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Abstract

Jensen, A.J., Zubchenko, A., Hvidsten, N.A., Johnsen,
B.O., Kashin, E., Kuzmin, O. & Nesje, T.F. 1997. A
comparative study of life histories of Atlantic salmon in two
Norwegian and two Russian rivers. NINA-NIKU Project
Report 007: 1-44.

This report presents results from a joint research program
between the Polar Institute of Marine Fisheries and
Oceanography (PINRQ) and The Norwegian Institute for
Nature Research (NINA). The main goal of this program has
been a comparative study of life histories of Atiantic salmon
in four rivers, two Russian (the Rivers Varzuga and Kola)
and two Norwegian (the Rivers Alta and Orkla). Growth,
density and heavy metal analyses of parr, strategies during
smolt migration, and growth and age structure of adulit
salmon have been included. Results from 1993-1895 are
presented.

The four rivers are among the most important salmon rivers
in Norway and northern Russia. Annual average catches of
9, 13, 25 and 72 tonnes have been reported in the Rivers
Orkla, Alta, Kola and Varzuga, respectively. However,
spawning runs and catches have been influenced by
several factors, like hydropower development, mining indu-
stry, variable exploitation rates in the sea, and temperature
conditions at sea.

The estimated densities of Atlantic salmon parr were higher
in the two Norwegian than the two Russian rivers, while
annual growth rate seemed to be highest in the two Russian
rivers. However, variations in density estimates were large
among years in all rivers.

The mean smolt age of Atlantic salmon was approximately
three years in the River Varzuga, 3.5 years in the Rivers
Kola and Orkla, and slightly less than four years in the River
Alta. The mean size of smoits was about 10 cm in the River
Varzuga, 13 cm in the Rivers Alta and Orkla, and 15 cm in
the River Kola. The smolt age reflects a combination of
annual growth rate and smolt size. The low smolt age in the
River Varzuga is probably a result of high annual growth
rate and smaller smolt size than in the other rivers.
Similarly, the annual growth rate of salmon parr in the River
Kola is higher than in the two Norwegian rivers. However,
because of the large smolt size, the mean smolt age is
similar to that in the River Orkla.

The mean concentrations of heavy metals in Atlantic
salmon patr in the Rivers Varzuga, Kola and Alta were
usually within the range of concentrations observed in
uncontaminated areas. Also at the uppermost location in
the River Orkla similar low concentrations were observed.
However, at the location downstream from the confluence
with the River Raubekken, which drains the Lakken mines,
concentrations of cadmium, copper and selenium where
high, especially in the parr livers. In contrast to the other
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rivers, concentrations of nickel and arsenic were higher
than the detection limits in the River Kola.

Smoit migration in the Rivers Varzuga, Kola and Alta
occurred at the same time and five weeks later than in the
River Orkla. Several proximate triggers seemed to regulate
smolt descent, but in different combinations in each river.
Increasing water flow is the most important proximate
trigger in the River Orkla. In the River Alta small increases
in discharge can initiate smolt migration, while in the River
Varzuga smolt descent is inhibited by increased water dis-
charge. In the Rivers Varzuga and Alta water temperatures
were higher than in the River Orkla during smolt migration.
In the River Varzuga peak migration occurred during
periods with 14 °C or greater, in the River Alta the smolt
migrated at 10 °C, while in the River Orkla most smoits
descended at temperatures between 2 and 8 °C. Smolt
migration occurred during daytime in the River Varzuga; in
the River Alta smolt descent occurred both day and night;
and in the River Orkla the smolts migrated at night. The
main smolt run in the Rivers Varzuga and Alta occurred at
increasing moon phases, peaking at new and full moon.

The River Varzuga is mainly a grilse river. Most fish, i.e.
more than 90 % of both males and females, returned to the
river after only one winter at sea. Also in the other rivers
most males were grilse. However, in the other rivers fe-
males were usually 28W or 3SW fish. The River Varzuga is
the most abounding of the four rivers in water, and hence,
river discharge can hardly explain the large proportion of
grilse in the river. The sea-age composition of the River Alta
salmon is different. In this river most males are grilse, while
most females are 3SW fish.

The seasonal run dynamics in the River Varzuga differ from
the other rivers. There are two peaks in migration of Atlantic
salmon, one during summer and one during autumn. Almost
all fish entering the river later than 20 August are immature.
The autumn run usually contributes to about 70 % of the
total annual run. It is supposed that immature Atlantic
salmon migrating during autumn stay in the river during the
whole winter and also the next summer without feeding, and
then spawn during September. This life history should be
more thoroughly investigated.

Key words: Atlantic salmon - Norway - Russia - population
structure - catch - growth - smolt migration - heavy metals.

Arne J. Jensen, Nils Arne Hvidsten, Bjarn Ove Johnsen and
Tor F. Nassje, Norwegian Institute for Nature Research
(NINA), Tungasletta 2, N-7005 Trondheim, Norway.
Alexander Zubchenko, Evgeni Kashin and Oleg Kuzmin,
Knipovich Polar Institute of Marine Fisheries and Oceano-
graphy (PINRO), 6, Knipovich Street, 183763 Murmansk,
Russia.
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Preface

The Norwegian Directorate For Nature Management (DN),
with reference to the Russian-Norwegian Environmental
Commission, invited the Polar Institute of Marine Fisheries
and Oceanography (PINRO) to participate in a joint
Russian-Norwegian research program on anadromous fish
on 25 June 1992. The Norwegian Institute for Nature
Research (NINA) was proposed as the Norwegian institu-
tion to participate in the joint project. PINRO gave a positive
answer in a letter dated 9 July 1992. NINA invited three
scientists from PINRO to visit Norway in August 1992, with
a return visit to PINRO at the Kola Peninsula in September
the same year. During these meetings, a Protocol of Intents
between PINRO and NINA was signed, and a proposal for a
joint research program was formed and sent to DN for
funding.

Since 1993, this joint program has been subordinated to the
Russian-Norwegian Working Group on the Marine Environ-
ment of the Barents Region, which is subordinated to the
Russian-Norwegian Environmental Commission.

Due to existing large survey programs, the Rivers Orkla,
Alta, Kola and Varzuga were chosen as study rivers.
Hence, extra costs to carry out field sampling have been
considerably reduced. We are grateful for the permission to
use the comprehensive data from these four rivers in this
report, and we thank all those persons who have participat-
ed in the field work and preparation of data.

Oleg Kuzmin and Arne J. Jensen have been the Russian

and Norwegian project leaders, respectively, while
Alexander Zubchenko (PINRO) and Nils Arne Hvidsten and
Bjagrn Ove Johnsen (NINA) have taken part in the project
meetings. Oleg Kuzmin died 31 August 1996. After that,
Alexander Zubchenko took over as the Russian project
leader, and Evgeni Kashin (PINRO) was also involved in
the project. Two project meetings have been arranged each
year, and interpreter Elena Samoilova (PINRO) has played
an important role in these meetings.

We are grateful for the financial support from DN during
these years.

Trondheim and Murmansk, February 1997

Arne J. Jensen Alexander Zubchenko

Contents
ADSITACE ...t s 3
[ (=3 7= 1o - SO 4
1 Introduction ......cccovecciiie e 5
2 StUdy @reas.......cccreieeiirennnn e 5
2.1 RIVEr Varzuga........cccccveemenrevereerneennenseessnnseessnennns 5
2.2 RiverKola......cocivevciivviirinecrnen e 9
2.3 RIVEr Alfa...c.cciiiiciiinenin it 10
2.4 RIVEr Orkla........ccovecivviveririeerieenreesscinessieneneas 11
3 Material and methods ..........ccoccveeeviniicniennncciieeneeene, 13
3.1 Density estimates of juvenile salmon .................. 13
3.2 Growth of parr.......ccceeevieiiiirini e 13
3.3 Analyses of heavy metal contents of parr ........... 14
3.4 Smolt migration........c..cccevieeiiniecinnnnen 14
3.5 Adultfish...coccinireeicrr e 15
4 RESURS ..ot 16
4.1 RIVEr Varzuga.......coccevrrvrrreerncrerscenneceennenaneannns 16
4.1.1 Growth and density of parr..................... 16
4.1.2 Heavy metal contents of parr ................... 16
4.1.3 Smolt migration .........ccccerriimiiirceinen e, 18
4.1.4 Status of adult stock.......c.ccccevervvirrnnnnnen.. 19
4.1.5 Population structure ...........cooeceeveerennne... 20
4.2 RIVErKola....ooooomieiinciiieeccccne v e 21
4.2.1 Growth and density of parr.........c............. 21
4.2.2 Heavy metal contents of parr ................... 22
423 Smoltmigration ........ccceeiviiriiiiiinenncie, 22
4.2.4 Status of adult stock.........ccccvrveverinnennnnn. 22
4.2.5 Population structure...........cccoveevcviinennen. 23
4.3 River Alta........ooccciiicireecrer e 26
4.3.1 Growth and density of parr....................... 26
4.3.2 Heavy metal contents of parr................... 27
4.3.3 Smolt migration .........cccocovriierenrceeireennnen. 27
4.3.4 Status of adult stock......c.cccoveerecverrrnnnnnen. 30
4.3.5 Population structure ..........ccccocceeeveiennnnn. 30
4.4 River Orkla.......occeeviiercciinninrcieeeenrenec e, 30
4.4.1 Growth and density of parr....................... 30
4.4.2 Heavy metal contents of parr ................... 32
443 Smolt migration ........cccceevrviiveiiicnrneie . 36
444 Status of adult stock.........coocveericvennnennnnn. 36
4.4.5 Population structure ........ccccevveceennennnnen. 36
5 DISCUSSION ..eovreciernrircseriereerccrre s rrer e s secmrcn e e enaeneeena 38
5.1 Growth of parm........coccorericccninen s 38
5.2 Densities of parr .......cccccoveveeiniiincnreceererens 38
5.3 Heavy metal contents of parr.......cccccceeveenrnnnnen. 39
5.4 Smolt migration........cccccoriciniiiiniicc e 40
5.5 Status of adult stock......c.ceeeveeiviiiniireei e, 41
5.6 Population structure .........c.cocvevveciiinnrnecicin e 42
B Literature......cccccvniiiiiecerri e 42

4

© Norwegian institute for nature research (NINA) 2010 http://www.nina.no

Please contact NINA, NO-7485 TRONDHEIM, NORWAY for reproduction of tables, figures and other illustrations in this report.



1 Introduction

Concern over the future of the Atlantic salmon, Salmo salar,
was expressed more than 100 years ago (see MacCrimmon
& Gots 1979), and the nominal catches of Atlantic salmon
throughout its distribution area on both sides of the Atlantic
ocean have continued to decline during the last 25 years
(Anon. 1996). Reductions in populations may be closely
linked with changes within home rivers, especially the loss
of spawning and nursery grounds, resulting from a variety of
human activities. Most evident among the human impacts
are the presence of dams and chemical pollutants that have
prevented access of adult fish to former breeding and smolt
production areas (MacCrimmon & Gots 1979). Also atmos-
pheric pollution (Watt et al. 1983, Hesthagen & Hansen
1991), deforestation, mining (Sorensen 1991), and in later
yvears the aquaculture industry (Hansen et al. 1991,
Heggberget et al. 1993, Heggberget 1996) have been a
threat to the wild salmon.

While several Atlantic salmon populations in southern
Europe have declined during this century, some of the
richest populations are still found in Norway and northern
Russia. In Norway, salmon is still present in 594 rivers
(Anon. 1995), and 127 rivers with salmon are found in
northern Russia (Kazakov et al. 1993). Therefore, Norway
and Russia have a special responsibility to the international
community to care for their salmon resources.

Because of the several threats to salmon populations, it is
important to carry out survey programs in the most signifi-
cant rivers. Such programs are in progress in both countri-
es. However, some of the methods and equipment in use
differ. Therefore, it was most useful both for NINA and
PINRO to exchange knowledge and technology about the
respective countries salmon surveys, in addition to treat-
ment of material and data. The aims of the joint program
have been: 1) to exchange knowledge and technology
about surveys in Atlantic salmon rivers, and handling of
material, including harmonising of methods and equipment,
2) to survey selected Atlantic salmon populations to get
information about changes in population size and composi-
tion, which may indicate changes in the environment, 3) to
obtain information about parasites on Atlantic salmon,
especially Gyrodactylus salaris and salmon lice. Since 1995
the Russian Academy of Science, Karelian Research
Centre, Petrozavodsk, has also been included in the joint
research on G. salaris.

The main goal with this program has been a comparative
study of the life history of Atlantic salmon in four rivers, two
Russian {the Rivers Varzuga and Kola) and two Norwegian
(the Rivers Alta and Orkila). Growth, density and heavy
metal analyses of parr, strategies during smolt migration,
and growth and age structure of adult salmon have been
included. Results from 1993-1995 are presented in this
report.

5
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2 Study areas

The present study was carried out in four rivers with Atlantic
salmon: the Rivers Varzuga and Kola in Russia and the
Rivers Alta and Orkla in Norway (Figure 1). These rivers
were chosen due to their existing large surveying programs.
In this way sampling costs were kept to a minimum. During
this study, we harmonised methods and equipment both
during field studies and in handling of material and data.

2.1 River Varzuga

The River Varzuga is the second longest salmon river (next
to the River Ponoy) on the Kola Peninsula. It originates in
Varzugskoe Lake located in the south-eastern part of the
peninsula and drains into the White Sea in the vicinity of the
village of Kuzomen (Figure 2). There are two villages on
the River Varzuga: Varzuga and Kuzomen. Kuzomen is
located close to the outlet of the river, and the village of
Varzuga is located 24 km upstream. The position of the
headwaters is 67°06’ N and 36°38’ E, and the outlet of the
river is located at the White sea at 66° 16’ N and 36° 58’ E.
The catchment area consists of 3 % lakes, 50 % wetlands
and 45 % forest. More than 20 tributaries join the River
Varzuga. The biggest are the Rivers Pana (114 km), Kitsa
(51 km), Polisarka (secondary tributary, 42 km), Yoziya (41
km), Serga (38 km), and Indel (secondary tributary, 23 km).
The catchment area of the River Varzuga in the north
borders the catchment of the River Voronja, in the west the
River Umba catchment area, and in the north-east and east
the catchment areas of the Rivers Ponoy and Streina. The
length of the River Varzuga is 254 km, and the drainage
area is about 9836 km?. The mean water discharge near the
village of Varzuga is 76.5 m®s™ .

