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assumed ten or twelve years ago regarding the effects of manipulations of lotic ecosystems, is now concrete knowledge.
Despite
the danger of sounding priggish, we dare say that the Weir Project has made considerable contributions to increasing interest
in running water environments among Norwegian biologists, and to
building up the level of competence and knowledge in this sector.
The choice of presentation form is always difficult and the
subject of a great deal of discussion.
This was also the case
for the steering group of the Weir Project.
We have attached
importance to presenting this report in a form which can be
profitably read by non-experts, and which will, perhaps, also
inspire some people to delve more deeply into the subject.
The
need to present the material in a logical order has made it
necessary to divide up most of the basic reports.
They have been
taken apart and utilized in several parts of this report.
Normally this would call for an extensive use of references, but we
have avoided this as much as possible in order to make the text
more readable.
Some general ecological theory is incorporated into the text in
places in order to allow the novice more insight into the subject.
Special terms have been replaced by ordinary English words
where this has been possible without changing the meaning or the
level of precision.
The special terms that we have not been able
to avoid are explained in the text and in the list of definitions
at the back of the report.
The chapter on sports fishing in
regulated rivers is quite comprehensive.
This has been done
intentionally in order to present data that has not been published earlier in the Information Series.
This report is a slightly modified translation of the Norwegian
original 'Liv i regulerte elver', Kraft og Miljø (Power and the
Environment), no. 10, Oslo, 1985.
The translation to English has
been done by Linda Sivesind, Informatic.

Oslo, Bergen,

Trondheim,

Ås

Øystein Aars, Per Aass, Reidar Borgstrøm, Tor B. Gunnerød,
Knut Ove Hillestad, Roald Larsen, Petter Larsson,
Albert Lillehammer and Pål Mellquist
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I.

INTRODUCTION

One inevitable
consequence
of any kind of watercourse
regulation
is that
shorter
or longer
stretches
of rivers
and
streams
experience
changes in waterflow.
The variations
range
from increases
in waterflow,
to insignificant
reductions,
to
total
dry- ups.
In many cases these variations
lead to damages or
inconvenience
for the various
users of the watercourse.
Some
disadvantages
for business
activities
or detraction
from property
values
are compensated
through
a financial
settlement
on the
basis
of an appraisal.
However,
the right
of the general
public
to use nature
for recreational
purposes,
for example,
is not
considered
in this
type of settlement.
Various
measures
may be
imposed upon the regulator
with
a view to reducing
damages and
any inconvenience
to the public.
Since the mid- 1960s,
it has been quite
common in Norway to build
small,
low dams across
riverbeds.
These weirs,
as they are
called,
make it possible
to maintain
an approximately
constant
water
level
in the weir basins
even though
the inflow
is minimal.
The weir
itself
is made of either
concrete,
rock and gravel,
or
wood.
Weirs are usually
rather
low constructions,
most of them
standing
less than 2 metres
at the highest
point,
and the water
flows
freely
over the entire
crest
without
gates
or regulation
devices
of any sort.
Weirs of rock and gravel
are often
built
in
a special
way in order
to ensure
stability
and to reduce
leaks
through
the construction.
The smallest
weirs
are not much more
than seals
over cracks
in natural
rock weirs,
while
the largest
may be larger
than the small
dams in some regulation
reservoirs,
both as regards
price
and the amount of work involved.
To date,
the most expensive
individual
weir
cost NOK 1. 7 million
( 1978) .
Earlier
weir- like
constructions
were built
at several
places
in
Norway,
both in regulated
and unregulated
rivers.
As a rule
they
were built
to facilitate
log flotation
or sports
fishing,
or to
prevent
riverbed
erosion.
There are several
reasons
for building
weirs
today.
An aesthetic
appearance
can often
be reason
enough in itself.
Other important
factors
are fish
and fishing.
Furthermore,
a certain
volume of
water
is often
necessary
for irrigation
or watering
cattle,
for
fire
extinguishing,
swimming,
ice skating
and as a boundary
for
cattle,
etc.
Dependent
on the nature
of the soil
and its
topography,
there
are frequently
definite
connections
between the
water
level
in a river
and the groundwater
table
in the surrounding
area.
In such areas a certain
water
level
must be
maintained
in order
to avoid
too great
a decrease
in the groundwater
table,
with
all
the consequences
this
can have for farming,
wells,
etc.
This factor
may be important
in low- lying
areas near
riverbanks,
but the effect
is reduced
rapidly
parallel
to the
distance
from the edge of the river.
To date,
approximately
600- 700 weirs
have either
been built
or
are being
planned
in Norway in connection
with
watercourse
regulations.
For more detailed
information
about weirs,
reference
is
made to Hillestad
( 1982) .
Of course
it is not possible
to considerably
reduce
the waterflow
of a river
while,
at the same time,
retaining
the same environment as earlier.
A regulated
river
will
never be the same as it
3

ment to rivers.
The risk of transferring parasites, diseases and
spreading undesirable fish species in this way has, however,
become a considerable problem.
Breeding fish for stocking has
also been greatly debated in relation to genetic differences in
fish populations
(the rivers' local strains), and the stocked
fishes' chances of surviving the transition from the fish farm to
the river/lake.
It is therefore a considerable advantage if the
natural recruitment in regulated watercourse can be increased
through biotope adjustment measures.

2.

THE WEIR PROJECT

In Norway, the Directorate of Water Resource's Environmental and
Landscaping Department handles matters concerning weirs in connection with watercourse regulations.
Following an initiative
taken by the Department in 1972-73, contact was made with key
persons at the Directorate for Wildlife and Freshwater Fish and
the Universities of Oslo and Bergen.
Later this contact was
formalized, and the Weir Project was initiated in 1975.
Operating funds have been granted from the Concession Fee Fund and in
the form of the efforts invested by the participating institutions.
The goal of the Weir Project was to chart the ecological changes
(chemical, physical, biological) which take place in running
water environments when weirs are constructed.
The data resulting from the investigations will help to form a foundation
for future evaluation of concessions in water regulation cases.
The data will also be helpful when old power plants are closed
down and for general watercourse management.
It was also
expected that the results would be of use in a broader context.
Project management has been entrusted to the Directorate of Water
Resource's Environmental and Landscaping Department with Senior
Engineer, cand. real. Pål Mellquist as project leader.
The
Project's steering group has been composed of Senior Engineer,
cand. real. Øystein Aars, the Directorate of Water Resources;
Researcher, Fil. dr. Per Aass, Directorate for Wildlife and
Freshwater Fish - Fish Research; University Lecturer, cand. real.
Reidar Borgstrøm, Institute for Nature Management, the Norwegian
College of Agriculture; Research Leader Tor B. Gunnerød, Ph.D.,
Directorate for Wildlife and Freshwater Fish - Regulation Investigations; Director, Landscape Architect Knut Ove Hillestad,
Directorate of Water Resources; University Lecturer, cand. real.
Roald Larsen and Professor dr. phil. Petter Larsson, the
University of Bergen, Zoological Museum; and Senior Curator, dr.
phil. Albert Lillehammer, the University of Oslo, Zoological
Museum.
Within the time and resource framework of the Project, it was not
after" investigations
possible to carry out
"before - during
Instead, a
in all locations, as would have been done ideally.
combination of watercourses thought to complement one another in
different ways were selected on the basis of the degree of regulation, extent of weir construction, geographical location, etc.
Most of the Project's resources were used in the Eksingedal
watercourse, northeast of Bergen.
This area had been investigated earlier in connection with the construction of the Evanger
Hydropower Plant, and weirs had already been built.
To supple-
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sects produce one or more generations per year dependent on,
among other things, water temperature.
For these species an
increase in water temperature could result in increased production.
In turn this could result in changes further up the food
chain, for example, if the insects are prey of direct or indirect
importance to fish or birds.
oc
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Water temperature as Ekse.
The solid line indicates
water temperature development in 1976/77.
The broken
line shows the values from 1967/68.
At that time
temperatures were recorded manually.

