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Abstract

Nast, T, Yakovlev, V., Berger, H.M., Kashulin, N., Langeland, A.,
Lukin, A. & Muladal, H. 1991. Impacts of pollution on freshwa-
ter communities in the border area between Russia and Norway.
|. Preliminary study in 1990. - NINA Scientific report 26: 1-41.

The aim of this preliminary study during 1990 was to assess the
present state of freshwater communities both on Russian and
Norwegian territories. Zooplankton, zoobenthos and fish were
sampled in different localities in the border areas.

Severe impacts upon freshwater communities have been docu-
mented, especially near the factories in Nikel and Zapolyarny.
Negative impacts on the Norwegian side, and on areas at longer
distances from the Russian side are related to this pollution.

Heavy metal accumulation and pathological anomalies in fish
and a low diversity of invertebrates were observed. Indications
of acidification impacts were only recorded within the Jarfjord
Region,

More intensive studies in the border areas are necessary to
quantify the impacts of pollutants, especially with respect to
heavy metal contamination and sublethal effects on fish and
invertebrates.

Key words:freshwater communities - pollution - border area -
Russia - Norway.
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Pe3iomMme

Hoct T., Anosnes B., Beprep X.M., Hawynuu H., JlaHrenasg
A, JNywud AL, 1 Mynapan X. |89l. BnuaHWe 3arpAsHeHds Ha
npecHoBofHble coobllecTsa B MPHrpaHWSHOM pafioHe CCCP
Hopeernu.

|. lNpeneapurtensHoe uaydende B 1990 r. - HUHA, HayuHbiA
oTyer 26 1-41.

llensio faHHoro npefBapuTenbHoro uayveHua s 1990 ropy
Bhino BelAB/IEHME COBPEMEHHOro COCTOAHWA MPECHOBOMHBIX
coofliecTB HaK Ha COBETCHOMW, Tak W Ha HODBEMCHOA
TEPPUTOPUAX. B NpUrpaHHWYHOM paRoHe K3 PasHbIX MECT ObHH
cobpatbl Npobbl 300MNaHKTOHa, 3000eHTOCa W pBIB,

HeroTopble BO3OEeHCTBMSA Ha TNpecHoBonHbie coobllecTsa,
ocofeHHe B panroHe Huxkena W 3anonApHoro BbH
sadykcHpoBaHbl, HeraTusHble BAMAHMA Ha HOPBEMCHOM CTOPOHE,
a Takye B paroHax Ha BonblUOM PACCTOAHWH OT HCTOYHMHOB Ha
COBETCKOR CTOPOHE CBA3aHbI TaKie C 3arpAsHEeHUEM.

OTMevanocs HaKoMieHHe TAMenbx MeTanmnes H
maToflorMyecHHe aHoManuu ¥ Pb[ﬁ, a TaKme HHIHKOE
pasHoobpasue 6GecnospoHo4HblX. [loHasaTenu BIAHAHUA
sanucneHnd (auvpodutalumy) oOTMEYEHO TOMBKO B panoHe
Apsduopna.

Heobxonumbl Gonee WHTEHCUBHBIE HCCAEAOBaHWA B
norpaHuyHelX PpadoHax ¢ TeM, 4Tobbl oXapaKTepH30BaTh
HONIHHECTBEHHO BIIHAHHE 3an£3HHTEJ‘[EP.[, ocobeHHo B CBASHM C
BO3OEHCTBHUEM TAMENBIX METanmnopB H CyﬁnETaﬂBHOE BO3HERCTBHE
Ha pbib M Becno3BOHOYHbIX.

Hniovesble cnopa: MpecHopofHble coobUlecTBa, 3arpAsHeHHe,
NnorpaHryHblf panok, CCCP 1 Hopeerna.
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Preface

The impact of pollution on the environment of the Kola
Peninsula has increased during the last decades due to several
mining factories and metallurgical industries. Recently there has
been a considerable focus on the effects of pollutants on the
environment and human health. As a consequence a bilateral
agreement on environmental problems between the USSR and
Norway was established in 1988. In accordance with this agree-
ment, a cooperative study on freshwater communities in the
border areas was started in 1990. Participitating institutions
were:

Norwegian Institute for Nature Research (NINA), Trondheim -
Norway.

Akvaplan-Niva, Tromsg - Norway

Institute of the North Industrial Ecology Problems Kola Science
Centre, (INEP), Academy of Sciences of the USSR, Apatity -
Russia.

This report present the results of field investigations in 1930 in
two periods; June 25 - July 14, and August 27 - September 7.

In addition to the authors several persons have contributed to
this study:

N.Yakovleva INEP, Russia

B.M. Larsen NINA, Norway

S. Liethagen  NINA, Norway

J.B. Breistein  NINA, Norway

L.R. Karlsen County governor of Finnmark, N-9800 Vadsg,
Norway

K.S. Jakobsen Department of Forestry, Finnmark, N-9900-
Kirkenes, Norway

E. Sotkajaarvi Department of Forestry, Finnmark, N-9900-
Kirkenes, Norway

Trondheim, Desember 1991
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Appendix

1 Introduction

In the border area between the Russia and Norway, the
Pechenga nickel factories in the Russian towns Nikel and
Zapolyarny are the main sources of pollutants. Emissions mainly
contain sulphuric gases, heavy metals and dust. As a result of
the long-term pollutants impact on the Pechenga area of
Murmansk Region, damage to the terrestrial and water ecosys-
tems is obvious. Elevated concentrations of pollutants in the
atmosphere and effects on vegetation are observed even in the
border areas of Norway.

The aim of this first joint study was to assess the present state
of freshwater communities both on Russian and Norwegian ter-
ritories. This report presents species composition, abundance
and biomass of the invertebrate and fish communities, patholo-
gical state and levels of heayy metal accumulation in the fish.
The object of this assessment program will continue: 1) in 1991-
1992 to determine the impact of pollution from the Pechenga
nickel factories on freshwater biota both on Russian and
Norwegian territories, and later on 2) to assess the causes in the
freshwater biota following the process of reconstruction of the
air purification systems of the factories.

© Norwegian ingtitute for nature research (NINA) 2010 http://www.ninano
Please contact NINA, NO-7485 TRONDHEIM, NORWAY for reproduction of tables, figures and other illustrations in this report.
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2 Study area The climate is influenced by warm air streams from the Northern

Atlantic and by cold ones from the Arctic (Yakovlev 1991a). The
annual mean temperature in the border area is low ( in Pasvik,

The investigated area, divided into four regions, 1) Nikel Region, Ser-Varanger -0.3 °C). Minimum and maximum monthly mean
2) Pechenga and 3) Pasvik River Systermns and 4) Jarfjord Region temperatures are -13.5 °C and +14.0 °C, respectively. The
(Figure 1), is located at latitude 69-70° N and longitude 29-31°E. annual precipitation in Pasvik is low, 358 mm (Bayum 1970,

NVE 1987). Surface water systems drain to the Baltic Sea. Mean
The geology is complex and consists of hard bedrock predomi- annual runoff on the Pechenga area remains within the limits of
nating in the Jarfjord Region and more soluble and richer (more 600-800 mm.

Ca and Na) bedrock in the Nikel-Pechenga area and the Pasvik
River System (Sigmond et al. 1984, Atlas.. 1971).
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Figure 1
The study areas near the Norwegian-Russian border (Nikel Region, Pechenga River System, Pasvik River System and Jarfiord Region).




nina forskni t0z6

3 Load of poliutants

The load of pollution from the Pechenga nickel factories consist
mainly of nickel (Ni), copper (Cu), sulphurdioxide (SO,) and
dusts (Hagen et al. 1990, Sivertsen 1990). As heavy metals are
mostly deposited near their source, the gases may be transpor-
ted longer distances and then precipitate as acid deposits. Dust
ejected into the atmosphere is composed of nickel (3.13 %),
copper (1.91 %), cobalt (0.114 %), sulphur (S;) (8.67 %)
(Pechenga nickel company data). The annual levels of nickel and
copper in dust emissions are about 500 tonne Ni and 300 tonne
Cu. Annual sulphurdioxide (SO;) emission from the factories
(300 000 tonne) is about three times higher than the total
Norwegian emission of sulphur. Anthropogenic sulphur fallout
on the territory near the main sources is 30 gm2 year!. The
minimum pH of precipitation in the Pechenga area is 3.4
(Kryuchkov & Makarova 1989).

The load of pollutants is different in the four study regions. The
Pasvik River System drains the Nikel town area through
Kuetsyarvi. In the three other regions pollutants are only trans-
ported through the air, except some streams near Zapolyarny
and the Pechenga River. Thus the load of pollutants is determi-
ned by the distance from emission sources and wind direction.
The surroundings of the factories receive the largest amounts of
pollutants as gasses and dust. Dominating wind directions from
the factories are mostly north-east, partly north and north-west.
This means that the northeastern parts of Norway (incl. Jarfjord
Region) also receives air transported pollutants (Scholdager et
al. 1983). However, the load in this area is reduced as compared
to the areas near the sources.

4 Sampling methods

4.1. Water chemistry

Water-samples were collected from 49 localities and analysed
for 21 chemical parameters at NINA’s laboratoryy by standard
methods. Anions, kations and heavy metals were tested to serti-
ficated standard solutions (Appendix 1).

4.2 Zooplankton

Zooplankton samples were taken in 3 lakes in the Pechenga nic-
kel area, 6 localities in the Pasvik River System and 5 lakes in the
Jarfjord Region during August/September 1990 (Appendix 1). In
four of the Jarfiord lakes samples were also taken in late June.

Quantitative zooplankton-samples were taken with a 5 litre
tube sampler, 1 meter in length. The water was sieved through
a net of mesh size 45 um. Depending on lake depth mixed sam-
ples (three replicates) were taken from depths of 0-5m, 5-10m,
10-15m and 15-20m. Additional qualitative samples from each
lake were obtained using vertical net hauls from bottom to the
surface (net area 660 cm?Z and mesh size 90 um). All samples
were fixed in Lugols fixation.

Calculations of biomass (dry weight) was based on the relations-
hip between body weight (W) and body length (L) according to
Bottrell et al. (1976) and Langeland (1982).

4.3 Zoobenthos

Zoobenthos was sampled in different habitats (littoral and pro-
fundal zones of lakes, lake outlet/inlet, streams) and substrate, a
total of 44 stations: 23 from the Pechenga nickel area, 12 from
the Pasvik River System and 9 from the Jarfiord Region
(Appendix 1).

In the profundal zones zoobenthos was collected with an
Ekmann dredge (213 cm?2). Samples from the littoral zone and
running waters were made by a kicking technique described by
Frost et al.(1971). All samples were sieved through a net with
mesh size 250 um, and the animals were separated from the
mud sample and preserved in 70 % ethanol.

Some bioclogical indexes were obtained: Information theory
diversity index (Shannon 1948), Biological Monitoring Working

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



Party; Score index (BMWP 1978) and ISO‘s Long Score Index
(1983).

