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ABSTRACT

The River Teno in Northern Lapland is one of thestrimportant Atlantic salmorSaglmo
salar L.) rivers and also contains an extensive, bigdlrunstudied, population of brown
trout (Salmo truttal.). Scales from 298 individual trout caught ire thver system were
analysed for*C and™N stable isotopes with the aim of distinguishingween freshwater
resident and sea migrating trout and to identifgsilaly different migration patterns within
the system. Trout juveniles and invertebrates wised as freshwater reference material
for isotope values and sea trout caught in Tandfjsrsea reference material.

According to the stable isotope analyses, in thenmever and in the Inarijoki and
Karasjoki tributaries, the major proportion of ahe trout analysed were clearly
anadromous. In contrast, in the Utsjoki tributahatt contains numerous large lakes,
freshwater residency seems to be the predominaut life history pattern. Whereas in the
upper river sections and tributaries clearly digtishable3*3C andd™N clusters appear,
the lower Teno sections show a continuous pattesi“C ands*N signatures with no
clustering, probably caused either by repeatedatigrs between freshwater and marine
environments or by feeding in the estuary with imediate isotope values. In this large,
completely free flowing river system, the availépilof lakes seems to affect the
anadromous migration considerably, but the distamtlee sea appears less influential.
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TIIVISTELMA

Pohjois-Lapissa sijaitsevassa Tenojoessa eladoglianen mutta paaosin tutkimaton
taimenpopulaatio Salmo truttal.). Jokisysteemista saatujen 298 taimenen sudauis
analysoitiin vakaat isotoopit®C ja '°N. Tarkoituksena oli erottaa toisistaan makeassa
vedessa elédneet ja merivaelluksen tehneet taimangmnnistaa mahdolliset erot niiden
vaelluskayttaytymisessa jokisysteemissa. Makeanvedsotooppiarvojen perustason
kuvaajana kaytettiin taimenen poikasista ja joerlkésangattomista maaritettyja
isotooppisuhteita. Meren perustasona kaytettiinoVaonosta kalastettujen meritaimenten
arvoja.

Isotooppisuhteista voidaan paatella, ettd Tenomqraddssa ja Inarijoessa ja Karasjoessa
(Tenon sivujokia) suurin osa tutkituista taimenigih selvasti kaynyt syonnoksella
meressa. Sen sijaan Utsjoessa, johon kuuluu useii@ia jarvia, makeassa vedessa
pysyminen nayttdd olevan yleisin taimenen elint&g@iuoman ylajuoksulla ja sivujoissa
erottuvat selvat taimenter®C- ja N-arvojen ryhmittyméat. Tenojoen alajuoksulla
taimenten §*°C- ja 5"°N-arvot jakautuivat selvasti kahteen ryhmaan. Té&joktuu
todennakoisesti toistuvasta vaelluksesta joen jeemeadlilla tai ruokailusta jokisuussa,
missa on keskimaaraiset isotooppiarvot. Tassa ssarpatoamattomassa jokisysteemisséa
etdisyys lahelld sijaitseviin jarviin tuntuu vaikasan selvasti merelle suuntautuvaan
vaellukseen mutta meren etéisyyden vaikutus naytdisemmalta.
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1. INTRODUCTION

1.1. The unexplored brown trout in the Teno River gstem

The River Teno (Tana in Norwegian) holds one of thest important Atlantic
salmon Galmo salail.) stocks in Europe that has been intensivelyistlitdy the Finnish
Game and Fisheries Research Institute (FGFRI). Mewéhe river system also contains
extensive brown troutSalmo truttal..) populations, about which rather little is knawn
the River Teno and its main tributaries, InarijoKiarasjoki and Utsjoki, salmon is the
major catch of fishermen and the most valuableispeand trout in general only a bycatch,
but their importance for the rod and line fishemeight increase in the future. Beside the
upper reaches of the tributaries, the main steattam bigger tributaries are mainly used
by salmon parr as nursery areas. Trout juvenilestgpically only found in the small
tributaries (Erkinaro & Niemeld 1995). Niemela & ®lemas (1985) and Jensen et al.
(1990) studied "sea trout in the River Teno, byt lacked a powerful tool to confirm
that all their analysed fish were indeed sea trorgut are known for their polymorphism
in life history pattern: residency in the nataksim and migration within freshwater or to
the sea are all well documented strategies befsheréturn to spawn in their natal river
(Elliott 1994). In the River Teno some trout camtgimigrate to the sea. Others probably
make equivalent feeding migrations to lakes withi river system.

1.2. The brown trout (Salmo trutta L.)

1.2.1. Different life history patterns

Two major life history patterns are recognizedSalmo truttal., the freshwater
resident brown trout (hereafter called “local tfpuand the anadromous, so called “sea
trout” (Elliott 1994). The freshwater life cycle mafurther be subdivided into three
different patterns (McCarthy & Waldron 2000). Sofish spend their entire life in their
natal stream and never leave it. But fish may aiggrate to the parent river or a lake as
juveniles and return to their natal stream only $pawning. Although those different
migratory patterns are recognized in many troututetons, both freshwater resident and
anadromous sea trout often use similar spawningngi® (McCarthy & Waldron 2000)
and freely interbreed to some extent (Elliott 199Burther, Etheridge et al. (2008)
emphasized the polymorphism of brown trout migratiehaviour, as they found evidence
for continuous variation in the pattern of marins. Wreshwater foraging, indicating
repeated migration between freshwater and marivecegmments or estuarine residence.

1.2.2. Sea migration

Migration to the estuary and the sea to access profgable food resources is one
possible life history pattern for freshwater fisin.general, migrating fish grow larger and
have an increased reproductive potential, but aetosurvival rate than resident fish
(Skaala & Neevdal 1989, Jonsson & Jonsson 1993).cbkeof migration is an increased
risk of marine predation and the energetically Igostigration (Berg & Jonsson 1990,
Bohlin et al. 2001). Nevertheless, attempts to @&xpbifferent migrating patterns have
revealed rather contrasting results. Genetic diffees are reported between anadromous
and local trout (Jonsson 1982, Skaala & Neevdal 11988 the migration pattern might be
also induced by environmental conditions, suchoasl favailability (Olsson et al. 2006) or
juvenile densities (Bohlin et al. 2001). Severadgts have indicated that the anadromous
proportion of the stock decreases with migratiostadice from the sea or with altitude



(Kristoffersen et al. 1994, Wood 1995, Bohlin et 2001, Jonsson & Jonsson 2006),
whereas other rivers do not support this trendahdr factors, such as the composition of
the fish community in the river, may influence tineut migration patterns. Jonsson et al.
(2006) showed an increase in the mean size of Bgxuature sea trout with migratory
distance as well as an increased age at sexuakitpaflhis increased mean size was
mainly based on an increase of the smallest anamrenspawners with increasing
distance. On the other hand, size-adjusted gormal isi males and the mass at length
declined with increasing distance from the seah® gpawning grounds. Females often
dominate the migrating proportion, and males am@asglents (Jonsson & Jonsson 1993).
The fitness of females and their reproduction éffecreases exponentially as they grow
larger, which may explain their predominance.

1.2.3. Smoltification

Much information is available on smolting and smligration in sea trout (e.g.
Bohlin et al. 1993, Elliott 1994, Sundell et al.989 Byrne et al. 2004), but only little on
smolting at high latitudes (Finstad & Ugedal 1988)stad et al. 2005) and especially in
the River Teno (Niemeld & McComas 1985, Jensen. ét9®0). The individual variation
of smolting in age and time might be a result dfedences in body-size, growth rate and
morphology that also seems to induce or inhibituraton of male parr (Bohlin et al.
1993). During smoltification the sea trout parr ergb several physiological and
morphological changes (Finstad & Ugedal 1998),rbigiration also varies between years,
caused by the number of degree-days, change i \eatel, water temperature and the
mean annual fish length (Bohlin et al. 1994). le tRiver Teno, trout smoltify at an
average length of 22 cm at average ages of 5 tea#sy(Niemeld & McComas 1985,
Jensen et al. 1990).

1.2.4. Behaviour, duration of the sea sojourn@retwintering

Most researchers assume that large proportionsatrsut mainly stay in the inner
fjord system (Jonsson 1985, Knutsen et al. 200fst&d et al. 2005). There is little
information available on the sea trout behaviouhmsea, but there are some studies about
feeding habits. In southern Norway the most abunhgesy was fish (mainly clupeids and
gobiids), followed by crustaceans, surface insantspolychaetes (Knutsen et al. 2001). In
northern Norway fish was a major prey as well, duting the winter time crustaceans
dominated the diet and in Ranafjord insects maldege contribution to the diet from July
to September (Rikardsen et al. 2006).

In high latitudes, overwintering might occur indhevater or the sea (Jonsson 1985,
Berg & Berg 1989, Berg & Jonsson 1990). In the RWardnes the sea migration seems to
be only a feeding migration, as Berg & Berg (1989)orted a mean duration at sea of 68
days during the summer time. In other rivers tha #®ut population may re-enter
freshwater without reaching maturity and withouwiolis reason during the winter. Sea
trout might return to freshwater due to osmoreguiastress in relation to the combination
of high salinity and low temperatures (Larsen et28l08). On the other hand seawater
tolerance and mortalities vary for different seautr populations. All studies that
documented winter residence in freshwater wereiezhrout in watercourses that hold
lakes, where fish can remain during the winter (B&rBerg 1989, Berg & Jonsson 1990,
Ugedal et al. 1998). Conditions in rivers of higlitudes might be very harsh during the
winter due to difficult ice conditions combined twilow water levels. Despite low
seawater temperatures and high salinities, sea weve found feeding extensively on
marine crustaceans and polychaetes during earlylamdwinter, leading to stable or



increasing condition factor during this time. Betdeasing condition factors were reported
for sea trout overwintering in freshwater (Berg &ndson 1990) and Rikardsen et al.
(2006) hypothesized that feeding at sea might ogtwehe benefits of staying in
freshwater during the winter. This indicates thame sea trout populations are
physiologically better adapted to harsh sea wietarditions than others. In the River
Teno, previous research suggests that a large pirapof sea trout return to freshwater
after only one summer (Niemeld & McComas 1985), thwise data do not answer the
guestion of overwintering for 1, 2 or more sea aghorts in the Teno system. At least
Atlantic salmon overwinter in the river after spamg and migrate back to the sea the
upcoming spring (Niemel&a et al. 2000) suggestirgt the River Teno might be large
enough to support adequate conditions for freshveaterwintering .

1.2.5. Migration

Niemela & McComas (1985) analysed a total of 30dltatea trout” caught in the
Teno river system and reported a bimodal migratiimmng. They assumed the trout were
anadromous, but the samples might also includd tomat. In May and at the beginning of
June, the cohort was composed of 1, 2 and 3 seaadebased on scale reading. A much
larger proportion of trout was caught between thd ef August and the beginning of
October, composed mainly of 0+ (62 %) and 1+ (32s&g age cohorts. In this study the
samples are caught only between May and the eAdgdist.

1.3. Stable isotope analyses

In fact, it is difficult to distinguish reliably Ibe&een freshwater resident and
anadromous trout forms, since they often overlapize and body colouration and scale
reading hence to be highly subjective and unradiaBitable isotope analysis (SIA) was
used successfully in the past to distinguish betmaagadromous and resident brown trout
(Acolas et al. 2007, McCarthy & Waldron 2000). $#abarbon and nitrogen isotope
analysis of trout tissue provide insights into tlisue because the isotope ratios can be
expected to differ between river, sea and laketati

The 3-Notation is the most common notation used by mesearchers for isotope
values (Fry 2006): X = [(Rumple/ Rstandarai— 1)] * 1000, where X i$'*C or 8N and R
describes the ratio of the heavy isotope to tHet ligotope (e.g-*C/*°C or *>™N/*N) of the
sample and the standard, respectively. PeeDee Ba&(®DB) is the reference standard
for 2*CA%C and air for'®N/*N respectively (Fry 2006). The standards for thiéetént
elements always have & value of 0 %.. The factor 1000 makes the smalloisiot
difference more visible and tleeunit is therefore as parts per thousand (%o).

