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FOREWORD

This presentation marks the formal conclusion of a number of research projects known
collectively as the “Biotope Adjustment Programme.” The programme began in 1985 as the
result of an initiative taken by the Environmental Section of the Norwegian Water Resources
and Energy Administration (NVE), which has also coordinated and supervised the
programme. The programme is a sequel to the “Weir Project”, concluded in 1983 after
nearly 10 years of scientific investigations.

This publication was orginally written in Norwegian, as were many of the scientific
reports. In order to make the material available to a wider audience, we have decided
undertake an English translation. The main text is largely unaltered, but we have excluded
many of the citations to Norwegian reports, where possible replacing them with papers
written in English. However, much of the detailed literature remains in Norwegian, although
most reports do have an English summary. A selection of the these Norwegian sources is
given at the end of the report.

Hydropower development is not the only factor that influences the aquatic environment.
Road construction, landfills and other human encroachments also have a serious impact.
Moreover, embankments and other measures initially intended to reduce or prevent flood
damage and/or erosion along watercourses can have adverse effects on the environment. It
was therefore important for NVE to identify measures and approaches that would minimise
the environmental damage caused by flood protection measures.

This publication is based on a number of projects financed in whole or in part by NVE,
thanks to funding received from the Hydropower Licencing Fee Fund. The material has been
taken from reports published in the Biotope Adjustment Programme series and in various
national and international scientific journals.

The Biotope Adjustment Programme has also provided support for and participated
in a number of other research programmes and projects. For example, substantial
support was provided for a programme designed to improve conditions for fish in rivers
and streams, conducted under the auspices of the Research Council of Norway. The
final report from that programme has been published in book form in Norwegian.

Further, the Biotope Adjustment Programme contributed scientifically and financially

to the “Salmon improvement project in the river, Suldalsligen”, implemented by

Statkraft Engineering. The Biotope Adjustment Programme also supported a NIVA

(the Norwegian Institute for Water Research) project aimed at combating Canadian
pondweed in the large lake, Tyrifjord. The final report is available as a separate publication
in the NIVA series.

The goal of this report is to provide information about the experiments that have been
carried out, and about the positive and negative experience gained from biotope adjustment
measures so far. The report has been written for people who are interested in fishery
management and freshwater biology, as well as for individuals who work with environmental
questions relating to freshwaters.

We have tried to describe the effects of the individual remedial measures. Consequently,
the results may be the collective efforts of several different projects and authors. Where
necessary, contributors have supplemented programme results with knowledge from other
sources. Although this presentation is not annotated, references to relevant reports and
articles are provided at the end of the report.




The state of man’s current knowledge about the consequences of watercourse regulation
was the theme of an important conference organised jointly by NVE and the Water Systems
Management Association in Bergen in the spring of 1993. The results were published in
“Watercourse encroachments: consequences and remedial measures - a summary of our
knowledge,” published as No. 13 in the NVE report series (Faugli et al. 1993). This report,
written in Norwegian, contains more details regarding the impact of various human activities
on rivers and streams.

The research results that comprise the core of this publication are the work of individual
scientists. They deserve a large part of the credit for the final result.

This report was written by Jon Atle Eie. Jon Arne Eie headed the project from its
beginning until 1993, and John Brittain has served as project co-ordinator and edited the
English version. Most of the pictures and illustrations have been taken from NVE’s extensive
slide archives, although some were borrowed from other sources. Jan Henning I'Abée-Lund
also provided valuable assistance and advice, while the Norwegian text was translated into

English by Linda Sivesind.

Haavard Osthagen
Section Manager,
Environmental Section




SUMMARY

This report is a synthesis of the results derived from a vast array of studies conducted under
the auspices of NVE’s Biotope Adjustment Programme. The term ‘biotope adjustment’ refers
to goal-oriented remedial measures designed to develop or promote the establishment of
optimal habitats, often to improve conditions for specific species or groups of organisms.
Attempts were made to identify practical measures that require a minimum of maintenance
and which, not least, promote natural processes. The projects were conducted by scientists at
the universities of Oslo, Bergen and Trondheim, the Agricultural University of Norway, the
Norwegian Institute for Nature Research (NINA) and the Norwegian Institute for Water
Research (NIVA).