The drainage area of the River Varzuga is a marshy tundra,
plain with occasional heights. Vegetation is dominated by
moss (reindeer moss), Arctic birch and shrubs. On some
locations, primarily on heights, coniferous trees can be
found. Surface soils are represented by peat and sand,
occasionally by rocks. The river is meandering, branchy
and riffled. The river often splits into branches with sandy
islands covered with water during floods. In the upper
stretches of the river, shoals and small riffles of 25-40 m
predominate, and in the middle stretches, large pools
become more common and some large rapids are found.
Large rapids are especially frequent in the lower stretches.
There are 13 large rapids, of which Sukhoi lovsa Rapid is 3
km long. River width is 2-6 m at headwaters. It increases to
20-40 m in the upper stretches, 60-150 m in the middle
stretches and to 200 m in the lower stretches. On the lower
20 km stretch, the river width is 300-400 m, and at some
locations up to 600-800 m. Depth in pools are 2.0-3.0 m,
and at rapids and shoals 0.3-0.8 m.

© Norwegian institute for nature research (NINA) 2010 http://www.nina.no
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Figure 1. Map of Norway
and northern Russia, with
the locations of the four
rivers
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The yearly variations in water level are characterised by a
spring flood, low water levels during summer, an autumn
freshet and low water levels in the second half of winter
(Figure 3). A spring flood normally occurs in May and June
and lasts for 15-40 days with the highest water levels of 2.0-
2.5 m in the upper part and 3.0-3.5 m in the lower part of
the river. The lowest water level during summer is most
often observed in July and occasionally interrupted by rain
freshets of 10 to 30 days duration. The highest water level
in this period is 0.5-1.5 m. During frost the water level can
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be quite unsteady and rise by 0.3-1.0 m. In early January a
steady period begins with low water levels. The river
freezes in October-November. Rapids and shoals become
covered with ice 20-40 days later than pools. Rough rapids
freeze only during the most severe winters. Bottom ice may
form on riffied stretches. On pools the ice cover is plane,
and by the end of winter it is as thick as 50-80 cm. lce
break-up occurs in May. The ice drift lasts from 3 to 10
days. The major part of the ice thaws before break-up. The
water temperature rises rapidly during May, and increases
to a maximum of about 17 °C in July (Figure 4).

Figure 3. Annual water flow
700

regime (m°/s) in the River
Orkla at Syrstad (1983-
1994), the River Alfa at
Kista  (1990-1995), the
River Kola at the site «1429
km» (1988-1|993) and the
River Varzuga at the village
of Varzuga (1980-1985).
Mean values for ten day
intervals.

600 +
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Figure 4. Water fempe-
rature (°C) in the Rivers

Varzuga, Kola, Alta and
Orkla. The data are mean
values for ten day intervals
during 1993-1995 in the
River Varzuga at the village
of Varzuga and the River
Kola at the site «1429 km»y,
1981-1994 in the River Alta
at Gargia and 1990-1994 in
the River Orkla at Meldal.

Water temperature {°C)

Day number

7

© Norwegian institute for nature research (NINA) 2010 http://www.nina.no
Please contact NINA, NO-7485 TRONDHEIM, NORWAY for reproduction of tables, figures and other illustrations in this report.




ninasniku Project Report 007

A total of 17 different fish species are found in the River
Varzuga (Table 1). In addition, introduced pink salmon
enter the river occasionally. The predominant anadromous
species is Atlantic salmon. The Atlantic salmon may migrate
160 km up the river to an altitude of 127 m. The slope of
this part of the river is 0.08 % (Figure 5). Before 1958, nets

were used to fish for salmon in the River Varzuga. They
were operated in the lower areas and partitioned not less
than 2/3 of the river width. From 1958, a counting fence has
been used. It is installed annually at a site located 12 km
upstream from the river outlet. According to fish regulations,
at least 50 % of the spawners must be let through the fence
to the spawning grounds.

Table 1. Fish species present in the Rivers Varzuga, Kola, Alta and Orkla. In all four

rivers both anadromous and resident brown trout are present (Berg & Pravdin 1948,

Surkov 1966, Heggberget et al. 1984, and unpublished).

Species River River River River
Varzuga Kola Alta  Orkla

Lamprey (Lampetra japonica Martens) + +

Atlantic salmon (Salmo salar L.) + + + +

Brown trout (Sa/mo trutta L.) + + + +

Arctic char (Salvelinus alpinus (L..)) +

Pink salmon (Oncorhynchus gorbuscha (Walbaum)) + +

Whitefish (Coregonus lavaretus (L.)) + + +

Vendace (Coregonus albula L.) + +

Grayling (Thymallus thymallus (L.)) + + +

Pike (Esox lucius L.) + + +

Roach (Rutilus rutilus (L.)) +

Dace (Leuciscus leuciscus (L.)) +

Ide (Leuciscus idus (L.)) +

Minnow (Phoxinus phoxinus (L.)) + + + +

Eel (Anguilla anguilla (L.)) + +

Burbot (Lota lota (L.)) + + +

Perch (Perca fluviatilis L.) + + +

Ruffe (Acerina cernua (L.)} +

Threespined stickleback (Gasterosteus aculeatus L.) + + + +

Ninespined stickleback (Pungitus pungitus (L.)) + + +

Flounder (Platichtys flesus (L.)) + + +

300

Figure 5. Profile of a) River
Orkla (88 km), b) River Alta
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(46 km), c) River Kola (60
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(160 km). Only the parts of
the rivers asseccible for
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2.2 River Kola

The River Kola is one of the most important salmon rivers in
Russia. It begins at the Kolozero Lake, situated almost in the
central part of the Kola Peninsula, and drains into the Kola
fiord of the Barents Sea (Figure 6). The river is located in the
hollow of the transversal break extending along the line - the
imandra Lake/the Kola fjord. The catchment area of the River
Kola borders the drainage area of the Imandra Lake to the
south, the River Tuloma to the west, and the Rivers Voronya
and Teriberka to the east. The mouth of the River Kola is
located at 68°53’N and 33°02'E. The river is 83 km long. The
drainage area is 3846 km? and the annual mean discharge is
412 m¥s (Figure 3). The drainage area consists of 6 %
lakes, 15 % wetlands, and 55 % woodlands. The main tri-
butaries are the Rivers Medvezhya (15 km), Bolshaya Kitsa
(77 km), Tyukhta (35 km), and the Kildinsky Brook (23 km).
The largest lakes (Kolozero, Pulozero, Murdozero) are locat-
ed in the upper part of the river system.

The bottom of the River Kola is mostly stony, and boulders
appear out of the water at the rapids. The bottom is covered
with gravel and sand, sometimes with silt in the pools. lce
development usually commences in October. The river
freezes around 28 October (average for 1928-80). The
earliest recorded date for development of ice-cover was 7
October (in 1928), while the latest was 24 November (in
1944). Drift of ice commences, on average, 15 May and
varies between 26 April (in 1960) and 29 May (in 1958). Drift
of ice usually lasts no longer than 3-4 days. The longest
durations were recorded in 1974 and 1980 (10 days), the
shortest (1 day) in 17 % of the years (1928-80). The water
temperature increases rapidly during May-June and reaches
a maximum of 16-17 °C in July-August (Figure 4).

There are several communities located on the river banks.
The largest is the town of Kola (about 50 000 people) situated
at the river mouth. The railway connecting Murmansk and St.
Petersburg runs along most of the entire river length.

Twelve fish species are found in the river. In addition intro-
duced pink salmon occurs occasionally (Table 1). Atlantic
salmon is the most predominant species. The part of the river
accessible for salmon is 60 km, and the slope of this part of
the river is 0.15 % (Figure 5).

To reduce illegal fishing and to improve the system to
safeguard the spawning grounds, a counting fence has been
installed annually since 1959. The counting fence is placed
25 km upstream from the river mouth and consists of a net
which completely closes the river. A trap, rectangular form, is
mounted in the centre of the fence. The counting fence is
installed after the spring flood (late May - early June) and is
operated until steady frosts (September-October). During
operation, the counting fence retains all spawners. Therefore,
only those salmon which have passed the site during the
spring flood before the fence is installed can migrate further
upstream in the River Kola. Between 110 000 and 370 000
juvenile Atlantic salmon of differing ages have been released

9
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annually into the river since 1934. These juveniles have been
produced by the Taibola hatchery, located about 70 km
upstream from the river mouth.

2.3 River Alta

The River Alta is situated in northern Norway in the County
of Finnmark at 70° N, 23° E. The river has its origin on
Finnmarksvidda at Kautokeino and then runs to the north,
emptying into the sea at Alta, in the innermost part of the
Alta fjord (Figure 7). The catchment area is 7 400 km2, and
consists of birch forests, mountains or other areas with low
productivity, and some farm land in the lower parts.

Eibyelva

0

1 2 3 4
km

p Sirppi
Harestrammen

Svartfossen

Figure 7. Map of the River Alta,
with locations of the smolt trap and
sampling stations for presmolt
Atlantic salmon.
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About 17 000 people live in the catchment area. Most of
them live in Alta (9 000 people) at the river mouth, and in
Kautokeino (2 900 people) 130 km from the outlet. The
contamination of the river is low. The river is moderately
polluted only in a restricted area, a few km downstream
from Kautokeino (Traaen at al. 1983).

The River Alta has been utilised for hydroelectric purposes
since 1987. A 110 m high dam was constructed across the
main river 5 km downstream from the outlet of the Lake
Virdnejavre, 46 km from the outlet. This lake is used as a
reservoir, and its surface has been elevated by 15 m. The
power station is located close to the dam. The outlet of the
power station is located at the end of the salmon producing
area. The annual flow regime has changed due to the
hydropower development, with higher water discharge
during winter and slightly lower water discharge during the
spring flood. The average annual water discharge is 74.5
m3s, with a peak during the spring flood in May-June
(Figure 3). The river is covered by ice from November to
May. However, 5-7 km of the river just below the outlet of
the power station is usually without ice during most of the
winter. The water temperature increases during June, and
reaches a maximum of about 14 °C in August (Figure 4).
After the hydropower regulation, the water temperature has
decreased 1-2 °C during June and July, while it increased
up to 3 °C in late summer. Beneath the power station the
water temperature has increased 1-2 °C during winter.

Anadromous fishes can migrate 46 km upstream from the
sea to about 85 m above sea level. The average slope of
this part of the river is 0.18 % (Figure 5). A thorough
description of the river is given by Berg (1964). Atlantic
salmon is the dominant fish species. The mean annual
catch during the last ten years has been approximately 13
tons, with a mean weight of 8 kg for individual salmon. Only
sport fishing is allowed in this river. Twelve other fish
species exist in the river (Table 1), but together they
constitute only about 2 % of the total catch by electrofishing
(Heggberget et al. 1984).

2.4 River Orkila

The River Orkla is situated in central Norway in the County
of Ser-Trendelag (Figure 8) and empties into the sea at
Orkanger (63°17' N, 9°50' E). The drainage area is about 2
700 km?, and consists of birch and spruce forests (44 %),
mountains or other areas with low productivity (51 %), and
some farm land in the lower parts (4 %). About 12 000
people are living in the catchment area, of which about 4
000 resides in Orkanger at the river mouth.

The catchment area consists mainly of sedimentary mine-
rals from the cambro-silur period. The content of chalk is
relatively high and easily decomposed. Some heavy de-
composed eruptives are also found. Sulphur ore deposits
occur in several places, and mining operations have been
frequent in the area.
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The richest occurrence of copper pyrite in Norway is found
within the Orkla catchment area, at Lekken. The exploi-
tation of this ore deposit started in 1654, and the mine was
operated for 333 years until it was closed in 1987. A tribu-
tary to the River Orkla (the River Raubekken) drains the
catchment near the copper mine. This tributary transports
high concentrations of heavy metals, mainly copper, zinc,
cadmium and iron, into the main river. Since the early
1980s several measures have been taken to reduce the
seeping of polluted water into the tributary. Among these
are the covering of the slag heaps from the mine.

Except for high concentrations of some heavy metals (zinc,
cadmium, copper, iron) in the lower 15 km, the water quality
in the main river is rather good, with slightly alkaline water
(pH values of 7.1-7.6), high calcium values (about 10 mg/l),
small amounts of phosphorus (3-10 g TOT-P/), and a
conductivity of 6-8 mS/m (Grande & Romstad 1993).

Eighty-eight km of the river is accessible for anadromous
fishes. The average slope of this part of the River Orkla is
about 0.32 %, which is considerably steeper than the other
three rivers (Figure 5). Atlantic salmon is the predominating
fish species. Brown trout (both anadromous and resident),
eel, threespined stickleback, and flounder are also present
(Table 1). In the river the fish are harvested by sport
fishermen using rod and line. The river is one of the most
important salmon rivers in Norway. The mean annual catch-
es the last ten years (1985-1994) have been 15 tons and
1.1 tons for Atlantic salmon and anadromous brown trout,
respectively. .

Since 1983, the River Orkla has been utilised for hydro-
electric purposes. Several reservoirs were built in the
mountains in tributaries to the River Orkla. The Ulset, Litle-
fossen, Brattset and Grana power plants utilise the eleva-
tion difference from these reservoirs to the main river
(Figure 8). In addition, the Svorkmo power plant utilises a
drop of 99 m on a 15 km stretch of the main river between
Bjarset and Svorkmo.

Mean annual water discharge at Meldal is 48.4 m®/s. Before
hydropower development, the water flow was very low
during winter, with a median lowest flow of 3.7 mds, and
flows below 1.0 m3/s were observed. Highest flows occurred
during melting of snow in spring, with a median highest flow
of about 270 m¥s in June. After hydropower development,
the minimum water flow is 10 m®s between Berkdk and
Meldal, while the discharge during spring flow is reduced
(Figure 3).

The River Orkla is completely covered by ice during cold
winters only. The ice cover has been reduced after hydro-
power regulation, especially downstream of the outlet of the
power stations. The water temperature increases during
March-April from close to zero to about 3 °C, and continues
to increase until a maximum of about 13 °C in late July or
early August (Figure 4).
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3
3.1

Material and methods

Density estimates of juvenile
salmon

Densities of juvenile salmonids were analysed during
August/September in 1993, 1994 and 1995 by successive
removal (Zippin 1956) using electrical fishing gear (model
FA2, Ing. Steinar Paulsen, Trondheim) at 17 (15 in 1993),
14, and 12 sites in the Rivers Kola, Alta and Orkla, re-
spectively. In the River Varzuga density estimates were
carried out at 12 sites during July in 1994 and 1995. The
area of each sampling site was usually 60-200 m? (25-50 m?
in the River Varzuga in 1994), and the total area examined
each year was 400-1150, 1160-1275, 2200-2800, and 1200
m? in the Rivers Varzuga, Kola, Alta and Orkla, respectively.
The same localities were sampled each year. Three suc-
cessive removals at about half-hourly intervals were carried
out as standard procedure. Young-of-the-year were not in-
cluded in the density estimates because of their small size,
low catchability, and high mortality during the first year of
life.

