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TIIVISTELMA

Uusien kalalajien istutukset seka lajien luontaineviaminen saattavat tulevaisuudessa
uhata nieridkantojaSalvelinus alpinuslajienvalisen kilpailun kautta, joka voi johtagih
populaatiokokojen pienenemiseen ja jopa paikatlisilkupuuttoihin. Taman pro gradu —
tutkielman tavoitteena oli tutkia nierian ja istute vieraslajin, harmaanieriasglvelinus
namaycus})) ravinnonkayttod ja kasvua laajassa ja syvasa#jdrvessa, seka nierian ja
istutetun siian Coregonus lavaretysravinnonkayttdéd ja kasvua pienesséd ja matalassa
Skaidijarvessa. Syonnosanalyysi ja vakaiden isqii®op analyysi osoittivat nieridn ja
harmaanieridn ravinnonkayton olevan samankaltdisajarvessad, kuvastaen nain ollen
kilpailutilannetta lajien valilla. Molempien lajieravinto koostui p&dosin kalasta: suuret
nierid- ja harmaanieriayksilot (> 280 mm) saalistiléhes yksinomaan pienia siikoja ja
muikkuja Coregonus albulg mutta pienemmat nieriayksilét (< 280 mm) sdipagaosin
selkarangattomia ja kymmenpiikkejBungitius pungitius Vaikka nierid ja harmaanieria
kilpailevat samasta ravinnosta, on mahdollistad ettiurikokoiset saaliskalapopulaatiot
pystyvat tukemaan niiden rinnakkaiseloa InarijaséesSkaidijarvessa nierian ja siian
ravinnonkaytté oli hyvin eriytynyttd ja molemmilldajeilla oli selkeasti oma
trofialokeronsa. Siella nieria kaytti ravintonaaalrkipiikkeja (Gasterosteus aculeatls
vesiperhosen toukkia jaGammarussuvun Kkatkoja, kun taas siika oli syonyt
elainplanktonia ja surviassaddsken toukkia. Eriyggneofialokerot ovat todennékdisesti
seurausta lajienvalisesta Kkilpailusta. Kalojen giaddihteissa (litoraalin ja pelagiaalin
ravintoverkot) oli eroja tutkimusjarvien valilla, ik& todennakoisesti johtui jarvien
suuresta kokoerosta. Inarijarvessa harmaanieri&@8(>mm) seka pienet nieriat (< 280
mm) saivat suurimman osan energiastaan litoraamtoverkon kautta, kun taas suuret
nieriat (> 280 mm) kayttivat enemman pelagiaalrgisursseja. Skaidijarvessa molemmat
kalalajit olivat riippuvaisia litoraalin energialfsta. Istutettu vieraslaji kasvoi
nopeammin kuin alkuperainen nieria molemmissa mutisjarvissa. Tama voi tarkoittaa,
ettd ne ovat tehokkaampia kayttamaan rajallisiaresgja. Harmaanieridn nopea kasvu voi
tosin johtua osittain lajin laitosalkuperasta. sajien istuttamista jarviin, joissa nieria
esiintyy, tulisi harkita tarkkaan, koska vieradlaaattavat lisata lajienvalista kilpailua ja
taten olla vaaraksi rautupopulaatioille.
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ABSTRACT

Introductions and invasions of new fish species gmse a threat to Arctic charr
(Salvelinus alpinus causing population declines and even local etitine through
interspecific competition. In this thesis, the dim@gin energy flow pathway and growth of
Arctic charr and introduced alien species, lakett®alvelinus namaycushwere studied

in large and deep Lake Inarijarvi. Similarly, thestd main energy flow pathway and
growth of Arctic charr and introduced European efish Coregonus lavaretyswere
studied in small and shallow Lake Skaidijarvi. Sémtm contents and stable isotope
analyses revealed a dietary and isotopic nichelamwdretween Arctic charr and lake trout
in Lake Inarijarvi, indicating that the species ammpeting for the same food resources.
Both species exhibited piscivory and large indialdu(> 280 mm) had almost exlusively
been feeding on small European whitefish and vemd@oregonus albulp Small
individuals (< 280 mm) of Arctic charr consumed mgizoobenthos and nine-spined
sticklebacks. Despite the apparent resource cotigretiabundant prey fish populations
may be able to support the coexistence of Arctarrchnd lake trout in Lake Inarijarvi. In
Lake Skaidijarvi, the results of stomach contemntd atable isotope analysis showed a
distinct resource partitioning, as Arctic charr dged on three-spined sticklebacks
(Gasterosteus aculeafysGammarussp. and trichopterans, while European whitefish
consumed zooplankton and chironomids. This niclgeeggtion is likely to be a result of
interspecific competition between the species. dimergy mobilization through littoral and
pelagic food webs up to fish seemed to differ betwthe study lakes. A probable reason
for this was the size difference between the lalkekake Inarijarvi, lake trout (> 280 mm)
and small Arctic charr (< 280 mm) gained most @itlenergy via the littoral food web,
whereas large Arctic charr (> 280 mm) relied sliginhore on pelagic production. In Lake
Skaidijarvi, both Arctic charr and European whiéfirelied clearly on the littoral
production. Introduced fish species grew fastenttiee native Arctic charr in both study
lakes, indicating that they might be competing mefifectively on the limited resources.
However, the faster growth rate of lake trout irkédnarijarvi may be partly due to the
aquacultural origin of the species. Introductiohs@n-native species to Arctic charr lakes
should be always considered with caution as theyin@aease the competitive interactions
and thereby be a risk to Arctic charr populations.
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1. INTRODUCTION

Introductions of organisms to areas outside thatiumal distribution have taken place
for centuries, causing many species to spread stattlesh populations outside their native
range (Williamson 1996). In freshwater systemserntibnal (e.g. fish stocking) and
unintentional (e.g. releases of ballast water aral bait) introductions of non-native fish
species can affect native fauna through many diffiemteractions, such as hybridization
(Kitano et al. 2009), predation (Goudswaaet al 2008) and resource competition
(Winfield & Durie 2004, Korswet al 2007). Through these interactions, non-native fis
species can cause significant ecological changediffgrent levels of biological
organization, ranging from genes to communities agnen whole ecosystems
(Cucherousset & Olden 2011). As it is usually ingbke to eradicate established
populations of non-native species without excesdammage to native species (Myetsal
2000), these changes are most likely to become greent. Anthropogenic disturbances
increase the invasion success of species as nassemblages of organisms may have
already been temporarily disrupted or depleted (8©02). Thus, competition from non-
native species often acts synergistically with tetbloss and fragmentation (Vitousek
1997, Byers 2002). Particularly strong communitfeets of invasions are often observed
where the number of species is low (Moyle & Ligh®6), which is often the case in high-
latitude lakes. Therefore, introductions and ineasiof different fish species can pose a
threat to Arctic charr Salvelinus alpinusL., hereafter charr), having already caused
population declines and local extinctions (Winfi&gdDurie 2004, Bystronmet al 2007).
Within the British Isles, several extinctions andl@spread declines in charr populations
have been observed at its southernmost distribdtioit due to synergistic effects of
competition by non-native species (such as roRehilus rutilusL.), habitat degradation
and climate change (Iga al. 2001, Maitlandet al 2007, Winfieldet al. 2010, Corrigan
et al 2011). Also in alpine Lake Geneva, charr stockgehdeclined due to indirect or
direct causes of climate change (Gerdeaux 2011fhénfuture, climate change may
facilitate invasions of southern species to higagtudes (Wronat al. 2006), increasing
competitive interactions in Scandinavia, where nodshe world’s charr populations exist
(Klemetseret al. 2003).

Charr is the northernmost freshwater fish in therldvchaving a circumpolar
distribution and being the only fish species présernhe most northern lakes (Klemetsen
et al. 2003). It is a stenothermal fish being capabléotdrating temperatures as low as -
0.99 °C (Elliott & Elliott 2011), whereas warmemiperatures of 16—-20 °C can already
limit the habitat choice of the species (Langela&d.'abée Lund 1998). The typical
environment of charr is an oligotrophic or ultrgolirophic lake in which it can utilize all
major habitats (Klemetseet al. 2003). Charr is usually described as a generfaeder
which can consume a wide range of prey, includiogptankton, zoobenthos, terrestrial
insects and fish (Johnson 1980). Charr shows exgtrariety in its ecology (e.g. in feeding
behaviour and morphology) and in some lakes exsistseveral distinct morphs such as a
large piscivore as well as a small planktivore (Bam 1980, Jonsson & Jonsson 2001,
Klemetsen 2010). However, the potentially wide hiomiche (i.e. diet and habitat use) of
charr is typically restricted in practice due ttenspecific competition with sympatric fish
species (e.g. Nilsson 1965, Svéardson 1976, Landadtal. 1991, Knudseret al 2010).
Interspecific competition can be defined as a negatteraction between different species
which results from a shared need for a resourceishan limited supply (Vanniet al
2009). Competition may lead to 1) extinction of @apecies, 2) coexistence with reduced
population size, or 3) trophic niche shifts (Vaehial 2009). Sympatric fish species with
completely overlapping trophic niches are not aiolecoexist over time as eventually



interspecific competition will lead to disappeararaf the weaker species (Hardin 1960).
However, sympatric species with a similar nichefgmence may avoid competition by
segregating with respect to food, habitat or tiRegs 1986). For example, when living in
sympatry with brown trout Jalmo truttal.), charr is commonly confined to deep
profundal and pelagic areas and forages mainly oofupdal zoobenthos and/or
zooplankton, whereas allopatric charr exploitoldt areas and feeds more on littoral
zoobenthos (Nilsson 1965, Langelagidal 1991). However, this segregation is largely
season dependent, as during winter charr usudtigbits the littoral zone together with
brown trout (Amundsen & Knudsen 2009). During tlee-cover season, charr may be
superior to brown trout due to higher activity @vitemperature and poor light conditions
(Elliott 2011, Hellancket al 2011). These seasonal dynamics may partly emaebastence
of brown trout and charr in the same lake (Hellahdl 2011). Habitat choice of charr is
therefore associated with both competitive inteoaist and season, and these factors also
largely determine which prey items are availablectoarr. Furthermore, prey selection by
charr is dependent on the size of the individusih,fias both the mouth gape size and
alimentary tract morphology can restrict the siZeprey that a fish is able to ingest
(Wootton 1990). Consequently, the trophic nichelwdrr varies with age and size due to
ontogenetic dietary shifts (L’Abée-Lurat al 1993, Elorantat al. 2010). The timing of
ontogenetic shift may be affected by predation.riskbée-Lundet al (1993) observed a
trade-off between food demand/habitat selection@edator presence (brown trout). The
pelagic zone can offer substantial planktonic feedsources for small charr during the
Arctic summer, but also a high risk of predatiorcdese of the lack of refuges. To avoid
predation, small charr commonly feed on zoobenthdke profundal zone until they have
reached a certain size threshold which lowers tkdation risk (130-180 mm), and only
then move to pelagic areas to feed on zooplankt@&bée-Lundet al 1993).

