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FORORD

Tillatelse til reguleringen av Tesse ble gitt i konsesjon av 3. februar 1941 til A/S
Eidefoss og konsesjon av 26. juli 1941 til Glommens og Laagens Brukseierforening
(GLB). Til AS Eidefoss og de private eierne i GLB ble reguleringskonsesjonene gitt
med en varighet pd 50 &r. GLB forbereder nd sgknad om fornyet konsesjon for
reguleringen av Tesse. I sgknaden vil GLB sgke om & opprettholde reguleringen i
samme omfang som tidligere. Med sgknaden skal det fglge dokumentasjon pi
reguleringens ettervirkninger. GLB har derfor behov for en vurdering av reguleringens
virkning pé fiskebestanden i Tesse.

Det foreligger relativt gode opplysninger om fiskeforholdene i Tesse fgr reguleringen
(Hesthagen & Gunnergd 1980), og i 1979 og 1980 ble det gjennomfprt fiskeunder-
sgkelser av Direktoratet for naturforvaltning (Hesthagen & Gunnergd 1980, 1981).
Etter dette har det i perioden fra 1984 og fram til i dag pagétt omfattende fiskefaglige
undersgkelser i Tesse i regi av Norsk institutt for naturforskning og prosjektet "Bedre
bruk av fiskeressursene i regulerte vassdrag i Oppland” hos fylkesmannen i Oppland.
Undersgkelsene pdgér fortsatt. Formalet med undersgkelsene er & fremskaffe generell
kunnskap om virkningen av fiskeutsettinger, men undersgkelsene gir samtidig om-
fattende kunnskaper om fiskebestanden i Tesse som er verdifulle for forvaltningen av
fiskevatnet, Deler av disse undersgkelsene er rapportert tidligere, for andre deler av
undersgkelsene foreligger det forelgpig upubliserte manuskript og en del data er ikke
rapportert tidligere. For 4 dekke GLBs behov for en fiskefaglig vurdering av konse-
kvensene av Tessereguleringen er kunnskapen fra undersgkelsene i Tesse kort sam-
menfattet ; denne rapporten. De enkelte artikler og upubliserte artikkelmanuskript som
rapporten bygger pa fglger som vedlegg.

Undersgkelsene i Tesse er finansiert av Norsk institutt for naturforskning, NTNF,
NAVF og prosjektet "Bedre bruk av fiskeressursene i regulerte vassdrag i Oppland”
som finanisieres av vassdragsregulantene i fylket. Gjennom de ar undersgkelsene i
Tesse har pagatt har en rekke personer deltatt i arbeidet. Det rettes en spesiell takk til
Vegard Brimi, Berre K. Dervo, Heidi Eriksen, Arne Fjellheim, Leidulf Flgystad og
Jostein Skurdal for medvirkning i undersgkelsene,
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1. SAMMENDRAG

Rapporten gir en sammenfattet vurdering av konsekvensene av reguleringen av Tesse,
Lom kommune, Oppland fylke, for aurebestanden i vatnet. Rapporten er skrevet for &
tjene som underlagsdokumentasjon ved Glommens og Laagens Brukseierforenings
sgknad om fornyet konsesjon for reguleringen av Tesse. Rapporten er basert pa en
rekke fiskeribiologiske undersgkelser i vassdraget. En mer detaljert beskrivelse av
enkeltundersgkelsene i form av publiserte artikler og upubliserte manuskript fglger som
vedlegg til rapporten.

