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an Alpine river system
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Limnology, ETH/EAWAG, Uberlandstrasse 133, 8600 Diibendorf, Switzerland; “corresponding
author: kollmann@geobot.umnw.ethz.ch

Summary

1 The current concepts of large river systems have been advanced with limited empirical
knowledge of natural systems, because most large rivers in Europe and USA have been
more or less radically altered by engineering. For example virtually all large Alpine
rivers were channelised during the 19th century. Without first hand knowledge of natu-
ral systems we lack baseline data to assess human impacts and to address restoration
and conservation strategies.

2 In this project we are interested in the dynamics of vegetated islands on active
floodplains and their role in maintaining biodiversity. The central hypothesis of the
project is that these islands are a product of the interaction between the fluvial regime
and the dominant plants, the Salicaceae. Through accumulation of sediments and
woody debris which form islands these plants act as ecosystem engineers. These dy-
namic processes help to maintain a complex braided channel system which supports a
high level of habitat diversity. From our preliminary studies we conclude that three
aspects of the natural river system are particularly important for the maintenance of
island dynamics: a natural disturbance regime, an unconstrained channel, and a suffi-
cient supply of large woody debris. In addition sediment grain size and nutrient concen-
trations may have important effects as well.

3 The project investigates the following three overview hypotheses: (i) Five willow spe-
cies (Salix alba, S. daphnoides, S. elaeagnos, S. purpurea, S. triandra) and Populus nigra are
the key ecosystem engineers in the active zone of the River Tagliamento. We hypothesize
differences in their habitat niches within the floodplain system, and a differential ability
to influence island dynamics by vegetative (generative) regeneration and to withstand
disturbance. (ii) Islands increase the diversity and heterogeneity of habitats at the reach
scale and at the island/bar scale. Ecosystem expansion and contraction dictate the vari-
ability and connectivity of these habitats; islands create important refugia for aquatic
invertebrates in dynamic natural systems. (iii) Islands, i.e. riparian ecotones within the
active plain, function as sources, sinks and transformers of organic matter and nutrients.
Ecosystem expansion and contraction facilitate the exchange of organic matter and nu-
trients across the floodplain.
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Introduction

The concepts that underpin current scientific
knowledge of large river systems have been
advanced with limited empirical knowledge
of natural systems. In particular, virtually all
large western European rivers which rise in
the Alps were channelised during the 19th
century (Whitton 1984; Petts et al. 1989);
Vischer (1989) reported examples for Switzer-
land. Without first hand knowledge of natural
systems we lack baseline data to assess hu-
man impacts and to address restoration and
conservation strategies.

This project takes place on the Fiume
Tagliamento in northern Italy, which can be
regarded as the last morphologically intact
Alpine river in Europe (Miiller 1995; Ward et
al. 1999b; Tockner et al., in press). We are par-
ticularly interested in the dynamics of veg-
etated islands on the active floodplain and
their role in maintaining biodiversity. Our
central hypothesis is that these islands are a
product of the interaction between the fluvial
regime and the dominant plants, the Salica-
ceae. Through accumulating sediments and
woody debris to form islands these plants act
as “ecosystem engineers” sensu Jones ef al.
(1994). These dynamic processes help to main-
tain a complex braided channel system of the
kind which tends to support a high level of
habitat diversity. The effects of Salicaceae and
large woody debris on sediment dynamics
and island formation have received little at-
tention in central Europe (see Ellenberg 1996),
although these woody plants and related
physical structures are recommended for en-
gineering of river banks (Schiechtl 1992;
Schiechtl & Stern 1994).

From our preliminary studies we conclude
that three aspects of the natural river system
are particularly important for the mainte-
nance of island dynamics (Fig. 1): a natural
disturbance regime, unconstrained channels,
and a substantial supply of large woody de-
bris. We review briefly the literature concern-
ing each of these aspects before considering
the central role of the Salicaceae as ecosystem
engineers.

ROLE OF DISTURBANCE IN RIVER SYSTEMS

Disturbance theory is one of the unifying
themes in contemporary ecology (Sousa
1984; Pickett & White 1985; Pahl-Wostl
1995). In river ecosystems, natural distur-
bances play major roles in structuring pat-
terns and processes across a range of scales
(Resh et al. 1988; Junk et al. 1989; Ward
1998). It is the lack of disturbance, engen-
dered by a variety of flood control measures -
that regulate discharge and constrain channel
migration, that accounts for the reduced habi-
tat heterogeneity and the loss of functional in-
tegrity in many of the world’s rivers (Amoros
et al. 1987; Dynesius & Nilsson 1994; Stan-
ford et al. 1996; Tockner et al. 1998).