From all 12 sites in the River Orkla and from four sites in
the River Alta (sites no. 4, 8, 12, 16) all fish were conserved
in alcohol, and brought to the laboratory for determination of
age, length (natural tip), sex and gonadal development. In
the River Kola, fresh fish were brought to the laboratory and
analysed. In 1993, fish from eight sites (2, 4, 6, 8, 10, 12, 14
and 16) were analysed, while in 1994 and 1995 all fish from
all stations were analysed. Age was determined from scale
analyses, but in cases of doubt otoliths also were used. At
the remaining sites all fish were returned alive to the river
after the third successive removal. The age of these fish
was estimated according to the length frequency distribution
of the fish. In the River Varzuga, growth data exist only for
salmon collected in 1994. The total number of Atlantic
salmon parr sampled during density estimates is given in
Table 2.
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3.2 Growth of parr

In order to compare growth of fish in the Norwegian and
Russian rivers, a model for fish growth of fish in relation to
water temperature and ration size was used. When the yolk
sac is absorbed, growth is mainly dependent on nutrient
conditions, water temperature, and fish weight (Donaldson
& Foster 1940, Brett et al. 1969, Elliott 1975a, b, Spigarelli
et al. 1982). When food is present in abundance, estimated
optimum temperatures for growth vary among species (Brett
et al. 1969, Elliott 1975a, b, Hokanson et al. 1977). In
sockeye salmon (Oncorhynchus nerka) optimum growth at
excess rations occurs at 15°C, and progressively shifts to a
lower temperature at reduced rations (Brett et al. 1969). A
corresponding model for brown trout has been developed
by Elliott (1975a, b), and was later improved (Elliott et al.
1995). For brown trout, the optimum temperature for growth
at excess rations was found to be 13.1 °C, while growth
commences at 4 °C and 19.5 °C.

A similar model for growth of Atlantic salmon has been
published recently by EHiott & Hurley (1997):

W, = [Wo + be(T - Tyw) tH{100(Ty - Ty)H™

where W, is the initial weight of the salmon, W, is the final
weight of the fish aftert days at T °C,and T,y = T if T< T,
or Tyy =Ty if T> Ty . They found the optimum temperature
for growth of Atlantic salmon to be T,, = 15.94 °C, while
lower and upper limits for growth is T, = 5.99 °C and T, =
22.51 °C, respectively. The other parameters were: b
0.313 and ¢ = 3.531.

Mean instantaneous growth rate per year (G,,) was
computed according to the following equation:

Gpa=INW;-InW,

where W, (g) is the mean wet weight of fish caught in
August (the River Alta) or September (the Rivers Kola and
Orkia) one year, and W, (g) the mean weight of fish of the
same cohort collected one year later.

Table 2. Total number of Atlantic salmon parr sampled for density estimates in the
Rivers Varzuga, Kola, Alta and Orkla during 1993-1995. The number of fish from which
age estimates and growth analyses have been performed are also given.

1993 1994 1995
Locality Density Age Density Age Density Age
estimates analyses estimatés analyses estimates analyses
River Varzuga - - 801 485 688 -
River Kola 374 280 293 301 83 139
River Alta 1003 344 1914 808 961 451
River Orkla 533 533 750 750 693 693
13
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The mean weight W (g) of the fish is computed from mean
length L (mm) using the equation:

W= kL

We used k = 9.27* 10%, which was the mean value for 225
fresh Atlantic salmon parr collected in August in three
Norwegian rivers (Orkla, Nidelva and Saltdalselva). Data for
growth analysis were collected three times at one year
intervals in the Rivers Kola, Alta and Orkla, and one time in
the River Varzuga (Table 2).

3.3 Analyses of heavy metal
contents of parr

Concentrations of heavy metals were analysed in gills,
skeletal muscle, liver, and kidney of fifteen Atlantic salmon
parr from two different localities (Kvale and Grut) in the
River Orkla on 28 September 1993, fifteen fish from one
locality in the Rivers Varzuga (Kivitem on 22 June 1994)
and Alta (Gargia on 11 September 1995), and fifteen fish
from the River Kola (23 October 1995). In the River Kola, a
total of 56 salmon parr from three different localities were
sampled on 23 October 1995, but only a sub-sample of
fifteen 3 year old fish were utilised for heavy metal analysis.

One of the two localities in the River Orkla (Grut) is located
37 km upstream from the outlet of the Svorkmo power plant,
and the other (Kvale) is located 7 km downstream. The fish
were collected with electrical fishing gear. The mean length
of the samples from Kvéle and Grut was 132 (range 116-
152) mm and 130 (range 119-143) mm, respectively, while
the mean age was 2.7 (range 2-3) years and 2.9 (range 2-
3) years at Kvale and Grut, respectively.

in the River Varzuga, the fish were collected in a smolt trap
31 km upstream from the river outlet (7 km upstream from
the village of Varzuga). Mean natural tip length was 122
(range 116-134) mm, and mean age was 3.1 (range 2-4)
years.

in the River Kola samples of 10, 24 and 22 fish were collect-
ed at three sites on 23 October 1995. The first sample was
taken 18 km from the river mouth, the second at the mouth of
the River Tyukhta, 26 km from the River Kola outlet and the
third 40 km from the river mouth. Fifteen 3+ fish were
analysed for heavy metals, consisting of 5, 8 and 2 fish from
the three localities, respectively. Mean natural tip length was
140 (range 126-160) mm.

In the River Alta, parr were collected at Gargia, 24 km up-
stream from the river mouth on 11 September 1995. Fifteen
fish, ali of them age 3+, were analysed for heavy metals.
The mean length was 114 (range 106-127) mm.

Concentrations of lead (Pb), cadmium (Cd), copper (Cu),
zinc (Zn), arsenic (As), mercury (Hg), nickel (Ni), and
selenium (Se) were analysed at the NINA laboratory. Only

fitanium tools were used when dissecting the fish. These
tools were routinely rinsed with 1 mol HNO3. About 1.2 g
(wet weight) of skeletal muscle was used in each sample.
For gills, liver and kidney the whole organ was used. The
samples were dried for about 17 hours by a Christ LDC-1
freeze-dryer. Each sample was dissolved in 4.5 mi Scan
pure concentrated (14.4 mol) nitric acid (HNO3) by a micro-
wave oven (Milestone MLS 1200). Concentrations of the
different elements were determined by atomic absorption
spectroscopy (Perkin Elmer Model 1100B). For the lead
analyses a graphite furnace (HGA 700) with an automatic
sampler (AS 70) was used. For Hg analyses a hydride
system (FIAS 200) with an automatic sampler (AS 90) was
used. All values are given as pg/g wet weight. The accuracy
of the analytical procedures was checked against the
National Bureau of Standard (NBS) Bovin liver (Cd, Zn, Cu,
Se), Dogfish muscle (Cd, Zn, Cu, Pb, As, Se Hg) and
Dodfish liver (Cd, Zn, Cu, As, Se, Hg) samples.

3.4 Smolt migration

In the Rivers Orkla and Alta smolts were caught by traps
consisting of a steel frame with an opening of 1 m?
(Hesthagen & Garnas 1986, Hvidsten & Ugedal 1991). A
net pouch, 5.6 m long (mesh size 10.5 mm), with a
removable bag was fastened to this frame. One or two traps
were operated from movable racks fastened to a bridge. A
winch mounted on the rack made it easy to lower the trap
into the river. During operation, about 90 % of the trap was
submerged. To make the trap more stable at high-water
discharge, a 25 kg weight was attached under the trap. In
the River Orkla the traps were mounted to the Meldal
Bridge, and in the River Alta they were mounted fo the @vre
Alta Bridge, 42 and 8 km upstream from the river mouths,
respectively. The trap in the River Orkla has been operating
for 14 years between 1980 and 1995. In this report results
from 1993-95 are given, and during this period 4062 Atlantic
salmon smolts were caught (Table 3). During the same
period 1886 Atlantic salmon smolts were caught in the trap
in the River Alta (Table 3). Results from 1989-1992 also
exist for the River Alta.

In the River Varzuga descending smolts were caught in a
funnel shaped basket (Figure 9). The trap was located 35
km upstream from the river mouth. As water flow varied
during smolt descent, the trap was continuously moved
perpendicular to the shore line and kept at a water depth of
40-70 cm. The opening of the trap varied between 4 and 6
m. Total width of the river at the sampling site is 180 m. The
efficiency of the trap at different water levels is unknown.
The trap was usually examined every second hour in the
period 1 June to 15 July. A total of 8812 smolts were caught
during the period 1993-95 (Table 3). The trap was operated
for six years between 1988 and 1995, and data from all
these years were applied when comparing smolt run with
environmental factors. All smolts were released after regi-
stration, except for up to 30 individuals which were taken
daily for analyses.
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Table 3. Number of Atlantic salmon smolts caught during descent in the Rivers Varzuga,
Kola, Alta and Orkla in the period 1993-1995, as well as numbers of these smolts
analysed for age and size.
1993 1994 1995
Locality Catch Age/size Catch Age/size Catch Agef/size
analyses analyses analyses

River Varzuga 1002 100 4490 36 3320 100
River Kola - - 92 92 25 25
River Alta 894 724 224 224 768 -
River Orkla 989 977 1335 1329 1738 1199

Figure 9. The fyke net
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Attempts to study the migration of Atlantic salmon smolts in
the River Kola have been tried on several occasions. How-
ever, due to the difficult hydrologic conditions and the rough
bottom they have not been successful. In the period 1993-
1995, a smoit trap identical to that used on the River Varzuga
was operated. The opening of the trap was about 10 m. In
1993 the trap was set 2 km upstream from the river outlet and
operated from 5 June to 26 July. However, due to high water
level and unfavourable siting this attempt was also unsuc-
cessful. In 1994-95 the trap was installed 28 km from the river
outlet and 400 m upstream from the counting fence. In 1994
the trap was operated from 16 June to 15 July. A total of 92
smolts were caught. In 1995 the trap was in operation from 13
June to 11 July, and 22 smolts were caught. In both cases all
fish were kept for analysis.

15

3.5 Adultfish

Scale samples of adult Atlantic salmon were collected in all
four rivers (Table 4). In the Norwegian rivers, scale samples
were collected by sport fishermen. In the Russian rivers
they were taken from the commercial catch in counting
fences located in the lower part of the rivers. Weight, length
and sex were analysed from each fish.

All ascending salmon were kept as commercial catch each
day in the River Kola, and each second or third day in the
River Varzuga during the migration period. The ascent the
next day(s) in the River Varzuga was assumed to be similar
to the day before. Hence, estimates of total migration are
present from the Russian populations. In the Norwegian
rivers total annual catches of Atlantic salmon are according
to Official Statistics.
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Table 4. Number of scale samples of adult
Atlantic salmon from the Rivers Varzuga, Kola,
Alta and Orkla in the period 1993-1995.

Locality 1993 1994 1995
River Varzuga 1658 2278 1385
River Kola 499 920 876
River Alta 653 348 633
River Orkla 479 611 599

16

4 Results

4.1 River Varzuga

411 Growth and density of parr

In early July 1994, young-of-the-year (0+) Atlantic salmon in
the River Varzuga were on the average 26.4 mm long
(Table 5). The mean length of 1+ salmon was 52.2 mm,
and that of 2+ salmon was 69.3 mm. Since growth data only
exist for 1994, it is not possible to estimate growth incre-
ment of the same cohort from one year to the next, and we
did not compare the data with the growth model for Atlantic
salmon parr (Elliott & Hurley 1997). However, at the sampl-
ing time in 1994, the average length difference between 1+
and 0+ salmon and between 2+ and 1+ salmon were 25.8
mm and 17.1 mm, respectively.

Table 5. Mean natural tip length (I, mm %
95 % confidence limits) of different age
groups of Atlantic salmon parr collected by
electrofishing in the River Varzuga in July
1994. Sample sizes are given in

parentheses.
Age (year) 5-13 July 1994
0+ 26405 (397)
1+ 522+05 ( 70)
2+ 69.3+1.5 ( 16)
3+ 99.5 ( 2)

Estimated densities of Atlantic salmon parr (excluding fry) in
the River Varzuga were 28.8 £ 12.0 and 19.3 + 5.9 indivi-
duals per 100 m? in 1994 and 1995, respectively (Table 6).
The values for the two years are not quite comparable,
because the sites differed. The highest densities were
found at sites number 1, 9 and 10, but densities were also
high at sites 2, 3, 6, 7, 15 and 16 (Figure 10). The lowest
densities were recorded at sites number 8 and 14.

4.1.2 Heavy metal contents of parr

Cadmium was detected in the highest mean concentrations
in kidney and liver (0.052 and 0.040 ppm wet weight, re-
spectively), while the concentrations in muscle were low
(0.003 ppm, Table 7). Copper, selenium and zinc were all
found in the highest concentrations in liver (6.80, 0.615 and
57.6 ppm, respectively), while mercury was detected in the
highest concentrations in muscle (0.049 ppm). Concentra-
tions of nickel, arsenic, and lead were below the detection
limit in all samples.
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Table 6. Number of Atlantic salmon parr of different age groups caught at twelve stations in the River Varzuga, and
densitiy estimates (Zippin method, number per 100 m?} during electrofishing with three successive removals in July
1994-1995. The area (m?) of each station is also given. Brown trout were not caught during this survey.