Undersgkelsene viser at aureproduksjonen i Tesse er redusert etter reguleringen, selv
om vatnet fortsatt er et bra fiskevatn. Rekrutteringsmulighetene for auren er redusert
gjennom avstengning av utlgpselva, tgrrlegging av gyteplasser i strandsona ved ned-
tapping vinterstid og overfgring av breslamholdig vatn fra Veo til hovedinnlgpselva
Smédgla. Den mest alvorlige konsekvensen av reguleringen for aureproduksjonen i
Tesse er imidlertid at nzringsdyrproduksjonen i vatnet er redusert som fglge av vann-
standsvariasjonene og redusert siktedyp som fglge av overfgring av breslam fra Veo.
Reduksjonen i nzringsdyrproduksjonen synes 4 ha redusert vatnets kapasitet til &
produsere aure. Skadene pa aureproduksjonen kan derfor ikke kompenseres fullt ut
gjennom utsetting av settefisk. For reguleringen var den &rlige avkastningen av aure i
Tesse 7.4 kg/ha, mens en etter reguleringen ikke kan forvente 4 oppnd avkastninger av
aure over 2.5 kg/ha pr. ar.

2. OMRADEBESKRIVELSE

Tesse (853.9 m o.h.) ligger i Lom kommune, Oppland fylke. Vatnet er regulert til
kraftformél og reguleringshgyden er 12.4 m. Magasinet rommer 130 mill. m3. Tesse
har et overflateareal pa 1 426 ha ved hrv og 937 ha ved Irv. Maksimaldypet er 64 m.

Tessemagasinet har et nedbgrfelt pa 380 km?2 som gir et midlere rlig tilsig pa 230 mill.
m3, Nedbgrfeltet drenerer hgytliggende omrider i Jotunheimen, og etter overferingen
av elva Veo, som naturlig drenerte til Sjoavassdraget, er tilsiget blitt sterkt pavirket av
breslam, noe som har medfgrt sterkt redusert siktedyp (2 - 7 m). Vanntemperaturen
sommerstid ligger normalt mellom 10 og 15 °C,

I strandsona bestar bunnsubstratet av stein, med unntak av de sgrligste og nordligste
delene hvor bunnen bestar av sand. P4 stgrre dyp bestir bunnen av gytje.

Aure er eneste fiskeart i Tesse. Fiskeretten tilhgrer Vardalen grunneierlag. Det drives et
aktivt fiske i vatnet. De fiskeberettigede fisker med garn (35 mm maskevidde) og oter,
~mens almenheten har adgang til stangfiske og oterfiske fra land ved kjgp av fiskekort.
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3. AUREBESTANDEN 1 TESSE

Fisket p& Tesse har lange historiske tradisjoner, Det er gjort funn av garnsgkker som
viser at det foregikk et aktivt fiske i vatnet s langt tilbake som i perioden 600 - 1000 e.
Kr. Det foreligger gode oversikter over avkastningen i Tesse pa 1930 tallet som viser at
det tidligere var et usedvanlig produktivt aurevatn. Det ble da rlig fanget ca 9 000 kg
(7.4 kg/ha) aure i Tesse (Hesthagen & Gunnergd 1980).

Etter reguleringen har fisket gatt sterkt tilbake, selv om Tesse fortsatt mé kunne regnes
som et godt fiskevatn, Avkastningen har i perioden 1979 - 1992 variert mellom 0.60 -
2.47 kg/ha (x = 1.75 kg/ha). Stgrrelsen og kvaliteten pa fisken er fortsatt god.
Middelstgrrelsen for fisk i ordinzre fangster varierer mellom 267 - 369 g.

Reguleringen av Tesse har medfgrt en sterk reduksjon av aurens rekrutterings-
muligheter, Fgr reguleringen var ulgpselva, Tessa, og hovedinnlgpselva, Smédgla, de
viktigste gyteelvene for auren i Tesse. I tillegg hadde gyting i strandsona i selve
innsjgen stor betydning (Sunde 1942). Etter reguleringen har reguleringsdammen
blokkert for vandring mellom utlgpselva og magasinet. Overfgringen av Veo til Smé-

dgla har medfgrt at Smidgla na er sterkt tilgrumset av breslam, og det har foregitt. .