In northern America, one of the resource compeditagainst charr is lake trout
(Salvelinus namaycusivalbaum). It is an omnivorous feeder which usuatipsumes the
most abundant and available prey items, and likerrchmay exhibit different morphs
within a lake (Martin & Olver 1980, Eshenrodetr al 2008). The natural distribution of
lake trout is confined to North America, particljyato the northernmost parts, but it has
been introduced to other parts of the world (Ma&irOlver 1980), including Finland
(Salonen & Mutenia 2007). In North America, lakeutrand charr have partly overlapping
native distributions and a rather similar trophehaviour (Johnson 1980, Martin & Olver
1980). However, they seem to rarely exist in theeséakes (Hershest al 1999, Hershey
et al 2006). Hershewt al (1999) and Hershegt al (2006) suggested that competitive
exclusion is occurring naturally in their study ieg(Northern Alaska, vicinity of Tooley
lake), as lake trout replaces charr in accessdied. Nevertheless, also lake trout can be
displaced from the top predator role. Introductiof€ertain non-native species to native
lake trout lakes may be accompanied by a shift ney pcommunities and food web
structure (Vander Zandest al 1999). In the presence of introduced competiteush as
smallmouth bassMicropterus dolomielLacépede) and rock bas&nibloplites rupestris
Rafinesque), lake trout may feed primarily on zeogton and zoobenthos (Vander
Zandenret al 1999).

In Europe, one strong competitor with charr is Ppaan whitefish Coregonus
lavaretusL., hereafter whitefish) (Amundsest al 2010, Elorantat al 2011). Whitefish
is also a widespread species in the northern hémisp(Tammiet al. 2003) and has a
generalist feeding behaviour (Amundsen al. 2010). In some northern Scandinavian
lakes, the whitefish population has divided inteesal sympatric morphs which can vary
distinctly in their diet and habitat use (Kahilanet al 2004, Harrodet al 2010).



Whitefish is an efficient zooplankton predator inetpelagic zone (Svardson 1976,
Amundsenet al. 2004) but can also use littoral and profundal soag feeding habitats
(Kahilainenet al. 2004). Previous studies have shown that in smaddaictic and Arctic
lakes, charr and other fish top consumers rely ihean production of littoral benthic
algae and zoobenthos (Sierzenal. 2003, Karlsson & Bystrom 2005, Eloranth al.
2010). In these clear oligotrophic lakes planktamisources are usually scarce, and most
energy flows through the littoral rather than petagpne (Sierzeet al. 2003). Here, charr
may be dominated by competing sympatric fish sgear® is forced to shift its trophic
niche from the preferred littoral zone to the palagr profundal areas (Svéardson 1976,
Langelandet al. 1991, Klemetsewet al. 2003). Introductions of whitefish into charr-lakes
or vice versahave rarely resulted in established coexistendbetwo species (Svardson
1976). In fact, in lakes with no free niche or habirefuge for charr, whitefish may
become the dominant species and even eliminate ¢8aérdson 1976). However, the
relative importance of littoral habitat and the tdiution of zoobenthos to whole-lake
secondary production are determined by lake sizklake basin morphometry (Vander
Zanden & Vadeboncoeur 2002). If a lake is large deep with vast pelagic areas, charr
can take its place in the deep profundal or asgelpiscivore (Svardson 1976). Thus, the
stable coexistence of charr and whitefish is mosbable in large and deep lakes with an
extensive profundal zone, which can serve as ajiwgfu for charr. If the littoral zone is
unprofitable for whitefish due to dominance of &gator or other competitor, charr can
even be the dominant of the two species (Sandairal 2010). Amundseset al (2010)
concluded that a third competing fish species, saglgrayling Thymallus thymallus..),
may facilitate the coexistence of charr and whstefiThus, the trophic niche of charr
depends largely on the quality and quantity of cetitqws, ontogenetic stage of individual
charr, season and lake morphology.

Recently, competitive interactions between fishcg®e have been increasingly
studied by using stable isotope analysis (Cuchemitet al 2012). This method has
become a valuable tool for studying food web inteoms and energy flow in lake
ecosystems (Vander Zanden & Vadeboncoeur 2002ingsetial. 2003, Fry 2006) and is
often coupled with the more traditional method toinsach content analysis (Hyslop 1980,
Jardineet al 2003). Whereas stomach content analysis revedlstbe most recently
ingested prey items, the stable isotope analysiscts the longer-term assimilated food
sources, giving a broader perspective on the dietaurces of the fish (Peterson & Fry
1987, Vander Zanden & Vadeboncouer 2002, Fry 2003.carbon isotope ratié*C:**C,
denoted bys'3C) can particularly reveal which prey items (eliftoral zoobenthos,
zooplankton) are important food sources for consamehile the nitrogen isotope ratio
(**N:**N, denoted by™N) indicates the trophic level of an organism (Psie & Fry
1987, France 1995, Vander Zanden & Rasmussen 1999).

This MSc thesis was related to the Ph.D. work ofcM&tti Eloranta and to the fish
(particularly coregonid species) research proje€tgrof. Kimmo Kahilainen. The aim of
the study was to evaluate the trophic niche diffees between native charr and an
introduced alien species, lake trout, in large dedp Lake Inarijarvi (hereafter Inarijarvi)
and between charr and introduced whitefish in snaaltl shallow Lake Skaidijarvi
(hereafter Skaidijarvi). This was done by condugtatomach contents and stable isotope
analyses from fish caught from the lakes in aut@9@9 and 2010. The main hypothesis
for both study lakes was that the tropic niche lodirc and the introduced species differ
from each other because they appear to coexibeistudy lakes. It was also hypothesized
that in Inarijarvi, charr and lake trout gain mastergy via the pelagic food web (i.e.
phytoplankton —> zooplankton —> planktivorous fish piscivorous fish) as Inarijarvi is a



large, deep lake with extensive pelagic zone art bpecies are known to be capable of
becoming large piscivores feeding on pelagic pisl {Salonen & Mutenia 2007). In
contrast, Skaidijarvi is a small and shallow lakiehwio profundal or pelagic zone, and
consequently the littoral food web (i.e. benthiggas —> littoral zoobenthos —>
benthivorous fish —> piscivorous fish) was hypoibed to act as the main energy source
for both charr and whitefish in Skaidijarvi.

2. MATERIAL & METHODS
2.1. Study lakes

2.1.1. Inarijarvi

Inarijarvi is a large subarctic lake in northerml&nd (69°N, 28°E). It covers an area
of 1102 knf and is therefore the third largest lake in Finlaftér Lake Saimaa and Lake
Paijanne. Inarijarvi flows to the Arctic Ocean e Paatsjoki river system and its water
level has been regulated since the 1940s with armem amplitude of 2.4 m. The lake is
oligotrophic and has a maximum depth of 95 m andean depth of 14.4 m (Salonen
1998). The fish community consists mostly of saliderand has 13 species in total of
which 10 are native and 3 are introduced (Salonddfenia 2007). Native fish species
include charr, brown trout, whitefish, graylingkeiEsox luciud..), burbot {ota lotalL.),
perch Perca fluviatilisL.), nine-spined sticklebackP(ingitius pungitiud..), three-spined
stickleback Gasterosteous aculeatds) and common minnowPhoxinus phoxinug.).
Introduced fish species include vendaCeregonus albuld..), land-locked salmorSalmo
salarm. sebagaoL.), and lake trout, which is a non-native spedétes-inland. Introduction
of vendace has had a particularly large impacthenldake ecosystem and Salonen (1998)
considered it as a profitable addition to the fisimposition of Inarijarvi, both in terms of
catch and as a prey species for predatory salmohideever, vendace can also have
profound impacts on the genetics of the native gam@l, whitefish, through hybridization
and introgression (Kahilainest al 2011).

Lake trout was translocated to Finland in 1955 filcake Superior in North America
and has been stocked in Inarijarvi since 1972 (&alo% Mutenia 2007). Lake trout was
considered as a complementary species to native ahd the goal of introducing it to the
lake was to increase the catch of salmonid speaiwk to diversify the species-poor
ecosystem (Salonen & Mutenia 2007). According te EFinnish Game and Fisheries
Research Institute, the lake trout population isntained by stocking of 1 to 3 year old
individuals which are marked with alizarin. No mauspawning has been observed in the
lake (Salonen & Mutenia 2007) even though in 2@@®8ne fish of year-class 2004 without
alizarin marking were caught (Salonetal. 2010), indicating that the species might spawn
in the lake. The native charr population is algppsuwted with extensive stockings: in 2009,
the proportion of charr individuals of stocked amign the total catch varied from 48 to 79
% among different year-classes (Saloeeal 2010). In 2009, the total catch of charr was
8.5 tonnes, and the catch of lake trout was 6.idsriSalonert al 2010).

2.1.2. Skaidijarvi

Skaidijarvi is a small, shallow lake with a surfarea of 0.44 kfand a maximum
depth of around 6 m. It is located in the northesammpart of Finland (70°N, 28°E).
Whitefish was stocked into the lake a few decadge &armo Huhtamella from
Metsahallitus, pers. comm.), after which the clséock declined substantially. Subsequent



intensive fishing for whitefish and supplementaiigcking of charr from nearby lakes have
partly restored the charr stock. A third fish spedn the lake is three-spined stickleback.