4.4 Fish

Electrofishing was performed in streams and inshore areas in
lakes in August/September. In total 39 stations were sampled;
11 in the Pechenga nickel area, 1 in the russian side of the
Pasvik River System and 27 in the Jarfjord Region (Appendix 1).
Natural tip lengths of all fish captured were measured. Fish
caught near Nikel were preserved in 70 % ethanol.

Fish were caught with a standard gillnet series, consisting of 8
fleets 10-45 mm (Rosseland et al. 1979) in 4 localities on
Russian and 5 on Norwegian territory in August/September
(Appendix 1). In four of the Jarfjord lakes test-fishing was also
performed in July. For a comparison, test fishing was performed
in Lake Kocheyavr situated 150 km south of Nikel near the
Russia-Finland border.

The fish were analysed for: body length, weight, sex, gonad
maturity, colour of flesh, fat content of intestine, and stomach
fullness. For fish condition analysis, pathological and morpholo-
gical examinations were performed and symptoms of diseases
and parasitic infection were also examined for visually.

Heavy metal contents of tissues and organs were determined
for the following fish species: brown trout, Arctic char, perch
and pike. Subsamples for each species were collected from the
gills, liver, kidneys, muscle and skeleton. Samples were placed in
plastic bags and frozen quickly in liquid nitrogen for further exa-
mination at the laboratory. These samples were dryed to con-
stant weight at 105 °C. Organic matter was removed using con-
sentrated nitric acid (HNO3). In organs and tissues, contents of
nickel, copper, zinc, cobalt and manganese were determined by
the atomic absorbtion method (AAS - 30 Karl-Zeiss-Jena).
Scales, otoliths, shoulder- and opercular bones were collected
for age determination in accordance to standard methods
(Jonsson 1976, L'Abee-Lund 1985). Determination of different
morphs of whitefish was performed according to a standard
systematic method (Reschetnikov 1980). 10-20 fish from each
species and locality were analysed for food habits. The stomach
samples were preserved in 70 % ethanol.
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5 Results
5.1. Water chemistry

In general higher values were found in Russian localities for
most of the chemical parameters (Appendix 2). The range in
pH was between pH 4.55 and 7.13 (Figure 2). The lower pH
and the larger variation in the Jarfjord Region (4.55-6.55)
reflects the more sensibility of acidification due to specific geo-
logical conditions. The lowest pH was measured at higher eleva-
tion with little or no soil and vegetation cover.

Levels for sulphate (SO,) mainly ranged between 4 and 35
mgSO4/. The values on the Norwegian side never exceeded 8
mgSO,/ (Figure 2). Extreme high values for sulphate were
obtained in a few localities near Nikel, > 100 mgSQy4/l. Con-
centrations of calcium were lower than 3 mgCa/l in Norwegian
lakes, except in the Pasvik River System (Figure 2). However,
the values on Russian side in the Pasvik River System were 4
times higher than on the Norwegian side. High values for calci-
um (40-50 mgCa/l) were obtained in the localities near Nikel,
similar to the sulphate measurements.

Due to the fact that the sampling bottles were not acid-washed
before sampling, the values obtained for heavy metals (Figure
2) should be considered as minimium values. Contents of Ni in
the Russian part of the Pasvik River System were between 50-80
pgNi/l and in the Pechenga nickel area 20-485 pgNiA. On the
Norwegian side the concentrations were less than 20 pgNi/.
The contents of copper were mostly less or slight above the
detection limits, < 5 pgCu/l. One exception was the stream
Shuoniyoki near Nikel, 33 pgCu/l. The zinc contents were less
than 30 pgZn/l and minor differences between the regions were
found. Generally the concentrations for manganese were lower
than 5-10 pgMn/, but values as high as 57 pgMn/ were found
in Kuetsyarvi and F.Hegfjellsvatn (Appendix 2).

Concentrations for nitrate were in general lower than 10-20
ngNOy/l (Appendix 2). In localities draining the town of Nikel,
the contents of NO3 (85-585 pgNQO3/l) were 10-100 times hig-
her than in other localities.

5.2 Zooplankton
Zooplankton species composition is given in Table 1.

Representatives of Rotatoria, Cladocera and Copepoda were
recorded in all lakes, a total of 22 species (7 Rotatoria, 10
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505760626469727879818487
Jarfjord
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353639404244
Pasvik River

2223 24
Pechenga
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-5,Zn-5
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(cfr. append. 1)
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Detection limits in pg/l: Ni - 20, Cu

Locality nr.

Levels of some chemical parameters
in water from different localities in

Augusti/September 1990.

Figure 2



Cladocera and 5 Copepoda) was found. The lake situated near
Nikel (LN2) differed from the others; only 3 species of rotifers
and one species of Cladocera and Copepoda were found.

Most of the rotatorian species were found in all regions, but the
number of species and their relative importance differed within
each region (Table 1). Usually Polyarthra vulgaris was the most
common species, except in the Jarfjord Region where Kellicottia
longispina predominated in all lakes, exceptin F.Hagfjellsvatn.

nina forskningsrapport 026

The highest number of species of Cladocera and Copepoda
were found in the Pasvik River System (Figure 3). Noteworthy is
the lack of daphnids and diaptomids in some localities in the
Nikel and Jarfjord Regions. Daphnia cristata, Bosmina longiros-
tris and Eudiaptomus gracilis were restricted to the Pasvik River
System.

Table 1. Zooplankton species present in the lakes.
Nikel Region: Sal = Sarasslaki, LN2 = Lake Nikel - NE 10 km
Pechenga River System: Ma 1 = Maayarvi

Pasvik River System: Kul and Ku3 = Kuetsyarvi, Ly = Lyngbukta, Sv1 and Sv2 = Svanvik, Sk1 = Skrukkebukta
Jarfford Region: Da = Dalvatn, Li = Limgambergtjern, Ot = Otervatn, FH = F. Hegfjellsvatn, AS = A. Skardvatn

Nikel Region Pechenga River Systemn  Pasvik River System Jarfjord Region

Sal LN2 Ma1 Kul Ku3 Ly Sv1 Sv2 Sk1 Da Li Ot FH AS
Rotatoria
Kellicottia longispina X X X X X X X XT X X X
Keratella cochlearis X R KA X I
Keratella hiemalis X X X X X X
Conachilus unicornis X X KO B X X X
Asplanchna priodonta KO X X X
Polyarthra vulgaris X X X e Sl e e XXX X
Synchaeta sp. X
Rotatoria indet. X X X X X X X X X
Cladocera
Holopedium gibberum X R S O BT
Bosmina longispina XX X X X X X X X X, X X
Bosmina longirostris X X X X XX
Daphnia cristata e e al e
Daphnia longiremis X
Daphnia longispina X
Daphnia galeata X X
Ceriodaphnia quadrangula ¥ K
Bythotrephes longimanus X X X X
Leptodora kindti X e e X X
Copepoda
Eudiaptomus graciloides X X X X X X
Eudiaptomus gracilis X X X X X X
Heterocope appendiculata B e Y S ¢
Cyclops scutifer X X XX B KX XX X
Mesocyclops leuckarti ORI

10
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Figure 3

Zooplankton communities in the
lakes; number of species present,
abundances (ind. m™3) and biomas-
ses (mgq dry weight m3).
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Very high zooplankton numbers and biomass were recorded in
Kuetsyarvi (Figure 3), with Bosmina longirostris the dominating
species. In general, these levels were low in the other localities,
especially at the Svanvik locality and lake F.Heyfjellsvatn. In the
lakes Limgambergtjern and Sarasslaki the recorded biomasses of
147 and 171 mg m-3 respectively, were similar or even higher.
This was due to high individual size of the cladocerans.
Minimum sizes of eggbearing females and maximum size of the
cladocerans were highest in these two lakes and in Maayarvi.
However, the clutch size in these lakes was rather small (3-5
eggs per female).
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5.3. Zoobenthos

Most of the zoobenthos belong to the taxa Chironomidae
(Table 2). In general, Ephemeroptera, Plecoptera and Trichoptera
showed highest diversity in the littoral zone, while Chironomidae
dominated in the profundal zone of lakes. Running waters were
inhabited mainly by phytophilic and lythophilic specimens.

5.3.1. Lakes

Kuetsyarvi showed the highest diversity of all the water bodies
studied (Table 2, Figure 4). The number of species recorded

Table 2. Zoobenthos present in different localities. Number of species of the main taxa. Locality description is given in Appendix T.

Nikel Region Pechenga River System
Taxa Kol Shu Kuv Sa PaS LN1 LN2 Ma ChLChO_Chs SS NS Pr LL TrL
Oligochaeta 1 1 1 3 0 0 3 1 2 0 0 1 2 0 5 0
Mollusca 0 0 0 0 0 0 0 4 0 0 0 0 2 2 1 1
Ephemeroptera 0 5 4 1 0 0 0 3 0 1 0 0 6 1 1 0
Plecoptera 0 5 5 2 2 0 0 1 0 0 0 0 6 2 )
Trichoptera 3 9 2 4 2 0 0 7 1 6 0 0 2 1 6 3
Chironomidae 12 4 9 22 1 1 2 17 6 3 7 RN RS e I (D R
Other taxa 6 0 2 2 0 2 2 5 1 3 2 DG 1 203
Tot. number
of species 22 24 28 34 5 3 7/ 383 10 13 9 3 397 18 P 45
Pasvik River System Jarfjord Region :
Taxa Ku Sal Sv SK Da DaO Li LO Ot Ot0 FH FHO
Oligochaeta 4 0 2 2 1 1 1 1 1 0 1 1
Mollusca 6 2. 2 1 O G () RN R IS G, 0
Ephemeroptera 0 0 2 0 1 1 1 0 1 5 1 0
Plecoptera 2 0 1 0 RN s ] 1 GRI. 1
Trichoptera 9 5 6 1 2 3 3 1 {2 1
Chironomidae 48 15 24 7 S = gh 4 T 3 2
Other taxa 4 1 1 0 5 & 4 2 5 3 2 3
Tot. number
of species 73 23 38 11 15 16 12 & 14 7 i 8
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from the littoral zone in Kuetsyarvi exceeded 20, dominant
genera and species were: Cricotopus spp., Procladius spp.
Psectrocladius spp.(Chironomidae), Limnophilus spp., Oxyethira
distinctella (Trichoptera) and Pisidium spp. (Mollusca).

In the profundal zone of this lake the proportion of chironomids
was 80-90 % of the total zoobenthos number and biomass
(Figure 5). Maximum densities and biomass of zoobenthos in

Kuetsyarvi were 4633 ind. m-2 and 21.12 g m™2 at the depth of
15 m, respectively (Table 3). Similar zoobenthos communities
were also found in other parts of the Pasvik River System.
However, Ephemeroptera and Plecoptera nymphs were not
recorded in Salmiyarvi, where chironomids (mainly the phytophil
larvae of Orthocladiinae and Chironomini) dominated. In bio-
mass the mollusc Lymnaea ovata was the dominating species.