The dynamic nature of rivers is a function
of flow and sediment regimes interacting with
the physiographic features and vegetation
cover of the landscape (Amoros & Petts 1993;
Ward & Stanford 1995; Décamps 1996; Ward
et al. 1999a). The erosive action of seasonal
flooding is responsible for the formation of
habitat patches across riverine floodplains
and for maintaining those patches in a diver-
sity of successional stages. Natural distur-
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Fig. 1. Postulated role of island dynamics in structuring biodiversity in Alpine rivers.

bance forms a shifting mosaic of aquatic,
semi-aquatic and riparian communities, col-
lectively sustained by a balance between ter-
restrialization and rejuvenation processes.

UNCONSTRAINED CHANNELS

Rivers with unconstrained channels and a
natural flow regime migrate across their flood-
plains by a process of cut and fill alluviation
(Anderson et al. 1996). The erosive action of
flooding regulates two distinct, though inter-
related, types of succession on riverine flood-
plains. Hydrarch succession refers to the on-
togeny of aquatic habitats. As an uncon-
strained river migrates laterally across its allu-
vial floodplain new water bodies are formed
as channel segments are abandoned, whereas
previously abandoned water bodies are reju-

venated as flood waters reconnect them to the
channel. The biotic communities that charac-
terize the different types floodplain water
bodies reflect the degree of hydrological con-
nectivity and associated rate of succession
(Castella et al. 1984; Copp 1989). A diversity
of aquatic habitats and biotic communities,
therefore, typifies unconstrained alluvial river
systems with natural flood regimes.

The role of natural disturbance in maintain-
ing a successional mosaic of riparian plant
communities is well documented in uncon-
strained river systems (e.g. Salo et al. 1986;
Terborgh & Petren 1991; Naiman & Décamps
1997). A diversity of stand types of different
age structure occur across the riverine land-
scape. The erosive action of flooding simulta-
neously deposits alluvium in some locations,
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thereby initiating primary succession, and un-
dercuts mature stands in other locations. The
interactions between riparian vegetation and
island dynamics have, however, received little
attention, no doubt partly because the distur-
bance regimes that form islands have been all
but eliminated from managed rivers (Ward et
al. 1999b).

LARGE WOODY DEBRIS

It is increasingly recognised that large woody
debris (LWD) is an extremely important factor
structuring the morphology and ecology of riv-
ers (Harmon et al. 1986; Maser ef al. 1988;
Bilby & Ward 1991; Gregory & Davis 1992;
Gurnell et al. 1995; Edwards ef al,, in press;
Kollmann et al,, in press). Particularly convinc-
ing are historical studies which demonstrate
the effects of removing or reducing the supply
of LWD. For example, in the Willamette River
in Oregon, the large quantities of woody debris
present in the 19th century helped to create
and maintain shoals, multiple channels, oxbow
lakes, and complex aquatic habitats at the out-
side bends of the rivers (Sedell & Froggatt
1984). After eighty years of snag removal,
much of this diversity of habitat has been lost
and there now exists one main channel, and
the river shoreline is less than one quarter of
the length that it was formerly.

Recent work has shown that LWD depos-
ited in the active channel and floodplain cre-
ates conditions suitable for plant colonization
in an otherwise inhospitable alluvial environ-
ment (Sedell et al. 1988; Fetherston et al.
1995; Hering & Reich 1997). Abbe &
Montgomery (1996) showed how jams of
LWD on gravel bars in the Queets River of
the Olympic Peninsula in northwest Washing-
ton lead to the development of vegetation.
For example, they describe bar apex jams
which “are associated with a crescentic pool,
an upstream arcuate bar and a downstream

central bar that is the focus of forest patch de-
velopment”. Similarly, Fetherston et al. (1995)
showed how LWD in montane rivers of the
Pacific Northwest provides sites for vegeta-
tion colonization and forest island growth. Is-
lands thus formed may grow in size through
the accumulation of LWD and coalesce with
other islands to form a larger forested flood-
plain mosaic.