2.2. Data collection

2.2.1. Fish

Fish from Inarijarvi were caught with gillnets dugi the autumns of 2009 and 2010
and fish from Skaidijarvi were caught with gillnetsring the autumn 2009.

The 2009 fishing took place at two different looas in Inarijarvi and was
conducted by two different groups. A research grisam the universities of Helsinki and
Jyvaskyla conducted fishing using two kinds ofrgtl series in Nanguvuono (Figure 1)
between the &nd 9 September 2009. One of the series (“sméllegiteries”) consisted of
nine 1.5-1.8 m high and 30 m long gillnets witHatiént mesh sizes attached to each other
in random order; the total length of these gillseties was 270 m. The mesh sizes (knot-
to-knot) of the first eight nets were 10, 12, 16, 25, 35, 45 and 60 mm. The ninth piece
was a NORDIC-net which has 12 different mesh size&s5 m long panels (Speczigtr al
2009). The other type of gillnet series (“largdrggt series”) consisted of five nets which
were 5 m high and 60 m long being in total 300 mgloThese had mesh sizes of 35, 40,
45, 50 and 55 mm in random order. The net sets sedrimto three different depth zones in
Nanguvuono: pelagic surface nets were in a deptr-6fm, littoral benthic nets in 0-15 m
and profundal benthic nets in 15-25 m. The gilbertes with smaller nets were fishing for
approximately 12 hours at a time, whereas the bigtdj@et series were sometimes fishing
for even longer but were checked at least once ya Aasecond fishing location in
Inarijarvi in 2009 was Kasariselkd (Figure 1), wer local fisherman, Tapio Aarnipuro,
fished between the 4 and 6 September. He usedvhéth were 6 m high and had a mesh
size of 50-55 mm, with a few exceptions which hadesh size of 60 mm. The nets were
put in lines of several hundred meters and wered bséween the depths of 15 and 25 m.
The fish caught from Inarijarvi in 2009 were kepdZen at -20 °C until the laboratory
analysis which was conducted in autumn 2010.

In 2010, the fishing location in Inarijarvi was Sawakkoselk& (Figure 1) where the
same fisherman, Tapio Aarnipuro, fished betweennd & September with the same
methods as in 2009. All caught fish were kept froae-20 °C until the laboratory analysis
which was done in spring 2011. For the data amglybe caught fish from both fishing
years were pooled together.

Fish from Skaidijarvi (Figure 1) were caught betwethe 28 September and 1
October 2009 by Antti Eloranta (University of Jyk#ls) and Kimmo Kabhilainen
(University of Helsinki). They fished with a similésmall gillnet series” that was used in
Inarijarvi. In Skaidijarvi, fishing was conductedhly in the littoral zone (1-5 m) as the
maximum depth of the lake is 6 m. Caught fish wieogen at -20 °C immediately after
capture and were analysed in the laboratory duhiagpring 2011.
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Figure 1. Location of the two study lakes in northé&inland (marked with « in the map of
Finland). Left map: Inarijarvi. Fishing sites in@are circled, 1. Nanguvuono, 2. Kasariselk;
fishing site of 2010 is marked with a square, 3n@akkoselka. Right map: Skaidijarvi (circled).

2.2.2. Littoral zoobenthos and zooplankton

Sampling for littoral zoobenthos and zooplanktors wanducted similarly in both
lakes. Zoobenthos samples were collected with anagkgrab from depths of 1, 2 and 3
m. Three replicate samples were taken from eacthdép addition, zoobenthos samples
were collected from the littoral zone of 0—1 m wéhkick net of mesh 500m and by
taking animals directly from stone surfaces withgers. Ekman grab and kick net samples
were sieved through a 5Q0n mesh sieve and put into small plastic contaif@rdater
laboratory analysis. In the laboratory, animalsevesually identified to family level but
sometimes to species or genus level. They were ¢bparated to their own Eppendorf
tubes for the subsequent processes preceding dhke ssotope analysis. Here, collected
Eurycercussp. crustaceans were considered as “littoral zublos” due to their littoral
origin, instead of considered as zooplankton.

Qualitative samples of zooplankton were taken véith0 um mesh plankton net
towed slowly behind a boat. This was done severad until there was enough material.
Samples were preserved in water in 0.5 L bottleslater sieved through a 2@®n mesh.
From the sieve they were washed to 0.5 L plastitainers and left to settle for a few
hours. Finally, cladocerans and copepods were geghfrom the sample to Eppendorf
tubes for the subsequent processes precedingathle sfotope analysis.

2.2.3. Laboratory analyses

In the laboratory, total length (mm) and weight Yggre measured from each fish.
Whitefish were identified to a morph according it gaker morphology (Harrocet al
2010). Moreover, otoliths were removed from all tisé for age determination which was
done from whole, clear otoliths under a stereo asicope (Raitanienat al. 2000). Some
otoliths were also burned and cracked to verifyrdmult (Christensen 1964). To increase
the visibility of the opaque zones, otoliths welacped in a Petri dish filled with tap water
for some minutes before the microscopy. Stomacheobandstable isotope analysis were
used to evaluate the dietary and niche width diffees between the caught fish species.
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The stomach fullness of the fish was assessedansttale from 0 (empty) to 10 (extended
full stomach). The fullness value was then divigedording to the relative contribution
(or volume) of each prey item in the fish stomaotents. The stomach contents were
mostly identified to family or genus level. Thehfimuscle tissue reflects the main energy
source during the previous months (Tieseeal. 1983) and was used in the stable isotope
analysis to reveal possible long-term dietary d#fees between the fish species. Muscle
samples were taken from the fish below the dorsarid stored frozen in Eppendorf tubes
until dried in a freeze-drier for 48 hours. Sampdészoobenthos and zooplankton were
likewise all dried for 48 hours but at 60 °C in @ven, as no freeze-drier was available.
After drying, all samples were ground in their ofzppendorf tubes using a stainless steel
bar or with a mortar and pestle if the sample veagd and/or hard. From each dried and
homogenized sample of fish muscle, zoobenthos anglankton, 0.5-0.6 mg of powder
was accurately weighed into a tin cup for the gtaddtope analysis.

The stable isotopes from all samples were analysdglvaskyla during spring 2011
with a FlashEA 1112 elemental analyser coupled tdharmo Finnigan DELTAplus
Advantage mass spectrometer. Muscle tissue of wike used as an internal working
standard. Standard deviation of the internal stahdas less than 0.24 %o f6f°C and
0.20 %o ford™N in each run.

2.3. Data analysis

2.3.1. Growth

The von Bertalanffy non-linear growth model (Busarckt al 1990) was used to
measure the growth of the fish. It estimates thgtle of the fish at a certain adge)(

L, =L, [1-e* )

whereL; = length at certain age,, = size at infinity K = growth coefficientf = age
(years) and, = estimated age at length of 0 mm.

2.3.2. Dietary analyses

Stomach contents of fish were used to evaluatelittary overlap between different
species by using Schoener’s index (Schoener 1%0alue of zero indicates no dietary
overlap between species whereas a value of 1 iredi@acomplete overlap. A value of 60
% or higher was considered biologically signific@Mallace 1981).

-

wherep = proportion of prey item in the stomachs of speci@sandy andn =
number of different prey items in the species’ sliet

The niche breadth of the different fish species astgnated by using Levin’s index
of niche breadthR) and standardized measuBa) as given by Marshall and Elliot (1997):

Levin’s indexB:
1
Z P

standardized measuBa:

B=
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(B-1)
(n-1

wherep = proportion of prey item in the diet of a species amd= total number of
different prey items found in the stomachs of acgse

B, =

~—

2.3.3. Stable isotopes and statistical analyses

To avoid any possible bias caused by varying caraef™*C-depleted lipids in the
fish muscle samples, lipid adjustment of th&ifC values was done as described by
Kiljunen et al. (2006). This mathematical normalization uses th¢ @tio and an estimate
of D to produce a lipid-normalized value 8f°C for each sample. It is based on two
equations:

. 93
1+[(0246%(C: N)- 0775)]™

OBC=oBC+Dx| | + 390
1+287/L

whereL = the proportional lipid content of the sam@&C’ = the lipid-normalized
value of the sample, C:N = the ratio of carbon aittbgen in the sampl&g**C = the
measured value of the samp[®, = the isotopic difference between protein and lipid
(assigned a value of 7.018) and a constant (assigned a value of 0.048).

Because™°C ands™*N values can have considerable variation at the bathe food
web between ecosystents>C andd™N values of an organism provide little information
about its ultimate source of carbon or absolutphio position (Post 2002). Thus, for
cross-ecosystem comparisoBS'C ands™®N values need to be transformed to account for
differences in the baseline isotopic signatureped@gic and littoral food webs (Newsome
et al. 2007). Here, the average isotopic signaturesttoirdil zoobenthos and zooplankton
were used as baselines for littoral and pelagid faebs, respectively. To compare the
trophic positions between charr populations of ijaar and Skaidijarvi, thes™N values
were transformed to an index of trophic positionhwa two-end-member mixing model,
which allows for the differentiation between twoustes, such as the littoral and pelagic
food webs (Post 2002):

|.515Nsc - (515Nbasd. xa+ 515Nbase£ X (1_ 0'))]
A

Trophic position=A +

where) = the trophic position of the organism used toneste the baseline (two for
primary consumers)*Ns. = 8N value of fish,0™Nyase1 = pelagic baseline signature,
0 Npase2= littoral baseline signaturel, = enrichment ins*>N per trophic level (here
commonly used 3.4 %o0; Post 2002) amd: the proportion of nitrogen in the consumer
ultimately derived from the base of food web onelggic food web). When the movement
of nitrogen and carbon through the food web is Isimiz can be estimated usifg>C
values:

a= (513Csc B 513Cbas&)
(Jlscbasd - JlscbaseQ)

Assumptions in this model are that there is lititeno trophic fractionation of carbon
and that mixing is linear.
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The differences iB**C and3'N values between the fish species within the study
lakes were compared with non-parametric Mann-Whithktest as assumptions for
parametric tests were not met. The same test wasuaked to compare the total length of
the fish species within the study lakes. Possiblegenetic diet shifts were studied using a
linear regression between the total length of isie dnd theé**C ands™N values.