RN A

OO

Figure 4

The distribution of Shannon diversi-
ty index value. A- lakes and outlets,
B- streams and rivers.
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Figure 5

Frequency (%) of pollution sensitive (Plecoptera and Ephemeroptera) and tolerant (Chironomidae) zoobenthos taxa in studied areas. A-

fakes and outiets, B- streams and rivers.

Along the shore at Svanvik the dominant species were:
Lumbriculus variegatus, Caenis sp, Tanypodinae spp., Sialis sp.
The Shannon index of species diversity had a very high value -
4.09 (by number) (Figure 4). With increasing depths the num-
ber of chironomids increased. In Skrukkebukta the zoobenthos
diversity was low.

In the Nikel Region a low abundance was recorded in Sarasslaki
(mean biomass for the profundal 0.49 g m-2). Trichoptera made
the greatest contribution. A similar low abundance was obtai-
ned for the zoobenthos in Maayarvi.
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Table 3. Abundance (ind. m™2) and biomass (g fresh weight m™2) of zoobenthos in the lakes in June - September 1990 using Ekman
grab. Biomass values in parenthesis. Lake description is given in Appendix 1.

(0.08)(0)  (0.18)(0.01)(0.04) (0.53) (0) (0)

© ©@ ©@ (© (©

Mollusca 0 0 0 0 0 31 16 94 47

(0.12) (0.55) (0.39) (0.42) (0.18) (0)

6 7 1420 25 33 36 30 38 41 47 44 45 46 47 52 538 66 \6f 3
Lake Sal Sa2 IN2 Mal ChL Ku2 Ku3 Kud Ku5 Svi Sv2 Ski Sk2 Da Da L Li ot Bt FH
Depth m 1 1 8 100 15 14 6 1 3 4 15 18 9 5) 4 4 3 3 25
Oligochaeta 16 0 230738 AT 78 0 0 469 62 438 16 16 0 15 74

(1.62) (0.16) (3.05) (0.01) (0.04)

0 16 47 0
(0:10) (0.04)

(0.49) (0.14)(2.53)(1.47) (0.32) (21.12)

(2.88) (1.25) (17.96)

Chironomidae 16 94 23 234 203 4508 469 499 795 313 594 172 109 1259 622 251 325 59 148 59
(0.01) (0.05) (0.08)(1.46) (0.16) (20.39) (2.33)(0.86) (8.26) (0.81) (1.12) (0.33) (0.22)

Other groups 140 94 48 O 46 16 0 0 187 93 93 0 125 0
(0.40)(0.09) (2.27)(0)  (0.12) (0.08) (0) (0) (7,66) (0.06) (0.13) (0) (0.24)

Total 172 188 94 257 296 4633 485 593 1498 484 1125 204 297 1259 622 266 325 59 148 133

(1.21) (4.30) (0.44) (0.54)

The zoobenthos of lakes in the Pechenga area close to
Zapolyarny were characterized by low species diversity.
Chironomidae, Hemiptera and Coleoptera dominated, while
few species of Ephemeroptera and Plecoptera were found. At
longer distance from the sources near Liinakhmari the zooben-
thos showed higher diversities and abundances.

In most of the Jarfjord lakes low diversities and densities were
recorded (Table 2). Highest numbers were found in Dalvatnet,
especially in June (Table 3).

5.3.2. Streams

In Kolosyoki, draining the factory and Nikel town, the zooben-
thos mainly consisted of chironomids. In other streams of the
Nikel Region the nymphs of Ephemeroptera, Plecoptera and
Trichoptera had wide distribution (Figure 5). Only a few indivi-
duals of Sigara sp., Tabanidae and Enchytraeidae were found in
the highly polluted streams Chaukilampiyoki and Semiaki near
Zapolyarny. In the moderately polluted and larger rivers
Naamiyoki and Pechenga species richness and their abundances
were considerable higher. ' |

15

In the outlets of the Jarfjord lakes low abundances were found,
and Chironomidae and Trichoptera predominated. The highest
diversity was recorded in the Otervatn outlet, where the polluti-
on sensitive taxas Plecoptera and Ephemeroptera had high fre-
quences (Figure 5). Lowest diversity was found in the outlets of
Limgambergtjern and. F.Hegfjellsvatn.

5.4. Biological indication of water
quality

The BMWP and LS| indexes for zoobenthos communities in the
littoral zones of the lakes were lower than for the streams
(Figure 6). In Kolosyoki, Semiaki, Chaukilampiyoki and other
polluted streams the indexes did not exceed the value of 4. The
highest indexes were observed in the streams Pachta,
Shuoniyoki and Kuvernerinyoki. Correlation analyses between
biological indexes and some water quality parameters, gave only
significant correlation between number of chironomids
(Orthocladiinae and Tanytarsini) and most chemical parameters,
p <0.01 (Table 4).
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Nikel Pechenga River Pasvik River BMWP and LS| indexes of zooben-
Region System System thos. A- lakes and outlets, B- stre-
ams and rivers.
5.5. Fish communities 5.5.1. Lakes

In the Pasvik River System higher number of fish species were
found than in the other regions (Table 5). However only 8 spe-
cies of a total of 12 earlier reported from the Pasvik River
System were recorded in Kuetsyarvi (Kristoffersen & Sterud
1985). Length distribution for the fish species are shown in
Figure 7.

In Kuetsyarvi (Kul and Ku3) the catches were dominated by
whitefish (Coregonus lavaretus L.), perch (Perca fluviatilis) and
pike (Esox lucius). Whitefish was the most numerous species in
Kuetsyarvi (Ku1), while perch predominated in Kuetsyarvi (Ku3).
The catch per unit effort and echosounder results indicated a
very dense population of whitefish in Kuetsyarvi. The whitefish
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Table 4. Multiple regression analyses between benthic invertebrates (n = 13) and environmental parameters. * - p < 0.05, ** - p <
0.01, ***- p < 0.001.

Turb pH Alk SSS Cond S04 cl NO3 Cu Ni n
HN 0.09 -0.39 0.04 - 032 =036« =033 0.13 0.15 9 - 0.43 0.30
HB 0.10 0.04 GAlES =22 -0.17 -0.22 - 0.14 0.01 0.40 - 0.19 0:29
No.tot. 0.52 -0.07 0.44 0.24 0.41 0.19 0.52 0.40 0.06 0.36 -0.08
No.EP -0.18 0.20 -0.12 ~0.42 -0.33 -0.41 -0.34 - 021 0.73** -0.32 0.41
No.OT 0.82 *** 0.03 0.81 *** 0.61 * QRS 053 0:88 A= 0i86A A -01.03 0.69** 0.04
BMWP -0.38 0:13 -0.24 =056 &  -0i40 -0.56*- 0.25 -0.36 0.26 -0.42 0.01
Lsl -0.23 0.05 -0.18 -0.46 -0.34 -0.46 -0.25 -0.25 0.19 -0.35 0.04

HN - diversity index (Shannon, 1948) by numbers of species. HB - diversity index (Shannon, HB - 1948) by biomass of species. No.tot - total
numbers of bottom fauna. No.EP - No. of Ephemeroptera and Plecoptera. No.OT - No. of chironomidae Orthocladiinae and Tanytarsini.
BMWP - Biological Monitoring Working Party, Score index (1978). LSI - ISO's Long Score index (1984).

Table 5. Fish species present in lakes and streams in the Nikel Region, the Pechenga River and Pasvik River Systems and the Jarfjord
Region. RF = Russia - Finland Border Area. Locality description in Appendix 1.

Region Pechenga  Pasvik

Nikel Region River System River System Jarfjord Region RF
Locality nr 2 3 5 9 12 192022 2324353640 42 46 47 48 49 50 52 5354 66 6768697072 747680818384 8586 87 89909192
Salmo trutta L. : X X5 X X X X X X X X e B S S R G A T G G R T X X
Salvelinus alpinus L. X X X X X X X XN X
Coregonus lavaretus L. X %o X X
Coregonus albula X X
Thymallus thymallus X X X
Perca fluviatilis L. X X X
Phoxinus phoxinus L. X X X X X %KX X
Esox lucius L. X P A ¢ X
Anguilla anguilla X
Lotalota L. X X X Al X
Gasterosteus aquleatus X090 X X X X X
Pungitus pungitus X X X X
Total number of fish
species caught AN e e B WSS N B R s Y B B USSR 1 RS i e N 1S B8 TS B s [ iz 2 (S T2 S |

*after Kristofffersen & Sterud (1985)
in'locality 10, 15 and 16 in the Nikel Region no fish were present
in locality 51, 56, 57, 58, 60, 62, 64, 73, 78, 79, 82 and 88 in the Jarfjord Region no fish were present
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Figure 7

Length distribution (%) of brown trout (Salmo trutta L.) and Arctic char (Salvelinus alpinus) in the streams (A), and brown trout, Arctic
char, whitefish (Coregonus lavaretus), perch (Perca fluviatilis) and pike (Esox lucius) in the lakes (B).

may be divided into two ecologigal groups, slow- and fastgro-
wing. The slow growing group mature at the age of three (2+)
and four (3+) and the mean length 14.5 and 21.7 cm, respecti-
vely. The fast growing group was distinguished by higher age
at maturity (ages 5-6+) and larger maximum sizes (Appendix
3). The two whitefish populations did not differ in systematic
signs; i.e. the number of gillrakers was 23-32, numbers of sca-
les along sideline were 83-93 and along vertebrae 61-63. In
Kocheyavr whitefish and perch were also dominant, but only
the fast growing whitefish group was recorded. Perch and pike

were the dominant species in Maayarvi. The growth rate of
perch from different lakes was similar and did not differ signifi-
cantly between populations. In general, the populations of whi-
tefish, perch and pike consisted of young individuals, ages 2+
and 3+, and no individuals older than age 5+ were found
(Appendix 3).