In small swiftly-flowing
rivers, of the kind frequently found in
Norway, current conditions are extremely complex and variable.
This results in stream bed conditions that vary greatly within
short segments of one and the same river.
The result of this is,
in turn, the formation of very dense mosaics of animal communities, each with different requirements for the substratum, the
direct influences of water movement, etc. (Rutner, 1963).
It is very difficult to measure what happens in the biologically
fascinating stratum 1-2 cm above the bottom of a river, because
the measuring equipment often disturbs the profile of the current.
Measuring sedimentation in such a way as to form a correct
picture of conditions in a running water environment is also
extremely difficult.
The only Norwegian investigation of this
that we are aware of was carried out in the River Otra nRar
Valle.
The sedimentation there was measured at 2-4 kg/m`, of
which 50 % was organic matter (Boman, et. al, 1984).
Other
studies, Aass (1979), Andersen (1979) and Sættem (1984 a and b)
describe the effects of the considerable influx of silt following
disturbances in the watercourses.
The results do not give any
unambiguous answer about whether or not the mud is harmful to
benthic animals and fish.
The construction of weirs reduces the gradient of the river in
the immediate area. Flow velocity is reduced as a consequence of
this.
The water's transport load capacity is related to flow
velocity in that heavier particles require higher flow velocities
to be transported than do lighter particles.
Based on this, one
would expect an increase in more finely-grained material in the
weir basins than in the same stretch of river without a weir.
This has been the case in the Rivers Eksingedalselva,
Skjoma and
Todalselva (Heggberget, 1982; Korsen, 1984).
9

chapter

on fish.

Biologically
important
disturbances

speaking,
flow velocity
is
factor
involved
in evaluating
in rivers.

without
a doubt the most
the biological
effects
of

WATER CHEMISTRY
There were no great
changes
found in the water
chemistry
of the
River
Eksingedalselven
after
regulation.
One of the parametres,
the water' s electrolytic
conductivity,
a measure of . $the elements
in solution,
was for example,
between
7 and 48 pScm, before
development
and the variation
was from 10 - 49 pScM"afterwards.
Smaller
changes
in other
parametres
can, for the most part,
be
ascribed
to the relatively
greater
importance
of the groundwater
discharge
after
development
( Bækken, et.
al. , 1982 d) . Chemical
analyses
show that
the area of the River
Eksingedalselva
under
investigation
is quite
poor in nutrients.
This also applies
to
the Rivers
Mørkedøla
and Skjoma.
Human settlement
is sparse
along
these rivers.
If no appreciable
immigration
or other
change in the catchment
area occurs,
it is not very probable
that
watercourse
regulation
will
influence
water
chemistry
appreciably.
In other
places
where,
for example the addition
of fertilizer
is of great
importance
(household
sewage,
seepage from
agriculture
and industry)
,
a eutrophication
situation
(overfertilization
effect)
may occur,
or may be reinforced
if the
watercourse'
s
diluting
or self-cleansing
effects
are reduced.
The
water
quality
test
in the River
Otra gave no indication
of
eutrophication
despite
drastic
waterflow
reductions
in both summer and winter
( Boman, et.
al. , 1984) .
The diversion
which certain
quite
different,
changes.

of water
from one catchment
features
of water
chemistry,
can lead to a number of

area to another
in
such as acidity,
are
different
environmental

ENERGY FLOW THROUGH A WEIR BASIN
In recent
years
the importance
of the organic
compounds in freshwater
has become increasingly
more apparent.
Thousands
of such
compounds have been recorded.
The number of compounds occurring
in running
water
and the parts
they play,
are not fully
understood.
Considerable
methodological
problems
are part
of the
reason
that
so few investigations
have been carried
out in this
field.
Several
scientists,
for example,
Fisher
and Likens
( 1972) and
Cummins and Klug (1979) , have shown that
many of the benthic
invertebrates
that
were previously
classified
as "shredders"
probably
do not live
directly
on plant
parts
at all,
but rather
on the bacteria,
fungi
and one-celled
organisms
found on and in
these
plants.
The function
of the detritivorous
shredders
is
then to divide
up the plant
parts
into
increasingly
smaller
parts,
exposing
a larger
surface
area for microbial
activity
( fungi,
bacteria,
etc. ) .
These organisms,
which in part
metabolize
the products
of vegetative
decomposition,
and in part
metabolize
soluble
organic
compounds directly
from the water,
are
then the real
food of the detritivorous
invertebrates.
These
processes
are also
important
to the alternation
between
soluble
11

fractions of the dissolved organic matter are not included in the
energy flow.
The fractions and the proportions concerned have
not been investigated.
Of the particulate fraction of 6 %, the coarsely particled fraction constitutes one fourth (25 %). Measurements of the differences between the inflow and outflow of the basin show that more
than half (58 %) of these coarse particles were transformed or
accumulated in the system.
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Figure

4.

The energy flow through the weir basin at Ekse.
Percentage distribution in 1976.
(Drawn on the basis of
data from Bækken, et.al., 1979).

A total of 75 % of the particles were brought into the weir basin
from external sources.
The coarse particles are mainly surface
drift in the autumn (fallen leaves, etc.) and drift in the water
mass itself in the spring and summer.
An increase in waterflow
usually leads to large amounts of drifting particulate matter.
Leaves, twigs and grass constitute 43 % of the coarse particles.
By comparison, the fine particulate organic matter constituted
48 % of the particulate inflow and 50 % of the outflow.
The
conclusion must be that this is due to the attrition of the
coarser particles by the benthic invertebrates described above,
as well as to other processes.
Fish and benthic fauna may also be considered to be particles.
They contribute a net import to the weir basin of 0.0008 % and
0.015 % respectively.
In spite of the modest contribution made
to the total energy flow, the fraction of benthic fauna is, of
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1978

1977

1979

The seasonal distribution of several groups of benthic
zooplankton:
mayflies, midges and blackflies, in the
River Numedalslågen at weir no. 1 in 1976-79.
(From Raastad (1983)).
(Logarithmic scale).
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8.