The stable isotope mixing model SIAR (Stable Isetémalysis in R; Parnebt al.
2010) was used to estimate the contribution of diferent energy sources (littoral and
pelagic food web) in the fish diets. The model uaeBayesian approach and the diet
contribution estimates are therefore reported & résults as 95 % Bayesian credibility
intervals (Parnelét al. 2010). Widely applied trophic fractionation faddmean + SD) of
0.4 + 1.3 %o fors**C and 3.4 + 1.0 %o fo3™°N (Post 2002) were used in the model.

Minimum Convex Polygon Estimator (in the packageefaabitat” in R; Calenge
2006) was used to calculate the convex hull areaglifferent fish species. The convex
hull area encompasses the individuals of each epégithe3™*C-5°N bi-plot space and
can be used to examine the trophic niche width @dietary plasticity of different fish
species (Laymaat al. 2007). In this study, instead of calculating tb&al convex hull area
(TA) which encompasses all individual data poimsst°C—5'°N space (Laymaret al.
2007), the isotopic niche area was restricted ttude 95 % of the individuals of each
species to exclude possible outliers which couldrextend the niche area. All statistical
analyses were done with IBM SPSS Statistics 19Ra@dL4.0.

3. RESULTS
3.1. Inarijarvi

3.1.1. Size, age and growth

In 2009, 70 charr were caught from Nanguvuono &hdhharr and 21 lake trout were
caught from Kasariselka. In 2010, 28 charr and 8Beltrout were caught from
Sammakkoselka. Thus, a total of 117 charr and K8 teout were caught and analysed
from Inarijarvi. All the fish were caught from tipeofundal zone.

Table 1. Sampling year, number of caught fish ¢jal lengths and weights (mean + SD) and
minimum and maximum observed values (range) ofijlivai charr and lake trout.

Lake Species  Sampling yeaN Length (mm) Weight (g)
Mean+ SD Range Mean = SD Range
Inarijarvi  Charr 2009 89 242+144 112-703 341966 10-4540

2010 28 461 +100 256-700 1217 +85032-4234
Total 117 294 +164 112-703 550+805 10-4540

Lake trout 2009 21 458+60 354-578 871+344 36611
2010 58 434+84 281-590 760427 155-1634
Total 79 441+78 281-590 788 +407 155-1634

Length and age distributions of charr differed gyebetween Nanguvuono and the
two other fishing sites in Inarijarvi. Almost alf the charr caught from Nanguvuono were
less than 200 mm in total length (1 to 2 years,oldereas most of the charr from the two
other fishing sites had a total length of over 46Mh. Small charr from Nanguvuono
lowered the total length (mean + SD) of all caucjrr to 294 + 164 mm, whereas it was
441 + 78 mm for lake trout (Table 1). Hence, thees a statistically significant difference
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between the total lengths of charr and lake trMann-Whitney U: Z = 6.001, N = 196, p

< 0.001) (Figure 2). To establish more comparalde sategories of charr and lake trout
for the dietary and stable isotope analyses, it dexgded that charr < 280 mm in total
length formed their own size group (hereafter chlfgmall charr) because they were
smaller than the smallest lake trout (Table 2). dtmarr > 280 mm in total length (hereafter
called large charr) and lake trout groups had #meesminimum length (281 mm) and more
similar size distribution after the rearrangeménarin-Whitney U: Z =-0.871, N =132, p

= 0.384) (Table 2).

Table 2. Number of caught fish (N), total lengtimgl aveights (mean + SD) and minimum and
maximum observed values (range) of Inarijarvi fiter the formation of two different size groups
of charr.

Lake Species N Length (mm) Weight (g)
Mean = SD Range Mean = SD Range
Inarijarvi Small charr 64 159 + 39 112-277 35+36 10-170
Large charr 53 458 + 91 281-703 1173851 199-4234
Lake trout 79 441 =78 281-590 788 £ 407  155-1634

The age of charr ranged from 1 to 9 years and gleeoélake trout ranged from 2 to
8 years. Most charr were 1 to 2 years old (caugim fNanguvuono) and most of the lake
trout were 3 to 5 years old (Figure 2). The leraftlage of charr varied notably reflecting
individual differences in growth rates (from 5 toy®ars) (Figure 3). Lake trout had a
higher length at age, less individual variationangth at age and faster growth rate than
the charr (Figure 3, Table 3). However, accordimghie von Bertalanffy growth model,
charr can reach larger infinity length than laleutr(Table 3).
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Figure 2. Length and age distribution of charr (NL%/) and lake trout (N = 79) caught from
Inarijarvi.
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Figure 3. Observed mean (x SD) length at age aedigied growth (von Bertalanffy non-linear
growth model) for Inarijarvi charr (AC) and lakett (LT).
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Table 3. Growth coefficient (K), infinity length fm) and age at length of 0 mm for Inarijarvi charr
and lake trout according to the von Bertalanffy #ioear growth model.

Infinity length

Lake Species Growth coefficient (K) (mm) Age at length of 0 mm
Inarijarvi  Charr 0.10 865 -0.6
Lake trout 0.23 699 -0.2

3.1.2. Dietary analyses

According to Schoener’s index, large charr and lakeit showed a biologically
significant overlapg = 73 %), but their diet clearly differed from thaftsmall charr¢ = 8
% and 27 %, respectively). Large charr and laketthad almost exclusively been feeding
on fish and the main prey item found in the storsachboth species wdSoregonussp.
(small whitefish and vendace) (Figure 4). Lake trtnad also fed on nine-spined
sticklebacks to some extent. Increasing size dicchange diet composition of large charr
and lake trout except that all charr over 550 mm @apty stomachs, including the two
largest individuals (700 mm & 703 mm) (Figure 5akee trout of 280—399 mm in length
seemed to have the most variable diet (Figure BfoAling to Levin’s index, the niche
breadth of lake trouty(= 2.0;Ba = 0.12) was wider than that of large ch@&r<1.1;Ba =
0.03).

Small charr used a much broader spectrum of peystthan large charr or lake
trout (Figure 6) and consequently had a much widehne breadthE = 8.4; Ba = 0.28).
Charr less than 200 mm in length had been feediagnlyn on zoobenthos (mostly
chironomids, trichopteran larvadisidium sp. and Eurycercus sp. but alsoAsellus
aquaticus Gammarussp., Sialis sp., Ephemeroptera nymphs, Diptera pupae, Zygopter
nymphs, Hirudinea, arachnids and aerial insecifgrent kind of zooplankton (Calanoida,
CladoceraBythotrepesp. andPolyphemusp.) and nine-spined sticklebacks. The smallest
charr with a prey fish in stomach was 130 mm irgtenAfter reaching the length of 200
mm, small charr had been feeding mostly on fistiuging Coregonussp.

100 1 M Iy EMacroinvertebrates
g 80 - T T T m Unidentiﬁed fISh
- I
..-g 60 - & Burbot
c
2 40 - [ Arctic charr
o
g‘ 20 - Nine-spined stickleback
0 4 B Coregonus sp.

Large charr Lake trout

Figure 4. Proportions of different prey items fodrmmm the stomachs of large charr and lake trout
in Inarijarvi. The number of stomachs which conggirprey items is given above the bars (number
of empty stomachs in brackets).
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Figure 5. Proportions of different prey items fodram the stomachs of different size categories of
large charr and lake trout in Inarijarvi. The numioé stomachs which contained prey items is
given above the bars (number of empty stomachsaickbts).
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Figure 6. Proportions of different prey items fodrm the stomachs of different size categories of
small charr in Inarijarvi. The number of stomachsicla contained prey items is given above the
bars (number of empty stomachs in brackets).
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3.1.3. Stable isotopes

The 8°C values of littoral baseline (littoral zoobenthosihd pelagic baseline
(zooplankton) differed markedly from each othemarijarvi (Figure 7). Organisms which
were used to calculate the mean baselines areilole$an Appendix 1.

Large charr had significantly lowé*C and highes™N values compared to lake
trout (Mann-Whitney U: Z = 7.030, N = 132, p < 010®ann-Whitney U: Z = -3.920, N =
132, p < 0.001). In turn, small charr had signifita higher §'°C and §'°N values
compared to lake trout (Mann-Whitney U: Z = -3,7865 143, p < 0.001; Mann-Whitney
U: Z = -4.421, N = 143, p < 0.001). Large charr tsghnificantly lower3'*C values
compared to small charr (Mann-Whitney U: Z = 8.2857 117, p < 0.001), but the two
groups had no difference #°N values (Mann-Whitney U: Z = 1.446, N = 117, p =
0.148). According to these results, all three gsosgemed to have significant differences
in their dietary source3t°C values) (Table 4, Figure 7). However, when Manhitiéy
test was done between tH&C ands™N values of all charr (size groups < 280 mm and >
280 mm put together) and lake trout, charr stiltl leignificantly highers'®N values
compared to lake trout (Mann-Whitney U: Z = -4.964= 196, p < 0.001) but there was
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no statistically significant difference between ##€C values (Mann-Whitney U: Z =
1.488, N = 196, p = 0.137), which, conversely, agatied generally the same dietary source
for charr and lake trout. Even though there wasatistically significant difference i6™N
values between charr and lake trout, ecologic#ig, 0.3—0.4 %o difference between the
species was small. Thus, despite the results dfttitestical analysis, both species occupied
a rather similar trophic position in Inarijarvi @ftire 7). Mean trophic position value for
small charr was 4.4 (individual range 3.9-4.8), ltsge charr 4.4 (individual range 3.4—
4.7) and for lake trout 4.3 (individual range 4.184 According to the SIAR isotope
mixing model, lake trout and small charr gained nadgheir energy via the littoral food
web (69-83 % and 83-99 %, respectively; Figurdr8ontrast, large charr got slightly
more of its energy via the pelagic food web (519463 igure 8).

