (1996)

6.4 X terrestrial gravel bars Hering and Reich (1997)
5.0 X X borders of floodplain Gerhard unpubl. data

VNG AW =

WO ANND WO~ IN
SEC NN
oo

% Moo M

MoM oM M M M M

To account for these differences and to increase the comparability between the nine
investigations, only logs with a diameter > 0.1 m and accumulations inside the bankfull
channel were considered. A diameter > 0.1 m is most frequently used in literature to define
large wood (Gregory 2003; Kail and Gerhard 2003). These data were used to calculate the
following parameters for each stream section: volume of logs (except 1 stream section),
volume of accumulations (except 5 stream sections), total volume of large wood (calculated
from log and accumulation volume), number of logs (except 7 stream sections), number of
accumulations (except 5 stream sections), ratio of log volume to accumulation volume (except
6 stream sections). These values were related to the bottom area of the bankfull channel and
to the length of the stream section examined. However, in some alluvial floodplains the values
were related only to the area sampled (5 stream sections of investigation number 8), and in
some cases they were only related to section length (11 stream sections of investigations
number 4, 6 and 7). Bottom area was assessed for 9 out of these 11 stream sections using

mean channel width and section length.
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2.5 Results
2.5.1 Quantity of large wood (volume | number)

The stream sections investigated show a wide range of large wood standing stock values in
relation to both, section length and bottom area of the bankfull channel. The volume of large
wood related to stream length varies from 1.5 m®> km™? to 2061.1 m* km’, with a median
volume of 17.2 m* km™ (29 stream sections regarded). Most of the streams (86%) have a
standing stock of less than 50 m* km™ (Figure 2.2). In relation to bottom area, quantity of large
wood ranges from 0.5 m’ha'! to 3747.4 m’ ha'!, with a median volume of 37.8 m®>ha'! (32
stream sections regarded). Large wood standing stock is less than 100 m?® ha'! in 81% of the

sections (Figure 2.3).

4-1 |||:|2061 1
6-2
36

7-5
7-2
3-10
9-3
7-6
3-3
4-2
3-5
9-1

7-3
2-1
7-1
3-2
3-7
9-2
3-8
5-2
4-3
3-9
5-1
34
3-1
11
1-2

0 50 100 150 200 250 300

volume (m® km™)
mlogs > 0.1 m [Oaccumulations
Figure 2.2: Volume of large wood in the stream sections related to 1 km section length. Stream

numbers correspond to the numbers in Table 2.1. Only the volume of logs with a diameter > 0.1 m
and volume of accumulations is regarded.
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By far, the largest standing stock was found in a section of a mountain stream located on a
steep slope, where several large beech trees (Fagus sylvatica) had fallen into the stream (section
4-1). Here, quantity of large wood is about 100 to 120 times the median of all stream sections
(related to bottom area and stream length, respectively).

Compared to the volume of large wood, there is less variability in the number of logs
(diameter > 0.1 m). In relation to section length, the number of logs ranges from 28 to
805 logs km™!, with a median number of 200 logs km™ (22 stream sections regarded). In
relation to bottom area, the range in the number of logs is 7 to 1905 logs ha™', with a median
number of 303 logs ha'! (22 stream sections regarded). The largest number of logs in relation

to section length and the smallest number in relation to bottom area is found in the wide

4-1

3-10
3-6
8-2
7-2
3-3
3-5
3-9
4-2
7-6
8-1
7-4
7-5
2-1
3-8
7-1
3-2
4-3
3-7
7-3
34
1-1
5-2
12
5-1
3-1
84
8-3
8-5
9-3
9-1
9-2

H: 3747.4

0 50 100 150 200 250 300

volume (m® ha™")
mlogs > 0.1 m O accumulations

Figure 2.3: Volume of large wood in the stream sections related to 1 ha bottom area. Stream numbers
correspond to the numbers in Table 2.1. Only the volume of logs with a diameter > 0.1 m and volume
of accumulations is regarded.
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alpine streams.

The highest number of accumulations (“debris jams”) recorded is 656.3 jams km™!, where even
small accumulations were recorded (section 3-5). The median number is 77.4 jams km™ (based
on 22 stream sections). With respect to stream bottom area, the median number is
206.3 jams ha'. The highest density of accumulations was found in the above mentioned

Riembach (section 3-5, 2282.6 jams ha™).
2.5.2 Relationship between quantity of large wood and stream parameters

The relationship between large wood standing stock (both related to section length and to
bottom area) and various other recorded parameters (stream order, mean stream width, slope
and length of the stream sections examined) was assessed by correlation and regression
analysis, but no statistically significant correlation was found (Spearman rank-test, p < 0.05).

It was further tested, whether the percentage of large wood standing stock accumulated in
debris jams is dependent on stream order, mean stream width, or slope of the stream bed. The
percentage of the volume of large wood accumulated in debris jams is significantly correlated

to the slope of the stream sections (Spearman rank-test, p < 0.01, r, = 0.62, n = 18). The

scatterplot (Figure 2.4) shows that the correlation mainly results from four sections with high

gradients (sections 3-8, 3-10, 7-1, 7-2).

100 -
e -
S 3-8
S 75 72" =
% RE . 3-10
= 7-1

50 - u
© 3-7
E 251 7-4
3 y .
:‘é 7-5 . 36 m/-3
s 0 3-1mg 3.3 g 3-9
o 76 3.0 1-2
[0}
G

0 0.5 1 15 2 25

slope of stream bed (%)

Figure 2.4: Scatterplot of slope (stream bed, %) vs. share of accumulations on volume of large wood
(LW, %). Stream numbers correspond to the numbers in Table 2.1.

20



Quantity and distribution of large wood
2.5.3 Size class distribution

In 27 stream sections, size class was recorded for each individual log. This data source
comprises 967 logs of > 0.1 m diameter. For 933 of these logs, total length was also measured,
while for the other logs only the length which is located in the bankfull channel is known.
From these data, the distribution of size classes was examined. 69.5% of the logs have a mean
diameter of 0.2 m or less (Figure 2.5). Only 1.5% of all logs (n = 14) have a diameter > 0.5 m.
Considering the distribution of length classes, the majority of the logs (78.8%) has a length of
3 m or less, while only 23 logs exceed a length of 10 m (2.5%) (Figure 2.06).

>0.65
>0.6-0.65
>0.55-0.6
>0.5-0.55
>0.45-0.5
>0.4-045
>0.35-04

log diameter (m)

>0.3-0.35
>0.25-0.3

>0.2-0.25

>0.15-0.2

>0.1-0.15

H-466

0 50 100 150 200 250

number of logs

Figure 2.5: Size class distribution of log diameter (m). Only logs with a diameter > 0.1 m are regarded.

A small part of the logs for which diameter and length were measured (n = 933) can be
classified as “small fallen trees” (8%, n = 74). These logs have a diameter >0.2 m and a length
> 3 m. This corresponds to a spacing of 21 small fallen trees per 1 km stream length, if all
stream sections for which stream length is known are considered (total stream
length = 2890 m, 60 of 776 logs). Single logs, which exceed a diameter of 0.5 m and a length
of 10 m, classified as “large fallen trees”, are missing completely. Because of the methods used
in the investigations, it is possible that such large logs were considered as parts of

accumulations and thus not measured and listed separately.
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>14
>13-14
>12-13
>11-12
>10-11
>9-10
>8-9
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>6-7
>5-6
>4-5

>3-4

>2-3

>1-2
>0.1-1

0 20 40 60 80 100 120 140 160
number of logs

Figure 2.6: Size class distribution of log length (m). Only logs with a diameter > 0.1 m are regarded.
2.5.4 Quantity of large wood in different ecoregions

For further analysis, the streams were roughly grouped according to the ecoregion they are
located in (see Figure 2.1 for borders of ecoregion): lowland streams (17 stream sections),
streams in lower mountain areas (9 stream sections), and alpine streams (8 stream sections).
Streams in different ecoregions are expected to differ in amount and distribution of large
wood.

Median volume of large wood (related to section length) of lowland streams (15.6 m?* km™)
and streams in the lower mountain area (28.6 m® km™) show no significant difference (Figure
2.7), but variability is higher for the lower mountain stream sections (Siegel-Tukey rank
dispersion test, p < 0.01). Due to insufficient data, this value was not calculated for alpine
streams. The volume of large wood related to bottom area in alpine streams (2 m?® ha') is
significantly lower compared to the median volume in lowland streams (41.8 m’ ha™) and for
streams in the lower mountain area (36.9 m® ha!, Mann-Whitney-U-test, p < 0.05). Moreover,
variability is higher for the lower mountain stream sections compared to the lowland sections

(Siegel-Tukey rank dispersion test, p < 0.01).
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Figure 2.7: Volume of large wood related to section length (left) and bottom area (right) of streams,
which are located in the ecoregions lowland (ll), lower mountain area (Im) and alpine region (ar).
Extremes, outliers (extreme coefficient = 3, outlier coefficient = 1.5), maximum, 3. quartile, median, 1.
quartile and minimum value are shown. Only the volume of logs with a diameter > 0.1 m and volume

of accumulations is regarded.
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Figure 2.8: Number of logs related to section length (left) and bottom area (right) of streams, which
are located in the ecoregions lowland (ll), lower mountain area (Im) and alpine region (ar). Extremes,
outliers (extreme coefficient = 3, outlier coefficient = 1.5), maximum, 3. quartile, median, 1. quartile
and minimum value are shown. Only logs with a diameter > 0.1 m are regarded.
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The median number of logs (related to section length) hardly differ between lowland streams
(191 logs km™) and streams in the lower mountain area (200 logs km™) (Figure 2.8). The
number of logs in the lowland and lower mountain streams corresponds to an average spacing
of about 5 m. There is an insufficient number of stream sections to calculate median number
of logs related to section length for the alpine streams. Related to bottom area, the mean
number of logs in the alpine streams (35 logs ha') is significantly lower compared to the
lowland streams (491 logs ha!, Mann-Whitney-U-test, p < 0.05). There is an insufficient

number of lower-mountain streams to support an estimate.

2.6 Discussion

In this discussion, the term “pristine conditions” is not used, since the term is not applicable
for a cultural landscape such as Central Europe. Since the end of the Pleistocene ice age man
has continuously altered the entire Central European landscape, thus making descriptions of
pristine conditions impossible. Instead, the term “potential natural state” is used, which is
defined as the condition that would develop from the current situation without further human
impact (see section 1.4). Such a hypothetical picture is frequently used as a reference for
stream assessment purposes in Central Europe (Deutscher Verband fiir Wasserwirtschaft und
Kulturbau 1996) and can serve as a reference and target condition in stream restoration
projects. In the following section it is discussed if the observed quantities of large wood allow
estimations of the amount of large wood that should be present in a particular stream type in

the potential natural state.
2.6.1 Variability of the large wood standing stock and supply

Over long time-periods and wide geographic areas the average amount of large wood is
probably constant (Murphy and Koski 1989). However, local variability of large wood
standing stock in streams is considered to be high under natural conditions due to small and
large scale disturbances and long-term forest cycles (Harmon et al. 1986; Gurnell et al. 1995,
Nakamura and Swanson 2003). Therefore, a heterogeneous distribution of large wood is
typical for natural streams.

Nevertheless, some factors equally influence all streams of a particular ecoregion and differ
between ecoregions: First, forest productivity determines the supply of large wood
(Lienkaemper and Swanson 1987; Scherzinger 1996). Second, different input mechanisms

(e.g., bank erosion, windthrow, fire, downhill sliding, avalanches, debris torrents, transport
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from upstream) deliver large wood to the stream (Keller and Swanson 1979; Gurnell et al.
1995; Swanson 2003), which differ in importance depending on the geographical setting
(Nakamura and Swanson 2003). Third, distribution and stability of large wood is largely
dependent on the stream order (Keller and Swanson 1979; Piégay and Gurnell 1997; Marcus
et al. 2002) and hydrological regime. Fourth, stream geochemistry influences decomposition
rates (Kaushik and Hynes 1971; Melillo et al. 1983). Fifth, at least for North American species,
decomposition rates are far lower for wood from coniferous trees compared to wood from
deciduous trees (Swanson and Lienkaemper 1978; Harmon et al. 1986) and depend on the log
diameter (Murphy and Koski 1989). Differences of decomposition rates decrease distinctly if
the logs are submerged and saturated compared to logs that are repeatedly wetted and dried as
stream level fluctuates, but they still differ by a factor of 1.5 (Bilby et al. 1999). Although only
streams flowing through deciduous forests are considered in this study, differences in the
decomposition rate probably influences the amount of large wood present in the potential
natural state.

Though it seems impossible to accurately estimate the local volume of large wood due to the
high variability of large wood standing stock, it should be possible to define different ranges
for certain ecoregions. The data on the volume of large wood presented above indicate that
the quantity of large wood in alpine streams related to bottom area is less than in lower
mountain and lowland streams. Median volume of large wood related to section length was
not calculated for alpine streams due to insufficient data, but the values of the three alpine
stream sections (22.0 m® km™, 13.7 m? km™, 41.5 m’ km™) fall within the range of the other
two ecoregions. Therefore, the differences between the ecoregions in respect to the volume of
large wood related to bottom area are obviously due to the fact that the channel width of the
braided alpine stream sections is much higher compared to the straight to meandering
sections of the streams in the lowlands and lower mountain areas.

There is no obvious reason for the higher variability of the volume of large wood in the lower
mountain stream sections compared to the lowland sections. The slope of the stream bottom
is not known for most of the lower mountain stream sections, but it is probably lower in the
lowland sections. Stream sections also differ in respect to section length. But variability of the
volume is thought to decrease with section length, because samples taken from longer lower
mountain stream sections should result in more representative estimates. Most probably, the
differences are an artefact due to differences in methods used and low number of samples.

Regarding only stream sections of the lowland and lower mountain ecoregion, the data reveal
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a weak relation between slope and percentage of large wood accumulated in debris jams

(slope of stream bottom is not known for the alpine stream sections).
2.6.2 Contrasting the study with others

Harmon et al. (1986) compiled data on large wood present in 83 stream sections of
unmanaged forests throughout North America. The volume of large wood ranged from 2.5 to
4500 m® ha'!, with a median volume of 400 m’ ha'. In Canadian boreal forest streams (1% to
6™ order) altered by the beaver (Castor canadensis), the standing stock of fine wood (0.01-0.1 m
diameter) ranges from 0.41 to 1.8 kg/m? and the standing stock of large wood (> 0.1 m
diameter) ranges from 1.0 to 39.7 kg/m? (Naiman et al. 1986). This cotresponds to a volume
of 20 to 794 m® ha'!, if an average density of 0.5 Mg/m? is applied.

Most of the streams mentioned above are located in coniferous forests. Because
decomposition rates are far lower for coniferous trees compared to deciduous trees, the large
wood standing stock of streams flowing through coniferous forest is probably much higher
and can not be compared to the volume of large wood in the streams investigated in this
study. Data on the volume of large wood in “near-natural streams” flowing through deciduous
forests are rare, but data on the wood standing stock of 26 stream sections could be compiled
from literature (Table 2.3). The volume of large wood in these stream sections ranges from 0.5
to 576 m’ ha'', with a median volume of 126 m? ha'. According to literature, these streams are
among the most natural stream sections in the areas investigated, but almost all of the streams
are altered in respect to the volume of large wood due to historic or current forest practices
and the removal of large wood.

Median large wood standing stock in the streams considered by Harmon et al. (1986) is about
11 times higher compared to the stream sections investigated in this study. If only streams in
deciduous forests are considered (Table 2.3), the difference is less striking (~3.3 times higher),
but still statistically significant (Mann-Whitney-U-test, p < 0.01). The volume of large wood
related to bottom area is markedly lower in the alpine stream sections, because the width and
bottom area of the braided alpine stream sections is high compared to the lowland and lower
mountain study streams. Therefore, differences could be due to the low values of the alpine
study streams. But median value of the streams compiled from literature is significantly higher
compared to the study streams (~3.0 times higher), even if only the lowland and lower
mountain stream sections are considered, which have a median volume of 41.4 m? ha' (Mann-

Whitney-U-test, p < 0.01).
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Table 2.3

Volume of large wood in most natural stream sections flowing through forests dominated by
deciduous trees in North America, Australia, Spain and UK. LW = large wood. *stream sections
which meet the following criteria were selected from Diez et al. (2001): (a) maturity index 4-5, (b)
average width of riparian forest > mean tree height (25 m) or forested floodplain present. In virtually
all studies, only large wood within the bankfull channel was considered. A-g = Alnus glutinosa
(European black alder) C-s = Castanea sativa (Spanish chestnut) E-c = Ewucabyptus camaldulensis (river red
gum), HW = hardwood (not further specified), L-s = Liguidambar styracifina (sweetgum), L-sc =
Leptospermum scoparinm (manuka), M-c = mixed deciduous (not further specified), N-a = Nyssa aguatica
(water tupelo), N-s = Nyssa sylvatica (black gum), Q-n = Quercus nigra (water oak), Q-spec = Quercus
spec. (0ak), S-spec = Salix spec. (willow), T-d = Taxodium distichum (baldcypress), T-1 = Tristaniopsis
laurina (water gum).

region site reference dominant age of forest bankfull  volume of
riparian tree stand channel LW
species width
(m) (m’ ha)
Minnie Ball Branch ~200 years 5.7 70
g Pardon Branch Harmon et al ~50 years 3.6 40
5 Ekaneetlee Branch (1986) HW ~200 years 5.2 160
2 Ramsey Prong ~200 years 6.5 60
E Trillium Creek ~200 years 4.6 300
z Ogeechee River Wallace and  T-d, L-s, Q-n, heavily forested 33 148
Black Creek Benke (1984) N-s, N-a floodplain 21 168
< Pranjip Creek O'Conner unknown 350
g " E-c mature forest
& Pranjip Creck (1992) unknown 550
Q
I\; Rakeahua River Evans et al. L-sc ancient native 3 100.6
7 Silverstream 1993 L-sc ~120 years 3.5 71.2
%)
] . ippel et al.
%: Thomson River Gippel cta E-c unknown 48.1 172
b= (1996)
E
. Webb and .
e Tonghi Creek Erskine (2003) T-1 undisturbed 14.5 576
Cuchillo 1 3.5 226
< Cuchillo 2 3.9 136
2 Salderrey 38 128
%)
g Cabrerizas Diez et al. Q-spec., A-g,  mature forest 32 222
£ DPereal (2001) C-s stand* 3.6 124
S Perea2 4.4 114
Cuchillo 3 5.8 147
Agtiera 7 13.6 0.5
€ New Forest 13 76
s
80  New F 1.7 36
g o Gurnell (2004)
»%  New Forest . M-d > 100 years 23 50
- unpublished
£ New Forest 3.7 58
S New Forest 5.3 116
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However, the data presented in this study indicate that under favourable conditions a large
wood standing stock comparable to those of pristine North American streams can be
obtained, even comparable to those of coniferous forest streams. Currently, such situations
are only found in a few very short floodplain sections which border a slope with unmanaged
forest.

Historical descriptions of “near-natural® streams can be used as complementary information
to deduce the potential natural state of streams, as it has been mentioned in section 2.2. Some
historical records of the first European explorers exist that describe the pristine state of
North-American rivers before the European settlement. These records reveal that large
amounts of wood caused the formation of massive accumulations, which often completely
jammed the whole river. In the Willamette River - a 9% order, formerly braided river
(catchment area 29,138 km?) in the Pacific Northwestern U.S.A. — the multiple channel was
filled with snags and fallen trees “Zo0 numerons to count” and some chutes were obstructed by
masses of driftwood (Reports of the Secretary of War (1875), cited in Sedell and Froggatt
(1984), p. 1830). Even larger debris jams were reported to occur in the Red River, a lowland
river in the southeastern U.S.A. (catchment area approximately 236,000 km?). In the historical
records reviewed by Triska (1984) a series of debris jams, the so called “Great Raft”, was
described, which affected 390-480 km of the main channel and instantaneously blocked
approximately 225 km.

Comparable historical records about large wood in pristine Central European streams are
missing, because of the long settlement history, but some information about the amount of
large wood in historical times (18" century) in the Central European river Oder is given in
Herrmann (1930). He reviewed historical records and reported that “die Oder lag wie mit Eichen
bepflastert voll und zeigte mitunter ein 1 erhack von Holzern” (,,the river Oder was plastered with oak
trees and accumulations of logs occurred”, Herrmann (1930), p. 18). In 1782, 502 oak trees
and 1171 logs were removed from the Oder between Oppeln and Oberwitz, which
corresponds to a spacing of 16 oak trees km™ and 38 logs km™ related to reach length. This
amount of large wood probably is far less compared to the potential natural state, because (a)
large parts of the floodplain were used for agriculture and therefore, the input of large wood
was markedly reduced, (b) large wood has been already removed from the river Oder before
1782, and (c) probably only the large wood pieces that hindered navigation were removed to
reduce costs of the clearing action. Therefore, the number of 20 trees km, which is

considered to be the amount of large wood present in the potential natural state in Central
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European rivers in one textbook (Landesumweltamt Nordrhein-Westfalen 2001), must be

considered to be a conservative estimate.
2.6.3 Explaining the observed differences

For several reasons, the large wood standing stock present in the study streams is probably
considerably lower than the amount of large wood in the potential natural state.

First, large logs (> 0.2 m diameter, > 3 m length) are rare and very large logs (> 0.5 m
diameter, > 10 m length) are missing completely. If present, such logs comprise a large part of
the large wood standing stock (Kail and Gerhard 2003) and distinctly increase the volume of
large wood. Very large logs, particularly those with rootwads, act as stable key pieces, which
trap floating wood and lead to the formation of debris dams (Collins and Montgomery 2002;
Abbe and Montgomery 2003). Therefore, if large stable logs are missing, the volume of large
wood additionally decreases, because smaller wood pieces are transported downstream.
Second, median volume of lowland and lower mountain stream sections do not differ.
Differences are to be expected in the potential natural state, because several important factors
influencing the input and decay of large wood differ between these ecoregions (see 2.6.1). For
example, Gurnell (2003) showed that stream sections flowing through different forests differ
in the amount of large wood present in these streams.

Third, the volume of large wood is low in comparison to the loadings in other most natural
stream sections in temperate forested ecoregions, even if only the lowland and lower
mountain study streams are considered. The potential natural volume of large wood in
temperate forested ecoregions probably is higher than the values given in Table 2.3, because
even these streams have been altered in respect to the volume of large wood due to forest
management and the removal of large wood.

Large wood standing stock of the study streams is small, although there is currently no
management of the riparian vegetation and no removal of large wood takes place. This is
probably due to the fact that the streams have been influenced by man for centuries. Such
historic alterations of the channel and the floodplain may still affect the stream in several
ways: First, virtually all forests in Central Europe have been managed and economically used
in the past. The age distribution of trees differs significantly from that of natural forests even
decades after forestry has ended. This may be the reason why logs with a diameter of more
than 0.5 m are almost completely absent in the study streams. Such large old trees bear a large

potential for large wood supply. Second, large scale disturbances (wildfires, disturbances by
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wind, floods, insect outbreaks) rarely occur in a cultural landscape like Central Europe. Even
small scale disturbances (landslides, erosion, floods) are largely prevented by man. Such
catastrophic events are known to deliver large amounts of large wood to streams (Maser and
Sedell 1994; Nakamura and Swanson 2003). Third, large wood was probably removed during
earlier times, and cessation of management is too short for an accumulation of large wood.
Fourth, though the beaver (Castor fiber) has been re-introduced in some parts of Central
Europe (Nolet 1997), it is still too rare to enhance large wood supply on a large scale.

As a result of all these factors, none of the study streams receives a “potential natural” supply
or boasts a respective large wood standing stock. This is probably true for virtually all streams
in Central Europe. Even in nature reserves, it may take centuries to end the effects of these

alterations on large wood supply and standing stock.
2.6.4 Modelling the amount of large wood

As it has been stated above (section 2.2), models of wood dynamics can potentially be used to
simulate the number and volume of large wood pieces present in the potential natural state of
streams and rivers. The large wood standing stock essentially depends on (a) forest
productivity (Lienkaemper and Swanson 1987; Scherzinger 1996), (b) processes and
mechanisms affecting the amount of wood delivered to the channel (stand dynamics, tree
mortality, direction of tree fall, bank erosion, windthrow, wildfire, insect outbreaks, downhill
sliding, avalanches, landslides, mass failure, transport from upstream ), and (c) processes
controlling the depletion of wood (breakage, mechanical abrasion, downstream transport,
decomposition) (Keller and Swanson 1979; Gregory et al. 2003b; Nakamura and Swanson
2003; Swanson 2003).

Most of these processes have been integrated at least in some of the 14 models, which have
been developed so far (see review in Gregory et al. (2003b)). Virtually all of these models have
been developed and applied in North America to (a) investigate processes that influence the
amount and distribution of large wood, (b) to predict the amount and distribution of large
wood resulting from different forest management practices, and most of the models have
been described in open literature (Murphy and Koski 1989; McDade et al. 1990; Van Sickle
and Gregory 1990; Malanson and Kupfer 1993; Beechie et al. 2000; Bragg 2000; Downs and
Simon 2001; Welty et al. 2002; Benda and Sias 2003; Meleason et al. 2003).

All three authors who have carried out a sensitivity analysis reported that parameter values for

the overall depletion rate or the decay rate strongly influenced the outcome of the models
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(Welty 2002; Benda and Sias 2003; Meleason et al. 2003). Decay rates are markedly lower for
submerged wood pieces compared to terrestrial rates and higher for wood, which is repeatedly
wetted and dried as stream level fluctuates (Cederholm et al. 1997; Bilby et al. 1999).
Therefore, decay rates differ in dependence on the vertical location of the wood pieces.
Moreover, decay rates of submerged logs are known for some North-American tree species
(Bilby et al. 1999), but comparable investigations are rare for Central Europe. So far, decay
rates were reported only for small wooden cubes (1 cm®) of beech wood (Fagus sylvatica)
(Hendel and Marxsen 2000), which have a high surface to volume ratio and thus, can not be
compared to decay rates of large logs. Investigations on the decomposition of different tree
species in dependence on their vertical location within the bankfull channel are necessary to
allow for the modelling of wood dynamics in streams and for estimating the wood volume

present in the potential natural state.

2.7 Conclusion

The data presented in this section reflect the current knowledge on the amount of large wood
in some of the most natural Central European streams. The streams examined were regarded
as being “near-natural” according to Central European standards.

The range of the volume covered by the study streams can be seen as the minimum volume of
wood that should be present in a “near-natural” Central European stream. However, it is hard
to estimate how closely these values relate to natural conditions. Presumably, large
discrepancies exist, as is suggested by the lack of large size classes, the absence of differences
between streams in different ecoregions, the comparison with most natural streams in other
temperate forested ecoregions, and the anthropogenic alterations mentioned above.
Nevertheless, the data reflect the current upper range of large wood standing stock in Central
European streams. Most streams receive a far lower supply and large wood is regularly
removed. Thus, in the majority of Central European streams, hardly any logs can be found.
This compilation leads to the conclusion that large wood is still an important substrate in
some Central European stream sections. The values presented should be considered as the
minimum volume targets to be obtained in restoration projects for streams and riparian areas.
A potential natural stream morphology and community would probably boast a much larger
amount of large wood. Therefore, stream restoration projects should aim to increase the input

of large wood, even in the most natural stream sections.
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3 Influence of large wood on mesoscale channel morphology

in Central European streams

3.1 Summary of the section

The impact of large fallen trees on channel form is described for six short stream sections in
Central Europe influenced by large wood (LW sections), five of which are compared to
nearby reference sections free of large wood (reference sections). Three-dimensional models
of streambed topography were generated by surveying cross sections with a spacing of one per
1/15 channel width. Parameters derived from digital terrain models and cross sections
compared between LW sections and reference sections include the extent of pools, bars, and
cut banks, streambed and bank complexity, cross-sectional area, width, depth, and cross-
section complexity as described by Andrle’s (1994) ‘angle-measurement-technique’ (AMT-
Analysis), a measure of the deviation of a cross-section line from a straight line.

Structural diversity is greater in LW sections at almost all spatial scales, particularly in terms of
pool volume (Mann-Whitney-U-test, p < 0.01) and cross-section complexity described by
median angle of AMT-Analysis (Mann-Whitney-U-test, p < 0.05). Large pools are clearly
associated with large fallen trees and attain volumes up to 36 m®. With the exception of the
ratio of one LW section where the fallen tree is oriented parallel to flow, the ratio of pool
volume to bed planimetric area ranges from 424 to 693 m? ha', which is in the upper range
reported for small, high-gradient streams in Oregon, Northwest America (229 to 755 m? ha'l,
Carlson et al. (1990)). Pool volume of LW sections is strongly correlated to the blockage ratio

(Spearman rank order correlation, r, = 0.93, p < 0.01). Differences in channel morphology

between the LW sections and reference sections indicate a strong morphologic control of

large wood in these Central European stream sections.

3.2 Scope of the section

The influence of large wood on stream channel morphology has been studied extensively in
small North American streams, but there are few studies from other regions to allow intra-
regional comparisons (see section 1.2). Comparable investigations are rare for Europe, where
the impact of large wood is far less obvious. But because of very different stream

characteristics, forest communities, and management practices, significant differences may be
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expected from results reported for the North American streams. Gregory et al. (1985)
described significant influences of large wood dams on channel morphology in small to
medium sized streams in Southern England. Piégay et al. (1998) described changes in channel
topography and sedimentation in a 6%-order river (Ain River, France) characterised by
complex wood accumulations. Accumulations of large wood in the French alpine river Drome
were found to be rare and ephemeral, and therefore, to have little effect on channel
morphology (Piégay et al. 1999). Except for two recent studies - one that quantified the effect
of large wood on channel depth and width in two small Central European streams (Gerhard
and Reich 2000), and one that described the topography of a sand-bed stream with a high
wood loading (Mutz 2000) - little is known about the impact of large wood on channel
morphology in Central European streams and rivers.

In this section, small-scale channel morphology of six Central European stream sections
influenced by single large fallen trees is described, and five of these sections are compared to
reference sections free of large wood. The streams studied can be classified as large streams or
small rivers and represent low-gradient meandering lowland streams and lower mountain
streams, two of the most common stream types in the northwestern part of Germany. Various
parameters derived from digital terrain models (extent of pools, bars, and cut banks; bed and
bank complexity) and cross sections (area, width, depth, ‘angle-measurement-technique’
according to Andrle (1994) - a method to measure the deviation of the cross-section line from
a straight line) are considered. These parameters are tested to examine potential differences in
channel morphology between stream sections with and without large wood.

This study focuses on small-scale channel morphology instead of a reach-scale for three
reasons. First, morphological features associated with single pieces of large wood are easy to
interpret. Second, appropriate study stream sections with high wood loadings on a reach-scale
are rarely found in Central European streams. Third, the influence of single large fallen trees
on channel morphology is of special interest, because single trees are increasingly used in
Central European river restoration projects to alter channel hydraulics, initiate natural channel
dynamics, and enhance structural diversity. The main objective of the study is to quantify the
effect of single large trees on channel morphology to assess the changes that can be expected

to occur in restored stream sections in which such single large trees are used.

33



Influence of large wood on mesoscale channel morphology

3.3 Study streams

Because of the long-lasting human impact and the management of riparian forests, large fallen
trees are rarely found in Central European streams (see section 2). Stream managers usually
remove large wood from streams for flood control reasons. However, some single logs
impacting streams can still be found in remote areas.

Six stream sections, most of which are located in Northrhine-Westphalia (Germany)
(Figure 3.1), were selected for this study. Three of the study stream sections (Lippe, Berkell,
Berkel2) are located in the lowlands of Northrhine-Westphalia, in low-gradient river plains
dominated by Holocene sediments and Quaternary sands. Three streams (Ahr, MShne, Berg.

Land) are located in lower mountain areas, primarily consisting of argillaceous shale.

NORTHRHINE-WESTFALIA

BERKEL

N

GERMANY

BERG. LAND

0 50 100

km
Figure 3.1: Location of the study streams in Northrhine-Westphalia and Rhineland-Palatinate (location
of the Ahr study stream), Germany. The author is under a legal obligation not to exactly locate the
Berg. Land stream section.
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Influence of large wood on mesoscale channel morphology

Data on the investigated stream sections and the investigated large wood pieces (LW), RS = reference

section, LW = LW section.

study streams Berkell Berkel2 Lippe
RS | LW RS | LW LW
stream characteristics
catchment area (kmz) 247.5 247.5 1906
mean section width (m) 12.0 17.8 15.4 16.8 40.5
slope of water level (%0) 0.05 0.07 0.05 0.05 0.04
length (section mapped, m) 28.0 50.5 33.5 28.5 44.0
stream type lowland lowland lowland
bed material sand sand sand/silt/
marl
bank material sand sand sand/silt
riparian vegetation sparse poplar sparse poplar sparse
willow
section sinuosity straight straight bend
peculiarity of section deeply entrenched deeply entrenched bend
bankline riprap 50 10 0 0 0
(bankline length %)
LW characteristics”
date of input” 1998 1995 1997
diameter at breast height (m) 75/65/65 50/75 75
horizontal orientation (°)° 100/115/115 85/0 0
vertical orientation ramp/ramp/on bed ramp/bank on bed
individual tree volume (rn‘g)e 7.19/4.14/3.55 2.13/2.44 9.68
length / channel width >1 >1 ~0.3
blockage ratio’ 0.48 0.13 0.05
rootwad anchored in bank no/yes/yes yes/no cabled
LW input natural natural restoration
project
discharge (m3 57 )
mean annual discharge
mean low flow 0.368 0.368 7.09
mean discharge 2.83 2.83 23.98
mean high flow 31.4 31.4 110.4
peak flow 59 59 178
discharge since LW input*
mean low flow 0.471 0.347 6.84
mean dischatge 3.80 3.10 24.08
mean high flow 43.2 32.7 113.2
peak flow 48 48 178
peak flow recurrence interval 10yr 10yr 10yr
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Table 3.1
(continued)
study streams Ahr Mohne Berg. Land"
RS LW RS LW RS LW

stream characteristics

catchment area (km”) 538 275 180.5

mean section width (m) 22.7 31.3 18.1 20.3 18.1 16.0

slope of water level (%0) 0.3 0.1 0.2 0.2 0.1 0.6

length (section mapped, m) 41.8 67.0 38.0 54.0 30.0 30.0

stream type lower mountain lower mountain lower mountain

bed material gravel/cobble/ gravel / cobble gravel / cobble
boulder

bank material gravel/cobble/ clay gravel/cobble/
boulder clay

riparian vegetation sparse poplar, sparse alder, dense beech,
willow willow, ash oak, alder

section sinuosity straight meander straight

peculiarity of section riffle meander neatr-natural

bankline riprap 0 20 30 30 0 0

(bankline length %o)

LW characteristics”

date of input” 01/1999 03/1998 not known

diameter at breast height (m) 115 40/60 125

horizontal otientation (°)° 75 90/65 95

vertical orientation’ on bed ramp/tamp above bed

individual tree volume (m)° 5.4 1.1/5.14 12.34

length / channel width ~ 0.7 >1 >1

blockage ratio 0.21 0.36 0.34

rootwad anchored in bank no yes/yes no

LW input natural natural natural

discharge (wi 57 )

mean annual discharge

mean low flow 0.458 0.847 0.472

mean discharge 478 4.22 3.39

mean high flow 74.2 42.1 46.0

peak flow 149 96 112

discharge since LW input*

mean low flow 0.782

mean discharge mean discharge data 4.31 date of LW input

mean high flow not available 39.6 not known

peak flow 51

peak flow recurrence interval 2yt 5yr
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Table 3.1

(continued)

a Characteristics of large wood pieces are given for individual trees (several values) or for entire large
wood (single value).

bDate of input is assessed by means of an consultation of local stream managers, stream ecologists
and residents.