Water temperature and waterflow in the Rødberg Dam
from 1976 to 1979.
The waterflow averages do not give
any indication of the many acute peaks and dry ups(From Raastad (1983)).
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Figure
9 illustrates
the average
amount of benthic
fauna inside
and outside
the weir
basin
at Ekse.
The amount has been calculated
on the basis
of five
cross
profiles,
three
in the basin
proper,
one above and one below.
The values
above and below the
basin
are similar,
while
the values
in the basin
proper
are
almost
35 % lower.
This same relationship
was found for production
measurements.
On the basis
of these
investigations
it appears
that
both the
"standing
crop"
of benthic
fauna and the production
of benthic
fauna over a period
of time are less inside
the basin
than outside it.
This conflicts
with
the results
from the River
Numedalslågen
and with
what was stated
earlier
about the increased
circulation
of organic
matter
in the weir basins.
However,
it is
not sufficient
to look at these
examples
in isolation.
Consideration
must also be taken
of the species
involved,
their
availability
and the potential
energy
gain for the predators.
In
the River
Eksingedalselva,
for example,
67 midge species
were
recorded
( including
2 new species,
( Halvorsen,
et.
al. , 1982) ) .
The average
biomass
of midges was relatively
identical
inside
and
outside
the basin,
but there
were great
differences
in the distribution
of species.
Outside
the basin
the densities
were high,
but the average
size was small.
The opposite
was the case inside
the basin.
A number of other
insect
species
did not occur
as
frequently,
but on the other
hand the individuals
found were so
large
that
they were an important
source
of food,
from an energy
point
of view.
For example,
a fish
has to eat more than 2, 000
medium- sized
midge larvae
in order
to consume an amount comparable to one large
cranefly
( daddy long- legs)
larva
( approx.
30
mg).
The same applies
to the large
caddisfly
larvae
which were
few in number,
but significant
in weight
and energy
content.
The standing
crop and the production
of benthic
invertebrates
are
not under all
conditions
greater
in the river
itself
than in a
weir
basin
( natural
pool) .
Stomach analyses
from the River
Hallingdalselva
have shown, for example,
that
fish
from torrential
areas of rapids
have a greater
intake
of adult
insects
from the drift
( surface
insects)
and a relatively
lesser
intake
from the riverbed
( benthic
insects) .
The fact
that
the weir
area
at Ekse has a high population
of fish
that
predate
heavily
on the
benthic
fauna is also relevant.
This means that
production
may
be considerable,
even though
the standing
crop of benthic
fauna
is relatively
modest.
Data presently
being
processed
from a
"followup"
study
in 1984 indicates
that
important
changes
have
occurred
in the weir
basin
in the River
Eksingedalselven.
The
composition
of benthic
species
has undergone
further
changes
and
the densities
are now higher
inside
the weir
basin
than outside.
The data also
indicates
higher
total
densities
than in 1976
( Fjellheim,
interview)
.
Although
further
changes may occur
before
the weir
ecosystem
stabilizes
completely,
this
new data
appears
to fit
into
the general
picture
drawn from other
locations
better
than the initial
results
did.

21
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a
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area above the weir
rapids
of data from
of 100 %.
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value
Bækken, et. al. , 1981 b) .
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have been
simil ar to the Weir Project
No earlier
inv estigations
ever been an opportunity
rivers.
Nor has there
made in Norwegian
for any great
len gth of time befor e and
the same river
to observe
for comparison
are
construction.
The possibilities
after
weir
the data
Nonetheless,
by compiling
somewhat limited.
therefore
a picture
locatio ns,
from different
has gathered
th at the project
does emerge:
3, lead to
as menti oned in Chapter
reduction s will,
Waterflow
especiin the riverbed,
co nditions
changes
in the environmental
This in t urn causes change s in the
al ly in the weir basins.
species,
and sof t- bottom
speaking,
burrowing
benthos.
Generally
in the
their
repr esentation
midges,
will
inc rease
especially
and
to number of ind ividuals
regard
benthic
mass, both with
bi omass.
often
inworms in the biomass
ion
of oligochae te
The representat
of fish
stoma chs,
but j udgin g from the conte nts
creases
as well,
They do,
exploited
as a food source.
these worms are not gre atly
so it
in fish
st omachs,
rather
quickly
tend to dissolve
however,
ignificance.
The
their
real
s
would be easy to underestim ate
to be appr oximately
at Ekse were est imated
biomas s and production
It was also
i t.
35 % lower
ins ide the weir basi n than outside
for exa mple
decli ned while
the density
of individuals
noted that
increased.
in the weir basin
of midge larvae
weight
th e average
however
that
th ese
indicates
being
gathered,
( Newer dat a, still
in 1984
densit ies
as t he benthic
may only be transient,
re sults
In the Eik re
than outs ide. )
the weir basin
were highe r inside
22

Dam on the Hemsil
the situation
must have developed
differently,
since
both the individual
size and the production
of fish
increased
greatly
when the river
was dammed.
Midge species
dominated
the benthic
fauna profile
in the Eikre
Reservoir,
but the
average
individual
size was smaller
than it was in the stretch
of
river
above the impoundment.
It is probable
that
the
changes
in the substrata
exerted
by fish
are the
tion
of the differences
5.

original
character
and the different
most significant
which occur.

of the river,
the
grazing
pressures
factors
in any explana-

THE DRIFT

Large numbers of plants
and animals
are normally
carried
by the
water
columns
of streams
and rivers.
This phenomenon is called
the drift.
It has been shown that
species
of bottom- dwellers
that
are not susceptible
to being
swept away by the water
are less
often
eaten by fish
than are the species
normally
found in the
drift.
Examples
of this
are burrowing
invertebrates,
caddisfly
larvae
with
their
heavy cases and larvae
with
suction
organs,
such as the blackfly
and others.
Weir Project
investigations
showed that
the input
of vegetative
matter
constituted
the greater
share of the energy
flow into
the
weir basin
( Chapter
3) .
Although
the invertebrate
drift
represented
only a small
share
( 15 0/00)
of the particulate
energy
transport,
it is this
component
which is directly
accessible
to
the fish
( Bækken, et.
al. , 1979) .
The benthic
community
is more active
during
some periods
of the
24- hour cycle
than others.
This was confirmed
by the Weir Project
investigation
in which Bækken ( 1978) proved
that
stoneflies
and
mayflies
in the River
Eksingedalselven
actively
searched
for food
at certain
times
of the day.
When benthic
invertebrates
move out
of their
hiding
places
the probability
that
they will
be swept
away by the current
increases,
as does the probability
that
they
will
be eaten by predators.
Pauses in activity
occur
at various
times
of the day for the different
species
and they vary during
the year,
in step with
the insectsdevelopment.
There can also
be other
peaks in the drift
mass than those
resulting
from the
invertebrates"
food- seeking
activities,
for example,
peaks due to
massive
hatching
or sudden increases
in waterflow.
Grizzell
( 1976) showed that
the standing
crop of benthic
invertebrates
in
a stretch
of rapids
in a river
in the USA was reduced
by 97 %
during
a flood.
Similar
results
were published
by Thorup
( 1970)
on the basis
of investigations
in Denmark.
The assemblages
are
in a continuous
state
of flux
as a result
of shifting
patterns
of
flow and substratum
and because
of the organisms"
own activities.
From December 1975 until
November 1976 the drift
into
the weir
basin
in Ekse was estimated
to be 2. 4 thousand
million
individuals,
and about
10 %, or 249 million
of these
"stayed"
in
the basin.
Some were eaten by other
benthic
animals,
some by
fish.
Others
hatched
into
adult
insects
and flew away, and some
died and were reduced
to simpler
components
by bacteria,
fungi
and other
decomposing
microorganisms
( See Chapter
3) .
The drift
crop peaked in July
and in September,
when almost
90 % of the
total
drift
in 1976 passed through
the weir
basin
( Bækken, et.
al. , 1981 b) .
The peak in July was concurrent
with
heavy water23

flow and with the hatching
of several
species
beginning
of September was also a period with
flow of water and some hatching.

of insects.
a relatively

The
heavy

At Eikemo, about 30 km further
down the River Eksingedalselva,
investigations
were made of the invertebrate
drift
before and
after
regulation
( Mossestad, 1971; Haaland,
1979) .
It was found
that the same species occurred
in the samples both before and
after
regulation,
but that the relative
amounts were different.
Furthermore,
on a yearly
basis a 20 % reduction
in the total
drift
was found.
By way of comparison,
the waterflow
was reduced
by an average of 32 % at this
location.
In July 1976 while the Weir Project
was in progress,
a volume of
water was released
from the regulation
reservoir
above the site
due to some repair
work.
Huge amounts of planktonic
crustaceans
were transported
from Lake Grøndalsvatn
and washed down the river.
Even then, however, when the crustaceans
constituted
98 % of the
drift,
they were not eaten by the trout.
The explanation
is most
likely
that they were too small ( less than 1 mm).
But although
trout
did
planktonic
crustaceans,
organisms
in the food
as 80 % of the food of
nanseni) ,
consisted
of
that period.