Few specimens of other species were caught in the Russian
lakes. Ruosenjarvi in the Nikel Region contained a dense popu-
lation of Arctic char (Salvelinus alpinus L.) and a sparse popula-
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Forts.
tion of brown trout (Salmo trutta). These two species were also 5.5.2. Streams
caught in four of the Jarfjord lakes indicating dense populati-
ons, especially of arctic char, except in F.Heagfjellsvatn Brown trout was the most widely distributed species in the stre-
(Appendix 3). Arctic char was represented by various age ams, except in some high polluted localities of the Nikel Region
groups up to 4-6+. However, the early age at first maturity (2+) and the most acid streams in Jarfjord, where no or only a few
was characteristic for all populations. Similar age and maturity individuals of other species were recorded (Table 5). The hig-
structure for trout and char populations were recorded in hest densities of brown trout were found within the Jarfjord
Ruosenyarvi. Sparse populations of brown trout inhabited the Region, especially in Dalvatn outlet. The more polluted stream
other lakes, and in Limgambergtjern only old individuals (age > Kolosyoki contained a moderately dense population of Phoxinus
8+) appeared. phoxinus. A dwarf population of Arctic char with a predominan-
ce of females over males (5:1), was found in the nearby inlet of
Sarasslaki.
19
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5.5.3. Pathology

Whitefish

In Kuetsyarvi (Ku1) a few specimens (1 %) had abnormal body
colour, curvature of the spine (scoleosis) and cranium decolarati-
on. The incidence of a pathological degeneration of several
organs was surprisingly high. Pale colour and a flabby liver were
observed in 14 % of whitefish. Kidney anomaly was frequently
observed; 18 % had expanded kidneys due to connective tissue,
and 10 % had kidney disease (nephrocalcitosis). In Kuetsyarvi
(Ku1) 10 % of whitefish had twisted gonadae, and most of the
specimens had anemic and pale gills, fluorescence, and anemic
rings were observed. At Kuetsyarvi (Ku3) 16 % of the whitefish
deviated from normal state, and 4 % had nephrocalcitosis. The
few individuals caught in the Pasvik River System on the
Norwegian side (at Svanvik) showed only the beginning of kid-
ney diseases. About 80 % of the specimens from Kocheyavr
had pale mosaic liver, and 98 % had expansions caused by con-
nective tissue. “Granular” kidneys was found in 2 %, twisted
gonads in 17 % and “jelly-like” pale gonads for 6 %, respecti-
vely. Adipose heart was recorded in more than 50 % of the
whitefish populations.

Pike

In Kuetsyarvi and Maayarvi the pike displayed remarkable varia-
tion in the colour of skin and fins. Abdomen, abdominal, thora-
cic and caudal fins were blue and greenish for 86 %, 100 %
and 50 % respectively. Dissection revealed deviations from the
normal state of functionally important organs such as liver, kid-
neys and gonads. Liver colour was blue-green for more than 70
% of pike from Maayarvi and Kuetsyarvi (Ku1) and for all speci-
mens from Kuetsyarvi (Ku3). Common for these pikes were
enlargements of gall-bladder, whose content were dark-green,
with clots of blood. In Kuetsyarvi (Ku1) “granular” kidneys and
expansions caused by connective tissue were observed in 22 %

and 28 % respectively. Similar pathological signs and diseases

were not observed in Kuetsyarvi (Ku3) and Maayarvi. However,
gonadae anomalies were recorded in Kuetsyarvi (Kul) and
Maayarvi.

Perch, Arctic char and brown trout did not generally reveal
anomalies. An exception was the Arctic char and brown trout in
Ruosenyarvi, where pale, mosaic liver, kidneys expansion and
anemic rings on gills were common. The frequency of parasites
and signs of diseases were more pronounced in fish species
from Kuetsyarvi, Maayarvi and Ruosenyarvi than in the other
lakes. The infection by parasites was high especially in the liver

nina forskni 1026

and heart of whitefish in Kuetsyarvi (Ku1 and Ku3), and on liver,
heart, stomach walls, bowels and swim bladder of Arctic char in
Ruosenyarvi. Parasites on the swimming bladder of Arctic char
was frequently observed in A.Skardvatn and Dalvatn, and in
addition on hearts in A.Skardvatn.

5.5.4 Food composition

The diet of brown trout and Arctic char was in general domina-
ted by terrestrial and aquatic insects (Table 6). In A.Skardvatn
Gammarus lacustris and Eurycercus lamellatus also formed an
important part of the diet. Bosmina longispina was important as
a food item for Artic char in Dalvatn. Gastropoda and
Gastrosteus aquelatus made up 40 % of the diet for brown
trout in Otervatn. The main food objects for perch in Kuetsyarvi
and Maayarvi were minnows and daphnids. Gastropoda and
Eurycercus lamellatus were the main food items for whitefish in
Kuetsyarvi. Among the two whitefish groups, the diet of the
slow growing group was more planktonic.

5.5.5 Heavy metal accumulation

Heavy metal accumulation in fish was mainly related to the ele-
ments nickel, copper and zinc (Figures 8,9,10). The levels and
distribution varied between organs, species and lakes (Table 7,
Figure 11). Accumulation in muscles was in general considera-
bly lower than found in other organs and tissues. Species diffe-
rences of metal accumulation are clearly shown in the examples
of fishes from Kuetsyarvi (see also Figure 12):

Ni Cu Zn
Gills: pe>wh>pi pe>wh>pi pe>wh>pi
Muscles: pe>pi>wh pe>wh>pi pe>wh>pi
Liver: wh>pi>pe wh>pi>pe pi>wh>pe
Kidney: wh>pi>pe wh>pi
Skeleton: wh>pe>pi pe>wh>pi wh>pi>pe

pe = perch, pi = pike, wh = whitefish

Nickel was mainly accumulated in gills and kidneys. Nickel accu-
mulation in the organs of whitefish from Kuetsyarvi were 2-3
times higher than values at Svanvik. In Jarfjord high levels of nic-
kel in kidneys were recorded for brown trout and Arctic char (8-
22ugNi/g).
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Table 6. Food items (volume %) in stomachs of Arctic char (A), Brown trout (B), Perch (P) and Whitefish (W) in the lakes in
August/September 1990.

Region Localtiy Species Numberof Terrestrial Aquatic Gastropoda/ Eurycercus Gammarus Zooplankton Fish
stomachs  insects insects  Mollusca

N Kuvernerinyoki B 24 17.8 82,2 0 0 0 0 0

N Sarasslaki Inl A 11 62,7 373 0 0 0 0 0
Pe Maayarvi P 12 0 8,3 0 0 0 71 20,41
Pe Maayarvi Inl B 6 26,5 49,3 75 0 0 0 16,71
Pa Kuetsyarvi 1 W 10 11,3 10,9 33,7 31,3 0 12,8 0
Pa Kuetsyarvi 1 P 3 0 0 0 0 0 0 1002
Pa Kuetsyarvi 1 B 1 0 0 0 0 0 0 100"
Pa Kuetsyarvi 3 W 25 14,3 2.9 37,5 36,0 0 9,3 0
Pa Kuetsyarvi 3 P 21 1,7 0,8 0 22,6 0 22,4 52,52)
J Dalvatn A 4 48 17.7 0 0 0 34,3 0

J Limgambergtiern B 2 99,9 0.1 0 0 0 0 0

] Otervatn B 5 31,6 27,0 21,4 0 0 0 203)
J F. Hegfjellsvatn B 3 76,7 23,3 0 0 0 0 0

J A. Skardvatn B 8 339 28,8 0 16,5 24,8 0 0

J A. Skardvatn A 20 52,1 58 0 18,3 15,6 0 0

1) Minnows, 2) Minnows and sticklebacks, 3) Sticklebacks. N = Nikel Region, Pe = Pechenga River System, Pa = Pasvik River System, J =
Jarfjord Region.

Table 7. Maximum concentrations of Ni, Cu and Zn (ug/g dry weight) in fish organs from different species and localities.

Ni Cu Zn
GILLS 20.8 - perch Kuetsyarvi 13.8 -perch Kuetsyarvi 1071.8 -whitefish-  Svanvik
11.5 -brown trout Maayoki
MUSCLE 24 -pike Maayarvi 25.8 - Arctic char Sarasslaki inlet 440 -brown trout Pachtayoki
LIVER 4.8 - whitefish Kocheyavr 205.8 - Arctic char A. Skardvatn 2986 - whitefish Kocheyavr
KIDNEY 28.0 - whitefish Kuetsyarvi 22.0 - Arcticchar A. Skardvatn 467.0 - whitefish Svanvik

20.8 - Arcticchar Dalvatn

SKELETON 7.9 - Arcticchar Sarasslakiinlet 7.9 - Arctic char Sarasslaki inlet 221.0 - whitefish Kuetsyarvi
7.5 -whitefish Kuetsyarvi 7.4 -perch Kuetsyarvi
7.2 - whitefish Kocheyavr
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Figure 8

Concentration of nickel (ugNi/g dry weight) in organs and tissues of fish.
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Lake
Fish species Gills Muscle Liver Kidney Skeleton
Ruosenyarvi 31.8(21.8-41.7)
_ = SalvelinusalpinusL.  [__——2 il A 12 =t ]
_ e .S Sarasslaki 25.8(25.0-27.0)
= § SalvelinusalpinusL. No sample A\ | No sample No sample s
& Pachtayoki 19
Salmo truttal. No sample 3 No sample —F 5
< £ Maayarvi
g§ Perca fluviatilis L. s s s No sample —3s
== 30.3 .
':'-53 Esox lucius L. = e i > }—6 —F——s
L = Maayoki
& & Salmo truttal., [ ——3—3 3 2 a2 =3
Kuetsyarvi 57.1(16.6-128.0) 19.7
£ Coregonus lovaretusL. — 2 12 P—— s %1
= 5
H S Esoxlucius L. s s e r——————5 3
S 335 .
=8 pacofwiatist, < [ ——4 3 3 Ko sargle =]
o< Pasvik river (Svanvik) 142.5(17.0-239.0) 400
Coregonus lavaretusl. | —}——5 5 =) E=—— A
A, Skardvatn 205.8(105.0-342.0) 40.0
SalvelinusalpinusL.  [[—4 10 45 '—F?E-‘ 10
8 Salmo truttal. I 5 No sample [T 37
S Dalvatn 42.2(9.8-122.0) 200
B Salvelinus alpinusL. [ 5 9 v————'i—g_:i—*w
=]
:% Salmo trutta L. J1 k2 No sample No sample i 2
= Otervatn :
= Salmo trutta L. B 4 No sample No sample 3—4 4
Limgambergtjern 1107.0
Salmo truttal. 1 ) R 2 [ 2
Kocheyavr 51.8(23.8-108.7)
e Coregonus lovaretusL. [ —F—10 d:10 N7 '—_i—} =0
p— 54.2 34.2
Perca fluviatilis L E—- 6 7 > 1 5
T T T T T T T T T 1 1 T T 1 T T T T T
5 10 15 20 5 10 15 20 5 10 15 20 S0 10 A5 20 5 10 15
Figure 9

Concentration of copper (uwgCu/g dry weight) in organs and tissues of fish.
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Lake
Fish species Gills Muscle Liver Kidney Skeleton
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_ = Salvelinus alpinus L. EZ 2 H-2 [ 42 Egk:
_ 2.9 Saraslaki
S & Salvelinus alpinus L. No sample 14 No sample No sample [ 45
e Pachtayoki
Salmo trutta L. No sample 13 No sample No sample [ 45
£ Maayarvi
§&  Perca fuviatiis L. [ 5 -5 [-5 No sample [ s
=55 Bocul. — s s ==
[ ™ %
o & Maayoki
&.2 " Solmo truttal. [ ——2f [11 2 [ 43
Kuetsyarvi 1811
Coregonus lavaretus L. | —1—12j} 12 s [ 15 jE=——i12
§ ol s s s T [
= o . 1141.9  82.7-4075
=35 peafoianisl. TR G T 4 No sampl s
o B
S pamut E— I (1 =i 1
Pasvik river (Svanvik) 1071.8 1820
Coregonus lavaretus L. I = [ % s [ e——— s lirS
A. Skardvatn
= Salvelinus alpinus L. [ 4 [ 10 —4 5 [ 45 [t 9
S
=3 Salmo trutta No sample [ s [] 1 11 = 7
@
= Dalvatn
=5 Salvelinus alpinus L. [}5 49 s [ Hs [} 10
S Otervatn
= Salmo trutta L. [——3 4 No sample No sample [EEEl=ia
S Limgambergtjern
Imo trutta L. 11 k2 42 i} 2 [} 2
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B Coregonus lavaretus [0 g10 = =l =——8 —— 10
Perca fluviatilis L. [~ 6 7 [F— 6 [ I [ 5
200 400 600 800 200 400 600 80 260 460 600 800 200 400 600 800 200 400 60
Figure 10

Concentration of zinc (ugZn/q dry weight) in organs and tissues of fish.
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Figure 11
Distribution (%) of copper, nickel,
zinc and manganese in organs of

whitefish at Svanvik, Kuetsyarvi and
Kocheyavr.