Table 4. Mean (+ SD) and range (minimum and maximabserved values) af**C and "N
values of Inarijarvi charr and lake trout.

Species / size group N 5°C (%o) 5N (%o)
Mean + SD Range Mean + SD Range
Small charr 64 -223zx2.1 -27.6—-20.0 11.7+0.7 10.1-12.8
Large charr 53 -26.7+15 -28.2—-23.0 11.6+0.8 8.1-12.6
Small + large charr  117-24.3 £ 2.8 -28.2—-20.0 11.7+£0.7 8.1-12.6
Lake trout 79 -240+24 -27.4— -20.2 11.3+0.5 10.5-12.6
14 -
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Figure 7. Biplot of mean (+ SO¥*C ands*N values of small charr, large charr, lake troueyp
fish (Coregonussp., N = 100; nine-spined stickleback, N = 30Jtotal zoobenthos and
zooplankton sampled from Inarijérvi.
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Figure 8. Estimated mean (+ 95 % Bayesian cretyibiitervals) contribution of littoral (left) and

pelagic (right) carbon sources in the diets of smlahrr (AC < 280 mm), large charr (AC > 280
mm) and lake trout (LT > 280 mm) in Inarijarvi aisen by the SIAR two-source isotopic mixing
model.

Lake trout showed an increasedtN values with increasing total length, whereas
no similar trend can be seen in charr (Table 5ufe®). Thus, it seemed that the larger
lake trout occupied higher trophic levels thanghw®aller ones. According to the coefficient
of determination (B, the length of lake trout explains 62 % of theiation in thes™N
values of muscle tissue.

The 5'3C values of both charr and lake trout became lowigh increasing total
length (Table 5, Figure 9). This result suggeshed both species tend to shift their dietary
source from littoral towards pelagic with increagiriotal length. Coefficient of
determination indicated that the total length cdicland lake trout explained 70 % and 72
%, respectively, of the variation in th&'C values of muscle tissue (Table 5).

Table 5. Linear regression model between the tetjth ands**N andd™*C values of all charr and
lake trout from Inarijarvi.

Lake Species Linear regression R F p
Inarijarvi Charr (all) 8N = 11.69 - 0.00004 x length ~ 7E-05 0.01  0.930
Lake trout 3"°N = 9.15 + 0.005 x length 0.62 128.90 <0.001
Charr (all) 8"°C = -20.08 - 0.014 x length 0.7 269.43 <0.001
Lake trout 8"°C = -12.69 - 0.026 x length 0.72 199.1 <0.001
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Figure 9. Théa™N (left) andd™*C values (right) of all Inarijarvi charr (N = 11&hd lake trout (N =
79) as a function of total length (mm).

In Inarijarvi, the calculated convex hull areasiaaded that lake trout had the widest
isotopic niche with an area of 11.9°%Figure 10). Large charr had an isotopic nichecdre
5.0 %¢ and the value for small charr was 8.7.%dence, 95 % of the individual isotope
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values of lake trout encompassed an area over twatdor similar sized large charr. Due
to its large area, the isotopic niche of lake trgrlaps quite significantly with both large
charr and small charr whose isotopic niches aratively distinct from each other.
According to8**C values, large charr are clustered in a more jielighe whereas small
charr and lake trout showed a higher variation s@timg of individuals with both littoral
and pelagi®*>C values (Figure 10). Even though the Mann-Whitbetest gave a result
that generally charr occupies a higher trophic msiin the lake, the highestN values

of charr and lake trout were rather similar. Thatdeast some lake trout individuals have a
capability to reach similar trophic position in tlaé&e as charr (Figure 10).
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Figure 10. Calculated convex hull areas (linesp'fic — 8"°N bi-plot space delineating 95% of
individual small charr, large charr and lake trivom Inarijarvi.

3.2. Skaidijarvi

3.2.1. Size, age and growth

The total catch from Skaidijarvi and the numbeaoélysed fish was 73 charr and 36
whitefish (Table 6). All the whitefish individualwere the LSR-morph (large sparsely
rakered).

Table 6. Sampling year, number of caught fish fi&dal lengths and weights (mean + SD) and
minimum and maximum observed values (range) ofd§lavi charr and whitefish.

Lake Species  Sampling yeaiN Length (mm) Weight (g)
Mean+SD Range Mean = SD Range
Skaidijarvi Charr 2009 73 224+69 131-388 131126 19-590
Whitefish 2009 36 28575 152-448 261 255 39-8

Charr had smaller mean length than whitefish (M#fmtney U: Z = 3.666, N =
109, p < 0.001) (Table 6). The most abundant sioeigy of charr was 150-199 mm,
whereas the most abundant size group of whitefisd 200-249 mm (Figure 11). The age
of charr ranged from 2 to 9 years and the age dtefish ranged from 2 to 14 years. Most
individuals of both species were 3 to 6 years éldjre 11). The length at age varied
greatly for both charr and whitefish reflecting iWidual differences in growth rates
(Figure 12).
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Whitefish had a higher length at age and a fastewity rate than the charr (Table 7,
Figure 12). However, according to the von Bertdlagfrowth model, charr can reach a
slightly larger infinity length than whitefish (Thb7).
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Figure 11. Length and age distribution of charr£N3) and whitefish (N = 36) caught from
Skaidijarvi.
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Figure 12. Observed mean (+ SD) length at age asdigied growth (von Bertalanffy non-linear
growth model) for Skaidijarvi charr (AC) and whitdt (WF).

Table 7. Growth coefficient (K), infinity length (m) and age at length of 0 mm for Skaidijarvi
charr and whitefish according to the von Bertakamifn-linear growth model.

Infinity length

Lake Species Growth coefficient (K) (mm) Age at length of 0 mm
Skaidijarvi  Charr 0.12 488 -0.3
Whitefish 0.20 471 -0.3

3.2.2. Dietary analyses

According to Schoener’s index, charr and whitefishowed no biologically
significant dietary overlapa(= 18 %). Zoobenthos made approx. 50 % of the stbma
contents of both species but the composition delprey items differed (Figure 13). Charr
ateGammarussp. amphipods and trichopteran larvae whereas fighiteonsumed mainly
chironomid larvae and smalEurycercus sp. crustaceans. Zooplankton (Calanoida,
Daphniasp.,Bosminasp.) constituted approx. 40 % of the whitefisht eilbereas 33 % of
the charr diet was based on three-spined stickkel®axording to Levin’s index, the niche
breadth of whitefishg = 3.8;Ba = 0.35) was wider than of chaB € 3.4;Ba = 0.18).
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Figure 13. Proportions of different prey items fdunom the stomachs of charr and whitefish in
Skaidijarvi. The number of stomachs which contaipegly items is given above the bars (number
of empty stomachs in brackets).

There were differences in the diet composition leetwv size categories within
species (Figure 14). Charr less than 250 mm intltefegd mainly onGammarussp. and
trichopteran larvae. The abundance of three-spgtiettleback as a prey item started to
increase after charr had reached the length of B&@ In the diet of whitefish, the
importance of zooplankton decreased with increasiag, being most important for the
small (< 200 mm) and mid-sized (250-299 mm) fisllscAEurycercussp. crustaceans
were somewhat utilized by small whitefish. Chirondsnwere consumed in all size
categories being the most important prey item, ttogye with zooplankton. Largest
whitefish individuals fed also on some trichopterand three-spined sticklebacks.
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Figure 14. Proportions of different prey items fddrom the stomachs of different size categories
of charr and whitefish in Skaidijarvi. The numbérstomachs which contained prey items is given
above the bars (number of empty stomachs in braket

3.2.3. Stable isotopes

In Skaidijarvi, thed**C values of littoral baseline (littoral zoobenthas)d pelagic
baseline (zooplankton) differed markedly from eather (Figure 15). Organisms which
were used to calculate the mean baselines areiloledan Appendix 2.

Charr had significantly highe/C values compared to whitefish (Mann-Whitney U:
Z =-7.750, N = 109, p < 0.001), but the two spediad no significant difference in the
8'°N values (Mann-Whitney U: Z = -1.115, N = 109, p0=265) (Table 8, Figure 15).
These results from the statistical analyses rethesl charr and whitefish have a similar
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trophic position in the lake3t°N values) but have statistically significant diffeces in
their dietary sourcest°C values) (Figure 15). Mean trophic position valoecharr was
3.1 (individual range 2.5-3.7) and for whitefisl® Zindividual range 2.6—3.4). According
to the SIAR isotope mixing model, both charr andtefish got most of their energy via
the littoral food web (93-100 % and 60—-78 %, retpeky; Figure 16).

Table 8. Mean (+ SD) and range (minimum and maxinabserved values) af**C and &N
values of Skaidijarvi charr and whitefish.

Species N 57°C (%o) 3N (%o)
Mean + SD Range Mean + SD Range
Charr 73 -252+1.2 -27.9--20.4 8.0+0.9 6.1610.
Whitefish 36 -27.4+0.7 -29.1- -25.2 7.8+0.6 6-@.1
10 1
® Arctic charr
: 4t
— & Whitefish
o
mZ Three-spined
7} 4 1 stickleback
A Littoral
2 1 zoobenthos
o <& Zooplankton
-34 -32 -30 -28 -26 -24 -22
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Figure 15. Biplot of mean (+ SI¥)°C ands™N values of charr, whitefish, prey fish (three-sgin
stickleback, N = 3), littoral zoobenthos and zoagtan sampled from Skaidijarvi.
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Figure 16. Estimated mean (x 95 % Bayesian cretjiliiitervals) contribution of littoral (left) and
pelagic (right) carbon sources in the diets of clad whitefish in Skaidijarvi as given by the
SIAR two-source isotopic mixing model.
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Whitefish showed increaséd™N values with increasing total length, but no samil
trend was seen in charr (Table 9, Figure 17). Adiogrto the coefficient of determination,
the length of whitefish explained 87 % of the véia in thed'°N values of muscle tissue.
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Total length of a fish had no impact on t€C values of charr or whitefish (Table 9,

Figure 17).