not directly
exploit
the large supplies
of
these animals were eaten by other
Bækken ( 1981) showed that as much
chain.
one of the stonefly
species at Ekse ( Diura
the planktonic
crustaceans
Bosmina during

The large supply of planktonic
crustaceans
in July 1976 has to be
regarded as unusual for the regulated
River Eksingedalselva,
since the water from lakes further
up does not usually
reach this
Ignoring
the crustaceans
and calculating
part of the river.
only with the animals found on the riverbed,
it was found that
midge larvae and pupae made up approximately
60 % of the annual
invertebrate
drift
in the weir basin.
Mayflies
made up about
11 % and adult dipthera
flies
about 8 %.
The ratios
of the occurrences
of various
animal groups in the
drift
to their
occurences
in samples from the riverbed,
are
illustrated
in figure
10.
Oligochaetes
were not found as often
in the drift
as was expected in light
of the riverbed
samples.
The opposite
was the case for crustaceans,
dipthera,
blackfly
larvae,
mayflies
and stoneflies.
A total
of 22 % of all
"non- crustaceans"
remained in the weir
basin.
For several
of the large insect
larvae,
and especially
periods
were recorded where a
for the mayfly Baetis
rhodani,
greater
number of large individuals
drifted
into the basin than
drifted
out.
This is due to factors
such as hatching,
but there
is no doubt that the sizeable
fish stock found in the basin have
exerted
considerable
predating
pressure
on these large insect
larvae.
The animals transported
into the weir basin are fairly
easy prey for fish because of the altered
nature of the riverbed
where there are not many shelters
or hiding
places.
The weir
basin and natural
pools,
are therefore
important
grazing
ranges
for fish.
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It is difficult to find any universal answer to the question of
the extent to which weir construction influences the amount and
distribution of drift organisms.
Water regulation always affects
hydrological conditions and thereby the composition of the invertebrate communities of an area and this will be reflected in the
composition and variation of the drift.
The component of the
drift resulting from the input from the surrounding terrain is
assumed to remain unaffected.
Weirs are presumed play the roll
of "drift traps" in this connection.
Weir basins that are big
enough to support their own stocks of planktonic crustaceans or
in which predating pressure by fish becomes great can probably
affect the composition and crop of the drift appreciably.
6.

FISH

As a rule fish are of primary importance when discussing the
effects of human activities in watercourses.
There are several
reasons for this.
As opposed to benthic invertebrates for
example, fish are familiar to most people.
In earlier times the
easy accessibility of fish in rivers provided an important food
source for human beings.
Today this significance is considerably
reduced in relation to a more pronounced sports fishing.
Locally,
the exploitation of fish resources can mean a great deal to the
25

economy of the individual
landowner
and the local
the form of rental
income and income from services
hotels,
camping places,
etc.

community
such as

in

Because of their
position
at the top of the food web, fish
are
important
to biologists
as indicators
of the changes which may
occur
further
down the web and which could
be difficult
to show
by more direct
methods.
The objective
of the Weir Project
was to
study
fish
populations
at several
locations
and, by adopting
different
approaches,
to separate
the effects
of regulation
and weir
construction
from natural
influences.

NUTRITION

Fish grow at different
rates
and reach different
ages in different
watercourses.
This phenomenon is closely
linked
to differences
in food supply
and the quality
of food in relation
to
fish
density.
Comparative
food supply
investigations
are difficult
to make however,
because
external
factors
such as fishing,
recruitment,
temperature,
the rivers"
gradient,
width
and depth
vary greatly.
Furthermore,
the sampling
procedures
themselves
involve
considerable
methodological
problems.
The analyses
done in the Rivers
Hallingdal
and Hemsedal during
the period
from 1973 - 1980 of the stomach contents
of fish
from
different
zones of the river
were rather
comprehensive
by Norwegian standards
( Aass 1978, 1981 and 1983) .
There were a number
of similarities
in the results
of all
the investigations.
Benthic
invertebrates
were the most important
source
of food for
the fish.
In the course
of one season they constituted
70 - 80 %
of the weight
of the prey that
was possible
to identify,
" Surface"
insects
constituted
between
10 and 20 %.
However,
there
was a tendency
for the share of adult
insects
in
the stomach contents
to increase
in the autumn.
This was due to
the hatching
of aquatic
insects
into
flying
insects.
In these
two rivers
fish
constituted
a relatively
small
share of the
stomach contents
of trout.
Another
common factor
as regards
feeding
was that
adult,
flying
insects
played
a relatively
more important
role
in torrential
zones than in more quiescent
zones,
and that
fish
in the calmer
zones had, on the average,
more in their
stomachs
than did fish
in torrential
zones.
This may be due to genuine
differences
in
invertebrate
density
or accessibility,
but it may also be an
expression
of differences
in fish
density
( the available
food per
fish) .
By classifying
fish
stomach contents
according
to frequency of occurrence
instead
of weight,
it is possible
to find
indications
of food preferences
or the accessibility
of the
different
food source
species.
The result
here as well
is that
benthic
invertebrates
occur more frequently
than surface
insects
in fish
diets.
Mayflies,
caddisflies,
stoneflies,
blackflies
and
midges constitute
the most frequently
occurring
groups.
Midge
larvae
and pupae are important
fish
food sources
in all
watercourses,
but it appears
that
their
significance
increases
in
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The River Hemsil.
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distributed according to the weight of surface
insects, benthic invertebrates and fish.
(From
Aass, 1983).

GROWTH
Growth and fish production are an interaction of several factors:
availability of food, the quality of that food, energy spent on
seeking food and on the maintenance of life functions, fish
density, fish size, water temperature and flow velocity.
Fish
grow better in calmly flowing rivers than in torrential waters.
This is because less energy is needed to live in a calm environment, therefore the same amount of food intake will result in a
greater share of the food going directly to growth.
One of the
original hypotheses was therefore that fish growth would increase
when weir basins were made in rapid-running rivers with few
pools.
Increased water temperature, which often results from
waterflow reductions, would also have a favourable effect on the
growth of fish.
Data on the Rivers Mørkedøla, Skjoma and Eksingedalselven
are
available from both before and after regulation and weir construction, so comparison is possible.
Common for all three
locations is the fact that growth was appreciably improved after
the regulations had been made.
Figure 12, which illustrates the
growth differences in the River Mørkedøla, exemplifies the
general trend.
Generally, it may be seen that six-year-old fish
reach a particular body length about 2 years earlier now than
prior to weir construction.
In the River Skjoma the development was similar, showing a marked
increase in growth from 1978 for both salmon and trout.
Now the
salmon reach the smolt stage at least one year earlier than they
did before regulation and weir construction.
The Skjoma is a
river which has definitely become warmer after the glacial run
off was regulated away.
The fishes' rapid growth is almost
certainly due to a combination of increased temperature and
reduced flow velocity, factors that cannot be segregated from one
another in this case.
Changes in the size of the fish stock in
relation to the food supply may also affect the result.
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The fish in the River Eksingedalselva,
which is different from
both the Mørkedøla and the Skjoma, had an average yearly increase
in length of nearly 80 % during the first four years of life, and
this improvement in length growth can be found all the way up to
the eighth year of life.
However, not unexpectedly, it was shown
that population density became too high in the Ekse area.
The
food supply eventually became insufficient for the large population (+ 250 % from 1976 to 1983), and the result was a reduction
in growth.
If this trend is to be avoided, the river must be
fished much more than it is at present.
Additional fishing could
be combined with increases in food supply (Andersen & Kleiven,
1985).
There is no data available from before projects were undertaken
in the Rivers Nea and Hallingdalselven,
so this type of before
and after comparison is impossible to make.
The average growth
of trout in both rivers today, however, is between 5 and 6 cm per
year and this is quite high compared with other regulated and
unregulated rivers.
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Length and age of trout caught in basin T4 in the
(Adapted from
River Mørkedøla in 1978 and in 1980.
Borgstrøm (1981)).