Following two introductory chapters, chapter 3 gives a brief description of the effects of
hydropower development on life in regulated reservoirs and rivers. The drawdown zones in
power plant reservoirs vary from a few metres in most of the large lowland lakes to 100
metres or more in some of the highland reservoirs. The shore zone is the most productive
parts of lakes, and drawdowns of more than 5-6 metres will generally impede biodiversity
and reduce the production of food organisms for fish. The brown trout, Salmo trutta, is the
species of fish that suffers most under such conditions.

Hydrological conditions, such as flow, velocity, temperature, ice conditions and sediment
transportation, are altered in regulated rivers. Regulation affects water flow in a variety of
ways. In the case of older regulation projects, riverbeds may even be dry for large parts of
the year. More recent regulation projects always ensure a guaranteed minimum water flow.
However, temperature changes also have a major effect on flora and fauna. Temperatures rise
in streams from which melt water is diverted, then drop in the summer months in streams
that receive increased discharge.

Chapter 4 is mainly about the habitat requirements of brown trout. One of the objectives
of biotope adjustment measures is to identify factors that limit production. For fish, the
main limiting factors include water quality, water temperature, food supply and access to
spawning and rearing areas. Riverbed conditions are closely related to water velocity, for
instance in rapids, the substratum will consist of boulders and coarse gravel, while it will
consist of more finely grained particles in calmer waters.

Different sizes of fish prefer different water velocities. Young brown trout prefer shallow
stretches of river that feature relatively slow water velocities, 10-30 cm/second. In larger
rivers, young fish live along the banks, while larger, older fish prefer deeper, faster flowing
waters further out in the river. The lack of deep pools in regulated rivers may limit the
number of large fish they can support.

Atlantic salmon Sal/mo salar, and brown trout prefer areas where they can find cover. Both
are territorial, and access to a larger number of hiding places means more territories. Com-
mon hiding places include shoreline vegetation that hangs out into the river, undercut river-
banks, aquatic vegetation, roots, tree trunks and piles of rocks. The cavities between rocks are
especially important for young fish.

In the wintertime, large and small brown trout demonstrate different diurnal behaviour
patterns, that is they act differently during the day and at night. When the temperature falls
to about 5 °C, small fish spend their days taking refuge in cavities between rocks and in deep,
slow-flowing areas where they stop and rest. However, the small fish behave differently at
night, leaving their shelters and becoming more active.




Chapter 5 reports on the various remedial measures tested in reservoirs. The objective
of one of the experiments was to establish vegetation in the shore zone both for aesthetic
reasons and to promote the production of fish and other organisms. The area was fertilised
and scientists planted species they believed would tolerate the harsh conditions in the
drawdown zone. Finely grained substrate (rooting medium) has to be available in the shore
zone if plants are to survive. It is also necessary to implement erosion prevention measures.
The experiments showed that it is extremely difficult to get vegetation to grow on the shores
of reservoirs that have large drawdown zones.

A weir was built to isolate an arm of the Innerdal Reservoir in central Norway from the
rest of the lake. Thus, lowering the water level in the reservoir did not affect the weir basin.
The weir basin proved favourable for fish production as well as for bird life, in particular.

As a supplement to fish stocking, some experiments were also targeted at improving natural
recruitment conditions in small streams that flow into reservoirs.

Chapter 6 deals with biotope adjustment measures in rivers and streams. Extensive
channelization was performed in a wetland area, Lesjaleirene, in central southern Norway
during the late 1970s to safeguard farm land. In 1990 “islands” of coarse rock were spread
out across the river and along the banks. These man-made islands had a beneficial effect on
the density and diversity of the benthic fauna, as well as on the fish. Young-of-the-year fish
have been observed in the interstices between the rocks, suggesting that brown trout are
spawning there.

In times past, many of the rivers used for logging were cleared of large rocks and other
obstacles. Boulders were therefore removed in several of the old logging rivers, deep pools
were dug and artificial embankments were built. One good example of this is at Letjenna,
near Elverum in south-eastern Norway. The riverbed was also narrowed in the reach between
the pools to increase water velocity. These remedial measures led to a tripling of fish density.