Study area Fiume “Tagliamento”

The Fiume Tagliamento is considered the
“last large natural alpine river in Europe”
(Martinet & Dubost 1992; Miiller 1995; Ward
et al. 1999b) and can, therefore, serve as a
model river ecosystem for the Alps. The river
traverses a course of 172 km from its headwa-
ters in the Italian Alps to the Adriatic Sea. Its
headwaters are situated in the limestone Alps
of northern Italy, from which it flows un-
impeded by high dams to the Adriatic Sea,
traversing an idealized sequence of con-
strained, braided, and meandering reaches.
The Tagliamento has a flashy pluvio-nival re-
gime (mean Q = 109 m’s”, with flood flows
up to 4000 m’s™). Vegetated islands comprise
8.5%, surface water 17% (at mean water
level), and exposed gravel devoid of woody
plants 75% of the area of the active floodplain
(Ward et al. 1999b). The river is not entirely
without human impact however. Water is ab-
stracted from some locations and in the last
few kilometres near the sea the channel is
constrained by embankments. Nonetheless,
the Tagliamento retains an essentially pristine
character, with a highly complex channel
morphology structured by a dynamic hydro-
logical regime. In addition, the Tagliamento
provides an immense river corridor, covering
an area of about 150 km’ connecting the
Mediterranean with the Alps; for more de-
tailed information see Tockner et al. (in press).
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Fig. 2. Main study area of the project at the Tagliamento near Pinzano (August 1997, photo: J. Kollmann,).

Preliminary work on the Tagliamento led
us to develop a six-reach model, islands being
a prominent feature of three of the reach
types. Island are most numerous in the area
up- and downstream of Pinzano where the
main study site of the present project is lo-
cated (Fig. 2).

Salicaceae as ecosystem engineers

Following an exceptionally high flood on the
River Tagliamento in autumn 1996, we ob-
served the first stages of plant colonization
and succession (Edwards et al,, in press). Af-
ter the flood thousands of trees lay scattered
over the floodplain. The larger of these trees
had a very marked influence on the local
deposition of sediments and smaller organic
debris. They usually lay with their root plate
facing in an upstream direction and the gravel
of the bar was deeply scoured to form a cres-
cent-shaped depression upstream and to the
sides of the root mass. The root plates
trapped large amounts of plant material and
other debris. Plant material including smaller
trees was also deposited along the sides of a
large tree or became tangled in the branches.
A ridge of sediment was deposited over the
gravel bar in a long plume downstream of the

root plate, and the trunk and branches were
usually partially, and sometimes completely,
buried. These trees deposited on the
floodplain, together with the sediment and
plant debris they trap, represent potential new
vegetated islands.

As a result of field work during 1997 we de-
veloped a conceptual model to describe the
vegetation dynamics as observed on the ac-
tive floodplain of the Tagliamento (Edwards et
al., in press; A.M. Gurnell, unpubl. results).
Vegetated islands are built up of LWD, other
organic material and sediments transported
from further upstream during flood events.
Rapid regrowth from uprooted trees stranded
on the floodplain is particularly important at
the early stages of island development. Islands
may also be eroded, particularly by lateral
channel erosion, and the materials reincorpo-
rated into new islands downstream. Indeed,
this cyclical process is influenced by the is-
lands themselves, since the process of vegeta-
tion development leads to progressive chan-
nel narrowing (Friedman et al. 1996), and thus
an increased intensity of erosion.

In the environment of the active floodplain,
the Salicaceae show themselves uniquely
equipped to flourish; they are “invaders”, “en-
durers” and “resisters” sensu Naiman &
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Décamps (1997). Thus the islands of the
Tagliamento are dominated by five willow
species (Salix alba, S. daphnoides, S. elae-
agnos, S. purpurea, S. triandra) and by poplar
(Populus nigra), and these species play a cru-
cial role in island dynamics. In fact, the
Salicaceae occur as the dominant pioneer
trees on floodplains throughout the world
(e.g. Nanson & Beach 1977; Dionigi et al.
1985; Schnitzler et al. 1992; Décamps 1996).
More than any other group of temperate
trees, they exhibit the capacity for rapid shoot
growth, even from exposed logs (e.g. Houle &
Babeux 1993). These shoots are very flexible
and are not easily broken by flood waters or
pieces of floating debris. Perhaps even more
important, these species produce roots very
rapidly from branches and trunks, and these
roots can reach a considerable depth in coarse
gravel substrates. Busch er al. (1992) demon-
strated that Populus and Salix could take up
groundwater even when this was at a depth of
33 m

Jones et al. (1994) have defined ecosystem
engineers as “organisms that directly or indi-
rectly modulate the availability of resources
to other species, by causing physical state
changes in biotic or abiotic materials. In do-
ing so they modify, maintain, and create habi-
tats”. The role of the Salicaceae in accumulat-
ing sediments and LWD to form islands is an
example of ecosystem engineering. Accord-
ing to the classification of Jones et al. (1994)
they act as autogenic engineers because the
plant structures themselves alter the environ-
mental conditions through trapping sediment
and organic debris.