¢ Horizontal orientation according to Robison and Beschta (1990a) with 0° the rootwad pointing
upstream, 90° perpendicular to flow and 180° the root-wad pointing downstream.

d Vertical orientation was classified: “ramp position”, rootwad inside the channel and the other end
supported on the opposite bank — “on bed”, resting on the stream bed — “bank”, single large fallen
trees lie between top of bank and mean water level parallel to flow — “above bed”, inside the bankfull
channel but completely above low-flow water level.

¢ Tree volume inside bankfull channel.

fBlockage ratio is the cross-sectional area blocked by the single large fallen trees according to Gippel
etal. (1996a).

g Discharge data since the input of the single large fallen trees are not available for the year 2000 at the
Berkel and Mohne study streams.

hThe author is under a legal obligation not to exactly name the stream investigated.

pSN TSR
Ir. N T - 5\

Figure 3.2: Downstream view at the Berkell LW section at mean flow to high flow. Two large fallen
trees in the foreground are mainly submerged at mean flow; tree with rootwad in the background is
located above mean flow water level.

For five of the study streams, a section influenced by 1-3 fallen trees (LW section) and a
nearby reference section without large wood were selected (for details concerning the
selection of reference sections see 3.4.1). No comparable reference section could be found
within the short restored reach of the Lippe River in which the LW section is located. Stream

morphology up- and downstream of this reach is heavily modified by human and thus not
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comparable to the restored reach. Investigations were, therefore, restricted to the LW section.
The large fallen tree, the impact of which was investigated in the Berg. L.and stream section, is
located in the upper part of a mid-channel bar. Because no similarly wandering reference
section could be found in the vicinity, the channel on the right side of the bar was used as a
reference section. This was possible because the obvious effects of the fallen tree are restricted
to the channel on the left of the bar. The study streams (LW sections and reference sections)
are characterised in Table 3.1. In order to further illustrate the characteristics of LW sections,

a photo of the Berkell LW section is given in Figure 3.2.

3.4 Methods
3.4.1 Experimental design

The impact of large fallen trees on small-scale channel form is described by comparing
channel morphology of stream sections influenced by large wood (LW sections) with nearby
reference sections free of large wood (reference sections).

The LW sections were demarcated based on the extent of the large fallen trees and the
morphological features (pools, bars, cut banks, channel widening) in the area of the fallen
trees that were visible or detectable by wading. Because demarcation of morphological
features in the field was difficult, areas up- and downstream of these sections were mapped to
ensure complete portrayal of these morphological features. Investigating longer stream
sections would enclose areas not influenced by the fallen tree(s) and, thus, distort the results
because parameters describing channel morphology are related to bed planimetric area.

LW sections are some tens of meters in length and are located in specific areas of the channel
reach (e.g., a single riffle, half a meander wavelength, deeply entrenched, straightened section).
Therefore, comparable stream sections free of large wood were chosen as reference sections
rather than randomly chosen sections, which would enclose geomorphological features
different from the LW sections. Because of the high variability of channel conditions (e.g.,
riparian vegetation, slope, discharge, bedrock confinement, riprap), choosing a reference
section as similar as possible to the LW section seemed more appropriate than investigating a
greater number of ‘reference sections’ (e.g., several riffles) to quantify the variability of the

specific channel area.
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3.4.2 Field investigations

Topographic data were acquited in July/August 2000 using a Leica TCRA1103 electronic total
station. Some pools were not wadable and were mapped using a small boat.

A preliminary investigation was carried out with the aim to determine topographical survey
point densities necessary for an accurate description of mesoscale stream morphology. The
original data set of the Ahr LW stream section with a point density of 3.1 p m? (which is
assumed to represent mesoscale morphology) was progressively thinned to a density of
0.5 p m? Terrain models were computed for each data set and compared to the original
surface (Figure 3.3). No clear limit was noticeable, but errors increase rapidly when point
densities are <1 p m? Therefore, sutvey points were measured at a distance of ~ 1/50
channel width (~ 0.3 m) in cross sections with a spacing of about 1/15 channel width
(maximum spacing < 1 m) to ensure point densities > 1 p m™. Topographic breaks in slope of
particular geomorphological importance (e.g., bank top, cut banks, extent of pools) were
measured separately.

In some zones, measurement was not possible (e.g., areas covered by dense vegetation, debris
accumulations or wood accumulations). Therefore, point density varies slightly between large
wood and reference sections of most study streams. Differences in point densities between

LW sections and corresponding reference sections are less than 10%, except the Mohne
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Figure 3.3: Terrain model surface error (per unit stream area) against survey point density.
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stream (29%). In the Mohne LW section, dense overhanging limbs of riparian trees that could
not be cut partly covered the stream and hindered measurement of a larger number of survey
points, resulting in a comparatively low point density. Point densities range from 1.4 to 3.1
points per square meter depending on the cross-section spacing.

The circumference of the large fallen trees was measured at several points of the stem and the
main limbs using a measuring tape. Approximate date of input and input mechanism (natural,
restoration project) were determined by means of a consultation of local stream managers,
stream ecologist, and residents.

Water surface slope was determined by hydrostatic levelling. Due to the afflux caused by the
large fallen trees, slope at some LW sections is high compared to corresponding reference
sections. Therefore, channel sections both upstream and downstream of the sections
investigated were included in water level measurements, in order to describe mean channel

slope rather than the drop in water level associated with the large fallen trees.
3.4.3 Terrain models

Three-dimensional terrain models were computed from the field data using the GIS “ArcView
3D-Analyst” to describe the stream morphology of LW sections and reference sections
(Figure 3.4). Surfaces were created as TINs (triangulated irregular networks) following Lane et
al. (1994) and Milne and Sear (1997) using the topographic breaks measured separately in the
field.

The extent of pools and bars was determined according to Beebe (1997). Parts of the stream
bed at least one standard deviation below the mean depth are defined as pools. Conversely,
parts of the stream bed at least one standard deviation above the mean depth of the stream
bed, are defined as bars. Pool and bar volume was computed for single morphological features
using the ArcView 3D-Analyst tool “Area and Volume Statistics”. Pools and bars were
classified according to Church (1992).

Non-vegetated areas of the bank steeper than 65° and above the mean water level were
defined as cut banks. The outlines of these cut banks usually correspond to topographic
breaks measured in the field.

Because the length of the bank is highly dependent on the scale considered (Andrle 1994),
these linear features were standardized to the accuracy of the field data, which is the same at

all stream sections (point density about 0.3 m at bank-top break-lines).
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Figure 3.4: Contour map of Berkell LW section 3D-model. Height above / below mean stream bed
height is given in meters. Stream bed area one standard deviation above / below mean depth of stream
bed (0.5 m) is defined as bar and pool respectively. Pool is located downstream of the first large fallen
tree, which is located on the stream bed. Sketch of the large fallen trees is not to scale; flow is from left
to right.

3.4.4 Cross sections

The terrain models indicated cross sections measured in the field were not exactly
perpendicular to the channel, especially in zones of high structural diversity caused by large
wood where the channel direction could not be accurately determined in the field. Because
some channel-related parameters (e.g., cross-section width) depend on the exact perpendicular
orientation of the cross sections, they were not based on measuring points but derived from
the terrain models with a spacing of 1 m (corresponding to accuracy of field data, 16-53 cross
sections per stream section). For this purpose, the ArcView extension “Profile Extractor” was
used. In addition, the following parameters were calculated: area (cross-sectional area),
horizontal length (width), and maximum depth. Cross-section depth values, calculated with a
spacing of 0.1 m by the extension “Profile-Extractor”, were used to calculate mean depth.
Channel dimensions were determined for the cross sections at bankfull stage, which can be
defined as the point where a break in the slope of the banks occurs and water begins to flow
onto the floodplain (Wolman and Leopold 1957).

Habitat diversity is assumed to increase with the variability of the cross-section parameters.
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Therefore, an increase of the variability is considered to be an appropriate measure for the
ecological effect of the large fallen trees, and hence, cross-section variability is investigated in

addition to the absolute value (median).
3.4.5 AMT-Analysis

To describe the complexity of cross sections at different spatial scales, the angle measurement
technique (AMT) was used following Andrle (1994) and Nestler and Sutton (2000). An

Avenue script was written to perform cross-section

AMT-Analysis in ArcView using the =« / PPl
cross-sectional data computed by the LA d
extension “Profile Extractor”. A
starting point 4 along the cross
section is randomly chosen. The point
of intersection B between a line of

length § beginning at point .4 and the

cross section 1is calculated. This

process is repeated beginning at point Figure 3.5: Measurement of cross-section angle for

B. The angle between the two lines is AMT-Analysis.

calculated (Figure 3.5). For each scale S, a sample of 500 angles is stored, which was found to
be sufficient to produce minimal error while still keeping computational time to a reasonable
level (Andrle 1994). The mean angle describes the extent to which the cross section deviates
from a straight line at the given scale §. More complex cross sections, therefore, have greater
mean angles.

Because mean angle increases markedly with the entrenchment of the channel, AMT-Analysis
was restricted to the stream bed. Otherwise, differences in entrenchment of the streams would
mask differences in stream bed morphology. The influence of the large fallen trees on channel
entrenchment was not investigated. Only values of § greater than the accuracy of the field

data (survey point spacing in cross sections of about 0.3 m) were used for analysis.

3.5 Results
3.5.1 Terrain models

Large pools are associated with the large fallen trees in all LW sections except the Lippe

(Table 3.2). Median pool volume (m’ha') is higher in the LW sections than in reference
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sections (Mann-Whitney-U-test, p < 0.01, n = 29). Differences are greatest in the LW sections
of the lowland streams Berkel2 and Berkell, which have pool volume 7 to 11 times that of the
reference sections. Several small pools are present in the reference sections, and one to two
large pools in the LW sections. In spite of the later date of large wood input, pool volume is
markedly higher in the Berkell LW section, which is possibly due to the higher blockage ratio
(see Table 3.1).

Table 3.2

Qualitative and quantitative description of morphological features present at LW sections (LW) and
reference sections (RS); absolute size of morphological features and volume of pools/bats related to
bed planimetric area and area of cutbanks related to section length are given; based on the close
proximity to the large fallen trees, their shape and visually observed flow patterns, some morphological
features are classified as ‘clearly associated with large wood’ (c.a. with LW).

= Q
< .80 SN g
g 3 g 2 £ 2
g g3 “Q o 3 5 g i~ =
g < E s £ S E . e 7
£ £y g & 3 s < s %
5 £ 2  Eg 4T % TR Ew G
2 £ & g =& ES 2 g2 & 2 E 3
Berkell LW pool 16.8 51.4 75 593.5 +
side bar ~2 ~21 ~22 53.0
cut banks 20.7 86.6 +
13.4 56.1 +
33 13.8 +
Berkell RS pools 0.4 5.3 20 20.1
0.3 6.4 17 15.1
0.3 12.1 1 15.1
0.06 3.5 3 3.0
0.03 1.3 9 1.5
0.006 0.8 1 0.3
side bar ~0.5 ~12 ~31 20.1
Berkel2 LW
pools 7.2 26.6 60 247.6 +
5.6 19.5 89 192.6 +
mid-channel bar 3.1 16.9 41 106.6 +
cut bank 30.7 107.7 +
Berkel2 RS
pools 1.1 23.3 7 411
0.4 10.4 1 14.9
0.2 7.2 2 7.5
mid-channel bar 0.1 4.8 8 3.7
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Table 3.2
(continued)
< Fg’a S §
g E & 2 - R
< O T
% o o Q Q Qo 4S <
g < @ = E o 8 ~ 'g g 3 B
: £z B 47 f TS L4
& £ & g =& E8 2 g & 2 E 3
Ahr LW pool 35.9 163.9 54 423.8 +
mid-channel bars 2.9 28.3 23 34.2 +
2.6 19.5 66 30.7 +
1.4 19.1 29 16.5 +
0.2 6.1 10 2.4 +
0.04 1.8 6 0.5
Ahr RS
pool 15.9 116.7 56 226.1
side bar ~4 ~24 ~38 55.5
Mohne LW pools 59.6 143.1 98 692.7
0.5 11.4 16 5.8
point bar ~49 ~154 ~87 568.3
cut bank 94.8 171.4
Mohne RS pools 20.2 97.3 53 382.8
4.5 21.3 59 85.3
point bar ~12 ~43 ~76 223.6
cut bank 67.6 177.4
Berg. Land LW  pool 11.8 37.3 70 516.2 +
mid-channel bar 0.2 3.6 12 8.7
side bar ~3 ~8 ~104 109.4 +
island 7.7 31.7 44 336.9
Betg. Land RS pool 8.0 37.3 65 321.1
mid-channel bar 0.08 5.6 4 3.2
island 9.6 25.7 60 385.3
Lippe LW pools 9.3 96.5 38 58.0
3.5 44.2 25 21.8
1.7 21.1 21 10.6 +
0.5 16.5 10 3.1
0.3 11.2 7 1.9
0.1 4 5 0.6
0.08 6.1 5 0.5
0.04 34 3 0.2
0.02 2.1 3 0.1
point bar ~28 ~215 ~27 172.7
mid-channel bar 5.6 61.2 28 34.9 +
cut bank 26.1 59.0
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Differences are less apparent in the mountain stream sections (1.5 to 2 times the pool volume
of reference sections), where bend scour pools (Mchne), trench pools (Berg. Land), and a
deep thalweg (Ahr) are present in the reference sections.

Volume of side bars and point bars is largely dependent on the delineation of river bed and
banks. Small differences in the extent of river bed and banks result in large differences in bar
volume. Therefore, only clearly identified bars (mid-channel bars) are considered. Mid-channel
bars that are discernible in the terrain models are restricted to LW sections of the Berkel2,
Ahr, and Lippe. The mid-channel bar volume is 29 times higher in the Berkel2 LW section
compared to the corresponding reference section. In the Ahr, several bars formed
downstream of the large fallen tree. The same is true for the zone between the single large
fallen trees and the outer bank at the Lippe. No mid-channel bars (Berkell, Méhne) or bars of
marginal extent (Berg. Land) are present in the other stream sections.

The occurrence of cut banks is restricted to LW sections of the lowland sand bed streams
(Berkell, Berkel2, Lippe) and the outer bank of the stream sections at the meandering lower
mountain stream (Mohne). Cut-bank area is nearly the same in the Mdhne study sections
indicating that the large fallen trees at the LW section did not increase cut-bank area.

Increase in stream bed surface area compared to planimetric area indicates topographic

complexity of the stream bed. High values indicate a rough stream bed surface and, therefore,

12

i

RS LW RS LW RS LW RS LW RS LW Lw
Berkel1 Berkel2 Ahr Mohne Berg. Land Lippe

increase in bed surface area compared to planimetric area (%)
o)
T

Figure 3.6: Increase in bed surface area compared to planimetric area (%). RS = reference section,
LW = LW section.

45



Influence of large wood on mesoscale channel morphology

R 60

<

= L _—

g =

ko)

c

S 40r

(&)

(0]

w

e}

3

s 30r

Q.

IS

o

(&)

=

2 20+

Q

()

£

=

&

2 10

£

(0]

n

@®©

(0]

| B

- RS LW RS LW RS LW RS LW RS LW Lw
Berkel1 Berkel2 Ahr Mohne Berg. Land Lippe

Figure 3.7: Increase in bankline length compared to section length (%). RS = reference section,
LW = LW section.

high form drag (Buffington and Montgomery 1999). All streams except the M6hne show an
increased stream bed surface area compared to planimetric area in the LW sections
(Figure 3.6). In the Mohne, meander morphology leads to a high value at the reference
section. The differences are most obvious in the lowland streams (Berkell four times, Berkel2
seven times higher than reference sections) and the lower mountain stream Ahr (fourfold
higher).

Increase in bank line length compared to section length is a measure of bank line complexity.
Bank line length is higher at all LW sections compared to the corresponding reference
sections (Figure 3.7) except for the Mohne stream section where a large curve in the
downstream part of the reference section lengthens the bank considerably. By far the highest
values are found at the Berg. Land stream, which is probably due to the near-natural condition
of this reach. Differences between LW sections and reference sections are due to the channel
widening induced by large wood (lowland stream Berkell and Berkel2, respectively, 2 and 1.6
fold higher in LW section) and a curve in the shoreline caused by the uprooting of the tree
and further bank erosion at high flow (lower mountain stream Berg. Land, 1.7 fold higher
than reference section). The cause of the increase in bank length at the Ahr LW section (1.6

fold higher) is not apparent.
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3.5.2 Cross-section parameters

Considering the quartiles of all values, a distinct increase in variability of cross-sectional area
was noted at the Berkell LW section (Figure 3.8A). Here, widening of the channel caused by
bank erosion and a deep scour pool increased the area of single cross sections dramatically.
Differences in cross-section area variability are less pronounced but still statistically significant
at the Berkel2, Ahr, and M6hne stream sections (Siegel-Tukey rank dispersion test, p < 0.01).
Median cross-sectional area is greater at the lowland sand bed LW stream sections Berkell,
Berkel2, and at the lower mountain stream Berg. Land (Mann-Whitney-U-test, p < 0.01).
Differences in variability of cross-sectional area between LW sections and corresponding
reference sections at the lower mountain streams Ahr, M6hne and Berg. Land are due to the
wide range of channel depth values. In addition to channel depth, higher variability of stream
width at the LW sections causes differences in cross-sectional area variability at the lowland
sand bed LW stream sections Berkell and Berkel2 and the lower mountain stream Mohne
compared to corresponding reference reaches (Figures 3.8B, 3.8C, 3.8D). Median cross-
section width is higher at all LW sections compared to corresponding reference sections,
except the Berg. Land stream (Mann-Whitney-U-test, p < 0.01). Here, at the right side of the
mid-channel bar where the reference section is located, widening of the channel in the lower
part increases stream width.

Variability of maximum depth can be considered to be a measure of thalweg complexity.
Differences between LW sections and reference sections are most striking at the lower
mountain streams (Ahr and Berg. Land), considerable at the Berkel stream, and small at the
Mohne stream (Figure 3.8C). This is also true for the variability of mean depth, which
indicates that pools in most LW sections cover a large part of the cross sections and are not
restricted to a narrow thalweg (Figure 3.8D). Median cross-section depth is greater at the
lowland sand bed streams Berkell, Berkel2, and at the lower mountain stream Berg. Land
(Mann-Whitney-U-test, p < 0.05).

The differences in variability of cross-section parameters between LW sections (sample A) and
reference sections (sample B) was tested using the inter-quartile coefficient as a measure of
dispersion. Variability of cross-section area and cross-section max. depth is higher at the LW
sections (Mann-Whitney-U-test, p < 0.05, n = 10), whereas variability of cross-section width,
mean depth, and width/depth ratio show no significant difference.

Variability and median of width/depth ratio don’t differ between LW sections and

corresponding reference sections, except the Ahr stream, in spite of an evident change in
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channel morphology. Low variability of width/depth ratio at the LW sections is probably due
to the simultaneous increase in width and depth because of bank and bed erosion. Hence,
width/depth ratio is considered to be no appropriate measure to describe the effects of large

wood on channel morphology at the stream sections investigated in this study.
3.5.3 AMT-Analysis

Median angle of each spatial scale § was calculated based on cross-sectional mean angle data
for each stream section (Figure 3.9). The median angle of LW sections is significantly greater
compared to the reference sections at all scales, with the exception of the 0.3-, 0.4-, 0.7-, and
0.8-m scales (Mann-Whitney-U-test, p < 0.05).

Stream sections may be roughly grouped into three categories according to the results of the
cluster analysis presented in Figure 3.10. Group A consists of the Ahr, Berkell, and Berkel2
reference sections, and the Lippe LW section, which all have a relatively flat stream bed.
Median angle is low (2°- 4°) and decreases slightly at larger scales. Group B consists of (a) the

Berg. Land reference section, which shows an increase in median angle up to about 6° at the

median angle (°)

1 T T T T T T T T T T T T T
03 05 07 09 11 13 15 17 19 21 23 25 27 29

scale S (m)
—x— Berkel1 LW —=a— Mdéhne LW —a— Berkel2 LW —s— Berg. Land LW
—e— AhrLW Berg. Land RS Mdéhne RS Berkel2 RS
Lippe LW Berkel1 RS Ahr RS

Figure 3.9: Median of mean angle of cross sections at scales S ranging from 0.3-3.0 m. Study sections
in legend are listed according to the mean angle over all scales S. RS = reference section, LW = LW
section.
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Berkel1 LW
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Figure 3.10: Cluster analysis of reference sections (RS) and LW sections (LW) according to the median
of mean angle at scales ranging from 0.3 to 3.0 m. Cluster analysis was performed using Euclidian
distance and complete linkage, because vatiables have the same dimension (°) and clusters should
rather be naturally distinct groups than elongated trees.

scale of 0.8 m and a slight decrease at larger scales, and which is the member of group B being
most similar to group A; (b) the Mohne reference section with an approximately linear
increase in median angle from 2.8° to 7.4° and (c) the Berg. Land and Ahr LW sections,
which show a rapid increase up to about 5.5° at the scale of 0.8 m and a moderate,
approximately linear increase at larger scales. Group C consists of (a) the Berkell and Berkel2
LW sections where the course of the curve can be described as a saturation curve,
approximating to angles of about 9° and 8.5°, respectively; and (b) the Méhne LW section,
which shows an approximately linear increase similar to the Mohne reference section, but with
a steeper slope.

In comparing LW sections with the corresponding reference sections, greater median angles at
the LW sections are statistically significant for the Berkell, Berkel2, Ahr, and Mchne stream
sections at all scales. Differences in the near-natural Berg. LLand stream sections are statistically
significant only for the largest scales investigated (2.8, 2.9, and 3.0 m), where median angle is
low at the reference section (Mann-Whitney-U-test, p < 0.05). This is probably due to the
overall form of the pools, with a circular pool at the LW section and a narrow trench pool at

the reference section (short axis of the trench pool parallel to cross sections). Therefore, lines
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AB/BC of AMT-Analysis can span the entire pool at larger scales, resulting in lower mean

angles at the reference section.
3.5.4 Relating stream morphology to large wood and stream characteristics

The relationship between stream morphology (pool volume, pool area, mid-channel bar
volume, mid-channel bar area, cut-bank area, related to bed planimetric area; max. pool depth,
bed and bank-line complexity, median angle of AMT-Analysis over all scales ), characteristics
of the single large fallen trees (blockage ratio, channel volume blocked by large wood,
horizontal orientation, vertical angle, mean height above bed, diameter at breast height, time
since input), and stream characteristics (slope, catchment area, width, power per unit width)
was assessed by Spearman correlation analysis because of the non-normal distribution and low
number of cases (n = 0).

Pool volume of LW sections is strongly correlated to the blockage ratio (r, = 0.93, p < 0.01),
which indicates that blockage ratio is one important parameter determining the hydraulic and,
therefore, morphological influence of large fallen trees, as stated by Gippel et al. (1996a). Not

surprisingly, channel width is strongly correlated to catchment area (r, = 0.98, p < 0.01). No

other correlations were found to be significant for the variables examined in this study.

3.6 Discussion
3.6.1 Power of parameters to describe change in channel morphology

Differences between LW sections and reference sections were described using a wide range of
parameters, derived from both terrain models and cross sections (extent of morphological
features; bed and bank complexity; cross-sectional area, width, maximum depth, mean depth;
AMT-Analysis; see section 3.4). However, only differences in distinct morphological features
such as pools, bars, and cut banks could be detected. This is due to the experimental design of
comparing LW sections with reference sections. Long-term studies (e.g., survey of several
years) are necessary to examine less evident morphological features, such as large, flat,

depositional areas.
3.6.2 Characteristics of single large fallen trees

It can be assumed that nearly all trees investigated are located where they entered the channel
and changed little in position because ecither (a) they are still anchored in the bank with their

root-wad, (b) the cut bank caused by the uprooting of the tree remains in close vicinity to the
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tree, or (c) the position of the tree is known, because it was placed in the stream within the
scope of a restoration project or was observed by local stream managers, ecologists, or
residents. Moreover, most trees that entered the channel naturally are oriented nearly
perpendicular to flow (deviation from perpendicular + 25°), which indicates that trees did not
rotate at high flows (e.g., Q2 to Q10 floods which have been recorded since the wood
entrance). In addition, re-mapping of the tagged points on trees in 2001 revealed no change in
position. Only one tree can be considered to be driftwood (Berkell, tree oriented parallel to
flow). Therefore, it can be inferred that the impact of large wood on channel morphology
changed little over time and large wood characteristics listed in Table 3.1 represent the
conditions that influenced channel morphology since the input of the single large fallen trees.
However, wood and debris accumulations trapped by the trees could have formed and
disappeared or changed during floods, and have transiently increased or changed blockage
ratio and the impact on channel morphology.

Besides anchoring of rootwads in stream banks, stability of trees investigated that naturally
entered the channel is enhanced by length of trees compared to channel width, which is
greater than or equal to two-thirds of the channel width. Flume studies of Braudrick and
Grant (2000, 2001) showed that presence of rootwads, length, and diameter of trees increase
the stability of logs. Bryant (1983) and Lienkaemper and Swanson (1987) observed that trees
considerably longer than channel width result in relatively stable wood pieces. Gurnell and
Gregory (1995) also observed that deciduous trees, which fall into the channel are often
anchored in the bank by their rootwad.

The volume of large wood in European streams is low compared to wood loading in North
America, but we can expect that it could be comparable in reaches where the human impact is
reducing (Elosegi et al. 1999; Piégay et al. 1999; Hering et al. 2000; Diez et al. 2001). In
Central European streams similar to those investigated in this study, large fallen trees of
comparable size are extremely rare compared to the number of trees, which can be assumed
to be present in the potential natural state (see section 2). The main reasons for the low wood
loading in the streams investigated are sparsely vegetated banks (see Fig. 3.2) and the removal
of large wood by stream managers. Even in nature reserves stream managers are under a legal
obligation to remove large wood, if it is considered to be a flood risk to works downstream.
Due to changes in EG agricultural policy and nature conservation laws, extensive farming on
floodplain areas becomes more common. Therefore, in some exceptional cases, large fallen

trees are left in the channel. Considering the impact of the large fallen trees investigated on
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channel morphology, it can be assumed that channel morphology of these streams is far from

that which characterizes the potential natural state.
3.6.3 Comparing observed scour patterns with those described in literature

The pool at the Ahr LW section is located directly upstream and to the side of the large fallen
tree that lies perpendicular to flow in the middle of the channel. Mid-channel bars consisting
of fine gravel accumulated downstream of the tree. This scour pattern is very similar to those
described by Abbe and Montgomery (1996) for large wood jams at the apex of bars in a large
alluvial river. This is possibly a typical scour pattern at wood obstructions located on the
stream bed in the middle of the channel, either nearly perpendicular or parallel to flow, if peak
flows don’t overtop the obstruction.

Cherry and Beschta (1989) and Hilderbrand et al. (1998) observed that different scour patterns
depend on angle to flow and vertical angle of logs. Scour at the Berkell LW section occurs
downstream of one of the large fallen trees, which is oriented perpendicular to flow (Fig. 3.4).
This scour pattern can be classified as a plunge pool according to terminology of Robison and
Beschta (1990b) and corresponds to the scour pattern described by Hilderbrand et al. (1998)
as perpendicular dam. Moreover, the pool in the Berg. LLand LW section can be described as
an underflow pool (Robison and Beschta, 1990b). No other scour pattern associated with the
single large fallen trees investigated in this study corresponds to those described by the

authors mentioned above.
3.6.4 Assessing the morphological influence of single large fallen trees investigated

Pool volume of the LW sections investigated is well within the upper range of pool volume
found in some small, high-gradient streams in Oregon, NW-America, where pool volume
ranged from 229 to 755 m? ha' (Carlson et al. 1990). Single large fallen trees can, therefore, be
considered to be capable of increasing pool volume locally to an extent comparable to North
American conditions even in low-gradient Central European streams.

Differences between LW sections and reference sections are most striking in the lowland sand
bed Berkel stream. This is true not only for bed morphology (e.g., pool volume, bed
complexity), but also for stream bank morphology (cut-bank area, bank complexity, variability
of cross-section width) and cross-section complexity (AMT-Analysis). Some rare habitat types
(e.g., deep pools, which are used as rearing habitat for certain fish species, Fausch and
Northcote (1992), Spalding et al. (1995), Young (19906)) are restricted to the immediate vicinity

of large fallen trees.
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In the lower mountain streams, morphological channel changes caused by large fallen trees are
pronounced, but less evident on the stream banks. This is probably due to resistance of bank
material and low entrenchment (e.g., cut-bank area increases with channel entrenchment).
Meander morphology and local geomorphic controls such as local geology are likely to mask
the influence of large wood on channel form, as suggested by Evans et al. (1993) and
Hilderbrand et al. (1997).

The effect of the single large fallen tree on channel morphology at the Lippe (by far the largest
study stream) is low compared to those on the other study streams. This is probably due to
low blockage ratio (0.5%), which depends on stream size and the orientation of the log
parallel to the banks. Nevertheless, two distinct morphological features (small pool, small mid-
channel bar) are clearly associated with the large tree in the Lippe channel (Table 3.2).
Considering the extent of morphological features at LW sections compared to reference
sections, the effect of the large fallen trees on channel morphology is evident in most study
streams (Table 3.2, Fig. 3.6-3.10). Although sample size of paired sections is small (n = 5) and
reference sections vary in structural diversity, the differences between LW sections and
reference sections are statistically significant for some parameters (pool volume, median angle
of AMT-Analysis).

However, morphological changes were not observed directly. Therefore, differences in
structural diversity between LW sections and reference sections could partly be caused by
morphological differences that existed prior to large wood input. Comparability of LW
sections to reference sections is limited by differences in bank-line riprap (Berkell, Ahr) and
slope (Ahr, Berg. Land). Bank-line riprap at the Berkell and Ahr reference sections consists of
loose boulders and building rubble, which possibly hinders lateral erosion. However, lateral
erosion doesn’t occur at the Berkel2 reference section, which is free of bank-line riprap and
comparable to the Berkell stream sections.

Five of the study streams were re-mapped in 2001. The results show that considerable changes
in channel morphology occurred in all LW sections, except for the Berg. Land stream,
indicating that channels are still adjusting to the presence of the large fallen trees. Some of the
channel features that were present at the first mapping period in 2000 developed (e.g., pools
got deeper, side bars expanded), but others diminished (e.g., pools filled, mid-channel bars
eroded). Although channel morphology before the first mapping in 2000 and prior to large
wood input is not known, and morphological changes observed over a one year period may

not be representative in the longer term, it is hypothesized that there is no clear trend towards
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an equilibrium state of channel morphology. Dynamic feedback between flow produced by
the large fallen trees and channel morphology may result in changing trends of morphological
development.

Because changes in channel morphology are highly dynamic (as re-mapping in 2001 suggests),
and morphological differences described are strongly dependant on channel conditions
(channel morphology, discharge, sediment supply) and large wood characteristics,
transferability of the results is limited. However, given similar channel conditions and large
wood characteristics, differences between LW sections and stream sections free of large wood

of the same order of magnitude are to be expected in Central European streams.
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4 Using large wood for stream restoration in Central Europe:

quantification of potential use and simulation of effects

4.1 Summary of the section

The potentials for the use of large wood in stream restoration projects are quantified for
streams in Central Europe (total stream length assessed 44,880 km). Six different scenarios
were investigated differing in the method of stream restoration and in the land uses that have
to be restricted to allow for lateral movement of the channel. Hydromorphological data were
used to identify stream sections to which the six restoration scenarios can be applied. A
hydromorphological quality index was calculated for the pre- and post-restoration state to
assess the effects of the “placement” (anthropogenic input of large trees) and “recruitment”
(restoring natural recruitment of wood) of large wood. The three recruitment scenarios are
suited for only a small percentage (~1% each) of the total channel length in the study area.
The potential use of the placement of large wood is much higher (6.5%, 20.2% and 32% of
the total channel length if the land uses “forest land, fallow land”, ”’pasture, meadows” and
“cropland” are successively restricted). There are differences between (a) the lower mountain
area, where a large number of channel segments can be restored, yielding an improvement
from a moderate/good to a good/excellent morphological status and (b) the lowlands, where
only a small number of channel segments can be restored, yielding an improvement from a
bad to a moderate morphological state. The latter upgrading might be sufficient to reach a
“good ecological status” as defined by the EU Water Framework Directive (European
Commission 2000). The results of this study show the suitability of the recruitment and
placement of large wood as appropriate measures to restore a large proportion of the streams

in the study area.