In the river, Ekso, in western Norway, the use of hatching boxes to stock fertilised Atlantic
salmon eggs from indigenous populations met with success.

Weirs are commonly used to maintain water levels in regulated rivers in which the water
flow has been reduced. Altogether, more than 1000 weirs made of wood, concrete or rocks
and gravel have been constructed in Norwegian rivers. Embankment weirs are the most
common type. Weirs increase water retention in rivers with reduced water flow. A large part
of the nutrients that come into weir basins drift in as dead organic matter (allochthonous
input). Weirs delay the flushing out of this material, which is an important source of food for
benthic organisms.

As water velocity decreases and sedimentation increases, there is a succession in the species
of benthic fauna that live in weir basins. The fauna eventually comprises a selection of species
adapted to lentic waters. The benthic biomass increases rapidly. Experiments have shown
that alternating stretches of riffles and weir basins creates greater biodiversity than riffles or
rapids alone.

Weirs generally have a positive effect on fish production, but it is important that they not
impede migration. “Syvde” weirs are the most commonly used design in salmon and sea
trout (anadromous brown trout) rivers. These weirs have long ‘wings’, while the middle is
slightly recessed to allow salmon to pass over easily. In addition, pools are excavated just
below the weir basins. Investigations indicate that brown trout dominate in the weir basins,




while Adlantic salmon show the greatest density in the outlying riffles. However, weir-build-
ing does favour species such as perch, minnows and pike in areas with little water flow.
Weirs also appear to be beneficial for ducks and waders.

Weirs are relatively expensive structures. In larger rivers, costs vary from NOK 1 000 to
NOK 4 000 per metre. However, costs are closely related to the height of the weirs and
access to rock. In connection with hydropower development projects, the authorities are
empowered to order regulators to build weirs or to implement other biotope adjustment
measures.

Chapter 7 deals with wetland reclamation measures involving drainage to increase farm
land. In the Bygd Delta of Myrkdalsvatn, in the Vosso River of western Norway, scientists
monitored the development of vegetation, benthic fauna and birds on the excavated areas
and man-made islands for several years. Vegetation quickly took root on the denuded areas
and changed radically in the early years. It took four years to establish vegetation zones that
were largely similar to those that prevailed prior to drainage.

The benthic fauna also changed as time passed. Bird life was reduced after drainage,
but new species moved in as plants and insects returned. The construction of earthworks,
channels and islets ensured the preservation of important wetlands for birds. The islets were
increasingly used for foraging. By building small weirs in the many small channels made in
the Lesjaleirene, the accessible water surface area was increased. This made the channels
attractive to a wider variety of water birds. Studies in the Soya River, western Norway,
showed that when conditions changed radically as a result of cultivation or the removal of
riparian woodlands, it was not possible to maintain a favourable habitat for birds.

Chapter 8 explains the Norwegian administrative and legal proceedures for implementing
various biotope adjustment measures in watercourses.
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A “Syvde” weir in the river, Lerdalselva
(photo: Pal Mellquist).

The Biotope Adjustment Programme

The term “biotope adjustment” refers to goal-
oriented measures aimed at developing or promoting
the establishment of habitats to improve living
conditions for the species or groups of organisms one
wishes to encourage. For example, to promote species
such as brown trout and Adantic salmon, two of
Norway’s most important species of fish, remedial
measures must be directed at all stages of their life
cycles.

In connection with major encroachments, it is
virtually impossible to maintain the natural state or
return an area to its pre-encroachment condition.
Thus objectives and user interests must be ranked by
priority or user interests, then adapted to the relevant
stretches of river. In many cases, the goal is to maintain
natural biodiversity and reduce the detrimental effects
of various technical encroachments. Traditionally,
Norwegian scientists have assigned the highest priority
to improving conditions for fish.

The Biotope Adjustment Programme is a research
and development programme aimed at identifying
practical remedial measures. The programme is
based on the assumption that the measures had to be
technically feasible, preferably requiring little or no
maintenance, and, not least, that they should promote
natural processes. The programme was also based
partly on existing knowledge of various organisms’
environmental requirements and partly on the acquisi-
tion of new knowledge.