Mixing and fractionation of the isotopes, while yhare circulating in the biosphere,
make them a useful tool for analyses. Large stpbtds are the ocean for carbon isotopes
or the atmospheric reservoir for, Waterial flow and metabolism in ecosystems lead to
characteristic isotopic patterns in the biospher@ ‘asotopes function as natural dyes or
colours, generally tracking the circulation of etnts” (Fry 2006).

Freshwater values 6f°C are generally lower and more variable than thiosearine
environments with a gradient between the two exéiethat correlates with salinity (Riera
& Richard 1995). Carbonate rock weathering, minesatings, atmospheric GCand
organic matter respiration as a source for dissbl®@€, in freshwatedirectly affects the
%C contents of the components of the carbon cyche &°C values in freshwater
therefore vary widely and due to local physicocleahprocesses in rivers that may alter
8C values at the base of the food webs. Charles €2G04) suggested that®N might



also be a good tracer for marine feeding in fresbish, if the catchments are relatively
unimpacted by anthropogenic nitrogen (that migisultein high*N values). Nitrogen
limitation in contrast to phosphorus limitation rigesult in big differences i1°N values
of primary producers (Fry 2006). Strong nitrogamitation results in little fractionation,
whereas sufficient nitrogen favours fractionatiamridg assimilation and thus for lower
8™N values. If different nitrogen sources are avadahe stable isotopEN may function
as a tracer for autochthonous or allochthonousnicgaatter. Bus'>N may also act as an
indicator for trophic studies, as it increases risphic level from plant to herbivore or
herbivore to carnivore. Increasing values of 2.3.#%o. for™>N in the consumer versus its
diet are found for aquatic food webs (Vander Zad&asmussen 2001, McCutchan et al.
2003, Sweeting et al. 2007). In contrast, the iopicrease 06™°C values is minor (c. <
1%o) (Hobson 1999).

In summary, the isotopic composition of carbon amtiogen in fish tissue is
controlled by the isotopic composition of primampoguction at the location occupied by
the fish during tissue growth and by the trophieleof the fish (Hutchinson & Trueman,
2006).

Beside different fish tissues such as muscle quaesdi fin, scales have also been used
for SIA (Perga & Gerdeaux 2003, Syvaranta et aD80The use of scales instead of
muscle tissue for SIA might be advantageous. Scaigkt represent an average of the diet
during the lifetime of a fish and as the scale mwuincreases exponentionally with
increasing size, even for sea trout the propomibfreshwater residues might be minor as
the main growth occurs in marine environment ($tdie & Finney 2002, Hutchinson &
Trueman 2006). Further, many research institutés laoge collections of archived scale
samples (e.g. for age and growth rate determinattwat could be used for analysis and
even historical reconstructions are possible (Game& Perga 2006, Syvéaranta et al.
2008). The Tenojoki Fisheries Research Stationtsjoldi (FGFRI) has gathered a huge
archive of salmon and trout scale samples overldbe decades from the River Teno
system. This extensive archive offers an exceltggortunity to obtain relevant isotope
data from large numbers of individual fish.

1.4. Objectives of this study

The aim of this Master’s thesis was to use staméope analysis to take advantage
of the extensive FGFRI trout scale archive andnteweer the following questions about the
brown trout population of the River Teno in Northémpland.

i. To identify the migration patterns of individuakffi, classifying them into
freshwater resident and anadromous trout.

ii. To analyse the prevalence and importance of anadmsna life history
pattern in trout from different river sections andutaries.

iii.  To test other parameters such as length, sex d& seading analyses for
correlation with the migration strategy.

2. MATERIAL AND METHODS

2.1. Study area

The River Teno (70°22'N, 28°15'E) with its upperibtrtaries, Inarijoki and
Karasjoki, in northern Lapland is one of the masportant river systems for Atlantic
salmon with a drainage area of 16 000%kifor 270 km it forms the border between



northern Finland and Norway and the lowest 60 knsrinrough Norway. The large Teno
river system is one of the few remaining, entifege flowing systems in northern Europe
without any damming. In the Utsjoki and the Pulmatrlbutaries, different lakes are

accessible by trout. Jiesjoki springs out of theydaLake Jiesjarvi, the upper parts of
Karasjoki are famous for large lake dwelling trand Inarijoki forms many large lake-like

pools.

The river system also holds graylinthymallus thymallus.), whitefish Coregonus
spp. L.), minnow Phoxinus phoxinuk.), burbot (ota lotal.), bullhead Cottus gobid..)
and sticklebacks Gasterosteus aculeatus. and Pungitius pungitiusL.) (Erkinaro &
Niemela 1995). In the lower Teno, flound@&dtichtys flesud..) migrate upstream up to
Lake Pulmankijarvi. Other species in the systemaactic char $alvelinus alpinug.) and
pike Esox luciud..) (Niemela et al. 1999).

2.2. Marine and freshwater reference material

The trout stock in the Teno River system might &xingut of local and sea trout,
hence theis**C ands™®N signatures might vary between the two extremes Therefore,
reference samples of freshwater and the sea aessay to classify the results and to
verify the differences in stable isotope valuesweeenn freshwater and marine
environments. Trout juveniles are hard to findhe main river and in most parts of the
tributaries. Hence invertebrates were used, asdd fvebs the stable isotope values of the
consumer correlates with their diet. Although @i enrichment of about 3 %3°N and
a shift in3*3C values of the diet towards different tissueshef tonsumer, invertebrate
samples are a possibility to get reliable freshwegéerence material from many different
locations within the river system.

The invertebrate samples were collected at the @ndugust 2008 by kick-net
sampling in the main stem of the River Teno (n=A)l @ different tributaries (n=13)
according to Figure 1. The samples are qualitativel represent the most abundant
invertebrates in each site. The sampling took p&toene location per sampling site with
fast flowing current. The invertebrates were neid#d into different invertebrate groups,
but by subjective analyses the most abundant werehdptera larva (caddis fly),
Plecoptera larva (stonefly) and Ephemeroptera lgmayfly). Also Simulidae lava
(blackfly), Megaloptera larva and some Annelida avén the samples. The species
composition was varying within different river sects and tributaries and it was not
possible to find exactly comparable sampling sitéh similar habitat.
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Figure 1. The River Teno system with its tributsriEor this study the main river was divided into
four sections (1-4). Additional to the main rivequt scale samples were analysed from the
tributaries Karasjoki (5), Inarijok (6) Utsjoki (And Pulmankijoki (8). Invertebrate samples
were collected in 13 small tributaries and 4 |lcmagi in the main river (green arrows). The
juvenile trout samples (A — D) where caught in $rstieams of the tributaries Karasjoki,
Akujoki, Utsjoki and Pulmakijoki.

Further freshwater reference material in the fofnugenile trout was obtained by
electro fishing in Akujoki (n=11), Kuoldnajoki (Imgki tributary) (n=6), Ylaseitikkojoki
(Utsjoki tributary) (n=6) and Luossajoki (Pulmardj tributary) (n=6) by FGFRI. From
Kuoldnajoki, Ylaseitikojoki and Luossajoki (fishrigth 14 to 21 cm) only scales were
available for analyses and as the sample amountomasmall for individual fish analyses,
the samples of one location were combined. Thenjlevdish from Akujoki (length 3.6 to
13 cm) were stored frozen and freeze-dried befdke To compare the stable isotope
signatures, for the Akujoki juvenile samples a shif§'°C values from muscle to scale
tissue of 3 %o was assumed (Pruell et al. 2003e8@&td & Finney 2006, Syvéaranta et al.
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2008). Scale samples of 23 individual sea trouighaiby local fishermen in the Tanafjord
(Figure 1) in summer 2003 and 2004, were used asmengeference material.

2.3. Scale samples

The Tenojoki Fisheries Research Station (FGFRI) leen collecting salmon and
trout scale samples for over 30 years. Scales fotatal of 1370 trout were archived
between 2000 and 2007. For this study scales frant@ut individuals (fish length 20 to
80 cm) were selected. The goal was to select afssamples with uniform fish length
distribution for all river section and fish in aize classes. However, as the majority of fish
in the archive were in the size class between 405&8ncm and trout smaller than 30 to 35
cm were rare, the length distribution varied betwele sections to some extent and
smaller fish were missing from some locations.

The River Teno was divided into different river sec according to Figure 1.
Approximately 30 to 60 samples of scale from tharyE998 onwards were collected out of
the archive for every section and the tributariearijoki, Karasjoki and Utsjoki. The
sample group of Utsjoki (n=48) also includes fiwanples from other tributaries, such as
Pulmankijoki. Because of the low number and the flaat the tributary Pulmankijoki also
contains lakes, similar to Utsjoki, those five s#&spwere not analysed individually. No
trout samples were available for the river Jiesjédditional, six trout sample (length 27
to 33 cm), caught in the estuary 1986, were andlyse

The fish had been caught during summer by fisheraseémg rod & line (47 %), qill
nets (32 %), weir (16 %) and drift net (5 %). Aduliial information about the fish was
archived with the scales, e.g. length, sex, pldaeatch. Experienced scale readers at the
Tenojoki Fisheries Research Station calculatedatiee by scale reading of each archived
fish. The “freshwater growth” and “sea growth” @foh fish were determined by subjective
criteria, whereby the “sea growth” period only di§ by faster growth rate and could as
well take place in freshwater.

2.4. Stable isotope analyses

The scale samples (including the juvenile sampies fKuoldnajoki, Ylaseitikojoki
and Luossajoki) were acid treated (1.2 N HCI) fani& and rinsed 5 times with distilled
water according to Perga & Gerdeaux (2003). Theriebrate samples, and for Akujoki
the entire juvenile fish, were freeze dried andug for analyses. For Kuoldnajoki,
Ylaseitikojoki and Luossajoki the scales of allréut juveniles from each tributary were
combined.

Approximately 0.7 mg of scales, ground invertelsaaed juveniles were weighed
into tin cups. The whole trout scales were analyBeet to different scales size at different
fish length the amount of sample varied betweent0.4.9 mg. SIA was done at the
University of Jyvaskyla using a FlashEA 1112 eletakanalyser coupled to a Thermo
Finnigan DELTA"“S Advantage isotope ratio mass spectrometer. Theplsamwere
processed according to Syvaranta et al. (2008y'fi@ and3'°N using pike Esox lucius
L.) muscle tissue as an internal standard. Replisi&tndards were run repeatedly in every
sequence.

2.5. Data analyses

Different dual isotope graphs with*C andd™°N values were created. The sea trout
caught in Tanafjord and samples that were simitanigher in their stable isotope values
were grouped as “sea trout”. On the other hand kmripwer in**C than the highest
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values of the freshwater reference (juveniles) wgneuped as local trout. A two-step
cluster analyses was done with statistical softW@RSS) (for all scale samples) including
8%C and 8N values as parameters to check if the assumedrasafien between
freshwater resident and anadromous trout was doraed to split samples with
intermediate5'*C and8™N values into one of the two clusters. This assisnpof local
and sea trout was used for the following evaluatidrhe proportion of local and sea trout
was calculated for all section for all analysedh fisut additional also for trout larger than
40 cm to avoid differences in the length distribotbetween the sections. The frequencies
of trout with differents*3C were created including the results of scale readd show
differences of the separation into local and seat by stable isotope cluster analyses and
scale reading. SPSS was used to analyse correlzioreen the stable isotope values and
the fish length and to check independence of diffeffishing methods and th#3C
signature or the fish length.