In both the above-mentioned
rivers, differences between the growth
In the
rates in rapids zones and weir zones have been recorded.
Nea, for example, the average lengths of 2 year-old trout were 9.3
and 11.4 cm in rapids zones and the weir basins, respectively.
The comparable values for 3 year old fish were 14.5 and 17.2 cm.
In the River Hallingdalselven
fish in torrential zones grew at a
rate of approximately
20 % less than in the more quiescent areas
and the length increase reached a peak in the third year of life
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in the Nea were built in 1962 and several of the weirs in
Hallingdal were built at the end of the 60s.
In the Eksingedalen
Valley at Ekse however, it seems clear that the stock became too
numerous and that growth and quality reductions resulted from the
first population explosion.
POPULATION

DENSITY

The Weir Project calculated the trout population densities in the
Eksingedalen before and after regulation and weir construction
(Larsen, 1977; Hagala, 1982; Andersen,1983; Andersen & Kleiven,
1985).
Furthermore, counts were made in the Nea and the Skjoma
(Langeland & Haukebø, 1979).
Taking a look at the main lines of
development in the Ekse from 1968 to 1983 in a 1.5 km long stretch
of the river, we find that the population of trout larger than 8 cm
increased from approx. 2.5 fish/100 m to approx. 15 fish/110 m.
The population in the weir area proper increased from about 1000
fish in 1968 to about 6000 fish in 1983!
The stretch investigated consisted of certain areas that had always
been rapids, some natural pools and a weir basin in a location
where the river had previously had an even, slack downward gradient.
In Figure 13 we see the zone divisions used in the reports from the
Eksingedalen and the respective densities in 1976 and 1983.
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TOTAL

Trout density in 1976 and 1983 in different zones of
the River Eksingedalselva.
(Drawn on the basis of
data from Andersen, 1983 b).

There has been an almost explosive development in the populations
of most of the zones, except for in zone 3BT1 which is a fairly
large natural pool, the øynahølen Pool.
It-fflustbe assumed that
this pool has not been altered by the regulation in any particular way. The geographical area of the pool is about the same as
before, and the riverbed is so steep that the fairly modest
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decrease
in water
level
should
not be significant.
the highest
density
of
of 420 fish
in 1983) .

during
periods
without
much run- off
Prior
to the regulation
the pool had
fish
in the area,
35. 5 fish/100
m ( A total

In this
area of the River
Eksingedalselva
and even further
up,
attempts
were made to reduce
damages,
and weirs
were not built.
Taxation
of the fish
in this
area has traditionally
been small.
It is assumed that
migration
of fish
to the area of the investigation
is limited,
owing to the topography.
In spite
of quite
a heavy reduction
in waterflow
it has
shown that
the fish
stock
in the pool has not declined,
the contrary,
that
there
has been a slight
increase.

no

been
but on

The other
zones have experienced
an increase
in fish
density
of
at least
100 % from 1976 to 1983.
The greatest
increase
was
found in the rapids
zones 4B and 6B, with
at least
200 %, and for
the weir
basin
proper
the increase
was 133 %. It became obvious
at an early
point
in the investigation
that
the functional
unit
was not the weir
basin
alone,
but the weir basin
in conjunction
with
the stretches
of rapids
above and below it.
In the River
Eksingedalen
the functional
unit
is the zone 4B- 6B and here the
population
density
increased
by 154 % from 1976 - 1983.
The population
of older
fish
( larger
than age group 2) at Ekse
has increased
six- fold
from 1968 to 1983.
The main reason
for
this
strong
increase
in the total
population
appears
to be an
improvement
in winter
survival
conditions.
Large and small
fish
are more segregated
from one another
after
weir
construction,
and
in consequence
competition
between
individuals
is reduced.
While
in one particular
area there
were approx.
2400 fish
in 1976 with
a total
weight
of approx.
170 kg, in 1983 there
were approx.
6000
fish
with
a total
weight
of approx.
318 kg.
Considering
the
available
food supply,
energy
consumption
and the short
summer
season,
and assigning
the conditionfactor
a minimum value
of
1. 0, it would seem that
this
area has the capacity
for about
250
kg of fish
( Andersen
& Kleiven,
1985) .
It was expected
that
the food supply
would be a limiting
factor
In other
words,
there
is not much
for the population
at Ekse.
point
in implementing
measures
to increase
population
without
providing
for a balance
between
population
and food supply
at a
level
that
ensures
satisfactory
quality.
Predating
pressure
on the approximately
2400 fish
found in zone
4B- 6B must have been quite
heavy during
the periods
when more
than half
of the total
population
was gathered
in the 7500 m
basin.
This condition
must no doubt be viewed
in connection
with
the density
figures
for benthos
inside
and outside
the basin.
( See the section
on migration
below. )
In the Nea, the density
of 1- 3 year- old
trout
was from 5. 7 to
83. 5 fish/100
m in the newly established
weir
basins.
The
maximum density
was found in one of the weir basins
from 1962, an
It was noted that
the number of
incredible
183 fish/100
m .
shelters
for larger
fish
increased
significantly,
and the size of
the fishing
grounds
increased
from 5 to 50 ha after
the last
weir
For the Nea, however,
no data is available
as reconstruction.
gards the situation
prior
to regulation.
Before
the construction
of the last
weirs
in the late
1970s,
this
part
of the River
Nea
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Fish migration in the Eksingedalen Valley during the
period from August 1976 to May 1977.
There were 490
fish, and the figure is based on mean values for
the entire experimental area.
(Drawn on the basis
of data from Evensen, 1981).

In the light of the tagging and growth analyses that have been
carried out, it appears that both stocked and wild fish have the
same pattern of migration and that attachment to one place is
very strong.
Based on the tagging experiments done at Ekse, it has been possible to differentiate
3 more or less separate local stocks of
trout, in spite of the fact that physically, they are not hindered from wandering freely from one area to the other.
By
dividing the experimental zone into smaller sub-zones, such as in
Figure 15, the analyses show a local pattern of migration that is
probably one of the main reasons for the growth and development
registered in the fish stock at Ekse.
It is possible to distinguish between migration to and from
winter shelters, migration due to lack of water in the summer,
breeding migration and food searching migration.
The weir basin
and the natural pools in this system function as shelters when
waterflow is reduced, or when there is too little precipitation
during the summer or too little tributary activity or ice formation in the winter.
The typical yearly cycle in the local fish
migration in the Ekse is as shown in Figure 15. It is also
possible to see from the figure that the stretches of rapids have
the heaviest "traffic" of migratory fish.
This is because the
rapids areas quickly become dangerous places for fish, particularly for the largest individuals, when waterflow is reduced.
The natural pools and the weir basin, however, are not affected
to the same extent.
Tagging experiments have shown that while
the stationariness
in the pools and the weir basin is from 50 to
100 %, it remains between 20 and 30 % in the interjacent
stretches of rapids.
At the same time it was found that 50 - 60 %
of the migration from stretches of rapids was less than 500 m, in
other words, only enough to reach the nearest pool or weir basin.
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Trout migration in the Eksingedalen Valley in the
weir area at Ekse.
Each fish symbolizes 5 % of the
age group of fish in their 6 th season of growth or
older.
(Drawn on the basis of data from Evensen,
1981).