betydelig graving i de nedre deler av Smdadgla, der de viktigste gyteomradene var
tidligere. Etter overfgringen av Veo er det ikke registrert oppgang av gytefisk i Smédgla
(Hesthagen & Gunnergd 1980). En undersgkelse av Hesthagen & Fijellheim (Vedlegg
1) viser ogsé at nzringsdyrproduksjonen i Smadgla er betydelig redusert som fglge av
breslammet fra Veo-overfgringen. Nedtappingen av magasinet vinterstid (12.4 m)
utelukker strandsonen som mulig gyteomride. Gytemulighetene til auren i Tesse er
derfor etter reguleringen begrenset til mindre tillgpsbekker til Tesse. De viktigste er
Ilva, Krokatebekken, Navirseterbekken og Silongsbekken.

Vannstandsvariasjonen i kraftverksmagasin medfprer som regel betydelige reduksjoner
1 bunndyrfaunaen i strandsona gjennom tgrrlegging og innfrysing av nzringsdyr og
utvasking av naringsstoff fra bunnen i reguleringssona (Grimis 1962). Dette er
dpenbart ogsi tilfelle i Tesse. Marflo og skivesnegl, som var viktige naeringsdyr for
auren fgr utbyggingen (Sunde 1932), er ikke lenger pdvist i magasinet. Ogsé
produksjonen av andre n®ringsdyr som lever i strandsona m3 forventes 4 vare be-
tydelig redusert i og med den relativt store reguleringshgyden pi 12.4 m. Reduksjonen
i nzringsproduksjonen i strandsona ma forventes & vzere ytterligere forsterket pd grunn
av overfgringen av Veo. Breslam fra Veo har medfgrt kraftig reduksjon av siktedypet i
Tesse fra 8 - 10 m fgr reguleringen (Huitfeldt-Kaas 1906) til 2 - 7 m i dag avhengig av
hvor mye vann som overfgres fra Veo. Dette reduserer lysmengdene nedover i vann-
massen, og derved primerproduksjonen pd dypere vann.

- Tapet av marflo og skivesnegl som naringsdyr for auren i Tesse, er forsgkt erstattet
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ved utsetting av skjoldkreps (Lepidurus arcticus) (Per Aass, upubl.). Skjoldkrepsen
har vist seg & kunne tolerere betydelig reguleringshgyde, og er i flere regulerings-
magasin et helt avgjgrende nzringsdyr for aure (Aass 1969). Utsettingen har imidlertid
ikke slatt til (Hesthagen & Gunnergd 1980). Skjoldkrepsen finnes naturlig i vatn som
drenerer til Tesse. Dersom forholdene i Tesse var egnet for skjoldkreps ville den trolig
ogsd kolonisert Tesse.

Aure av Tessestammen (bade naturlig rekruttert og utsatt) utnytter bide strandsona og
de frie vannmassene. Smé fisk (< 22 cm) oppholder seg ner utelukkende i strandsona
(Vedlegg 2 og 3). Dette er et vanlig forhold i mange store dype aurevatn i Norge
(Haraldstad & Jonsson 1983, Hegge et al. 1989, Jonsson 1989), og sarlig nir vatna er
regulert (Vedlegg 3). I strandsona lever sméfisken tett knyttet til bunnen pi grovkornet
substrat som gir gode skjulemuligheter og livnarer seg vesentlig av naringsdyr som er
tilgjengelig nede ved bunnen, som vanninsekter, linsekreps og gelekreps (Vedlegg 4).
Sterre fisk utnytter i stor grad de frie vannmassene, og ernaringen er dominert av de
store planktonkrepsdyrene Daphnia longispina og Bythotrephes longimanus og av
overflateinsekter. I og med at Tesse er en relativt stor og dyp innsjg, utgjgr de frie
vannmassene en stor del av innsjgens plass- og naringstilbud. Ettersom neer all smé-
fisken oppholder seg i strandsona, blir fisketettheten der relativt stor sammenlignet med
fisketettheten i de frie vannmassene. Konkurransen om plass og mat blir derfor hard i
strandsona. Dette forsterkes av at bunndyrfaunaen i strandsona er redusert som fglge av
reguleringen. Neerings- og konkurransesituasjonen for auren synes derfor 4 vere best i
de frie vannmassene. Arsaken til at sm3 aure begrenser sin habitatbruk til strandsona,
hvor konkurransen om plass og n:ring synes langt hardere, er trolig at smiauren er
avhengig av tilgang pa skjul som beskyttelse mot predasjon og aggressjon fra stgrre
aure. Tilgangen til nzring og plass har avgjgrende betydning for overlevelsen til smi-
aure (Chapman 1966), og dette medfgrer derfor en flaskehals i vatnets kapasitet til &
produsere aure (se vedlegg 3).