3. RESULTS

3.1. Stable isotope analyses

The freshwater reference material of invertebrétes all different sampling sites
(meand™C -29.3 + 1.7 %» SD) and the trout juveniles of kdrmjoki (-28.4 %05"°C),
Ylaseitikojoki (-22.8 %C) and Luossajoki (-23.8 %:-C) scatter over a wide range. To
allow for isotope shift between muscle tissue acales, the5™*C values of the samples
from Akujoki (whole juvenile fish for SIA) were elated by 3 %. (meaf*>C -25.9 + 1.3
%0 SD). With this adjustment, the Akujoki juvenilésy in similar range than the other
trout juveniles. All freshwater reference samplesenclearly depleted iHC compared to
sea trout caught in the Tanafjord, representingsé@ereference (meaf'C -17.7 + 0.9 %o
SD) (Figure 2). Many of the analysed scales hatbpsvalues that clustered around the
sea reference. However, a major group of troutvelkas the juveniles from Ylaseitikojoki
and Luossajoki, clustered at°C values around -23 to -25 %.. All trout samples are
elevated at least 3 %o BN values, compared to the invertebrate samplesravbe
8N values show a positive correlation with incregsitfC values (R = 0.65, p < 0.001).

3.1.1. Separation into two clusters

SPSS cluster analyses divided the whole data setwo groups: local trout (mean
813C -23.5 %o + 1.6 %o SD and°N 8.8 %o + 0.9 %0 SD) and sea trout (Me&FC -18.2 %o
+ 1.1 %o SD and™N 11 %o + 0.7 %o SD). According to SPSSHC value of —21 %o can
be assumed as separation border between the twpsyrohe separation into local and sea
trout is not consistent with growth rate analysienf scale reading (Figure 3). But
according to SIA, only very few fish with poor griwrate were in fact sea trout.

A total of 22 trout samples ranged between —21-&®&i%. in5'3C values (Figure 3).
The majority of those fish were caught in Teno Naon (n=10) or in the Tributary
Utsjoki (n=7). The fish length can be divided irgooups of fish smaller than 35 cm
(n=11), fish between 37 and 44 cm (n=8) and 3 langeit (58, 59, 68 cm). Scale reading
determined 16 out of 22 trout with only + sea gtoglt summer at sea) or no sea growth at
all.
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Figure 2. Thes'*C andd™N values for all analysed trout scal@3, (the reference samples (mean
value and SD) for invertebrates)(from the Teno River system, sea trout scale sasnpl
from the sea of), trout juveniles from Akujoki &), Kuoldnajoki, Ylaseitikojoki and
Luossajoki (mean of 6 juveniles for each locati@#)) A small number of 6 individual trout
samples were caught in the estudy (

3.1.2. Differences between river sections and taities

According to the SIA results, the proportion of $emut varied between only 15 %
(Tributary Utsjoki) up to 89 % in the lower Tenoctien for the total data (Table 1), but
the length distribution varied between differenttsms. For trout larger than 40 cm, the
proportion of sea trout is much more constant & different sections of River Teno,
Karasjoki and Inarijoki ranging between 70 to 90Phe proportion of sea trout is still
significantly lower in the Utsjoki tributary withrmdy 17 % of the trout larger than 40 cm
classified as are sea trout by stable isotopetsesul
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Figure 3. The frequency of trout with differe3ifC signatures. The fish were divided into 0.1%o
8"C classes. Cluster analyses (SPSS) determined —2 %o separation border between
local and sea trout. The black and white bars atdi¢rout with fast and poor growth rate
respectively based on scale reading.

Taking into consideration the origin of the anatyseout scales, clearly different
distribution patterns of th&"*C and&™N values appear between different river sections
(Figure 4 & 5). The Teno Utsjoki, upper Teno ane thibutaries form two clearly
distinguishable clusters, but the two lower Tenactisa close to the estuary reveal a
continuous pattern i6=C and&™N signatures. Comparing the signatures of the Wisjo
tributary and the signatures of the Teno Utsjokérisection, the proportion of fish in the
two different clusters differs significantly althglu the distance between the two sampling
sections is only some kilometres.

The fish length distribution over all is well batad in the range of 30 to 54 cm. But
in the Teno Utsjoki section, Karasjoki and Inarijaly very few fish of smaller size
classes have been available for analyses (Figu&s} resulting in differences in the
proportion of sea trout between all trout from dowation and trout > 40 cm (Table 1).

Table 1. The proportion of sea trout varies withesand within different river section and
tributaries. Additional the mea&'*C values of the local and sea trout clusters amd th
correlation of the fish length against $1&C ands*°N values are shown.

proportion of proportion of Sea trout Local trout Correlation of Correlation of

seatrout (all sea trout > 40 means °C means 3C fish length vs. fish length vs.
fish) cm ofcluster SD ofcluster SD  8*C(R) 5N (R)
Lower Teno (n=46) 89 % 90 % (n=20) -18.35 1.1522.74 0.78 0.23 0.17
Teno Nuorgam (n=55) 71 % 88 % (n=25) -18.75 1.2@2.48 1.92 0.44 0.40
Teno Utsjoki (n=39) 79 % 82 % (n=34) -17.86  0.5623.67 0.53 0.16 0.30
Upper Teno (n=45) 47 % 73 % (n=26) -18.15 1.184.15 0.96 0.55 0.45
Karasjoki (n=31) 71 % 70 % (n=30) -17.55 0.6822.81 1.06 0.13 0.08
Inarijoki (n=30) 73 % 85 % (n=26) -18.47 1.11-2597 1.92 0.33 0.21

Tributaries (Utsjoki) (n=47) 15 % 17% (n=24)  -18.2 058 -23.34 142  0.00 0.13
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3.2. Further parameters

3.2.1. Influence of fish length

There was a weak but significant correlation betwish length and™*C andd™N
values respectively (R= 0.21 and 0.24, p < 0.001) (Figure 6). The catieh varied
between different river sections (Table 1) andhie Utsjoki tributary the fish length did
not correlate witl*3C at all. For the whole data the proportion of seat increased with
fish length (Figure 7).
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Figure 6. Total fish length ar&t*C and5™N values of all analysed trout scale samples (eoty
fish caught in the sea and the estuary).
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Figure 7. The frequency and proportion of sea tinateased with increasing fish length (total
data, excluding fish caught in the estuary andst# (n=288).

3.2.2. Sex ratio

A sex ratio female/male of 1.3 for the local tr¢ot102) and 1.6 for the sea trout
(n=168) respectively was found for the analysedttsamples caught in the river system
(Figure 8). In sea trout males seem to dominatiaénsmaller and bigger length classes,
although only few fishes in those classes wereuged. Taking in consideration the total
FGFRI scale archive the sex ratio female/male wéw 2ll the archived trout samples in
the time period of 1990 to 2007 (n=1548) and 2.3h& time period of 1980 to 1989
(n=795).
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Figure 8. The frequency of males (black) and fem&ehite) in local trout (n=102) and sea trout
(n=168) according to SIA caught in the Teno Riwetem.

3.2.3. Sea age and date of catch

The major proportion of sea trout spent 1 or 2 year the sea, based on scale
reading. The proportion of 0+ and more than 3 gearage fish was low (Figure 9). On the
other hand the proportion of local trout in theataveekly catch is highest in the middle of
the fishing season in June and July, whereas irbéggnning and end of the season the
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proportion of sea trout is higher and the propaortd 0O+ sea trout is increasing in the end
of the fishing season (Figure 10).
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Figure 9. Sea age (0+ = one summer at sea, 1 yaameat sea etc.) distribution in sea trout
according to SIA (n=146).
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Figure 10. Weekly trout catch frequencies dividetd isea age (0+ = one summer at sea, 1 = one
year at sea etc) classes for the sea trout antttood according to SIA for all analysed river
sections and tributaries. (34 trout with spawnirayka on the scale were excluded).

3.2.4. Fishing method

The§"C values were significantly higher in fish caugitveir and drift net, but the
fish length is not explaining this difference asimand drift net are not selective fishing
methods for larger fish (Figure 11). However, ie tbwer Teno section and in Karasjoki
more than 50 %, and in Teno Nuorgam and Teno Ut§j@ko and 15 % of all trout were
caught by drift net and weir respectively. Nevelghs, in most river sections rod & line
and gill nets contributed the major proportion btr@ut samples (Table 2).
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Table 2: The proportion of all analysed trout ie tiver, obtained by different fishing methods.

Fishing method
(]

£ 2 3 = £

[a) e V] 5
Lower Teno (n=46) 22% 30% 24% 22% 2%
Teno Nuorgam (n=55) 2% 17%  80% 2% 0%
Teno Utsjoki (n=39) 10% 5% 64% 15% 5%
Upper Teno (n=45) 2% 4% 36% 56% 2%
Karasjoki (n=31) 0% 61% 6% 29% 3%
Inarijoki (n=30) 0% 0% 20% 80% 0%
Tributaries (Utsjoki) (n=47) 0% 0% 57% 40% 2%

4. DISCUSSION

4.1. Consistency of the stable isotope data

The large scatter in invertebrate and juvenile ttreamples can be explained by
differences in sampling sites and in the taxonaroimposition of the invertebrate samples.
Thed™N signature is widely held to increase by approxetya3 %o for every trophic level
(Vander Zander & Rasmussen 2001, McCutchan etGl32 Thes™N increase from
invertebrates to trout juveniles and many troutessamples is consistent with this trophic
increase. In all locations fish length correlatesifively with 5°N similar to Etheridge et
al. (2008). This may partly reflect a trophic leistrease with size due to the piscivorous
feeding strategy of larger trout (Vander Zander &Russen 2001), but also by feeding at
sea that also results in elevatéaN values if marine food has high&rN than freshwater
food. Trout juveniles hatch and grow up in tribigarand therefore represent freshwater
signature. As trout grow larger, freshwater resiyenr sea migration is possible. Trout are
accessing better feeding grounds entering the eamvironment (with the diet having
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higher8™C values) and thus are expected to grow fasteaagedr than local trout, hence
resulting in a positive correlation of fish lengthd3'C in anadromous trout populations.
On the other hand for local trout t#¢°C values are much more constant as trophic
enrichment is minor fo8'3C (Hobson 1999), although migration within the rigystem
might still affect thes**C signature by accessing different diets.

Of all freshwater reference samples the juvenilmmas of Ylaseitikkojoki and
Luossajoki were most elevated in th&fC values. Nevertheless the distance to the sea is
more than 115 km and 90 km, respectively and thennséze at smoltification in the Teno
system is around 22 cm (Jensen et al. 1990). Tthesprobability that those analysed
juveniles (length 14 to 21 cm) had been feedindpésea and returned must be considered
negligible. The stable isotope values of thoserjiles are similar t6*°C values of -25 for
grayling and -26 %o for brown trout muscle tissud_ake Pulmanki reported by Mitchell
(2007), if a8™3C shift of 3 %o is assumed. In contrast to all otineut samples, for Akujoki
the whole juveniles were preceded for SIA instebgdaales. To compare them with the
scale samples th&’C values were elevated by 3 %o to consider the stisuitope shift
between different tissues. Analysing 5 Pacific salnspecies Satterfield & Finney (2002)
found for non-lipid-normalized samples scale to oei$'°C differences of +2.97 %o *
0.60 SE. On the other had’N did not fractionate significant between scale angscle
tissue (mean 0.22 %0 + 0.50 SE) for those salmoso Abr striped bass an elevation of
about 3 %3°C was found in scales instead of muscle tissuee(Petial. 2003). Syvéaranta
et al. (2008) found elevatéd®C (mean 2.77 %o + 0.18 SE) and lovéétN (mean -0.81 %o
+ 0.12 SE) values in acid treaded roach scalefioAih no study analysed the shift in
brown trout, one can assume that M€ shift is in the range of 3 %o too. This uncertgint
is assumed to be minor in contrast to the muctetadgference to the sea reference.

Although only a small number of 23 trout caughttire Tanafjord during two
summers were used as sea reference, they wersepealiated by all freshwater references
by elevetated'*C and3™N values and were satisfying as reference mateniahis study.
Fur further research, also prey sea fish of se# troght be included for the sea reference.