Island dynamics and biodiversity

An important effect of vegetation is to create
habitats of much greater stability than would
otherwise exist on the floodplain. Aerial pho-

tographs show that at the upstream end of a
large island complex, the vegetation is often
highly dissected, since the apex receives the
full impact of flood waters and erosive forces
are thus most intense (Kollmann et al, in
press). There is a high probability that devel-
oping vegetation in this part of the island
complex will be washed away or covered by
shingle, and much of the vegetation is
successionally young. In contrast, the tail of
an island complex is sheltered, and provides
sites of greater stability. This is one way in
which the islands help to provide a diversity
of habitats.

In temperate areas, 66% of the continental
extinctions are aquatic taxa (Denny 1994).
This emphasizes the exceptional sensitivity of
freshwater and in particular riverine and
wetland ecosystems to external pressures, for
they behave like biogeographical islands
(Allan & Flecker 1993; UNEP 1995; Ward
1998). In order to effectively manage and re-
store riverine floodplains it is essential to un-
derstand how patterns of diversity are gener-
ated and maintained across the alluvial land-
scape. A hierarchical approach has been ap-
plied to specific groups of aquatic organisms
in the Danube River basin at the following
levels: catchment, floodplain complex, flood-
plain, water body and habitat patch (Ward et
al. 1999¢). The Danube River is, however,
highly regulated with only remnants of its pre-
vious structural complexity and functional in-
tegrity (Tockner er al. 1998). For example,
from a total of over 2000 islands in the 350
km section of the Austrian Danube, only six
islands remain.

In the natural state, riverine floodplains are
disturbance-dominated ecosystems charac-
terized by high levels of habitat diversity and
highly diverse biota adapted to the spatio-
temporal heterogeneity (Welcomme 1979;
Salo et al. 1986; Junk er al. 1989; Mitsch &
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Preliminary field
surveys (1997/98)

GIS-based topographic
surveys (1997/98)

Hydrogeomormhological
surveys (1998)

.

~

Island dynamics: willows as
cosystem englneers (PhD 1)

Island dynamics: aquatic
biodiversity (PhD 2)

Island dynamics: ecosystem
processes (PhD 3)

Fig. 3. Structure of the research plan on island dvnamics and its consequences for biodiversity in the River

Tagliamento.

Gosselink 1993; Décamps 1996). Ecotones,
connectivity, and succession, all of which are
sustained by disturbance, play major roles in
structuring the heterogeneity of habitats lead-
ing to high biodiversity levels (Lachavanne &
Juge 1997; Ward et al. 1999¢). The contribu-
tion of island dynamics to the processes lead-
ing to high levels of biodiversity have been al-
most totally ignored by aquatic ecologists
(Thorp 1992). Figure 1, based on our prelimi-
nary work on the Tagliamento (Ward ef al.
1999b), is presented as a hypothesis of the in-
teractions that form riverine islands, and
thereby sustain biodiversity. Managed rivers
typically lack all three attributes — a natural
flood regime, an unconstrained channel, and
a source of large woody debris — that we be-
lieve to be necessary for island formation.

Structure of the project

The structure of the proposed research is sum-
marized in Fig. 3. It draws upon extensive pre-
liminary data which were gathered during our
field surveys (Ward et al. 1999a,b), on GIS
analysis of aerial photographs and maps
(Kollmann et al, in press), and on the work of

our collaborators in the UK who have concen-
trated on hydrogeomorphological aspects
(Gurnell ef al,, in press). The research consists
of three independent but cooperating PhD
projects. One PhD student, Sophie Karren-
berg, will focus on the processes of island dy-
namics and in particular the role of Salicaceae
as ecosystem engineers. The second study, by
Luana Bottinelli, is concerned with the central
role of islands in maintaining habitat heteroge-
neity and biodiversity across the riverine land-
scape. The third project, to be conducted by
Dimitry van der Nat, will concentrate on eco-
system processes and in particular on the role
of islands in producing, retaining and trans-
forming organic matter.