MORTALITY

Mortality among wild fish
Under natural conditions, trout mortality, which is considerable,
is highest in the winter seasor.
Figure 16 illustrates trout
mortality in the River Eksingedalselva
from egg-laying until the
fish reach their seventh summer.
Mortality is highest among the
youngest stages.
During the transition from eggs to 1 summer-old
fish, mortality is 93 %. The curve then proceeds to level out
until it reaches about 20 % for fish reaching the age of 7
summers or more.
The figure also shows that a mere 0.9 % of the
original number of eggs laid survived to experience a seventh
summer.
Seven fish that were tagged in 1976 were caught during a
control fishing in the summer of 1983.
At that time these fish
were approximately 9 years old.
In the weir area at Ekse, trout mortality
was studied in 1976-77
(Hagala, 1982 and Andersen, 1983).
Ice formed over the entire
weir area in November and remained for about 6 months.
The ice
thickness was measured in several places and reached 60 - 70 cm.
Ice in the weir basin was about 50 cm thick.
However, the most
important factor in this connection is not the thickness of the
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ice itself, but the size of the water-filled
bottom of the ice and the riverbed.

space between

the

In stretches of rapids the river was frozen to the bottom in many
places.
There was a maximum of 5 - 10 cm of water under the ice
in other places.
The water had a tendency to change courses continuously and the old courses re-froze.
In the weir basin, water
depth under the ice varied from 0 cm in places in the upper part
to approximately
70 - 80 cm at the deepest point.
The average
water depth was 20 - 25 cm in the central parts of the basin.
In
the two natural pools the water depths under the ice were 50 and
80 cm, respectively.
Viewed in relation to the results found in other places, the winter
mortality of older fish must be characterized as low in the Ekse.
In the area above the weir basin it was 40, 25 and 15 % respectively for 4-summer, 5-summer and > 6-summer fish.
The two natural
pools located in this area
prO-vided good winter shelters for the
oldest and most dominant fish.
The younger fish, the group in the
4th growth season or younger, were left to the less favourable
winter shelters, in accordance with the hierarchical structure
found in such trout stocks.
Catches in the early spring confirmed
It is clear
the fairly low representation
of the youngest groups.
that this "privilege of age" is one of the reasons that mortality
diminishes gradually as the age of the fish increases (See Figure 16).
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The natural mortality rate of a trout population from
(The value for 4 yearegg-laying to 7 year-old fish.
old fish is an estimate, the others are calculated on
(Drawn on the basis of
the basis of investigations).
data from Hagala, 1982, and Andersen, 1983).
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In the section of the river which includes the weir basin, mortality was relatively high for the same three groups mentioned
In the weir basin proper,
above, 31, 18 and 28 % respectively.
the one group from
6-summers);
(>
tagged
were
two groups of fish
the lower, deeper part of the ba-s-inand the other from the upper,
shallower part of the basin.
The former group, which had the
best winter shelters, had a mortality rate as low as 6 %. The
latter group had a rate of 19 %, which must also be said to be
The comparable value for one of the two natural
quite low.
pools (øynahølen Pool) was 15 %.
almost 0 during the
Summer mortality in the Ekse is very low
In 1976 an "unusual" flood peak due
period of the investigation.
to water released from the reservoir showed, however, that sudden
floods cause significant mortality, especially for the youngest
fish.

Mortality

among

stocked,

artificially-bred

trout

Because of the interest in sports fishing in Hemsedal, for many
years the local fishing association has stocked trout of difThe fish have been stocked during the
ferent ages and sizes.
autumn because the association assumed that they would turn
"wild" by the time fishing season began the following spring.
The Weir Project tagged 24,620 2-summer and 2,340 older trout.
These fish were stocked in the spring instead of the autumn.
Of the 2-summer fish, just a few per cent have been recaught,
while the reported catch of other groups ran between 11 and 63 %.
Spring
The results varied according to stocking size and time.
stocking
and
stocking,
autumn
than
result
stocking gave a better
large-size fish results in more re-catch than stocking little
rainbow trout were also tagged
1,230 autumn-stocked
fish does.
and had a re-catch rate of about 9 %.
a total of 2,030 3 year-old trout
In the River Hallingdalselven
The re-catch rate was between 31 and 49 %, dewere set out.
Experiments using
pending on the average fish size at stocking.
stocking of
Spring
rates.
re-catch
lower
in
wild fish resulted
rate of
re-catch
provided a
rainbow trout in the Hallingdalselven
The fisher28 - 50 % for 1 and 2 year-old fish, respectively.
This wi11 be
men's reactions to stocking have been positive.
commented upon in more detail later.
When fish of "catchable" size are stocked, most of them (40 - 90 %)
are caught within one month of stocking (Figure 17). During
this period, it seems that mortality due to other causes is low.
Mortality often increases in the autumn and winter, reaching 90 After 2 95 %, which is considerably higher that for wild fish.
3 years the stocked fish disappear from the catch and therefore
Stocked rainbow trout
do not reach the same age as wild fish.
disappear even more rapidly.
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elapsed between stocking and re-catching
The fish were set out 6 June
Hallingdal.
(Drawn on the
June 1976 and 30 June 1977.
data from Aass, 1978).

The results from the Weir Project show the same tendencies as
The migration of
other projects with river stocking of trout.
stocked fish is short, especially when they are set out in the
In areas where there is a great deal of fishing activspring.
ity, this form of "put and take" fishing can be justified for

economic as well as other reasons. Another conclusion that may
be drawn from this is that less than 1 of 10 stocked fish that
are not caught the first summer survive the first winter (Aass,
1978 and 1979).
COMPETITIVE INTERACTION AMONG
GROUPS OF THE SAME SPECIES