Reduksjoner i aurens rekrutteringsmuligheter kompenseres ofte gjennom utsetting av
aure. I Tesse er gjeldende utsettingspilegg 25 000 1-somrige aure av uspesifisert
stamme. Det har bade vert benyttet settefisk av stedegen stamme og av to fremmede
stammer, Tunhovdstammen og Bjornesstammen. Som et ledd i undersgkelsene av
tilslaget pa fiskeutsettingene i Tesse har en variert utsettingsmengden fra de palagte
25000 1-somrige settefiskene og helt ned til 0 i noen ir (Tabell 1). Settefisken har vart
merket, slik at det har vaert mulig 4 skille mellom naturlig rekruttert aure, utsatt stedegen
aure og utsatt aure av fremmed stamme. Oppgangen av gytefisk i tillgpsbekkene til
Tesse har samtidig veert overviket ved hjelp av ruser, og disse registreringene har vist
at utsatt aure av fremmed stamme ikke har gétt opp i gytebekkene for 4 gyte. En mé
derfor kunne anta at utsettingen av fremmed fisk i Tesse i liten grad har medfgrt
pavirkning av den stedegne aurestammens arveegenskaper. Utsatt fisk av Tesse-
stammen har derimot gitt opp i gytebekkene.
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Tabell 1. Antall settefisk av stedegen og ikke stedegen stamme utsatt i Tesse i
perioden 1952 - 1992,

Stedegen fisk Ikke stedegen fisk
Ar Antall Antall Stamme
1952-79 0 10000 -
1980 7 800 10 000 Bjornesfjord
1981 8 000 15000 Tunhovdfjord
1982 9 000 17 000 Tunhovdfjord
1983 12 000 15000 Bjoresfjord
1984 12 000 15 000 Bjornesfjord
1985 12 000 16 000 Bjornesfjord
1986 12 000 12 000 Tunhovdfjord
1987 10 000 0 -
1988 0 0 -
1989 0 0 -
1990 3320 0 -
1991 14 300 0 -
1992 10 865 0 -

Det har vert betydelig variasjon i avkastningen av aure og i fangst pr. garnnatt i Tesse i
undersgkelsesperioden (Figur 1). Variasjonene i fisket synes imidlertid ikke & vare

" positivt korrelert med de store variasjonene i den mengde fisk som érlig ble satt uti