ISLAND DYNAMICS: WILLOWS AS ECOSYS-
TEM ENGINEERS (PHD PROJECT SOPHIE
KARRENBERG)

This project will investigate the effects of eco-
system engineering by Salicaceae (Salix alba,
S. daphnoides, S. elaeagnos, S. purpurea, S.
triandra, Populus nigra) on sedimentation and
erosion, deposition of LWD, groundwater ta-
ble, and microclimate, i.e. the creation of
habitats.
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The overall research hypotheses are the fol-
lowing:

1. The six Salicaceae occupy distinct niches
in the active zone of the river (cf.
Schnitzler et al. 1992) and therefore play
different roles in maintaining island dy-
namics.

2. The six Salicaceae differ in their regenera-
tion niches (cf. Krasny ef al. 1988; Niiya-
ma 1990; van Splunder et al. 1995, 1996).
Vegetative propagation is much more ef-
fective than generative regeneration for es-

 tablishment on coarse sediment in a brai-
ded river.

3. The Salicaceae play a crucial role in island
development through accumulating sedi-
ment and LWD, and thus creating condi-
tions of greater stability. The study species
differ in their biophysical characteristics
and their ability to withstand disturbance
(cf. Speck 1994; Oplatka & Sutherland
1995), and these differences reflect the
niches they occupy.

These questions will be investigated by de-
scriptive surveys in the field, by experiments
under field conditions and by experiments in
controlled environments. Although the main
focus will be on the comparative ecology of
the various willow species, we are also inter-
ested in the range of variation that exists
within species. Our sampling of plant material
will be designed to investigate intra- as well as
interspecific differences.

ISLAND DYNAMICS: AQUATIC
BIODIVERSITY (PHD PROJECT LUANA
BOTTINELLI)

This project is concerned with the diversi-
ty of aquatic habitat conditions generated
through island dynamics, and the species di-

versity thereby supported. Aquatic biodiver-
sity patterns will be studied at two different
spatial scales: (i) reach-scale, which includes a
direct comparison between island- and bar-
braided segments; (ii) island-scale, which di-
rectly compares vegetated islands and gravel
bars.

The overall research hypotheses are the fol-
lowing:

1. Islands increase habitat heterogeneity
both at the reach and at the island/bar
scales.

2. Islands play a key role in sustaining bio-
diversity of aquatic invertebrates.

3. Islands create refugia for aquatic inverte-
brates that enhance the persistence of spe-
cies in an expanding and contracting envi-
ronment.

Habitat heterogeneity (structural diversity),
connectivity and fluvial dynamics are the key
factors determining biodiversity patterns and
ecosystem processes (e.g. organic matter dy-
namics) in the river-floodplain complex.
Therefore, the investigation of habitat diver-
sity is an integral part of the research of the
projects 2 and 3.

The multiplicity of species diversity cur-
ves at different hierarchical levels (different
groups peak in different habitats) make flood-
plains important foci of biodiversity (Ward
1998). Therefore, we will use the framework
proposed by Ward et al. (1999¢) to examine
diversity patterns across scales. Species turn-
over between habitats (beta diversity) has
largely been ignored in the analyses of bio-
diversity patterns (Harrison et al. 1992; Black-
burn & Gaston 1996), especially in freshwater
ecosystems (Ward et al. 1999c). However,
Blackburn & Gaston (1996) propose beta di-
versity as a useful indicator of ecological in-
tegrity.
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Macrocrustaceans (Amphipoda, Isopoda)
and aquatic insects (Ephemeroptera, Trichop-
tera, Chironomidae) are taken as indicator
taxa for estimating species diversity and eco-
logical integrity. These are the dominant
benthic groups in the Tagliamento River
(Provincia di Udine 1997) and each of these
assemblages provides distinctive information
about ecosystem structure and function
(Schiemer 1994; Dahm et al. 1995; van den
Brink et al. 1996). Because of the major role
played by temperature in structuring aquatic
macroinvertebrate assemblages (e.g. Ward &
Stanford 1982; Ward 1985; Sweeney et al
1992; Hawkins ef al. 1997), special attention
will be given to the relationship between habi-
tat-specific differences in the temperature re-
gime and biodiversity patterns.