In Norway, all administrative agencies are in
charge of environmental protection within their own
sphere of responsibility. NVE was well aware of its
responsibility in this respect long before the concept
was incorporated into the political agenda. The
Biotope Adjustment Programme commenced in 1985
as a sequel to NVE’s Weir Project, which began as
early as 1973.




Norway features well-diversified ecosystems in and
along a number of different types of watercourses.
These sites are home to a variety of plants and animals,
and we are responsible for preserving these species for
future generations. For example, more than 60 species
of higher aquatic plants have been registered in
Norway. These form a substrate for bacteria, fungi,
algae and certain species of invertebrates. The plants
are also important sources of food and shelter for a

Reindeer in Heimdalen, Valdres
(photo: John E. Brittain).

The biodiversity of lakes and rivers

number of animals, including larvae, adult insects and
other invertebrates. These, in turn, provide sustenance
for other animals such as fish and birds.

Invertebrates comprise a large group that includes
an abundance of species. At a rough estimate, Norway
has about 3000 different species of invertebrates living
in its freshwater habitats. Insect groups such as caddis
flies, mayflies, stoneflies and midges often dominate,
although other groups such as freshwater mussels and
water mites may also be well represented. Invertebrates
that live on and in riverbeds are crucial to the
utilisation and metabolism of organic matter. They are
also an important link in many food chains, and they
are particularly important as food organisms for fish.
Densities from 5000 to 30 000 individuals per m? are
usual, although the figures vary widely.

Norway has relatively few species of freshwater fish,
not more than 40 altogether, only five or six of which
are found throughout most of the country.

In economic terms, the Atlantic salmon is the most
valuable fish in Norway’s coastal watercourses, but it
has been hard hit by the activities of man. At one time,
salmon used to occurred naturally in approximately
600 Norwegian rivers. Today, however, salmon stocks
are extinct or endangered in 91 of these rivers. Reasons
include acid precipitation, the salmon parasite,
Gyrodactylus salaris, hydropower development and
numerous other types of watercourse encroachments.
Fish that escape from fish farms represent a growing
threat of genetic pollution. The brown trout is found
all over the country and is a favourite with anglers.

The diversity of Norway’s riverine habitats has
made it possible for a large number of bird species to
establish viable populations. Sixty to 70 of the more
than 250 species of birds observed nesting in Norway
rely on freshwater ecosystems to a greater or lesser
extent.




m Watercourse encroachments
1 through the ages

For centuries, rivers have been essential for the trans-
portation of logs and the provision of power. Norway’s
waterways were also vital traffic arteries, and they have
provided in the form of fish. Yet rivers have also posed
a threat to life and settlement, as floods and erosion
have wreaked serious damage on farmlands and other
areas.

Thus man has exploited the rivers, while trying to
protect himself against the dangers and threats the
rivers represent. To facilitate logging activities, people
built dams so they could increase the water flow of
water in the rivers when needed. Many riverbeds were
cleared of boulders and other obstacles to facilitate the
transport of logs. This caused rivers to lose much of
their diversity, putting an end to many favourable
spawning grounds and fish habitats.

Over the past 50 years, the natural terrain around
Norwegian watercourses has been modified signifi-
cantly through lowering of lake and river levels,
drainage, cultivation, channelization, etc., to prevent
flood damage on cultivated fields and/or to reclaim
new agricultural land. Encroachments have modified
water velocities and the transport of sediments, reduc-
ing the danger of flooding. At the same time, these
activities have led to removal or modification of
riparian vegetation. The encroachments have probably
also affected benthic fauna. Spawning and rearing
conditions for fish have certainly been affected, and
there is less wetland area available to birds, etc. Many
watercourses have also deteriorated as a result of road
construction and the establishment of industrial and
residential zones. Moreover, rivers are susceptible to
pollution from agricultural activities, traffic, human
settlement and acid precipitation.

Watercourse encroachments

Sand and gravel from the rivers have always been
important resources. Pressures on these resources have
increased considerably in recent decades, yet extracting
gravel from rivers can have a strong adverse impact on
the environment. We have examples of how riverbeds
have been lowered right down to the underlying clay
sediment, reducing water quality and entailing serious
biological consequences.