Figure 12

Concentration (ug/g dry weight) of
nickel (A) and copper (B) in organs
of fish from Kuetsyarvi.

1 2
Cu

|:| Gills . Muscle

1 = Svanvik
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High- accumulations of copper were recorded in the livers of all
fishes, especially for whitefish at Svanvik and Kuetsyarvi,
However, great variation appeared in this area (17-239 pgCu/g).
Fish from other lakes had lower than 50 pugCu/g in liver, except
for Arctic char in A.Skardvatn (> 200 ug/g).

Zinc was mainly accumulated in gills, kidneys and liver. Highest
concentrations of zinc were recorded in gills of perch from

Kuetsyarvi and whitefish from Svanvik (> 1000 pgZn/g).
Considerably lower accumulations were found for fish speci-
mens in the other regions, especially in Jarfjord (< 250 pgZn/g).
Near the sources the accumulation of zinc in gills was generally
higher than in liver, whereas the opposite were found in lakes
situated at longer distance (Figure 13).

Whitefish
—— 45150 km ———

Whitefish Perch Char

—— < 15km

| Liver
Gills

Perch

Char

Figure 13

Relative distribution of zinc in gills and liver from lakes near and at longer distances from the

source.,
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6. Discussion

During the last years there has been an increase in the attention
paid to the environmental impacts of pollution due to the indus-
trial activities in the border areas between Russia and Norway
(Kryuchkov & Makarova 1989, Frisvoll & Flatberg 1990, Hagen et
al. 1990, Sivertsen 1990, Year Book.. 1990, Traaen et. al 1991).

A lot of information about freshwater communities exists from
Ser-Varanger (Nonway), which is mainly concerned with species
distribution (Huitfeldt-Kaas 1918, Berg 1964, @kland, ' K.A.
1969, Seether 1970, Tobias 1973, Kristoffersen & Sterud 1985,
@kland, J. 1990). The impacts of pollution upon the freshwater
communities is poorly known, but recent studies on water quali-
ty, zoobenthos and fish populations in Finnmark county indica-
ted effects supposedly caused by acidification (SFT 1987, 1988,
1990, Traaen 1987, 1990, Karlsen 1988, Henriksen et al.1990,
Traaen et al. 1990). Impacts of acidification in freshwaters in
Finnish Lapland have also been documented (Kinnunen 1990).
Information on fish diseases caused by heavy metal contaminati-
on is scarce. Accumulation of heavy metals have been recorded
in bottom sediments and in fish from the Pasvik River (Norheim
et al. 1985, Rognerud & Fjeld 1990, Rognerud 1990). Earlier
publications about freshwater communities from the Pechenga
nickel area are scarce (Kruglova 1983, Year book.. 1990,
Yakovlev 1991b).

Near the Pechenga nickel factories and settlements surface
waters are polluted by sewage, containing substantial amounts
of heavy metals, sulphates, chlorides, oil products, mineral sus-
pended particles and other matters. Heavy metals and sulphates
are supposed to have the most detrimental influence on fresh-
water communities (Drables & Tollan 1980, Sandey & Nilssen
1987, Morling & Pejler 1990 and Muniz & Aagaard 1990).
However, acid-sensitive species like daphnids (Davis & Ozburn
1969, Almer et al. 1974), molluscs (@kland, J. 1990) stoneflies
and mayflies (Raddum 1980) and salmonids were recorded in
the Pechenga nickel area. This fact is due to the specific
bedrock, composed of crystalline rocks of basic and ultrabasic
composition making the buffer capacity very high near the fac-
tories (Traaen et al.1991). Alkalic dusts and other pollutants
from the fallouts increase the water mineralization and acid
neutralization capacity, ( ANC of surface waters > 200 peq I1)
(Traaen et al. 1991). At larger distances (20-30 km) from the
factories ANC is reduced to a critical level, < 20 peq I!.

Generally the concentrations of nickel and copper in water in
Russian areas were above limits assumed to cause severe effects
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on freshwater organisms (Lithner 1989, SFT 1989, Year book..
1990). In Kolosyoki and in a lake near Nikel the content of nic-
kel was extremely high (> 100 pgNi/).

Our study in 1990 showed that the composition of freshwater
communities mainly consisted of widely distributed species wit-
hin the Palearctic region (Lakes..1974, Biological prod..1975
and lllies 1978). The most severe impacts upon freshwater com-
munities in Russian localities were supposedly due to the heavy
metals. The low diversity recorded was mainly caused by lack of
occurrance of several taxas, especially Ephemeroptera,
Plecoptera, Cladocera, Copepoda and Salmonidae. This is sup-
ported by the state of freshwater communities observed in the
highly heavy metal polluted Imandra lake on the Kola Peninsula
(Moiseenko & Yakovlev 1990).

A low diversity of zooplankton was found in a lake 10 km nor-
theast of Nikel (LN2). High abundances of chironomids were
obtained in the most polluted localities: Kolosyoki, Semiaki,
Chaukilampiyoki and in a lake 1.5 km east of Nikel. However,
the composition of zoobenthos on the Russian side was very
variable.

Negative impacts upon the population structure of fish were
recorded in all studied localities in Russian areas, especially in
Kuetsyarvi, Rousenyarvi and Maayarvi. In other localities near
the factories, several taxa of, for example salmonids, gastropoda
and daphnids were still present. Likewise, in Kuetsyarvi high
densities and biomass of zooplankton appeared. The abundance
of zooplankton in Kuetsyarvi was at least 4-6 times higher than
in the Norwegian localities in the Pasvik River System. Effluents
of nutrients (i.e. NOx and POx) into Kuestsyarvi are assumed to
enhance the phytoplankton food base for zooplankton. The
very high abundances of zoobenthos, especially chironomids
also indicated euthrophication in Kuetsyarvi. However, in these
localities heavy metal contamination is assumed to have sublet-
hal effects. Abnormal structure and symptoms of diseases in the
whitefish and pike populations, and juvenilisation in brown
trout populations within the Nikel Region supported this
assumption.

Several factors influence the concentrations of heavy metals in
organs and tissues in fish, such as the levels and distribution of
pollutants in water bodies, physiological characteristics of fish
and biochemical properties of metals. The accumulation of
heavy metals thus is determined by a balance between the inta-
ke rate through the gills and the food, and the capability of the
fish to release an excess of elements not necessary for the main-
tenance of basic matabolism. Concentrations of metals in fish
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organs, especially in soft tissues were inconsistant. The most
stable levels were in skeleton reflecting the total load of the
whole lifespan, whereas the more variable levels in the soft tis-
sues reflect the seasonal fluctuation of hydrochemical conditi-
ons and diet. In some localities high concentrations of other
chemical elements may have a reducing effect upon heavy
metal contamination in organisms. As stated by Alabaster &
Lloyd (1982), the lethal and sublethal effects of heavy metal
contamination in freshwater organisms may decrease with
increasing concentrations of calcium. In the Russian area high
levels of nickel and copper correspond with high values of calci-
um. However, the lethal and sublethal effects observed upon
freshwater organisms did not decrease towards the highest cal-
cium concentrations.

Indications of acidification effects upon freshwater communities
similar to other affected areas (Acidic Deposition 1990) were
only recorded within the Jarfjord Region, in gneissic/granitic are-
as with low buffering capacity (Alkalinity = 0). Several pH-sensi-
tive taxa of zoobenthos were absent or recorded in very low
numbers, also stated by Baekken & Aanes (1990). A similar state
was also found for daphnids. In the localities with lowest pH (<
5.0) no fish were present. Senescence in brown trout populati-
on in Limgambergtjern also indicated adverse effects of acidifi-
cation (Bravington et al. 1990).

In order to evaluate the environmental impacts of pollutants, it
is also necessary to consider biotic interactions within the fresh-
water communities. Diversity of species and number of trophic
levels: differ between the regions and the complexity seems
more pronounced in the Pasvik River System. Higher diversity of
planktivore and carnivore fish species, and the size and fecundi-
ty of certain zooplankton species indicate hard predation pres-
sure in the Pasvik River System. Lower fish diversity and large
individual size of daphnids and H.gibberum indicate very low
predation pressure, especially in the Pechenga nickel area.

Concluding remarks

Heavy metal impacts

- In the Pechenga nickel area bioaccumulation of the heavy
metals, Ni, Cu and Zn, were documented in fish organs,
especially in liver, kidney, gills and skeleton. The concentrati-
ons in muscles were in general considerable lower than other
organs and tissues.

- Severe pathological anomalies and diseases were observed in
fish near Nikel: curvature of spine (scoleosis), kidney disease
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(nephrocalcitosis), abnormal colour of body, pale gonads,
anemic and pale gills with fluorescence and anemic rings,
enlarged gall-bladder with abnormal colour of the bile, high
frequency of parasites and adipose heart.

- lLess pronounced pathological anomalies and diseases were
observed in Norwegian localities (at Svanvik and Jarfjord).

- A low diversity of invertebrates was recorded in the Pechenga
nickel area.

Acidification impacts

- Senescence and no recruitment in brown trout populations,
and absence or low numbers of acid sensitive invertebrates
(daphnids and ephemeropterans) were recorded within the
Jarfiord Region, in the Limgambergtjern and F.Hagfjellsvatn
area.

More intensive studies in the border areas are necessary to
quantify the effects of pollutants, especially with respect to
heavy metal contamination and sublethal effects on fish and
invertebrates. This knowledge is necessary for evaluating the
biological benefits of the purification process of the factories on
freshwater communities. Unlike other impacted areas in
Scandinavia and Northern-Europe, the local emissions totally
dominate the distribution of pollutants in the border region bet-
ween Russia and Norway. This fact makes the area unigue in
studying the effects of pollutants and the recovery of freshwater
communities through a purification process of the main emissi-
Oon Sources.
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Appendix

Appendix 1. Localities, dates and sampling in the different regions.
N = Nikel Region, Pe = Pechenga River System, Pa = Pasvik River System, J = Jarfjord Region
and RF = Russia-Finland border area. Sampling: W = water samples, Zp = zooplankton sam-
ples, Zb = zoobenthos samples, F = fish samples.