Table 9. Linear regression model between the tetajth ands*°N and3*°C values of charr and

whitefish from Skaidijarvi.

Lake Species Linear regression R F p
Skaidijarvi Charr 8"N = 6.89 - 0.005 x length 0.15 12.49 0.001
Whitefish 8N = 5.76 + 0.007 x length 0.87 2325 <0.001
Charr 8"°C = -25.84 + 0.003 x length 0.03 228 0.136
Whitefish §*°C = -27.70 + 0.001 x length 0.01 046 0.502
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Figure 17. Theé™N (left) and3™C values (right) of Skaidijarvi charr (N = 73) amthitefish (N =
36) as a function of total length (mm).
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In Skaidijarvi, the calculated convex hull areaditated that 95 % of the individual
charr isotope values covered an area over twiddahavhitefish (Figure 18). Charr had an
isotopic niche area of 8.4 %and whitefish an area of 3.3 %distinct isotopic niche
segregation between the species was evident as Wes only a slight overlap in the
delineated convex hull areas. Charr were clustéoechore littoral niche (highes**C
values) and were also able to occupy higher troplaisitions (higher individuas™>N
values) in the lake than whitefish (Figure 18).

11 -
10 - ° /"‘\-“
Y4 e > T Charr
p— 9 . / [ ] ° A
o g
O\o ’/'..‘...%. Y
~ g J ‘o ® % “ —— Whitefish
2 o %o p & o
a 7 ° ’O.__‘,_--"‘ ——————— * ¢
“© __,_2-:"' """ e Charr
6 -
5 ¢ Whitefish
-30 -28 -26 -24 -22 -20
613C (%)

Figure 18. Calculated convex hull areas (linesp'fic — 8"°N bi-plot space delineating 95% of
individual charr and whitefish from Skaidijarvi.
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4. DISCUSSION

4.1 Diets of charr, lake trout and whitefish

The results of stomach contents analysis showedhbaimilar sized large charr and
lake trout had rather similar diets in Inarijaras the 73% dietary overlap between them
can be considered biologically significant (Walld@81). However, lake trout had used a
more diverse set of prey items and relied moreitbordl prey than large charr, which
gained most of its energy from pelagic resourceguin, small charr seemed to rely on
littoral resources even more than lake trout andl th@ most versatile diet of the three
groups, indicated by the high Levin's index andtbg rather wide isotopic niche. The
results of stable isotope analysis revealed thatadly there is a dietary overlap between
Inarijarvi charr and lake trout. Having the widasbtopic niche, lake trout seems to
compete with both small and large charr. Howeverisialso possible that no real
competition occurs in Inarijarvi as small populasoof two different species may be able
to use the same food resource to some extente ifdhource is very abundant. Vendace
can be abundant in Inarijarvi, even though yeddgtéiations in the population size can be
large (Salonen 1998). According to the Finnish Game Fisheries Research Institute, the
total catch of charr has decreased by over two-&ildr water regulation started in the
1940s. Thus, nowadays the charr population is namcaller than it used to be and the
abundant prey populations can therefore possibdp aupport a small population of
overlapping species, such as lake trout.

In Skaidijarvi, the results of stomach contents siatble isotope analysis showed that
charr and whitefish clearly had different trophiches. Distinct resource partitioning can
be seen as charr had specialized in foraging aeibpined stickleback§ammarussp.
and trichopterans, whereas whitefish consumed ao&pdn and chironomids. This niche
segregation between charr and whitefish could bigrmof low competition as the species
are feeding on different prey items, but may equiadl a sign of severe competition which
has led to the niche segregation; according to study, the latter is the more probable
option. Despite the zooplanktivory of whitefish thepecies seemed to rely heavily on the
littoral production. Calculated convex hull aredsowed that charr had much wider
isotopic niche than whitefish but according to lrésiindex, whitefish had a larger dietary
niche. This apparent contradiction could arise bseatomach content analysis tends to be
only a snapshot of the dietary behaviour of an misya, whereas the isotope values reflect
a longer period of time. Thus, charr seemed to gdigehave a wider dietary niche than
whitefish in Skaidijarvi.

The traditional view has been that under competitioarr is dominated by whitefish
and is forced to shift its trophic niche from thigokal to the pelagic or profundal niche
(Svéardson 1976). As Skaidijarvi is such a shallalkelthat there is virtually no profundal
or true pelagic habitat available, it is impossifide charr to find a habitat refuge there.
Therefore it is not surprising that after the inuotion of whitefish, the charr stock almost
vanished from Skaidijarvi (Jarmo Huhtamella fromtdédnallitus, pers. comm.), indicating
that the two fish species had generally used theedeophic niche. The energy source of
charr in Skaidijarvi did not seem to differ fromriz@n lakes where it is the only species
present, or co-occurs only with a small prey-fishthe nine study lakes of Karlsson &
Bystrém (2005), charr occurred as the only spgaiesent or in sympatry with nine-spined
stickleback, so the species composition in theseslawas rather similar to that in
Skaidijarvi before the introduction of whitefishaksson & Bysrom (2005) observed that
littoral zoobenthos and small sticklebacks, wheailable, were the main energy source
for charr in their study lakes. Also in Lake Sad@maj (hereafter Saanajarvi), zoobenthos
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dominated the charr diet, even though some diesarits occured depending on the
seasonal availability of different prey items (Eotaet al. 2010). There, charr was almost
the only species present, co-occurring with onlyfew brown trout. However, the
composition of zoobenthos which charr utilize ira®aarvi differs from Skaidijarvi. In
Saanajarvi, chironomids were common in the chaat @&lorantaet al. 2010), whereas in
Skaidijarvi they were hardly used by charr, insteathg one of the main prey items of
whitefish. Thus, charr has apparently survived kai&ijarvi by switching its diet to prey
items which are not used by whitefish (€gammarussp.). Possibly the availability of
small fish prey, three-spined stickleback, is @edmportant factor in supporting the charr
stock, as observed by Eloramial (2011). All in all, coexistence of charr and veffish
seems to be possible in Skaidijarvi. It is suppbpartly by dietary segregation, but also
with supplementary stocking of charr from nearlkeand intensive fishing to reduce the
whitefish population of the lake (Jarmo Huhtamelletsahallitus, pers. comm.).

In general, there is great variation in the feedwetpaviour between different charr
populations (Klemetseet al 2003). Charr is able to utilize all major lakéohats and feed
on a wide range of prey types, including zooplanktmobenthos, surface insects and fish
(Johnson 1980, Klemetsegt al 2003). When in sympatry with other fish specitss
potentially wide trophic niche of charr is typicallrestricted due to interspecific
competition. For example, dense populations of @®udan restrict charr from using the
profundal zone and in the presence of this profurmtadator and competitor for
zoobenthos, charr feeds mainly on pelagic zooptank{Knudsenet al 2010).
Eutrophication and negative interactions with rodwiive had an impact on charr
population of Lake Windermere, England, where chaas switched its diet from
zooplanktivory towards benthivory since the 1950sr(iganet al 2011). Generally, in
the presence of strong benthivorous competitos @@own trout) charr often becomes a
pelagic zooplantivore (e.g. Langelamed al 1991, Hesthageet al 2011), but in co-
occurrence with planktivorous competitors (e.g. tefish), charr commonly avoids the
pelagic habitat and becomes benthivorous or piscug(e.g. Svardson 1976, Amundsen
et al 2010, Elorant&t al. 2011). Invasion of pike to small subarctic lakas tead to total
extirpation of charr populations through predatéomd competition (Bystromat al 2007).
These trophic niche restrictions of charr due tmpeting species can also be seen in the
present study. In both study lakes, charr feedsiijnan zoobenthos and fish, as the more
efficient zooplanktivore, whitefish is abundant.rfrermore, also brown trout exists in
Inarijarvi and is more abundant than charr and laket (Salonenet al 2010). The
presence of brown trout may limit the use of ldlohabitat of charr (Langelanet al
1991) and large brown trout may exhibit a predaiargact on juvenile charr (L’Abée-
Lund et al 1993). It is also likely that piscivorous browout competes from the same
pelagic prey with charr and lake trout to some mix{gahilainen & Lehtonen 2003).

Juvenile charr are usually epibenthic zoobenthivavlich may also utilize pelagic
zooplankton at a certain size (L’Abée-Lurad al. 1993, Jonsson & Jonsson 2001,
Klemetsenet al 2003). Charr commonly start to become piscivoraua length of 200
mm and the proportion of piscivorous fish increagéth increasing body size (L'Abée-
Lund et al. 1992, Amundsen 1994). These observations seeppiy to both lakes of this
study where charr are mainly benthivorous and becgmscivorous when they have
reached a certain size threshold. In Inarijarvgrclshowed a clear ontogenetic shift from
macroinvertebrate based diet towards piscivoryr aiaching 150 mm in the length. The
smallest charr that had included fish (nine-spistcklebacks) in its diet was as small as
130 mm in length3'3C values of Inarijarvi charr started changing taygathe pelagic
values between the lengths of 200300 mm indicasinchange from littoral to more
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pelagic prey items, such &oregonussp., which is the main prey for charr also in
subarctic Lake Muddusjarvi, Finland (Kahilainen &Htonen 2003). In Skaidijarvi, the

smallest piscivorous charr was 259 mm in length andlear ontogenetic shift from

macroinvertebrate dominated diet to piscivory @spined sticklebacks) occurred when
the fish reached a length of 250-300 mm. For cors@ay in Loch Ericht, Scotland, charr

switches to piscivory at an average fork lengti@ mm (Fraseet al 1998, McCarthet

al. 2004) and in Lake Muddusjarvi, Finland, charfftsta piscivory at a length of 257 mm

(Kahilainen & Lehtonen 2003).