4.2 Scope of the section

Large wood is a key feature of stream ecosystems in temperate forested ecoregions. It
influences stream hydrology, hydraulics, sediment budget, morphology, and biota across a
wide range of spatial and temporal scales (see 1.2). Considering its beneficial effects on stream
morphology and biota, large wood can be used for many objectives in stream restoration
projects (see 1.3). Many such projects have focused on the placement of artificial, wood

structures in the stream in order to improve fish habitat (e.g., Crispin et al. (1993), Cederholm
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et al. (1997)). According to Kauffman et al. (1997) and Bisson et al. (2003) the placement of
large wood can be called “active restoration”. Most of these artificial wood structures have
been fixed using boulders, cables or wooden earth anchors, which can be considered to be
conventional bio-engineering methods and are called “hard engineering” according to Bisson
et al. (2003). Such hard engineering restoration measures lead to a short-term improvement of
aquatic habitat on the reach scale and are particularly suited if land use rather tightly constrains
the options for stream restoration. Alternatively, artificial log jams, which span the entire
channel at the downstream end of restored stream reaches, can be installed in order to trap
floating wood, as it has been proposed by Gerhard and Reich (2001). Upstream from these
barriers large wood can simply be placed into the stream without costly fastening in a
technical way. The upstream logs then can be moved by floods, thus allowing for the
development of natural instream structures. Such placement of large wood without additional
anchoring can be considered to be a “soft engineering” method according to Bisson et al.
(2003). Subsequently, this method will be referred to as “placement”. Placement is suited to
restore longer reaches or even whole watersheds, because it is rather inexpensive.

Artificial placement can be regarded as an interim measure prior to the establishment of a
riparian forest providing natural input of large wood (Cederholm et al. 1997; Roper et al. 1998,
Collins and Montgomery 2002; Bisson et al. 2003). However, restoration tied to “placement”
does by itself not support natural input of wood from the riparian forest into streams. Thus,
on a long-term basis, restoring processes that sustain large wood recruitment are regarded to
be more suitable and less costly, simply because the restoration then is undertaken by the
riparian forest (Crispin et al. 1993; Cederholm et al. 1997; Collins and Montgomery 2002;
Kondolf 2000; Roni et al. 2002). According to Kauffman et al. (1997) and Bisson et al. (2003)
restoration methods like the recruitment of large wood can be called “passive restoration”. In
the following, restoration based on long-term processes that sustain the input of large wood is
referred to as “recruitment”.

In Europe, there is presently a strong demand for cost-effective stream restoration, because
the “FEuropean Water Framework Directive” recently enacted by the EU requires a good
ecological status of all European rivers to be achieved by 2015. In Central Europe, the main
problem is the poor hydromorphological status of most streams, while severe pollution,
obvious effects from toxic substances, and acidification have almost vanished in the past
decades (Brookes 1987; Lorenz et al. 2004; Verdonschot and Nijboer 2004). The two methods

of stream restoration mentioned above - placement of large wood without additional

57



Potential use and effect of large wood in stream restoration

anchoring (“placement”) and restoring potentials for large wood recruitment (“recruitment”)
— are candidate measures potentially suited for a large-scale improvement of
hydromorphological river quality. However, the placement and recruitment of large wood can
only be applied, if certain conditions are met. Within a reasonable time frame the recruitment
of large wood can be a successful strategy only if native riparian stands are already present.
Both methods can only be applied if there is no risk of damage to bridges or other works, and
if land use does not impose tight restrictions to the degree of achievable stream dynamics. In
densely populated areas like Central Europe, virtually all floodplains are used for silviculture
and agriculture, or built-up areas (settlements and traffic infrastructure) are located in the
floodplain. Therefore, the question arises whether the recruitment and placement of large
wood can actually be used in restoration projects implemented to enhance or to restore the
majority of streams in Central Europe.

The objectives of this study are: (a) to quantify the potential use of large wood in stream
restoration projects in Central Europe and (b) to assess and discuss the potential enhancement
of stream morphology by the placement and recruitment of large wood. Pre-existing data on
hydromorphology are used to identify stream reaches that allow for the potential application
of restoration measures linked to large wood. Results of a hydromorphological survey are used
to simulate the potential effects of the placement and recruitment of large wood on

hydromorphology.

4.3 Study area

The study area is located in western Germany and includes three federal states, namely
Northrhine-Westphalia (NRW), Rhineland-Palatinate (RP), and Hesse (H) (Figure 4.1). The
total study area is 74,979 km? (21% of the German territory); population density in the study
area is about 370 p km=.

Mainly for reference purposes in the context of the Water Framework Directive, 23 “stream
types” have recently been defined in Germany (Schmedtje et al. 2001; Pottgiesser and
Sommerhauser 2004). Each “type” comprises streams that are comparable in size, ecoregion,
altitude, and catchment geology, and are characterised by a homogeneous biocoenosis (Tables
4.1 and 4.2).

The study area comprises both lowlands and lower mountains areas, thus reflecting the
geomorphological situation in Germany as a whole (Figure 4.1). A total of 16 of the 23

German stream types are present in the study area. The lowland parts of the study area
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Figure 4.1: Location of the study area in Germany. The study area (grey area) encloses three federal
states, Northrhine-Westphalia (NRW), Rhineland-Palatinate (RP) and Hesse (H). Ecoregions are
bordered by dotted lines (according to Illies (1978), modified according to Briem (2003)): I — lowland,
IT — lower mountain area, I1I — alpine region.

(ecoregion 14 according to Illies (1978), modified after Briem (2003)) are characterized by
terraces (24%), gravely-sandy floodplains (23%), loess areas (13%), cretaceous sandstone,
mudstone, and marl (12%). In addition, moraines and dunes/drift sand cover small areas.
Settlements and traffic infrastructure (18%) and cropland (55%) are the most important land
use categories, whereas grassland (9%) and forest (12%) are restricted to small fragmented
areas. The most densely populated region of Germany, the “Ruhrgebiet”, is located in the
northwestern part of the study area (~ 1200 p km™?), while population density in other parts of
the ecoregion is lower (~ 250 - 500 p km).

The lower mountain parts of the study area (ecoregion 9 according to Illies (1978), modified
after Briem (2003)) are dominated by shale (45%), new red sandstone (20%), and mafic

volcanic rocks (6%). In comparison to the lowland ecoregion, forests cover a larger part
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Table 4.1

Reference conditions of stream types in the study area according to Pottgiesser and Sommerhiuser

(2004) (small streams, catchment area < 100 km?2).

name of stream type

spreading substrate

channel form

valley slope

T 14 - small sand-dominated lowland rivers

sander, sandy parts of  dominant: sand, in

moraines and terraces  addition: gravel /

clay

T 16 - small gravel-dominated lowland rivers

gravelly parts of dominant: gravel /
cobble, in addition:

sand / loam

moraines and terraces

T 18 - small loess and loam-dominated lowland rivers

loess areas dominant: loess /
loam plates, in
addition: organic

material / marl

T 19 - small streams in riverine floodplains

floodplains and terraces dominant: organic
of larger streams material, in addition:

grain sizes present

heavily meandering with point bars
and cutbanks, shallow cross profile,
pools associated with large wood

winding to meandering with pools
and riffles, undercut banks, shallow
cross profile, minor point bars and
cutbanks

winding to meandering, entrenched u-
shaped cross profile, minor pools and

riffles

winding to meandering, partly
anastomosing, very shallow cross
profile, very low gradient

T 5.1 - small fine substrate dominated silicious highland rivers

new red sandstone dominant: sand /
gravel, in addition:

cobble

winding to meandering with point
bars, cutbanks, pools and riffles,
shallow u-shaped cross profile

T 5 - small coarse substrate dominated silicions highland rivers

shale, granite, gneiss dominant: cobble /
gravel, in additon:

fines

in dependance on valley form straight
to winding and partly braided, very
shallow cross profile

T 6 - small fine substrate dominated calcareous highland rivers

loess areas, Cretaceous dominant: loam /

sandstone, mudstone  sand, in addition:

and marl

gravel / cobble

winding to meandering, entrenched u-

shaped cross profile, undercut banks

T 7 - small coarse substrate dominated calcareous highland rivers

calcareous rocks, chalk dominant: cobble, in
addition: fines /
organic material

straight to winding, minor pools and
riffles, partly intermittent

2 - 7%o

3 — 25%o0
2 -12%o0

< 2%o0

4 - 50%o0

10 - 50%o
4 - 30%o0

10 - 50%o
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Table 4.2
Reference conditions of stream types in the study area according to Pottgiesser and Sommerhiuser
(2004) (medium-sized to very large streams, catchment area > 100 km?2).

name of stream type
spreading substrate channel form valley slope

T 15 - mid-sized and large sand and loam-dominated lowland rivers

sander, sandy parts of ~ dominant: sand / winding to meandering with point 0.2 - 2%o
floodplains, moraines  loam, in addition: bars and cutbanks, shallow cross
and terracces gravel / clay / marl  profile, several small floodplain

channels

T 17 - mid-sized and large gravel-dominated lowland rivers

gravelly parts of dominant: gravel, winding to meandering with point 0.5 - 1.5%0
moraines and terraces  in addition: sand /  bats and cutbanks, predominant
cobble shallow cross profile, mid-channel
bars

T 12 - mid-sized and large organic substrate-dominated rivers
sander, floodplains, dominant: organic  anastomosing, very shallow cross <0.5 - 1.5%0
terracces material, in addition: profile, very low gradient
sand / gravel

T 20 - very large sand-dominated rivers
e.g., downstream part of dominant: sand / winding to meandering, single or 0.07 - 1%o
Rhine, Elbe gravel, multiple channel, wide and shallow
in addition: cobble  cross profile

T'9 - mid-siged fine to coarse substrate dominated silicious highland rivers

shale, new red dominant: cobble /  in dependence on valley width and 2 - 6%0
sandstonge, gneiss, boulder , in addition: slope straight to meandering and
granite, other volcanic  gravel / sand single to multiple channel, shallow
rocks cross profile, pools and riffles, large
bars

T 9.1 - mid-sized fine to coarse substrate dominated calcareous highland rivers

calcareous rocks, chalk, dominant: boulder / winding to meandering, partly 0.7 - 4%o
marl, mudstone, cobble / gravel, multiple channel, pools and riffles,
sandstone, loess areas  in addition: sand shallow to slightly entrenched

T 9.2 - large highland rivers

large floodplains of the dominant: cobble /  winding to meandering, in ~3%o0
river boulder, in addition: dependence on valley slope single to
sand multiple channel, large banks,

shallow cross profile

T 10 - very large gravel-dominated rivers

e.g., downstream part of dominant: cobble /  winding to meandering, shallow cross 0.2 - 2%o
Danube gravel, in addition:  profile, islands, partly multiple
gravel / sand channel
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(43%), grassland (16%) is neatrly twice as dominant, whereas settlements and traffic
infrastructure (7%) and cropland (27%) cover less area as compared to the lowlands.
Population density is significantly lower (~ 50 — 250 p km?); nevertheless, most streams and

rivers have been altered by man (e.g., straightening, bed and bank fixation).

4.4 Methods
4.4.1 Hydromorphological survey

This study is based on a large hydromorphological data set that has been compiled from
regional authorities in Northrhine-Westphalia, Rhineland-Palatinate, and Hesse. Since the
mid-1990’s, hydromorphological surveys have been conducted in most parts of Germany,
mainly by regional authorities. However, only in the three federal states mentioned above the
hydromorphological survey covered almost all the streams present. Therefore, this study is
restricted to the three federal states, where the surveys can be assumed to best represent the
overall status of stream morphology.

Slightly different methods have been applied in surveys performed by the individual states.
The methods applied so far have not been internationally published in any detail, but
essentially correspond to the field survey method of the “Linderarbeitsgemeinschaft Wasser”
(LAWA) briefly described by Raven et al. (2002). The LAWA method is described in more
detail to enable a full understanding of the data upon which this study is based.

The results of the LAWA hydromorphological survey method can be analysed and interpreted
at different levels of resolution: the attributes listed in Table 4.3 are recorded and grouped into
six “main categories”, further aggregated into three “higher categories” (stream bed, stream
bank, floodplain) and finally into a single value.

All attributes are recorded along 100 m channel segments and compared to a reference
condition, which is defined as the “potential natural state” of the stream (the condition that
would result naturally without further human intrusion, see 1.4). The assessment results of the
individual attributes are used to calculate a result for each of the six “main categories”. These
results are finally gauged by the expert (surveyor) in relation to the presumed reference
condition. Possible results range from unchanged (only minor deviations from the reference
condition, class 1) to heavily degraded (class 7).

A slightly different method was used to survey larger rivers in Northrhine-Westphalia and

Rhineland-Palatinate. The main differences are: (a) a list of attributes specifically applicable to
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Attributes of morphological quality assessment of streams and rivers: *only recorded for streams and
rivers in Hesse and small to medium sized streams in Northrhine-Westphalia and Rhineland-
Palatinate, **only recorded for large streams and rivers in Northrhine-Westphalia and Rhineland-

Palatinate.

higher category

- main category
attribute

stream bed

stream bank

floodplain

development of stream course

planform

erosion at bends

bars*

features indicating natural channel dynamics (e.g., woody debris, islands)
longitudinal profile

artificial barriers limiting continuity of flow, sediment and migration for biota
culverts

artificial impoundments

riftles and steps

flow-diversity*

depth-variability*

flow-diversity and depth-variability**

diversion hydropower**

river-bed structure

substrates

bed-fixing

substrate-diversity

channel-features (e.g., scour and backwater pools, rapids, cascades)

alteration of river-bed (e.g., navigation, groins, sediment placement)**

cross-section profile

cross-section form

cross-section depth

bank erosion (indicating widening of channel)
cross-section width variability

bridges

widening / narrowing**

bank structure

riparian vegetation

revetment / bank protection

bank features (e.g., woody debris, cutbanks)

alteration of river-bank (e.g., hydropower peaking)**

- floodplain

land-use

riparian buffer

floodplain features (e.g., oxbow lakes, high-flow channels)**

features hindering lateral channel migration (e.g., roads, dumping sites)
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characteristics of larger rivers (see Table 3.3); (b) some attributes are recorded using aerial
photographs rather than field records (e.g., planform, channel- width variability); and (c) the
length of surveyed stream segments is not always 100 m, but dependant on channel width,
ranging from 100 m (channel width 5-10 m) to 1 km (channel width > 160 m).

The total length of the surveyed stream sections (n = 431,886 ) adds up to 44,880 km.

4.4.2 Quantifying the potential use of large wood

To assess the applicability of the two restoration measures (“placement” and “recruitment”),
the following criteria were defined. Both restoration measures are only applicable if the lateral
movement of the channel is permissible, thus restricting land use in the floodplain.
Consequently, both methods will only be applied if the benefit of stream enhancement is
considered to be greater than the cost incurred by restrictions on land use. The cost resulting
from land-use restrictions is considered to increase in the following order: “natural non-
woody vegetation”, “forest land”, “fallow land”, “pastures and meadows” (subsequently
referred to as “grassland”), “cropland”. It is further assumed that some types of land use can
not be restricted (e.g., built-up areas, parks, sport grounds). Consequently, for both methods,
“placement” and “recruitment”, three scenarios were discerned differing in the land-use types
considered to be dispensable (Table 4.4).

Channel segments which meet the preconditions in Table 4.4 and those listed below are

Table 4.4

Requirements for channel segments to be considered as restoration segments, separately given for the
six scenarios. Additional requirements for restoration segments of all six scenarios are given in the
text.

scenario possible land uses of floodplain (>10%) woody debris recruitment

RS-Forest  forestry, natural non-woody vegetation, fallow land

= ripatian vegetation:

g native hardwood forest,

g RS-Grass forestry, natural non-woody vegetation, fallow land, land use of floodplain:

]

é grassland native hardwood forest
RS-Crop forestry, natural non-woody vegetation, fallow land, ot natu.ral non—vzoody

grassland, agriculture vegetation > 50%

PS-Forest forestry, natural non-woody vegetation, fallow land

=

Q

g PS-Grass forestry, natural non-woody vegetation, fallow land, .

S no requirements

=, grassland q
PS-Crop forestry, natural non-woody vegetation, fallow land,

grassland, agriculture
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subsequently referred to as ,restoration segments®. The more extensive scenarios always
include all restoration segments of the less extensive scenarios (e.g., if cropland is considered
to be dispensable, grassland is dispensable, too).

Further requirements for the applicability of the scenarios include: First, only hardwood forest
bordering the channel is assumed to ensure a near-natural input of large wood, and thus, meet
the preconditions for recruitment, because forest dominated by coniferous trees is not part of
the natural vegetation in the study area (Ellenberg 1996). Second, no “features hindering
lateral channel migration” (e.g., roads, dumping sites, fish farms) must be present in the
restoration segment, since they would be at risk to be damaged. Structures within a distance
from the channel of 40% of the floodplain width were used as exclusion criteria (these data
were only available for streams in Northrhine-Westphalia). Third, no bridges and culverts
serving as bridges must be present within the restoration segment. Fourth, it is assumed that
single channel segments (100 m in length), which meet the conditions mentioned above, are
too short to be restored. Therefore, the total length of connected restoration segments must
be at least 300 m (subsequently referred to as “restoration reach”).

The hydromorphological survey for streams in Northrhine-Westphalia and Rhineland-
Palatinate does not distinguish between the adjacent land uses “cropland” and “coniferous
forest”. Thus, data from another source (Corine-Land-Cover) were used to separate between
these two types of land use. Because the resolution of the Corine-Land-Cover data is low

(25 ha), this must be considered a rough estimate.
4.4.3 Spatial distribution of restoration segments

Three different procedures were applied to describe the spatial distribution of restoration
segments: First, for each scenario, the share of segments that are suitable for restoration
within a watershed is compared to the share of segments that are suitable for restoration
within the whole study area. This comparison of watersheds reveals whether restoration
segments are evenly distributed or clumped. Only watersheds with a minimum length of
0.3 km surveyed streams km? are considered, thus, some watersheds with low data density
were excluded from the analysis (3.3% of the total channel length). Overall, 868 out of 1140
watersheds were included in the analysis. Similar comparisons were performed for (2) stream
types and (3) stream sizes to investigate if particular stream types or sizes are more or less

suited for restoration with large wood.
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4.4.4 Simulating the potential enbancement of stream morphology

The precise effect of the placement and recruitment of large wood can not be predicted,
because it depends on local conditions. However, the potential for hydromorphological
enhancement of the restoration segments can be based on the following general assumptions:
First, the standing stock of large wood in Central European streams is restricted due to the
management of riparian forests and the removal of wood from channels. However, in small
streams, debris dams are still present and the formation of debris dams is more likely if large
wood is added through stream restoration projects. Due to the lack of large key-pieces, the
formation of debris dams is unlikely to occur in larger rivers, even if some channel reaches are
restored with large wood. Thus, the effect on channel morphology depends on the relative
size of the wood pieces and decreases with increasing stream size (Piégay and Gurnell 1997).
Hence, in order to assess effects, it seems necessary to distinguish between different stream
sizes.

Second, according to data presented in section 2, the frequency of large logs (> 20 cm
diameter and > 3 m length) in the most natural Central European stream sections is 21 logs
per kilometre (mostly fallen trees). Even these most natural stream sections are far from the
potential natural state with respect to large wood standing stock. Therefore, for the
assessment of effects, this value is considered to be the minimum input from unmanaged
riparian forests.

Third, even single fallen trees can cause the formation of large pools within a time period of
one to several years (Kail (2003), section 3). This is considered to be the “minimum effect” of
a single fallen tree on channel morphology.

Based on the above assumptions/conditions and the addition of 2 trees per 100 m stream
segment, the following predictions are made to describe the potential changes of channel
morphology due to “placement” and “recruitment” of large wood. Each tree yields at least
one large pool in streams with a channel width of less than 20 m and one small pool in larger
streams (relative to channel width). Furthermore, flow and substrate diversity, and depth
variability increase. Thus, changes in the values of five hydromorphological attributes are
predicted (more or less strongly, dependent on stream size) due to the “placement” and
“recruitment” of large wood, according to the hydromorphological survey method for small
stteams  (Table 4.5) and larger rivers (Table 4.6), respectively. The index of
hydromorphological quality assessment was re-calculated for each restoration segment

considering these predicted changes in channel morphology.
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Table 4.5

Proposed effects of restoration. Changes of attribute values for small streams due to the recruitment
and placement of large wood described for the different scenarios. In the individual federal states
slightly different values have been used to describe attributes (e.g., the highest possible score for the
attribute “channel feature” is defined for the value “many” in Northrhine-Westphalia and for the value
“>3” in Hesse). All values used in the individual countries are listed and separated by a backslash.
*Since the impact of large wood is dependent on stream size, different simulations have been used for
small streams (<20m average width) and large streams (>20m average width) for the
hydromorphological data from Northrhine-Westphalia and Rhineland-Palatinate. However, the
hydromorphological data from Hesse do only separate between stream sizes > 10m and <10 m
average width; thus, in this case 10 m average width is used as a threshold value for the different
simulations. The new attribute values are used to re-calculate the morphological quality assessment.

attribute new attribute value of section*
attribute valne description channel width | channel width
<20m, <10 >20m, > 10
features indicating natural channel dynamics
many \ > 3 many \ > 3 many \ > 3
several \ 3 S . many \ > 3 many \ > 3
o features indicating nzittu.ral channejl dy'narmcs many \ > 3 many \ > 3
(e.g., woody debris, islands, widening,
one narrowing) of large extent are counted several \ 3 several \ 3
low extent two two
70 two two
flow diversi depth variability / substrate diversi
very high > three flow conditions / depth categoties / very high very high
substrate types, three of them of large extent
high three flow conditions / depth categories / very high high
substrate types, two of them of large extent
moderate three flow conditions / depth categories / high high
substrate types, two of them of low extent
Jow two flow conditions / depth categories / high moderate
substrate types, one of them of low extent
70 one flow condition / depth category / substrate  high moderate
type
channel features
many \ > 3 many \ > 3 many \ > 3
several \ 3 many \ > 3 many \ > 3
o channel features (e.g., pools, rapids, cascades) of many \ > 3 several \ 3
one large extent are counted several \ 3 two
low extent two one
no two low extent
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Table 4.6

Proposed effects of restoration. Changes of attribute values for larger rivers due to the recruitment
and placement of large wood described for the different scenarios. *Since the impact of large wood is
dependent on river size, different simulations have been used for small rivers (< 20 m average width),
medium sized rivers (20-60 m average width) and large rivers (> 60 m average width) in Northrhine-
Westphalia. However, the hydromorphological data from Rhineland-Palatinate do only separate
between stream sizes 10-50 m, > 50 m average width; thus, in this case 50 m average width is used as
a threshold value to differentiate between medium-sized and large rivers. In Hesse, streams with a
width > 10 m are not further differentiated between different size classes; therefore attribute values
listed in Table 4.5 were used for all Hessian streams. **According to the hydro-morphological survey
method for larger rivers, the instream structures are not simply counted as it is done for small streams,
but the respective attribute value (e.g., “many”) is only given if all types of instream structures (large
wood, island, widening) are frequently occurring. Thus, an increasing number of logs leads to a smaller
improvement of the hydromorphological assessment result than in small streams. The new attribute
values are used to re-calculate the morphological quality assessment.

attribute new attribute value of section*
attribute valne desctiption with a a channel width of
<20m | 20-60 m, ‘ > 60 m,
10-50 m > 50 m

features indicating natural channel dynamics

many many many many
all types of features indicating natural

several ] ) many many man
channel dynamics (e.g., woody debris, ! ’ Y
Sfew . 1 several several several
islands, widening) are present to the extent
low extent described by the attribute value** few few few
no few few few

flow diversity / depth variability / substrate diversi
very high > three flow conditions / depth categories /  very high  very high  very high
substrate types
high three flow conditions / depth categories / very high  high high
substrate types, two of them of large extent

moderate three flow conditions / depth categories / high high moderate
substrate types, two of them of low extent

low two flow conditions / depth categoties / high moderate  moderate
substrate types, one of them of low extent

70 one flow condition / depth category / high moderate  moderate
substrate type

channel features
many many many many

several . many several several
channel features (e.g., pools, rapids,

Sew several several few
cascades) of large extent are counted

low extent several few low extent

70 few few low extent
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4.5 Results
4.5.1 Potential use of the recruitment and placement of large wood

The total length of the 431,886 channel segments mapped is 44,880 km (subsequently referred
to as “total channel length”). A patchy distribution characterises the stands of native riparian
forest required to ensure a natural recruitment of large wood. Therefore, a large proportion of
the channel reaches that are generally suited for the recruitment of large wood according to
the land use in the floodplain are too short for effective restoration measures (42% < 300 m
in length) and hence, neglected. In contrast only 22%-28% of the channel reaches that are
generally suited for restoration linked to placement are less than 300 m in length.

For each of the three recruitment scenarios, the restoration segments comprise about 1% of
the total channel length (Figure 4.2). This is mainly due to the lack of riparian forest stands
along streams. However, even at 1% the total length of these restoration segments is always
approximately 500 km. The similarity between the three recruitment scenarios is probably due
to the fact that riparian vegetation is needed for the recruitment of large wood; the floodplain
of sections with riparian vegetation is usually covered by forest to a larger extend and rarely
additionally covered by grassland or cropland (only 6.7% and 2.3% of the total channel length,
respectively). Therefore, only few channel segments can additionally be classified as

restoration segments in the less rigorous scenarios RS-Grass and RS-Crop.
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Figure 4.2: Restoration segments' percentage on total channel length and total length of restoration
segments for the six scenarios investigated.
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Figure 4.3: Percentage of restoration segments, which need additional removal of engineered instream
structures (bed fixation, bank revetment, culverts and combination of these types).

In contrast, the extension of potential restoration segments in the three placement scenarios is
much higher, and there are marked differences between the scenarios. Assuming that
silvicultural land use can be restricted, 6.5% (~ 3000 km) of the total channel length could be
restored by the placement of large wood. Assuming that in addition the land uses “grassland”
and “cropland” can be restricted, the percentage markedly increases to about one fifth
(~ 9000 km) and almost one third (~ 14000 km), respectively.

In some cases, the removal of engineered instream structures such as bed fixation, bank
revetment, and culverts is a necessary precondition for successful restoration (e.g., to facilitate
lateral movement or the development of channel features). Additional measures are required
for about 8% of the restoration segments (all three recruitment scenarios), 11% of the PS-
Forest scenario, 27% of the PS-Grass scenario, and 32% of the PS-Crop scenatio, respectively
(Figure 4.3). A high proportion of these PS-Grass and PS-Crop sections (33%) can be
classified as “heavily fixed” (combination of engineered instream structures present) compared
to those of the three recruitment scenarios (~20%).

In general, the placement scenarios allow for longer restoration reaches as compared to the
recruitment scenarios. Because the data on the length of restoration reaches are strongly
skewed to the right, minimum length of restoration reaches (300 m), lower quartile (300 m),
and median (400 m) do not differ between the six scenarios, but upper quartile and maximum

length are higher for the placement scenarios (Table 4.7).
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Table 4.7

Length of restoration reaches (upper quartile, maximum length and number of restoration reaches).
Minimum length (300 m), lower quartile (300 m) and median length (400 m) do not differ between the
six scenarios.

RS-Forest RS-Green  RS-Crop PS-Forest PS-Green — PS-Crop

upper quartile (75%) 500 500 500 600 600 700
maximum 4600 4600 4600 4700 6000 7200
n (restoration reaches) 1073 1134 1229 5403 16107 24458

Few long restoration reaches can comprise a large part of the total restoration segments
length. To consider this, the share of different length classes on the total restoration segments
length is regarded in addition. The share of restoration segments belonging to long restoration
reaches (at least 500 m in length) is greater for the placement scenarios than for the
recruitment scenarios (Figure 4.4) and slightly increases within the placement scenarios (PS-
Forest < PS-Grass < PS-Crop).

Restoration segments, which are part of very short restoration reaches (300 m and 400 m in
length), comprise nearly half of the restoration segments of the recruitment scenarios (48%),
but only 29%-34% of the restoration segments of the placement scenarios. Peaks at reach

length classes 1 km and 2 km are due to the length of surveyed channel sections in larger
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Figure 4.4: Restoration-reach length classes as a percentage of total length of restoration segments
(separately given for each scenario, percentages of length classes sum to 100% for each scenario).
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rivers, which often was 1 km. Differences between the distributions are statistically significant
if all six scenarios are considered and within the recruitment and placement scenarios,

respectively (chi-squared test for homogeneity, p < 0.01).
4.5.2 Spatial distribution of restoration segments

For each scenario, the share of restoration segments was calculated separately for the lowlands
and the lower mountain areas. For all scenarios, the percentage of restoration segments
relative to total channel length is higher in the lower mountain areas as compared to the
lowlands (chi-squared crosstabulation, p < 0.01, Figure 4.5).

The differences between the two ecoregions are small for the PS-Crop scenario. The share of
restoration segments for the PS-Crop scenario is 31.8% in the lowlands compared to 32.6% in
the lower mountain area, which corresponds to a difference of 2.5%. Differences are much
higher for the other scenarios (18.2% - 124.5%). Thus, the land use “cropland” restricts the
use of large wood for stream restoration in the lowlands.

The maximum share of restoration segments relative to total channel length within a single
watershed is 25% for all recruitment scenarios, 47% for PS-Forest, and 100% for PS-Grass
and PS-Crop. The share of restoration segments for the recruitment scenarios ranges between
4.1% and 4.6% in those watersheds with the largest share of restoration segments comprising
in total 5% of the study area. For the placement scenarios, the respective values are much
higher (PS-Forest > 19.6%, PS-Grass > 44.9%, PS-Crop > 56.9%).

Broken down to stream type level, the following stream types are under-represented in all
scenarios in most cases, except for PS-Crop (Figure 4.6): (a) small streams in fertile and
intensively farmed regions (T'18, T19), (b) medium-sized streams in the lowlands (T'15, T17),
and (c) large rivers (19.2, T10, T20). In contrast, small and medium-sized streams in regions
with poor soils, which are mainly used for silviculture (stream types T5, T5.1, T9, T12), are
over-represented in most scenarios.

According to size classes, streams with a channel width > 10 m (large streams) are under-
represented in all restoration scenarios. Large streams comprise about 9.6% of the total
channel length in the study area, but only 4.1% to 5.2% relative to the total length of
restoration segments in the different scenarios, except the PS-Forest scenario. Here, the
percentage of restoration segments with a channel width > 10 m relative to total length of
restoration segments is extremely low (1.9%), since floodplains of larger streams are wider and

more often used as grassland or cropland. Large streams are under-represented even in the
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Figure 4.5: Spatial distribution of restoration segments in the study area. Percentage of restoration
segments on total channel length in each watershed is given. Watersheds, where survey channel length
is less than 0.3 km km-2 were not considered (data density low). Lower mountain area (centre) and
lowlands (margins) are separated by the dotted line (see also Figure 4.1 for borders of ecoregions).
Results for scenarios RS-Forest and RS-Grass are not given, because they do not markedly differ from
the RS-Crop scenario.
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Figure 4.6: Percentage of different stream types for small to medium-sized streams (left) and large
streams to rivers (right) on total restoration segments length compared to the percentage of the
different stream types on total channel length (see Table 4.1 for description of stream types, n.d. =
stream type not determinable). Separately given for each scenario.
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PS-Crop scenario (5.2% as compared to 9.6%); thus, in addition to the land uses
differentiating between the scenarios other exclusion criteria, such as built-up areas, parks,
sports grounds or bridges, restrict the use of large wood in larger streams.

The relationship between the share of restoration segments and the population density of the
districts in the study area was assessed using the Pearson product moment correlation. Only
districts with a minimum stream density of 0.3 km surveyed streams km= were considered
(n =1006), and both variables were transformed to normality. For the three placement
scenarios human population density is correlated to the share of restoration segments (r for
the PS-Forst, PS-Green, PS-Crop is r = -0.38, r = -0.58, and r = -0.72 respectively, p < 0.01).

No such statistically significant correlation could be found for the three recruitment scenarios.
4.5.3 Simulating the potential enhancement of stream morphology

For each restoration segment, current hydromorphological assessment results were compared
to results to be expected after restoration. The overall assessment of a segment results from
the aggregation of the categories “stream bed*, “stream bank”, and “floodplain”. The category
“stream bed” (see Table 4.3) improved for all restoration segments due to the assumed
changes in channel morphology. This general improvement in one category has a significant
impact on the overall assessment results for the restoration segments (Figure 4.7).

The final hydromorphological assessment result is given as one out of seven possible ranks
(I1-17). For each of the six scenarios, the frequency of the ranks changes significantly if
restoration is simulated (chi-squared test for homogeneity, p < 0.01). The effects of the three
recruitment scenarios on the final assessment results hardly differ (chi-squared test for
homogeneity, p > 0.9). All recruitment scenarios lead to an increase of segments assessed to
have a high hydromorphological quality (I1) by the factor 1.8 and to a decrease of segments
with a poor hydromorphological quality (I3 to 17). The percentage of restoration segments
classified worse than I4 decreases by at least 50% in all six scenarios. Data of 98 benthic
macroinvertebrate samples showed that 90% of the sites with a hydromorphological quality
worse than 14 fail the “good ecological status”, and approximately two thirds of the sites with
a hydromorphological quality I4-11 reach the “good ecological status” defined by a AQEM
multimetric score > 3.5 (a macroinvertebrate assessment score that meets the requirements of
the Water Framework Directive and has been developed in the context of the EU-funded
project AQEM, see Hering et al. (2004)).

The restoration segments affiliated with the recruitment scenarios are already in a favourable
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Figure 4.7: Hydromorphological assessment (including assessment of stream bed, stream bank and
floodplain) of the restoration segments, prior (“old index”) and after (“new index”) the simulated
restoration. Percentage of the seven ranks (from “I1” — unchanged, only minor deviations from the
reference condition to “I7” -
each scenario.
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morphological state prior to the simulated restoration (only 7% are ranked worse than 14).
Therefore, the total number of restoration segments that improve to a score better than I5
due to restoration is rather small. This is particularly true for restoration segments from stream
types in the lower mountain areas: for stream types T5, T5.1, T6, and T7, the share of sections
with a poor hydromorphological condition (I5-17) decreases from 1%-8% to 0%. In the
lowlands, a larger part of the restoration segments are ranked worse than I4 prior to the
recruitment of large wood, and the share of these segments decreases by 10%-40% following
the simulated restoration (stream types T14, T16, T18, T19). In contrast to the recruitment
scenarios, many restoration segments in the placement scenarios are in a poor
hydromorphological condition (PS-Forest: 17%, PS-Green: 34%, PS-Crop: 48%). These
values decrease to 4%, 13%, and 24%, respectively, following restoration. No difference
specific to stream type was detected for the placement scenarios.