Tesse. Storparten av den utsatte fisk som ble gjennfanget ved ordinzrt fiske pa Tesse
ble fanget 3 - 5 &r etter utsetting (ikke stedegen settefisk er stgrre enn stedegen settefisk
ved utsetting og kommer noe raskere inn i fangstene). Utfra utsettingsmengdene skulle
en derfor forvente stgrst avkastning i perioden 1984 - 1989. Det beste fisket var
imidlertid i drene 1980 - 1982, 1991 og 1992, mens fisket var darligst i 1986 og 1987.
De lave avkastningstallene for 1986 og 1987 skyldes delvis lav fiskeinnsats disse
drene, men spesiellt sammenlignet med den pafglgende perioden 1988 - 1992 da
fangstutbyttet var sterkt gkende, forklarer variasjonen i fiskeinnsats pa langt nzr hele
forskjellen i fisket. Det kan derfor synes som om fiskeutsettingene ikke har gitt
vesentlig bedring av fisket, snarere tvert om. Avkastningen av naturlig rekruttert fisk
avtok sterkt fra perioden 1979 - 1982 og fram til et bunn-niv4 i 1987, for deretter 4 gke
fram til 1992. Selv om tendensen i svingningene ikke er entydige for alle &r, tyder
undersgkelsene pa at fiskeutsettingene har hatt negativ innvirkning pa produksjonen av
naturlig rekruttert fisk, slik at effekten av utsettingene for totalavkastningen i vatnet har
veert darlige. Dette skyldes etter all sannsynlighet tetthetsavhengig konkurranse (Ved-
legg 5, se ogsa vedleggene 2, 3 og 4), og tilsier at utsettingsmengden har vart for stor i
forhold til vatnets kapasitet til 4 produsere fisk etter reguleringen. Sikrere viten om
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utsettingenes effekt pd aureproduksjonen vil en imidlertid fi nar undersgkelsene er

fullfgrt i 1996.
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Figur 1. Arlig avkastning, fangst pr. innsats og fangstinnsats ved garnfiske i Tesse i

perioden 1979 - 1992,

Serlig lite hensiktsmessig synes utsettingen av aure av de to ikke stedegne stammene,
Bjornesfjordstammen og Tunhovdfjordstammen. Undersgkelser av aurens habitatbruk
(Vedlegg 2) har vist at mens aure av Tessestammen oppholder seg i strandsona til den
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nér en stgrrelse pa ca 22 cm for deretter vesentlig & oppholde seg i de frie vannmasser,
blir den utsatte fisken av Bjornesstammen og Tunhovdstammen varende i strandsona
gjennom hele livet. Ettersom utsatt fisk av stedegen stamme har samme habitatbruk som
naturlig rekruttert fisk i Tesse er det rimelig 4 anta at forskjellene i habitatbruk er
genetisk betinget. Stgrre aure er kjent for & undertrykke mindre aure. Utsetting av
aurestammer som oppholder seg i strandsona gjennom hele livet vil derfor forsterke
konkurransepresset pd sméaauren i strandsona, og ma derved forventes 4 virke negativt
inn pa sméaurens overlevelse og vekst.

Det er forelgpig for tidlig & fastsla hvorvidt utsetting av settefisk kan gi en positiv effekt
pa avkastningen av aure i Tesse. Det vil kommende Ars resultater gi bedre informasjon
om. Det er imidlertid dpenbart at den palagte utsettingsmengde pa 25 000 1-somrige
settefisk er for stor. Ved eventuelle fremtidige fiskeutsettinger i Tesse bgr det videre
kun benyttes fisk av stedegen stamme, slik at forsterket konkurranse som fplge av
utsetting av fisk som kun utnytter de begrensede ressursene i strandsona unngés. Bruk
av stedegen stamme er ogsd gnskelig utfra hensynet til 4 bevare den opprinnelige
aurestammen i Tesse, som har eksistert i vatnet i minst 1 000 r (trolig mye lengre). For
4 minimere konkurransepresset fra utsatt fisk pa den naturlig rekrutterte auren i Tesse,
kan det ogsd veere aktuellt 4 g& over til 4 bruke 2-arig settefisk, idet 2-irig settefisk
(forutsatt stedegen stamme) vil veere tilstrekkelig stor til 4 utnytte de frie vannmasser
allerede ved utsetting, og derved i mindre grad medfgre gkt fisketetthet i strandsona (se
vedlegg 3).