Area Atlantic salmon Density estimates of fish (except 0+)
Site Date (m?) 0+ 1+ Older Sum 1. ﬁshing 2. fishing 3. fishing Zippin estimate
1994
1 05.07.94 30 6 7 6 19 8 3 2 484
2 06.07.94 42 56 7 3 66 5 4 1 28.0
3 06.07.94 42 36 8 1 45 5 2 2 27.3
4 06.07.94 42 103 1 1 105 1 1 0 5.2
5 07.07.94 35 85 5 0 90 3 1 1 16.8
6 07.07.94 21 21 4 0 25 2 1 1 284
7 07.07.94 30 116 7 2 125 6 2 1 319
8 08.07.94 40 7 2 0 9 2 0 0 5.0
9 09.06.94 23 118 7 2 127 5 3 1 443
10 10.07.94 30 40 16 4 60 11 6 3 78.3
11 10.07.94 30 115 2 1 118 2 1 0 10.2
12 13.07.94 30 6 6 0 12 4 1 1 219
Mean (numbers per 100 m?): 28.8+12.0
1995
1 25.06.95 100 5 11 2 18 12 1 0 13.0
3 26.06.95 100 33 31 2 66 30 3 0 33.0
4 27.06.95 100 194 13 5 212 9 7 2 214
7 27.06.95 100 25 12 2 39 11 2 1 14.2
9 28.06.95 100 67 8 8 83 12 1 3 16.9
10 29.06.95 250 60 27 6 93 33 0 0 13.2
11 30.06.95 100 34 14 4 52 13 3 2 18.7
12 19.06.95 100 25 18 2 45 14 6 0 204
13 01.07.95 58 6 5 0 11 4 0 1 9.1
14 01.07.95 35 3 1 0 4 1 0 0 3.0
15 01.07.95 38 18 10 2 30 8 4 0 32.8
16 01.07.95 77 10 23 2 35 13 8 3 36.3
Mean (numbers per 100 m?): 19.3+£59

Figure 10. Density estimates
(Zippin method) of Atlantic
salmon parr (excluding fry) at
each of the 16 sites in the
River Varzuga 1994-1995.
Only 12 sites were sampled
each year (1-12 in 1994 and 1,
3, 4, 7 and 9-16 in 1995).

Number of fish per 100 m2

1994
W 1995

Site Number
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Table 7. Mean concentrations (ppm, wet weight + 95 % confidence limits) of Cd, Cu,
Se, Zn and Hg in gills, muscle, liver and kidney of Atlantic salmon parr collected in the
Rivers Varzuga, Kola, Alta and Orkla. The sample from the River Orkla is collected at
Grut, upstream from the confluence with the River Raubekken. The concentrations
given are mean values for 15 fish from each river.

Metal/Organ River Varzuga River Kola River Alta River Orkla
Cadmium (Cd)

Gilts 0.012+0.008 0.039+0.003 0.008 £0.001  0.031 £ 0.004
Muscle 0.003+0.001  0.002 £0.001  0.001 £ 0.000 <0.006
Liver 0.040 £ 0.004 0.066 +£0.008 0.037£0.003 0.051 +0.017
Kidney 0.052+0.011 0.128+0.019 0.079+0.015 0.066 £ 0.010
Copper (Cu)

Gills 0.497 £0.065 0.450 +£0.033 <0.28 0.546 £ 0.116
Muscle 0.509+0.037 0.250+0.021 0.295+0.076 0.394 £ 0.034
Liver 6.80 +2.12 6.44 +2.20 592 +1.68 8.06 + 2.51
Kidney <0.88 0.819 £ 0.099 <0.80 0.787 £ 0.117
Selenium (Se)

Gills 0.255+£0.036 0.176 £0.018 <0.20 <0.27
Muscle 0.240+0.036 0.160+0.070 0.155%+0.012 0.245+0.015
Liver 0.615+0.262 0.940+0.208 0.634+0.148 0.573+0.564
Kidney <0.35 0.591 £ 0.014 <0.49 <0.13
Zinc (Zn)

Gills 118.0 + 13.1 112.8 £ 16.8 145.0 £+ 12.8 127.6 £12.1
Muscle 14.19 £ 0.95 7.58 £ 0.84 8.20+£0.63 11.79+1.28
Liver 57.60 £ 6.31 60.55 £ 5.33 60.81+7.75 58.12+7.76
Kidney 55.64 £ 3.77 49.16 £ 12.37 59.18 £ 8.33 33.63+3.73
Mercury (Hg)

Gills 0.028 £0.004 0.026 £0.003  0.017 £ 0.009 <0.009
Muscle 0.0491+0.004 0.04310.009 0.025%0.002 0.018 £0.001
Liver 0.030+0.004 0.033+0.005 0.021 £ 0.005 <0.018
Kidney 0.048 £ 0.007 0.039+0.010 0.024 £ 0.004 <0.014

Heavy metal concentrations in Atlantic salmon parr in the
River Varzuga were, with the exception of mercury, low
compared to fish in the Rivers Kola and Orkla, and similar
to those in the River Alta.

4.1.3 Smolt migration

The smolt migration in the River Varzuga lasted from 16 to
26 days. Median date of 50 % smolt descent for the six
years analysed was 23 June. With the exception of 1995,
smolt migration peaked once during spring. Maximum
descent lasted between five and nine days. In 1995 the
smolts descended in two peaks (Figure 11).

Smolt migration commenced at a water temperatures vary-
ing from 8.5 °C to 12.5 °C. Most smolts migrated at tempe-
ratures ranging from 14-18 °C. Significantly more smolts
descended with increasing than with decreasing water
temperatures (p < 0.001). Most smolts migrated with decre-
asing rather than increasing water flow (p < 0.01). The
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smolts migrated during the first two quarters of the moon,
during the period when moon phase increased from new to
full moon. Migration peaks occurred at new and full moon.

Smoit migration peaked during day time. Ninety-five percent
of the smolts were caught between 6 a.m. and 10 p.m. Peak
migration (53 %) occurred in the period 4 p.m.-8 p.m. Very
few smolts descended between midnight and 4 a.m..

Daily peak migration usually occurred 3 hours after maxim-
um illumination and close to the period of maximum water
temperature of the day.

Underwater observations close to the trap in the River
Varzuga revealed shoals of up to 40 individuals (16 shoals
were observed) swimming with their heads pointed down-
stream during descent. In front of the smolt trap they turned
against the current with their heads pointed against the
current and after a while, the smolts slowly drifted tail-first
downstream into the fyke net and were trapped.
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4.1.4 Status of adult stock

During 1961-94, the number of Atlantic salmon ascending
the River Varzuga varied between 18 482 (1978) and 137
419 (1987), with an average of 50 956 fish (Figure 12).
Until 1987, all ascending fish were caught for commercial
purposes in the counting fence which operated every
second day, while on alternate days they were allowed to
migrate freely to the spawning grounds. Therefore, the
annual catch of salmon was usually about 50 % of the total
spawning run (Figure 12). From 1987 onwards, the count-
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ing fence has been operated each third day or less
frequently, and a larger proportion of the fish have been
allowed to migrate to the spawning areas. The last few
years a recreational sport fishery has been permitted at
three sites on the river. This is a catch and release fishery,
but each person with a licence may keep one salmon
weekly. The harvest of salmon in the fishing camps is not
included in the catch data in Figure 12.

During 1961-89, the catch varied between 9 241 salmon
(1978) and 50 666 salmon (1987). The annual average
catch during this period was 25 000 fish, corresponding to
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72.5 tonnes (33.4-161.2 tonnes). The last years the catches
in the counting fence have been considerably reduced in
favour of the recreational sport fishery.

4.1.5 Population structure

The smolt age of Atlantic salmon from the River Varzuga
varied between two and five years, with 64-81 % of the fish
being three years old when they migrated to sea. The mean
smolt age varied between 2.89 + 0.03 and 3.03 %+ 0.03
years (Table 8). The smolts were unusually small at des-
cent, with the mean length varying between 93 and 106 mm
(Table 8).

The River Varzuga is mainly a grilse (one-sea-winter fish)
river. Most fish, more than 90 % of both males and females,
returned to the river after only one winter at sea. There
were 4 % and 9 % two-sea-winter fish (2SW) fish, respec-
tively among males and females, while 3SW fish were rare
(Figure 13). The proportion of males constituted 50 % of
the catches.

The mean weight of grilse varied between 2123 + 42 g and
2404 £ 50 g, and 2SW fish between 4563 % 257 g and 5196
+ 318 g (Table 9).

Figure 2. Total ascent

140000 n (numbers) of adult Atlantic
salmon in the River
120000 1 Varzuga during 1961-1995.
100000 1 The lower, black part of the
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Table 8. Age and size (x 95 % confidence limits) of Atlantic salmon at smolt migration
from the Rivers Varzuga, Kola, Alta and Orkla in the period 1993-1995, analysed from
scale samples. Distribution of smolt ages are given as percentages.
River/ Sample Smolt age Mean smolt Mean smolt
year size 2 3 4 5 6 age (yr) size (mm)
years years years years years
Varzuga
1993 293 24 64 12 <1 2.89+£0.03 93+0.8
1994 297 7 81 11 <1 3.03+0.03 102%1.0
1995 302 9 72 19 <1 3.01+0.04 106+0.8
Kola
1993 245 7 50 36 1 341+£0.05 1609+1.5
1994 239 5 53 35 8 345+0.05 146.0+1.3
1995 343 5 39 48 9 3.60+£0.04 146.0x1.1
Alta
1993 625 <1 25 67 7 <1 383x0.05 1314%x15
1994 340 18 70 12 3.94+006 138.3+2.3
1995 607 <1 24 61 15 <1 392+0.07 136.5%+1.0
Orkla
1993 417 1 52 45 2 3481006 133.6+2.0
1994 602 2 54 42 2 3451005 132417
1995 593 1 54 44 1 340+£0.04 1376+1.7
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Figure 13. Sea age distribution of male and female Atlantic salmon in the four rivers during 1993-1995.

Table 9. Mean weight (g + 95 % confidence limits) of 1SW, 2SW, 3SW and 4SW Atlantic
salmon from the Rivers Varzuga, Kola, Alta and Orkla. Sample sizes are given in

parentheses.
River/year 1SwW 28W 3SwW 4SW
Varzuga
1993 2404 + 50 (1502) 4563 + 257 (125) - -
1994 2382 + 42 (2136) 5196 + 318 ( 94) - -
1995 2123 + 42 (1273) 4939 £ 440 ( 94) - -
Kola
1993 2131+ 52 (286) 4981 +235 ( 95) 9694 + 352 (108) 14720 + 1590 (10)
1994 2288 + 51 (493) 5257 +171 (210) 9694 + 257 (211) 13383 £ 3166 ( 6)
1995 2374 + 49 (521) 5769 +203 (207) 9508 1 332 (145) -
Alta
1993 2203 + 60 (220) 6486 £ 670 ( 14) 10959 + 205 (354) 14868 + 1496 (31)
1994 1914 £103 ( 88) 6565 +595 ( 26) 10330 + 258 (177) 15058 + 1048 (38)
1995 1967 £ 40 (189) 6491 £904 ( 11) 10664 + 195 (337) 15028 + 1198 (29)
Orkla
1993 1979 + 101 (188) 5475+ 236 (107) 9236+ 365 (105) 10200 + 1568 (50)
1994 2255+ 51 (389) 5501 +331 ( 52) 8994 + 349 (105) 13162 +3402 ( 8)
1995 1982 + 126 ( 77) 6047 + 110 (335) 8862 +280 (157) 10414 £ 2704 ( 7)

There were two peaks in the migration of Atlantic salmon to
the River Varzuga, one during summer and one during
autumn. Almost all fish entering the river later than 20
August are immature. Usually the autumn migration is most
intense during the middle of October, but a significant part
of the stock migrates as late as November. The autumn run
usually comprises about 70 % of the total annual run. It is
believed that immature Atlantic salmon migrating during
autumn stay in the river during the winter and into the next
summer without feeding, and then spawn during
September.
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4.2 River Kola
4.2.1 Growth and density of parr

In early September, young-of-the-year salmon in the River
Kola were on average 45-47 mm long (Table 10). The
mean annual growth increments the next three years were
32-34 mm, 32-38 mm and 29-32 mm, respectively. Com-
pared to the model for growth of Atlantic salmon parr fed on
maximum rations at the same temperature regime (Elliott &
Hurley 1997), the growth was 87-92 % of the model from
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Table 10. Mean natural tip length (I, mm * 95 % confidence limits) of
different age groups of Atlantic salmon parr collected by electrofishing in
the River Kola in August/September 1993-1995. Sample sizes are given

in parentheses.

Age (year)  1-10.09.1993  23.08-06.09.1994  16.08-4.09.1995
0+ 45.7+£10(64) 458+ 1.6(24) 47.0+ 3.0( 8)
1+ 73.4+20(96) 77.7+ 2.0( 86) 80.0+ 3.3(18)
2+ 03.9+3.8(78) 1058+ 3.0(152) 1159+ 4.0 (59)
3+ 118.1+6.2(31) 1255+ 6.6( 34) 1345+ 3.0 (48)
4+ 1202+9.1 (11) 1322+140( 5) 1445128 ( 6)

September 1993 to September 1994, and 83-107 % from
September 1994 to September 1995 (Table 11). This high
growth rate indicates that food conditions for Atlantic
salmon parr in the River Kola are good, and that the growth
rate is mainly determined by temperature.

Atlantic salmon is the predominant species in the River
Kola. In 1993, no other species was observed, while a few
brown trout were caught in 1994 and 1995. They were all
found at the three uppermost sites (no. 1, 2 and 3), up-
stream of Murdozero Lake (Figure 6, Table 12).

The mean densities of Atlantic salmon parr (excluding fry)
were 32.6 + 10.3, 33.3 £ 19.8, and 8.2 5.4 individuals per
100 m? in 1993, 1994 and 1995, respectively (Table 13).
The highest densities of salmon parr were observed at site
5 and 11, and densities were also high at sites 4, 8, 12, 13
and 14. in the upper part of the river (sites no. 1, 2 and 3)
densities were very low (Figure 14).

4.2.2 Heavy metal contents of parr

Cadmium was detected in the highest mean concentrations
in kidney and liver (0.128 and 0.066 ppm wet weight,
respectively), while the concentrations in muscle were low
(0.002 ppm, Table 7). Copper was present in all four organs
analysed, but in the highest concentrations in liver (6.44
ppm). Selenium and zinc were also found in the highest
concentrations in liver (0.94 and 60.55 ppm, respectively),
while the highest concentrations of mercury were observed
in muscle (0.043 ppm).

In contrast to the other three rivers, nickel was found in
concentrations above the detection limit in all four organs of
fish from the River Kola. The concentrations were 0.332 *
0.164, 0.042 + 0.006, 0.367 £ 0.058 and 0.406 + 0.083 ppm
wet weight in gills, muscle, liver and kidney, respectively.
Also concentrations of arsenic in gills and muscle of some
fish were above the detection limit, while lead was not
traceable in any organ.
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4.2.3 Smolt migration

A total of 92 smolts were caught in the River Kola during 16
June to 12 July 1994. They were caught at decreasing
water flow and increasing temperature. Most smolts were
caught at temperatures between 10 and 15 °C (Figure 15).