4.2. Separation into local and sea trout

Separation into the two clusters of local and saat tvas done statistically by cluster
analyses, assuming the sea trout caught in thefjbeshas marine reference and the most
depleted trout scales in the range of the juvandlet as local trout. The test separated the
trout into local and sea trout based on th&I€ ands'°N values. The separation border of
—21 %05"*C between the two groups might therefore vary meextend, using different
data sets, but might stay in a narrow range. Alghotlne sea trout according to SIA were
clearly higher in botf™*C and&'°N values than local fish, th&>C values seem to be
much better for separation &&°N values also increase in local trout by pisciverou
feeding. Thus, it would be rather difficult to digjuish between local and sea trout only
according to thé*N values. McCarthy & Waldron (2000) also reporteertappings >N
values between local and sea trout.

As the$"C values might vary between different geographicetions (Fry 2006)
also the final separation border between local sewl trout vary between different river
systems and obviously also depends on the anatisee. Acolas et al. (2007) reported
8'3C values as low as -21 %o in sea trout adiposenfirereas McCarthy & Waldron (2000)
reporteds'C values in adipose fin of freshwater resident brawut up to -19.5 %.. But
McCarthy & Waldron (2000) labelled freshwater resil and sea trout first by
morphological characteristics and did SIA aftervgar@ihe stable isotope shift between
adipose fin and scales is not known in brown trout.
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Although the correct boundary setting might beualije, in the Teno River system
for most sections the separation between the bowdisea trout clusters was rather obvious
(Figures 4 & 5). Only in the two lowest Teno seatiovas no clear cluster separation
apparent and in the upper Teno and Inarijoki foud &wo fish respectively show critical
values and separation into a cluster requiredstitzdi

On the other hand, life histories of brown trouthche very diverse and the
assumption of only two groups might be too simetifias differences in the migration
pattern of sea trout might occur and feeding irega&f local trout might result in elevated
81°C values. Grey (2001) reported in muscle tissubrofvn trout of the littoral zone and
the open water areg’C values from -27.9 up to —=21.2 %o.. Assuminj@ isotope shift of
approximately 3 %0 towards scales (Satterfield &neiyp 2002) a significant proportion of
those trout would be labelled in this study astsmat. Unfortunately no reference samples
from lakes within the Teno system were availabletfas study. Within the study area,
lakes mainly occur in the tributary Utsjoki, whesezertain tributaries have lakes in their
headwaters where no samples were analysed. Butilhiary Inarijoki contains several
big, lake like pools and also River Teno contaiastisns with low current. Additional
reference material from invertebrates and prey fislthose section could answer the
guestion how fare those areas vary in their statd¢ope values from normal river
sections. But one can assume that this problenteobied isotope values might be most
relevant for the samples from Utsjoki tributarytims study.

4.2.1 Intermediaté™C signatures

Beside trout that might have been mislabelled astsmt according to the**C
values, although their were local trout, a smalinber of 22 fish were labelled as local
trout although they would also fit very well in the®a trout group according to the
frequency distribution. Between the two most exeestable isotope values of clear local
and sea trout, different explanations are possisléhe intermediaté'*C ands™N values:

(1) Short sojourn in marine environment and stableo®tsignature consists
of a mixture of marine and freshwater origin, €¢.sea winter trout.

(2) Short sojourn in marine environment during the smoombined with
feeding on terrestrial insects during that time.

(3) Feeding in the estuary, with diet isotope valuggrinediate between
freshwater and matrine.

(4) Last time feeding at sea the previous year andeasy in freshwater the
following year.

(5) Different diet source, such as lakes, with elevatéd values.

A total of 11 fish with intermediat&'*C values of —22 to —21 %o we caught in Teno
Nuorgam and lower Teno section, where trout hagesgto the sea by a relative short and
easy migration (no severe rapids or waterfalls)sTimight support repeated migration
between freshwater and marine environments (1epsrted byEtheridge et al. (2008).
Many fish with intermediate values are smaller tt# cm and their scale reading
interpretation supports explanation (1) or (2) aly @ne of those small trout was labelled
with 1 year at the sea, but the remaining fish wabelled with only freshwater growth.
The main growth in freshwater in combination witlslzort sea sojourn might therefore
result in intermediate stable isotope values. Rikan et al. (2006) reported sea trout
feeding extensively on terrestrial insects durimg summer time in northern Norway and
this feeding pattern might also appear in the Rivemo sea trout population and might be
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considered as explanation (2). Hypothesis (3) cabasebutted or verified with these data
as no SIA was done on possible trout diet in theagg. Eero Niemela (personal note,
2008) posted that within the estuary area sea tnmmuieating mainhAmmodytespecies or
sometime descending salmon smolsmmodytesis totally a salt waters species,
nevertheless they might show intermediaif®c and5'°N values depending on their diet.
The 6 analysed trout caught in the estuary scalttever a wide range and those fish also
might be only passing the estuary towards the sethey are caught during their up
migration. The 7 trout in this group from Utsjokibutary separate well from the sea trout
cluster (Figure 5) and are much closer to the ltcait cluster. Utsjoki tributary consists of
many lake systems that are possible feeding grotordsout. Different feeding strategies
(littoral, pelagic) within a lake might result infiérent §*°C signatures that might explain
those highs'*C values for local trout (5) as Grey (2001) alsporged surprisingly high
813C values in lake dwelling trout. Sea trout smoliifythe Teno at average lengths of 22
cm (Niemela & McComas 1985, Jensen et al. 1990).l&ger trout with intermediate
8'%C values hypothesis (1) is therefore unlikely bypdthesis (5) is more likely. No
publications supporting hypothesis (4) have beamdoand no information is available
about overwintering of the trout. Further t€C and'®N values and the date of catch
seem not to correlate. Even if sea trout might wirger in freshwater and are caught
while descending the river their scales shouldtllerepresenting the sea signature as the
architecture of fish scales suggests, that it sprEs an average of the diet during the life
time (Hutchinson & Trueman 2006). Berg & JonssoA9() documented decreasing
condition factors for sea trout overwintering iredhwater. Obviously although low
temperatures and thus low metabolism the trout reoe able to fulfil their nutrient
requirements. One can therefore assume that thenemaignature will not dilute
dramatically in that time period.

4.3. Sea trout proportion in different locations

According to the stable isotope analysis, in Utsfakutary only a minor proportion
of the trout stock is anadromous, but most troatfe@shwater resident fish. On the other
hand in River Teno, Inarijoki and Karasjoki anadyoi® the major life history pattern of
brown trout. The dual isotope plots FC and8'°N (Figures 4 & 5) in the Teno River
system reveals three completely different patterns.

In contrast to all other section, in the lower tRwver Teno sections a continuum of
increasings™*C and5™N values over a wide range and no clustering agpddthough
only a very minor proportion of trout are labellesl local trout, a significant proportion of
fish show stable isotope values clearly lower thaa sea trout in upriver sections. This
might be partly explained by the large number si fin the length classes of 30 to 39 cm,
but also supports the idea of a different life dngtstrategy. Etheridge et al. (2008)
reported similar stable isotope results, concludiogntinuous migration between
freshwater and marine environments or feeding & d@hktuary. Already relatively small
trout between 20 and 30 cm caught in those lowapBections show a clear sea signature
might support continuing variation between the smwinents. The first rapid at Alakdngas
in the Nuorgam section might act as a border figr¢bntinuing migration pattern as below
this rapid distances to the sea are short and nmusemigration obstacle occurs and in the
upper Teno sections a clear separation betweeh dnchsea trout appears. In the lowest
river section only 5 local trout (10 %) were deg¢ektbut it also stays unclear witch
proportion of sea trout where actually on their mggration. But as the fish were not
caught in the main migration season in the end ofust and September (Niemela &
McComas 1985) one can assume that this propogicgaisonable.
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In all the upriver sections a clear separation betwthe local and sea trout is shown in the
dual isotope plots. In the Utsjoki Teno, upper Teaotion, Inarijoki and Karasjoki the sea
trout from the major proportion, that supports ithea of earlier theories that trout caught
in the main steam are mainly migrating sea trouki(faro & Niemela 1995). But in all
those sections also a few local trout over 50 cencaught that might feed or even spawn
in the main steam. Unfortunately, only very fewutreamples smaller than 40 cm were
available from some sections (Utsjoki Teno, Indiijand Karasjoki). The stable isotope
results from upper Teno for example indicate thagj¢ proportions of trout in the length
classes below 40 cm might in fact be local fishisTays contrast with Jensen et al. (1990)
that reported a length distribution of anadromoresmn trout caught in river Teno in the
period of 1985 to 1987 that peaked around 30 cnweher it stays unclear if those trout
have been actually feeding in the sea or also decku unidentified number of local trout.
In comparison of the lower and upper river sectiomg could assume that sea trout
increase in mean size, with increasing distancthéosea as reported by Jonsson et al.
(2006). At least for trout larger than 40 cm thepartion of sea trout in those sections is
varying in the narrow range of 70 to 85 % and carafsumed to be constant. Despite the
fact of poor length distribution, the constant mudn of sea trout in all section
(excluding Utsjoki) upwards of Alakdngas would sappthe idea that trout use the main
river and tributaries mainly as migration routeattcess their breeding areas in the upper
tributaries as suggested by Erkinaro & Niemela §)9%®therwise one would expect
decreasing sea trout proportions with increasistadce from the sea as reported in many
other rivers (Kristoffersen et al. 1994, Wood 19Bb6hlin et al. 2001, Jonsson & Jonsson
2006). But without having a representative sampi®unt of all length classes in each
section this can not be evaluated terminally.

The Utsjoki tributary is unique in its trout groopgi and has to be analysed
individually. The length distribution is well baleed in the range of 30 to 55 cm and
clearly local trout are predominant in that tribytan contrast to all other locations, the
River Utsjoki is haltered by numerous big lakeg thféer various feeding opportunities for
trout. Depending on the diet and feeding stratéggdling in the pelagic or littoral zone of
the lake might alter th&**C signatures in trout (Eloranta 2007). Grey (20@pprted even
8'°C values that might be higher than the separatimddy for sea trout in this study.
Nevertheless, this would even increase the prapomif local trout in Utsjoki. The low
proportion of sea trout in Utsjoki is remarkablypesially in direct comparison with
Karasjoki or Inarijoki that need a much longer raigwn distance to the sea. Obviously, the
anadromy is the less favourable life history stpté lakes offer possible feeding grounds
and reduce the costs for migration and the rigireflation.

4.4. Other aspects

4.4.1. Correlation of fast growth rate and sea atign

All sea trout performed well with a fast growtheadlentified by scale reading (only
6 exceptions). Also a major proportion of the lotraut show fast growth rates, but the
local trout also includes a numerous individualthvalow growth rate. This data suggest
that scale reading might be an appropriate toaeatify the slow growing local trout, but
is not possible to distinguish between fast growlmeal trout and sea trout. Obviously
trout perform well also within freshwater in thenbesystem resulting and good feeding
grounds must be available. Probably the growth mateeases as soon trout turn to
piscivorous and can access better diet, but isstaglear what larger freshwater resident
trout feed predominantly.
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4.4.2. Sex ratio

The sex ratio was very low with a female/male rafid..6 for all identified sea trout
(according to SIA) and 2 for all the collected scedmples from the years of 1990 to 2007.
However, it was 2.9 in the time period 1980 to 19BOcontrast Niemeld & McComas
(1985) reported a female/male ratio of 4. It stagslear if the low female proportion in
this study is based on changes in the anadromous piopulation in the previous decade
or is only by chance. If further studies also répow sex ratios in the same range, further
investigation to find the reason for this wouldrmeded. The sex ratio for the local trout
(according to SIA) in this study was low with 1.8daas local trout mature much earlier
than sea trout it might be even lower for the tefawning population as this study mainly
includes large trout (Dellefors & Faremo 1988). Betkieless the sex ratio favours female
for sea trout supporting the suggestion by Jongs@ravem (1985) that the female ratio
will be higher in high-food but high risk habitatgch as the marine environment.