An upgrading of the restoration segments leads to an increase of those channel segments that
will likely reach a “good ecological status”, even if this improvement is calculated relative to all
channel segments rather than to the restoration segments, only (percentage of channel
segments better than I5 on total channel length mapped). In the placement scenarios, this
percentage increases from 40% to 41% (PS-Forest), 44% (PS-Green), and 47% (PS-Crop),

respectively (chi-squared crosstabulation, p < 0.01)

4.6 Discussion
4.0.1 Potential use of the recruitment and placement of large wood

A main objective of this study was to quantify the potentials for the use of large wood in
Central European stream restoration projects. The results indicate that (a) more than 20% of
the channel segments can be restored with large wood, provided that “grassland” use can be
restricted, and (b) the share of restoration segments is particularly high in the lower mountain
areas compared to the lowlands and for small streams compared to larger streams and rivers.
No data are available on the total length of streams that have already been restored in the
study area. However, since in the past most restoration projects have been limited to short
channel segments (e.g., Smukalla and Friedrich (1994)), it is likely that even the recruitment
scenarios account for much more restoration potential (~ 500 km) as compared to the stream
length that has actually been restored so far. There is no study on the potential for the use of

large wood in Central European stream restoration projects to which the results of this study
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can be compared.

This study provides a minimum length of stream sections suitable for restoration projects with
large wood. For three reasons the actual length might considerably exceed that estimated in
this study. First, some of the structures restricting the use of large wood (e.g., small bridges
and culverts) are probably not used any longer or are dispensable. Second, for some segments,
it might be cheaper in the long run to modify existing bridges rather than to continue the
removal of large wood (Lassettre and Kondolf 2000), which currently is done regularly in
almost all Central European streams. Thus, restrictions do not necessarily arise from the
wood, but from the size of bridges or culverts. Third, management practices described in the
literature could be applied in channel segments with minor restrictions (e.g., rotation of large
logs in longitudinal direction to reduce the effect on water level, Gippel et al. (1996a), Gippel
et al. (1998), Hilderbrand et al. (1998), Gerhard and Reich (2001)) to enable the use of large
wood in the restoration of channel segments with minor restrictions. Since no data on these
options were available for the study area, they were not included in the scenarios.

Length of the restoration reaches (see Figure 4.4, Table 4.7) would probably increase too, if
these options could be taken into consideration. Median length of the restoration reaches of
the six scenarios would increase from 400 m to 500 m, if all reaches separated by a single

channel segment not fulfilling the requirements of the scenarios would be connected.
4.6.2 Potential enbancement of stream morphology and biota

The second main objective of this study was to assess the potential for the enhancement of
stream morphology by the placement and recruitment of large wood. The results indicate the
potential benefit of restoration measures that are based on large wood. Considering
restoration segments from the grassland scenario only, the share of restoration segments with
a moderate to high hydromorphological status (I1-14) would increase from 66% to 87%
(scenario PS-Green). Considering all channel segments, the scenario PS-Green alone increases
the share of restoration segments with a moderate to high hydromorphological status from
40% to 44%. Although the latter appears to be a minor effect, it might nevertheless contribute
significantly to meet the quality goals defined in the EU Water Framework Directive, since
many of the remaining sections that can not be restored are likely to be classified as “Heavily
Modified Water Bodies” (channel segments that are substantially modified due to human
induced physical alterations and that can not achieve a good ecological status without

technically unfeasible or disproportionately costly measures). Such heavily modified water
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bodies do not have to reach the good ecological status.

The results stress the difference between (a) the lower mountain areas, where potentially a
large number of channel segments can be restored, yielding an improvement from a
moderate/good to a good/excellent morphological status and (b) the lowlands, where
potentials for restoration are limited to a small number of channel segments, mostly yielding
an improvement from a bad to a moderate morphological state, and hence, fostering
achievement of a “good ecological status” as defined by the Water Framework Directive.

For three reasons the simulated morphological improvement is a conservative estimate: First,
only the enhancement of the channel morphology that is directly related to the input of large
wood was included in the re-calculation of the morphological quality score. Other measures,
which might supplement stream restoration projects (e.g., removal of bed and bank fixation),
were not considered. Second, only short term effects that will probably show within the first
years after the input of large wood were considered; long-term effects like changes in channel
form due to bank erosion were disregarded. Third, the overall hydromorphological quality
score was used to compare the restoration sections prior and after potential restoration. The
effect on the score for the category “stream bed” is much more pronounced, because all
attributes assumed to change belong to this category.

According to new European legislation the quality of rivers and streams is mainly defined
based on the biota. Hydromorphology is regarded as an “additional parameter” only. Thus, it
is relevant to gauge the changes in the biotic communities expected to result from simulated
restoration measures. It is focused on benthic macroinvertebrates, because data from a large
number of samples (n = 194) collected by regional authorities and in the course of research
projects are available for the study area. Multiple linear regression analysis was performed to
evaluate the relationship between biological quality and hydromorphological attributes. Due to
a lack of harmonised data sets, I did not succeed in simulating the impact of the restoration
measures on the biota; thus, interpretation of restoration effects remains speculative.

While chemical parameters linked to organic pollution and acidification predominantly affect
the benthic invertebrate fauna, hydromorphological alterations produce responses, too. For
example, the impacts of dams (Marchant and Hehir 2002), reduced discharge (Brunke et al.
2001), habitat composition (Buffagni et al. 2001), fine sediment cover (Mebane 1999), and
logging (Fore et al. 1996) on benthic macroinvertebrates have been described in detail. For the
ecoregion investigated Lorenz et al. (2004) indicate that certain indices such as diversity,

number of taxa, and composition of functional groups are highly impacted by
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hydromorphological parameters, such as bed- and bank fixation or the removal of the riparian
vegetation.

Therefore, at each of the sites that have been previously analysed the restoration scenarios
considered might directly affect the benthic invertebrate fauna: the generation of pools adds
to habitat and substrate diversity and thus, to the creation of niches for certain species. Similar
effects can be expected from the increase of flow- and substrate diversity and depth
variability. Finally, the addition of logs adds a new habitat for specialised taxa (Hoffmann and
Hering 2000). Thus, depending on the scenario applied, positive effects on the fauna can be
expected for at least 1% (recruitment scenarios) up to almost one third of the total channel
length (PS-Crop scenario).

However, it is questionable how persistent such local effects are and how they will affect the
quality assessment for a whole stream or river. While positive effects resulting from changes in
the hydromorphology might be readily observed on local scales (Rolauffs 2003), they are far
more pronounced in longer, homogeneous stretches, in particular. Local improvement might
have positive effects even for rather removed downstream reaches (Sponseller et al. 2001;
Rolauffs 2003; Weigel et al. 2003). Thus, in addition to the local effects, a long-term
substantial improvement of the fauna can be assumed for long restoration reaches (e.g.,

> 1km length, which comprise between 0.1% and 9.6% of the total channel length).
4.6.3 Generalisation of results

The area considered in this study includes the two most common ecoregions in Germany
(lowlands and lower mountain areas). The dominance of these ecoregions in the study area
mirrors the situation in Germany. Therefore, the general results are considered to be
transferable to Germany as a whole. However, population density, which is negatively
correlated to the abundance of restoration segments (see section 4.5.2), is high in the lowland
part of the study area as compared to other German lowlands (e.g., lowland of Mecklenburg
Western Pomerania < 50 p km™ compared to ~ 250 - 500 p km™ in the lowland part of the
study area). Thus, there may be more restoration segments in other parts of the German
lowlands.

No alpine streams were investigated. Likely, the potentials for the use of large wood for
restoring alpine streams are quite different, since unit stream power is much higher, yielding
an increased risk of damage to structures caused by drifting wood. However, there are few

alpine streams in Central Europe compared to streams in lowlands and lower mountain areas.
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The results of this study show that the recruitment and placement of large wood are
appropriate measures to restore a larger part of the streams in the study area and probably in
Germany and the neighbouring countries. It would be of great interest to conduct comparable
studies in other countries with large data sets on stream hydromorphology (e.g., River Habitat
Survey — UK, Systeme d’Evaluation de la Qualité du Milieu Physique — France) in order to

develop a European perspective on the use of large wood in stream restoration projects.
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5 Experiences gained from Central European stream

restoration projects in which wood has been used

5.1 Summary of the section

Wood is increasingly used in Central European restoration projects to improve the
hydromorphological status of streams and rivers. A mail survey was started to summarize the
experiences that have been gained so far to provide information for the design of future
projects. The survey revealed the following aspects:

First, wood has been used successfully in many restoration projects, mainly to increase
structural complexity by initiating natural channel dynamics with fixed wood structures.
Failure rate of the wood structures is low (8%), and preliminary monitoring results indicate
that the hydromorphological status improved rapidly in most projects. From an ecological
point of view, there is potential for improvement in regard to the amount of wood and the
size and type of wood structures. The amount of wood placed in the streams (median volume
27.9 m® ha') is low compared to the amount in some of the most natural streams in Central
Europe (41.4m®ha') and in other temperate forested ecoregions comparable to those
investigated (126 m? ha). The size and the potential effect of some wood structures on
stream hydraulics and morphology is low and can be increased without inferring with local
restrictions. Furthermore, in most of the cases, complex natural shaped wood structures could
have been used instead of bare cylindrical logs to benefit from positive side effects.

Second, in some projects, large natural shaped wood structures without additional anchoring
were used. Because the data on the restoration projects investigated indicate that costs can be
markedly reduced and positive side effects are to be expected, it is highly recommended to use
such soft engineering methods in future projects whenever possible.

Third, the effect of wood structures on stream morphology is strongly dependant on the
natural setting, problems occurring during the implementation of the projects are generally site
specific, and therefore, schematic project designs are not applicable to most specific
restoration sites.

Fourth, the potential effects of wood placement must be evaluated within a watershed and
reach-scale context. Otherwise, the wood placement can have adverse effects on stream
morphology and biota.

Fifth, there is a lack of knowledge on the use of wood in stream restoration, an urgent need to
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improve the monitoring programs of future restoration project and a strong need to

communicate the monitoring results.

5.2 Scope of the section

Restoration of stream channels, which have been degraded in terms of hydromorphology, has
become a widely accepted social objective in developed nations and the scientific interest in
stream restoration has been steadily increasing over the last two decades (Shields et al. 2003).
Because wood is an important component of ecosystems in temperate forested ecoregions,
which influences stream hydrology, hydraulics, sediment budget, morphology, and biota
across a wide range of spatial and temporal scales (see section 1.2), it is often used in stream
restoration projects (see section 1.3). Most of these restoration projects have been carried out
in the northwestern U.S. to restore fish habitats by the placement of artificial instream
structures such as log weirs. Several authors pointed out that careful monitoring is necessary
to evaluate the effectiveness of these projects and to use the collected information to improve
tuture projects (Bryant 1995; Kondolf 1995, 1996, 1998; Bash and Ryan 2002). But only few
of the restoration projects in the northwestern U.S. have been monitored, and it is doubtful
whether the monitoring effort is sufficient to adequately evaluate the effectiveness of the
restoration projects (Larson et al. 2001; Bash and Ryan 2002). In addition to above mentioned
monitoring of single restoration projects, some studies have examined the effectiveness of the
placement of wood and the durability of these structures in stream restoration projects in the
northwestern U.S. systematically (Frissell and Nawa 1992; Roper et al. 1998; Larson et al.
2001).

In contrast to North America, the relevance of wood for stream ecosystems has long been
overlooked in Central Europe, presumably because it is rarely found in Central European
streams due to the long term human impact on streams and the extensive management of
virtually all forests over many centuries. However, the data presented in section 2 indicate that
under favourable conditions a wood standing stock comparable to those of pristine North
American streams can be obtained, and even single large fallen trees can act as a strong
morphologic control in Central European streams (Kail (2003), section 3). Although wood
could potentially be used to restore a large part of the streams in Central Europe (see section
4), it is rarely used in stream restoration projects, mainly because (a) the beneficial role of
wood in stream ecosystems and its application in stream restoration are still not well-known,

(b) project managers are afraid of wood structures being transported downstream, damaging
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bridges and other works and of rising the water level, thus increasing flood probability
upstream. Transferability of the monitoring results of North-American studies is limited,
because land-use pressure is particular high in Central Europe and the natural setting (e.g.,
discharge, geology, vegetation) and restoration objectives differ from those in North-America.
Recently, Reich et al. (2003) reviewed restoration projects from North America (n = 18) and
Germany (n = 11), which are described in literature and compared them in regard to project
objectives, adjacent land use, population density, year of restoration, and the type and extent
of wood measures. However, it was not the objective of Reich et al. (2003) to gain a
representative overview about Central European stream restoration projects. The 11 German
projects described in this study are not entirely representative since, (a) only few of the
restoration projects implemented are described in literature (probably this is especially true for
projects that failed or experienced severe problems), (b) 10 out of the 11 projects are located
close together in the federal state of Hesse and only represent streams of this lower mountain
area, (c) some new projects have been implemented in the last years.

Therefore, this study started with a complementary mail survey to summarize the experiences
gained in Central European stream restoration projects, in which wood has been used. Aim of
this study is to examine project objectives, types and extent of measures, costs, monitoring
efforts, problems during planning, approval, and implementation of the projects, and
preliminary monitoring results. Although the number of restoration projects, which can be
investigated, is still limited, the results may provide important additional information for the

design of future projects.

5.3 Methods
5.3.1 Data collection

A preliminary survey was carried out to identify restoration projects in which wood has been
already used. Local and regional authorities, stream managers, and stream ecologists in Central
Europe were consulted in the initial phase of this study (n = 112); they named 53 restoration
projects, which were further addressed. The study is based on a mail survey, which was
developed and pre-tested according to standard survey techniques (Noelle-Neumann and
Petersen 2000) and addressed (a) general description of restoration projects, (b) description of
wood measures, (c) description of streams after restoration, (d) description of streams prior to

restoration, (e) general description of streams, and (f) personal data (Table 5.1). Twenty-eight
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Table 5.1
Structure and content of the questionnaire.

general description of restoration project

state of knowledge about the stream (judgement of project manger)
general project goals

restrictions / planning conditions

physical measures other than wood placement

description of monitoring

total cost of planning and implementation

description of wood measures

length of restored reach

date of restoration

cost of planning and implementation of wood measures

objectives of wood placement

type and number of wood structures

diameter and length of wood structures

fixation of wood structures

orientation to flow

blockage ratio according to Gippel et al. (1996a)

state of knowledge about the drawbacks and opportunities of using wood in stream restoration
at the time of restoration and today (judgement of project manager)

modification of future project designs due to the experiences gained

experiences and problems related to planning, approval and implementation of wood measures
state of knowledge about the drawbacks and opportunities of using wood in stream restoration
at the time of restoration and today (naming source of information)

description of stream after stream restoration (at the time of the survey)

discharge since wood placement
failure of wood structures (damage, rotation, downstream transport)

(preliminary) results of monitoring

description of stream prior to stream restoration

sinuosity
bed and bank fixation
entrenchment

adjacent land uses

general description of stream

bankfull width

slope

discharge

total length of restored reach
bed and bank material

personal data

profession

activities in nature conservation
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project mangers, which planned and implemented a total of 41 restoration projects, agreed to
participate in the survey and 22 questionnaires were returned. Because most of the project
mangers, who were in charge of several restoration projects, returned information on a single

project only, the survey resulted in data on 23 projects.
5.3.2 Data analysis

Due to missing data, a lower number of data sets (n < 23) were used for some steps of
evaluation. Some data were given separately for several groups of wood structures per project
(e.g., diameter and length of wood structures) and hence, sample size is > 23 for other steps of
evaluation.

Closed questions (single or multiple choice) were used in most cases, generally with the
category “other” to allow for answers not listed. Open questions were used in two key areas —
questions about the monitoring results and the problems that occurred during planning,
approval, and implementation of the projects - to encourage the respondents to express their
experiences freely and because a wide range of responses of different level of detail, which
hardly can be categorised, was expected. Therefore, these sections of the questionnaire were
mainly analysed qualitatively.

Three sections of the questionnaire were structured for response on a five-point Likert scale:
(a) general project objectives, (b) objectives of wood placement, and (c) modification of future
project designs due to the experiences gained. Each respondent rated the parameter values of
these sections on a Likert scale from 1 to 5 (e.g.,, the general project objective “flood
protection is rated on the scale ranging from 1 = no importance to 5 = most important
project objective). These scores were used to calculate a mean score for each parameter value.

One objective of the survey was to relate the durability of wood structures to stream and
wood characteristics (e.g., recurrence interval of high flows; maximum specific stream power
since the placement of wood, fixation of wood structures). Therefore, the questionnaire
included questions on the number of wood structures, which were damaged, rotated or
transported downstream, and on discharge data since the placement of wood. Only few
respondents were able to provide all of these information (4 out of 23), but data on the
number of wood structures transported downstream were given by most of the respondents

(21 out of 23).
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5.3.3 Study streams

The project managers were assured that the data set is analysed anonymously and projects are

not named explicitly to increase the willingness of project managers to report the failure of a

Table 5.2

Data on the restoration sites. Number in first column corresponds to numbering in Figure 5.1.
Width:depth ratios are classified: A =<3:1, B=3:1 to 41, C=41 to 6:1, D= 6:1 to 10:1,
E = >10:1. Sinuosity is classified: a = straightened, b = straight, c¢ = slightly curved, d = distinctly
curved, e = meandering, f = heavily meandering. Adjacent land use is classified: past = pasture, crop =
cropland, fallow = fallow land, nn-forest = non-native forest, n-forest = native forest, urban = low-
density areas, n-veg = natural non-woody vegetation. Other abbreviations used: nd = no data, revet =
bank revetment, organic = organic material.

= g k=) e ge e k<4
g e . = 2 3 E
o =~ 2 5D = = =
g 2 0t < = = 2 5 ; K
g N E Iz i . . < =

1 510 B 0.01 0751 476 b sand sand past / crop

2 510 D 0.5 10 125 b sand sand past

3 20-40 A 0.3 13.2 53 d sand sand fallow / past

4 20-40 A 0.3 13.2 53 d sand sand fallow / nn-forest

5 1-5 C 0.3 0.02 0.5 c sand sand n-forest

6 1-5 B 1-2 0.08 2 b sand sand past

7 3 B 1-2 nd nd f sand clay n-forest

8 1-5  nd ~0.1 nd nd nd nd nd nd

9 3 B 1-2 nd nd c cobble sand past /urban
10 10 C nd 4.5 44 a gravel clay past / nn-forest
11 510 € 01-05 0175 15 d gravel clay past
12 1020 D 12 109 198 e gravel clay nn-forest
13 9 C 4 1.3 176 ¢ cobble clay past
14 9 B 0.6 1.3 176 ¢ cobble clay n-forest / past
15 510 A 0.5 0.3 12 b clay clay crop
16 16 B 3.2 39 539 b cobble revet n-forest / past
17 2 B ~0.1 0.06 2 a clay clay past
18 20-40 B 0.3 8 124 b gravel  gravel fallow
19 1-5 B ~0.1 nd nd a sand sand n-veg
20 2000 E 0.2 90 420 c gravel revet parks
21 >40 D 0.5-1 19 130 a gravel gravel n-veg / utban
22 28 D 0.2 9.1 93 e gravel  organic past
23 12 C 0.06 4.92 nd a gravel revet past
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0 50 100km
—

Figure 5.1: Location of restoration sites in Germany and Liechtenstein, numbering of the sites
corresponds to the numbers in Table 5.2. Ecoregions are bordered by dotted lines (according to Illies
(1978), modified according to Briem (2003)): I — lowland, II — lower mountain area, III — alpine
region.

project or problems during planning, approval, and implementation. Virtually all restoration
projects are located in Germany, except one project implemented in Liechtenstein
(Figure 5.1). The restoration sites represent a wide range of natural settings in the lowland,
lower mountain, and alpine ecoregion (Table 5.2). Most of the streams are bordered by
pasture or forest, and even the two stream reaches partly bordered by low-density areas can

not be described as urban streams.

5.4 Results
5.4.1 Obyjectives of restoration projects

The questionnaire distinguished between “general project objectives” and “objectives of wood
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placement”. Three different types of general project objectives were listed in the
questionnaire: (a) non-ecological objectives, (b) general ecological objectives, and (c) selective
ecological objectives, where respondents had to name the specific species or channel features
that should be protected or created (Figure 5.2).

The rating of the general project objectives by the respondents on a five-point Likert scale
reveals two aspects. First, virtually all projects were implemented to approach the potential
natural state and hence, meet the definition for “restoration” given in section 1.4. All non-
ecological objectives are rated low, especially the objective “conventional engineering” (mean
Likert score 1.4). The objectives rated high by respondents (mean Likert score > 3) are the
general ecological objectives “increase general structural complexity” and “initiate lateral
channel migration”, with mean Likert scores of 4.0 and 3.8, respectively. Furthermore, only
one of the projects was solely focussed on non-ecological objectives (single Likert scores 4 to
5). Here, wood was used to control bank erosion. Second, the overall objective of the
restoration projects are rather non-specific. The selective ecological objectives have medium
and low mean Likert scores, respectively (“creation of specific channel features” mean Likert
score 2.4, “protect specific species” mean Likert score 1.3). Both selective ecological

objectives were rated low (single Likert scores 1-3 in 13 out of 23 projects). Moreover, only

protect specific species

creation of specific
channel features

selective

stream bed aggregation
initiate lateral
channel migration

increase general
structural complexity

general

flood protection

increase esthetic value
increase recreation value

conventional engineering

non-ecological

other

1.0 1.5 2.0 2.5 3.0 3.5 4.0

mean Likert score

Figure 5.2: Mean Likert scores of the general project objectives.
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three projects have a specific overall project objective, on which the respondents solely rated
high a single objective (single Likert scores 4 or 5): “conventional engineering” (control bank
erosion), “stream bed aggregation” (control incision of stream bed), and “increase general
structural complexity”; the latter rather indicating a non-specific overall project objective.

The objectives of wood placement listed in the questionnaire were also classified into non-
ecological, general, and selective ecological objectives (Figure 5.3). The rating of the objectives
shows: First, overall objective of wood placement in almost all projects is stream restoration
rather than conventional engineering. In accordance with the rating of the general project
objectives, the non-ecological objective “bank protection” is rated low (mean Likert score
1.4). Second, none of the ecological objectives is of special importance. Four general and
selective ecological objectives were rated high by the respondents (mean Likert score > 3), but
differences between these four objectives are minor. Furthermore, only two respondents
solely rated high one single objective (single Likert scores 4 or 5), namely “stream bed
aggregation” and “initiate lateral channel migration”.

The placement of wood is one out of several different measures that were applied in the
restoration projects. Some of these measures are necessary to support the objectives of the

wood placement (e.g., removal of engineered instream structures such as bed fixation or bank

creation of fish habitat

creation of pools

creation of cut banks

selective

increase of width
variability

stream bed aggregation

initiate lateral
channel migration

general

increase general
structural complexity

bank protection
non-

ecological
other

1.0 1.5 2.0 2.5 3.0 35 4.0
mean Likert score

Figure 5.3: Mean Likert scores of objectives of wood placement.
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revetment to facilitate the development of channel features caused by wood, purchase of
adjacent land to allow for lateral migration of the channel). In addition, more than half of the
projects (13 out of 23) include measures other than those related to wood placement (e.g.,

widening of cross sections, building channel features like pools or cut banks, replacing weirs

by glides).
5.4.2 Nature and extent of measures

The projects differ in respect to the length of the restored reaches and the amount of wood
placed in the streams (Figure 5.4), but most reaches are short (median length 800 m) and the
extent of the wood measures in the single projects is small compared to North American
restoration measure (median number of wood structures n = 8, median total volume 10.2 m?).
Differences are less pronounced, if the number and volume of wood structures in the single
projects is related to reach length and bottom area (median number 28 wood structures km-!
and 22 wood structures ha-l, median volume 15.2 m’*km™ and 27.9 m®ha'). A weak but
significant negative correlation exists between the mean volume of wood structures and the

time since wood placement (Spearman rank correlation, r =-0,54, p <0.01, n=21),

indicating that larger wood structures are increasingly used in recent projects.

The size of the wood structures is small, both absolute and related to stream size. Mean
diameter, length, and volume is 0.36 m, 5.7 m and 1 m’® respectively, but because data on the
length of wood are strongly skewed to the right, half of the wood structures have a length and
volume of less than 2.5 m and 0.35 m’, respectively (n = 38 groups of wood structures, for
which diameter and length were given separately by the respondents, representing a total
number of 481 wood structures).

To assess the potential influence of the wood structures on stream hydraulics and
morphology, the size of the structures must be related to stream size. The percentage of the
cross-section area, which is blocked by the wood structures, is used as a measure for the
proportion of wood and stream size (blockage ratio B according to Gippel et al. (1996a)).
Although size of the wood structures is small, blockage ratio is at least 0.1 for 69% of the
structures (Figure 5.5), because mainly small streams have been restored (78% of the
structures were placed in streams with a bankfull width less than 10 m). About one third of
the wood structures (31%) have blockage ratios < 0.1, which is too low to significantly effect
stream hydraulics and cause a detectable upstream afflux (Gippel 1995; Gippel et al. 1996a).

About half of the wood structures (51%) with B < 0.1 were used in restoration projects, which
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are under no restrictions (rise in water level was not named as a restriction for stream

restoration). Only 15% have blockage ratios with B > 0.3.

Blockage ratio and drag coefficient, which determine the effect on stream hydraulics and the

rise in water level besides Froude number (Gippel et al. 1996a), could be increased for a larger
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Figure 5.4: Variability and median of restoration project characteristics. Non-outlier maximum and
minimum, 25 — 75%, median, outliers (outlier coefficient = 1.5) and extremes (extreme coefficient =

3) are given.
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part of the wood structures by rotating them perpendicular to flow. Some wood structures are
rather round than elongated (n =08, e.g., rootwads), but orientation to flow can be
determined for the vast majority of the structures. About half of the wood structures, for
which the orientation to flow was given (n = 332), were placed nearly perpendicular (~90°) to
flow (25%) or with an angle from 60° to < 90° (28%). A larger part of the structures has an
angle to flow from 30° to < 60° (19%) or is located nearly parallel (0° to < 30°) to flow
(28%). The drag coefficient of cylindrical logs is known to sharply decrease for angles < 60°
and is low for angles < 30° (Gippel et al. 1996a). About half of the wood structures (59%)
with angles < 60° were used in trestoration projects, which are under no restrictions, and
hence, wood structures could have been placed perpendicular to flow. But it is not possible to
rule out that the objectives of these restoration projects do require the wood structures to be
placed in the stream with a specific angle to flow < 60°.

The questionnaire listed nine types of wood structures, which can be grouped into two
categories: (a) logs of cylindrical shape and (b) wood of natural shape (Figure 5.6).

The majority of the wood structures are natural shaped, both related to the number (64%) and
volume (74%) of wood pieces. The most important type of natural shaped wood structures
are single trees, which act as key-pieces for the formation of wood accumulations in natural
stream reaches and hence, strongly influence stream morphology. The percentage of single

trees on the number and volume of natural wood structures is 47% and 49%, respectively.
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Figure 5.5: Blockage ratio of the wood structures (n =48 groups of wood structures for which
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number of wood structures

volume of wood structures

IJ A
g H

- logs of cylindrical shape
A: single log
B: several logs

- wood of natural shape

{ C: single tree with branches
/ { D: single tree with rootwad
H E: single tree with rootwad
E and branches

F: several trees
E G: FW accumulation
H: LW accumulation
I: rootwad
J: other

D E D

Figure 5.6:Types of wood structures used in the restoration projects related to number and volume.
FW = fine wood (diameter approximately < 0.1 m), LW = large wood (diameter approximately
> 0.1 m).

Mean diameter and length of the single trees (n = 121) is 0.32 m and 7.6 m, respectively, but
the size of most trees is low compared to stream size. Blockage ratio is = 0.3 for 88% of the
trees and tree length is less than bankfull channel width for 55% of the trees. Besides single
trees, accumulations (several trees, wood accumulations, large wood accumulations) comprise
a larger part of the natural shaped wood (percentage on number and volume of natural shaped
wood is 23% and 45%, respectively). Logs of cylindrical shape comprise about one third of
the wood structures (35%) and one fourth of the wood volume (26%). There is no obvious
reason for the use of simple cylindrical logs instead of complex natural shaped wood

structures for about half (54%) of the cylindrical logs (restoration projects are under no

m gravel bed streams

buried in bank
sand bed streams

wooden earth anchors

cabeled to or weighted
down by boulders

cabeled to bank anchors

mimic natural stable wood

no fixation
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percentage on number of wood structures (%)

Figure 5.7: Methods used for the fixation of the wood structures in gravel bed and sand bed streams
(a total of n = 400 wood structures wetre considered).
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restrictions, rise in water level was not named as a restriction for stream restoration).

The vast majority of the wood structures (89%) are fixed, with most of the structures either
being fixed with boulders (28% cabled to or weighted by boulders) or fixed in the stream bed
with wooden earth anchors (33%). Some structures are buried in the bank (11%) or cabled to
bank anchors (9%) (e.g., trees on bank), the latter method of fixation especially being used for
tree revetments (trees aligned parallel to the bank for bank protection). Few of the structures
are fixed using methods, which mimic natural stable wood (8%) (e.g., wood structures partly
placed on stream bank, wedged between trees on the banks) and only 11% of the structures
are not fixed and potentially can move freely at high flows. Only two respondents reported
the use of an artificial log jam at the end of the restored reach according to Gerhard and Reich
(2001), which traps floating wood upstream of works that are at risk to be damaged and
therefore, allows for natural wood movement in the restored reach. Sand and gravel bed
streams differ in the methods used, the majority of the wood structures in sand bed streams
(61%) being fixed in the stream bed by wooden earth anchors and the majority of the

structures in gravel bed streams (48%) being cabled to or weighted by boulders (Figure 5.7).
5.4.3 Costs of stream restoration with wood

The questionnaire distinguished between the costs for planning and implementation of the
wood structures. The costs for planning were related to the number of wood structures,
because costs are considered to be dependant on the extent of the project. Costs for planning
are relatively low and do not differ markedly between projects (n = 10) with an inter-quartile
range of about 80 € per wood structure and median costs of 125 € per wood structure.
Because costs for implementation are considered to be dependant not only on the number of
wood structures but also on their volume, the costs for implementation were related to wood
volume. Costs for implementation (placement and fixation of 1 m® wood volume) differ
markedly between projects (n = 18) with an inter-quartile range of about 930 € m? and
median costs of 464 € m?. Costs for implementation are significantly lower for the projects,
where wood structures were not heavily fixed (not fixed at all, installation of log jam at the
end of the restored reach to trap floating wood, mimic natural stable wood) compared to the
projects, where wood structures were partly buried in the stream bank or fixed using cables,
boulders or wooden earth anchors (Mann-Whitney-U-test, p <0.05, n=18). In
correspondence with these results, fixation represents a large portion of costs for the

implementation of the wood structures (median portion 70%, n = 11).
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5.4.4 Monitoring effort and results

A monitoring is carried out in the majority of the projects (19 out of 23), but the measures
used for monitoring as well as monitoring intensity differ markedly, and monitoring intensity
is extremely low in some cases. Most respondents use cross profiles to monitor changes in
channel morphology (10 out of 19), some use macroinvertebrates (8 out of 19) or fish (8 out
of 19) as biological quality measures and 5 out of 19 carry out a detailed hydromorphological
survey. Most of the respondents, who named other measures than those listed above, use
photographs to document morphological changes (5 out of 8). In the majority of the projects,
at least two different measures are used, which generally correspond to some of the project
objectives. Some respondents reported the use of only one single measure (6 out of 18), which
is qualitative in nature in most cases (5 out of 0, e.g., photographs). A discrepancy exists
between the objective of wood placement “creation of fish habitat” and the monitoring
measures. Half of the respondents, who monitor the project’s success and rated high the
objective “creation of fish habitat” (Likert score 4-5) do neither monitor the fish fauna nor do
they monitor morphological changes to an extent that allows the generation of fish habitat to
be detected (6 out of 12).