Undersgkelsene i Tesse viser at det ikke er mulig & iverksette tiltak som fullt ut
kompenserer for reguleringens negative innvirkning p4 aureproduksjonen i vatnet.
Dette fordi reduksjonen i nzringsdyrproduksjonen ikke kan kompenseres. Stgrste ar-
lige avkastning av aure i Tessemagasinet i undersgkelsesperioden var 2.47 kg/ha. Det
synes ikke realistisk 4 kunne oppnd betydelig hgyere varig avkastning en det, selv ved
optimalt valg av utsettingsmengde, settefiskstgrrelse og stamme.
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EFFECTS OF TRANSFERRING GLACIER-FED WATER TO A

FOOD ORGANISMS OF BROWN TROUT (SALMO TRUTTA L.) IN
SOUTHERN NORWAY |

TRYGVE HESTHAGEN
Directorate for Nature Management, Fish Research Division, Tungasletta 2, N-7000 Trondheim, Norway

AND

ARNE FIELLHEIM _
University of Bergen, Zoological Musewm, Muséplass 3, N-5014 Bergen, Norway

ABSTRACT

The effects of transferring glacier-fed water to a clear-water river on production and food organisms of brown trout
(Salmo trutta L.) were investigated in a mountain river, in southern Norway. Production in unregulated fluvial habitat
was 271-5 g 100 m? yr ! compared with 103-1 g 100 m~? yr~!in a glacier-fed reach of the river, This difference was
due to low fish density and recruitment rate. The growth rate, at least for younger fish (2+ to 4+ age groups), was
significantly higher in the regulated reach of the river. The main difference in food composition was the low
abundance of crustaceans Eurycercus lamellatus and Gammarus lacustris in the regulated reach. Trichopterans were
the main diet component in both sites.

KEY WORDS Water transfers Turbid water Brown trout Fish production Food organisms

INTRODUCTION

Hydroelectric power development of Norwegian rivers may involve the transfer of highly turbid waters
(Ribberdt, 1976; Lillehammer and Saltveit, 1979). Long-term exposure to suspended solids and
sediment deposition may impair fish production dve to recruitment failure (Stuart, 1953; Campbell,
1954; Herbert and Merkens, 1961} and increased migration (Borgstrdm, 1973; Barton, 1977; Aass,
1979). Behavioural modifications suggest that the fitness of salmonid populations which are exposed to
short-term pulses of suspended sediment may be reduced (Berg and Northcote, 1985). Turbid water may
also have detrimental effects on the benthic fauna (Rosenberg and Snow, 1975; Armitage, 1984).
This paper discusses the effects of turbid water on food organisms and brown trout production in the
tiver Smddgla in southern Norway, which receives glacier-fed water from the neighbouring river Veo.
The river is morphologically similar above and below the transferring site, and it is therefore assumed
that any negative effects of the regulation could be studied by comparing data from these two sites,

STUDY AREA

The river Smadgla is situated in Jotunheimen in southern Norway (Figure 1), and the study area is located
at an altitude between 1070-1080 m above sea level. The unregulated basin of the river is 93 km?, and
bedrock is largely composed of gabbro. The vegetation cover along the river consists of grass and bushes,
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Figure 1. Geographic location and the basin areas of the rivers Smadgla and Veo including that of the lake Tesse reservoir. Areas [
and I represent the study area in unregulated and regulated reaches, respectively. {Redrawn frorm Walseng and Halvorsen, 1986).

while areas of birch are found on valley slopes. The elevated parts of the basin area are bare rock. Only a
few small lakes are located in the catchment. A group of small mountain farms are located in the valley
(Figure 1), but today only a few cattle graze in this area. The river Smadgla is between 20-50 m wide and
has a gentle slope which alternates between shallow fluvial (5-40 cm) and deeper lacustrine habitats
{1:0-2-5 m). The river bed on riffle areas consist mainly of large stones (15 to 45 cm diameter) with
paiches of boulders. Large amounts of sediments have scttled on the river bed in the regulated part of the
river. Vegetation is relatively scarce in the unaffected part of the river Smidgla, while the green algae
Microspora amoena (Kuetz) has developed a dense cover in some riffle areas below the transferring site.
The regulation of the river Smadgla began in December 1963. The waterflow from the neighbouring