Nr. Locality Region Date Sampling
1 Kolosyoki (Kol) N 13.07.90 Zb
2 Kolosyoki (Kol) N 30.08.90 w A5 if
3 Shuoniyoki (Shu) N 30.08.90 w Zb o F
4 Kuvernerinyoki (Kuv) N 26.08.90 Zb
5 Kuvernerinyoki (Kuv) N 29.08.90 w Zb F
6 Sarasslaki 1 (Sat) N 31.08.90 Zp Zb
7 Sarasslaki 2 (Sa2) N 31.08.90 Zb
8 Sarasslaki 3 (Sa3) N 31.08.90 Zb
9 Sarasslaki Inl.(Sal) N 31.08.90 w Zb F
10 Sarasslaki Outl.(Sa0) N 31.08.90 wW Zb F
11 Pachta Stream (PaS) N 01.09.90 w Zb
12 Pachtayoki (Pac) N 01.09.90 W F
13 Lake Nikel-NE 1.5km (LN1) N 13.07.90 Zb
14 Lake Nikel-NE 10km (LN2) N 01.09.90 W Zp Zb
15 Lake Nikel-NE 10km Inl.(LN2i) N 01.09.90 W F
16 Lake Nikel-NE 10km Str.(LN2s) N 01.09.90 W
17 Tarn 1 Nikel-Zapolyarny (ZN1) N 01.09.90 w
18 Tarn 2 Nikel-Zapolyarny (ZN2) N 02.09.90 w
19 Rousenyarvi (Ro) N 04.09.90 F
20 Maayarvi 1 (Ma1) Pe 01.90.90 Zp Zb F
21 Maayarvi 2 (Ma2) Pe 01.09.90 Zb
22 Maayarvi inlet (Mal) Pe 01.09.90 W Zbl F
23 Maayarvi outlet (MaQ) Pe 01.09.90 w Zb F
24  Maayoki (May) Pe 01.09.90 W F
25 Lake below Chaukilampi (ChL) Pe 11.07.90 Zb
26 L.bel.Chaukilampi Outl.(ChO) Pe 11.07.90 Zb
27 Chaukilampiyoki Stream (ChS) Pe 11.07.90 Zb
28 Semiaki Stream (SS) Pe 11.07.90 Zb
29 Naamiyoki Stream (NS) Pe 11.07.90 Zb
30 Pechenga River (PR) Pe 12.07.90 Zb
31 Lake NW Liinakhmari (LL) Pe 12.07.90 Zb
32 Lake Trifonayarvi (TrL) Pe 14.07.90 Zb
33 Kuetsyarvi 2 (Ku2) Pa 13.07.90 Zb
34 Kuetsyarvi 1 (Kul) Pa 26.08.90 Zb
35 Kuetsyarvi 1 (Ku1) Pa 29.08.90 W Zp Zb F
36 Kuetsyarvi 3 (Ku3) Pa 30.08.90 W Zp Zb F
forts.
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Appendix 1. Forts.

Nr. Locality Region Date Sampling

37 Kuetsyarvi 4 (Kud) Pa 30.08.90 Zb

38 Kuetsyarvi 5 (Ku5) Pa 30.08.90 Zb

39 Salmiyarvi (Sal) Pa 29.08.90 W Zb

40 Lyngbukta (Ly) Pa 02.09.90 W Zp Zb

41 Svanvik 1 (Sv1) Pa 04.09.90 Zp Ib

42 Svanvik 2 (Sv2) Pa 04.09.90 W Zp Zb F

43  Svanvik 3 (Sv3) Pa 04.09.90 Zb

44  Skrukkebukta 1 (Sk1) Pa 04.09.90 W Zp Zb

45 Skrukkebukta 2 (Sk2) Pa 04.09.90 Zb

46 Dalvatn (Da) J 27.06.90 Zp Zb F

47 Dalvatn (Da) J 04.09.90 Zp b F

48 Dalvatn inlet (Dal) J 27.06.90 w F

49 Dalvatn outlet (Da0) J 27.06.90 W Zb F

50 Dalvatn outlet (DaQ) J 04.09.90 W Zb F

51 Dalvatn stream (DaS) J 27.06.90 W Zb F

52 Limgambergtjern (Li) J 27.06.90 W Zp Zb F

53 Limgambergtjern (Li) J 03.09.90 Zp Zb F

54 Limgambergtjern inlet (Lil) J 27.06.90 wW i

55 Limgambergtjern inlet (Lil) J 03.09.90 W

56 Limgambergtjern outlet (LiO) J 27.06.90 W Zb F

57 Limgambergtjern outlet (LiO) J 03.09.90 W Zo F

58 Limgambergtjern Stream (LSA) J 27.06.90 W F

59 Limgamberg Tarn A (LiA) J 27.06.90 w

60 Limgamberg Tarn A (LiA) J 03.09.90 W F

61 Limgamberg Tarn B (LiB) J 27.06.90 W

62 Limgamberg Tarn B (LiB) J 03.09.90 W F

63 Limgamberg Tarn C (LiC) J 27.06.90 w

64 Limgamberg Tarn C (LiC) J 03.09.90 W F

65 Limgamberg Tarn D (LiD) J 27.06.90 W

66 Otervatn (Ot) i 27.06.90 Zp Zb F

67 Otervatn (Ot) J 04.09.90 7p. b E

68 Otervatn outlet (OtO) J 27.06.90 W Zb F

69 Otervatn outlet (OtO) J 04.09.90 W ZOMIE

70 Otertjern inlet (Onl) J 04.09.90 W F

71 Otertjern outlet (OnQ) J 27.06.90 W

72 Otertjern outlet (On0) J 04.09.90 W F

73 F.Hagfjellsvatn (FH) J 28.06.90 Zp Zb F

74  F.Hegfjellsvatn (FH) J 05.09.90 ZBonZbrSE

75 F.Hegfjellsvatn inlet (FHI) J 28.06.90 W

76 F.Hagfjellsvatn inlet (FHI) J 05.09.90 F

77 FHagfjellsvatn outlet (FHO) ) 28.06.90 w b F

78 F.Hagfjellsvatn outlet (FHO) J 05.09.90 w Zb F

79 A Hggfiellsvatn outlet (AHO) J 05.09.90 W F
forts.
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Appendix 1. Forts. i

Nr. Locality Region Date Sampling

80 A Skardvatn (AS) J 05.09.90 Zp F
81 A.Skardvatn outlet (ASQO) J 05.09.90 W F
82 A Skardvatn Stream (ASA) J 05.09.90 W F
83 F.Skardvatn inlet (FSI) J 05.09.90 W F
84 F.Skardvatn outlet (FSO) J 05.09.90 W F
85 F.Skardvatn Stream (FSA) J 06.09.90 w F
86 Holmvatn inlet (Hol) J 06.09.90 W F
87 Holmvatn outlet (HoO) J 06.09.90 W E
88 Holmvatn Stream B (HSB) J 06.09.90 W F
89 Holmvatn Stream C (HSC) J 06.09.90 w F
90 Holmvatn Stream D (HSD) J 06.09.90 W F
91 Holmvatn Stream E (HSE) J 06.09.90 w F
92 Kocheyavr (Koc) RF 04.07.90 F
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Appendix 2. Water chemistry of the different localities. Locality numbers are in accordance with Appendix 1.

Locality FTU mg Pl pS/em pekv/l pekv/l mg/l  mg/l mg/l mgd mod uu  mg/l mal pg/l  pg/l pg/l pg/ipg/l pg/l pg/
nr Date Turb. Col. Kond pHAIlk4.5 Alk Ca Mg Na K Fe SS5 SO4 Cl NO3 Si Cd CuMn Ni Zn
2 30-Aug-9 81 10 743 7.08 742 728 44.27 4.50 17.00 863 2619 10877 11.1 586 6.36 <2 9 <5 485 6
3 30-Aug-90 1.8 22 917 705 416 397 883 207 3.23 127 60 394 1434 303 145 32 <2 33 5 36 31
5 29-Aug-90 042 20 64 693 261 239 507 135 323 054 40 286 832 397 4 293 <2 5 <5 <20 <5
9 31-Aug-90 048 9 709 7.08 309 288 7.03 1.30 2.52 036 298 11.22 2.28 6 441 <2 <5 <5 <20 <5
10 31-Aug-90 062 10 52 679 208 185 5.08 1.00 2.08 0.34 258, 992133 8 193 <2 6 <5 32 <5
11 01-Sep-90 034 9 786 6.89 279 258 7.88 1.98 2.57 0.23 436 17.01 288 3 386 <2 <5 <5 33 <5
12 01-Sep-90 0.81 6 56.2 695 193 170 593 1.31 1.99 0.25 318 1238 212 10 286 <2 <5 <5 20 <5
14 01-Sep-90 063 9 386 7.13 332 312 49.87 11.09 44 073 44 3118 14585 2.91 6 358 <2 5 <5 403 11
15 01-Sep-90 0.34 21 791 6.75 321 300 7.60 228 294 0.12 401 1497 3.15 8 497 <2 6j<5 33 5
16 01-Sep-90 048 7 323 6.94 257 235 34.77 14.49 4.03 0.72 35 4487 212.12 2.52 17 608 <2 10 26 261 13
17 01-Sep-90 039 4 551 653 108 82 480 0385 2.29 031 347 11.76 3.62 3 013! <2 <bi<5 76/ <5
18 02-Sep-90 045 21 55 621 76 49 416 140 2.39 0.18 388 14.34 3.16 6 D89 <2 B8 <5 53 <5
22 01-Sep-90 0.76 16 816 7.05 428 409 9.78 151 3.04 033 367 1222 389 38 098 <2 9<5 22 6
23 01-Sep-90 044 21 562 68 214 191 477 1.26 287 036 298 9.14 38 6 146 <2 7 <5 27 <5
24 01-Sep-90 083 22 56.2 691 224 201 458 136 3.10 04 26 291 839 4.1 9 205 <2 6 <5 27 <5
35 29-Aug-90 1.7 15 1435 673 362 342 12.06 4.10 694 140 29 887 3598 469 86 112 <2 7 57 58 <5
36 30-Aug-90 3 20 153.8 6.66 407 388 12.80 4.19 7.43 2.18 959 3695 53 568 1.01 <2 11 <5 79 30
39 29-Aug-90 1.6 18 1465 6.9 362 342 12.10 4.08 7.09 1.42 907 3691 472 84 095 <2 6 <5 62 <5
40 02-Sep-90 0.7 17 324 6.7 200 177 266 092 1.43 042 109 371 1.12 6 178 <2 <5 <5 <20 <5
42 04-Sep-90 38 14 322 678 204 181 277 0.92 1.47 044 114 394 113 6 166 <2 <5 <5 <20 <5
44 04-Sep-90 93 16 37.9 657 205 182 3.26 1.07 1.79 051 26 161 573 147 7 152 <2 <5 <5 <20 <5
48 27-Jun-90 033 8 346 553 34 3 1.34 0.74 2.88 0.22 251 549 485 3 021 <2 <5 6 <20 <5
49 27-Jun-80 056 7 353 559 36 6 131 079 291 0.26 258 564 497 4 069 <2 <5 6 <20 7
50 04-Sep-90 s A R A e sl 0 1.30 0.80 2.89 0.26 2620 5738 5070 0 074 <2 <Si<h <200 5
51 27-Jun-90 42 13 564 6.15 237 215 578 0.76 3.08 0.75 258 6.12 456 29 285 <2 7 <5 <20 27
52 27-Jun-90 049 7 343 551 36 6 1.26 0.75 2.85 023 249 543 4.381 5 039 <2 <5 8 <20 5
54 27-Jun-90 14 37 385 554 47 18 1.52 085 322 016 66 271 589 523 3 017 <2 <5 7 <20 6
55 03-Sep-90 7.8 27 421 535 3 0 1.66 095 348 013 34 311 7.10 5,7?I 6 011 <2 <5 8 <20 6
56 27-Jun-90 046 7 346 543 32 1 1.26 0.74 2.84 0.24 252 550 4.87 5 036 =2 <5119 20" H
57 03-Sep-90 53 8 36 534 28 0 1.29 076 283 0.24 262 584 496 3 02 <2 <5 6 .<20 6
58 27-Jun-90 0.8 11 338 537 35 5 1.24 074 2.87 0.21 243 524 471 5 031 <2 <5 7 <20 5
59 27-Jun-90 1.5 16 3211 548 40 10 1.18 0.71 2.76 0.5 230 5.14 433 4 033 <2 <5 <5 <20 5
60 03-5ep-90 0.68 6 341 474 1 0 082 068 249 0.18 239 532 451 4 006 <2 <5 11 21 6
61 27-Jun90 045 2 366 467 8 0 075 063 242 0.21 236 549 430 2 009 <2 <519 <20 9
62 03-Sep-90 056 4 373 472 8 0 081 070 256 021 251 569 469 2 006 <2 <5 13 <20 &
63 27-Jun90 096 3 332 491 20 0 094 066 251 020 227 488 442 4 031 <2 <5 14 <20 &
64 03-Sep-90 0.8 3 41.1 455 1 0 0.73 065 249 022 259 6.22 459 3 006 <2 <5 18 <20 7
65 27-Jun-90 064 4 316 49 22 0 084 061 239 020 210 440 418 0 018 <2 <5 10 <20 6
68 27-Jun-90 052 12 263 601 56 28 1.20 0.64 193 0.18 31 175 449 287 5 084 <2 <5 <5 <20 <5
69 04-Sep-90 046 12 307 582 44 15 133 0.77 2.20 020 222 626 325 3 024 <2 <5 <5 <20 <5
70 04-Sep-90° 048 17 444 649 121 96 243 122 3.12 027 34 275 787 394 3 268 <2 <5 <5 <20 <5