4.4.3. Weekly trout catch frequencies

This study supports the findings by Niemela & McGmn{1985) of a bimodal catch
of sea trout, whereas in the middle of the fishsegson the proportion of local trout was
increasing. Nevertheless for this study only treamnpled during the fishing season were
available, whereas Niemeld & McComas (1985) repbtlee most important migration
timing for sea trout from the end of August untietbeginning of October. They reported
that the late run consisted mainly of 0+ (62 %) &r{82 %) sea age cohorts, similar to this
study where most of the 0+ sea age fish were caoghe very end of the fishing season
(Figure 10). But this study also contains mainghfin the length category of 40 to 55 cm
that might also explain the large proportion of id& sea age trout in the analysed
samples.

4.4.3. Reliability of the data

Although weir and drift net statistically favourasérout, the sample gathered by
those methods should not affect the final resuftd eonclusions of this study as those
techniques were mainly used in the lowest Tenda@eeind in Karasjoki. Whereas in the
lowest section the proportion of sea trout anywary be assumed to be highest due to the
short migration distance to the sea, in Karasjo&inty fish over 40 were caught and the
813C values also depends on the size (Figure 6).nAdllli the majority of fish were caught
by rod & line and gill net that can be assumedambnselective.

The trout scales were gathered during the fishisgsen by local fishermen and
might therefore represent the catch of trout inTeao system. Sampling intensity might
vary during the season and might favour large diskthose with special features resulting
in a distorted picture of the trout stock. Furthiéye accuracy of length or weight of the
samples might be doubtful in some cases as lemgthvaight do no not correlate for some
fish, or scale bags might have been mixed up bdfag were labelled. Nevertheless, the
opportunities offered by the extensive scale aeliearly outweigh these uncertainties.

4.5. Future prospects

Although this study in combination with those ofeNield & McComas (1985) and
Jensen et al. (1990) brings some light into theieisef the unexplored brown trout
population of the River Teno system, many questaresstill open to answer, and research
on the Teno trout is still far behind the researtthe economically much more important
salmon. By analysing trout scales from Jiesjokiutary, where large lakes are accessible
by trout, the hypothesis that a large proportiortrotit stock are freshwater resident, if
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lakes offer good feeding grounds, could be testaatther, in the future additional
reference data might increase the reliability, ey by including more juvenile samples
and samples from the lakes within the system. Adatmon parr could be used as
freshwater reference material, as they are easiepllect than trout juveniles and they
should represent similar stable isotope values.si@ening possibly intersecting 6f°C
values of sea trout and lake dwelling trout addaiasotopes could be included.

At this point, most researchers suggest that tipgodeiction of the Teno trout
population is mainly restricted to the small angeiptributaries of the system as in the
main steam and the larger tributaries Atlantic sainis the predominant fish species.
Salmon, and especially salmon parr, seem to bamihie competitive at utilising those
habitats and salmon parr are using extensively Istrialtaries (where no salmon are
spawning) as nursery areas (Erkinaro 1995). Ittilk wclear which tributaries are the
main contributor to the anadromous and local ttbat are caught in the main steam and
tributaries and/or how far trout also use the nstgam and tributaries as spawning and
nursery areas.. The question rises why trout ale @mbcompete in those small streams
against salmon. In quantitative electro fishingg$atmon parr densities in River Teno and
tributaries trout juveniles are in general not fdun the main steam but only in small
tributaries (Erkinaro & Niemeld 1995). To find bd#eg areas, radio telemetry of
ascending sea trout could be one technique thatdwalso answer questions about
migration speed and distance in the River Teno.

Another important aspect that might explain differes in migration pattern and the
stable isotope signature might be the genetic biitlabetween different trout populations
within the Teno River system. As trout juvenilestiie Teno system are mainly restricted
to the small and upper parts of the tributaries, gbpulation might not be interbreeding
and gene flow might be restricted.

The contribution of anadromous trout to the to&druitment remains unclear. SIA
on lately hatched, individual trout fry would reVéiae maternal origin of the emerging fry
and thus the contribution of anadromous female ttriouthe total spawning stock
(assuming similar survival and hatching rate of #ugs in the gravel) (McCarthy &
Waldron 2000, Charles et al. 2004). Different miigma patterns might influence the
reproductive strategies, so that at similar forkgt sea trout seem to invest more energy
in higher fecundity, whereas resident brown trautest more energy in bigger eggs
(Elliott 1994, Acolas et al. 2007). That approaciuld not reveal the contribution of
freshwater resident males in fertilization andefiénces in the surviving rate of trout pairr.
Nevertheless on important problem in this apprdadhe uncertainty about breeding and
nursery areas of trout contribution to the seattstack.

The large FGFRI scale archive would offer oppotiasito identify changes in life-
histories or migration pattern back in time. Fishen have reported reduced catches in the
sea trout in the Tanafjord in the past years. SIAladt answer the question if the proportion
of sea trout has changed over the last decades.afdiived scales already suggest a
decreasing sex ratio female/male in the last twoades.

Additional, similar stable isotope analysis on tram the neighbouring Naatamo
River system could be done. The Naatamé River k@enNorwegian site River Neiden)
also contains several lake-like and large lakabénheadwaters that offer feeding grounds
for local trout although migration to the sea isgible. Based on the findings from Utsjoki
tributary, one would expect a higher number of ldrzut than in the main steam of River
Teno. Although the River Naatamo is smaller thaas Teno system, a comparison of the
migration pattern of two northern latitude rivemutd support the findings of this study.



27

4.6. Wider context of this study

This study is one of the first ones that used brénont scales for SIA on a large
scale to identify life histories and migration jgatt in a large river system. In contrast to
other studies where scale reading or morphologa®racteristics were used, SIA
distinguishes between local and sea trout withgh liertainty. In the past, most brown
trout studies were limited to rather small rivesteyns or rivers were migration was limited
by obstacles. In Europe and in the native distiflouirea of the brown trout most of all
large river systems are to some extend dammedyfdmohpower or otherwise modified.
Hence, the River Teno as a large and versatilefliogeng river might offer some insights
into the migration dynamics of the brown trout.

5. CONCLUSIONS

For this Master’s thesis a large number of archseamle samples from different river
sections and tributaries in the Teno River systeerewanalysed for stable isotope to
distinguish successfully between freshwater residad anadromous trout:

* In the lower Teno section the proportion of seattmwas up to 90 % with stable
isotope values indicating continuous migration lesw freshwater and the sea or
feeding in the estuary.

* In the middle and upper Teno sections and in theutaries Inarijoki and
Karasjoki the proportion of sea trout was highthie range of 70 to 80 % for trout
larger than 40 cm.

* In contrast in tributary Utsjoki only a minor pragion of 15 % were sea trout, but
the majority were local trout, probably feedingtie numerous lakes within the
Utsjoki tributary.

* In the Teno River system and probably also in ofhege river systems, the
proportion of sea trout is not only depending om tigration distance to the sea,
but also on the availability of lakes as possikleding grounds.
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APPENDIX |

Al Table 1. Trout with intermediate stable isotopmues §°C < -21%o) labelled as local trout
according to SIA.

Identifier River 3C 8N Dateof length weight weight Fishing  Maturity Sex scale reading
section 9] [%o] catch gutted  method level .+ < £
[em] [9] [g] 1driftnet Oto1l 0: not S.85.% 3
i i 58325
2 weir determined 23 E 30 1
3 rod&line 1: male ﬁ o8 o § s
4 gill net 2: female = @
Teno
N 771 -21.9 7.38 11.06.200 26 130 3 0.25 2 6 0 0 O
Nuorgam
N 557 Teno - 18 867 15082005 39 400 3 0.25 2 5 0 0 1
Nuorgam : ! o :
T 252 Utsjoki -21.8 8.96 12.06.20( 30 200 3 1 7 0O 1 0
T 749 Utsjoki -21.7 8.05 18.07.20( &5 310 280 3 0.25 1 8 1 0 0
N 774 Teno - 515 707 2205200 31 250 3 0.25 2 7 0 00
Nuorgam
T 751 Utsjoki -21.5 8.12 18.07.20( 34 310 280 3 0.25 2 7 1 0 O
LT 322 Lower Teno -21.4 8.74 11.07.2007 37 3 1 8 0 0 1
Teno
N 602 -21.4 10.22 08.06.2005 44 800 3 0.5 2 6 0 1 0
Nuorgam
Teno
N 631 -21.4 9.95 28.08.200 29 200 3 0.25 2 6 0 0 1
Nuorgam
T 751 Utsjoki -21.4  8.15 18.07.20( 34 310 280 3 0.25 2 7 1 0 O
N 771 Teno - 513 692 1106200 26 130 3 0.25 2 6 0 0 0
Nuorgam
Teno
N 787 -21.3 8.97 04.08.200 30 250 3 0.25 1 5 0 0 1
Nuorgam
O 706 Upper Teno-21.3 10.39 03.07.2006 58 1800 1400 3 0.25 2 8 0 4 0
NOR 202 Karasjoki -21.2  7.69 2005 42 4 2 5 0 2 1
T 755 Utsjoki -21.2 8.30 20.07.2006 41 570 480 3 0.75 2 9 1
T 899 Utsjoki -21.2 9.69 20.07.2007 42 530 3 0.5 2 7 1 0O
N 544 Teno 511 901 07.082005 59 1700 3 0.5 2 3 0 21
Nuorgam
Teno
N 649 -21.1  8.20 18.08.200 32 250 3 0 7 0 0 1
Nuorgam
Teno
N 774 -21.1 6.83 22.05.200 31 250 3 0.25 2 7 0O 0 O
Nuorgam
NOR 244  Karasjoki -21.1 8.06 28.06.2005 68 3700 4 1 11 1 0 0
1571 Inarijoki  -21.0 10.60 08.06.2005 42 600 4 0.75 1 6 0 2 0
T 684 Utsjoki -21.0 8.69 20.06.2005 44 930 790 3 0.25 1 8 0O 0 O

Al Table 2. Raw data of all reference samples.

E - £ w
© —_ o 5 S i S =
. = =z B E S % : 3z S 1. > 3
] S X ) L = 2L N7 O =
b= & & & s £ E > 3 5 3% ®F S o
5 L £ a o 2 o S n 8 2 =29 3 ¥
3 g & S o £ =] 2> £5 2 :
&S] w© © T =2 = 5 RLE= 8 = i
T = o T 8 o
L ]
S 053 % -16.49 11.64 08.07.2004 63 2500 1 3 X 5 0 3 1
s119 § -18.99 10.91 09.07.2003 47 Krokgarn Q 6 0 11
S120 S T -1603 1168 09.07.2003 47 Kilenot Q 7 0 2 1
s121 ‘; T -17.41 1046 30.07.2003 48 Kilenot 6 0 2 1
s122 ¢ S -17.69 10.89 29.07.2003 51 Kilenot
S123 $< -17.86 11.04 25.07.2003 52 Kilenot
S 124 g -17.86 10.88 24.07.2003 49 Kilenot Q 6
s125 & -19.92 10.14 24.07.2003 47 Kilenot



S 126 -18.35 10.27 24.07.2003 49 Kilenot ) 6 1 2 1
S 127 -17.48 10.66 24.07.2003 49 Kilenot ) 5 0 2 1
S 128 -17.07 11.20 24.07.2003 52 Kilenot Q 6 0 2 1
S 129 -16.72 11.20 23.07.2003 53 Kilenot ) 6 0 2 1
S 130 -17.78 11.11 23.07.2003 54 Kilenot ) 6 0 3 1
S 131 -17.71 10.71 23.07.2003 44 Kilenot Q 7 0 1 1
S 132 -17.84 10.52 23.07.2003 49 Kilenot 6 0 2 1
S 133 -16.54 11.58 23.07.2003 49 Kilenot 6 0 2 1
S 134 -16.82 11.61 23.07.2003 68 Kilenot 5 0 4 1
S 135 -18.24 10.22 23.07.2003 48 Kilenot Q 5 0 2 1
S 136 -17.85 10.12 23.07.2003 51 Kilenot ) 7 1 2 1
S 137 -17.06 11.31 23.07.2003 52 Kilenot 6 0 2 1
S 138 -19.37 9.40 23.07.2003 54 Kilenot 7 1 2 1
S 139 -18.29 11.49 22.07.2003 52 Kilenot ) 6 0 3 1
S 140 -16.82  11.78 22.07.2003 50 Kilenot 5 0 3 1
X A4 -31.42 6.80 19.08.2008 6 trout whole juvenile