Any measure to which a watercourse is subjected,
be it channelization, reinforcement, the removal of
water or gravel, regulation, road construction, etc., will
affect hydrological and biological processes alike.
Whether the effects are considered positive or negative
depends largely on the “user group”. Most measures
aim at a particular objective. If that objective is
achieved, the result is considered positive. Yet that
same measure may entail adverse effects for others.
Anthropogenic activities often reduce biodiversity in
the ecosystem as a whole.

Reduced biodiversity usually means that species,
that require very particular ecological conditions to
survive, will loose ground in the face of competition
from species with broader tolerances and a greater
potential for reproduction. One of the primary
political objectives of sound nature management today
is to preserve biodiversity. This objective can be
achieved by maintaining a large variety of biotopes or
niches. Among the most important reasons for
protecting biodiversity is the need to ensure genetic
variation. This may potentially benefit mankind
as it leaves the door open to the discovery of new
medicines and useful plants that will prove useful
There are also strong ethical groundreasons for not
causing species to become extinct.




A™  The effects of hydropower
development

d

3.2.1 Hydropower reservoirs

Power station reservoirs represent major encroach-
ments in Norwegian lakes, rivers and alpine
ecosystems. Norway currently has about 800 power
plant reservoirs, accounting for a total of roughly
40 per cent of the area covered by freshwater.

The scope of watercourse regulation varies from
drawdown zones of a few metres, as is the case in most
of the large lakes in eastern Norway, to 100 metres or
more in a few of the more extreme cases involving
mountain reservoirs. Generally, the establishment of
reservoirs with a drawdown zones of more than five or
six metres will reduce biodiversity. Most of the more
recent reservoirs are located in the mountains, where
the drawdown zones are greatest.

The littoral or shore zone is the most productive
area of a lake and features the greatest abundance of
species. In regulated watercourses, all or part of the
shore zone is dry for shorter or longer periods of time,
and water level rhythms are different from those that
occur in natural lakes. The annual raising and
lowering of the water level causes fine material to be

The shore zone along the hydropower reservoir,
Pélsbufjorden on 20 July 1996 (photo: Jan Henning L 'Abée-Lund).

washed away from the shore zone and deposited in
deeper water.

In regulated watercourses, flowering plants will
eventually disappear from the shore zone due to
descication and erosion. This in turn limits the
production of periphyton and benthic fauna, reducing
their availability as food organisms for fish and birds.
The trout is the species of fish most severely affected,
as it mainly lives on a diet of benthic fauna. The
impact is less severe on Arctic char (Salvelinus alpinus)
and whitefish (Coregonus lavaretus), which feed more
more on zooplankton. The adverse effects of shore
zone destruction are particularly pronounced in alpine
lakes where production is usually considerably higher
in the shore zone than the open waters.

The regulation of lakes and watercourses can also
affect bird life. Of the 60 to 70 species found in
Norway’s freshwater ecosystems, 27 are classified as
endangered, threatened, rare or of uncertain status.
Some of these species have such narrow distribution
that hydropower development rarely causes a problem
for them. Other species which are in no way
endangered may, on the other hand, be strongly
affected. This is especially true of loons, most ducks,
swans, swallows, wagtails and dippers. As for waders,
their living conditions are strongly affected when fairly
large wetland areas are submerged as a result of

hydropower development. However, intake reservoirs




with fairly stable water levels can have a positive effect

on bird life.

Hydropower development affects hydrological
conditions such as water level, water velocity, water
temperature, ice conditions and sediment transport.
Channelization, drainage, obstacle removal and
hydropower development have entailed major and
minor changes in the habitats of plants and animals
that live in or near watercourses. Depending on their
severity, encroachments will usually compromise the
complexity of the physical environment, reducing
biodiversity. It is therefore important to identify and
implement remedial measures that can mitigate the
damage caused by such human activities. Insight into
how key species adapt to riverine ecosystems is
essential if we are to understand the effects of water-
course regulation on the flora and fauna, and to
determine which measures to apply.