forts.
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Appendix 2. Forts.

Locality FTU mg Pt/l pS/em pekv/l pekv/l mg/l mg/ mgd mgd mgd uu  mg/l mgl pgdl  pg/ll po/l polipg/l pg/l pg/l
nr Date Turb. Col. Kond pHAlk4.5 Alk Ca Mg Na K Fe 5SS SO, Cl NO3 Si Cd CuMn Ni Zn

71 27-Jun-90 084 26 286 601 73 46 141 071 217 018 78 180 462 295 4 142 <2 <5 <5 <20 <5
72 04-Sep-90 0.58 20 419 6.55 116 90 230 1.19 305 024 31 266 7.53 385 3 224 <2 <5 <5 <20 <5
75 28-Jun-90 036 5 356 521 25 0 113 072 298 0.23 259 550 510 2 052 <2 <5 15 <20 8
77 28-Jun-90 036 2 352 511 23 0 095 071 292 0.23 253 541 497 3 047 <2 <562 <20 7
78 05-5ep-90 04 2 355 508 22 0O 100 071 288 0.24 258 553 505 01043 <2 <5 570 <20 6
79 05-5ep-90 044 '5 365 522 25 0 196 076 298 0.24 267 571 523 6 048 <2 <5 15 <20 6
81 05-5ep-90 022 5 438 653 86 59 227 1.01 339 0.37 299 6.87 549 7 1.06 <2 <5 <5 <20 <5
82 05-Sep-90 0:38 17 41.7 642 102 76 194 1.09 335 024 64 270 598 514 4 166 <2 <5 <5 <20 <5
83 05-5ep-90 022 6 426 647 79 52 194 095 346 0.36 286 6.39 542 - 3 1.15 <2 <5 <5 <20 <5
84 05-Sep-90 03 6 409 64 72 45 177 096 330 0.34 2767 6:05 5:31 6 0.95 <2 <5 <5 <20 <5
85 06-Sep-90 0.26 12 418 643 90 63 ‘1.74 1.13 3.32 035 277 619 524 3 0.82 <2 <5 <5 <20 <5
86 06-Sep-90 0.22 5 41.1 642 74 47 175 097 3.35 0.33 284 6.19 548 7 097 <2 <5 <5 <20 <5
87 06-Sep-90 0.22 5 416 635 61 33 190 086 323 0.33 296 6.67 557 3 098 <2 <5 <5 <20 <5
88 06-Sep-90 028 5 462 653 81 54 198 1.15 382 045 320 7.02 614 4 1.2 <2 <5 <5 <20 <5
89 06-5ep-90 0.16 8 50.6 6.81 145 120 3.19 1.20 334 039 308 849 464 7 198 <2 <5 <5 <20 8
90 06-Sep-90 0.33 4 387 6.13 53 24 185 104 290 0.33 274 757 413 4 134 <2 <5 <5 <20 9
91 06-Sep-90 0.19 4 382 636 66 38 1.78 0.85 293 0.29 263 629 466 8 1.24 <2 <5 <5 <20 <5

36



nina forskningsrapport 026

Appendix 3. Population parameters of A) whitefish (Coregonus lavaretus), B) pike (Esox lucius), ) perch (Perca fluviatilis), D) brown

= female, M = male.

le, F

Juveni

=

trout (Salmo trutta L.), £) Arctic char (Salvelinus alpinus)
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Appendix 3. Forts.
B. Pike (Esox lucius)
1 - Kuetsyarvi (Kul); 2 - Kuetsyarvi (Ku3); 3-Maayarvi (Ma1).
1 p-mmmmmmmmmaae Fmmmmmm e 4= 4= D it b s +
| AGE I 2+ | 3+ | 4+ | 5+ | b+ | mean I
e S T A | ot L + I e | + I + + o Sl +
ISEX | F | M F I M iE: | M I ¥ | M i3
+ -1 e [mmmmmmmme |mmmmm e [==m=mmmam [mmmmmmm e |==mmm i s + S
|sample size | 4 I 6 5 | 2 5 I 4 | 5 | 16 200 |
AL | | jmmmn I | | S P | + fe=ry
Iweight, g [=20T.5 | 80. R Fea25 05, | &23.8 850 | 600. 750, 1492.2 487.5]
| [110-450 | 200-425 200-525 | 275-375 375-750 | 450-750 | 350-850 600-1000 | |
+ e —— e il e e =i | === | ] -t
|Length AC,cm | | g 3¥:5 || 365 3558 Nl M3 | 49.5 46.8 | 41.2 41.1}
| | | 31=3&.5 I 35.5-36 | 43-43.5 | 42.5-51 | |
e I | ST =i + | I + +
|male: female | | 1720z 1 I Sl Al | 4 1 I o el IR a2 ]
A ——— gm———————— e —— e e e e e s mm—————— + =
2% + Sty - + +
|AGE 2k | 3+ | 4 + |5 # |mean I
+ Lt e s S e e | | | hroms sy
|'SEX Ji M i) | M | F I M e
4= i |=== | === | | | ===
|sample size | 2 I 4 5 | 2 | 1l aE B
+ I o | | leains hren +
IWeight, g 11-1915 | 400.5 397:8 || §59. | 707. 1453.3 384.9]
I L 132-251 | 4 254-561 | 533-579 | | I
e e [ el et b jmmm——— | === 4o +
ILength Ac,cm | 31.5 | 37.7 1 40.8 | 44. | 38.6 375 1
| -28=35 | 32-42 | 40-41.5 | | I
4 I | mmmmmm e I= Iz ! R
Imale: female | I 1 125 | I [ e T b
+ + ——— -
I pmmmm——— + == A ————— fommm A ———————— +
|AGE 122+ | 3+ 1 4 + I 6.+ Imean |
o ————— pmm———— + 4=——— +- ————fmm—— m————— +
I SEX JIRUIE: I F | M i | M | M F |
+ + | A + | = - ———— o +
|sample size | 1 | 4 et 2 | 2 I3 7 |
+ + 1 | Pttt et et e = e |mm e ———— e, o= +
IWeight, g ML e B i e | 429, 403. | 696. | 807. 255.1
I | | 198-261 | 345-461 | sB4-708 | I
b ———— pmm——— | == === + |——rmmmmmmpm———— + +
|Length AC.cm | 24. 15335 | 40. 41.8 I 48, 1 45.3 41.2 |
| | :31=35 | | i |
+ + | |- + + +
Imale: female | 1 1 1 1 2293 |

*
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Appendix 3. Forts.

C. Perch (Perca fluviatilis)

1 - Kuetsyarvi (Kul); 2 - Kuetsyarvi (Ku3); 3 - Maayarvi (Ma1); 4 - Kocheyavr (Koc).