X A5 -29.43 6.48 19.08.2008 7 trout whole juvenile

X A6 -28.36  8.73 19.08.2008 4 trout whole juvenile

XAl -27.64 6.98 19.08.2008 13 trout whole juvenile

XA 2 " -27.06 7.28 19.08.2008 9 trout whole juvenile

XA 3 % -27.27 6.78 19.08.2008 10 trout whole juvenile

XA7 2 -29.08 8.11 19.08.2008 4 trout whole juvenile

XB 1 = -29.65 6.89 19.08.2008 8 trout whole juvenile

XB 2 E -29.25 7.06 19.08.2008 9 char whole juvenile

XB 3 -29.50 7.44 19.08.2008 11 trout whole juvenile

XB 4 -28.72 6.52 19.08.2008 4 trout whole juvenile

XTT1 -22.84 7.01 2004 Scales of 6 trout juveniles between 10 and 21cm

XTT2 -23.80 7.72 2004 Scales of 6 trout juveniles between 10 and 21cm

XTT3 -28.36 6.85 2004 Scales of 6 trout juveniles between 10 and 21cm

XX 01 -28.47 3.89 25.08.2008 Luftijoki

XX 01 -29.63 3.94 25.08.2008 Teno Tana bru

XX 03 -29.02 5.17 25.08.2008 Teno Alakdngas

XX 04 -27.26  2.25 25.08.2008 Laksjohka

XX 05 -32.02 3.44 27.08.2008 Utsjoki

XX 06 -31.50 4.05 27.08.2008 Teno Utsjoki

XX 07 " -26.84 2.96 27.08.2008 Kuoppilasjoki

XX 08 % -27.72  2.88 27.08.2008 Badda

XX 09 @ -28.90 4.08 27.08.2008 Nuvvosjohka

XX 10 g -26.62 2.81 27.08.2008 Nilijoki

XX 11 a -29.44  3.45 27.08.2008 Kaivojoki

XX 12 -29.54 2.16 27.08.2008

XX 13 -31.39  2.62 27.08.2008 Palggakjoki

XX 14 -30.68 4.04 27.08.2008 Inarijoki

XX 15 -27.98 3.61 27.08.2008 Karasjoki

XX 16 -31.20 4.76 27.08.2008 Teno Akukoski

XX 17 -29.79  2.52 19.08.2008 Akujoki




Al Table 3. Raw data of all scale samples.
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= r = E S ] [}
g ¢ 7
(TR
E 002 -21.38 7.54 16.08.1986 31 250 3 3 6 0 0 1
E 005 > -21.13 9.79 16.08.1986 33 290 3 Q 6 0 0 1
E 010 g -24.67 8.02 18.08.1986 28 150 3 Q 6 1 0 0
E 011 k7] -19.57 8.21 18.08.1986 27 120 3 Q 7 1 0 0
E 016 w -22.58 9.78 17.08.1986 29 230 3 Q 6 0 0 1
E 017 -21.83 9.66 17.08.1986 31 260 3 Q 5 0 0 1
1564 -17.70 11.19 31.05.2005 60 2400 4 075 2 X 6 0 1S1 0
1 565 -25.79 8.47 01.07.2005 48 1000 3 075 & 7 1 0 0
1 566 -18.63 11.46 02.08.2005 53 1500 3 5 0 3 0
1 567 -19.61 11.65 31.05.2005 52 1200 4 0.5 3 X 5 0 2S 0
1 568 -18.39 11.35 02.06.2005 46 1600 4 Q 6 0 4 0
1569 -18.26 11.70 07.06.2005 47 850 4 075 @ X 5 0 251 O
1570 -19.57 11.43 08.06.2005 44 720 4 075 4 5 0 2 0
1571 -20.98 10.60 08.06.2005 42 600 4 075 4 6 0 2 0
1572 -17.82 11.71 24.06.2005 42 1000 3 0.5 @ X 5 0 S1 0
1573 -17.35 12.19 21.06.2005 64 2400 4 075 & 6 1 4 0
1574 -19.54 10.67 29.06.2005 47 1100 4 Q 6 0 2 1
1575 -28.21 8.27 2005 600 3 Q 9 1 0 0
1576 -26.67 7.47 07.06.2005 35 500 4 075 9 6 0 0 0
1577 <z -27.72 7.31 31.05.2005 39 500 4 3 8 0 0 0
1 695 :% -20.70 9.77 04.07.2006 51 1300 1130 4 025 ¢ 5 0 3 1
1 696 ] -26.54 8.53 22.07.2006 40 800 3 3 8 1 0 0
1697 - -18.74 11.30 08.06.2006 47 700 4 0.5 Q 7 0 2 1
1698 -17.76 10.81 13.06.2006 47 1200 4 0.5 3 6 0 2 0
1699 -23.53 9.74 08.06.2006 38 500 4 0.5 3 10 0 0 0
1700 -19.56 11.62 19.07.2006 72 3800 3100 4 1 2 X 7 0 2S1s 1
1701 -17.44 11.68 27.06.2006 58 2300 2000 4 0.5 2 X 4 0 3S 1
1702 -17.52 11.29 13.06.2006 46 1120 4 Q 5 0 2 0
1703 -18.01 11.25 21.06.2006 48 940 720 4 025 ¢ 5 0 2 1
1704 -17.07 11.35 20.06.2006 53 2100 4 075 2 X 4 0 1Ss1 0
1763 -22.74 9.97 28.06.2006 53 1700 1450 4 0.75 ¢ 6 0 3 0
1764 -26.60 8.27 27.06.2006 53 1550 1350 4 0.5 3 X 4 0 281 0
1932 -18.96 11.12 11.07.2007 48 1000 900 4 0.5 3 7 0 2 0
1935 -17.95 11.44 05.07.2007 63 1600 1400 4 025 & X 7 0 S1 0
1937 -17.63 12.11 11.07.2007 46 950 800 3 3 6 1 2 1
1942 -17.22 1169 28.08.2007 45 920 760 4 0.75 ¢ 6 1 1 1
K 057 -23.51 9.61 21.06.2001 30 400 3 025 9 6 0 1 0
K 266 -24.62 9.98 17.07.2003 28 350 4 3 7 1 0 0
K 285 -23.47 8.00 30.07.2003 40 350 3 0.5 Q 8 1 0 0
K 551 -18.98 10.13 17.08.2005 42 1200 0.5 Q 8 0 1 1
K 552 -17.55 11.54 18.08.2005 65 2600 3 075 & 5 0 3 1
K 561 -17.96 10.17 09.08.2005 47 1100 3 025 9 5 0 1 1
K 562 % -17.76 10.86 14.08.2005 40 800 3 025 & 5 0 1 1
K711 w -23.10 899 29.06.2006 43 680 600 3 025 & 8 1 0 0
K723 2 -17.71 11.38 28.06.2006 60 3400 2 075 ¢ X 6 0 1Ss1 O
K 724 % -18.12 11.30 27.05.2006 58 1700 3 025 4 X 6 0 2s 0
K 737 = -16.77 10.97 07.06.2006 51 1900 1600 4 025 ¢ 7 0 2 0
K 740 -17.34 10.71 09.08.2006 41 800 2 025 9 6 0 1 1
K 741 -18.28 11.52 09.08.2006 53 1500 4 025 2 X 5 0 1S1 1
K 742 -18.24 9.99 04.08.2006 39 600 3 025 9 5 0 1 1
K 743 -19.10 10.31 01.08.2006 38 800 650 3 025 9 6 0 1 1
K 760 -17.58 11.54 08.06.2006 55 2000 1 025 ¢ 5 0 4 0
K777 -17.33 10.92 12.08.2006 48 1300 3 025 9 7 0 1 1
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K778 -18.27 10.28 24.05.2006 36 460 3 025 & 5 1 1 0
K779 -17.55 10.79 21.05.2006 48 1020 3 025 ¢ 5 0 2 0
K 780 -18.63 10.92 03.06.2006 56 1570 3 025 & 5 0 3 0
K 796 -17.65 10.61 08.06.2006 42 900 3 05 & 6 0 1 1
K 797 -17.73 11.03 03.08.2006 40 900 3 05 & 5 0 1 1
K 798 -17.50 11.03 27.07.2006 57 1800 3 05 ¢ 6 0 1S 1
K 799 -17.42 1199 10.08.2006 48 1500 3 025 9 6 0 2 1
K 802 -17.18 11.04 18.08.2006 47 800 3 025 & 5 0 1 1
K 803 -18.26 10.77 01.08.2006 42 850 3 025 @ 6 0 1 1
K 821 -17.57 11.38 23.08.2006 51 1100 3 6 0 2 1
K 837 -24.05 9.40 14.06.2006 50 1100 800 1 025 ¢ 6 0 3 0
K 843 -23.05 10.18 20.05.2007 59 2200 3 025 & 6 0 3 0
K 845 -17.44 11.60 24.05.2007 67 3000 4 05 9 5 0 5 0
K 849 -17.53 10.92 02.06.2007 48 1300 3 025 9 4 0 1s1 O
K 850 -19.06 10.94 03.06.2007 46 1100 3 025 ¢ 5 0 2 0
K 853 -24.05 9.43 12.06.2007 46 800 1 025 9 7 0 0 0
K 854 -17.76 12.57 12.06.2007 64 3000 1 075 9 5 0 1s2 0
K 858 -17.69 11.10 01.06.2007 48 1400 3 025 ¢ 5 0 2 0
K 859 -17.21 12.09 01.06.2007 45 1060 3 025 & 6 0 S1 0
K 910 -23.49 9.75 14.06.2007 42 700 4 05 9 8 0 2 1
K911 -18.25 10.68 15.06.2007 52 1200 4 025 ¢ 11 0 1s1 O
K947 -18.21 11.40 07.06.2007 44 800 05 ¢ 6 0 2 0
LTO1 -18.31 11.33 05.06.2000 50 1500 1 ) 8 0 2 0
LT 022 -17.24 10.82 18.07.2001 48 1500 2 Q 5 0 2 1
LT 025 -17.93 11.32 13.06.2001 1000 1 <) 5 0 3 1
LT 031 -20.04 11.01 23.05.2001 33 500 1 ) 6 0 2 0
LT 064 -16.90 11.52 29.06.2004 53 2160 2 3 7 0 4 0
LT 065 -19.06 10.38 01.07.2004 48 1000 2 ) 7 0 2 0
LT 067 -17.70 11.40 29.07.2004 48 800 2 3 5 0 2 1
LT 072 -16.82 11.14 11.08.2004 56 2200 2 Q 4 0 2 1
LT 074 -17.85 11.74 04.06.2004 45 3 <) 6 0 1 1
LT 075 -19.43 11.18 25.05.2004 34 350 1 3 5 0 1 0
LT 076 -18.81 9.99 07.06.2004 30 300 1 <) 5 0 1 0
LT 08 -16.53 10.96 15.06.2000 47 1200 1 ) 5 0 2 1
LT 085 -18.38 9.47 29.08.2002 35 4 3

LT 110 -16.86 12.17 30.07.2003 43 2 <) 8 0 2 0
LT 114 -23.00 7.78 03.06.2003 44 800 1 Q 5 0 1s1 O
LT 15 -18.41 10.73 21.05.2001 36 400 1 3 5 0 1