SPECIES

AND AMONG DIFFERENT

AGE

The differences in the distribution of salmon and trout inside
and outside weir basins have been studied in the Rivers Skjoma
and Todalselven (Heggberget, 1982 and Korsen, 1984). The flow
velocity is the factor that to a great extent determines the
The nature of the riverbed
balance in mixed fish populations.
and other factors are also important, but these are often determined by the flow velocity.
Another important factor in this connection is that the salmons"
is neutralized when flow velocity is less than 5 territoriality
When this occurs the salmon allow other individuals of
10 cm/s.
the same species to get closer to them, resulting in higher fish
This compacting effect makes a considerdensity per unit area.
able increase in the fish population, such as in the River EkThis pattern of behaviour is not peculiar
singedalen, possible.
to the weir basins, but is a natural reaction where territorial
assertion must be more or less regularly compromised in order for
Tendencies towards school formation were
the fish to survive.
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The figures vary somewhat from year to year and also according to
the different areas investigated
(Aass, in progress).
Looking at
the major statistical trends, it appears that during the period
from 1978 to 1982 foreigners made up approximately 18 % of the
total number of visitors to the area under investigation in
Hallingdal and approximately 26 % to the area in Hemsedal.
A
total of 11 nations were represented in Hallingdal and 9 in
In both locations Swedes, Danes, Germans and NetherHemsedal.
landers were clearly the largest groups; Swedes predominant in
Hemsedal, while Danes made up the majority of foreigners in
Hallingdal.
The fishermen who had come the furthest were from
Egypt!
Visiting Norwegians came from a great number of municipalities, up to 59 in Hallingdal and all of 82 in Hemsedal.
Choice of fishing tackle was noted in all of the controls of
fishermen in Hemsedal/Hallingdal.
As expected, there were certain differences, depending on whether the fishing was being
carried out in rapids or in calmer waters and of course, depending on whether the fisherman was a fly specialist or not.
Worms were used by approximately 65 % of the those fishing in the
Eikre basin in Hemsil and by approximately 32 % of the river
fishermen.
Spinning bait/spinners were used by 8.5 and 10 %,
respectively and fly floats by 11.5 and 14 %, respectively.
Among fly fishermen, dry flies were preferred at all locations.
In Hallingdal, by way of comparison, approximately 50 % preferred
fly floats, while only 10 % used worms.
In 1980 at the Eikre Dam and along the stretches of river mentioned above, 61 and 32 fishermen respectively were interviewed
about their satisfaction with their catch.
About 10 - 12 % were
satisfied, while 80 - 85 % were not satisfied.
There was a
tendency for fishermen fishing in the river to be more satisfied
than those fishing in the dam.
There was also a tendency for fly
and worm fishermen to be more satisfied than those who had chosen
other tackle.
Of the people fishing in the Eikre basin, percentagewise, the Norwegians were more satisfied than the foreigners,
but the opposite was the case in the stretches of river.
A total of 60 - 65 % of the fishermen interviewed had fished in
Hemsil earlier, and among these returnees, between 15 and 20 %
felt that fishing had been better before, while about 35 % felt
that it was about the same.
It is extremely difficult to draw any definite conclusions on the
basis of information gathered as subjectively as was the case
here.
Satisfied/dissatisfied,
better/worse than before, are to a
great extent dependent on prevailing moods and memories of the
past.
Even with these reservations, however, the figures still
give a certain indication about the fishermen's opinions of the
conditions.
In Hallingdal, comparable questions gave the same
result, in spite of the fact that the average daily catch per
fisherman was considerably higher.
However, average catches are
not always the best basis for comparisons because the yield is
unevenly distributed.
There are always some fishermen who get
too little or nothing at all, no matter what the catch in the
river, and it is only natural for the most dissatisfaction
to be
found among these people.
In spite of the fact that in the areas investigated in Hemsil and
the other fishable parts of the river, about 2000 kg of fish were
caught per season, the high fish density does not give an average
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next chapter,

also catch large quantities

of fish.

Running a close second to skiing, sports fishing is of
considerable importance to the tourist industry in Hemsedal.
In
1979, an estimated 500 - 600 visiting days were spent in the
investigation areas.
Supported by these figures, the total
number of fishermen visiting the valley is estimated to amount to
about 15,000 visiting days.
1979 was the year of the investigation with the highest number of visits.
The direct income from
sales of fishing licences in 1979 was approximately NOK 100,000,
or approximately NOK 50 per kg fish, if the total estimated yield
is assumed to be 2000 kg.
In 1982, 267 fishermen were interviewed in Hemsedal about the
number of days they had fished, their accommodations,
etc.
74 %
of Norwegian visitors and 90 % of foreign visitors spent the
night in Hemsedal.
41 % stayed in camping cabins, 37 % stayed in
their own campers/tents,
16 % stayed in their own cabins and
about 5 % stayed at tourist homes or hotels.
In other words,
53 % provided their own lodging, a fact which must be assumed to be
less profitable for the valley than if they had rented places to
stay.
Of the Norwegian visitors, 68 % were alone, and the total
number of overnight stays in Hemsedal (including companions)
amounted to 2,789 nights in 1982 for the people who were interviewed in the investigation areas.
They stated that they had
used 2,465 days fishing in the river.
With 15,000 visiting days by fishermen and an average of 1.5
overnight stays per day visitor including companions, we arrive
at a total of about 22,000 overnight stays in Hemsedal during the
fishing season in 1979.
There is no data regarding the average
amount of money spent per person on accommodations,
fishing
equipment and consumer goods.
People on holiday usually spend
somewhat
more money than they do on day - to -day expenses,
at least
for food and beverages.
If we assume that the two tons of fish
caught in 1979 were not consumed completely on the spot, and if
we furthermore assume that the total expenditure per person per
day amounted to approximately NOK 250 (lodging, transportation,
equipment, etc.), we can estimate that NOK 5 - 6 million are
spent in connection with sports fishing in Hemsedal in the course
of a few short summer months.
This estimate is probably low.
A investigation recently concluded under the auspices of the
Directorate of Wildlife and Freshwater Fish (Bergan, et. al.,
1983) states that about 1 million Norwegians fish for recreation
and that they use about 10 days per year pursuing their hobby.
The investigation in the River Todalselven
(Korsen, 1984) showed
that fishermen used an average of 7.3 days for fishing in this
river alone.
This supports the figures mentioned regarding the
number of fishing days per fisherman per year.
Assuming that
fishermen in Hemsedal and Todal are especially eager, and
therefore spend more time at it and more for transportation,
one
could tentatively reduce the "daily rate" for the remaining
fisherman to half of the original estimate.
Nonetheless,
annually at least NOK 1,500 million are still spent on sports
fishing on a national basis.
In all probability the amount is a
great deal higher if all measurable expenses were considered.
Whether these estimates are too low or too high, they still
illustrate that considerable economic and recreational interests
are tied to watercourses,
regulated as well as unregulated.
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7.

BIRDS

The Weir Project
hoped that
it would be possible
to find
out
whether
weirs
and changes
in their
immediate
surroundings
have
any significance
for birds.
Preliminary
investigations
were
initiated
in the River
Eksingedalselva
and in Hallingdal,
but it
was soon apparent
that
it was very difficult
to prove that
any
changes
in the birdlife
resulted
directly
from weir building.
In Hallingdal
the investigations
indicated
that
birdlife
was
richer
in areas where the river
alternated
between weir
basins
and rapids
than in areas that
consisted
either
entirely
of rapids
or of flat
river.
Since the topography
and vegetation
along
the
watercourses
were naturally
not completely
identical
in the two
areas investigated,
this
conclusion
is encumbered
by a great
deal
of uncertainty
( Michaelsen
& Ree, 1976) .
This is also true
of
the investigation
in Eksingedalen
( Råd & Angell- Jacobsen,
1976) .
The ducks in Hallingdal
preferred
the weir basins
and the dippers
preferred
rapids.
Three species
of swallows;
barn swallows,
house martins
and sand martins
used the airspace
above the weir
basins
far more frequently
than the airspace
above rapids
for
their
food- seeking
forays.
This may be tied
to the location
of
insect
larvae
hatching
( Chapter
4) .
Goosanders
were studied
in somewhat more detail,
especially
with
an eye to what they ate ( Lid & Shandy,
1984) .
The River
Hallingdalselven
has a very large
stock
of minnows.
The question
was whether
the goosander
ate minnows,
or whether
they primarily
predated
on the trout.
Goosanders
were found in the River
Hallingdalselven
at all
times
of the year,
but were most common during
the periods
from AprilMay and August- October.
A maximum of 18 individuals
were
observed
in the area under investigation
in the spring,
30 - 40
in the autumn.
The zones with
a combination
of rapids
and weir
basins
were obviously
preferred
by the goosander
to zones
consisting
of rapids
alone.
In 9 of the 11
21 goosanders
were shot for the food analyses.
In
adult
ducks,
trout
between
15 and 20 cm in length
were found.
two of the young birds
examined,
trout
remains
were found,
while
6 minnows were found in one of them.
The shallow
parts
of the weir
basins
are
tant
fishing
grounds
for the goosander.
the birds
to catch
fish
here than in the
fish
density
is greater
and the fish
are
heavier
than in the rapids.

clearly
the most imporIt must be easier
for
In addition,
rapids.
also somewhat larger
and

The reason
that
trout
are preferred
over minnows,
which occur
in
great
abundance,
is only known to the goosanders,
but may be due
to behavioural
differences
in the two species.
Carp species
skitter
away when they are scared,
trout
prefer
to hide under a
rock or something
similar
and thereby
represent
an easier
catch.
Lien
( 1981) calculated
that
in 1978 in one of the areas under
investigation,
goosanders
ate approximately
1600 trout
between
and 20 cm long.
This equals
about 800 kg, or just
about double
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The
the amount caught by sports fishermen in the same area!
basis for the estimate is somewhat uncertain, but if it is even
approximately of the right dimension, the total catch, bird
predation and natural mortality in the area would equal 60
This figure seems high, but it is clear that goosankg/ha/year!
ders are considerably better fishers than sports fishermen in the
That they have a certain significance as
River Hallingdalselven.
used as an argument to try to reduce
be
not
final consumers must
much too uncertain for that.
is
This data
the population.