The diet of lake trout in Inarijarvi is quite typicfor the species. In large lakes with
pelagic prey fish species, it is often piscivorq¥ander Zanden & Rasmussen 1996,
Madenjianet al. 1998), but the small individuals (< 200 mm) mégoautilize zoobenthos,
e.g.Mysissp. (Madenjiaret al. 1998). In lakes which lack pelagic prey, lakaitroan also
consume substantial amounts of fish from littorabikats (Vander Zanden & Rasmussen
1996). In Inarijarvi, lake trout seems to consumainty these littoral resources, but
according t03**C values and stomach content analysis, the dietggsatowards pelagic
Coregonussp. prey with increasing length.

Earlier studies have shown that the diet of whitefpartly depends on whether it is
in allopatry or in sympatry with other whitefishrfos (Kahilaineret al. 2004, Harrocet al
2010). When in sympatry with a more efficient z@yitivorous (i.e. the densely-rakered
morph, DR) morph the niche of the common large sgigrrakered (LSR) morph is
restricted to the littoral habitat and to foragimginly on zoobenthos such as chironomid
larvae, Trichoptera, Ephemeropter8jalis sp., Valvata sp., Lymnaea sp. and also
epibenthicEurycercussp. (Amundseret al. 2004, Kahilaineret al 2004, Harrocet al
2010). In monomorphic (LSR) whitefish populationshitefish commonly uses all
available habitats and feeds mainly on pelagic levdon, although zoobenthos can also
be important in the diet (Amundsehal 2004, Kahilaineret al. 2004, Harrockt al 2010).

In two subarctic lakes in Finland, Lake Kilpisjargmax. depth 57 m), and Lake
Vuontisjarvi (max. depth 31 m), the contribution$ jelagic prey in the diet of
monomorphic whitefish, given by the SIAR model, &0 % and 56 %, respectively
(Harrodet al 2010). In contrast to these findings, the mongrhiar whitefish population
in Skaidijarvi relied mainly on littoral productiprout this is probably due to the small
water volume available for pelagic production coneplato the two rather deep lakes.

4.2 Coupling between littoral and pelagic food webs

In Inarijarvi, charr seemed to rely on both pelagied littoral energy sources,
whereas the littoral food web clearly dominated #reergy mobilization to charr in
Skaidijarvi. This is not surprising because largkek tend to have low perimeter-to-area
ratios (P/A) and therefore the relative importan€édenthic and littoral habitats is not as
high as in small lakes (Vander Zanden & Vadebonc@082). The strong reliance of top
consumers on littoral production in small Arcticdasubarctic lakes, such as Skaidijarvi,
has been also shown in previous studies (Siezzah 2003, Karlsson and Bystrom 2005,
Elorantaet al. 2010). Due to their high mobility, fish can feed prey items from both
littoral and pelagic food webs, thereby linking ghe systems (Vander Zanden &
Vadeboncouer 2002). It seems that charr and laké tnay play an important role as a
habitat and food web couplers in Inarijarvi, whican have profound effects on the
stability of food webs through important outcomesutrient cycling and in predator-prey
dynamics (Schindler & Scheuerell 2002). All thedakout and small charr were caught
from the profundal zone, but had mainly relied iodal energy sources, which indicates
that the fish have moved between these two habBatall and shallow lakes tend to have



27

the strongest coupling between littoral and pel&gibitats (Schindler & Scheuerell 2002).
However, the strong reliance of Skaidijarvi charr lgtoral resources indicates a low
degree of habitat coupling and that the charr iddials have specialized to feed
particularly on the littoral prey items. Speciatizish individuals tend not to change their
prey types and habitat, resulting in a low degifeleabitat coupling (Quevedet al. 2009).
Moreover, one reason for low degree of habitat togpn Skaidijarvi may be the fact that
it consists of only one principal habitat type. pies of that, food web coupling seems
evident for the whitefish of Skaidijarvi, which gdts energy from both pelagic and littoral
food webs.

McCannet al (2005) compared lake trout lakes with sizes nag@iom few hectares
to over 50 000 ki They found that the trophic position of lake trancreased with
increasing lake size from 3.5 to 4.5 and arguetlttfeincrease in trophic position resulted
from decreased omnivory. Lake trout in small lakes impose a stronger top-down
pressure, which may lead to scarcity of favoralby ptems and increasing omnivory as a
result. For example, benthic habitats can proviteErative resources which can maintain
pelagic planktivore or piscivore populations onbeyt have eaten their preferred prey
items to low densities or even to local extinct{@chindler & Scheuerell 2002). McCann
et al (2005) suggested that top consumer movement bati@d webs may begin to
increase below the lake size of 129%hy driving greater top-down pressure and thus
increasing the tendency for omnivory. In small Bkiake trout consumes more benthos
and zooplankton, and fish make up a smaller prapof their diet than in large lakes
(Vander Zanden & Rasmussen 1996; Vander Zaetleth 1999). These findings seem to
correspond to charr in this study, as the mearhtcoposition of charr in large Inarijarvi
was approximately one level higher than in smallaiikrvi (i.e. 4.4 and 3.1,
respectively). Also the size of charr in Inarijaand Skaidijarvi differed from each other
quite significantly. It seems that in Inarijarvharr reaches larger sizes compared to charr
in Skaidijarvi. A probable reason for this is ahhigvailability of proper small-sized prey
fish species which can support the piscivory ofrchbn Skaidijarvi, charr clearly rely
more on littoral resources than in Inarijarvi, Whits probably due to size differences
between the lakes. In Inarijarvi, which has a greatepth, larger surface area and a
profitable pelagic prey item for charr, littoralggluction is generally not as important an
energy source to top consumers as it is in smdllsaiallow Skaidijarvi.

4.3 Growth differences

In both study lakes, the introduced competitor feetier growth rate than the native
charr, which could mean that in general they arapting more effectively on the limited
resources. Earlier studies have shown that intredlspecies can have negative effect on
the growth of native species by causing trophihaishifts and being more effective on
the utilization of available food resources (Marth&#999, Baxteret al 2007). Thus, it is
possible that the growth of Skaidijarvi charr hacelerated after the introduction of
whitefish. The faster growth rate of whitefish maglicate that it is dominating over the
preferred food resources, but according to thengjillcatch, charr seems to dominate in
quantity. However, the latter may be a result e #upplement stocking and intensive
fishing for whitefish. In a more complex fish comnmy of Inarijarvi with many
interacting species, the rather slow growth of cimaay be caused due to a high rate of
interspecific competition in the first two years |ldé. The growth clearly improves after
the age of 2, when charr reaches the length ofri®0 After reaching this size threshold,
charr may shift from macroinvertebrate based dietards piscivory. There seems to be a
high pressure to switch to piscivory because asllsomarr as 130 mm had already
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consumed fish. Lake trout of Inarijarvi are of &ed origin and have spent their first
couple years in aquacultural conditions with comsfaod supply, thereby growing fast.
Their faster growth rate is therefore not necesadused by a competitive advantage.
Another problem arising from the stocked originlaie trout is that if they were caught
quickly after the stocking, their isotope valuesildohave been biased, as they might still
reflect the food that they had utilized in the figiim. The significant difference in the
isotopic values of small and large charr could &lealue to this reason, as small charr may
have been stocked to the lake recently before bmanght. In any case, it should be kept in
mind that similarity of isotopic values does notessarily mean ecological similarity.
Two individuals may have the same isotopic niché different ecological niches as
different source pools can be characterized bylairstable isotope values even though the
trophic pathways that support the two individuaks @ifferent (Laymaret al. 2011).

4.4 Future prospects for fish introductions in norhern Finland

Stocking programs have been a common and widesppeactice of fishery
management in Finland. In Inarijarvi, as in mostentcases, introduction of lake trout has
been intentional as a part of stocking programnithéel to enhance and diversify aquatic
communities for fishing (Salonen & Mutenia 2007 pwéever, these introductions of non-
native species to Finnish waters may have stromdpgical and genetic effects on the
native fish populations and should be always caed with caution. For example,
introduced brook troutSalvelinus fontinaligitchill) has established populations in the
headwaters of the Kemijoki river system, partly ptheing the native brown trout
population in this area (Korset al 2007). Krueger & May (1991) noted that introdaos
may alter the community structure and cause napeeies to be eliminated, show changes
in their survival and growth, or be genetically ogad. An actual outcome of an
introduction may also be a combination of the abmemtioned factors or not show any
detectable changes (Krueger & May 1991). In theg liemm, success of an invader depends
on its physiological and life history requiremenasid the characteristics of the system
being invaded (Moyle & Light 1996). In aquatic ®ysis with intermediate levels of
human disturbance, any species with the right phggical and morphological
characteristics can become established (Moyle &t iP96). As characteristics of charr
and lake trout are rather similar (e.g. Johnsor01B&rtin & Olver 1980), the stockings in
Inarijarvi might eventually lead to establishmemtaospawning lake trout population. In
certain Arctic lakes in Alaska, where charr anceléout naturally co-occur, displacement
of charr by lake trout seems to occur, but over @chmlonger time scale than with
management introductions (Hershey al 1999). Therefore, Hershegt al (1999)
suggested that lake trout introductions to chakedashould not be initiated at all in the
Alaskan Arctic. In Inarijarvi, which is already eedwily modified system with three
introduced fish species, water level regulation extgnsive stocking of different predatory
salmonids, it is hard to distinguish possible negainteractions on charr caused only by
lake trout. However, it is clear that they havegyédy overlapping diets, and theoretically,
when two species have the same niche, one spedidi&k&ly exclude the other (Hardin
1960). This can happen over time, but in Inarijdtveeems unlikely, so long as both
species continue to be supported by extensive isipck high proportion of the total catch
of all predatory salmonids from the lake is stockedin (Saloneret al 2010). Moreover,
no natural spawning of lake trout has been obseaneldnone of the lake trouts examined
for this study were sexually mature, but this does exclude the possibility that some
natural spawning may occur. Nevertheless, accortingresent knowledge, charr would
most likely become the only species left of the ower time if the stocking of lake trout
would be discontinued.
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However, if spawning of lake trout does occur imrlj@rvi, interspecific mating
would be a possible threat to the native charruhétybridization between these species
occurs in the Canadian Arctic and also limited $fan of lake trout mtDNA into charr
populations through introgression have been obdefWilson & Hebert 1993). Hybrids
are ordinarily a result of matings between chartesiand lake trout females, which is
likely due to the earlier maturation of charr maf@élson & Hebert 1993). Charr males
mature earlier than charr females (Johnson 198®)it 3s possible that charr males
mistakenly spawn with lake trout females if theypp@n to be in the same spawning
grounds with charr females not yet present. Ingsgion means gene flow from the gene
pool of one species into the gene pool of anotpecies (Krueger & May 1991). Native
species have evolved and adapted to their owncpéatiniche and a large amount of gene
flow from another species may disrupt their adapiene complexes (Krueger & May
1991).