LT 16 -16.92 11.73 24.07.2001 46 1300 2 <) 4 0 3 1
LT 17 -16.89 11.10 01.08.2001 44 800 2 3 5 0 1 1
LT 18 -17.48 10.94 08.08.2001 52 1700 2 <) 6 0 2 1
LT 187 -20.56 9.82 09.08.2005 30 3 <) 5 0 0 1
LT 203 g -17.67 11.60 24.08.2005 73 5600 2 Q 5 1 382 1
LT 206 = -17.35 12.83 25.08.2005 44 1100 2 <) 6 0 1 1
LT 207 g -17.89 11.24 24.05.2005 48 1100 2 Q 6 0 2 0
LT 210 9 -16.86 11.62 31.08.2005 58 2800 4 3 5 1 2 1
LT 214 -19.87 11.06 14.06.2005 37 600 4 ) 7 0 1 0
LT 215 -18.98 10.75 15.06.2005 33 400 4 3 6 1 1 0
LT 220 -18.37 11.59 05.07.2005 51 1800 2 ) 8 0 2 0
LT 227 -19.97 9.34 23.08.2005 30 4 <) 4 1 0 0
LT 248 -23.22 11.76 06.07.2005 46 1200 2 3 5 0 3 1
LT 253 -19.51 9.82 22.05.2006 31 300 1 <) 7 0 1 0
LT 255 -19.66 10.75 23.05.2006 33 300 4 Q 6 0 1 0
LT 263 -18.38 10.45 24.07.2006 35 3 Q 5 0 1 1
LT 289 -18.50 10.25 15.06.2006 38 1 <) 7 0 0 1
LT 318 -23.23 8.73 02.08.2007 25 4 Q 6 0 0 1
LT 322 -21.37 8.74 11.07.2007 37 3 <) 8 0 0 1
LT 353 -19.91 11.09 23.07.2007 25 3 <) 6 0 1 1
LT 356 -18.12 10.60 23.07.2007 25 3 3 6 0 1 1
LT 360 -18.76 10.02 24.07.2007 35 3 ) 8 0 1 1
LT 365 -16.23 12.22 24.07.2007 80 4 3 6 0 28S1 1
LT 366 -17.36  11.90 24.07.2007 35 4 Q 8 0 1 1
LT 369 -22.85 12.31 27.07.2007 32 3 ) 6 0 1 1
LT 370 -19.26 11.13 25.07.2007 35 3 Q 4 0 1 1
LT 373 -19.56 10.21 26.07.2007 30 3 ) 6 0 1 1
LT 375 -18.53 11.22 26.07.2007 20 3 <) 6 1 0 0
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LT 386 -19.28 10.89 25.07.2007 36 ) 7 0 0 1
LT 400 -19.99 10.19 19.09.2004 38 380 4 ? 5 0 0 1
N 075 -18.94 11.91 20.05.2001 37 450 3 0 Q 7 0 1 0
N 091 -23.49 7.83 12.06.2001 27 140 3 0 ) 6 0 0 0
N 139 -23.37 8.74 18.06.2002 37 350 300 3 0 3 5 0 1 0
N 213 -20.37 10.09 16.08.2002 39 500 450 3 025 ¢ 4 0 0 1
N 214 -19.76 10.45 06.08.2002 38 550 500 3 025 ¢ 7 0 0 1
N 266 -24.30 9.27 17.07.2003 28 350 4 3 7 1 0 0
N 410 -19.03 10.89 20.05.2003 37 400 3 025 ¢ 6 1 1 0
N 425 -20.05 9.56 23.05.2003 38 470 3 025 ¢ 7 0 2 0
N 432 -23.48 9.06 27.05.2003 37 400 3 025 9 7 0 0 0
N 516 -19.86 10.44 06.06.2000 35 400 300 3 025 ¢ 5 0 1 0
N 541 -18.55 11.21 05.06.2005 58 1200 3 6 1 3 0
N 544 -21.09 9.01 07.08.2005 59 1700 3 05 9 3 0 2 1
N 556 -18.20 11.24 07.08.2005 54 1200 3 025 9 6 0 2 1
N 557 -21.82 8.67 15.08.2005 39 400 3 025 Q@ 5 0 0 1
N 600 -18.06 11.29 05.06.2005 48 1000 3 025 9 5 1 2 0
N 602 -21.44 10.22 08.06.2005 44 800 3 05 ¢ 6 0 1 0
N 603 -20.63 9.84 09.06.2005 56 1460 3 025 4 X 7 0 281 O
N 604 -17.99 11.14 09.06.2005 59 1600 3 025 & 9 0 0 0
N 605 -22.76 10.07 10.06.2005 53 1700 3 025 4 X 7 0 1s1 O
N 630 -20.71 9.97 15.08.2005 30 350 3 3 5 0 0 1
N 631 -21.37 9.95 28.08.2005 29 200 3 025 ¢ 6 0 0 1
N 632 -19.99 10.23 28.08.2005 33 400 3 025 & 6 0 0 1
N 636 -28.50 6.78 20.08.2005 26 3 6 0 0 1
N 638 -19.88 10.08 30.07.2005 30 300 3 025 & 7 0 0 1
N 639 I -18.24 11.19 30.07.2005 36 500 3 025 9 4 0 1 1
N 641 % -20.46 9.52 23.08.2005 31 3 4 0 0 1
N 647 S -17.12 10.69 18.08.2005 58 2200 2 025 4 5 0 2 1
N 649 % -21.12 8.20 18.08.2005 32 250 3 7 0 0 1
N 650 5 -17.59 11.00 23.08.2005 48 1400 2 4 0 2 1
N 652 = -19.36  9.65 24.08.2005 36 600 2 025 ¢ 7 0 0 1
N 658 -20.70 9.68 31.08.2005 34 400 3 025 ¢ 7 0 0 1
N 735 -19.40 10.91 20.05.2006 48 850 3 025 & 6 0 3 0
N 736 -17.22 11.16 20.05.2006 48 950 3 025 9 6 0 2 0
N 745 -17.45 11.08 26.05.2006 47 1100 3 025 ¢ X 6 0 S1 0
N 756 -16.99 11.41 03.08.2006 49 2 075 ¢ 4 1 2 1
N 758 -19.14 9.81 31.07.2006 60 1400 2 025 ¢ 6 0 2 1
N 759 -19.40 10.34 03.08.2006 48 1250 2 025 9@ 6 0 1 1
N 771 -21.88 7.38 11.06.2006 26 130 3 025 9 6 0 0 0
N771 -21.26  6.92 11.06.2006 26 130 3 025 ¢ 6 0 0 0
N 773 -17.50 10.82 25.05.2006 50 1240 3 025 ¢ 5 0 2 0
N 774 -21.54 7.07 22.05.2006 31 250 3 025 9 7 0 0 0
N 774 -21.07 6.83 22.05.2006 31 250 3 025 ¢ 7 0 0 0
N 775 -17.35 10.82 21.05.2006 51 1450 3 025 & 6 0 2 0
N 776 -19.50 10.78 20.05.2006 37 430 3 025 9 6 0 1 0
N 776 -18.86 10.75 20.05.2006 37 430 3 025 ¢ 6 0 1 0
N 787 -21.26 8.97 04.08.2006 30 250 3 025 & 5 0 0 1
N 787 -20.68 9.97 04.08.2006 30 250 3 025 & 5 0 0 1
N 788 -18.28 11.05 04.08.2006 51 1400 3 025 & 8 0 2 1
N 794 -19.03 9.98 30.08.2006 49 1550 2 025 @ X 6 0 1S 1
N 795 -16.67 11.38 22.08.2006 66 4100 3450 2 025 @ X 5 0 1s2 1
N 842 -17.46 11.45 12.06.2006 61 1900 3 075 2 X 6 0 281 O
N 860 -16.64 12.03 29.05.2007 70 2700 1 X 5 0 1Ss1 O
N 881 -17.96 11.37 01.06.2007 44 650 3 025 4 5 1 2 0
N 900 -17.46  11.46 18.07.2007 54 1650 2 05 ¢ 6 0 3 1
NOR 006 -23.12  9.01 41 1100 2 <) 6 0 2 1
NOR 011 -23.16 8.47 31.07.2001 43 1100 2 7 1
NOR 013 -16.42 11.64 16.08.2001 52 2000 2 <) 6 0 2 1
NOR 020 = -17.17 11.79 06.06.2001 65 3000 2 Q 6 0 4 0
NOR 023 '% -18.10 12.27 06.06.2001 55 2000 2 Q 6 0 4 0
NOR 032 5 -17.11 11.97 03.06.2003 54 1500 4 3 6 0 1 1
NOR 033 x -17.06 11.24 05.06.2003 53 1500 4 Q 5 0 1 1
NOR 034 -17.58 11.43 11.06.2003 55 1900 2 ) 5 0 2 1
NOR 059 -24.14 8.43 27.07.2004 50 1800 2 ) 5 0 3 1
NOR 060 -22.77 8.27 01.07.2004 46 1100 2 ) 6 1
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NOR 061 -23.12 8.84 01.07.2004 49 1500 2 <) 9
NOR 062 -18.29 11.06 09.06.2004 54 1800 2 6 0 2 1
NOR 063 -17.16 11.96 23.06.2004 60 2000 Q 5 0 3 1
NOR 095 -17.65 10.93 13.08.1998 72 3900 4 3 5 0 3 1
NOR 112 -18.08 10.12 10.08.1999 50 700 4 3 5 0 1 1
NOR 168 -22.72 8.99 01.07.2003 58 2 Q 5 0 3 1
NOR 169 -17.66 11.06 01.07.2003 57 2 ) 6 0 2 1
NOR 170 -16.95 11.00 02.07.2003 50 1200 2 ) 6 0 2 0
NOR 171 -18.56 10.76 08.07.2003 53 1600 2 ) 5 0 281 O
NOR 172 -17.17 11.56 07.07.2003 57 1600 2 <) 5 0 3 1
NOR 173 -17.65 11.25 08.07.2003 59 2200 2 Q 5 0 3 0
NOR 174 -16.30 11.57 10.07.2003 57 1800 2 Q 6 1 3 0
NOR 182 -16.45 11.37 25.06.2002 50 1400 2 3 6 0 2 0
NOR 183 -18.03 10.81 06.06.2002 53 700 2 Q 5 0 1s1 O
NOR 184 -18.09 11.31 12.06.2002 79 3200 3 <) 5 0 2S1Ss1 0
NOR 201 -17.93 11.12 24.06.2005 50 4 ) 7 0 2 0
NOR 202 -21.17 7.69 01.01.2005 42 4 ) 5 0 2 1
NOR 244 -21.10 8.06 28.06.2005 68 3700 4 <) 11 1 0 0
NOR 246 -23.95 8.18 25.06.2005 300 3 3 9 0 0 0
NOR 247 -18.83 10.77 15.06.2005 53 1500 4 5 0 3 0
NOR 333 -17.78 11.48 20.06.2007 30 4 3 4 0 2 0
0 099 -23.62 8.19 16.08.2001 31 300 4 05 & 6 0 0 1
O 100 -24.66 8.34 28.08.2001 30 227 4 05 & 6 0 0 1
0 218 -20.30 10.90 21.07.2002 38 600 3 025 9 5 0 1 1
0219 -24.09 9.28 23.05.2002 28 190 4 05 & 5 0 0 0
0 220 -23.28 8.75 23.05.2002 35 380 4 05 ¢ 5 0 1 0
0 224 -25.26  9.03 06.08.2002 30 300 3 05 9 8 1 0 0
0224 -25.12 8.95 06.08.2002 30 300 3 05 ¢ 8 1 0 0
0O 225 -23.78 9.30 12.07.2002 35 400 3 05 & 5 0 1 1
0O 225 -23.77 8.70 12.07.2002 35 400 3 05 & 5 0 1 1
0272 -24.79 8.68 07.08.2003 35 450 3 05 ¢ 7 0 0 1
0 272 -24.99 8.09 07.08.2003 35 450 3 05 9 7 0 0 1
O 436 -23.98 8.63 24.06.2003 38 580 4 025 & 8 1 0 0
O 468 -23.26 9.28 01.06.2000 38 600 500 4 025 ¢ 6 0 3 0
0470 -24.57 8.78 19.06.2000 1500 1350 3 05 & 5 0 3 0
0472 -16.73 11.34 04.07.2000 39 830 760 3 025 ¢ 6 1 2 0
0O 512 -24.36 8.67 01.08.2000 32 200 180 4 025 & 4 0 1 1
O 536 -26.10 8.84 22.08.2000 37 800 600 4 1 Q 7 1 0 0
0629 -25.28 8.48 26.07.2005 31 350 4 075 & 5 1 0 0
O 706 -21.28 10.39 03.07.2006 58 1800 1400 3 0.25 ¢ 8 0 4 0
0713 -23.38 836 05.07.2006 57 2000 1800 4 025 ¢ 5 0 4 1
0716 o -16.74 11.15 23.05.2006 72 5400 4 <) 6 0 4 0
O 765 2 -18.33 10.61 15.06.2006 52 1200 1000 4 05 & 5 0 2 0
O 766 5 -24.32 9.77 15.06.2006 48 1200 1000 4 0.75 & 5 0 S1 0
O 767 a8 -18.43 10.78 20.06.2006 59 2200 1800 4 0.75 ¢ 6 0 1s1 0
O 768 > -18.59 11.12 16.04.2006 47 1000 800 4 05 ¢ 6 0 2 0
O 769 -16.70 10.85 07.06.2006 52 1400 1300 4 025 & 5 0 2 0
O 770 -19.63 11.40 22.05.2006 53 1300 1100 4 025 ¢ 4 0 2 0
o781 -24.07 9.14 29.06.2006 49 1450 1250 3 6 0 1s1 1
0O 800 -20.37 10.74 18.07.2006 53 1800 3 ) 5 0 1s1 0
0 813 -17.59 10.94 16.07.2006 52 1300 3 05 9 7 1 2 1
0815 -20.27 9.85 31.05.2006 46 1010 3 025 ¢ 6 0 2 0
0871 -17.80 11.13 31.05.2007 74 3800 1 4 0 282 0
0872 -17.11 11.64 31.05.2007 46 1000 4 5 0 2 0
0873 -17.32 11.48 31.05.2007 59 2000 4 5 0 3 0
O 874 -17.36  11.17 05.06.2007 51 1400 4 7 1 2 0
0 875 -17.47 11.75 06.06.2007 58 2000 4 4 0 1s1 O
O 884 -18.26 10.66 03.07.2007 48 1300 05 ¢ 5 0 2 0
O 885 -24.06 9.83 29.05.2007 42 950 800 4 075 & 8 0 0 0
O 889 -17.89 11.32 14.06.2007 62 2100 1900 4 025 ¢ 6 0 281 O
0O 903 -23.01 8.01 21.07.2007 48 700 3 075 9 6 0 1 1
0 928 -18.37 10.15 18.07.2007 52 1200 4 3 6 0 1s1 O
0948 -24.35 9.46 22.07.2007 38 500 3 025 & 7 0 1 1
0O 949 -18.23 11.24 03.07.2007 49 1100 2 025 ¢ 5 1 2 0
0951 -24.16 8.34 01.08.2007 43 800 2 025 9 6 0 1 1
0 960 -17.63  11.39 29.05.2007 51 1500 4 025 & 5 0 2 0
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T251
T251
T 252
T 252
T 253
T 277
T 287
T381
T 382
T383
T 384
T390
T 451
T 452
T 476
T 477
T478
T479
T 486
T539
T 563
T 601
T 606
T611
T 684
T 689
T728
T732
T 744
T 746
T 747
T 748
T749
T751
T751
T 752
T 755
T 822
T 896
T 898
T 899
T 909
T 952
T 953
T 954
X1
X2