Because most projects have recently been implemented (lower and upper quartile of time
since wood placement 9 and 36 months, respectively), only preliminary monitoring results
were reported. Monitoring results differ in the level of detail and are predominantly qualitative
in nature. Therefore, besides some general conclusion presented in the discussion part, only
two aspects can be investigated quantitatively. First, local morphological changes generally
start with the first high flows after wood placement (e.g., sorting of bed material, creation of
pools, bars, cutbanks). Almost all respondents, who carry out a monitoring and assessed the
influence of wood structures on channel morphology observed morphological changes (12
out of 13). One respondent reported that channel incision of a sand bed stream (bankfull
width 3 m, slope 1-2%) was reversed by wood structures and sediment aggregated 0.2 m in
height upstream of the structures within three month after wood placement. Second, the vast
majority of the respondents monitoring the fish fauna observed positive effects (5 out of 6).
But monitoring efforts differ markedly and do not allow for a comparison of the results. One
respondent did publish the results of the fish monitoring in detail (Becker et al. 2003).
Downstream transport of wood structures was observed for some projects (9 out of 23), but
the number of wood structures which moved (n = 40, 8%) is low compared to the total

number of structures placed in the restored reaches. Most of these wood structures (n = 21)
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shifted on-site and were transported less than 40 m downstream. Return interval of the high
flows is known for 11 out of the 23 restored reaches and ranges from 1 to 100 years, with a
median return interval of 5 years. It was assessed, if projects, where wood movement was
observed, differ significantly from projects with stable wood structures in regard to the
following stream and wood characteristics: bankfull width, slope, data on mean annual
discharge and discharge since wood placement (mean high flow, specific stream power at
mean high flow), return interval of high flows since wood placement, fixation / volume /
blockage ratio of wood structures, time since wood placement. Median volume of wood
structures is higher (n = 21) and median time since wood placement is lower (n = 23) for the
projects with stable wood structures (Mann-Whitney-U-test, p < 0.01). Furthermore, median
specific stream power at mean high flow after wood placement (n = 11) is higher in those
projects where wood moved (Mann-Whitney-U-test, p <0.05). According to two
respondents, buoyancy force was underestimated and some wood structures floated and were
transported downstream at high flows, because they were too small or the wooden earth

anchors used to fix the structures failed.
5.4.5 Assessment of projects by project managers

The majority of project mangers was well informed about stream restoration with wood at the
time of project planning and implementation, but there are some exceptions. The
questionnaire included questions on the state of knowledge at the time of wood placement
and distinguished between seven sources of information (Table 5.3). The mean number of
sources, which had been available to the project managers, is relatively high (4.4). About one
third of the respondents (8 out of 23) used only one source of information. Virtually all of

these project managers (7 out of 8) had read publications on stream restoration with wood in

Table 5.3
Sources of information, which were available to the respondents at the time of wood placement. The
number of the respondents who used the specific source of information is given.

source of information number
internet inquiry on the use of wood in stream restoration 6
in contact with other project managers which already used wood in stream restoration 12
publications on stream restoration with wood in German 20
international publications on stream restoration with wood 12
educational event on stream restoration with wood 5
educational event on stream restoration 15
already carried out at least one stream restoration project 17
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German, which are rare and generally only give basic information. Some respondents had
already taken part at an educational event on stream restoration with wood (5 out of 23) or
had carried out an internet inquiry (6 out of 23).

The questionnaire included open questions on problems during planning, approval, and
implementation of the projects, which revealed the following aspects: First, in accordance
with the results presented above, four respondents reported that the lack of information on
the use of wood in stream restoration projects was a major problem. Second, only two
respondents reported problems during approval of the projects. One of these projects had to
be modified due to objections of local authorities regarding flood protection. One respondent
reported that several project proposals were rejected in the alpine region, especially after the
hundred year flood in 1999. Most of the measures (16 out of 23) had the legal status of
“Gewisserunterhaltungsmal3nahmen” (stream maintenance works), which do not have to go
through an extensive approval procedure compared to “Ausbaumallnahmen” (waterway
construction). According to two respondents, residents and land owners should be informed
at an early stage of the planning procedure to avoid problems in the approval of the projects.
Third, in some projects (8 out of 23), problems occurred during the implementation phase,
which are generally site specific. For example, one respondent reported that the placement of
wood structures in a deeply incised stream was difficult, because the excavator which was
available hardly reached the stream bed.

The respondents were asked, if they would carry out the projects in the same way today and
had to rate their opinion on a five point scale ranging from “exactly the same way” to “not at
all”’, with an additional category “depends on monitoring results”. Most of the respondents
would carry out the projects in exactly (3 out of 23) or a very similar (9 out of 23) way, while
Table 5.4

Modifications of future projects designs due to the experiences gained. The number of respondents
who rated the modification with the respective Likert score is given.

Likert score -2 -1 0 1 2

markedly decrease = same  increase markedly

modification of decrease extent increase
number of wood structures 0 0 18 4 1
volume of wood structures 0 1 16 5 1
fixation of wood structures 0 2 15 4 2
detailed planning 0 0 20 2 1
participation of residents in planning process 0 0 20 3 0
mimic natural wood structures 0 0 20 3 0
other 0 0 20 3 0
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according to 7 out of 23 responses, the design of future projects will depend on the
monitoring results. The respondents further specified, which modifications they would make
on future project designs due to the experiences gained. Seven modifications were listed in the
questionnaire and were rated on a five point Likert scale ranging from “markedly decrease”
(-2) to “markedly increase” (+2). In accordance with the results presented above, mean Likert
scores for most modifications hardly differ from zero. Some respondents would increase the
number, volume, and fixation of wood structures in future projects (Table 5.4), resulting in

mean Likert scores of 0.3.

5.5 Discussion
5.5.1 Olbyjectives and general project design

The main objective of stream restoration projects in the northwestern U.S. is to provide
instream structural habitat for fishes (Roper et al. 1997; Keim et al. 2000; Roni et al. 2002),
and in most cases, restoration projects focus on one or two target fish species (Bisson et al.
2003). In a survey conducted by Bash and Ryan (2002) in Washington State (USA), three out
of five most important objectives were directly related to fish enhancement. In contrast, the
main objectives of the Central European projects investigated are less specific, and the project
managers predominantly aim at increasing structural complexity by initiating channel
dynamics. This corresponds to the findings of Reich et al. (2003), but in contrast to the results
of Reich et al. (2003), the creation of fish habitat is one of the most important objectives of
wood placement in the projects investigated (Fig. 5.3). These restoration projects do not focus
on single fish species, as reflected by the low mean Likert score of the general project
objective “protect specific species”.

Restoration projects which have a more generic management approach — like the ones
investigated - are considered to be preferable to projects, which have very specific objectives
(Beechie and Bolton 1999). Projects, which focus on specific objectives, such as the
enhancement of single fish species, are prone to failure, because it is difficult to exactly
identify the limiting factor(s) (House 1996; Kondolf 2000), and specific measures that help
one species may harm others (Reeves et al. 1991). Moreover, such specific measures may
create conditions, which do not correspond to the potential natural state (e.g., placement of
boulders in lowland sand-bed streams, Kauffman et al. (1997)). However, in some cases,

specific restoration objectives and measures are necessary (e.g., creation of habitat for
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endangered species).

Many authors have stressed the necessity for local restoration measures to be seen in a
watershed context and on a landscape scale (Kauffman et al. 1997; Roper et al. 1998; Beechie
and Bolton 1999; Kondolf 2000; Roni et al. 2002). In addition to local modifications of stream
morphology (e.g., bank revetment, straightening), men has also altered processes on a
landscape scale (e.g., changed stream hydrology, increased input of fines, reduced shade level,
reduced wood input). Local restoration measures often only treat the symptoms rather than
the causes of stream degradation, because they neglect the processes that cause degradation
and hence, are prone to failure (Frissell and Nawa 1992; Kauffman et al. 1997). The
restoration of habitat-forming landscape processes, called “passive restoration” (Kauffman et
al. 1997; Bisson et al. 2003), is considered to be preferable to the “active” creation of local
instream habitats (Kauffman et al. 1997; Beechie and Bolton 1999; Roni et al. 2002).

Wood placement should be considered to be an interim measure to rapidly improve degraded
stream reaches prior to the establishment of a riparian forest providing natural recruitment of
wood (Cederholm et al. 1997; Roper et al. 1998; Bisson et al. 2003). Moreover, many habitats
can only be created and maintained, if natural processes like wood recruitment and transport
are restored (Kauffman et al. 1997; Beechie and Bolton 1999). For example, cutbanks, which
are caused by fixed wood structures deflecting the flow against the stream bank, will flatten,
because stream width progressively increases and hence, shear stress decreases. Thus, wood
recruitment or downstream transport of wood should be enabled to serve for a continuous
generation of these habitats.

The placement of wood structures, which are not fixed and able to move at high flows, is a
preferable restoration method from the ecological point of view compared to the fixation of
wood structures (called “soft” and “hard” engineering according to Bisson et al. (2003)). The
results presented in section 4 show that soft engineering methods can potentially be used to
restore a larger part of the streams in Central Europe, and even passive restoration techniques
(wood recruitment) can potentially be applied in Central European stream reaches.
Furthermore, the present study revealed that (a) soft engineering methods have already been
successfully applied in some restoration projects, generally in combination with an artificial log
jam at the end of the restored reach according to Gerhard and Reich (2001), which traps
floating wood at the downstream end of the restored section, and (b) fixation is a large part of
total costs, and therefore, total costs are extremely low, if soft engineering methods can be

applied. Nevertheless, in contrast to the results of Reich et al. (2003), the present study shows
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that most wood structures were heavily fixed and soft engineering methods are rather the

exception than the rule.
5.5.2 Nature and extent of wood measures

Wood placement is a new method in Central European stream restoration, and the projects
investigated can be considered to be “pilot projects”. Obviously, it was crucial for these
projects to prevent any damage by wood structures placed in the stream, because the
acceptance by residents as well as the approval of future projects by local and regional
authorities strongly depends on the performance of these pilot projects. Moreover, the lack of
information about the use of wood in stream restoration was one major problem in planning
of the projects. These restrictions surely influenced the design of the wood structures. From
an ecological point of view, the results of the survey indicate potential for improvement in
regard to the amount of wood and the size and type of the wood structures.

The vast majority of the restored stream sections is located in the lowland and lower mountain
ecoregion. The median volume of the wood structures placed in the restored streams
(27.9 m’ ha') is markedly lower compared to the amount of wood found in some of the most
natural stream sections in Central Europe located in these ecoregions (41.4 m’ ha'!; see section
2). Even these most natural stream sections are probably far from the potential natural state.
Wood volume in other most natural streams in temperate forested ecoregions, which are also
altered in respect to the volume of wood due to historic or current forest practices and the
removal of wood, is about 4.5 times the volume placed in the restored streams. Therefore,
from an ecological point of view, the amount of wood placed in restored stream reaches
should be increased in future projects.

The influence of wood structures on stream hydraulics and morphology strongly depends on
the blockage ratio. Gippel (1995) and Gippel et al. (1996a) showed the dependence of rise in
water level upstream of wood structures from the blockage ratio; almost no effect is detected
for B <0.1. The results presented by Kail (2003) indicate that the pool volume caused by
single large fallen depends on the blockage ratio. Therefore, the wood structures should block
a greater part of the cross-section, if they are intended to significantly affect stream hydraulics
and morphology. Blockage ratio of some wood structures used in the projects investigated is
low and can be increased by simply rotating the wood structures perpendicular to flow or by
the placement of single large wood structures, which are increasingly used in recent projects.

Some of the wood structures investigated are small compared to stream size (see section 3.2).
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This is especially important with regard to single trees, which normally act as key-pieces in the
formation of wood accumulations in natural stream reaches (Abbe and Montgomery 2003;
Abbe et al. 2003) and therefore, strongly influence stream hydraulics and morphology.
However, to act as key pieces, such trees must be stable at high flows. The stability of natural
wood pieces increases with wood length (Bilby 1984) and is considered to be especially high, if
length of wood pieces exceeds bankfull channel width (Bryant 1983; Swanson et al. 1984;
Nakamura and Swanson 1994) and for trees with rootwads (Abbe and Montgomery 2003;
Abbe et al. 2003). If wood pieces of sufficient dimension relative to channel size are used, no
further fixation is necessary (Hilderbrand et al. 1998). Bankfull width is less than 20 m in the
majority of the restored reaches (see Table 5.2). In such small to medium-sized streams tree
height can exceed bankfull width and hence, single trees which are large enough to be stable
without additional anchoring can potentially be placed in these streams. The use of key pieces
of appropriate size / shape, which are placed in ateas where channel morphology / hydraulics
favour stability, should be considered in future projects.

Complex natural shaped wood structures like trees with rootwad and branches or wood
accumulations create a higher habitat diversity compared to wood structures of low structural
complexity like logs of cylindrical shape (McMahon and Hartman 1989). Data on the wood
structures used indicate that about half of the cylindrical logs could have been replaced by
complex natural shaped wood structures. Even if the restoration objectives can be reached
with wood structures of low structural complexity, natural shaped wood structures should be
used in stream restoration projects to enable positive side effects. However, the influence of
complex wood structures on stream morphology and hydraulics is less predictable, and in
some cases the use of cylindrical logs might be necessary to insure the achievement of specific

objectives and to consider local restrictions.
5.5.3 Monitoring

The following conclusions can be drawn from the monitoring results of the restoration
projects :

First, most projects have been implemented only recently, but the majority of the wood
structures have experienced high flows with a return interval of at least 5 years. The failure
rate (8%) is in the lower range of the failure rates reported in literature for artificial instream
structures ranging from 0% to 76% (Ehlers 1956; Frissell and Nawa 1992; Crispin et al. 1993;
House 1996; Roper et al. 1998; Schmetterling and Pierce 1999). This may be due to (a)
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different definitions of functioning and failure (Roper et al. 1998; Roni et al. 2002), (b)
comparably high peak flows, gradients, and sediment transport rates of the streams described
in literature, most of which are located in the Pacific Northwest (USA), and (c) different
periods of time since wood placement. The low failure rate indicates that the wood structures
were sufficiently fixed, but to finally assess stability, high flows occurring during the life span
of such wood structures should be considered.

Second, the effect of wood structures on stream morphology is strongly dependant on the
natural setting, and problems occurring during the implementation of the projects were
generally site specific. Therefore, the natural setting of each stream must be considered and
schematic project designs, named “cookbook approaches” by Kondolf (1998), are not
applicable to most specific restoration sites. For example, only minor changes in channel
morphology had occurred in a sand-bed stream section more than two years after wood
placement (bankfull width 5-10 m, slope 0.01-0.1%). This is obviously due to a dense riparian
vegetation consisting of reeds, which reinforces the stream banks, confines lateral channel
migration and lowers flow velocity.

Third, the placement of wood structures is most successful, if the wood structures mimic
natural wood with regard to the type and location, as it has been previously stated by several
authors (Roni et al. 2002; Bisson et al. 2003). For example, one respondent reported some
large cylindrical logs placed perpendicular to flow as grade controls were undermined (3 out of
14), although sandbags were placed upstream of the logs to prevent scour beneath them. This
is consistent with the findings of Gallistel (1999), who observed bare cylindrical logs placed in
streams to prevent channel incision to be prone to undermination. Cylindrical logs
perpendicular to the flow are uncommon in low-gradient sand-bed streams. Natural wood
structures, which trap large amounts of sediment in such streams, usually consist of several
complex, natural shaped wood pieces (e.g., accumulations of trees with branches or branches
with twigs). Monitoring results of another respondent indicate that channel incision can
alternatively be decreased or even reversed by placing a large number of natural shaped logs
randomly in the stream. Sediment balance of the stream section (length 60 m, bankfull width
3 m, slope 0.32%) changed from —0.95 m? 100m before wood placement to —0.08 m* 100m
in the first and +0.08 m* 100m™ in the second year after the placement of 86 wood pieces
with a mean diameter and length of 6.7 cm and 1.7 m respectively (Launhardt and Mutz
2002). However, because the hydrological regime of streams in this lowland region is subdued

due to the frequent interruption of the watercourses by lakes, wood stability is high.
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Therefore, further monitoring results of restoration projects are necessary to assess, if the
restoration method described by Launhardt and Mutz (2002) could be applied in streams with
higher gradients or less subdued hydrological regimes.

Fourth, the potential effects of wood placement must be evaluated within a watershed and
reach-scale context. Otherwise, the wood placement can have adverse effects on stream
morphology and biota. For example, one respondent reported the excessive growth of
macrophytes (watercress, Nasturtium officinale) in a unshaded restored reach, where wood
placed in the stream created low-velocity zones.

Aside these specific aspects, there are some general conclusion, which can be drawn form the
survey. Two reasons are listed in literature why restoration projects should be monitored:
First, it is not possible to precisely predict the effect of restoration measures on stream
morphology and biota and hence, restoration measures are not necessarily beneficial (Kondolf
1998). Therefore, it is necessary to monitor the response of stream morphology and biota to
the restoration measures, to allow for corrections (Bryant 1995). Second, monitoring results
may provide valuable information for the improvement of future project designs (Bryant
1995; Kondolf 1995, 1996, 1998; Roper et al. 1997; Bash and Ryan 2002; Downs and Kondolf
2002; Bisson et al. 2003; Reich et al. 2003).

Nevertheless, in 9 out of the 23 projects no suitable monitoring was carried out (using
photographs to document changes in channel morphology, no monitoring), which is in
accordance to the results of Bash and Ryan (2002), who reported the lack of a monitoring for
47% of the restoration projects investigated in Washington State, USA. There are several
possible reasons for the high number of projects without a suitable monitoring program: First,
the funds of project managers are limited and the restoration measures, which are well-
intended, are assumed to be inherently beneficial. Therefore, there is no reason for the project
managers to restrict the extent of the restoration measures in favour of a monitoring program.
Second, funding sources of water boards and local authorities are restricted to the planning
and implementation of projects. Detailed quantitative monitoring is considered as research.
Third, many restoration projects are planned and implemented by engineering consultants.
Consultants who acknowledge the effects of the restoration measures planned as uncertain,
thus requiring a detailed monitoring, probably do not receive the order.

Downs and Kondolf (2002) recommended to define learning objectives in addition to
performance objectives and to measure the success of a restoration project in terms of

achieving performance and learning goals. Therefore, restoration projects can be successful in
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providing valuable information for the design of future projects, even if the projects fail to
achieve some of the performance objectives (Kondolf 1995).

The concept of “post-project appraisals” (Downs and Kondolf 2002) allows for the evaluation
of the performance of restoration projects and the derivation of management guidelines for
future projects on different levels of detail. According to this concept, the indication of the
short-term performance of restoration measures is only possible if (a) the objectives are
explicitly stated and described precisely to allow for the selection of quantifiable variables,
which can be measured in the monitoring phase, (b) baseline data are collected to describe the
pre-project state with regard to the project objectives, (c) the reasons for the specific project
design are documented and comprehensible, (d) a baseline survey is conducted immediately
after project implementation, (e) post-project monitoring surveys are conducted over at least a
5-year period. Data on the restoration projects investigated indicate that several monitoring
programs are not suitable to assess the success of the projects with regard to specific
objectives (e.g., creation of fish habitat). Therefore, there is an urgent need to improve the
monitoring programs of future restoration projects in Central Europe.

The results of the survey reveal the successful use of large wood in several restoration
projects, mainly to increase structural complexity with fixed wood structures. To benefit from
all positive side effects and the low costs, future projects should use soft engineering
techniques (large natural shaped wood structures without additional anchoring, which mimic
natural wood) whenever possible. Moreover, suitable post-project appraisals should be
implemented, because there is a lack of knowledge and information on the use of wood in
stream restoration and a strong need to communicate the monitoring results of restoration
projects. Finally, local restoration projects must be seen in a watershed context and considered

as interim measures until processes are restored on a landscape scale.

105



Conclusions and prospects

6 Conclusions and prospects

6.1 Integrating large wood in general concepts of fluvial morphology

The significance of large wood to channel morphology not only depends on the influence of
large wood on erosion and deposition, but also on the amount of large wood present in the
channel. One of the studies compiled in this thesis showed that single large fallen trees
markedly increase structural diversity on the mesoscale, particularly in terms of pool volume
and cross-section complexity (see section 3). The number of fallen trees in some of the most
natural Central European stream sections is 21 small fallen trees km™ and the amount of large
wood in the river Oder in historical times was 16 large fallen trees km'. However, the amount
of wood in some of the most natural streams flowing through deciduous forest in other
temperate forested ecoregions is about 3 times the volume found in the Central European
stream sections mentioned above, and even these streams have been altered in respect to the
volume of large wood due to historic or current forest practices and the removal of large
wood (see section 2). Therefore, it can be deduced that the large wood standing stock is
probably considerably less than the potential amount of large wood.

Assuming that the number of large fallen trees in the potential natural state is considerably
higher compared to the numbers given above, and considering the fact that the single large
fallen trees investigated in section 3 markedly altered channel morphology along a stretch of
several tens of meters, it is concluded that channel morphology is strongly influenced by large
wood along the whole length of such Central European medium-sized streams in the potential
natural state. These findings indicate that large wood is one of the key controls on channel
morphology in Central European streams, as it has been shown for streams in other temperate
forested ecoregions around the world (see section 1.2).

Therefore, the influence of large wood on channel morphology should be integrated in the
general concepts of fluvial morphology, as it has been already suggested in literature: “I'he time
has arrived for wood, and vegetation in general, to assume a place beside the sediment regime...and the
discharge regime as a primary control on the morphology and dynamics of river systems.” (Montgomery and
Piégay (2003), p. 4). In general concepts of fluvial morphology, the significance of vegetation
to fluvial forms and processes is presently mainly discussed in respect to the influence of
vegetation cover on surface runoff and hydrology and the influence of bank vegetation on

bank stability and channel width, whereas wood that enters the channel is not considered to
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be an important factor (Knighton 1998; Bridge 2003; Vandenberghe 2003).

In developing a general concept of fluvial morphology in which large wood is integrated as a
key control, one must consider the fact that the average amount of large wood is probably
constant over long time-periods and wide geographic areas (Murphy and Koski 1989), but
variability on a reach scale is very high due to periodic changes like long-term forest cycles and
stochastic disturbance events like wildfires, windthrow, floods, and insect outbreaks (Harmon
et al. 1986; Gurnell et al. 1995; Nakamura and Swanson 2003). Therefore, present channel
morphology and future morphological changes can vary locally and are strongly dependant on
the disturbance history of the area in respect to large wood.

These considerations support the concept of Lane and Richards (1997). They stated that “The
channel can thus be envisaged as being on a kind of trajectory, where what goes on in the future is critically
dependant upon what happens in the present, what went on in the past, and what is taking place in reaches
upstream and downstream of the reach in question.” (Lane and Richards (1997), p. 254). As Schumm
(1991) argues, the history of the system matters and determines the state of the system. This
state, which is called “internal morphological configuration” according to Houben (2003), in
turn controls the future response of the system to external driving forces (e.g., discharge). By
contrast, equilibrium concepts imply that channel morphology at a reach scale reaches a steady
state in the long-term that is dependant upon the physiographical setting (e.g., climate,
geology, vegetation).

These considerations in turn have implications for the definition of the potential natural state
and measures in stream restoration. It has been already mentioned that the potential natural
state is the one which would develop from the present state under the present conditions
without further human influence (see section 1.4). If equilibrium concepts are applied, the
potential natural state can be clearly defined as one single specific state and active restoration
measures can be used to reach this objective. By contrast, according to the concept of
“internal morphological configuration” the future state of a stream is strongly dependant on
the internal system state and the “conditioning” effect of previous events. Bearing in mind
that future events, like the ones which deliver large amounts of large wood to streams (e.g.,
wildfire, windthrow, insect outbreaks), often are stochastic in nature, it seems impossible to
define one single specific potential natural state, even if the initial system state is known.
There are rather a large number of different possible potential natural states and the future
disturbance history determines which of these states gets real. Therefore, active restoration

measures are only appropriate, if the stream or river is far from these possible potential natural
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states. Only if passive restoration (restoration of processes) is applied in long stream reaches
or whole catchments, the large variety of potential natural states will develop in dependence

on the disturbance history which differs locally.

6.2 The use of large wood in stream restoration — substituting costs by time

The results presented in section 4 on the use of large wood in stream restoration showed that
soft engineering, active restoration methods (placement of large wood without additional
anchoring) can potentially be used to restore a larger part of the streams in Central Europe,
and even passive restoration techniques (restoring the process of wood recruitment) can
potentially be applied in Central European streams. However, most of the restoration projects
in which large wood has been used so far did apply conventional bio-engineering techniques
(placement of fixed large wood structures), so called hard engineering (see section 5). The
fixation represents a large portion of the costs, and restoration projects in which soft
engineering methods are used cause less costs (see section 5.4.3). The restoration projects
investigated in section 5 show that large wood can be successfully used even in areas where
adjacent land uses rather tightly constrain the options for stream restoration and thus, the
large wood structures placed in the channel must be fixed. But one of the essential advantages
of large wood — its low costs - gets partly lost, if the wood structures have to be fixed.

Given these results and following Kauffman et al. (1997) and Bisson et al. (2003), it is
suggested to classify restoration measures between the extremes of pure active and pure
passive restoration (Table 6.1). It is assumed that costs decrease and the time necessary to
reach the desired state of the stream increases from pure active to pure passive restoration. In
this concept of “substitution of active measures / costs by time”, the placement of fixed wood
structures can be classified as “pure active restoration”, if the wood is placed in the stream
solely to serve as habitat. If the wood structures are fixed in the stream to initiate natural
channel dynamics, this can be considered to be a less stringent active restoration measure. The
placement of wood structures without additional anchoring can be classified as an
intermediate restoration measure, and the recruitment of large wood (restoring the process of
wood recruitment) can be considered to rather be a passive restoration measure.

It is further hypothesized that cost-effectiveness of pure active and pure passive restoration
measures differ and change with time (Fig. 6.1). Active restoration measures cause high costs
at the beginning, but they also markedly improve the state of the channel in the short-term.

Therefore, these measures have an intermediate cost-effectiveness at that time. If no further
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measures are undertaken, cost-effectiveness is only dependant on the future effect of the
restoration measures. Cost-effectiveness probably increases in the medium-term, because it
takes some time for the disturbances caused by the building operations to vanish (e.g., coarse
substrate filled with interstitial fines) and because of the time-lag until certain measures show
an effect (e.g., formation of pools caused by log weirs). But in the long-term, cost-
effectiveness probably sharply decreases, because the positive effects decrease or vanish (e.g.,
decay or failure of large wood structures).

The costs caused by passive restoration measures are probably constant over time for most
measures (e.g., restricting land use in riparian buffer strips). They cause low to median costs

related to the length of the restored channel section, but they do have no or little effect in the

Table 6.1
Description of the two general methods of stream restoration (pute active and passive restoration). In
passive restoration active measures and costs are substituted by time.

substitution of active measures / costs by time

active restoration passive restoration
- desired state is built (often by using heavy - desired state develops through natural
machinery) channel dynamics
- restoration of states - restoration of processes
- knowledge on desired state is necessary (e.g., - knowledge on natural channel dynamics is
planform, sinuosity, channel features) necessary to decide which processes have to

be restored

- particulatly suited to restore streams on a reach - particularly suited to restore streams on a
scale catchment scale
(a) to create habitat for endangered species (a) because many processes act on large
until processes can be restored, which provide spatial scales

these habitats

(b) if land use rather tightly constrains the
options of stream restoration

- short time-span necessary to reach the desired - long time-span necessary to reach the desired
state of the stream (desired state is built) state of the stream (stream has to adjust to
the restored processes, especially long in
streams with cohesive sediments)

. . . * . . *
- high costs for implementation of measures - low costs for implementation of measures

*it is assumed that the purchase of adjacent land to allow for lateral channel migration is necessary
for both restoration methods
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passive restoration

cost-effectiveness

active restoration

Figure 6.1: Cost-effectiveness of pure passive grrPdeactive stream restoration in dependence on time.

short-term. Therefore, these measures have a low cost-effectiveness at that time. In the
medium-term, the restored processes increasingly improve the state of the channel and cost-
effectiveness increases (e.g., input of large wood from riparian buffer strips). In the long-term,
processes are restored, the channel has adjusted to these processes and no further
improvement is to be expected. Because costs are low, the cost-effectiveness only slightly

decreases in the future.

6.3 Prospects of future research

The main objective of this thesis was to help develop a Central European perspective on the
significance of large wood in streams and rivers (see section 2, 3 and 6.1) and its use in stream
restoration (see section 4, 5, and 6.2). Because stream restoration projects primarily try to
improve habitat quality by increasing structural diversity, the studies focused on the
significance of large wood to channel morphology. As it has been mentioned in the previous
sections (see 1.2 and 1.3), the relevance of large wood for channel morphology and its
potential use in stream restoration has long been overlooked in Central Europe, and only few
studies have focused on large wood so far. Of course, within the scope of a single thesis, only
few of the important issues concerning large wood in Central European streams can be
addressed. The results of the studies compiled in this thesis show that there are some key
research need areas for future investigations:

First, the minimum amount of large wood that should be present in restored streams was

derived from some of the most natural Central European stream sections (see section 2), but
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these streams are still far from the potential natural state. Models of wood dynamics can
potentially be used to simulate the number and volume of large wood pieces present in the
potential natural state of different stream and river types. However, there is a lack of
knowledge on the decay rate of logs in the aquatic environment, which is known to strongly
influence the outcome of the models. Therefore, future research should focus on decay rates
in a first step, to allow for a precise modelling of the large wood standing stock present in the
potential natural state.

Second, the investigation on the influence of single large fallen trees on channel morphology
indicates a strong morphologic control of large wood on a reach scale (see section 3). These
are valuable results for active stream restoration on a reach scale, where such single large fallen
trees are increasingly used. However, long stream reaches and a even whole catchments have
to be restored in the forthcoming years to fulfil the requirements of the EU Water Framework
Directive. Therefore, future research on the influence of large wood on channel morphology
should focus on the catchment scale.

Third, the results presented in section 4 show that the recruitment and placement of large
wood are appropriate measures to restore a larger part of the streams in the study area and
probably in Germany and the neighbouring countries. It would be of great interest to conduct
comparable studies in other countries with large data sets on stream hydromorphology (e.g.,
River Habitat Survey — UK, Systeme d’Evaluation de la Qualité du Milieu Physique — France)
in order to develop a European perspective on the use of large wood in stream restoration
projects.

Fourth, the mail survey on restoration projects in which large wood has already been used
revealed that the vast majority of the wood structures were fixed to prevent downstream
transport. Therefore, there is a strong need for future research on the stability of logs and on
soft engineering techniques (mimic natural stable wood structures), which will drastically
reduce costs and which are more favourable restoration methods from an ecological point of
view. Furthermore, there is a strong need for studies concerning the influence of wood on
water level. Some studies focused on the influence of large wood on channel hydraulics
(Gippel 1995; Shields and Gippel 1995; Gippel et al. 1996a, 1996b; Mutz 2000, 2003; Shields
et al. 2001; Daniels and Rhoads 2003; Hygelund and Manga 2003), but there is still a lack of
knowledge on the influence of large wood on water level in different hydraulic environments
(e.g., for different flow depths, Froude Number).

Fifth, the mail survey indicated that the placement of large wood without additional anchoring
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causes low costs compared to more active restoration measures. More detailed studies are
necessary to evaluate the exact cost-effectiveness of different active and passive restoration
measures using large wood. Theses studies should also consider positive side effects and non-
ecological values (e.g., flood protection caused by the increase of travel time of flood waves,
increase of the self purification ability of the stream, recreation value).

The key research need areas listed above show that interdisciplinary research is necessary to
get a better understanding of how large wood influences fluvial systems and how this

knowledge can be used in stream restoration.
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7 Summary

Central European streams and rivers have been altered by man since deforestation and land-
use change began to significantly influence erosion and alluvial deposition in the Mesolithic
Age. The most severe alterations occutred in the 19th and 20th century, when virtually all
rivers and most streams were cleared, straightened, and bank- / bed-revetments and
embankments were built. These human alterations led to a severe degradation of stream and
river ecosystems, both, in respect to hydromorphology and water quality. Water quality
markedly improved, which is largely due to improved waste water treatment and decreased
noxious emissions, but most Central European streams and rivers still are in a poor
hydromorphological state. As a consequence, the restoration of streams and rivers has become
a widely accepted social objective in developed nations, which increasingly becomes
established in law like in the “European Water Framework Directive”, recently enacted by the
European Union. Because the European Water Framework Directive requires a good
ecological status of all European rivers to be achieved by 2015, there is presently a strong
demand for cost-effective stream restoration.

In the beginning, stream restoration projects focused on the design of new channels and
channel features to improve the hydromorphological state using heavy machinery. It has been
widely stated and it can be considered to be “state of the art” that streams and rivers should
alternatively be restored by initiating natural channel dynamics, which causes the formation of
a natural channel pattern and channel features, whenever possible. Such approaches, which
focus on the restoration of natural processes, are thought to cause less costs and hence, are of
special interest, because long stream reaches and even whole catchments have to be restored
to fulfil the demands of the Water Framework Directive.

One out of several possible measures to initiate natural channel dynamics by altering local
channel hydraulics is the placement of cylindrical tree boles, rootwads or whole trees, called
large wood. Large wood is a natural component of all aquatic ecosystems in temperate
forested ecoregions and therefore, can be considered to be the most natural way to initiate
natural channel dynamics compared to boulders or groins.

The role of large wood in stream ecosystems and its use in stream restoration has been a key
research area in North America, where the impact of large wood on stream ecosystems is
much more apparent, because historical descriptions of pristine stream ecosystems with a high

wood standing stock exist due to the short European settlement history. These studies
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indicate that large wood is one of the key factors of pristine ecosystems in temperate forested
ecoregions, which influences not only stream hydraulics and morphology, but also hydrology,
sediment budget, and biota across a wide range of spatial and temporal scales. Furthermore,
these studies show that large wood can be successfully used in stream restoration, not only for
initiating natural channel dynamics, but also for many other objectives.

In contrast to North America, the relevance of large wood for stream ecosystems has long
been overlooked in Central Europe, presumably because it is rarely found in Central
European streams due to the long term human impact on streams and the extensive
management of virtually all forests over many centuries. Transferability of the results of North
American studies is limited, because land-use pressure is especially high in Central Europe and
the natural setting (e.g., discharge, geology, vegetation) and restoration objectives differ from
North America, although the fundamental principles of how large wood influences stream and
river ecosystems are probably the same in all temperate forested ecoregions.

The main objective of the thesis is to help develop a Central European perspective on the
significance of large wood in streams and rivers and its use in stream restoration. Four studies
are compiled in this thesis, which focus on (a) the potential natural state of Central European
streams in respect to the amount and distribution of large wood, (b) the influence of large
wood (single large fallen trees) on channel morphology, (c) the quantification of the potential
use and the simulation of the effects of large wood in restoration projects, and (d) the review
of restoration projects in which large wood has been used so far.

Potential natural state of Central European streams in respect to the amount and distribution of large wood:
As restoration should approach to develop a degraded ecosystem towards its potential natural
state, called “Leitbild” in German, stream restoration projects in which large wood is used
should be geared to the potential natural amount and distribution of large wood. The potential
natural state can be deduced from reference sections, historical records, and modelling.