1 =S dmm e e e —e e ne e ——— pmmmmmm—aamaa pmmm e +
| AGE | 2+ 3+ | q+ I mean |
P R eyt i e b * + 3 + i =T
| SEX | | M F M E | M 13 1 M F |
+ - +
| Sample size | 5 I 4 1 - G A | 3 5 |
g + Fommm e + + + + +
|Weight, g Iy S 55. 43.8 158. | 300. 385, I = 174, 112, |
1 I 21-85 | I |
e A ———— o m——— o + + pmmm————— pmm——— dmmm———— e +
|Length AC,cm | 14.2 16.1 14.0 22.5 |22.5 27. | 14,20 21.4 16.9 |
| 12.2=16.2 | | |
e m——— + + e —— + + + + = + +
imale: female | Lo &° | ig St I 1iis S1RT, |
- e e e A e e e e e e b e + + +*
24+ += - R +
|AGE | 1+ | 2 + I 34 | mean I
+= I= === S| = |
| SEX | T | M P I F ([ M F I
+ | | | I + + +
|Sample size | k3 | 11 | B ] 13 16 |
e L | o e ————— | = T
IWeight, g ek | 7423 42.3 | 202.9 284.8 23555 14335 BN ]
| 18.5=3101 3 7=150 20=81 | T2-2800 217-311 | |
e [EE=tarre s e F——— = === mmm—— + I + + St
|Length AC,em | 11.7 | 16.5 15.2 | 22.9 25.1 | s B 18.3 |
| | T1.-13,- | 14522555 22:-25° | 17.5=25:5% 23.5-26 | |
e | mmm | == b I I +
Imale: female | | 1 = 10B3 | e B | | 1N =103 |
et G L i e e e e e + e £
3 #mmmmmm——— —-——— + +
| AGE | 1+ | 2+ | 3+ I 4+ 1 mean |
A (= + | | + | I
| SEX : g F : J_ M F: I ™ F I ™ | e M i I
== - —— I I I + +
|Sample size | 3 2 s 4 10 I 4 5 | 1 I 5 8 18 I
RS ST oo =t | I + I !
Iweight, g | A527 14.2 112.0  39.2 23.5 | 118.5 81.2 | 367. | 14,2 7€.9 57.6 |
| 21-10 11-17.5 | 19-%3 11-56 | 14-180 14-180 | | 1
A =] + | += == e I 1 + + +
|Length AC;cm | 11.8 11.8 110.5 125 12.6 | 18:2 16.3 [F 29 Eil|| BITSET SESe ST s B |
| 10.5-12.9 | 9.6-17.2 |11,.2-23 11-23 | | |
| + | | I et + += +
Imale: female | | 1 2:5 | a2 50 | 1 he2s |
SRR + + + fmmm——mm——————— +
4 +===== * o e + +* + +
|AGE | 1+ | + | 3+ | 4+ | 5+ | mean |
e Pt == + | 1 e 1 | | * + +
|1 SEX | J | S | M H I M B oy | F (I § M F 1
A ———— | I I + 1 | | + + +
|sample size | 5 1 1 4 5 i 4 3 | 2z | 3 | 5 B 14 |
e | mmm e e | =)= -——+ 1= | == === Fmmm—— === +
|Weight, g I 20.0 160 | 165 183.3 lE302u5 333.3 | 335 231553 120.0  233.8 286.|
| Il :110-220 160-230 | 2B0-350 2300-380 | 330-340 | 226-380 | I
P s e fmmm—— = ~-= | I I *+
|Length AC,cm | 13.1 22.5] 23.2 24. | 28.2 29. | 28.5 | -28.7 113.1 25.8 27.4|
| 1 13.=13.5 | 22-25% 23-26 127-30° 28.5-29.5 | | | |
=] mmm—— | —— l=== bt 1 I
Imale: female | | s o e ST | | el i | 1 |
+ + + + +
39
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Appendix 3. Forts.

D. Brown trout (Salmo trutta L.)

nina forskningsrapport 026

1 - Ruosenyarvi (Ro); 2 - A. Skardvatn (AS); 3 - Dalvatn (Da); 4 - Maayoki (May); 5 - Pachtayoki (Pac); 6 - Otervatn (Ot)

1 $memmmm e = f—— 4 4 e ——— G i e — +
| AGE I 2+ | 4% | | BGE | 1+ | 2% | 3+ | 4+ | 5% | mean |
iy e e o S =t fe— S += | (e e +
|SEK ||=E: LEE: | | SEX IF ] F | M F: | F | M | M F
------------- it s | i == I + | =3
lSample giza. | 1 [l | |sample size | 2 I 15 | 2 5 | 3 ifzz1 | 3 150 |
------------- [ == - b= e + +
iwezgh: g 1120, (220, | |Weight, g 120.5 |.:25:2° || 81, 1 | <3 13705 | 168, 67.:11
1 | | | I | |20-29: |55-79 40-169 |63-163 |
P Ll | e + == e A ——— e ———— g ——— B o ——— pmmm——— Hm———— +
ILength AC,em |22.5 | 17:.5] |Length Ac,cm 1129 [13.1 | 18.1 1922 {1500 L O s v EACH | 43 & R
I | 1 1 | 11251-14[17.2=-19 “15=-24.8|17.2=25] |
e o e + B e + +
Imale: female I | | ! I
o + e + + +
2 4mmmm— o o o e e e
|AGE | 2+ | 2+ 3+ |
o o —— + o e i e ——— I
ISEX M | M M F I |
------------- frm e | m - ——f | I +
ls‘ample size | 1 I 4 3 6 I |
+ + Fr e ——— o ————— + A0 +
IWeight, g jids 29, B 78.3 64, 1125 132.5 |500.. | B2.6 112:81
| | 122-38 13-34 |77-80 43-83 |7T4-155 “106-159 | |
---------- e + + + +
ILength AC,cm [10.8 [14.3 14. | 18.2 | I |
I I Fl2=8=1558 127 B 15 3I19 5 2052 1651199 g | |
+ + + + + + +
Imale: female | | L 13 2 1 [
+ + += + +
3 pmmmmmmmmmeee e -= +
| AGE I 1+ 2+ | 3+ |
AT T s B S e |
| SEX |'M iy i | ™
| + B o == S
ISampIe size | 1 6 3 I 2
B ekt e e e e e e ! S tndatkatat o —— Am———
IWeight, g 115; 1335 5 56.7 | B85 109.81 210. 152:4 194.4 82.2 |
I 12-15 142-56 37-76 177-53 72-132]|180-240 170-134 | I
------------- + -—= + += + + +
I!'..ength AC,cm |12.2 11.6 | 18. 38 | 20.5 22. | 28.4 255 F20.:5 18.9 |
| 10.8-12.5|16.8-19.4 16-20 |20-21 20-23127.2-29.6 25.4-23.8 |
+ + + + + + + +
Imale: female | 15506 et | ety | 1520 h ! P
+ + + - + + - +
B FERE $ie % ¥
| AGE 11+ 12+ | 3+ | mean | |AGE | 3% | 4+ | 6+ | mean |
b e [mmmmm [P 1 i e | == | -
ISE}K } E {105 | M i F I M K 4 |'SEX || I M F |iF I M P
------------------ |=mmmmgm o + = = - | | + | + ;
isample aize | 2 I2 | 2 1 I 2 = 0 |sample size | 4 I 3 3 15 oo 9
+ + + 4 + + + + =+
|Weight, g 112, 111.5 |42, P PR by 15.2]) IWeight, g 194, | 156. 183, 1459, |156. 176.81
| | I | | | 173-130 |128-188 149-264 | | |
------------- ——— + e e e
ll.uerlgt.h AC,cm, 110,2 9.9 |16.4 12.5 | 16.4 10.51 |Length AC,cm 120.8 | 24. 25.5 134.2 124.1 24.4|
1 I | | 119.6-22.3113. 225 6 24.2-27.4| | |
+ + h———— Frmmm——mmfm———— g pmmmwm———————— e ———— o —————— + + + + +
Imale: female | | | 20 I 1 =275 || Imale'female | I ST | [P SN |
+ + — i + —-— + = ———
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Appendix 3. Forts.

E. Arctic Char (Salvelinus alpinus)
1 - Ruosenyarvi (Ro); 2 - Sarasslaki (Sa); 3 - Dalvatn (Da); 4 - A. Skardvatn (As).

1 $m==- L S o e e + + + gk H
|AGE I 1+ | 24+ | 3+ | 4+ | 5+ | mean |
s m—— pmm—— | + + + + + + === + + +
| SEX | a | g M E | M B 1 M I I M F | M F |
+ b= | mm——— + + + + 4= + + + e it +
|sample size | 3 it & 3 |l S 7 | 8 | 3 | 4 24 21 |
+ |==me= + + ——— -+ + pm———t +
|Weight, g I | 40. 90. 925 68.8 175 12225 F o= 130, I he 105
| 1 | | “15=120 40-100 | 85-160 | | |

g fe o + pt + + ¥ .
|Length AC,cm | 13.3 112.4 13.4 5.8 |, 15, | 55 18. 117.2 221 113.3 16. 17.5|
| I11.8-14:9 | 11.-15.4 11.8-19.9 |14.7-21.8 12.8=1958" [[1203-1H8.6 15.5-24 | 17-25.3| |
e | + A A —————— o e o o o o ——— o ——— A ———— do———— +
Imale:female | I e | | 1.4 : 1 | TENGE | | Lt I 1 : 0.88]
e ——————— — o - - + +

2 ¥ + -p—— + + S T A S +
|AGE | 1+ I 2+ | I+ | 4+ | mean |
+ ==t —-+= + | + | + +
| SEX | i | F | K | M P | M P |
+ e e | ot == | | Yo = | +
|sample size | 3 | [ | B | 4 4 | 4 21 |
h=e== |== | === | it e e | ===l aern +
|Wweight, g [} 2553 | e 1R | 53.8 539 R e e T |
| | 22-29 | 12-48 | 22-52 | 49-98 40.5-76 | I
R e e, i + + | =|=m—mm e o e *
|Length AC,cm | 12.6 i BRI | 14.5 | 16.6 16. 116.6 14.1 |
| I 12-13.8 |10.9-15.6 [12.5-16.2 |15-19.5 1552=17.55 | I
+ e 4= f = + |
Imale: female | | I | 1L ok I 1 :5.25 |
+ e + +

3+ e —————————— + +
| AGE i 1+ I 2+ | 3+ |
+ | I S S s SRS R ¥,
| SEX | ™ F I M E | M F |
+ = | I Fim] T i |
| sample size : 5, | 3 JI IS 5 | 5 9 |
A== e s + 1 [ |
|Weight, g | 252 1 23.7 | 102.6 68.4 | 80.6 148.8 |
I |:23-29 | 16-28 113-193 23-119 : 42-164 25-222 :

+ =] e e e e e T

|Length AC,cm | 14.1 I . | 21.2 18.7 | 20.3 24.7 | 24.2 25 118.9 21.81

| | '13.5-15.2 111.5-15.3 |14.4-27.3 13.5-23.5 |15.6-25.8 22.5-27.3 | 17.2-33 | |
et | + + + + +== mm———— I ] +

Imale: female | 1.66 & 1 | 1 Al | T B | o e ] i 153350

= -4 + + + + *

4 o ———— Amm——— + + - +
|AGE 1 1+ | S+ | 6+ | mean |
+ S et e [ el T T + [ e e e e |
| SEX I M I M M F | » F | M F |
== e o= A I + | + |
|Sample size | 1 I 5 5 20 3 3 I 17 9 |
P | s e e e B e 1 | + |
|Wweight, g | 22. | 45.2 348.6 325,71 510 325. | 181. 217.6 |
| | | 31-68 227-431 1 326-359 | I
+ | + i = Sl + |
ILength AC,cm 113.7 | 16.6 1.3 < i | ] 30.1 | 23.8 24.9 |
| | | 14.6-1B.9 27.4-33.9 | 29.4-30.8 | |
+ | |=smmm g demne | mmmmm e mr e e | mme e | s e s e e | =me—— e | + |
Imale: female | | gkt B | o | 1589 1 |
+ + + -— +

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