- river Veo is carried through a tunnel, which ends on the valley slope about 1200 m above the lake Nedre

Smédalsvatn (Figure 1). The river Smadgla flows into Lake Tesse which is used as a reservoir for
hydroelectric power production. The river Veo originates in glacial areas (Figure 1), and carries highly
turbid water. Seston values in the river have been measured at nearly 100 mg 1"}, compared
with < 1:0 mg 1" in the unaffected reach of river Smadgla (Blakar, 1976). High amounts of sediment
have settled in the lake Nedre Smédalsvatn, which is now nearly filled with clay. The total basin area of
the river Veo is 200 km?, of which 155 km? is transferred to the river Smadgla. The tunnel inlet is located
at an aititude of 1255 m.

Mean annual discharge in the unregulated river Smadpla is 2-03 m?s™!, compared with
336 m®s~!in the river Veo at the tunnel inlet. Based on basin areas and specific run-off data (Table I),
the river Veo annually contributes 685 per cent of the discharge in the river Smadgla measured at the
outlet from the lake Nedre Sméadalsvatn. The discharge is high from mid-May to August, with peak levels
in June (25 m® s7!, Figure 2). Winter discharge is low, mostly below 3-0 m*s™.

L
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Table I. Specific run off (15~ km™?) and mean annual discharge for the
rivers Veo and Smadgla

Basin area Run off Mean annual discharge
River (km™?) (1s7'km™3) (m?s™h) (m® x 10%)
Veo 155 21-69 336 106
Smadgla 93 16-63 2-03 49

Brown trout is the only fish species present in the river Smadgla. The river Veo did not originally
contain any fish, but in recent years the river has been stocked and a small population of brown trout is
now established.

The climate in this area is typically continental with relatively high summer temperatures and low
amounts of rain. Mean annual precipitation at Vigimeo, which is located about 22 km from the Smadalen
valley, is 326 mm. The mean air temperature is 11.1°C from May to September.

METHODS

Sampling stations were located about 3 km above the transfer site (Figure 1, Area 1), and 500-800 m
below this outlet (Figure 1, Area II}. Brown trout were collected with bottom gill nets in mid-September
1983, and with an electrofishing apparatus (1600 V, D.C., unloaded) during the same time period in
1984.

The gill nets were 32 m x 1-5 m, and consisted of panels of eight different mesh sizes (bar meshes
between 10-45 mm) which were 4 m long. One serie of gill nets consisted of three nets, and the various
panels were placed in different combinations in each net (State Pollution Control Authority, 1982). Gill
netting was carried out in lacustrine habitats only.

Electrofishing was conducted at ten sites in fluvial habitat, covering 675 m? above and 1184 m? below
the outlet from the river Veo. These sites were located in areas with similar bed gravel (15~45 cm
diameter) and water depth (10-30 c¢m). Density estimates were made by using the removal method and
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Figure 2. Mean average monthly discharge in the river Smadpla at the inlet of the reservoir Tesse )
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each site was electrofished twice. Catchability and density estimates were derived from the least-squares
regression of cumulative catch (x), on catches in each sampling run (v). Fish density is presented as the
mean number of fish 100 m™* based on a common catchability (Bohlin, 1981) which was estimated as
-0:57 in both areas. The sampling was carried out at low waterflow (about 4 m’ s™'), when the turbidity
level in the regulated reach was also low.

Ages were determined by using both scales and otoliths (Jonsson, 1976). In many cases, trout had not
formed their first scale annulus. Most of the collected fish were frozen after sampling, and total length
(0-1 cm), weight (1 g) and degree of sexual maturity (Frost and Brown, 1967) were determined later.
Mean length and weight-for-age are based on pooled data from both 1983 and 1984, and differences in
growth rates were tested by Student #-test (Sokal and Rohlf, 1969). The instantaneous rate of total
mortality was estimated from the age-frequency distribution (Ricker, 1975).