As a first step to describe the potential natural state of streams in respect to large wood, the
results of nine investigations were summarized, in which the amount of large wood present in
Central European reference sections was quantified (n = 34). Although these reference
sections are among the most natural stream sections and in a “near-natural” condition
according to Central European standards, the volume of large wood is low compared to other
temperate forested ecoregions (factor 3). Furthermore, large fallen trees, which can act as key-
pieces in the formation of wood accumulations, are missing completely. Regarding the three

main ecoregions, large wood volume is significantly lower in the wide alpine floodplains
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compared to the lower mountain and lowland stream sections. The latter have a median wood
volume of 41.4 m3 ha-1 related to stream bottom area.

The range of volumes found in the study streams can be regarded as the minimum volume of
large wood that should be present in a “near-natural” Central European stream. From the
distribution of size classes, comparison with the amount of wood in some of the most natural
streams flowing through deciduous forest in other temperate forested ecoregions, and the
historical description of the river Oder, it is deduced that the current large wood standing
stock is considerably less than the potential amount of large wood. For centuries, all of the
streams have been anthropogenically influenced. Historic alterations of the stream, its
floodplain, and the riparian vegetation may still affect large wood supply and standing stock. It
is concluded that virtually all streams in Central Europe are highly altered with respect to the
loading of large wood, and stream restoration projects should aim to increase the input of
large wood even in the most natural stream sections.

Influence of large wood (single large fallen trees) on channel morphology: The main objective of stream
and river restoration projects that try to initiate natural channel dynamics is to create natural
channel features like pools, bars, and cut banks, which in turn are important habitats, e.g. for
fish. That is, stream and river restoration primarily tries to change channel morphology by
modifying channel hydraulics. To markedly alter channel hydraulics and morphology, the
wood pieces placed in the streams and rivers must be sufficiently large. In many streams and
rivers this holds true only for large fallen trees, which are increasingly used in restoration
projects. But few is known about the exact effect of such single large fallen trees on channel
morphology; about the type and size of the channel features, which are caused by such large
wood pieces, and the time and discharge necessary for such channel features to develop.
Therefore, the impact of single large fallen trees on mesoscale channel morphology was
investigated in six short channel sections in Central Europe.

The results show that the single large fallen trees significantly increased structural diversity at
almost all spatial scales, particularly in terms of pool volume and cross-section complexity.
Pool volume of the sections investigated is well within the upper range of pool volume found
in high-gradient streams in northwestern America. Single large fallen trees can, therefore, be
considered to be capable of increasing pool volume locally to an extent comparable to North
American conditions, even in low-gradient Central European streams. Furthermore, large
wood increased variability of some cross-section parameters, which is of special importance,

because habitat diversity is assumed to increase with cross-section variability. Moreover, some
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rare habitat types are clearly associated with the large fallen trees. These results indicate that
single large fallen trees significantly enhance channel morphology within one to several years
along a stretch of several tens of meters.

Quantification of the potential use and the simulation of the effects of large wood in restoration projects:
Despite the beneficial role of large wood for channel morphology and stream ecosystems in
general, it must be considered to be a potential threat to land uses and works in the channel
and on the adjacent floodplain. Large wood can be transported downstream, damaging
bridges and other works and rises the water level, thus increasing flood probability upstream.
Fixation of the large wood pieces can prevent downstream transport, but probably markedly
increases the costs and is less preferable from an ecological point of view, because many
channel features can only be created and maintained, if natural wood transport and dynamics
are restored. Therefore, in a densely populated area like Central Europe, adjacent land uses
rather tightly constrain the options for stream restoration projects in which large wood is used
without additional anchoring. The potential use and effects of large wood in Central European
streams was quantified to assess, if large wood recruitment (passive restoration) and placement
(active restoration) are suitable methods to restore a considerable part of the streams and
rivers.

Hydromorphological data, called “Gewisserstrukturgiitedaten”, of three federal states in
Germany were used to identify stream sections, which can be restored by the placement
(anthropogenic input of large fallen trees) or recruitment (restoring the natural recruitment of
large fallen trees) of large wood, so called “active” and “passive” restoration. Furthermore, the
potential enhancement due to these restoration measures was assessed. Passive restoration
(large wood recruitment) is suited for only a small percentage of the streams and rivers, but
total length of these channel reaches is high compared to the length of the reaches restored so
far. The potential use of active restoration (placement of large wood) is much higher. About
one fifth of the streams and rivers can be restored by the placement of large wood, if the land
uses pasture and grassland are restricted.

There are differences between (a) the lower mountain area, where a large number of channel
segments can be restored, yielding an improvement from a moderate/good to a
good/excellent morphological status and (b) the lowlands, where only a small number of
channel segments can be restored, yielding an improvement from a bad to a moderate
morphological state. The latter upgrading might be sufficient to reach a “good ecological

status” as defined by the EU Water Framework Directive. The results of this study show the
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suitability of the recruitment and placement of large wood as appropriate measures to restore
a large proportion of the streams in the study area.

Review of restoration projects in which large wood has been used so far: Despite the fact that even single
large fallen trees can act as a strong morphologic control in Central European streams and
large wood can potentially be used to restore a larger part of the streams and rivers in Central
Europe, it is rarely used in stream restoration projects so far. Only few of these projects have
been described in open literature and hence, information from which restoration guidelines
can be derived are missing. Therefore, a mail survey was started to summarize the experiences
that have been gained so far, which may provide valuable information for the improvement of
future project designs.

Although the number of restoration projects, which could be investigated is limited (n = 23),
the survey revealed the following aspects: The objective of stream managers mainly is to
increase structural complexity by initiating natural channel dynamics with fixed wood
structures (active restoration with hard engineering methods). In some projects, wood
structures without additional anchoring (active restoration with soft engineering methods)
were used. Failure rate of these structures is low, and preliminary monitoring results indicate
that the hydromorphological status improved rapidly in most projects. However, there is
potential for improvement from an ecological and economical point of view. The size and the
potential effect of some wood structures on stream hydraulics and morphology is low and can
be increased without inferring with local restrictions. Furthermore, in most of the cases,
complex natural shaped wood structures could have been used instead of bare cylindrical logs
to benefit from positive side effects.

The data on the restoration projects investigated indicate that costs can be markedly reduced
and positive side effects are to be expected, if wood structures without additional anchoring
are used. Statistical analysis indicate that stability of the wood structures is dependant on the
size of the structures, time since wood placement, and specific stream power but not on the
fixation of the wood structures, which shows that soft engineering methods can be used
without increasing the risk of downstream transport. Therefore, it is highly recommended to
use such soft engineering methods in future projects whenever possible.

The results of the survey further reveal that the effect of wood structures on stream
morphology is strongly dependant on the natural setting, and therefore, schematic project
designs are not applicable to most specific restoration sites. The potential effects of wood

placement must be evaluated within a watershed and reach-scale context. Otherwise, the
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wood placement can have adverse effects on stream morphology and biota. Furthermore,
there is a lack of knowledge on the use of wood in stream restoration, an urgent need to
improve the monitoring programmes of future restoration project and a strong need to
communicate the monitoring results.

Two major conclusions can be drawn from the results of the four studies described above:
First, the results on the potential use of large wood and the case studies investigated show that
various restoration methods exist, which differ in respect to their potential use, costs, and the
field of application. A conceptional framework is introduced to classify these restoration
methods between the extremes of pure active and pure passive restoration and to assess their
cost-effectiveness in dependence on time. Costs are assumed to decrease and the time
necessary to reach the desired state of the stream to increases from pure active to pure passive
restoration. In this concept of “substitution of active measutres / costs by time”, the
placement of fixed wood structures can be classified as “pure active restoration”, if the wood
is placed in the stream solely to serve as habitat. If the wood structures are fixed in the stream
to initiate natural channel dynamics, this can be considered to be a less stringent active
restoration measure. The placement of wood structures without additional anchoring can be
classified as an intermediate restoration measure, and the recruitment of large wood (restoring
the process of wood recruitment) can be considered to rather be a passive restoration
measure.

Second, the results on the amount of large wood present in the potential natural state and on
the influence of large wood in channel morphology presented above indicate that large wood
is one of the key controls on channel morphology in Central European streams, as it has been
shown for streams in other temperate forested ecoregions.

Therefore, the influence of large wood on channel morphology should be integrated in the
general concepts of fluvial morphology as a key control. Because the wood standing stock of a
channel reach is strongly dependant on stochastic disturbance events like wildfires,
windthrow, floods, and insect outbreaks, such concepts should consider the local disturbance
history. This consideration supports a concept, which is recently discussed in fluvial
morphology. According to that concept, the history of the system determines the present state
of the system, which represents the “internal morphological configuration” and in turn
controls the future response of the system to external driving forces (e.g., discharge).
Therefore, it seems impossible to define one single potential natural state, because the system

does not reach a steady state in the long-term as it is implied by equilibrium concepts. There
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are rather a large number of different possible potential natural states and the future
disturbance history determines which of these states gets real. Only if passive restoration
methods (restoration of processes) are applied in long stream reaches or whole catchments,
the large variety of potential natural states will develop in dependence on the disturbance
history, which differs locally.

The studies compiled in this thesis can be considered to be some of the first steps to develop
a Central European perspective on wood in streams and rivers, but there is a strong need for
future research on large wood in fluvial morphology. This surely holds true for other
disciplines like hydraulic engineering, biology, ecology, and even social-sciences, which also
work on fluvial systems. Hopefully, the results presented in this thesis stimulate future
research on wood in Central European streams and rivers, which is essential to successfully

restore these systems.
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Zusammenfassung

Einleitung

Seit Beginn der Rodungen im Mesolithikum und der damit verbundenen Bodenerosion und
Akkumulation von Auelehmen beeinflusst der Mensch das Erscheinungsbild der
FlieBgewisser in Mitteleuropa. Aber erst durch die wasserbaulichen Eingriffe im neunzehnten
und zwanzigsten Jahrhundert hat der Mensch massiv in das Okosystem FlieBgewisser
eingegriffen. Die Begradigung und der Verbau von Bichen und Flissen fithrte zu einer
strukturellen Verarmung und damit zum Verlust einer Vielzahl von Lebensrdumen und zur
Beeintrichtigung wichtiger Funktionen der FlieBgewisser wie der Hochwasserretention und
des Selbstreinigungsvermégens. Dariiber hinaus wurde die Wasserqualitit durch die
Einleitung von Abwissern und die Belastung aus diffusen Quellen stark beeintrachtigt. Die
Renaturierung von FlieBgewiassern wurde daher zu einem wichtigen umweltpolitischen Ziel
und hat Fingang in die nationale und europiische Gesetzgebung gefunden wie etwa in das
Wasserhaushaltsgesetz und die EU-Gewisserrahmenrichtlinie. Es besteht jedoch eine
deutliche Diskrepanz zwischen diesen umweltpolitischen Forderungen und den zur
Verfligung stehenden finanziellen Mitteln. Insbesondere die Umsetzung der oben genannten
EU-Gewisserrahmenrichtlinie erfordert die Entwicklung und den Einsatz mdglichst
kosteneffizienter Renaturierungsmethoden.

Im Rahmen der ersten Renaturierungsprojekte zu Beginn der 1980iger Jahre wurden vor allem
baulich-gestalterische MaBnahmen durchgefthrt, die i.d.R. mit hohen Kosten verbunden
waren. Seit einigen Jahren werden vermehrt Renaturierungskonzepte erstellt, bei denen die
Initiierung einer eigendynamischen Gewisserentwicklung im Mittelpunkt steht. Da die
gewtinschten morphologischen Strukturen wie Kolke, Uferabbriiche und Inseln auf natiirliche
Weise durch die Kraft des Wassers geschaffen werden, gelten diese Methoden als besonders
kosteneffizient. Die Einbringung von Totholz ist eine von mehreren Méglichkeiten, durch die
Verinderung der hydraulischen Bedingungen eine eigendynamische Gewisserentwicklung zu
initiieren oder zu férdern. Totholz in Form von Asten, Wurzelballen oder ganzen Stimmen
kommt natiirlicherweise in allen Gewissern vor, deren Auen im potenziell natiirlichen
Zustand von Wildern dominiert werden. Im Gegensatz dazu mussen andere Materialien, wie
beispielsweise Wasserbausteine, in vielen Gewissertypen als unnatiirliches Substrat angesehen
werden und Buhnen stellen in jedem Fall kiinstliche Strukturen dar. Daher erscheint der
Einsatz von Totholz bei der Renaturierung von Flielgewissern aus 6kologischer Sicht

besonders sinnvoll.
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Die Bedeutung von Totholz in Flielgewissern und dessen FEinsatzmoglichkeiten bei
Renaturierungsvorhaben ist in Nordamerika seit Beginn der 1980iger Jahre ein
Forschungsschwerpunkt. Die Forschungsergebnisse lassen vermuten, dass Totholz
natiirlicherweise in allen FlieBgewisserckosystemen der gemilligten Breiten eine wichtige
SteuergroBe ist, die nicht nur die Hydraulik und Morphologie, sondern auch den
Sedimenthaushalt, die Hydrologie und die Besiedlung der Gewisser mafB3geblich bestimmt.
Dartber hinaus zeigen diese Arbeiten, dass Totholz nicht nur zur Initilerung einer
cigendynamischen  Entwicklung, sondern auch zur Umsetzung vieler weiterer
Renaturierungsziele eingesetzt werden kann.

Im Gegensatz dazu beschiftigen sich bisher nur wenige Arbeiten mit der Bedeutung von
Totholz und den Einsatzmoglichkeiten bei Renaturierungsvorhaben in mitteleuropiischen
Fliegewissern. Die Bedeutung von Totholz ist hier weniger offensichtlich, da grofere
Mengen an Totholz heute nur noch in wenigen, meist kleinen Flie3gewissern vorkommen.
Dies ist Folge der seit Jahrhunderten andauernden forstlichen Nutzung der Walder und der
Riumung der Gewisser. Es ist anzunehmen, dass sich die Wirkung von Totholz in
mitteleuropiischen FlieBgewidssern nicht grundlegend von der in anderen bewaldeten
Regionen der gemilBigten Breiten unterscheidet. Dennoch sind die Ergebnisse der oben
erwihnten nordamerikanischen Arbeiten nur eingeschrinkt auf mitteleuropiische Verhiltnisse
Ubertragbar. Dies liegt zum einen darin begriindet, dass die Bedeutung von Totholz und
dessen  Wirkung in  FlieBgewdssern  sowohl  von  naturraumtypischen  und
gewissertypspezifischen Kenngroflen (z.B. Abfluss, Sohlmaterial, Gefille) als auch von
totholzspezifischen Parametern (z.B. Menge, Groe, Lage, Verteilung) abhingt. Des Weiteren
weichen die Renaturierungsziele in Mitteleuropa von denen in Nordamerika ab. Zudem
unterliegen die Renaturierungsprojekte aufgrund des hoheren Nutzungsdrucks sehr viel
groferen Restriktionen.

Vorrangiges Ziel der vorliegenden Dissertation ist es daher, einen Beitrag zum besseren
Verstindnis der Bedeutung und morphologischen Wirkung von Totholz in mitteleuropdischen
FlieBgewissern zu leisten sowie die Einsatzmoglichkeiten von Totholz bei der Renaturierung
von Gewissern in quantitativer und qualitativer Hinsicht zu untersuchen. Die Dissertation
umfasst vier Untersuchungen, die sich schwerpunktmiflig mit den folgenden Themen
beschiftigen:

1.) Die Totholzmengen mitteleuropaischer FlieBgewisser im potenziell natirlichen

Gewisserzustand, welche als Leitbilder fir die Renaturierung von FlieBgewissern
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herangezogen werden konnen.

2.) Die morphologische Wirkung von Totholz in Form einzelner Sturzbdume, die im Rahmen
von Renaturierungsprojekten in Gewisser eingebracht werden kénnen.

3.) Die Bestimmung des Potenzials der Renaturierung von Fliefigewissern durch das Belassen
oder die Finbringen von Totholz und die Quantifizierung der damit verbundenen,
potenziellen strukturellen Aufwertung.

4.) Die Auswertung von Renaturierungsprojekten in Mitteleuropa, bei denen Totholz bereits

eingesetzt worden ist.

Totholzmenge mitteleuropdischer Fliefigewdsser im potenziel] natiirlichen Gewdssergustand

Das Ziel einer FlieBgewisserrenaturierung ist i.d.R. die Verbesserung hin zum potenziell
natirlichen Gewisserzustand, dem Leitbild. Es erscheint daher sinnvoll, dass sich bei der
Renaturierung von FlieBgewissern die Grof3e, Form und Menge des eingebrachten Totholzes
am potenziell natiirlichen Zustand orientiert bzw. diesem entspricht. Dartiber hinaus ldsst sich
anhand der Totholzmenge im potenziell natiirlichen Gewisserzustand abschitzen, welche
Bedeutung Totholz im leitbildgemi3en Zustand hat. Bei der Erstellung von Leitbildern
werden 1.d.R. drei sich erginzende Informationsquellen genutzt: der Zustand von naturnahen
Referenzgewissern, die Beschreibung historischer Zustinde und FErgebnisse von
Modellierungen.

Um eine erste Vorstellung von der Totholzmenge im potenziell nattrlichen Gewisserzustand
zu entwickeln, wurden im Rahmen der vorliegenden Arbeit die Daten von neun, zum Teil
bisher unveroffentlichten Untersuchungen ausgewertet, in denen die Totholzmenge und
GroBenverteilung in naturnahen mitteleuropéischen FlieBgewissern quantifiziert wurde. Es
handelt sich um insgesamt 34 Gewisserabschnitte, die gemessen an mitteleuropdischen
Verhiltnissen als Referenzgewisser bezeichnet werden kénnen (keine forstliche Nutzung,
keine Riumung von Totholz seit mindestens 10 Jahren, standortgerechte Vegetation). Bei der
Berechnung der Totholzmenge wurde das Volumen von grobem Totholz (Durchmesser
> 0,1 m) und Totholz-Akkumulationen berticksichtigt und sowohl auf die Linge des
Gewisserabschnitts als auch auf die Sohlfliche bezogen.

Die Totholzmenge und -anzahl betrigt im Mittel 17,2 m*km? und 37,8 m®ha'! bzw.
200 Elemente km™ und 300 Elemente ha! (Median der 34 Referenzgewisser). Die Anzahl
groflerer Totholz-Elemente (Durchmesser > 0,2 m, Linge > 3 m), die als Sturzbdume
bezeichnet werden konnen, ist mit 21 Sturzbdumen pro FlieBkilometer gering. GroBere,

lagestabile Sturzbiume (Durchmesser > 0,5 m, Linge > 10 m), die als Finger fungieren und
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potenziell zur Bildung groBer Akkumulationen fiihren kénnen, kommen in den untersuchten
Gewisserabschnitten nicht vor. Nach Okoregionen differenziert ergeben sich signifikante
Unterschiede zwischen der geringen Totholzmenge in alpinen Gewissern (2 m? ha') sowie der
Totholzmenge in den Gewisserabschnitten im Mittelgebirge (36,9 m’>ha') und im
Norddeutschen Tiefland (41,8 m? ha'). Die durchschnittliche Totholzmenge in den zwel
letztgenannten Okoregionen betrigt 41,4 m® ha''.

Die oben genannten Totholzmengen konnen als Mindestmengen betrachtet werden, die in
naturnahen Fliefgewissern vorkommen. Aus den folgenden Griinden ist anzunehmen, dass
selbst diese, fuir mitteleuropdischen Verhiltnisse naturnahen Gewisserabschnitte, in Hinblick
auf die Totholz-Ausstattung noch stark vom potenziell natirlichen Gewisserzustand
abweichen. Erstens fehlen groflere Sturzbaume, die in natiirlichen mitteleuropaischen Wildern
in groBerer Zahl vorkommen koénnen und aufgrund ihrer Grof3e einen erheblichen Teil der
Totholzmenge in FlieSgewissern bilden. Zweitens zeigen sich keine Unterschiede zwischen
den Totholzmengen in den untersuchten Gewisserabschnitten des Norddeutschen Tieflandes
und der Mittelgebirge. Da sich diese Okoregionen in Hinblick auf einige wichtige Parameter
unterscheiden, welche die Totholzmenge mafigeblich beeinflussen (z.B. Baumartenspektrum
und Produktivitit der Uferwilder, Eintrags-Ursachen fir Totholz), ist anzunehmen, dass die
Gewisser dieser Okoregionen im potenziell natiitlichen Zustand unterschiedliche
durchschnittliche Totholzmengen aufweisen miussten. Drittens zeigt der Vergleich mit
Angaben aus der Literatur, dass die unter Laubwald verlaufenden naturnahen Gewisser in
anderen bewaldeten Regionen der gemaBigten Breiten deutlich groflere Totholzmengen
besitzen (Faktor 3, n = 26). Hierbei ist zu bedenken, dass auch die Totholzmenge dieser
naturnahen Gewisserabschnitte nach Aussage der Autoren nicht dem potenziell nattrlichen
Zustand entspricht. Dies ldsst den Schluss zu, dass nahezu alle FlieBgewisser in Mitteleuropa
in Hinblick auf ihre Totholz-Ausstattung als extrem degradiert eingestuft werden miissen und

selbst in scheinbar naturnahen Gewassern ein Totholz-Defizit besteht.

Morphologische Wirkung von Sturzbdumen

Das vorrangige Ziel heutiger Renaturierungsprojekte ist es, durch das Zulassen oder die
Forderung einer eigendynamischen Entwicklung eine naturnahe Gewissermorphologie
herzustellen, d.h. natlirliche Strukturen wie Kolke, Bianke, Uferabbriche und Inseln zu
schaffen, welche wiederum wichtige Habitate fir eine Vielzahl von Arten darstellen. Die
Renaturierung von FlieBgewissern zielt also primir darauf ab, durch die Verinderung der

hydraulischen Verhaltnisse die Gewissermorphologie zu modifizieren. Um die Hydraulik und
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damit die Gewissermorphologie wesentlich zu beeinflussen, missen die eingebrachten
Totholz-Strukturen eine ausreichende GrofB3e besitzen. In vielen FlieBgewissern ist dazu der
Eintrag grofler Totholz-Elemente in Form von ganzen Sturzbiumen notwendig. Bisher ist
jedoch wenig uber die genaue morphologische Wirkung solcher Sturzbiaume bekannt, iiber die
Art und GroBle der Gewisserstrukturen die durch Sturzbiume gebildet werden und den
Entwicklungszeitraum, der zur Ausbildung dieser Strukturen notwendig ist. Daher wurde die
Wirkung einzelner Sturzbdume auf die mesoskalige Gewissermorphologie beispielhaft an
sechs Gewisserabschnitten untersucht.

Auf Grundlage einer detaillierten Vermessung wurden fiir sechs Gewasserabschnitte und funf
totholzfreie Vergleichsabschnitte digitale Gelindemodelle erstellt. Folgende Groflen wurden
mit Hilfe der Gelindemodelle bestimmt: Fliche und Volumen der Gewisserstrukturen
(Kolke, Binke, Uferabbriiche), Sohl- und Ufer-Komplexitit, gingige Querprofilparameter
(Querprofil-Fliche, -Tiefe, -Breite) und die Querprofil-Komplexitit, welche mit Hilfe der
»AMT-Analyse® bestimmt wurde. Hierbei handelt es sich um ein Mal3, dass die Abweichung
des Verlaufs des Querprofils von einer geraden Linie auf unterschiedlichen raumlichen Skalen
beschreibt.

Die Ergebnisse der Untersuchung zeigen, dass die morphologisch-strukturelle Diversitit an
den  durch  Sturzbiume  beeinflussten — Gewisserabschnitten — gegeniiber  den
Vergleichsabschnitten signifikant erhoht ist. Dies trifft insbesondere auf das Kolk-Volumen
und die Querprofil-Komplexitit auf unterschiedlichen rdumlichen Skalen zu. Die Erhéhung
der Variabilitit einiger Querprofil-Parameter ist als deutlicher Hinweis auf eine Erhohung der
Habitatdiversitit zu werten. Dariiber hinaus sind einige Gewisserstrukturen an das
Vorkommen der Sturzbdume gebunden. Die Kolke in den untersuchten Totholz-Abschnitten
erreichen Volumina von bis zu 36 m®> und ihre GroBe liegt mit 424 - 693 m? ha'! im oberen
Bereich der Werte, die in der Literatur fur FlieBgewisser in den Kistengebirgen Nordwest-
Amerikas angegeben werden (229 -755m’ha'). Dabei scheint das Kolk-Volumen
mafigeblich vom Anteil der Querschnittsfliche abzuhingen, die von den Sturzbiumen
eingenommen wird. Dieser sogenannte ,,Verdeckungsgrad® ist ein Maf3 fur die Einschrinkung
der hydraulischen Leistungsfahigkeit des Profils.

Die Unterschiede zwischen den durch die Sturzbdume beeinflussten Gewisserabschnitten und
den Vergleichsabschnitten zeigt, dass der Eintrag von einzelnen Sturzbiumen bei
durchschnittlichen Abflussereignissen innerhalb weniger Jahre zu einer signifikanten

morphologisch-strukturellen Aufwertung des Gewisserabschnitts fithren kann. Dabei wird die
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Gewissermorphologie auf einer Strecke von mehreren zehner Metern signifikant veridndert.

Bestimmung des Potenzials der Renaturiernng von Fliefigewdssern mit Totholz und Quantifizierung der damit
verbundenen, potenziellen strukturellen Aufiertung

Da Totholz im potenziell natiirlichen Gewisserzustand in groen Mengen vorkommen wiirde
und eine hohe morphologische Wirksamkeit besitzt, erscheint der Einsatz von Totholz bei der
Renaturierung von FlieBgewissern aus Okologischer Sicht sinnvoll. Jedoch kann Totholz
gerade aufgrund der hohen morphologisch-hydraulischen Wirksamkeit eine Gefahr fir
Bauwerke an und im Gewisser sowie fir angrenzende Nutzungen darstellen. Treibholz kann
Bricken wund andere Bauwerke beschidigen und grolere Totholz-Elemente oder
Akkumulationen kénnen zu einer deutlichen Anhebung der Wasserspiegellagen oberstrom
und damit zu einer erhéhten Uberflutungswahrscheinlichkeit fithren. Daher wird Totholz,
welches im Rahmen von Renaturierungsprojekten in Gewisser eingebracht wird, 1.d.R. durch
Erdanker oder Wasserbausteine im Gewisser fixiert. Diese Verankerung ist haufig mit hohen
Kosten verbunden und schrinkt die 6kologische Wirksamkeit der Renaturierung mit Totholz
stark ein, da die Entstehung und der Erhalt einer natirlichen Strukturvielfalt an eine natiirliche
Dynamik, d.h. die Verlagerung des Totholzes gebunden ist. In der neueren Literatur wird
daher die Einrichtung von Ubergangsstrecken empfohlen. Hierbei schlieBt sich an einen
totholzreichen Gewisserabschnitt, in dem eine natiirliche Totholz-Dynamik zugelassen wird,
eine Ubergangsstrecke an, in der Totholz fixiert wird und an deren Ende gegebenenfalls ein
Treibholzfinger installiert werden kann, um Bauwerke im Unterlauf zu schiitzen. Es stellt sich
die Frage, ob diese Renaturierungsmethode des Belassens oder der Einbringung von Totholz
ohne zusitzliche Verankerung in einer dicht besiedelten Region wie Mitteleuropa auf lingeren
Strecken angewandt werden kann.

Die Anwendbarkeit dieser Renaturierungsmethode wurde im Rahmen der Dissertation in
einer Potenzialstudie uberprift. Als Datengrundlage dienten die FErgebnisse der
Gewisserstrukturkartierung, welche fir die drei Bundeslinder Nordrhein-Westfalen, Hessen
und Rheinland-Pfalz flichendeckend vorliegen und insgesamt ca. 44.880 FlieBkilometer
umfassen. Es wurde zwischen zwei Renaturierungsmethoden unterschieden, dem Belassen
und der Einbringung von Totholz. Das Belassen ist im Gegensatz zu der aktiven Einbringung
von Totholz eine passive Renaturierungsmethode. Bei dieser passiven Renaturierungsmethode
wird der Prozess des Totholz-Eintrags aus standortgerechten Uferwildern zugelassen.
Voraussetzung fir die Renaturierung eines Gewissers durch das Belassen von Totholz

innerhalb eines realistischen Planungszeitraums ist daher das Vorhandensein eines solchen
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standortgerechten Uferwaldes. Es wurden fiir beide Renaturierungsmethoden jeweils drei
Szenarien untersucht, die sich hinsichtlich der Nutzungen im Gewisserumfeld unterscheiden,
welche durch die Initilerung einer eigendynamischen, lateralen Gewasserentwicklung
eingeschrinkt werden. In allen sechs Szenarien wurde vorausgesetzt, dass keine Bauwerke
gefihrdet werden und die Gewisserabschnitte Teil einer potenziell renaturierbaren
Gewisserstrecke mit einer Mindestlinge von 300 m sind. Fir die so identifizierten potenziell
renaturierbaren Gewisserabschnitte wurde bestimmt, mit welcher strukturellen Verbesserung
durch das Belassen oder die Einbringung von Totholz (zwei Sturzbiume pro 100 m
Lauflinge) mittelfristig zu rechnen ist.

Die Methode der passiven Renaturierung ist aufgrund der geringen Ausdehnung
standortgerechter Wilder und deren starker Fragmentierung nur in einem kleinen Teil der
untersuchten Gewisserabschnitte anwendbar (~1%), deren absolute Linge mit ca. 500 km
jedoch sicherlich weit iber der Gesamtlinge der bisher renaturierten Gewasserstrecken im
Untersuchungsraum liegt. Die aktive Renaturierung durch die Einbringung von Totholz ist
hingegen in einem groBeren Teil der untersuchten Gewisser potenziell méglich. Durch die
sukzessive Berticksichtigung von Gewisserabschnitten mit angrenzenden forstwirtschaftlich
genutzten Flichen, Grunlandbereichen und Ackerflichen steigt der Anteil der potenziell
renaturierbaren Gewisserabschnitte von 6,5% auf 20,2% und 32%.

Es zeigen sich signifikante Unterschiede zwischen (a) dem Bereich der Mittelgebirge, in dem
ein grofler Teil der Gewisser potenziell mit Hilfe von Totholz renaturiert werden kann und
eine strukturelle Verbesserung von einem milig-gutem zu einem guten bis sehr guten
Zustand zu erwarten ist sowie (b) den Tieflandbereichen, in denen aufgrund der héheren
Restriktionen nur ein geringerer Teil der Gewisser potenziell mit Hilfe von Totholz
renaturiert werden kann und eine strukturelle Verbesserung von einem unbefriedigenden zu
einem mafigen Zustand zu erwarten ist. Diese Verbesserung des morphologischen Zustands
im Tiefland fithrt sehr wahrscheinlich dazu, dass ein groBler Teil dieser Gewisserabschnitte
den ,guten O6kologischen Zustand“ erreicht und damit die Anforderungen der EU-
Gewisserrahmenrichtlinie erftllt.

Die Ergebnisse dieser Untersuchung zeigen, dass auch in einem dicht besiedelten Gebiet wie
Mitteleuropa die Renaturierung von FlieSgewissern durch das Belassen oder die Einbringung

von Totholz ohne Verankerung auf lingeren Gewisserstrecken moglich ist.

126



Zusammenfassung

Auswertung von Renaturierungsprojekten mit Totholz

Obwohl Totholz in naturnahen Gewissern in groflen Mengen vorkommt, bereits einzelne
Sturzbdume eine hohe morphologische Wirksamkeit besitzen und die Renaturierung mit
Totholz potenziell auf lingeren Gewisserstrecken méglich ist, wurde Totholz bisher nur in
wenigen Renaturierungsprojekten eingesetzt. Nur in einzelnen Fillen erfolgte dabei ein
umfangreiches Monitoring, dessen Ergebnisse veroffentlicht wurden und zur Ableitung von
Empfehlungen zur Renaturierung von Flielgewissern mit Totholz herangezogen werden
konnen. Um die gesammelten Erfahrungen auszuwerten und daraus Empfehlungen fir
zukiinftige Projekte abzuleiten, wurde eine Befragung von Projekttrigern durchgefihrt, die
bereits Totholz bei der Renaturierung von Gewissern eingesetzt haben.

Durch Anfragen bei Behorden, Naturschutzverbinde, Universititen und anderen
Forschungseinrichtungen in Mitteleuropa (n = 112) konnten 53 Renaturierungsprojekte
ausfindig gemacht werden, in denen Totholz eingesetzt wurde. Achtundzwanzig Projekttriger,
die 41 der 53 Renaturierungsprojekte durchgefiihrt hatten, erklirten sich bereit an der
Untersuchung teilzunechmen. Von diesen haben sich letztendlich 22 Projekttriger an der
Befragung beteiligt. Aufgrund des groflen Aufwands zur Beantwortung des umfangreichen
Fragebogens war es den meisten Projekttriger nur moglich Daten zu einem ihrer Projekte zur
Verfugung zu stellen, sodass insgesamt 23 Datensitze ausgewertet werden konnten. Die
Ergebnisse der Befragung lasst folgende Schlussfolgerungen zu:

Vorrangiges Ziel der Projekttriger ist die allgemeine Verbesserung der Gewisserstruktur
durch die Initiierung einer eigendynamischen Entwicklung mit Hilfe von verankerten Totholz-
Einbauten, d.h. es werden aktive Renaturierungsmethoden angewandt, die dem klassischen
ingenieurbiologischen Wasserbau zuzurechnen sind. In einigen Projekten wurden Totholz-
Elemente in die Gewisser eingebracht, ohne diese zu verankern. Hierbei handelt es sich um
aktive Renaturierungsmethoden, die als naturnaher Wasserbau im engeren Sinne bezeichnet
werden konnen. Nur ein geringer Teil der Totholz-Einbauten (8%) wurde seit dem Einbau
verdriftet, obwohl in den untersuchten Gewissern bereits Hochwasserereignisse mit einer
Jahrlichkeit von durchschnittlich 5 Jahren aufgetreten sind. Die Verdriftungsgefahr ist in
solchen Fillen signifikant erhoht, in denen besonders kleine Totholz-Elemente eingebaut
wurden, der Einbau bereits lingere Zeit zuriickliegt oder bei besonders hoher spezifischer
Flussleistung. Sie korreliert jedoch nicht mit der Art oder dem Umfang der Fixierung der
Totholz-Einbauten. Da die Ergebnisse zeigen, dass die Einbringung von nicht fixierten

Totholz-Elementen moglich ist, ohne dabei die Gefahr der Verdriftung zu erhéhen, sollte
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diese Renaturierungsmethode in Zukunft vermehrt Berticksichtigung finden. Zudem sind die
Kosten fiir die Einbringung von nicht fixierten Totholz-Elementen im Vergleich zu fixierten
Totholz-Einbauten signifikant niedriger.