4.2.4 Status of adult stock

The fishing for salmon in the catchment of the River Kola has
been conducted as long as people have lived in this area.
Reliable information dates back to the 17-th century, when
about 400 tonnes of salmon were caught in the vicinity of the
River Kola (Ovsyannikov 1938). Later, in the period from
1898 to 1902 the catch of salmon in the Kola fjord varied from
13.8 to 58.9 tonnes (Soldatov 1903). In 1916-28, the catches
were 16.5-41.6 tonnes (Ovsyannikov 1938), and in the period
from 1944 to 1957 they were 9.6-22.7 tonnes (Azbelev 1960).
There are no data available on the abundance of salmon
caught in the River Kola itself. However, Azbelev (1960),
based on the counts of salmon, pointed out that in 1950-58
the abundance of salmon in the River Kola ranged from 1700
to 5300 fish.

In 1959-94, the catch of salmon in the River Kola varied from
9.1 tonnes (1965) to 57.5 tonnes (1984), with an average of
24.8 tonnes. Numbers of salmon varied between 1558 fish in
1964 and 14 225 fish in 1974, with an average of 6 470 fish
(Figure 16). These data show that the initiation of concen-
trated fishing for salmon at the counting fence in 1959, and
the introduction of more stringent measures to safeguard the
river had a favourable influence on the salmon population in
the River Kola. Hence, the population increased noticeably in
the 1970’s. In subsequent years, the growth of the salmon
population continued and presently it can be considered to
have stabilised at a relatively high level.

Considering the status of the River Kola stock we must bear
in mind that a certain part of the catch is composed of
hatchery-reared fish. The data analysis indicated, that in
certain years such fish contributed significantly to the catch.
Along with this, it should be mentioned that only fish with a
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Table 11. Mean weight (W,) of 0+, 1+ and 2+ Atlantic salmon sampled in August 1993
and 1994 in the River Alta, and September 1993 and 1994 in the Rivers Kola and Orkia,
and mean weight (W,) of the same year-class one year later, mean instantaneous
growth rates per year (G,,,) of these fish, and the corresponding rates computed from the
model for growth of Atlantic salmon fed on maximum rations (Elliott & Hurley 1997) at
the same temperature regimes. The ratio between recorded and computed growth rate
(in percent) is also given.

River/year Initial and final weight Inst. Growth rate per year (G,,,) Ratio observed/
age W, (9) W, (9) Observed Computed computed (%)
River Kola, Sept. 1993 - Sept. 1994

0+ 0.89 4.35 1.59 1.73 92

1+ 3.67 10.98 1.10 1.21 91

2+ 7.67 18.32 0.87 1,00 87

River Kola, Sept. 1994 - Sept. 1995

0+ 0.89 4.75 1.67 1.67 100

1+ 4.35 14.43 1.20 1.12 107

2+ 10.98 22.56 0.72 0.87 83

River Alta, Aug. 1993 - Aug. 1994

0+ 0.43 2.32 1.69 1.84 92

1+ 2.10 6.65 1.15 1.24 93

2+ 5.73 13.77 0.88 0.95 93

River Alta, Aug. 1994 - Aug. 1995

0+ 0.45 1.93 1.46 1.84 79

1+ 2.32 5.61 0.88 1.22 72

2+ 6.65 11.71 0.57 0.92 62

River Orkla, Sept. 1993 - Sept. 1994

0+ 0.74 3.36 1.51 1.80 84

1+ 3.70 9.41 0.93 1.21 77

River Orkla, Sept. 1994 - Sept. 1995

o+ 0.76 3.09 1.40 1.31 107

1+ 3.36 7.92 0.86 0.88 98

clipped adipose fin were counted and after 1988 only 30 % of
the fish released for stocking were fin-clipped. Hence, the
proportion of hatchery-reared fish in the catch since 1989 has
been at least three times as much as that reported. Overall
the mean number of hatchery-reared salmon was 1231 fish,
which accounted for 14.7 % of the mean number of fish in the
catches in 1982-94.

Despite the stable status of the salmon stock, one of the main
problems for the River Kola is illegal fishing or poaching. It
was noted as early as the 1950’s (Azbelev 1960), that the
reduction in salmon abundance in the River Kola "has
nothing or almost nothing in common with the periodical
fluctuations of abundance”, and was due to the influence of
local factors, in particular, poaching. This problem is acute at
present.
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4.2.5 Population structure

The smolt age of Atlantic salmon in the River Kola varied
between 2 and 5 years, with three and four year old smolts
being most common. The mean smolt age varied between
3.41 £ 0.05 and 3.60 £ 0.04 years during 1993-95 (Table
8). The smolts were unusually large at descent, having a
mean length between 146 and 161 mm (Table 8).

Grilse, 28W and 3SW salmon were frequent in the river,
and some 4SW were also observed. The proportion of
males in the 1993-1995 runs was 57 %. Among males,
grilse predominated (75 %), but there was also a significant
proportion (16 %) of 3SW fish (Figure 13). Most of the
females were 2SW fish (43 %) or 3SW fish (41 %), while
only a few female grilse were observed (Figure 13). The
mean weights of grilse, 28W, 3SW and 4SW fish are given
in Table 9.
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Table 12. Number of Atlantic salmon and brown trout parr caught at twelve stations in the River Kola in
August/September 1993-1995. The area (m? of each station is also given.

Area Atlantic salmon Brown trout
Site Date (m?) O+ 1+ 2+ 3+ older Sum 0+ 1+ 2+ 3+ older Sum
1993
1 31.08.93 100 0 0
2 31.08.93 100 0 0
3 nodata
4 09.09.93 100 17 22 "2 7 1 49 0
5 09.09.93 60 13 13 10 3 2 41 0
6 02.09.93 60 3 4 14 7 28 0
7 02.09.93 80 5 8 14 6 33 0
8 02.09.93 60 9 7 18 8 42 0
9 02.0993 100 16 14 10 3 2 45 0
10 06.09.93 100 8 10 1 19 0
11 06.09.93 45 4 2 5 3 1 15 0
12  06.09.93 75 2 9 8 3 2 24 0
13 10.09.93 80 11 18 2 31 0
14  01.09.93 50 3 7 9 3 22 0
15  01.09.93 40 4 8 1 13 0
16  01.09.93 66 1 2 3 1 7 0
17  01.09.93 60 2 2 1 5 0
1994
1 24.08.94 100 2 1 1 4 2 1 1 4
2 240894 100 3 3 1 1
3 24.08.94 100 5 5 1 7 1 2 11
4  23.08.94 65 4 22 11 3 3 43 0
5 23.08.94 45 11 24 17 8 60 0
6 25.08.94 60 1 1 2 0
7 25.08.94 80 7 13 20 0
8 05.09.94 75 13 24 4 41 0
9 05.09.94 30 6 7 6 19 0
10 05.09.94 100 2 1 3 0
11 05.09.94 30 22 22 0
12  05.09.94 75 2 26 4 1 33 0
13 06.09.94 80 1 8 16 2 27 0
14  26.08.94 60 6 1 7 0
15  26.08.94 60 1 1 2 0
16  19.08.94 100 0 0
17  19.08.94 75 2 2 2
1995
1 16.08.95 100 0 6 2 8
2 16.08.95 100 0 2 2
3 16.08.95 100 0 2 2
4 17.08.95 65 6 3 3 12 0
5 17.08.95 45 8 2 3 7 1 21 0
6 16.08.95 60 0 0
7 16.08.95 80 6 1 7 0
8 21.08.95 75 7 9 2 18 0
9 21.08.95 30 2 1 1 1 5 0
10 23.08.95 100 0 0
11 23.08.95 30 0 0
12 23.08.95 75 1 4 6 11 0
13 21.08.95 80 6 3 9 0
14 24.0895 100 0 0
15 24.08.95 60 0 0
16  24.08.95 75 0 0
17 24.08.95 100 0 0
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Table 13. Catch of Atlantic salmon and brown trout parr (excluding fry) in the River Kola in the first, second and third
successive fishing, and density estimates (Zippin method, number per 100 m?) in August/September 1993-1995. The
area of each site is given in Table 12.

Site Atlantic salmon Brown trout
1. fishing 2.fishing 3.fishing Zippin estimate 1.fishing 2.fishing 3. fishing Zippin estimate
1993
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
4 13 14 5 477 0 0 0 0
5 10 8 10 >46.7 0 0 0 0
6 13 9 3 49.0 0 0 0 0
7 21 3 4 36.6 0 0 0 0
8 23 6 4 58.0 0 0 0 0
9 18 8 3 31.3 0 0 0 0
10 6 4 1 124 0 0 0 0
1" 8 1 2 26.2 0 0 0 0
12 9 8 5 52.3 0 0 0 0
13 17 11 3 436 0 0 0 0
14 13 6 5 61.2 0 0 0 0
15 9 3 1 38.8 0 0 0 0
16 4 1 1 10.0 0 0 0 0
17 4 1 0 8.3 0 0 0 0
Mean (numbers per 100 m?): 32.6+10.3 0
1994
1 2 0 0 2.0 4 0 0 40
2 0 0 0 0 1 0 0 1.0
3 0 0 0 0 7 3 0 11.4
4 22 11 6 69.8 0 0 0 0
5 24 19 6 132.0 0 0 0 0
6 2 0 0 3.3 0 0 0 0
7 14 5 1 258 0 0 0 0
8 20 16 5 67.1 0 0 0 0
9 16 3 0 63.7 0 0 0 0
10 1 2 0 3.8 0 0 0 0
11 11 6 5 103.0 0 0 0 0
12 24 6 3 455 0 0 0 0
13 22 4 0 326 0 0 0 0
14 5 2 0 11.8 0 0 0 0
15 2 0 0 3.3 0 0 0 0
16 1 1 0 22 0 0 0 0
17 0 0 0 0 0 0 0 0
Mean (numbers per 100 m?): 33.3:19.8 1.0:14
1995
1 0 0 0 0 8 0 0 8.0
2 0 0 0 0 2 0 0 2.0
3 0 0 0 0 2 0 0 2.0
4 5 6 1 235 0 0 0 0
5 8 4 1 31.0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 5 1 1 9.3 0 0 0 0
8 11 7 0 249 0 0 0 0
9 4 1 0 16.7 0 0 0 0
10 0 0 0 0 0 (U 0 0
11 0 0 0 0 0 0 0 0
12 5 4 2 223 0 0 0 0
13 6 3 0 115 0 0 0 0
14 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 (¢] 0
16 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0
Mean (numbers per 100 m?): 82:54 0.7:1.0
25
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4.3 River Alta

4.3.1 Growth and density of parr

In the middle of August, young-of-the-year salmon in the
River Alta were on average 34-36 mm long (Table 14). The
mean annual growth increment of 0+, 1+ and 2+ salmon
from August 1993 to August 1994 was 27-29 mm, while that
from August 1994 to August 1995 was only 19-23 mm.
Compared with the model for growth of Atlantic salmon parr
fed on maximum rations at the same temperature regime
(Elliott & Hurley 1997), the growth was 92-93 % of the
model from August 1993 to August 1994, but only 62-79 %
of the model from August 1994 to August 1995 (Table 11).
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The temperature was similar during these two periods, and
hence, the reason for the poor growth during the latest year
is probably unfavourable food conditions.

Atlantic salmon was the predominant species in the River
Alta. Brown trout constituted 1-2 % of the electrofishing
catches (Table 15, Table 16). Other fish species were sel-
dom observed.

Estimated densities of Atlantic salmon parr (excluding fry) in
the River Alta were to 32.1 £ 19.7, 60.2 + 28.6, and 614 ¢
31.6 individuals per 100 m? in 1993, 1994 and 1995, re-
spectively (Table 16). The corresponding densities of brown
trout were less than 1 per 100 m? in all three years. The
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Figure 16. Total ascent (numbers) of adulf Atlantic salmon in the River Kofa in the period 1959-1995. The
lower, black part of the bars indicates fish which were kept, and the upper, white part indicates fish which were

left for spawning.

Table 14. Mean natural tip length (I, mm + 95 % confidence limits) of different
age groups of Atlantic salmon parr collected by electrofishing in the River Alta
in August 1993-1995. Sample sizes are given in parentheses.

Age (year)

13-15 August 1993

15-18 August 1994  14-18 August 1995

0+
1+
2+
3+

36.1: 0.4 (183)
61.0: 1.1 ( 71)
85.2: 1.8 ( 75)
104.1+ 4.7 ( 15)

36.5: 0.3 (363)
63.0: 0.8 (250)
895, 1.4 (118)
1141+ 1.9 ( 73)

34.3. 0.6 ( 79)
50.3 5 1.1 (179)
84.6 : 1.4 (128)
108.1:+ 2.1 ( 63)

highest densities of salmon parr were observed at sites 5-
12. At sites 1-3 and 14 densities of salmon were low
(Figure 17).

4.3.2 Heavy metal contents of parr

Except for zinc, concentrations of heavy metals in parr were
low in the River Alta (Table 7). The highest concentrations
of cadmium were found in kidney (0.079 ppm) and liver
(0.037 ppm), while in gills and muscle only very low concen-
trations were detected (0.008 and 0.001 ppm, respectively).

Only trace amonts of copper and selenium were found in
liver and muscle, and concentrations were low compared to
the other rivers. The concentrations of mercury (0.017-
0.025 ppm) in all organs were higher than those in the River
Orkla, but lower than those in the two Russian rivers (Table
7).

Zinc was found in the highest concentrations in gills (145
ppm), but high values were also recorded in liver (60.8
ppm) and kidney (59.2 ppm). The zinc concentrations in
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gills of salmon parr from the River Alta were similar to those
from the lower part of the River Orkla (147 ppm), but higher
than those from the two Russian rivers (113-118 ppm).

Nickel, arsenic and lead were below the detection levels in
all fish from the River Alta.

4.3.3 Smolt migration

Median date of 50 % cumulative smolt decent for the seven
years analysed was 25 June.