Changes in water flow

The magnitude of changes in water flow will depend
on the type of development project in question and
the guaranteed minimum discharge. In connection
with older regulation projects, some stretches of
riverbed may even be dry for large parts of the year.
In this context, a distinction is made between two
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Fig. 1. Mean water flow before (1920-1948) and afier
(1965-1991) the hydropower project in the river, Hallingdalselva,

downstream from Bromma.

main types of power plants: run-of-the-river power
plants and reservoir power plants. Most river power
plants take advantage of the waterflow that exists at
any given time. The waterflow is not modified well
downstream from such power plants, but can be
severely reduced in the riverbed between the intake
and the power plant when the power plant is in
operation.

Most large Norwegian power schemes are based on
mountain reservoirs. In some cases, catchments are
partially diverted to other watercourses. Sometimes,
several tributaries are led directly into the intake
tunnel. The waterflow will be modified in both
watercourses, that is less in the one and more in the
otherother, where the power plant is located.
Tributaries led into the tunnel will also be subject to
reduced water flow.

The reservoirs’ most important function is to store
water from summer to winter, when the demand for
power is greatest and inflow least. Reservoirs fill with
meltwater in the spring, reducing the magnitude and
duration of spring flooding. The result is that the
watercourse carries less water in the summer and more
in the winter. Overall, regulated watercourses (Fig. 1)
have a more stable, steady flow of water.

In addition to seasonal variations, the time of day
can sometimes cause significant fluctuations in the
water flow of water downstream from certain power

Low water flow in the river, Mandalselva, downstream from
the Bjelland power plant in 1975
(photo: Knut Ove Hillestad).
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Fig. 2. Water temperatures in the river, Aurlandselva, at
Skjeersholen from 1965-1972 (unregulated), 1973-1979
(Ist stage of construction) and 1980-1988 (construction completed).
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Fig. 3. Temperatures in the river, Flatdalselva, near Seljord,
downstream from the Sundsbarm power plant in 1976. Peaking
operations in July and August led to extreme temperature fluctuations.

plants. This happens if a plant is shut down or
operates at reduced capacity to adapt in response to
less demand for power (peaking). This type of flow
management will probably become more common in
future. The biological consequences of such releases
could be substantial if the plant discharges into a river.
If the power plant empties directly into the sea or a
large lake, the effects will generally be minimal.

Changes in water temperature

The most common reasons for water temperatures

changes in regulated watercourses are:

1. Water is drawn off from deeper water. In winter,
such water will be relatively warm, in summer,
relatively cold.

2. Meltwater is added and/or stored in the spring and
summer. This leads to higher summer temperatures
below the intake point.

3. Significant changes in waterflow. The greater the
discharge, the more slowly temperatures change; the
lesser the discharge, the more quickly they change.

4. The energy generated by the fall is not converted
into heat, but is extracted as electrical energy. A 427
m natural, vertical fall would, for example, heat the
water by 1°C.

Several of these factors will usually interact in
regulated watercourses. Post-regulatory water tempera-
ture changes have been documented in the rivers,
Suldalslagen, Orkla, Aurlandselva and Altaelva. The
Ulla-Forre development project in south-western
Norway caused mean monthly temperatures in the
Suldalslagen to drop by up to 1.5°C.

The temperature of the Aurlandselva, western
Norway, rose by 1°C in June in a stretch from which a
considerable amount of meltwater had been diverted.
On the other hand, the mean August temperature
dropped by 2.5°C (Fig. 2) in another stretch that
received increased water flow due to diversion.

The river, Flatdalselva, below the Sundsbarm power
plant in southern Norway, is a prime example of
serious short-term temperature variations. The power
plant water is drawn directly from deep waters in the
Sundsbarm reservoir. Summer operations vary signifi-
cantly, causing river temperatures to drop by 10 to
12°C almost instantly when the power plant comes

on-line (Fig. 3).

Changes in sediment transport

Sediments in and along watercourses comprise the
substrate for plants and animals alike. Reducing floods
in a watercourse also reduces erosion. If sediments
continue to be brought in by tributaries, the riverbed
will eventually build up. Example are the Jostedal
power plant and the Fortun regulation scheme, both
in western Norway. Below dams or in connection with
diversion, the opposite process may apply. Increa