Die Monitoring-Ergebnisse der Projekte zeigen, dass die Einbringung der Totholz-Elemente
bereits in den ersten Jahren zu einer deutlichen strukturellen Verbesserungen fithren. Aus
okologischer Sicht lieB3e sich der Einsatz von Totholz bei der Renaturierung jedoch in vielen
Fallen noch optimieren. So ist die Menge des eingebrachten Totholzes (Median 27,9 m?® ha')
gering im Vergleich zum Totholz-Vorkommen in naturnahen Gewissern vergleichbarer
Okoregionen Mitteleuropas (Median 41,4 m®>ha') und anderen bewaldeten Regionen der
gemifligten Breiten (Median 126 m? ha). Sie liegt damit weit unterhalb der Totholzmenge, die
im potenziell natirlichen Gewisserzustand zu erwarten wiare. In einigen Fillen ist die Grof3e
der Totholz-Einbauten und damit ihre hydraulisch-morphologische Wirksamkeit gering,
obwohl keine offensichtlichen Restriktionen vorhanden sind. Dariiber hinaus kénnten in
vielen Fillen anstelle der zylindrischen Totholz-Einbauten strukturreichere Totholz-Elemente
verwendet werden, wie ganze Sturzbiume mit Wurzelballen und Krone. Diese wiirden
aufgrund ihrer komplexeren Form ein grolere Habitatdiversitit schaffen und somit positive
Nebeneffekte erzielen.

Die Auswertung der Renaturierungsprojekte zeigt weiter, dass die morphologische Wirkung
der Totholz-Einbauten stark von den lokalen naturraumlichen Gegebenheiten abhingt und
bei der Umsetzung der MaBnahmen sehr spezifische Problem auftreten. Daher sollten
allgemeine Renaturierungskonzepte eingehend auf ihre Anwendbarkeit geprift und
gegebenenfalls modifiziert werden. Ferner miissen die Auswirkungen der Einbringung von
Totholz auf den Gewasserabschnitt und das gesamte Einzugsgebiet berticksichtigt werden, da
die lokal durchgefiihrten Renaturierungsmal3nahmen unerwiinschte Nebeneffekte auf hoheren
raumlichen Ebenen besitzen konnen. Dariiber hinaus zeigt die Umfrage, dass ein
Wissensdefizit beziiglich der konkreten Umsetzung der Ma3nahmen besteht und es dringend
erforderlich ist in zuktnftigen Projekten ein geeignetes Monitoring durchzuftihren und die
Ergebnisse einem breiten Fachpublikum zuginglich zu machen.

Aus den Ergebnissen der vier, im Rahmen der Dissertation durchgefithrten Untersuchungen
lisst sich zum einen ein allgemeines Konzept zur Klassifikation  von
Renaturierungsmalnahmen und der Betrachtung der Kosteneffizienz ableiten. Zum anderen
konnen die Ergebnisse einen Beitrag zu der Diskussion iber die morphologische

Konfiguration und ihrer Bedeutung fiir allgemeine fluvialmorphologische Konzepte leisten.
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Konzept der Substitution von Mafsnahmen durch Zeit

Die Potenzialstudie zu den Einsatzmoglichkeiten der aktiven und passiven Renaturierung mit
Totholz und die Auswertung der bisher durchgefiihrten Renaturierungsprojekte zeigt, dass es
eine Vielzahl unterschiedlicher Renaturierungsma3nahmen gibt, die sich vor allem hinsichtlich
ihrer potenziellen Anwendbarkeit, Kosten und Einsatzmoglichkeiten unterscheiden. Um einen
besseren Uberblick tiber die moglichen Renaturierungsma3nahmen geben zu kénnen und um
die Auswahl von Mallnahmen fiir konkrete Renaturierungsprojekte zu erleichtern, wurde ein
konzeptioneller Rahmen zur Klassifikation von Renaturierungsmal3nahmen entwickelt, das
sogenannte ,,Konzept der Substitution von Mallnahmen durch Zeit™.

Hierbei werden die rein aktive Renaturierung (rein bauliche Ma3nahmen) und die rein passive
Renaturierung (reiner Prozessschutz) als Extreme aufgefasst, zwischen denen sich die
verschiedenen Renaturierungsmal3nahmen einordnen lassen. So gibt es Totholz-Einbauten,
die keine weitere Funktion als Stréomungslenker zur Initilerung einer eigendynamischen
morphologischen Entwicklung besitzen und nur das Totholz selbst als Habitat dient. Beispiel
hierfir sind Fischunterstinde aus Rundhoélzern, die auf Holzpflocken tber der Sohle
eingebaut werden. Dies kann als rein aktive Renaturierungsmethode klassifiziert werden, da
die erwtnschten Habitate allein durch die bauliche MaBnahme des FEinbaus der
Fischunterstinde geschaffen werden. Der Einbau von verankerten Strémungslenkern, die eine
eigendynamische morphologische Entwicklung initiieren sollen, kann als weniger aktive
Renaturierungsmethode bezeichnet werden. Die Einbringung von nicht verankerten
Strémungslenkern kann als eine Ubergangsform zur passiven Renaturierung aufgefasst werden
und die Forderung des Totholz-Eintrags durch die Renaturierung naturnaher Uferwilder ist
als Prozessschutz und damit als passive Renaturierungsmethode zu klassifizieren.

Bei der rein aktiven Renaturierung wird der Zielzustand i.d.R. kurz nach der Durchfiihrung
der baulichen Ma3nahme erreicht, es entstehen jedoch vergleichsweise hohe Kosten. Werden
die baulichen MaBnahmen in zunchmendem Malle durch ecine eigendynamische
morphologische Entwicklung, d.h. durch cher passive Renaturierungsmethoden ersetzt,
verringern sich die Kosten. Jedoch wird auch ein lingerer Entwicklungszeitraum bis zum
Erreichen des Zielzustandes bendtigt, dessen genaue Ausprigung sich nur eingeschrinkt
prognostizieren liasst. Daher kann von einer Substitution von Mal3nahmen bzw. Kosten durch
Zeit gesprochen werden. Aufgrund der gut planbaren Wirkungen und der hohen Kosten
eignet sich der Einsatz aktiver Renaturierungsmethoden vor allem bei hohen Restriktionen im

bebauten Bereich und auf kurzen Gewisserabschnitten. Demgegentiber erscheint der Einsatz
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von passiven Renaturierungsmethoden vor allem bei geringen Restriktionen in der freien

Landschaft und auf langen Gewisserabschnitten sinnvoll.

Einbindung von Totholz in allgemeine fluvialmorphologische Konzepte

Die Ergebnisse der Untersuchung zur Totholzmenge in naturnahen Gewissern und der
morphologischen Wirkung von Totholz legt die Schlussfolgerung nahe, dass Totholz neben
anderen SteuergroBen, wie dem Abfluss, Geschiebetrieb oder Gefille, die Ausprigung
mitteleuropdischer FlieBgewidsser im potenziell natiirlichen Gewisserzustand mal3geblich
bestimmt. Da dies auch bereits fir andere bewaldete Regionen der gemalBigten Breiten
nachgewiesen wurde, erscheint es dringend erforderlich, die Steuergréfle Totholz in
allgemeine fluvialmorphologische Konzepte zu integrieren, worauf in der neueren Literatur
auch verstirkt hingewiesen wird.

Bei der Erstellung eines solchen Konzepts muss berticksichtigt werden, dass zwar die
durchschnittliche Totholzmenge tber lingere Zeitriume und groBere raumliche Skalen
konstant bleibt, die lokale Variabilitit jedoch aufgrund periodischer Verdnderungen (z.B.
Waldzyklen) und stochastischer Katastrophenereignisse (z.B. Waldbrinde, Stiirme,
Hochwisser, Insekten-Kalamititen) sehr hoch ist. Daher hingt der Zustand eines bestimmten
Gewisserabschnitts und dessen weitere morphologische Entwicklung im potenziell
natiirlichen Zustand wesentlich von solchen periodischen und stochastischen Ereignissen, d.h.
der ,,Entwicklungsgeschichte” des Gewissers ab.

Diese Uberlegungen stiitzen ein Konzept, welches seit einigen Jahren diskutiert wird und in
Anlehnung an neuere Arbeiten als ,, Konzept der morphologischen Konfiguration® bezeichnet
werden konnte. Danach bestimmt die Entwicklungsgeschichte des Gewissers wesentlich den
rezenten Zustand des Systems. Die weitere Entwicklung ist abhingig von diesem rezenten
Ausgangszustand, sodass die morphologische Konfiguration die zukiinftige Reaktion des
Systems auf Steuergroflen, wie z.B. den Abfluss, determiniert. Im Gegensatz dazu geht man
bei den in der FlieBgewissermorphologie und —o6kologie noch weit verbreiteten
Gleichgewichtskonzepten davon aus, dass das System langfristig einen Gleichgewichtszustand
erreicht, der von den naturriumlichen Gegebenheiten abhingt (z.B. Klima, Geologie,
Topographie, Vegetation).

Die Anwendung dieses Konzepts der morphologischen Konfiguration hat Auswirkungen auf
die Definition des potenziell natiirlichen Gewisserzustandes und die Renaturierung von
Gewissern. Geht man davon aus, dass das Gewisser langfristig einen Gleichgewichtszustand

erreicht, kann dieser als potenziell natirlicher Zustand dienen und aktive
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RenaturierungsmaB3nahmen zum Erreichen dieses Ziels durchgefithrt werden. Im Gegensatz
dazu ist gemill des Konzepts der morphologischen Konfiguration der zukiinftige Zustand
eines Gewissers wesentlich von dem Ausgangszustand und damit von zuriickliegenden,
prigenden Ereignissen abhingig. Da viele dieser prigenden Ereignisse, wie z.B. der Eintrag
von Totholz, stochastischer Natur sind, erscheint es nicht moglich einen einzelnen potenziell
natiirlichen Zustand zu definieren, selbst wenn der Ausgangszustand des Systems bekannt ist.
Vielmehr ist eine Vielzahl unterschiedlicher potenziell natiitlicher Zustinde denkbar, wobei
die zukiinftige Entwicklungsgeschichte eines Gewisserabschnitts bestimmt, welcher dieser
Zustinde eintritt. Daher konnen aktive Renaturierungsmethoden nur dann eingesetzt werden,
wenn das Gewisser noch weit von diesen potenziell natiirlichen Zustinden entfernt ist. Nur
durch die passive Renaturierung, d.h. den Prozessschutz auf lingeren Gewisserstrecken kann
sichergestellt werden, dass die Vielzahl mdéglicher potenziell natiirlicher Zustinde in dem
Gewisser vorkommen werden.

Die in der vorliegenden Dissertation zusammengestellten Untersuchungen zeigen, dass
Totholz auch in mitteleuropiischen FlieBgewissern eine wichtige Steuergrof3e darstellt, welche
die Gewidssermorphologie im natilrlichen Zustand wahrscheinlich mal3geblich bestimmt und
ein groBles Potenzial fiir die kosteneffiziente Renaturierung von Gewissern besitzt. Es
erscheint dringend erforderlich, diese GréBle in der zukunftigen gewissermorphologischen
Forschung verstirkt zu berticksichtigen. Dies trifft nicht nur auf die Fluvialmorphologie zu,
sondern auch auf andere Disziplinen, die sich mit FlieBgewisserékosystemen und deren
Renaturierung beschiftigen wie etwa die Biologie, Okologie, den Wasserbau und die
Sozialwissenschaften. In diesem Sinne ist die vorliegende Arbeit als einer der ersten Schritte
zu einem besseren Verstindnis tber die Steuergrofie Totholz zu verstehen, die notwendig sind

um FlieBgewisser erfolgreich zu renaturieren.

131






References

References

Asse, T. B., Brooks, A. P., MontGoMERY, D. R. 2003. Wood in river rehabilitation and
management. in: S. V. Gregory, K. L. Boyer, A. M. Gurnell. The ecology and
management of wood in world rivers. American Fisheries Society, Symposium 37,
Bethesda, Maryland, 367-389.

AsBg, T. B., MonTtGOMERY, D. R. 1996. Large woody debris jams, channel hydraulics and
habitat formation in large rivers. Regulated Rivers: Research and Management (12), 201-
221.

AssE, T. B., MontGOMERY, D. R. 2003. Patterns and processes of wood debris accumulation in
the Queets river basin, Washington. Geomorphology (51), 81-107.

AnpErsoN, N. H., Steepman, R. J., Dubtey, T. 1984. Patterns of exploitation by stream

invertebrates of wood debris (xylophagy). Verhandlungen Internationaler Verein fiir
Limnologie (22), 1847-1852.

ANDRLE, R. 1994. The Angle Measurement Technique: A new method for characterizing the
complexity of geomorphic lines. Mathematical Geology (26), 83-97.

Bash, J. S., Ryan, C. M. 2002. Stream restoration and enhancement projects: is anyone
monitoring? Environmental Management (29), 877-885.

Becker, A., Rey, P., Wi, G. 2003. Grossversuch Totholz - Strukturverbesserung von
Alpenrheinzuflissen und Bidchen im Alpenrheintal mittels Totholz. Internationale
Regierungskommission Alpenrhein, Projektgruppe Gewisser- und Fischékologie, 125.

Beesg, J. T. 1997. Fluid patterns, sediment pathway and wood obstructions in the Pine River,
Agnus, Ontario. PhD-thesis, Wilfrid Laurier University, Waterloo, Ontario, Canada,
243.

Beechig, T. J., Borron, S. 1999. An approach to restoring salmonid habitat-forming processes
in Pacific Northwest Watersheds. Fisheries (24), 6-15.

BeecHig, T. J., Pess, G., Kennarp, P., Bisy, R. E., Borton, S. 2000. Modeling recovery rates
and pathways for woody debris recruitment in Northwestern Washington streams.
North American Journal of Fisheries Management (20), 436-452.

Bexpa, L. E., Sias, J. C. 2003. A quantitative framework for evaluating the wood budget.
Forest ecology and management (172), 1-16.

BenkE, A. C., WALLACE, ]. B. 2003. Influence of wood on invertebrate communities in streams
and rivers. in: S. Gregory, K. L. Boyer, A. M. Gurnell. The ecology and management of
wood in world rivers. American Fisheries Society, Symposium 37, Bethesda, Maryland,
149-177.

Beschura, R. L. 1979. Debris removal and its effects on sedimentation in an Oregon Coast
Range stream. Northwest Science (53), 71-77.

Bisy, R. E. 1981. Role of organic debris dams in regulating the export of dissolved and
particulate matter from a forested watershed. Ecology (62), 1234-1241.

Bisy, R. E. 1984. Removal of woody debris may affect stream channel stability. Journal of
Forestry (10), 609-613.

133



References

Busy, R. E., HErENER, ]. T., FranseN, B. R., Warp, J. W. 1999. Effects of immersion in water

on deterioration of wood from five species of trees used for habitat enhancement
projects. North American Journal of Fisheries Management (19), 687-695.

By, R. E., Warp, J. W. 1991. Characteristics and function of large woody debris in streams
draining old-growth, clear-cut, and second-growth forests in Southwestern Washington.
Canadian Journal of Fisheries and Aquatic Science (48), 2499-2507.

Bisson, P. A., WonpzeLL, S. M., Reeves, G. H., GREGORY, S. V. 2003. Trends in using wood to
restore aquatic habitats and fish communities in western North American rivers. in: S.
Gregory, K. L. Boyer, A. M. Gurnell. The ecology and management of wood in world
rivers. American Fisheries Society, Symposium 37, Bethesda, Maryland, 391-400.

Brace, D. C. 2000. Simulating catastrophic and individualistic large woody debris recruitment
for a small riparian system. Ecology (8), 1383-1394.

Brauprick, C. A., Grant, G. E. 2000. When do logs move in rivers? Water Resources
Research (6), 571-583.

Braubrick, C. A., Grant, G. E. 2001. Transport and deposition of large woody debris in
streams: a flume experiment. Geomorphology (41), 263-283.

BripGE, J. S. 2003. Rivers and floodplains: forms, processes, and sedimentary record. Blackwell
Science, Oxford, 491.

Briem, E. 2003. Gewisserlandschaften der Bundesrepublik Deutschland - Morphologische
Merkmale der FlieBgewidsser und ihrer Auen. ATV-DVWK-Arbeitsbericht GB-1,
Hennef, 176.

Brookes, A. 1987. The distribution and management of channelized streams in Denmark.
Regulated Rivers: Research and Management (18), 3-16.

Brown, A. G. 2002. Learning from the past: palacohydrology and palacoecology. Freshwater
Biology (47), 817-829.

Brunke, M., Horrmann, A., Pusch, M. 2001. Use of mesohabitat-specific relationships between

flow velocity and river discharge to assess invertebrate minimum flow requirements.
Regulated Rivers Research and Management (17), 667-676.

Bryant, M. D. 1983. The role and management of woody debris in west coast salmonid
nursery streams. North American Journal of Fisheries Management (3), 322-330.

Bryant, M. D. 1985. Changes 30 years after logging in large woody debris and its use by
salmonids. USDA Forest Service General Technical Report RM-120, 329-334.

Bryant, M. D. 1995. Pulsed monitoring for watershed and stream restoration. Fisheries (20),
6-13.

Burracny, A., Kemp, J. L., Ersa, S., Berriorg, C., HErING, D., Moog, D. 2001. A Europe-wide
system for assessing the quality of rivers using macroinvertebrates: the AQEM project
and its importance for southern Europe (with special emphasis on Italy). Journal of
Limnology (60), 39-48.

BurrinGTON, J. M., MontGOMERY, D. R. 1999. Effects of hydraulic roughness on surface
textures of gravel-bed rivers. Water Resources Research (35), 3507-3521.

134



References

Carson, J. Y., Anprus, C. W., Froenrich, H. A. 1990. Woody debris, channel features, and
macroinvertebrates of streams with logged and undisturbed riparian timber in
northeastern Oregon, U.S.A.. Canadian Journal of Fisheries and Aquatic Science (47),
1103-1111.

CeperHoLy, C. J., By, R. E., Bisson, P. A., Bumsteap, T. W., Fraxsen, B. R., Scarterr, W. J.,
Warp, J. W. 1997. Response of juvenile coho salmon and steelhead to placement of
large woody debris in a coastal Washington stream. North American Journal of
Fisheries Management (17), 947-963.

CHERRY, J., Bescura, R. L. 1989. Coarse woody debris and channel morphology: A flume
study. Water Resource Bulletin (25), 1031-1036.

Corrins, B. D., MontGOMERY, D. R. 2002. Forest development, wood jams, and restoration of
floodplain rivers in the Pudget Lowland, Washington. Restoration Ecology (10), 237-
247.

CrispiN, V., Housg, R., RoserTts, D. 1993. Changes in instream habitat, large woody debris, and
salmon habitat after the restructuring of a coastal Oregon stream. North American
Journal of Fisheries Management (13), 96-102.

Crook, D. A., Rosertson, A. 1. 1999. Relationship between riverine fish and woody debris:
implications for lowland rivers. Marine and Freshwater Research (50), 941-953.

CHurcH, M. 1992. Channel morphology and typology. in: P. Calow, G. E. Petts. Rivers
Handbook - Hydrological and ecological principles. Blackwell Science, Oxford, 126-143.

Curran, J. H., Wont, E. E. 2003. Large woody debris and flow resistance in step-pool
channels, Cascade Range, Washington. Geomorphology (51), 141-157.

Daxiers, M. D., Ruoaps, B. L. 2003. Influence of a large woody debris obstruction on three-
dimensional flow structures in a meander bend. Geomorphology (51), 159-173.

DE Jong, M. C. V., Cowx, 1. G., Scruton, D. A. 1997. An evaluation of instream habitat
restoration techniques on salmonid population in a Newfoundland stream. Regulated
Rivers: Research and Management (13), 603-614.

DeutscHER  VERBAND FUR  WASSERWIRTSCHAFT UND  Kurtursau (DVWK) 1996. Flufl und
Landschaft -  okologische  Entwicklungskonzepte. DVWK-Merkblatter — zur
Wasserwirtschaft 240, 285.

Diez, J. R., Erosecy, A., Pozo, J. 2001. Woody debtis in North Iberia streams: influence of
geomorphology, vegetation, and management. Environmental Management (28), 687-
098.

Dorrorr, C. A., WarreN, M. L. 2003. Fish relationship with large wood in small streams. in: S.
Gregory, K. L. Boyer, A. M. Gurnell. The ecology and management of wood in world
rivers. American Fisheries Society, Symposium 37, Bethesda, Maryland, 179-193.

Downs, P. W., Konporr, G. M. 2002. Post-project appraisals in adaptive management of river
channel restoration. Environmental Management (29), 477-496.

Downs, P. W., Stmon, A. 2001. Fluvial geomorphological analysis of the recruitment of large
woody debris in the Yalobusha River network, central Mississippi, USA.
Geomorphology (37), 65-91.

135



References

Dubtiey, T., ANpERsON, N. H. 1982. A survey of invertebrates associated with wood debris in
aquatic habitats. Melanderia (39), 1-21.

Eckert, S., Scherig, J., Nesmvann, F., Huc, M., Seatn, V. 1996. Totholzanfall in
FlieBgewissern und dessen Auswirkungen auf die Gewisserstrukturentwicklung in
Abhingigkeit von Baumarten, Waldgesellschaften, Alters- und Waldstruktur auf Ufer
und Uferrandstreifen. Veroff. PAO (16), 255-284.

Enrers, R. 1956. An evaluation of stream improvement project devices constructed eighteen
years ago. California Fish and Game (42), 203-217.

Enrman, T. P., LamserTts, G. A. 1992. Hydraulic and particulate matter retention in a 3rd-order
Indiana stream. Journal of the North American Benthological Society (11), 341-349.

ErLensERG, H. 1996. Vegetation Mitteleuropas mit den Alpen. Ulmer, Stuttgart, 1095.

Eroseci, A., Diez, J. R., Pozo, J. 1999. Abundance, characteristics and movement of woody
debris in four Basque streams. Archiv fir Hydrobiologie (144), 455-471.

Eurorean Commssion 2000. Directive 2000/60/EC, Establishing a framework for community
action in the field of water policy. Official Journal of the European Communities (L
327), 1-72.

Evans, B. F., Towxsenp, C. R., Crowr, T. A. 1993. Distribution and abundance of coarse

woody debris in some southern New Zealand streams from contrasting forest
catchments. New Zealand Journal of Marine and Freshwater Research (27), 227-239.

Fausch, K. D., NortHcotE, T. G. 1992. Large woody debris and salmonid habitat in a small
coastal British Columbia stream. Canadian Journal of Fisheries and Aquatic Science

(49), 682-693.

Ferp, C., Pusch, M. 2000. Die Bedeutung von Totholzstrukturen fiir die Makroinvertebraten -
Taxocoenosen in einem Flachlandflul des Norddeutschen Tieflandes. Verhandlungen
Westdeutscher Entomologentag, Diisseldorf, 165-172.

FernerstoN, K. L., Namvan, R. J., By, R. E. 1995. Large woody debris, physical process, and
riparian forest development in montane river networks of the Pacific Northwest.
Geomorphology (13), 133-144.

Fore, L. S.; Karg, J. R., Wisseman, R. W. 1996. Assessing invertebrate responses to human
activities: Evaluating alternative approaches. Journal of the North American
Benthological Society (15), 212-231.

Frisserr, C. A., Nawa, R. K. 1992. Incidence and causes of physical failure of artificial habitat
structures in streams of Western Oregon and Washington. North American Journal of
Fisheries Management (12), 182-197.

GarLvuisteL, S. 1999. Structural approaches to river restoration in the Willamette Basin, with an
emphasis on the placement of large woody debris. Master thesis, Universitit fiir
Bodenkultur, Wien, Austtia.

GEernARD, M., ReicH, M. 2000. Restoration of streams with large wood: effects of accumulated
and built-in wood on channel morphology, habitat diversity and aquatic fauna.
International Review of Hydrobiology (85), 123-137.

136



References

GeruarD, M., ReicH, M. 2001. Totholz in FlieBgewassern - Empfehlungen zur
Gewisserentwicklung. Werum GmbH, Mainz, 84.

Greeer, C. J. 1995. Environmental hydraulics of large woody debris in streams and rivers.
Journal of Environmental Engineering (121), 388-395.

Grprer, C. J., O'NEem, 1. C., Finvayson, B. L., ScaNatz, 1. 1996a. Hydraulic guidelines for the
re-introduction and management of large woody debris in lowland rivers. Regulated
Rivers: Research & Management (12), 223-230.

GrepeL, C. J., Fincavsox, B. L., O'NEen, 1. C. 1996b. Distribution and hydraulic significance of
large woody debris in a lowland Australian river. Hydrobiologia (318), 179-194.

GrepeL, C., Finvayson, B., O'NEemn, 1. 1998. Guidelines for the management of large woody
debris (snags) in rivers. http://www.lwrrdc.gov.au.

Grecory, K. J. 2003. The limits of wood in wotld rivers: present, past, and future. in: S.
Gregory, K. L. Boyer, A. M. Gurnell. The ecology and management of wood in world
rivers. American Fisheries Society, Symposium 37, Bethesda, Maryland, 1-19.

GrEGORY, K. J., GUrNELL, A. M., Hir, C. T. 1985. The permanence of debris dams related to
river channel processes. Hydrological Sciences (30), 371-381.

GREGORY, S. V., Bover, K. L., GurNELL, A. M. 2003a. The ecology and management of wood
in world rivers. American Fisheries Society, Symposium 37, Bethesda, Maryland, 431.

GREGORY, S. V., MELEASON, M. A., Sosota, D. J. 2003b. Modeling the dynamics of wood in
streams and rivers. in: S. Gregory, K. L. Boyer, A. M. Gurnell. The ecology and
management of wood in world rivers. American Fisheries Society, Symposium 37,
Bethesda, Maryland, 315-335.

GunkeL, G. 1996. Renaturierung kleiner FlieBgewisser. Stuttgart, 471.

GurneLL, A. M. 2003. Wood storage and mobility. in: S. Gregory, K. L. Boyer, A. M. Gurnell.
The ecology and management of wood in world rivers. American Fisheries Society,
Symposium 37, Bethesda, Maryland, 75-91.

GurneLL, A. M., Grecory, K. J. 1995. Interactions between semi-natural vegetation and
hydrogeomorphological processes. Geomorphology (13), 49-69.

GurnerL, A. M., GreGory, K. J., Perrs, G. E. 1995. Case studies and reviews: The role of
coarse woody debris in forest aquatic habitats: implications for management. Aquatic
Conservation: Marine and Freshwater Ecosystems (5), 143-1066.

Harmon, M. E.; Frankriy, J. F., Swanson, F. J., Sorrins, P., GreGory, S. V., Lartriy, J. D,
AxDERsON, N. H., Cung, S. P., Aumen, N. G., Seperr, J. R., LiEnkaemper, G. W,
Cromack, K., Commins, K. W. 1986. Ecology of coarse woody debris in temperate
ecosystems. Advances in Ecological Research (15), 133-302.

Heepg, B. H. 1981. Dynamics of selected mountain streams in the Western United States of
America. Zeitschrift fiir Geomorphologie (25), 17-32.

HenpEeL, B., MarxseN, J. 2000. Extracellular enzyme activity associated with degradation of

beech wood in a Central European stream. International Review of Hydrobiology (85),
95-105.

137



References

Heraer, J. 2000. Holocene development of the river Lippe valley, Germany: a case study of
anthropogenic influence. Earth Surface Processes and Landforms (25), 293-305.

HeriNng, D., Kaw, J., Eckerr, S., GERHARD, M., MEYER, E. 1., Mutz, M., REicH, M., WErss, 1.
2000. Coarse woody debris quantity and distribution in Central European streams.
International Review of Hydrobiology (85), 5-23.

HEering, D., Moog, O., SaNDIN, L., VErDONscHOT, P. F. M. 2004. Overview and application of
the AQEM assessment system. Hydrobiologia (516), 1-20.

Hering, D., Reich, M. 1997. Bedeutung von Totholz fir Morphologie, Besiedlung und
Renaturierung mitteleuropiéischer FlieBgewisser. Natur und Landschaft (72), 383-389.

Herrmann, K. 1930. Die Entwicklung der Oder vom Natur- zum Kulturstrom. Jahrbuch fiir
die Gewisserkunde Norddeutschlands. Besondere Mitteilungen (6).

Hipersranp, R. H., Lemry, A. D., Dorrorr, C. A., Harester, K. L. 1997. Effects of large
woody debris placement on stream channels and benthic macroinvertebrates. Canadian
Journal of Fisheries and Aquatic Science (54), 931-939.

Hipersranp, R. H., Lemry, A. D., Dorrorr, C. A., Harester, K. H. 1998. Design
considerations for large woody debris placement in stream enhancement projects. North
American Journal of Fisheries Management (18), 161-167.

Horrmann, A. 2000. The association of the stream caddisfly Lasiocephala basilis (Kol.)
(Trichoptera: Lepidostomatidae) with wood. International Review of Hydrobiology (85),
79-93.

Horemany, A., Hering, D. 2000. Wood-associated macroinvertebrate fauna in Central
European streams. International Review of Hydrobiology (85), 25-48.

Hocan, D. L. 1987. The influence of large organic debris on channel recovery in the Queen
Chatrlotte Islands, British Columbia, Canada. in: R. L. Beschta, T. Blinn, G. E. Grant, G.
G. Ice, F. J. Swanson. Erosion and Sedimentation in the Pacific Rim. Proceedings of the
Corvallis Symposium, August 1987, IAHS Publ. No. 165, Corvallis, Oregon, 343-353.

Housen, P. 2003. Spatio-temporally variable response of fluvial systems to Late Pleistocene
climate change: a case study from central Germany. Quaternary Science Reviews, 2125-
2140.

Housk, R. 1996. An evaluation of stream restoration structures in a Coastal Oregon stream,
1981-1993. North American Journal of Fisheries Management (16), 272-281.

Housg, R. A., Bornng, P. L. 1986. Effects of instream structures on salmonid habitat and
populations in Tobe Creek, Oregon. North American Journal of Fisheries Management
(6), 38-40.

Hycerunp, B., Manca, M. 2003. Field measurements of drag coefficients for model large
woody debris. Geomorphology (51), 175-185.

IriEs, J. 1978. Limnofauna Europaea. Gustav Fischer Verlag, Stuttgart, 532.

Kam, J. 1999. Beschreibung und Bewertung der Totholz-Ausstattung naturnaher
FlieBgewisser im Tiefland von Nordrhein-Westfalen. Deutsche Gesellschaft fiir
Limnologie (DGL), Annual Conference 1998, Klagenfurt, 435-439.

138



References

Kai, J. 2003. Influence of large woody debris on the morphology of six central European
streams. Geomorphology (51), 207-223.

Kai, J., GeEraARD, M. 2003. Totholz in FlieBgewassern - eine Begriffsbestimmung. Wasser und
Boden (55), 49-55.

Kam, J., Hering, D. 2003. Renaturierung von FlieBgewissern mit Totholz. Wasser Energie
Luft (95), 355-357.

Kavreman, J. B., Bescura, R. L., Orring, N, Lymen, D. 1997. An ecological perspective of
riparian and stream restoration in the Western United States. Fisheries (22), 12-24.

Kauvsnik, N. K., Hynes, H. B. N. 1971. The fate of dead leaves that fall into streams. Archiv
tir Hydrobiologie (68), 464-515.

Kem, R. F., Skavcser, A. E., Bateman, D. S. 2000. Dynamics of coarse woody debris placed in
three Oregon streams. Forest Science (46), 13-22.

KeLier, E. A.,; Swanson, F. J. 1979. Effects of large organic material on channel form and
fluvial processes. Earth Surface Processes and Landforms (4), 361-380.

Kerier, E. A, Tarry, T. 1979. Effects of large organic debris on channel form and fluvial
processes in the coastal redwood environment. in: D. D. Rhodes, G. P. Williams.
Adjustments of the fluvial system. Kendall/Hunt, Dubuque, Iowa, 169-197.

Kern, K. 1994. Grundlagen naturnaher Gewissergestaltung - Geomorphologische
Entwicklung von FlieBgewissern. Springer, Berlin, 256.

Krem, R., SonnEeviL, R., SHorT, D. 1987. Effects of woody debris removal on sediment storage
in a northwest California stream. in: R. L. Beschta, T. Blinn, G. E. Grant, G. G. Ice, F.
J. Swanson. Erosion and sedimentation in the Pacific Rim. Proceedings of the Corvallis
Symposium, August, 1987, IAHS Publ. No. 165, Corvallis, Oregon, 403-404.

KniGHTON, D. 1998. Fluvial forms and processes. Oxford University Press, New York, 383.

Konporr, G. M. 1995. Five elements for effective evaluation of stream restoration.
Restoration Ecology (3), 133-136.

Konporr, G. M. 1996. A cross section of stream channel restoration. Journal of Soil and
Water Conservation (51), 119-125.

Konporr, G. M. 1998. Lessons learned from river restoration projects in California. Aquatic
Conservation: Marine and Freshwater Ecosystems (8), 39-52.

Konporr, G. M. 2000. Some suggested guidelines for geomorphic aspects of anadromous
salmonid habitat restoration proposals. Restoration Ecology (8), 48-56.

LANDESUMWELTAMT NORDRHEIN-WESTFALEN  1999. Leitbilder fir kleine und mittelgrof3e
FlieBgewisser in Nordrhein-Westfalen - Gewisserlandschaften und FlieBgewidssertypen.
Merkblitter Nr. 17, Essen, 87.

LANDESUMWELTAMT NORDRHEIN-WESTFALEN 2001. Leitbilder fur die mittelgroBen bis groB3en
Flie3gewisser in Nordrhein-Westfalen. Merkblitter Nr. 34, Essen, 130.