Smolt migration started at water temperatures of 6 °C or
higher, with the majority of smolts migrating when the water
temperature reached 10 °C (Figure 18). The smolts migrat-
ed after maximum spring flood and at water discharges well
below it. In 1993, the smolt migration was late (50 % cumu-
lative descent occurred 11 July). This was probably due to
low water temperatures during June, and a late spring flood.
Smolt migration occurred both night and day, with 56 % of
the fish descending between 11 p.m. and 7 a.m. daily
(1993-95).
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Table 15. Number of Atlantic salmon and brown trout parr caught at fourteen stations in the River Alta in August 1993-
1995. The area (m? of each station is also given. * indicates that 2+ and older fish are pooled.

Area Atlantic salmon Brown trout
Site Date (m?) 0+ 1+ 2+ 3+ older Sum 0+ 1+ 2+ 3+ older Sum
1993
1 16.08.93 231 42 4 6* 52 4 1 5
2 16.08.93 200 15 1 16 0
3 16.08.93 305 4 1* 5 4 4
4 15.08.93 274 53 16 19* 88 13 4 1* 18
5 16.08.93 105 74 6 7* 87 0
6 15.08.93 140 24 49 58 131 2 2* 4
7 15.08.93 204 5 21 19* 45 1 2 2* 5
8 15.08.93 171 45 30 59* 134 2* 2
10 13.08.93 207 27 45 23* 95 0
11 13.08.93 126 30 17 22* 69 0
12 13.08.93 297 47 15 35* 97 0
14 14.08.93 61 14 1 15 2 2
15 14.08.93 181 48 12 9* 69 1 1
16  14.08.93 315 54 12 24* 100 1 1
1994
1 15.08.94 193 57 10 1* 68 1 1
2 15.08.94 123 5 3 7* 15 0
3 15.08.94 275 38 7 3* 48 1* 1
4 15.08.94 236 130 85 9 1 225 7 1 8
5 16.08.94 86 130 67 28 225 0
6 16.08.94 158 40 77 66* 183 0
7 16.08.94 184 2 58 35 95 0
8 16.08.94 174 49 73 50 44 3 219 2 1 3
10 18.08.94 156 80 108 32 220 1 1
11 18.08.94 120 90 53 43* 186 0
12 18.08.94 294 108 54 45 21 1 229 1 1
14  17.08.94 41 40 40 1 1
15 17.08.94 130 42 2 2% 45 1 1
16 17.08.94 152 72 27 10 7 116 0
1995
1 16.08.95 120 6 12 18 0
2 16.08.95 144 10 8 1* 19 0
3 17.08.95 198 0 0
4 15.08.95 209 49 85 23 157 1 1
5 17.08.95 104 17 59 20* 96 0
6 17.08.95 101 2 75 70* 147 2 1* 3
7 17.08.95 152 20 45* 65 0
8 15.08.95 161 21 24 33 35 2 113 0
10 18.08.95 117 9 27 20* 56 0
11 18.08.95 242 9 30 31* 70 0
12 18.08.95 200 9 35 43 22 109 1 1 2
14 18.08.95 33 14 3 17 0
15 14.08.95 158 3 32 14* 49 0
16 14.08.95 255 16 29* 45 1* 1
28
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Table 16. Catch of Atlantic salmon and brown trout parr (excluding fry) in the River Alta in the first, second and third
successive fishing, and density estimates (Zippin method, number per 100 m?) in August 1993-1995. The area of

each site is given in Table 15.

Atlantic salmon

Brown trout

Site 1.fishing 2. fishing 3. fishing

Zippin estimate

1. fishing 2.fishing 3. fishing Zippin estimate

1993
1 9 1 0 4.3 0 1 0 >0.4
2 0 1 0 *0.5 0 0 0 0.0
3 0 1 0 *0.3 0 0 0 0.0
4 17 11 7 17.5 4 1 0 1.8
5 6 5 2 16.3 0 0 0 0.0
6 52 38 17 97.5 3 1 0 2.9
7 17 16 7 29.2 2 2 0 241
8 49 27 13 61.2 2 0 0 1.2
10 41 18 9 36.7 0 0 0 0.0
11 16 12 13 120.1 0 0 0 0.0
12 23 11 16 359 0 0 0 0.0
14 1 0 0 1.6 0 0 0] 0.0
15 10 7 4 16.0 0 0] 0 0.0
16 24 6 6 12.5 0 0 0 0.0
Mean (numbers per 100 m?): 32.1.19.7 06:05
1994
1 7 3 1 6.1 0 0 0 0.0
2 7 1 2 8.9 0 0 0 0.0
3 6 3 1 4.0 1 0 0 04
4 39 41 15 59.0 1 0 0 04
5 44 31 20 161.1 0 0 0 0.0
6 79 32 32 115.4 0 0 0 0.0
7 49 28 16 62.8 0 0 0 0.0
8 102 40 29 113.3 3 0 0 1.7
10 76 41 23 107.7 0 1 0 >0.6
11 50 23 23 110.3 0 0 0 0.0
12 58 36 27 60.0 0 0 0 0.0
14 0 0 0 0.0 0 0 0 0.0
15 1 1 1 >23 0 0 0 0.0
16 26 13 5 32.1 0 0 0 0.0
Mean (numbers per 100 m?): 60.2 . 28.6 0.2:03
1995
1 6 4 2 12.8 0 0 0 0.0
2 7 1 1 7.3 0 0 0 0.0
3 0 0 0 0.0 0 0 0 0.0
4 66 27 16 58.6 0 0 1 >0.5
5 43 26 10 88.4 0 0 0 0.0
6 75 49 21 174.1 0 3 0 >3.0
7 25 19 21 193.2 0 0 0 0.0
8 45 34 15 75.5 0 0 0 0.0
10 26 12 9 49.3 0 0 0 0.0
11 37 16 8 27.9 0 0 0 0.0
12 48 27 22 69.4 0 0 1 >17
14 2 1 0 9.3 0 0 0 0.0
15 17 18 11 68.0 0 0 0 0.0
16 22 12 11 26.3 0 1 0 >04
Mean (numbers per 100 m?): 61.4:316 04,04
29
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Figure 17. Density estimates (Zippin method) of Aflantic salmon parr (excluding fry) at each of the 14

sites in the River Alta 1993-1995.

4.3.4 Status of adult stock

Reported catches of adult Atlantic salmon from the sport
fishery varied between 2.3 (1970) and 32.5 tons (1975) in
the River Alta, with an average of 13.0 tons for the period
1966-95 (Figure 19). The average catch of brown trout
during the same period was 0.9 tons, varying between 0.1
and 2.0 tons. Since 1974, the sport fishermen have had to
pay a deposit for their licence to fish. This deposit is re-
funded when they return their licence, including a detailed
catch report. Therefore, the catch statistics for the River
Alta since 1974 are considered the most reliable.

After the building of the hydropower station in 1987, densi-
ties of juvenile salmon have decreased significantly (ca 85
%) in the upper 15 % of the salmon producing part of the
River Alta (the Sautso area). In lower parts of the river,
densities of presmolt salmon remain unchanged or have
increased. Another effect of the power plant is reduced
catches of salmon in the sport fisheries in the Sautso area.
Catches of grilse have declined relative to catches in lower
regions of the river, while catches of 3SW fish have
declined in absolute numbers. The negative development in
catches are probably caused by increased mortality in
juvenile stages (Forseth et al. 1996).

4.3.5 Population structure

Smolt ages between two and six years have been observed
in the River Alta. Mean ages have been slightly less than
four years, and mean smolt lengths have been 131-138 mm
(Table 8).

In the period 1993-95 more females (54 %) than males (46
%) were caught during the sport fishery. Among males,
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grilse were most frequent (68 %), but 3SW fish also made a
significant contribution (21 %) to the male population.
Among females, 3SW fish predominated (88 %). Some
48W fish of both sexes also occurred, while 2SW fish were
scarce (Figure 13). Mean weight of the different age groups
is given in Table 9.

4.4 River Orkla
4.4.1 Growth and density of parr

Mean lengths of 0+ Atlantic saimon parr collected in the
River Orkla in September 1993-95 were 42.4-43.4 mm
(Table 17). At the same time, one year old fish were 69.3-
73.6 mm, and two year old fish were 94.9-102.0 mm. During
September 1993 to September 1994 the mean growth
increments of the 1993 and 1992 year-classes were 28.2
and 26.9 mm, respectively. Correspondingly, the annual
increases from September 1994 to September 1995 of the
two youngest year-classes were 25.9 and 23.6 mm, re-
spectively.

The annual growth of salmon parr from September 1993 to
September 1994 was 77-84 % of the corresponding growth
estimated by the growth model for Atlantic salmon parr fed
on maximum rations at the same temperature regime (Elliott
& Hurley 1997, Table 11). in the period from September
1994 to September 1995 the corresponding growth was 98-
107 % of the estimated values. Hence, the conditions for
growth, i.e. nutrient conditions, seemed to be most favour-
able during this period.
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Figure 18. Daily descent
(in numbers) of Aflantic 500
salmon smolts in the River 7] — 20
Alta in the period 1993-
1995, as well as water " 400 — B b
flow (m%/s) and water 25 15 g
temperature (°C). £ 3 300 ®
s 2 ]
[ -10 2
8 g 200 — %
s | - 52
= 100 — =
0_. o ..,gggx..s., L
27 30 2 5 8 11 14 17 20 23 26 29 2 5 8 11 14 17
MAY JUNE JULY
1994
500 — — 20
400 - bd
23 15
£ 3 3
2~ 300 ©
] o
5 S —10 2
3] ; E
£ 200 2
S I o
2 _ %
100 - =
0 r lml bt Lt lml i 1 & | LN T L S e 0
14 16 18 20 22 24 26 28 30 2 4 6 8 10 12
JUNE JULY
1995
500 — — 20
£ _ 400 v
[« 3 — 15
E3 £
5 & 300- i
N ]
a3 108
g | 200 — "3
2 o
-
100 =
0 _I
17
JUNE

31

© Norwegian institute for nature research (NINA) 2010 http://www.nina.no

Please contact NINA, NO-7485 TRONDHEIM, NORWAY for reproduction of tables, figures and other illustrations in this report.




ninaentku Project Report 007

35000

30000 +

25000 +

20000 +

15000 +

Catch (kg)

10000 +

5000 -

0 1

1966
1968
1970
1972
1974
1976
1978
1980
1982

1984

I Salmon
—&— Seatrout

1986
1988
1990
1992
1994

Figure 19. Catches (kg) of adult Atlantic salmon (bars) and sea trout (line) in the River Alta during 1966-1995.

Table 17. Mean nalural tip length (I, mm + 95 % confidence limits) of
different age groups of Atlantic salmon parr collected by electrofishing in
the River Orkla in September 1993-1995. Sample sizes are given in

parentheses.
Age (year) 10-13 September  12-14 September  19-22 September
1993 1994 1995
0+ 431+ 0.6 (175) 434+ 0.8 (173) 424+ 09 ( 98)
1+ 736+ 1.0 (167) 71.3+ 0.7 (359) 69.3+ 1.0 (241)
2+ 1020+ 2.1 (125) 100.5% 1.7 (173) 94.9+ 1.3 (309)
3+ 1175+ 2.6 ( 66) 1216+ 2.7 ( 43) 1176 2.7 ( 45)

The mean densities of Atlantic salmon parr (excluding fry)
were 33.2 + 8.3, 61.6 £ 27.8, and 55.9 + 20.0 fish per 100
m? in 1993, 1994 and 1995, respectively (Table 18, Table
19). Similar estimates for juvenile brown trout were 12.1 +
6.2, 16.0 + 8.5 and 12.7 + 8.5 fish per 100 m?. The highest
densities of salmon were observed on site number 8
(Figure 20). Sites number 1, 5 and 9 also had high
densities.

Densities of Atlantic salmon parr were higher in 1994 and
1995 than in 1993. This is partly because of the strong
1993 year-class (Table 18), which is included in the 1994
and 1995 estimates, but not in the 1993 estimates. How-
ever, higher water flow during field work in 1993 than in
1994 and 1995 could be an alternative reason for the lower
estimates in 1993. High water flow during electrofishing is
known to hinder the catch of Atlantic salmon parr (Jensen &
Johnsen 1988).
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4.4.2 Heavy metal contents of parr

Concentrations of cadmium, copper and selenium were
higher in Atlantic salmon parr in samples downstream of the
confluence with the River Raubekken than farther upstream
(Table 20). Significantly higher concentrations of all these
metals were found in samples from liver downstream of the
River Raubekken. Selenium was also higher in kidney,
while cadmium was significantly higher both in liver, kidney
and gills (p < 0.01-0.001).

Zinc was found in the highest concentrations in the gills. It
was significantly higher in fish below the River Raubekken
than upstream from it (p < 0.05). However, in both liver and
muscle, concentrations of zinc were highest upstream of the
tributary (p < 0.001, Table 20).
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Table 18. Number of Atlantic salmon and brown trout parr caught at twelve stations in the River Orkla in September
1993-1995. The area (m? of each station is also given.

Area Atlantic salmon Brown trout
Site Date (m?) 0+ 1+ 2+ 3+ Older Sum 0+ 1+ 2+ 3+ Older Sum
1993
1 10.09.93 100 15 24 16 1 56 24 14 1 1 40
2 10.09.93 100 19 32 11 62 33 20 2 55
3 10.09.93 100 3 3 2 3 11 2 2 1 5
4 03.09.93 100 5 9 8 7 29 3 3 6
5 03.09.93 100 21 21 11 2 55 6 2 8
6 03.09.93 100 5 12 2 19 4 21 4 29
7 11.09.93 100 9 19 10 1 39 16 1 17
8 11.09.93 100 28 12 24 20 84 68 19 3 90
9 13.09.93 100 27 13 22 6 68 18 13 31
10 13.09.93 100 35 15 1 1 52 25 25
11 13.09.93 100 6 8 5 11 30 2 2
12 11.09.93 100 7 6 3 12 28 11 10 2 23
1994
1 14.09.94 100 39 20 69 23 6 4 1 34
2 14.09.94 100 11 19 20 1 51 22 28 5 55
3 14.09.94 100 14 18 32 4 7 11
4 13.09.94 100 2 2 9 5 18 18 6 3 27
5 13.09.94 100 49 59 11 2 121 29 3 2 34
6 13.09.94 100 7 8 15 8 1 39 18 4 1 23
7 13.09.94 100 15 39 9 63 52 52
8 12.09.94 100 30 81 44 20 1 176 96 41 2 139
9 12.09.94 100 6 38 4 2 50 41 24 6 71
10 12.09.94 100 16 15 3 34 42 42
11 12.09.94 100 12 29 10 2 53 4 4 8
12 12.09.94 100 17 16 10 1 44 36 18 6 60
1995
1 19.09.95 100 3 45 48 11 107 5 2 7
2 19.09.95 100 18 27 22 4 71 25 7 1 2 35
3 19.09.95 100 2 22 20 1 45 2 2 4
4 20.09.95 100 3 28 29 6 66 3 3
5 20.09.95 100 7 36 27 4 74 16 4 20
6 20.09.95 100 3 12 15 30 13 13
7 21.09.95 100 45 9 10 1 65 23 23
8 21.09.95 100 4 38 63 10 115 29 15 3 47
9 21.09.95 100 4 2 20 3 29 12 30 4 46
10 21.09.95 100 1 11 27 1 40 27 4 31
11 22.09.95 100 2 2 15 2 21 1 23 2 26
12 22.09.95 100 6 9 12 3 30 8 15 1 1 25
33
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Table 19. Caltch of Atlantic salmon and brown trout parr (excluding fry) in the River Orkla in the first, second and
third successive fishing, and density estimates (Zippin method, number per 100 m?) in September 1993-1995.
The area of each site is given in Table 18.