Townsend et al. (1997) state that the preser-
vation and restoration of natural and diverse
riverine ' communities depend on protecting
refugia. Refugia, which lessen the effects of dis-
turbance, have been postulated to exist at vari-
ous spatial scales (Sedell ef al. 1990; Lancaster
& Hildrew 1993; Townsend & Hildrew 1994),
but their availability and use by aquatic inverte-
brates of floodplain rivers have received little
attention. The presence of a range of refugia,
each likely to be used by different sets of spe-
cies, is thought to be responsible for the high
resilience of natural riverine ecosystems and
are fundamental for maintaining biodiversity.
Most experimental work has examined refugia
at the scale of individual patches within the
main channel (within-habitat refugia, e.g.
Winterbottom et al. 1997). In floodplains, dis-
persal-mediated exchange between different
channel types are thought to be the key proc-
esses in determining metapopulation structure
(sensu Hanski & Gilpin 1997) and species di-
versity. We propose that at the reach-scale
refugia from high and low flows may be pro-
vided by island-created habitats.

ISLAND DYNAMICS: ECOSYSTEM PROCESSES
(PHD PROJECT DIMITRY VAN DER NAT)

This project is concerned with the influence
of islands upon ecosystem level processes,
and in particular the supply and processing of
organic matter for the aquatic community. In
the island-braided section of the Tagliamento
River up to 38% of the active floodplain is
covered by vegetated islands. A high peri-
meter-to-area ratio enhances interactions bet-
ween the riparian zone and the floodplain
(Polis et al. 1997) and thus islands represent
an important source of organic matter for
aquatic organisms which process this mate-
rial.

The overall research hypotheses are the fol-
lowing:

1. Islands serve as riparian ecotones within
the active plain and are important sources,
sinks and transformers of organic matter.

Islands are postulated to supply large quanti-

ties of bioavailable organic matter in alluvial

ecosystems. They are seen as natural “diffus-
ers” that release labile organic matter and nu-
trients, supplying high-quality food for terres-
trial, benthic and groundwater communities
and thus enhancing instream primary pro-
ductivity (cf. Naiman & Décamps 1997).

2. Islands enhance the retention of particu-
late organic matter at the reach scale and
at the island scale. Island-formed habitats
(backwaters, bays, scour pools) are im-
portant instream retention zones (Thorp
& Delong 1994).

Retention of particulate and dissolved organic

matter and nutrients is a major determinant of

food availability to stream biota (Lamberti et
al. 1989). Floodplains and floodplain waters
are thought to be highly retentive systems, but
the role of islands in retention of organic mat-

Bulletin of the Geobotanical Institute ETH, 65, 73-86

81



ISLAND DYNAMICS AND BIODIVERSITY IN AN ALPINE RIVER SYSTEM

ter has not been investigated. Temporary re-
tention of litter on the floodplain may pro-
mote a more efficient recycling of organic
matter within the river system (Mayack et al.
1989).

3. The diversity of willow species of different
ages resulting from island dynamics pro-
vide a wide range of decomposition rates
of leaf litter. Decomposition of leaf litter
reflects position along the inundation gra-
dient.

Islands and bars are frequently associated

with backwaters. The aggregate effect of these

transient storage zones or “dead zones” is to
delay the downstream passage of solutes and
suspensoids (Reynolds & Carling 1991). The
water exchange rate between these dead
zones and the main flow, although thought to
be a key functional process, is virtually unin-
vestigated (Bencala & Waters 1983; Tipping et

al. 1993).

Decomposition rates of willow leaves are
species-specific and depend on the age of the
plant. Leaves of young willow shrubs contain
higher nitrogen and phosphorus contents
and, therefore, decomposition might be
faster. There is also evidence that the change
between terrestrial and aquatic phases accel-
erates the decomposition of organic material
(Polunin 1984; Chauvet 1988; Junk er al
1989; Xiong & Nilsson 1997). We suggest that
island dynamics promote functional diversity.

Final remarks

Losses of biodiversity in Swiss riverine eco-
systems have been severe (Gallandat er al
1993), since more than 90% of the Alpine riv-
ers are regulated. Recently, the aim of nature
conservation authorities has been to restore
riverine ecosystems (see Briilisauer & Klotzli
1998). However, a review of the current litera-

ture shows that many restoration measures in
European rivers have failed because of the
limited knowledge about natural systems.
Since in Switzerland virtually no undisturbed
large Alpine river is left (with exception of
some fragments), we decided to investigate
the River Tagliamento in NE-Italy, the last
“undisturbed” large river in the Alps, and one
of the last unregulated rivers in Europe. The
results of this study will help to understand
the mechanisms and the importance of island
dynamics in river systems. This knowledge
should be incorporated in future manage-
ment plans.
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