8. SUMMARY
Started in 1975, the Weir Project was a cooperative venture
between the Directorate of Water Resources, the Directorate of
Wildlife and Freshwater Fish, the University of Oslo, the
University of Bergen, and the Institute for Nature Management
The aim of the proat the Norwegian College of Agriculture.
ject was to elucidate the ecological impact of weir conThe results were to be
struction in regulated watercourses.
used to form a foundation for more goal-oriented efforts,
aimed at reducing the damages and drawbacks engendered by
watercourse regulations and similar projects.
The Project has been carried out as a collocation of several
independent sub-projects, coordinated and managed by a
steering group comprised of 8 persons from a variety of
The leader of the project was the
professional backgrounds.
60 persons
Approximately
chairman of the steering group.
have, to a greater or lesser extent, participated in the
Five post-graduate students at the University of
project.
Bergen wrote their theses on topics directly tied to the
Project.
The Project has primarily been financed through subsidies from
the Norwegian Concession Fee Fund and through the considerable
efforts of participating individuals and institutions.
A river that has its waterflow reduced will necessarily be a
The degree
different river than it was prior to regulation.
of change depends upon the size of the waterflow reduction and
Preservation of the river's original
the nature of the river.
ecosystem is not possible, but by employing certain specific
measures, and by turning some of the environmental changes
it is possible to reduce
that take place to an advantage,
However, to accomplish this it is
damages and inconvenience.
necessary for the ways in which the watercourse will be used
to be clearly defined, and there must be complete clarity as
regards which plant and animal groups are going to be
favoured.
Artificial weir basins do not differ from natural weir basins
The same development can
either in principle or in reality.
be expected in a weir basin as in a natural pool or pond of
the same size, when the external influences are similar.
The relative effect of weirs is greatest in small rivers and
velocity are altered drasin rivers where waterflow/flow
tically.
Embankment

weirs do not distinguish
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themselves

biologically

from the rock and gravel mounds that nature herself makes in
riverbeds.
Concrete weirs bear great similarity to small
waterfalls.
As a rule, it is very difficult to distinguish between the
effects of weirs and the effects of the regulation disturbances in the upper reaches of a watercourse.
Studies have
shown that the weir basins cannot be viewed apart from their
surroundings.
The functional unit consists of the weir basin
(the pool) and the stretches of rapids located immediately
above and below.
This confirms earlier assumptions - the
ideal river consists of a moderate mixture of rapids and calm
waters, where the depth prevents freezing solid in the winter.
In many Norwegian rivers, total energy consumption exceeds the
amount of energy produced by the plants in the same river
segment.
Such ecosystems are completely dependent on external
energy supplements, such as vegetable and other organic matter
In the area investifrom the riverbanks and upstream areas.
gated in the River Eksingedalselva,
the plants produced only
approximately
60 % of the energy necessary for the respiration
of the plants and animals in the weir basin.
To a greater extent than rapids, weir basins (and pools) are
food traps that hold organic particles suspended for long
periods at a time.
This means that the decay of dead organic
matter and its regeneration into more complex links in the
food chain can theoretically take place on a much greater
scale in a weir basin than in a comparably long stretch of
rapids outside the basin.
A certain minimum waterflow is necessary to create variation
in the river and to maintain the connections between weir
basins and the interjacent stretches of rapids.
This is
important because the most attractive fish species (trout,
salmon and grayling) spawn in the stretches of rapids, and
because the fry remain there for a period of time after
hatching.
Many of the species that the fish feed on are also
dependent on the rapids areas.
Without a doubt, flow velocity is the principal factor when
the effects of man-made disturbances of running waters are to
be explained.
Most of the other important parametres are to a
greater or lesser degree influenced by changes in flow velocity.
Waterflow reductions will lead to changes in conditions on the
As a rule, the areas covered by finely-grained
riverbed.
matter and silt increase as compared to earlier.
This is
especially evident in the larger weir basins.
Altered riverbed conditions lead in turn to changes in the composition of
riverbed flora and fauna, where occurrences of burrowing
river-bed organisms increase especially.
On the one hand, the
increased accumulation and circulation of organic matter in
weir basins may be advantageous for the production of fish and
other predators, but on the other hand, the altered riverbed
tions may reduce the production or availability of the
condi
benthos. Whether or not the total result, measured in fish
yield, for example, will be an increase or a decrease, varies
according the nature of the river, the type of disturbance
made and last but not least, the practise of commercial or
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leisure

time

fishing.

Flow velocity
is of paramount
importance
for the energy
consumption
of fish.
If flow velocity
is reduced
( within
certain
limits)
, it appears
to be advantageous
for fish.
When
several
different
species
are found in the same location,
shifts
in the balance
of species
can lead to decline
for some
species
and advance
for others.
From an energy
point
of view
however,
there
would be an increase
in the total
amount of
fish
flesh
of the entire
fish
population.
Studies
have shown that
weir
basins
play a very
as refuges
in rivers
with
few pools
of adequate
Winterkill
can be reduced
considerably
in river
otherwise
tend to freeze
solid.
Larger
fish
in
have better
chances
of winter
survival.
The weir
basins
will
increase
survival
and will
reduce
the
large- sized
individuals.

the fishes'
competition

important
depth.
stretches
particular

roll
that

chances
of winter
between
smalland

In regulated
rivers,
weirs
can often
contribute
to
compensating
for the reduction
in fish
production
entailed
by
the loss of submerged
area.
In some cases,
such as in the
investigation
area in Eksingedalen,
considerable
increases
in
the population
of trout
compared
to the situation
prior
to
regulation
and weir
construction
have been documented.
However,
growth
and quality
are now diminishing
in relation
to
the exceptionally
good results
found the first
few years
after
regulation.
The change is due to overpopulation
in relation
to food supply.
If increased
fish
production
is to have any practical
consequences
for fishing,
the population
must be maintained
at a
reasonable
level
through
natural
population
regulation,
culling
and other
measures.
If this
does not occur,
the quality
will
become poorer
due to insufficient
food supply,
disease
and parasites.
In areas where conditions
are otherwise
suitable
for it,
where waterflow
reductions
are not too drastic,
measures
as weir
construction,
possibly
in combination
with
other
biotope
adjustment
measures
to increase
the food supply,
provide
refuge
for the individual
fish,
etc. , can provide
basis
for varied
and extensive
recreational
fishing.

and
such
the

Through
the Weir Project
a considerable
store
of new knowledge
has been acquired
about
life
in watercourses,
and professional
expertise
has been built
up at our universities
and other
research
institutions.
Recognition
of this
fact
will
be of
considerable
importance
for both regulated
and unregulated
watercourses
in the future,
when measures
will
be evaluated,
as well
as generally,
for assessments
of the expected
effects
of new watercourse
regulations.
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