Atlantic salmon Brown trout
Site 1. fishing 2. fishing 3. fishing Zippin estimate 1. fishing 2. fishing 3. fishing Zippin estimate

1993
1 27 6 8 45.7 8 6 3 23.0
2 29 13 1 443 15 4 2 21.9
3 5 2 1 8.7 1 1 1 4.0
4 13 8 3 27.9 2 1 0 3.1
5 22 10 2 35.7 1 0 1 3.0
6 15 4 0 19.1 16 6 3 27.0
7 19 8 3 32.2 1 0 0 1.0
8 33 20 3 60.1 14 4 4 24.7
9 23 12 6 47.7 7 2 4 20.2
10 9 6 2 19.8 0 0 0 0.0
11 11 10 3 30.6 1 1 0 2.2
12 10 6 4 26.7 6 6 1 15.6
Mean (numbers per 100 m?): 33.2.:83 12.1.6.2
1994
1 40 13 8 65.9 8 3 0 11.1
2 30 8 2 40.8 20 12 1 34.8
3 22 7 3 33.6 4 3 0 7.4
4 9 4 3 19.4 4 3 2 14.4
5 48 15 9 76.9 2 1 2 (8.4)
6 22 7 3 33.6 2 1 2 (8.4)
7 32 12 4 50.6 0 0 0 0.0
8 73 56 17 175.1 35 4 4 43.7
9 17 14 13 138.1 20 6 4 32.2
10 11 4 3 204 0 0 0 0.0
11 21 13 7 51.6 3 1 0 4.0
12 14 9 4 32.8 15 5 4 27.0
Mean (numbers per 100 m?): 61.6 + 27.8 16.0: 8.5
1995
1 68 27 9 110.0 2 0 0 2.0
2 31 14 8 60.6 6 2 2 11.7
3 27 11 5 46.7 1 1 0 2.2
4 34 24 5 70.8 2 1 0 3.1
5 38 16 13 81.3 2 2 0 44
6 22 5 0 27.1 0 0 0 0.0
7 17 2 1 20.1 0 0 0 0.0
8 61 40 10 124.8 7 7 4 34.3
9 14 8 3 28.3 17 13 4 40.8
10 28 9 2 40.0 3 1 0 4.0
11 10 7 2 21.9 12 10 3 30.7
12 11 7 6 39.3 10 5 2 19.0
Mean (numbers per 100 m?): 559 :20.0 12.7 . 8.5
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Figure 20. Density estimates (Zippin method) of Atlantic salmon parr (excluding fry) at each of the 12 sites
in the River Orkla 1993-1995.

Table 20. Concentrations (ppm, wet weight + 95 % confidence limits) of Cd,
Cu, Se, Zn and Hg in gills, muscle, liver and kidney of Atlantic salmon parr
collected in the River Orkla downstream (Kvéle) and upstream (Grut) of the
confluence with the River Raubekken.

Metal/Organ Kvale Grut Significance level
Cadmium (Cd)

Gills 0.443 £ 0.063 0.031 £ 0.004 p <0.001
Muscle < 0.006 < 0.006

Liver 0.407 + 0.082 0.051 £ 0.017 p < 0.001
Kidney 0.800 £ 0.241 0.066 £ 0.010 p < 0.001
Copper (Cu)

Gills 0.568 £ 0.156 0.546 £ 0.116 n.s.
Muscle 0.398 + 0.041 0.394 £+ 0.034 n.s.

Liver 30.65 + 13.17 8.06 £ 2.51 p <0.01
Kidney 0.831 £ 0.202 0.787 £ 0.117 n.s.
Selenium (Se)

Gills <0.31 <0.27

Muscle 0.226 + 0.014 0.245 £ 0.015 n.s.

Liver 2.721 £ 0.509 0.573 + 0.564 p < 0.001
Kidney 0477 £0.315 <013 p < 0.01
Zinc (Zn)

Gills 146.8 £ 13.7 127.6 £ 121 p<0.05
Muscle 7.52 +1.28 11.79 £ 1.28 p < 0.001
Liver 30.46 + 6.08 58.12+7.76 p <0.001
Kidney 33.99+7.82 33.63+3.73 n.s.
Mercury (Hg)

Gills <0.010 < 0.009

Muscle 0.016 £ 0.002 0.018 £ 0.001 n.s.

Liver 0.017 £ 0.010 <0.018

Kidney 0.015 £ 0.003 <0.014
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Mercury was detected in muscle only, where it was found in
low, and not significantly different concentrations at Kvale
and Grut (p > 0.05, Table 20). Concentrations of nickel,
arsenic, and lead were below the detection limit in all
organs of all fish, both at Kvale and Grut.

4.4.3 Smolt migration

Smolt migration in the River Orkla lasts for about one
month, and mainly occurs in May. The median date of 50 %
smolt descent for 14 years of analysis was 19 May. Smolt
migration started at water temperatures between 1.7 and
4.4 °C and the smolt run was finished when the water
temperature had reached 10 °C. Most smoits migrated at
temperatures between 2 and 8 °C.

Peaks in migration lasted from one to three days and
tended to be associated with high and increasing water
discharges (Figure 21). Analysis of eleven years of smolt
descent showed that water flow, water temperature, decre-
ases in water temperature, increases in water flow and
moon phase influenced the smolt migration significantly
(Hvidsten et al. 1995). Smolt migration occurred at night,
with 87 % of the smolts migrating between 10 p.m. and 2
a.m.

4.4.4 Status of adult stock

Reported catches of adult Atlantic salmon from the sport
fishery varied between 0.9 (1969) and 26.9 tons (1987) in
the River Orkla, with an average of 9.3 tons for the period
1966-1995 (Figure 22). The average catch of brown trout
during the same period was 1.1 tons, varying between 0.3
and 2.2 tons.

The River Orkla was developed for hydroelectric purposes
in the early 1980’s. After the hydropower development,
minimum water flows as high as 10 m%s between Berkak
and Meldal have been provided, and Atlantic salmon smolt
production in this part of the river has increased (Hvidsten &
Ugedal 1991).

In the lower 15 km of the River Orkla, juvenile salmonid
populations have been considerably reduced because of
heavy metal pollution from the Lgkken copper mine. A smalil
tributary, the River Raubekken, drains the catchment near
the copper mine. This tributary transported high concentra-
tions of heavy metals, mainly copper, zinc, iron and cadmi-
um, into the main river. When the river was utilised for
hydroelectric purposes in the early 1980’s, the opportunity
was taken to mix water from the tributary with discharge
water from the Svorkmo power plant before it reached the
main river. At the same time measures were taken in the
mining area, which partially prevented poliuted water from
seeping into the Raubekken. In addition, the hydropower
company maintains a rather high minimum flow in the river.
As a consequence, the concentrations of copper, zinc, iron,
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lead and cadmium have declined in the lower part of the
main river since 1982. During the same period, densities of
juvenile Atlantic salmon in the lower part of the river have
increased to levels almost similar to those upstream from
the tributary. Heavy metal analyses of juvenile Atlantic
salmon have shown that concentrations of cadmium,
copper and selenium are still higher in fish downstream
than those upstream of the tributary. Hence, living condi-
tions for salmonids in the lower 15 km of the River Orkla are
now greatly improved (Jensen et al. 1995).

4.4.5 Population structure

The smolt age of Aflantic salmon from the River Orkla
varied between two and five years. Most fish were three or
four years at smoltification. The mean smolt age varied
between 3.40 + 0.04 and 3.48 + 0.06 years, and the mean
length of smolts was 132-138 mm (Table 8).

Both grilse, 2SW and 3SW salmon were frequent in the
river, and some 4SW were also observed. The proportion of
males was 58 % for the 1993-1995 runs. Among males,
grilse predominated (60 %), but there was also a significant
proportion of 2SW (22 %) or 3SW (17 %) fish (Figure 12).
Most of the females were 2SW (45 %) or 3SW fish (36 %),
while only a few female grilse were observed (Figure 12).
The mean weights of grilse, 2SW, 3SW and 4SW fish are
given in Table 9.
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Figure 21. Daily descent
(in numbers) of Atlantic
salmon smolts in the River
Orkia in the period 1993-
1995, as well as water
flow (m%s) and water
temperature (°C).

iku Project Report 007

Number of smolts
- \Water level

Number of smolts

- \Water level

Number of smolts
- Water level

s00- 1993 o
400 — s
—15 @
£
300 — E’_
—10 g
200 — 3
3
- ©
100 > 2
0 ] L
25 27 30 2 4 6 8 10 12 14 16 18 20 22 24 26 28
APRIL MAY
500, 19%4 e
400 — &
—15 @
2
300 — ©
. B
~ 10 £
200 — —= 8]
,/’ (NGP—— 4 [
“~ - 3
I —— -
100 — =
0 —+Frrr S 0 — 0
27291 3 5 7 9111315171921 23 2527 2931 2 4 6 8
APRIL MAY JUNE
1000 1995 e
b
750— —15 @
=
©
a
500 — —10 £
2
250 E
- 5 ©
,—-./'\ ;
0 g
T T T T T T T T T T 0
2729 1 35 7 91113 151719212325272931 2 4 6 8 1012
APRIL MAY JUNE

37

© Norwegian institute for nature research (NINA) 2010 http://www.nina.no
Please contact NINA, NO-7485 TRONDHEIM, NORWAY for reproduction of tables, figures and other illustrations in this report.




ninaeniku Project Report 007

30000

25000 +

20000 +

15000 +

Catch (kg)

10000 +

5000 +

1966
1968
1970
1972
1974
1976
1978
1980
1982

N RN En AN AR SN AN AN

1984

N Salmon
—&~ Seatrout

1986
1988
1990
1992
1994

Figure 22. Catches (kg) of adult Atlantic salmon (bars) and sea trout (line) in the River Orkla in the period 1966-

1995,

5 Discussion

5.1 Growth of parr

Once the yolk sac has been absorbed, growth is mainly
dependent on nutrient conditions, water temperature, and
fish weight (Donaldson & Foster 1940, Brett et al. 1969,
Eliiott 1975a, b, Spigarelli et al. 1982). For Atlantic saimon,
the optimum temperature for growth at excess rations has
been found to be 15.9 °C, while growth commences at 6.0
°C and 22.5 °C (Eliiott & Hurley 1997). Therefore, the
annual river temperature regime is important for the scope
for growth. The length of the growth season, i.e. the number
of days above 6 °C, is shortest in the River Kola {(about 100
days), a few days longer in the Rivers Alta (about 105 days)
and Varzuga (about 110 days), and of longest duration in
the River Orkla (130 days).

During most of the summer, temperatures are higher and
closer to the optimum for growth in the two Russian rivers
than in the two Norwegian rivers (Figure 4). We incorpo-
rated the temperature regime of the four rivers into the
growth model for Atlantic salmon fed on excess rations
(Elliott & Hurley 1997), starting with a 50 mm (1.16 g)
salmon parr. According to the model, one year later this fish
would have increased to 92.2, 86.6, 81.2 and 79.7 mm
(7.26, 6.02, 4.97 and 4.70 g) respectively, in the Rivers
Varzuga, Kola, Alta and Orkla. Slower growth than this
indicates unfavourable food conditions.

The annual growth increment was considerably higher in
the River Kola than in the two Norwegian rivers (Figure 23),

and in both years close to the estimated values (Table 11).
Also, the observed growth rates of salmon in the River Alta
in the period August 1993-August 1994 were close to the
estimated ones, but considerably lower (62-79 %) in the
second period (Table 11). In the River Orkla the observed
growth rates were 77-84 % of the estimated ones in the first
period, but exceeded the estimated values in the second
period (Table 11).

5.2 Densities of parr

The estimated densities of Atlantic salmon parr were higher
in the Norwegian than the Russian rivers (Figure 24).
However, for several reasons the results are not quite
comparable. Habitat, i.e. bottom conditions, depth and
water velocity, influences the catch of fish during electro-
fishing, and parr densities, therefore, can vary considerably
among sites (Figure 10, Figure 14, Figure 17, Figure 20).
Hence, mean density estimates for a river may change
according to the location of each site and the time of
sampling. Moreover, water discharge during the field work
may affect the results, particularly at high water flows
(Jensen & Johnsen 1988).

The size of the spawning population may significantly
influence the densities of juveniles if the population is below
carrying capacity. The conditions for survival during early
life, producing strong or weak cohorts of salmon, may also
affect densities of juveniles. In the River Orkia the 1993
year-class of salmon was stronger than average, and that
was one reason for the higher density estimates of salmon
parr in 1994 and 1995, than in 1993 (Figure 20).
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Figure 23. Mean annual growth increment (mm) of 0+, 1+ and 2+ Atlantic salmon parr in the Rivers Kola and Orkla
(September 1993-94 and 1994-95) and the River Alta (August 1993-94 and 1994-1995}.

Figure 24. Mean density
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5.3 Heavy metal contents of parr

The mean concentrations of heavy metals in Atlantic
salmon parr in the Rivers Varzuga, Kola and Alta were
usually within the range of concentrations observed in
uncontaminated areas (Jensen et al. 1995). The uppermost
location in the River Orkla also had similar low concen-
trations, while downstream of the confluence with the River
Raubekken, which drains the Lakken mines, concentrations
of cadmium, copper and selenium where high, especially in
the liver (Table 7, Table 20). In contrast o the other rivers,
concentrations of nickel and arsenic were above the
detection limits in the River Kola.