Lang, S. N., Ricuarps, K. S. 1997. Linking river channel form and process: time, space and
causality revisited. Earth Surface Processes and Landforms (22), 249-260.

139



References

Larson, M. G., Boorn, D. B., Moriey, S. A. 2001. Effectiveness of large woody debris in
stream rehabilitation projects in urban basins. Ecological Engineering (18), 211-226.

LassertrE, N., Konporr, G. M. 2000. Process-based management of in-channel large woody
material at the basin scale. Proceedings of the International Conference on Wood in
World Rivers at the Oregon State University, Corvallis, Oregon, 38-38.

Launnaror, A., Murz, M. 2002. Totholz statt Steine, eine Alternative fir Sohlgleiten in
abflussschwachen Sandbichen. Deutsche Gesellschaft fiir Limnologie (DGL), Annual
Conference 2001, Braunschweig, 699-702.

LiepTKE, H., MARCINEK, J. 2002. Physische Geographie Deutschlands. Klett, Stuttgart, 786.

LienkaempER, G. W., Swanson, F. J. 1987. Dynamics of large woody debris in streams in old-
growth Douglas-fir forests. Canadian Journal of Forestry Research (17), 150-156.

Lorenz, A., HeriNG, D., Ferp, C., Roraurrs, P. 2004. A new method for assessing the impact
of hydromorphological degradation on the macroinvertebrate fauna of five German
stream types. Hydrobiologia (516), 107-127.

MacDonarp, A., KeLLER, E. A. 1987. Stream channel response to the removal of large woody
debris, Larry Damm Creek, northwestern California. in: R. L. Beschta, T. Blinn, G. E.
Grant, G. G. Ice, F. J. Swanson. Erosion and sedimentation in the Pacific Rim
(Proceedings of the Corvallis Symposium, August, 1987). Proceedings of the Corvallis
Symposium, August, 1987, IAHS Publ. No. 165, Corvallis, Oregon, 405-406.

MaransoN, G. P., Kuprer, J. A. 1993. Simulated fate of leaf litter and woody debris at a
riparian cutbank. Canadian Journal of Forest Research (23), 582-590.

ManNGa, M., KiRcHNER, J. W. 2000. Stress partitioning in streams by large woody debris. Water
Resources Research (36), 2373-2379.

Marcuant, R., Henir, G. 2002. The use of AUSRIVAS predictive models to assess the
response of lotic macroinvertebrates to dams in south-east Australia. Freshwater
Biology (47), 1033-1050.

Marcus, W. A., Marston, R. A., Corvarp, C. R., Gray, R. D. 2002. Mapping the spatial and
temporal distribution of woody debris in streams of the Greater Yellowstone
Ecosystem, USA. Geomorphology (44), 323-335.

Marston, A. 1982. The geomorphic significance of log steps in forest streams. Association of
American Geographers Annals (72), 99-108.

Masgr, C., SEDELL, J. R. 1994. From the forest to the sea - The ecology of wood in streams,
rivers, estuaries, and oceans. St. Lucie Press, Delray Beach, 196.

McDabg, M. H., Swanson, F. J., McKEeg, W. A., Frankriy, J. F., van Sickig, J. 1990. Source
distances for coarse woody debris entering small streams in western Oregon and

Washington. Canadian Journal of Fisheries and Aquatic Science (20), 326-330.

McManon, T. E., Hartvan, G. F. 1989. Influence of cover complexity and current velocity on

winter habitat use by juvenil Coho Salmon (Oncorynchus kisutch). Canadian Journal of
Fisheries and Aquatic Science (46), 1551-1557.

140



References

MesaNE, C. A. 1999. Testing bioassessment metrics: Macroinvertebrate, sculpin and salmonid
responses to stream habitat, sediment and metals. Environmental Monitoring and
Assessment (67), 293-322.

MeLeasoN, M. A., GreGory, S. V., Bortg, J. 2003. Implications of riparian management
strategies on wood in streams of the Pacific Northwest. Ecological Applications (13),
1212-1221.

MeLiiro, J. M., Namaxn, R. J., ABEer, J. D., Esureman, K. N. 1983. The influence of substrate
quality and stream size on wood decomposition dynamics. Oecologia (58), 281-285.

MINgE, J. A., SEAR, D. A. 1997. Modelling river channel topography using GIS. International
Journal of Geogrphical Information Science (11), 499-519.

MontGoMERY, D. R., PrEcay, H. 2003. Wood in rivers: interactions with channel morphology
and processes. Geomorphology (51), 1-5.

Mostey, M. P. 1981. The influence of organic debris on channel morphology and bedload
transport in a New Zealand forest stream. Earth Surface Processes and Landforms (),
571-579.

Mureny, M. L., Herrerz, J., Jonnson, S. W., Koski, K. V., THEDINGA, ]. F. 1986. Effects of
clear-cut logging with and without buffer strips on juvenile salmonids in Alaskan
streams. Canadian Journal of Fisheries and Aquatic Science (43), 1521-1533.

MurpHy, M. L., Koski, K. V. 1989. Input and depletion of woody debris in Alaska streams and
implications for streamside management. North American Journal of Fisheries
Management (9), 427-436.

Murz, M. 2000. Influences of woody debris on flow patterns and channel morphology in a
low energy, sand-bed stream reach. International Review of Hydrobiology (85), 107-121.

Murz, M. 2003. Hydraulic effects of wood in streams and rivers. in: S. Gregory, K. L. Boyer,
A. M. Gurnell. The ecology and management of wood in world rivers. American
Fisheries Society, Symposium 37, Bethesda, Maryland, 93-107.

Murz, M., RuopE, A. 2003. Processes of surface-subsurface water exchange in a low energy
sand-bed stream. International Review of Hydrobiology (88), 290-303.

Naman, R. J., MeLitro. J. M.; Hossig, J. E. 1986. Ecosystem alteration of boreal forest streams
by beaver (Castor canadensis). Ecology (67), 1254-1269.

Nakamura, F., Swanson, F. J. 1993. Effects of coarse woody debris on morphology and
sediment storage of a mountain stream system in Western Oregon. Earth Surface
Processes and Landforms (18), 43-61.

NaraMUra, F., Swanson, F. J. 1994. Distribution of coarse woody debris in a mountain stream,
western Cascades Range, Oregon. Canadian Journal of Forestry Research (24), 2395-
2403.

Nakamura, F. ,Swanson, F. J. 2003. Dynamics of wood in rivers in the context of ecological
disturbances. in: S. Gregory, K. L. Boyer, A. M. Gurnell. The ecology and management
of wood in world rivers. American Fisheries Society, Symposium 37, Bethesda,
Maryland, 279-297.

141



References

NESTLER, ., SurtoN, V. K. 2000. Describing scales of features in river channels using fractal
geometry concepts. Regulated Rivers: Research and Management (13), 1-22.

NokerLe-NEuMANN, E., PeTeRseN, T. 2000. Alle, nicht jeder - Einfithrung in die Methoden der
Demoskopie. Springer, Berlin, 656.

Norer, B. A. 1997. Management of the beaver (Castor fiber): towards restoration of its former
distribution and ecological function in Europe. Nature and Environment (806), 1-32.

O'ConNNoOR, J. E., Jonrs, M. A., Haruska, T. L. 2003. Floodplain and channel dynamics of the
Quinault and Queets Rivers, Washington, USA. Geomorphology (51), 31-59.

Parr, H., Jurcing, P., Kravs, W. 1998. Naturnaher Wasserbau - Entwicklung und Gestaltung
von FlieBgewassern. Springer, Berlin, 358.

Pitcay, H. 1993. Nature, mass and preferential sites of coarse woody debris deposits in the
lower Ain Valley (Mollon Reach), France. Regulated Rivers: Research & Management
(8), 359-372.

Pitcay, H., Crrterio, A. ,Astrabpa, L. 1998. Ligne de debris ligneux et recoupment de
méandres, exemple du site de Mollon sur la riviere d'Ain (France). Zeitschrift fur
Geomorphologie (42), 187-208.

Pitcay, H., THevenTt, A., CrrtEriO, A. 1999. Input, storage and distribution of large woody
debris along a mountain river continuum, the Dréme river, France. Catena (35), 19-39.

Pitcay, H., GurNELL, A. M. 1997. Large woody debris and river geomorphological patter:
examples from S.E. France and S. England. Geomorphology (19), 99-116.

Porrciesser, T., SommerHAUsEr, M. 2004. FlieBgewissertypologie Deutschlands: Die
Gewissertypen und ihre Steckbriefe als Beitrag zur Umsetzung der EU-
Wasserrahmenrichtlinie. in: C. Steinberg, W. Calmano, R. Wilken, H. Klapper.
Handbuch Angewandte Limnologie. Ecomed, Landsberg, 3-16.

Pusch, M., FeLp, C., Horrmann, A. 1999. Schwemmgut - kostentrichtiger Mull oder wertvolles
Element von Fluf36kosystemen. Wasserwirtschaft (89), 280-284.

Raseng, C. F., Jacosson, R. B. 1993. The importance of fluvial hydraulics to fish-habitat
restoration in low-gradient alluvial streams. Freshwater Biology (29), 211-220.

Raven, P. J., Homes, N. T. H., CHARrIER, P., Dawson, F. H., Navra, M., Boox, P. J. 2002.
Towards a harmonized approach for hydromorpological assessment of rivers in Europe:
a qualitative comparison of three survey methods. Aquatic Conservation: Marine and
Freshwater Ecosystems (12), 405-424.

Reeves, G. H., Har, J. D., Roerors, T. D., Hickvan, T. L., Baker, C. O. 1991. Rehabilitating
and modifying stream habitats. American Fisheries Society Special Publication (19), 519-
558.

ReicH, M., KersHNER, J. L., Wipman, R. C. 2003. Restoring streams with large wood: a
synthesis. in: S. Gregory, K. L. Boyer, A. M. Gurnell. The ecology and management of
wood in world rivers. American Fisheries Society, Symposium 37, Bethesda, Maryland,
355-360.

Ricg, S., CHurcH, M. 1996. Bed material texture in low order streams on the Queen Chatlotte
Islands, British Columbia. Earth Surface Processes and Landforms (21), 1-18.

142



References

Rosison, E. G., Bescura, R. L. 1990a. Characteristics of coarse woody debris for several
coastal streams of Southeast Alaska, USA. Canadian Journal of Fisheries and Aquatic
Science (47), 1684-1693.

Rosison, E. G., Beschra, R. L. 1990b. Coarse woody debris and channel morphology
interactions for undisturbed streams in Southeast Alaska, U.S.A.. Earth Surface
Processes and Landforms (15), 149-156.

Roraurrs, P. 2003. Okologische Bewertung von FlieBgewissern: Integrierende Einfliisse des
Einzugsgebietes oder lokale Gewissermorphologie? Was ist entscheidend fiir die
Biozonose? Eine Frage der Skalierung. Deutsche Gesellschaft fiir Limnologie (DGL),
Annual Conference 2002, Braunschweig, 98-103.

Roni, P., Beecuig, T. J., By, R. E., Leoxer, F. E., Porrock, M. M., Pess, G. R. 2002. A
review of stream restoration techniques and a hierarchical strategy for prioritizing
restoration in Pacific Northwest watersheds. North American Journal of Fisheries
Management (22), 1-20.

Rorer, B. B., Dosk, J. J., WiLLiams, J. E. 1997. Stream restoration: is fisheries biology enough?
Fisheries (22), 6-11.

Rorer, B. B., Konnorr, D., Herier, D., Wieman, K. 1998. Durability of Pacific Northwest
instream structures following floods. North American Journal of Fisheries Management

(18), 686-693.
RosGen, D. 1996. Applied river morphology. Wildland Hydrology, Pagosa Springs.
ScHERZINGER, W. 1996. Naturschutz im Wald. Stuttgart, 1-447.

ScuamepTiE, U., SOMMERHAUSER, M., Braukmann, U., Briem, E., Haase, P., Hering, D. 2001.
"Top down - bottom up"-Konzept einer biozénotisch begriindeten FlieSgewasser-
typologie Deutschlands. Deutsche Gesellschaft fiir Limnologie (DGL), Annual
Conference 2000, Magdeburg, 147-151.

ScHMETTERLING, D. A., Pierce, R. W. 1999. Success of instream habitat structures after a 50-
year flood in Gold Creek, Montana. Restoration Ecology (7), 369-375.

ScHumy, S. AL 1991. To interpret the earth: ten ways to be wrong. Cambridge University Press,
Cambridge, 133.

SepeLL, J. R., FroGearr, J. L. 1984. Importance of streamside forests to large rivers: The
isolation of the Willamette River, Oregon, U.S.A., from its floodplain by snagging and
streamside forest removal. Verhandlungen Internationaler Verein fiir Limnologie (22),
1828-1834.

SEmrAU, M., SomMERHAUSER, M., Hurck, R. 2003. Gewisserentwicklung durch Forderung der
Eigendynamik - Beispiel Boye. Wasser und Abwasser (144), 830-833.

Suierps, F. D. J., Morin, N., Cooper, C. M. 2001. Design of large woody debris structures for
channel rehabilitation.
http://www.sedlab.olemiss.edu/wqe_unit/topashaw/woodydebris.pdf, paper prepared
and presented at the Seventh Federal Interagency Sedimentation Conference March
2001.

143



References

SuieLps, F. D., Coperanp, R. R., Kuinceman, P. C., Dovrg, M. W., Smion, A. 2003a. Design for
stream restoration. Journal of Hydraulic Engineering (129), 575-584.

Suierps, F. D., Coorer, C. M., KniguT, S. S., Moore, M. T. 2003b. Stream corridor restoration
research: a long and winding road. Ecological Engineering (20), 441-454.

SuierLps, F. D., Greeer, C. J. 1995. Prediction of effects of woody debris removal on flow
resistance. Journal of Hydraulic Engineering (121), 341-354.

Smrrh, R. D., Soig, R. C., Porter, P. E. 1993. Effects on bedload transport of experimental
removal of woody debris from a forest gravel-bed stream. Farth Surface Processes and
Landforms (18), 455-468.

Smock, L. A., METrzLER, G. M., GLADDEN, J. E. 1989. Role of debtis dams in the structure and
functioning of low-gradient headwater streams. Ecology (70), 764-775.

SmukarLa, R., Frieprich, G. 1994. Okologische Effizienz von Renaturierungsmalnahmen an
FlieBgewissern. Landesumweltamt NRW, Essen, 462.

SPALDING, S., PETERSON, N. P., Qumn, T. P. 1995. Summer distribution, survival and growth of
juvenile coho salmon under varying experimental conditions of brushy instream cover.
Transactions of the American Fisheries Society (124), 124-130.

SpEAKER, R., Moorg, K., GREGORY, S. 1984. Analysis of the process of retention of organic

matter in stream ecosystems. Verhandlungen Internationaler Verein fiir Limnologie (22),
1835-1841.

SpoNseLLER, R. A., BENrFIELD, E. F., VaLert, H. M. 2001. Relationships between land use, spatial
scale and stream macroinvertebrate communities. Freshwater Biology (46), 1409-1424.

SpANHOFF, B., ALEckE, C., MEYER, E. 1. 2000. Colonization of submerged twigs and branches of
different wood genera by aquatic macroinvertebrates. International Review of

Hydrobiology (85), 49-60.

SteeL, E. A., Ricnarps, W. H., Kersey, K. A. 2003. Wood and wildlife: benefits of river wood
to terrestrial and aquatic vertebrates. in: S. Gregory, K. L. Boyer, A. M. Gurnell. The
ecology and management of wood in world rivers. American Fisheries Society,
Symposium 37, Bethesda, Maryland, 235-247.

Swanson, F. J. 2003. Wood in rivers: a landscape perspective. Gregory, S.V.; Boyer, K. L.;
Gurnell, A. M. American Fisheries Society, Symposium 37, Bethesda, Maryland, 299-
313.

Swanson, F. J., Bryant, M. D., LiexkAEMPER, G. W., SEDELL, J. R. 1984. Organic debris in small
streams of Wales Islan, Southeast Alaska. USDA General Technical Report, PNW-1606,
Portland, Oregon, 12.

Swanson, F. J., Liexkaemper, G. W. 1978. Physical consequences of large organic debris in
pacific northwest streams. USDA Forest Service, General Technical Report PNW-69,
Portland, Oregon, 12.

TriveLE, S. W. 1997. Stream channel erosion and change resulting from riparian forests.
Ecology (25), 467-469.

144



References

Triska, F. J. 1984. Role of wood debris in modifying channel geomorphology and riparian
areas of a large lowland river under pristine conditions: A historical case study.
Verhandlungen Internationaler Verein fiir Limnologie (22), 1876-1892.

Triska, F. J., Cromack, K. 1980. The role of wood debris in forests and streams. in: R. H.
Waring. Forests fresh perspectives from ecosystem analysis. Oregon State University
Press, Corvallis, 171-190.

VANDENBERGHE, J. 2003. Climatic forcing of fluvial systems: an evolution of ideas. Quaternary
Science Reviews (22), 2053-2060.

VANSICKIE, J., GREGORY, S. V. 1990. Modeling input of large woody debris to streams from
falling trees. Canadian Journal of Forestry Research (20), 1593-1601.

VEerponschuot, P. F. M., NysoEer, R. C. 2004. Towards a decision support system for stream
restoration in the Netherlands: an overview of restoration projects and future needs.
Hydrobiologia (478), 131-148.

Verponschot, P. F. M., Torxkame, H. H. 1983, De rol van dood hout in stromend water.
Nederlands Bosbouwtijdschrift (55), 106-111.

WALLACE, J. B., Benkg, A. C. 1984. Quantification of wood habitat in subtropical coastal plain
streams. Canadian Journal of Fisheries and Aquatic Science (41), 1643-1652.

Warmkg, S., Hering, D. 2000. Composition, microdistribution and food of the
macroinvertebrate fauna inhabiting wood in low-order mountain streams in Central
Europe. International Review of Hydrobiology (85), 67-78.

WesB, A. A., Ersking, W. D. 2003. Distribution, recruitment, and geomorphic significance of
large woody debris in an alluvial forest stream: Tonghi Creek, southeastern Australia.
Geomorphology (51), 109-126.

WeiGEL, B. M., Wang, L. Z., Rasmussen, P. W., Burcheg, J. T., Stewart, P. M., Stvox, T. P.,
Wiy, M. J. 2003. Relative influence of variables at multiple spatial scales on stream
macroinvertebrates in the Northern Lakes and forest ecoregion, USA. Freshwater
Biology (48), 1440-1461.

WEeLty, J. W., Beechig, T., Surnivan, K., Hyink, D. M., Busy, R. E., Anprus, C., Pess, G. 2002.
Riparian Aquatic Interaction Simulator (RAIS): a model of riparian forest dynamics for
the generation of large woody debris and shade. Forest Ecology and Management (162),
299-318.

Worman, M. G., Leororp, L. B. 1957. River flood plains: some observations on their
formation. US Geological Survey Professional Paper 282-C, 107.

Young, M. K. 1996. Summer movements and habitat use by Colorado River cutthroat trout
(Oncorbynchus clarki plenritiens) in small, montane streams. Canadian Journal of Fisheries
and Aquatic Science (53), 1403-1408.

ZALEWsKL, M., Lapinska, M., Bayiey, P. B. 2003. Fish relationships with wood in large rivers.
in: S. Gregory, K. L. Boyer,A. M. Gurnell. The ecology and management of wood in
wortld rivers. American Fisheries Society, Symposium 37, Bethesda, Maryland, 195-211.

Zika, U, PETER, A. 2002. The introduction of woody debris into a channelized stream: Effect
on trout populations and habitat. River Research and Application (18), 355-366.

145



List of Figures

List of Figures

Figure 2.1:

Figure 2.2:

Figure 2.3:

Figure 2.4:

Figure 2.5:

Figure 2.6:

Figure 2.7:

Figure 2.8:

Figure 3.1:

Figure 3.2:

146

Location of the stream groups 1-7/8 in Germany, stream group 7 in Alsace
(France), and stream group 9 in Tyrolia (Austria). I = lowland, II = lower
mountain area, and III = alpine region correspond to the ecoregions 14, 9 and 4
according to Illies (1978). Borders of the lowland ecoregion is modified according
to Briem (2003). Numbering of the stream groups corresponds to the numbers of

the streams in Table 2.1 and the numbers of the stream groups in Table 2.2........ 12
Volume of large wood in the stream sections related to 1km section length.
Stream numbers correspond to the numbers in Table 2.1. Only the volume of logs
with a diameter > 0.1 m and volume of accumulations is regarded............ccccoco... 18
Volume of large wood in the stream sections related to 1 ha bottom area. Stream
numbers correspond to the numbers in Table 2.1. Only the volume of logs with a
diameter > 0.1 m and volume of accumulations is regarded.........cccccceuvviriiiiinnnns 19
Scatterplot of slope (stream bed, %) vs. share of accumulations on volume of large
wood (LW, %). Stream numbers correspond to the numbers in Table 2.1............ 20
Size class distribution of log diameter (m). Only logs with a diameter > 0.1 m are
FEEATAE. ..t 21
Size class distribution of log length (m). Only logs with a diameter > 0.1 m are
FEEALAERA. vttt 22
Volume of large wood related to section length (left) and bottom area (right) of

streams, which are located in the ecoregions lowland (ll), lower mountain area (Im)
and alpine region (ar). Extremes, outliers, maximum, 3. quartile, median, 1. quartile
and minimum value are shown. Only the volume of logs with a diameter > 0.1 m
and volume of accumulations is regarded........ccocveeeiririniicnnniccecee e 23

Number of logs related to section length (left) and bottom area (right) of streams,
which are located in the ecoregions lowland (Il), lower mountain area (Im) and
alpine region (ar). Extremes, outliers(extreme coefficient = 3, outlier
coefficient = 1.5), maximum, 3. quartile, median, 1. quartile and minimum value
are shown. Only logs with a diameter > 0.1 m are regarded........ccccecevvvrinirrenenne. 23

Location of the study streams in Northrhine-Westphalia and Rhineland-Palatinate
(location of the Ahr study stream), Germany. The author is under a legal
obligation not to exactly locate the Berg. Land stream section.........cccccceueveveueuennnne 34

Downstream view at the Berkell LW section at mean flow to high flow. Two large
fallen trees in the foreground are mainly submerged at mean flow; tree with
rootwad in the background is located above mean flow water level....................... 37



Figure 3.3:

Figure 3.4:

Figure 3.5:

Figure 3.6:

Figure 3.7:

Figure 3.8:

Figure 3.9:

References

Terrain model surface error (per unit stream area) against survey point density... 39

Contour map of Berkell LW section 3D-model. Height above / below mean
stream bed height is given in meters. Stream bed area one standard deviation
above / below mean depth of stream bed (0.5 m) is defined as bar and pool
respectively. Pool is located downstream of the first large fallen tree, which is
located on the stream bed. Sketch of the large fallen trees is not to scale; flow is
from left tO fIZNt.. . 41

Measurement of cross-section angle for AMT-Analysis........cccccccevininnniniccccnnnnnn. 42

Increase in bed surface area compared to planimetric area (%). RS = reference
SECHION, LW = LW SECHOMN.c.teriirteieririeriestistestes e stes e etes e etseteeseeeesse s essesaessesessessessessasens 45

Increase in bankline length compared to section length (%). RS = reference
SECHION, LW = LW SECHOMN.cuueitirieieierieriestisestes e stes e etee e eeeeseeseeeessesaessesessessssessessessasens 46

Median and variability of cross-section parameters (A: area; B: width; C: maximum
depth; D: mean depth) at reference sections (RS) and LW sections (LW). Min-
Max, 25%-75%, and median are shown; n = number of cross sections investigated,
significant differences between median of LW section and corresponding
reference section (Mann-Whitney-U-test): * - p-<0.01, + - p >0.05, significant
differences between variability of LW section and corresponding reference section
(Siegel-Tukey rank dispersion test): 0 — p <O.0T...cccociviiiiiiiinniiiiiiccccce, 48

Median of mean angle of cross sections at scales S ranging from 0.3-3.0 m. Study
sections in legend are listed according to the mean angle over all scales S. RS =
reference section, LW = LW SECHON....icciviiiiririseseserteteeeesestes et ve et sressesseneas 49

Figure 3.10........Cluster analysis of reference sections (RS) and LW sections (LW) according to

Figure 4.1:

Figure 4.2:

Figure 4.3:

the median of mean angle at scales ranging from 0.3 to 3.0 m. Cluster analysis was
performed using Euclidian distance and complete linkage, because variables have
the same dimension (°) and clusters should rather be naturally distinct groups than
ClONGALEA LIEES.....uviiiiiiiiicicic e 50

Location of the study area in Germany. The study area (grey area) encloses three
federal states, Northrhine-Westphalia (NRW), Rhineland-Palatinate (RP) and
Hesse (H). Ecoregions are bordered by dotted lines (according to Illies (1978),
modified according to Briem (2003)): I — lowland, II — lower mountain area, III —
AIPINE FEZION....uiiiiiiiiiiiit e 59

Restoration segments' percentage on total channel length and total length of
restoration segments for the six scenarios investigated.........ccoeevvviviniiiciicnninnn 69

Percentage of restoration segments, which need additional removal of engineered
instream structures (bed fixation, bank revetment, culverts and combination of
thESE LYPES) ittt 70

147



List of Figures

Figure 4.4:

Figure 4.5:

Figure 4.6:

Figure 4.7:

Figure 5.1:

Figure 5.2:
Figure 5.3:

Figure 5.4:

Figure 5.5:

Figure 5.6:

148

Restoration-reach length classes as a percentage of total length of restoration

segments (separately given for each scenario, percentages of length classes sum to
100% for each SCENALIO)....ccviuiuiuiiiiiiiiicic e 71

Spatial distribution of restoration segments in the study area. Percentage of
restoration segments on total channel length in each watershed is given.
Watersheds, where survey channel length is less than 0.3 km km-2 were not
considered (data density low). Lower mountain area (centre) and lowlands
(margins) are separated by the dotted line (see also Figure 4.1 for borders of
ecoregions). Results for scenarios RS-Forest and RS-Grass are not given, because
they do not markedly differ from the RS-Crop scenario........ccccocevvvuiviiiniincnnnnnes 73

Percentage of different stream types for small to medium-sized streams (left) and
large streams to rivers (right) on total restoration segments length compared to the
percentage of the different stream types on total channel length (see Table 4.1 for
description of stream types, n.d. = stream type not determinable). Separately given
fOr €ach SCENALIO......iiiiiiiiiciii s 74

Hydromorphological assessment (including assessment of stream bed, stream bank
and floodplain) of the restoration segments, prior (“old index”) and after (“new
index”) the simulated restoration. Percentage of the seven ranks (from “I1” —
unchanged, only minor deviations from the reference condition to “I7” -
completely changed) on restoration segments total length is given for each
SCEMATIO M c.vutuititetetete sttt ettt bbb a bbbt 76

Location of restoration sites in Germany and Liechtenstein, numbering of the sites
corresponds to the numbers in Table 5.2. Ecoregions are bordered by dotted lines
(according to Illies (1978), modified according to Briem (2003)): I — lowland, 1T —

lower mountain area, I1I — alpine re@ioN.......cccccuevviviviiiniiiiiiiiicce 88
Mean Likert scores of the general project ObjectiVes........covvviiicriiiiiiiiiiniicninn 89
Mean Likert scores of objectives of wood placement..........cccvevviviiciniiiiicicinininnns 90
Variability and median of restoration project characteristics. Non-outlier maximum

and minimum, 25 — 75%, median, outliers (outlier coefficient = 1.5) and extremes
(extreme coefficient = 3) are GIVeN. ..o 92

Blockage ratio of the wood structures (n =48 groups of wood structures for
which blockage ratio was given separately by the respondents, representing a total
number of 400 WOOd StIUCTULES.......ccovviiiiiiiiiiiiccc s 93

Types of wood structures used in the restoration projects related to number and
volume. FW = fine wood (diameter approximately < 0.1 m), LW = large wood
(diameter approximately > 0.1 M)..ccoiiiiinniniecieeccceeee e 94



References

Figure 5.7: Methods used for the fixation of the wood structures in gravel bed and sand bed
streams (a total of n = 400 wood structures were considered)........cccovvviiviiininines 94

Figure 6.1: Cost-effectiveness of pure passive and active stream restoration in dependence on
1575 01O 110

149



List of Tables

List of Tables

Table 2.1

Table 2.2

Table 2.3

Table 3.1

Table 3.2

150

Characteristics of stream sections examined. nd = no data available. Stream
number: the first numeral indicates the stream group (compare Figure 2.1 and
Table 2.2). Bottom area of section examined: group 1-7 streams - bottom area was
calculated from mean width of bankfull channel; group 8 streams - areas
investigated were located between the border of bankfull channel and the
shoreline at mean discharge; group 9 streams - the whole floodplain was regarded.
Removal of large wood: par. = infrequent removal of large accumulations, no =
no removal since at least 10 years. Use of floodplain: - = unmanaged riparian
forest or gravel banks; (f) = currently unmanaged riparian forest; m = meadows.
Riparian forest type: f(2) = riparian forest on both sides of the stream; f(1) riparian
forest on one side of the stream; g = narrow gallery forest (width less than average
height of trees); a = alluvial floodplain with sparse vegetation, forest only on
hillslopes. Riparian vegetation: dominant tree species; A-g = Alnus glutinosa; Ac-p
= Acer psendoplatanus; B-pe = Betula pendula; Ca-b = Carpinus betulus; Co-a = Corylus
avellanay ¥a-s = Fagus sylvatica; Fr-e = Fraxinus excelsior, Fra-a = Frangula alnus; P-a =
Picea abies (native in study area); Pi-sy = Pinus sylvestris, Po-hy = Populus x hybrida;
Pr-p = Prunus padus, Py-p = Pyrus pyraster; Q-ro = Quercus robur, Q-ra = Quercus
rubra; Sa-t = Salix fragilis, Sa-spec = Salix spec.; So-a = Sorbus ancuparia................... 13

Main methodological differences between the investigations and list of references.
aonly accumulations were surveyed. LW = large wood........ccccccviiiivinnnnnninnne, 17

Volume of large wood in most natural stream sections flowing through forests
dominated by deciduous trees in North America, Australia, Spain and UK. LW =
large wood. *stream sections which meet the following criteria were selected from
Diez et al. (2001): (a) maturity index 4-5, (b) average width of riparian forest >
mean tree height (25 m) or forested floodplain present. In virtually all studies, only
large wood within the bankfull channel was considered. A-g = Aluus glutinosa
(European black alder) C-s = Cuastanea sativa (Spanish chestnut) E-c = Ewucalyptus
camaldulensis (river red gum), HW = hardwood (not further specified), L-s =
Liguidambar styraciflua (sweetgum), L-sc = Leptospernum scoparinm (manuka), M-c =
mixed deciduous (not further specified), N-a = Nyssa aquatica (water tupelo), N-s =
Nyssa sylvatica (black gum), Q-n = Quercus nigra (water oak), Q-spec = Quercus spec.
(oak), S-spec = Salix spec. (willow), T-d = Taxodium distichum (baldcypress), T-1 =
Tristaniopsis laurina (WAtEr GUIM)......cueviveiiimrmirereieiessicscseae et ssssssssse e sssssas 27

Data on the investigated stream sections and the investigated large wood pieces
(LW), RS = reference section, LW = LW SECtiON.....ccvriiiereieiriririiiccieicieneerines 35

Qualitative and quantitative description of morphological features present at LW
sections (LW) and reference sections (RS); absolute size of morphological features
and volume of pools/bars related to bed planimetric area and area of cutbanks
related to section length are given; based on the close proximity to the large fallen
trees, their shape and visually observed flow patterns, some morphological features
are classified as ‘clearly associated with large wood’ (c.a. with LW).........cccccooee 43



Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Summary

Reference conditions of stream types in the study area according to Pottgiesser
and Sommerhiuser (2004) (small streams, catchment area < 100 km?).....c..co........ 60

Reference conditions of stream types in the study area according to Pottgiesser
and Sommerhduser (2004) (medium-sized to very large streams, catchment area
3 100 KIMN®) ettt st 601

Attributes of morphological quality assessment of streams and rivers: *only
recorded for streams and rivers in Hesse and small to medium sized streams in
Northrhine-Westphalia and Rhineland-Palatinate, **only recorded for large
streams and rivers in Northrhine-Westphalia and Rhineland-Palatinate................. 63

Requirements for channel segments to be considered as restoration segments,
separately given for the six scenarios. Additional requirements for restoration
segments of all six scenarios are given in the teXt......oovvveeiirinnccciiininccccne 64

Proposed effects of restoration. Changes of attribute values for small streams due
to the recruitment and placement of large wood described for the different
scenarios. In the individual federal states slightly different values have been used to
describe attributes (e.g., the highest possible score for the attribute “channel
feature” is defined for the value “many” in Northrhine-Westphalia and for the
value “> 3” in Hesse). All values used in the individual countries are listed and
separated by a backslash. *Since the impact of large wood is dependent on stream
size, different simulations have been used for small streams (<20 m average
width) and large streams (> 20 m average width) for the hydromorphological data
from  Northrhine-Westphalia ~and  Rhineland-Palatinate. ~ However,  the
hydromorphological data from Hesse do only separate between stream sizes
> 10 m and < 10 m average width; thus, in this case 10 m average width is used as
a threshold value for the different simulations. The new attribute values are used
to re-calculate the morphological quality asseSSMENt.......c.ccvuviviriicueiiiriieriiriianens 67
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Proposed effects of restoration. Changes of attribute values for larger rivers due to
the recruitment and placement of large wood described for the different scenarios.
*Since the impact of large wood is dependent on river size, different simulations
have been used for small rivers (< 20 m average width), medium sized rivers (20-
00 m average width) and large rivers (> 60 m average width) in Northrhine-
Westphalia. However, the hydromorphological data from Rhineland-Palatinate do
only separate between stream sizes 10-50 m, > 50 m average width; thus, in this
case 50 m average width is used as a threshold value to differentiate between
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further differentiated between different size classes; therefore attribute wvalues
listed in Table 4.5 were used for all Hessian streams. **According to the hydro-
morphological survey method for larger rivers, the instream structures are not
simply counted as it is done for small streams, but the respective attribute value
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