Utsjoki -22.56
Utsjoki -22.69
Utsjoki -21.82
Utsjoki -22.77
Utsjoki -27.67
Utsjoki -25.26
-18.91

Utsjoki -22.87
Utsjoki -23.72
Utsjoki -23.62
Utsjoki -23.04
Pulmanki -24.03
Utsjoki -23.21
Pulmanki -17.53
-18.30

Utsjoki -23.09
Utsjoki -23.07
Utsjoki -23.21
Utsjoki -23.28
Utsjoki -27.65
Utsjoki -23.04
Pulmanki -23.44
Utsjoki -23.90
Utsjoki -17.39
Utsjoki -21.01
Utsjoki -18.23
Utsjoki -23.69
Utsjoki -18.19
Utsjoki -23.84
Utsjoki -18.83
Utsjoki -25.07
Utsjoki -23.15
Utsjoki -21.66
Utsjoki -21.38
Utsjoki -21.45
Utsjoki -22.92
Utsjoki -21.15
Utsjoki -23.10
Utsjoki -24.33
Utsjoki -24.34
Utsjoki -21.24
Utsjoki -23.97
Utsjoki -22.99
Utsjoki -22.96
Utsjoki -23.03
Utsjoki -24.12
Akujoki  -24.12

8.54
7.82
8.96
9.34
8.17
9.38
10.51
8.81
10.01
10.19
9.29
8.02
8.99
11.33
10.88
9.19
9.29
8.77
8.30
8.44
8.89
9.62
10.39
11.71
8.69
7.74
7.97
11.34
7.68
11.38
7.99
7.53
8.05
8.15
8.12
9.57
8.30
8.29
9.10
8.02
9.69
8.70
8.35
8.12
10.00
9.65
8.22

31.08.2003
31.08.2003
12.06.2003
12.06.2003
12.06.2003
17.07.2003
01.08.2003
14.07.2004
15.07.2004
27.07.2004
30.06.2004
24.06.2004
23.07.2003
17.07.2003
04.07.2000
06.07.2000
12.07.2000
10.08.2000
04.07.2000
28.07.2004
06.07.2005
08.06.2005
27.07.2005
15.06.2005
20.06.2005
03.07.2005
11.07.2006
11.07.2006
15.07.2006
19.07.2006
18.07.2006
18.07.2006
18.07.2006
18.07.2006
18.07.2006
04.07.2006
20.07.2006
22.06.2006
10.06.2007
12.07.2007
20.07.2007
19.07.2007
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* Fishing method: 1 = drift net, 2 = weir, 3 = r8dine, 4 = gill net.



38

APPENDIX II: THE MISTERY OF LARGE BROWN TROUT IN Rl VER NUORTI
- STABLE ISOTOPE ANALYSES REVEALS ANADROMY IN THE S PAWNING
STOCK

All 1. Introduction

River Naatamajoki is another important Salmon ritreat rises from Lake lijarvi in
Finland and runs to the Varangerfjord in Norway wehi¢ is called Neidenelva. Although
the river is significantly smaller than the Riveenb, it also holds important stocks of
Atlantic salmon $almo salarL.) and sea troutSalmo truttal.). River Nuortijoki is a
small tributary that runs into Neidenelva. Evenaye the spawning season in September
numerous large brown trout are observed in thestrdRather contrasting opinions exist
on the origin of those trout. In the lower sectarthe stream a possible migration barrier
consists out of several waterfall cascades combiniéd very low water levels. Salmon
have never been observed in Nuortijoki. Upstreagneral lakes offer possible feeding
grounds for trout. The number and size of the fisight indicate sea migrating trout,
whereas the presumed impassable migration obstaclee lower section support the
theory of down-migrating, lake dwelling trout. Th®ut size and density in Nuortijoki
indicate that most of the fish are certainly no¢ain resident individuals.

The aim of this small project was to answer thestjoa if those spawning brown
trout are anadromous trout or local trout that b@sn up for discussion for years, stable
isotope analyses was used according to the appnodikier Teno.

All 2. Material and methods
All 2.1. Sample sites

The stream Nuortijoki (69°41'N, 29°12'E) is a smiadbutary (width 2 to 5 m and in
most parts very shallow) of Neidenelva at the KShrlorwegian border. In the upper
region several lakes are accessible by the trdw. Sfream holds a good stock of juvenile
trout and in the spawning season numerous largeé @re observed by locals.

During the spawning season, on 12th September Z@fult trout (length 45 to 62
cm) were caught by nets in Nuortijoki. A small nuenlof scales were removed by forceps
between the adipose fin and the lateral line. Tile Were released immediately into the
stream. Another 6 trout juveniles (length 4 to 13 evere caught by electro fishing. Due
to the small scale size all juvenile fish were Bea@ried, ground and used for SIA. An
additional 10 scale samples of trout caught in Blegiva (40 to 79 cm) and 2 scale
samples of trout caught in Naatamojoki (60 & 72 owgre selected for SIA. Those
samples were collected by rod and line fishermeimduhe fishing season 2008.

All 2.2. Stable Isotope Analyses
The samples were processed and analysed like tlee Réno samples.

All 3. Results

The trout juveniles of Nuortijoki had clearly losv*C and3™N values in the same
range as the freshwater reference material in g TRiver system (All Figure 1). In
contrast the scale samples are enriched®@ and N and the majority of trout of
Neidenelva and Nuortijoki range arousitfC -17 %.. Of all the scale samples, the two
samples from River Naatamo are most depleted.
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All Figure 1. Thes**C andd™N values of the adult brown trout scale samplesifiuortijoki (#),
Neidenelva ), River Naatamoo() and of the juvenile samples from Nuortijoki)

All 4. Discussion

The majority of Nuortijoki and Neidenelva trout kasimilard*3C andd™N values,
indicating similar feeding and thus migration paiteOne can assume that a large
proportion of trout in Neidenelva are sea troute Btable isotope values correspond very
well to the reference trout caught in Tanafjost’¢ mean -17.7 + 0.9 % SD) and the trout
identified as anadromous trout in the River Tenstay. Therefore, in Nuortijoki 7 out of
8 analysed trout have been definitely feeding atsha. Evidently the presumed migration
obstacle is actually passable by sea trout, boi@aldo not populate this small stream.

One fish from each of Neidenelva and Nuortijoki wh&}°C signatures around —21
%o which in the Teno River system was exactly thpasation border between the
freshwater resident and the anadromous group. riffe explanations for those
intermediate stable isotope values are discusstgtithesis.

The two River Naatdmo trout with their clearly detpd values compared to the
anadromous trout might have been feeding in theemous lakes or large lake-like pools
in Naatamo. The FGFRI assumes that a proportighebrown trout stock in Naatamo is
feeding in lakes. Further investigations using letabotope analyses could answer this
guestion, similar to this study in the Teno system.



All Table 1. Total data of all analysed Nuortijokieiden and Naatamo trout samples.
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Nuortijoki -16.42 12.75 12.09.2006 48 )
Nuortijoki -16.66 12.71 12.09.2008 62 ) 4-5 5
Nuortijoki -16.74 12.32 12.09.2008 58 Q 4 4+
Nuortijoki -16.86 12.06 12.09.2008 55 ) 4-5 3
Nuortijoki -16.89 12.62 12.09.2008 55 ) 4 3+
Nuortijoki -17.01 12.38 12.09.2008 55 3 4 3+/4+
Nuortijoki -17.17 12.00 12.09.2008 46 3 4 3+
Nuortijoki -21.02 11.07 12.09.2008 45 <) ?
Naatamo -23.73 9.56 01.08.2008 60 2614 Q
Naatamo -23.80 9.07 29.07.2008 72 4265 Q
Neiden -16.40 12.24 09.08.2005 57 1700 4+ 2+ 1
Neiden -16.76 11.78 19.08.2002 52 1500 & 6 1+
Neiden -16.76 12.11 10.08.2004 62 2850 & 4 3+
Neiden -16.77 11.45 17.08.2005 44 700 3 5 1+
Neiden -16.91 13.09 05.06.2005 50 1400 9 4 3
Neiden -17.00 12.78 24.07.2002 79 5300 & 5 6+
Neiden -17.01 11.96 2004 50 1000 & 5 1+
Neiden -17.16 12.13 28.07.2005 53 1500 @ 6 2+ 1
Neiden -18.84 11.24 01.08.2005 40 600 3 5 1+
Neiden -21.20 9.47 04.07.2005 43 1000 9 6 3
Nuortijoki -30.02 8.45 12.09.2008 13
Nuortijoki -29.99 8.02 12.09.2008 8.8
Nuortijoki -29.68 8.08 12.09.2008 6.9
Nuortijoki -30.65 7.14 12.09.2008 3.8
Nuortijoki -29.01 8.27 12.09.2008 4.1
Nuortijoki -29.63 7.62 12.09.2008 4.3
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