Concentrations of cadmium were highest in kidneys and
lowest in muscle in all four rivers. In the lower part of the
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River Orkla concentrations of cadmium were much higher
than elsewhere. This is not surprising, because each year
about 100 kg of cadmium are transported from the Lakken
area by the River Raubekken and into the River Orkia
(Grande & Romstad 1993).

Copper was observed in much higher concentrations in liver
than in other organs. In the River Orkla, downstream from
the confluence with the poliuted tributary, concentrations
were about 30 ppm, while upstream from that tributary, and
also in the other three study rivers, concentrations in the
liver were 6-8 ppm. In other organs, concentrations were
usually less than 1 ppm.

Concentrations of selenium were also highest in liver.
Except for the lower station in the River Orkla (2.7 ppm),
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concentrations of selenium in liver were less than 1 ppm,
and in other organs less than 0.6 ppm. Concentrations in
the River Kola were slightly higher than in the Rivers
Varzuga and Alta, as well as in the upper part of the River
Orkia. :

Concentrations of zinc were highest in gills and lowest in
muscles. In gills, the highest values were observed in the
lower part of the River Orkla (147 ppm), and in the River
Alta (145 ppm), while values of 113-128 ppm were
observed at the other locations. In liver and kidney, concen-
trations of 49-61 ppm were measured in the three northern-
most rivers, and in the upper part of the River Orkla (liver
only). Low concentrations of zinc were found in liver and
kidney of fish from the lower, polluted part of the River
Orkla, which may seem strange. However, similar observa-
tions of low concentrations of zinc in these organs have
been made in other polluted areas (Grande et al. 1985,
Sorstrem & Rikstad 1985). Zinc appears to be displaced by
cadmium in contaminated areas, however, the cause is not
understood.

The concentrations of mercury were slightly higher in the
Russian than in the Norwegian rivers. in all rivers concen-
trations were higher in filet than in other organs, but the
differences were small.

5.4 Smolt migration

Smolt migration in the Rivers Varzuga, Kola and Alta occur
concurrent in time and five weeks later than in the River
Orkla. The smolt descent occurs later in the season at in-
creasing latitudes along the Norwegian coast (Hvidsten,
Jensen & Heggberget, MS).

The smolt migration is regulated by ultimate and proximate
triggers. One of the most important triggers is day length.
Within a population, salmon smolts may descend within one
month (Ruggles 1980). During this period, different proxi-
mate triggers regulate the smolt migration. in the Rivers
Varzuga and Alta, water temperatures are higher compared
to that in the River Orkla during smolt migration. In the River
Varzuga peak migration occurs during periods of 14 °C or
higher. In the River Alta, the smolts migrate at 10 °C. Most
smolts in the River Orkla migrate at temperatures between
2 and 8 °C, and the smolt run ends when the water
temperature reaches 10 °C. Water temperatures of 10 °C or
more are presumed to be those normally preferred by
migrating salmon smoits (Osterdahl 1969, Forsythe 1967,
Solomon 1978, Karlstrem & Bystram 1994).

Water flow is the most important proximate trigger regu-
lating smolt migration in the River Orkla. Increases in water
discharge will normally initiate smolt migration. In the River
Alta, small increases in discharge can initiate smolt migra-
tion (Saksgard et al. 1992). In the River Varzuga, however,
smolt descent is inhibited by increases in water discharge.
Most smolts migrate at decreasing water discharge in the
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River Varzuga. Cues in different rivers may be the same,
but thresholds and the combined effects of these physical
variables seems to vary. )

In the River Orkla, social facilitation appear to occur among
smolts. Smolts from upstream areas seem to initiate the
migration of smolts further downstream (Hvidsten et al.
1995). Other authors have made similar observations. Re-
leases of hatchery reared smolts are reported to initiate
smolt runs in wild smolt populations (Kennedy et al. 1984,
Hansen & Jonsson 1985). The recapture rate of tagged
silvery eels also increased with increasing numbers of des-
cending eels (Vollestad et al. 1994). Social behaviour and
interaction between individual smolts might be an important
trigger ensuring a coordinated descent.

The main smolt run in the River Varzuga occurred at
increasing moon phases, peaking at new or full moon.
These results are in accordance with results from the River
Alta (Saksgard et al. 1992). As most of the smolts migrate
during the day, light from the moon would be of littie
significance for smolts. Rather, the lunar phases may be
cues used to synchronise migration through endocrine
rhythms as shown for silver eels (Boetius 1967). Large
numbers of descending smolts at new and full moon may
indicate that they reach the sea at high tides. This may
ensure a more rapid displacement into the sea than at other
moon phases. This may accord with reported smolt feeding
in the estuary of the River Varzuga prior to seaward
migration (Kazakov 1994).

Smolt migration occurred during daytime in the River
Varzuga; in the River Alta smolt descent occurred both day
and night; and in the River Orkla the smolts migrated at
night. Predation pressure is expected to have a strong
selective effect on smolt behaviour during migration. Preda-
tory pike and burbot are found in the River Varzuga. In
the neighbouring River Porja, Bakshtansky et al. (1976a)
suggested that the migration pattern was a defence against
predatory pike. In this river, smolts migrated during day
time, when they could see the pike and avoid predation
(Bakshtansky et al. 1976a). It is likely that the occurrence of
burbot in addition to pike has caused an anti-predator
behaviour in the River Varzuga. Jacobsson & Jaervi (1977)
described anti-predator behaviour of salmon parr and
smolts in relation to pike and burbot. The smolts migrated in
a period of good visibility, but after peak illumination in the
River Varzuga.

In the River Alta small amounts of pike and burbot are
found in the river. Predation pressure has not been ana-
lysed, but is expected to be low.

Differences in recaptures rates of adult salmon from up-
stream and downstream releases of smolts in the River
Orkla were insignificant. Therefore, predation from mam-
mals, birds and fishes is expected to be low. Migration
during night at high water discharge is expected to give the
best survival in the estuary. Predation from cod in the
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estuary of the River Orkla has been estimated to be 20 %
(Hvidsten & Lund 1988).

5.5 Status of adult stock

The four rivers are among the most important salmon rivers
in Norway and northern Russia. The highest catches of
salmon are reported from the River Varzuga, and this river
seems to be one of the most important salmon rivers
(Kazakov et al. 1993). In the period 1961-1989, the annual
average catch in the River Varzuga was about 72.5 tonnes.
In 1987, as much as 161 tonnes were caught, while a
similar amount of salmon was allowed to migrate to the
spawning grounds. In the Rivers Kola, Alta and Orkla
reported annual catches as high as 57.5 tonnes, 32.5
tonnes and 26.9 tonnes have been recorded, respectively.
However, catches in Russian and Norwegian rivers can not
be compared, because about 50 % of the declared catch in
Norway is harvested in the sea.

There have been some environmental changes in the two
Norwegian rivers during the 1980's, which have affected the
salmon populations. Both rivers have been regulated for
hydroelectric purposes. In the River Orkla this has resulted
in increased Atlantic salmon smolt production (Hvidsten &
Ugedal 1991), while in the River Alta densities of juveniles
have decreased in upper reaches (Forseth et al. 1996).
Juvenile salmonid populations have been reduced con-
siderably in the lower 15 km of the River Orkla, because of
heavy metal pollution from the Lekken copper mine. During
the 1980’s, however, extensive labour to reduce the seep-
ing of heavy metals from the mine has occurred. In recent
years densities of juvenile Atlantic saimon in the lower part
of the river have increased to almost similar levels as those
farther upstream (Jensen et al. 1995).

The Atlantic salmon has been exploited heavily both in
rivers and in the sea. The number of spawners which
ascend the rivers has been strongly influenced by the
intensity of the sea fisheries. In Norwegian coastal areas,
stationary lift nets, bag nets, bend nets, and drift nets have
been the most common fishing gears. Until late 1960's bag
nets were the most important gear for catching salmon in
sea, and this type of net had been in use in northern
Norway for more than one hundred years. In the 1960's
about 88 % of the salmon in northern Norway were caught
in the sea, mostly in bag nets (Berg 1964). Although drift-
net fishing has been carried out for at least 80 years,
offshore drift netting began in 1960. The number of drift
nets increased rapidly thereafter, and catches increased to
a maximum of 1007 tonnes in 1979 (Anon. 1991). During
the last decades several restrictions in the salmon fishery in
Norwegian home waters have been introduced, and
particularly between 1979-1980, and again in 1989 when
several epoch-making regulations were imposed. In 1979-
1980, considerable restrictions in the drift net fishery were
introduced, and diaries were ordered for drift net fishermen.
Casting nets and set nets were prohibited in the sea. The
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closed season for fishing in the sea was extended from 1
May to 31 May, although some exceptions existed. In most
rivers the closed time was expanded to 1 June. However,
diminishing returns continued, and therefore new compre-
hensive regulations were introduced in 1989. Extensive
restrictions on utilisation of bend nets were introduced,
while drift nets were prohibited. In addition, the fishing
season in the rivers was shortened by two weeks in the
autumn, and in 74 rivers fishing for Atlantic salmon was
banned (Lund ef al. 1994).

In Russian waters the Atlantic salmon is harvested in rivers,
estuaries and at a few coastal fishing stations located on
the White Sea. In addition, evidence from tag recaptures
have shown that Russian salmon are harvested by
Norwegian and Faroese fishermen during feeding at sea
and return migraton to home waters (Berg 1935,
Danilchenko 1938, Novikov 1953, Bakshtansky & Nesterov
1973, Bakshtansky et al. 1976b, Grinyuk 1977, Bugaev
1987, Zubchenko et al. 1995). Salmon have been tagged at
several stations along the Norwegian coast. Recoveries
have clearly demonstrated that Russian salmon on their
migration from feeding areas in the Norwegian Sea to their
natal rivers to spawn are intercepted by the Norwegian
coastal fishery for salmon in northern Norway. At marking
stations between the Lofoten Islands and Ser-Trendelag,
Russian salmon were observed only sporadically, while
farther to the south no recoveries from Russia have been
reported (Anon. 1974, L. P. Hansen, NINA, unpublished). At
the marking station at Breivik, which is located at the island
Seray 150 km SW of Nordkapp in the county of Finnmark,
salmon caught in bag nets have been tagged and released
during two periods, 1937-1938 and 1962-1974. Fifteen and
thirteen percent, respectively, were reported from Russian
rivers at the Kola Peninsula and the White Sea area (Dahl &
Semme 1938, Anon. 1974, L.P. Hansen, NINA, unpublish-
ed). Similar results were obtained at Sarvaer, which is also
located at Seray, in the period 1964-1967, were 11 % of the
recoveries were Russian (Anon. 1974).

Several studies have revealed that environmental condi-
tions at sea affect fish stocks (Jensen 1939, Scarnecchia
1984, Stergiou 1991, Jakobsson 1992). Sea-surface tempe-
ratures have been shown to alter the distribution of Atlantic
salmon catches in the north-west Atlantic Ocean (Reddin &
Shearer 1987). Varying Atlantic salmon catches in several
countries have been explained by variable winter habitats
for salmon in the Labrador Sea (Friedland et al. 1993).
Scarnecchia et al. (1989) found significant relationships
between mean June-July sea temperatures and the catch of
grilse the following year in some Icelandic rivers.
Zubchenko & Kuzmin (1989) demonstrated that the annual
spawning run of Atlantic salmon to the River Tuloma is
significantly related to sea temperatures in the Barents Sea,
and later Antonsson et al. (1996) pointed out a similar
relation for two other Barents Sea salmon stocks (Kola and
Ponoy). Temperatures in the Barents Sea were for example
extremely low during the period 1978-82, and in these years
the spawning runs to all these rivers were less than
average.
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5.6 Population structure

The mean smolt age of Atlantic salmon was about three
years in the River Varzuga, 3.5 years in the Rivers Kola and
Orkla, and about four years in the River Alta (Table 8). The
mean size of the smolts was about 10 cm in the River
Varzuga, about 13 cm in the Rivers Alta and Orkla, and
about 15 ¢m in the River Kola (Table 8). The smolt age
reflects a combination of annual growth rate and smolt size.
The low smolt age in the River Varzuga is probably a result
of higher annual growth rate and smaller smolt size than in
the other rivers. Similarly, the annual growth rate of salmon
parr in the River Kola is higher than in the two Norwegian
rivers, but because of large size of the smolts, the mean
smoit age is similar to that in the River Orkla.

The River Varzuga is mainly a grilse river. Most fish, i.e.
~more than 90 % of both males and females, return to the
river after only one winter at sea. In the other rivers most
males are grilse. However, in the other rivers females are
usually 2SW or 3SW fish. The sea-age composition of the
River Alta salmon is special. In this river most males are
grilse or 3SW fish, while females are predominantly 3SW
fish (Figure 13). Several investigations have illustrated that
age and size of salmonids at sexual maturity has a genetic
component (Neevdal et al. 1978, Gjerde 1984, Glebe &
Saunders 1986). In Atlantic salmon significant correlations
have been found befween sea-age and size at sexual
maturity and river size in North America, Scotland, Iceland
and Norway (Schaffer & Elson 1975, Thorpe & Mitchell
1981, Scarnecchia 1983, Jonsson et al. 1991). Thus, life
histories seem to be adapted to local conditions in the
habitats exploited by the fish.

Jonsson et al. (1991) observed that in small Norwegian
rivers, body length and sea-age at sexual maturity
increased with water discharge of the spawning river.
However, the positive correlation did not apply to salmon
from rivers with a mean annual water discharge larger than
40 m¥/s. The reason may be that the water flow in the small
rivers was too low for successful ascent and spawning of
large salmon. The mean annual water discharge of all the
four rivers in the present study is more than 40 m®/s (41.2-
76.5 m?¥s), with the River Varzuga having the largest water
flow. Hence, river discharge can hardly explain the large
proportion of grilse in the River Varzuga.

The seasonal salmon run dynamics in the River Varzuga
differ from the other rivers. Two peaks occur in the migra-
tion of Atlantic salmon in the River Varzuga, one during
summer and one during autumn. Almost all fish entering the
river later than 20 August are immature. Usually the autumn
migration is most intense during the middle of October, but
a significant part of the stock migrates as late as November,
The autumn run usually contributes about 70 % of the total
annual run. It is supposed that immature Atlantic salmon
migrating during autumn stay in the river during the whole
winter and through the next summer without feeding, and
then spawn during September. This life history should be
more thoroughly investigated.
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