Distinct resource partitioning between charr andtefish has been also observed in

earlier studies. Charr and whitefish coexist togetith grayling in Lake Biggijavri,
Norway (max. depth 49 m; Amundsest al 2010). There, whitefish was the most
numerous in all lake habitats and fed on small kitamic (Bosminasp.,Daphniasp.) and
benthic Eurycercus lamellatyscrustaceans. In contrast, most charr were foarfddd on
insects and snails (especiallymneasp.) in the littoral zone. Despite the resource
partitioning, Amundseret al (2010) concluded that the restricted trophic eici charr
implies a strong competition from whitefish, andattithe presence of grayling might
facilitate their coexistence through a competiiivgpact on the whitefish. Segregation in
diet and habitat use between charr and whitefish alao observed in a study of five
different Norwegian lakes (Sandluret al 2010). These study lakes were very deep
compared to Skaidijarvi with maximum depths randiragn 58 m to 309 m. In all lakes,
whitefish were more common in the littoral and rearface pelagic zones, whereas charr
occupied deeper waters. Both species were maimplaoktivores but their diets differed
in terms of the zooplankton species eaten. For pigncharr fed orDaphnia sp. and
Bythotrephes longimanugvhile whitefish utilizedBosminasp.,Holopedium gibberupE.
lamellatusand zoobenthos. The results from Sandleh@l (2010) support Svardson’s
(1976) proposition that the availability of deepofundal habitat is important for the
coexistence of charr and whitefish. In two of thetudy lakes, charr were actually
dominant over whitefish. In these lakes, the lataone had been rendered inaccessible to
whitefish by competing and predating species fieech) and water level regulations. Thus
they concluded that, whereas availability of prafainhabitat zone is important for charr,
availability of proper littoral habitat zone is imgpant for whitefish (Sandlunet al 2010).
In Skaidijarvi, which has no profundal habitat fdvarr but instead an extensive littoral
habitat, a probable reason for their coexistentleasntensive fishing for whitefish, which
is acting as a disturbance factor by restricting population growth of the species.
Without intensive fishing for whitefish and supplentary stocking of charr, it would
probably be difficult for the charr population terpist in Skaidijarvi.

In the future, increased understanding of fishraxdeons can have implications for
fishery management in areas where non-native spéeiee been deliberately introduced
into aquatic ecosystems. Contrary to the beliet thaoductions represent a form of
fishery enhancement, attention should be drawnh® pgossible adverse competitive
impacts of introduced fish to native fish populagoEven though charr seems to survive
with whitefish in Skaidijarvi, further introductienof whitefish to charr lakes should not be
made. Continued stocking of non-native salmonidshsas lake trout in Inarijarvi, should
not be implemented if the fish have direct accesd eontact with native salmonid
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populations. These introductions always pose higd anpredictable ecological and
genetic risks. If there is a need for fishery mamagnt to implement supplementation
programs to enhance the fish populations, thenl Istoeks of native species should be
used.

4.5 Limitations of the study

Sample material for this study was not collectedt®sy author and therefore it was
not possible to influence the sampling. In an optirecenario, data would have been
sampled before and after the introduction of a species. This way it would have been
easier to distinguish the impacts (e.g. a trophehen shift) that fish introductions have
possibly caused to native charr populations inijgyai and Skaidijarvi. As a before-after
situation was not available as a research framewtik interpretation of the results is
challenging.

The sample material from Inarijarvi was collectehvwdifferent sampling strategies
as all lake trouts and most of the large charr wdr®ined from the fisherman, Tapio
Aarnipuro, and the charr of Nanguvuono were caughta research group. The size
distributions of species also differed quite adstno small lake trouts were caught, due to
the stocked origin of the species. The size distidm of charr and whitefish differed in
Skaidijarvi, too. In the best case, more similaesdistributions of the different species
would have been sampled from both lakes.

It is known that charr can exhibit distinct seasaraiations in its feeding ecology
(Amundseret al 2008, Amundsen & Knudsen 2009, Amundséal 2010, Elorantat al
2010, Sandluncet al 2010). It was not possible to take these seasaa@tions into
account in this study, as the samples were cotlemtdy in the autumn.

5. CONCLUSIONS

The results of this study show dietary and isotopatie overlap between charr and
lake trout in Inarijarvi, indicating that the spesiare competing for the same resources.
Both species were piscivorous and large individ¢al280 mm) had been feeding almost
exlusively on pelagicCoregonussp. Small individuals (< 280 mm) of charr consumed
mainly zoobenthos and nine-spined sticklebacks.ti@aous stocking of both charr and
lake trout is maintaining their populations in lijivi and therefore the impacts of the
apparent interspecific competition are difficultibberpret. Nevertheless, it is possible that
the abundant prey fish populations are able to aube coexistence of lake trout and the
reduced population of charr. In Skaidijarvi, botlalde isotope and stomach contents
analysis revealed a distinct resource partitionihigere, charr foraged on three-spined
sticklebacks Gammarussp. and trichopterans, whereas whitefish consunoeglankton
and chironomids. A probable reason for this nighgregation is interspecific competition
between the species. Charr seems to have surnvibe lake by switching its diet to prey
items which are not used by whitefish. Thus, cdexrise of charr and whitefish in
Skaidijarvi may be partly facilitated by the digtasegregation and the availability of
profitable small prey fish, but intensive fishingr fwhitefish and supplementary stocking
of charr are likely to be important factors as well

In Inarijarvi, the main energy flow pathway for dineharr (< 280 mm) and lake
trout was the littoral food web, whereas large clfar280 mm) relied slightly more on
pelagic production. In Skaidijarvi, both charr amdhitefish relied on the littoral
production. The introduced competitor had a fagtewth rate than the native charr in
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both study lakes, indicating a more effective méition of the limited resources. However,
the faster growth rate of lake trout in Inarijamay be partly a result of the aquacultural
origin of the species.

Ecological and genetic risks should always be taksio account with fish
introductions and native stocks should be favoumnedthe stocking programmes.
Introductions of non-native species may increasectimpetitive interactions in charr lakes
and thereby be a risk to charr populations in tiiaré. More information and research is
needed on the spawning behaviour of lake troutnarijfrvi. Is it really true that the
species does not reproduce in the lake after 4% ydatocking?
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Appendix 1.3"°C and3™N values of the organisms used to calculate litt@igtoral zoobenthos) and pelagic (Zooplanktoakelines of Inarijarvi.

Sampling method Depth  Organism 3“C 8“N Sampling method Depth  Organism 3°C &N
Ekman 1m Littoral zoobenthos Kick net 0-1m Littoral zoobenthos
Plecotera -19.0 1.8 Dytiscidae adult -25.34.5
Asellus aquaticus 214 24 Dytiscidae larva -26.04.9
Pisidiumsp. -14.0 2.0 Eurycercussp. -25.0 2.0
Megacyclops -22.0 5.3 Lymnaeasp. -23.9 2.2
Hirudinea -21.0 1.6 Plecoptera -30.21.8
Hydracarina -20.8 4.2 Tabanidae -30.33.9
Ostracoda -12.0 5.7 Asellus aquaticus -27.0 29
Eurycercussp. -17.9 15 Gammarus lacustris -23.4 3.0
Chironomidae -20.7 3.6 Araneasp. -26.7 7.4
Oligochaeta -22.5 2.8 Gordiussp. -25.0 6.0
Trichoptera -20.6 3.0 Corixidae -30.7 3.4
Gammarus lacustris -196 2.8 Trichoptera -28.2 3.0
2m Hydrachinidia -21.3 3.9 Chironomidae -27.34.2
Chironomidae -19.8 3.7 Megacyclops -25.6 5.5
Megacyclops* -23.9 5.7 Ephemeroptera -29.32.5
Eurycercussp. -20.1 0.8 Hydracarina -26.6 4.5
Trichoptera -23.9 4.7 Oligochaeta -27.62.8
Ephemeroptera -20.7 1.7 MEAN value -23.2 35
Oligochaeta -205 4.1
Gammarus lacustris -19.8 24 Plankton net 20-0 mZooplankton
Asellus aquaticus -20.4 2.3 Copepoda -31.94.5
3m  Gammarus lacustris -24.4 35 Cladocera -30.1 3.0
Oligochaeta -23.4 3.8 Mixture -30.9 3.7
Chironomidae -23.5 3.1 MEAN value -30.1 3.7
Eurycercussp. -23.6 2.1
Hydrachinidia -23.2 65
Trichoptera -23.6 3.8

* Combined from 2 m and 3 m to obtain sufficieningde size.



Appendix 2.3"°C and3™N values of the organisms used to calculate littirdtoral zoobenthos)
and pelagic (Zooplankton) baselines of Skaidijarvi.

Sampling method  Depth  Organism 8°C 8N
Ekman 1m Littoral zoobenthos
Gammarussp. -26.9 1.8
Chironomidae -23.6 3.6
2m Gammarussp. -28.8 3.4
Trichoptera -28.1 5.1
Eurycercussp. -275 35
Megacyclops -26.9 6.0
Chironomidae -27.8 4.0
Hirudinea 269 7.1
3m Chironomidae -28.4 4.6
Eurycercussp. -28.1 3.6
Hirudinea 277 7.6
MEAN -27.3 46
Plankton net 5-0 m Zooplankton
Mixture -31.2 53
Large Copepods -30.0 6.1
Cyclopoida -31.9 53
Cladocera -306 34

MEAN -30.9 5.0