Average production for all fluvial stations, was individually analysed for regulated and unregulated
. reaches of the Smédgla. Calculations for different age groups used the formula P = GB where
- G = instantaneous growth-rate, estimated as the difference befween natural logarithm of mean weight of
fish in age groupstand ¢ + 1; and B = arithmetic means of standing stock (density times mean weight) of
age groupst and s + 1. The density of different age groups was obtained by dividing the mean density for
all fluvial stations on the basis of the age-frequency distribution in electrofishing catches.

Stomach contents of trout were sorted according to groups and species. The relative composition in %
volume was estimated using the points method of Hynes (1950).

RESULTS

Fish population

Trout density in fluvial habitat estimated from electrofishing data averaged 17.9 fish 100 m~? in the
unregulated reach, while the corresponding value in river sections carrying highly turbid water was 5-2
specimens. With one exception, fish densities were higher in all stations in the unregulated river reach
(Table IT). The gill net catch in lacustrine habitat was twice as high in the unregulated river Smadgla (50
fish) as that in the glacier-fed reach (26 fish).

No difference was found between the age structure of unregulated and regulated reaches y* = 0-32;
df = 2; P > 0-05), when comparing the number of fish aged = 4+, 5+ and = 6+ caught in gill néts in
lacustrine habitat (Figure 3). Very few fish of age < 4+ were caught at these sites. Age structure observed
in the fluvial regulated and unregulated reaches of the river differed significantly x* = 931; df = 6;
P < (+05). This was due to low recruitment (O+ and 1+ age groups) in the regulated area. There were no

Table II. Density of brown trout in unregulated (UR) and
regulated (R) fluvial habitats in the river Smadgla

Area Density
Station (m?) {100-m=%)
UR 1 216 73
UR2 144 20-3
UR 3 135 271
UR 4 100 183
UR § 80 25-9
R1 80 16-8
R2 300 4-5
R3 576 3-4
R 4 108 57
RS 120 71
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Figure 3, Age—frequency distribution of fish (A) caught by gill nets and (B) caught by electrofishing in the unregulated and
regulated reaches of the river Smadgla. (B) also shows the equation between logarithm of number to age versus age: y = ax + b,
where ¢ is the instantaneous rate of total mortality, r = correlation coefficient, and N = number of fish caught

significant differences in the instantaneous mortality rates, which were 0-50 and 0-53 in these two reaches,
respectively (analysis of covariance, P > 0-05, Figure 3B).

Mean weights of 2+ to 4+ brown trout from the glacier-fed reach were significantly larger than
specimens of the same age from the unaffected reach (t-test, P < 0:05, Table IIT). However, for fish of

age 5+ no significant differences in size were registered. Differences in growth for trout of higher age
were inconclusive.

Production in the unregulated fluvial habitat was 271-5 g 100 m™? yr! for ages 0+ to 7+ (Table 1V).
The highest production (31 per cent) occurred between the 4+ and 5+ age groups. Mean production
estimated for ages O+ to 8+ on the regulated reach was 103.1 g 100m~2yr~'. Younger age groups
constituted a relatively higher fraction of production on the regulated reach of the river Smadgla.

Food organisms

The bulk of ingested food consisted of aquatic insect larvae (Table V). Generally Trichopera larvae
were the most important group. Most of the trichopterans eaten belonged to the family Limnephilidae, of
which Potamophylax sp. dominated. Chironomids also formed an important part of the diet, especially at
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Table III. Mean length (%], cm) and weight (¥W, g) of brown trout caught in the unregulated and regulated reaches of
the river Smidgfla in September 1983 and 1984, Standard deviation in parentheses. N = number of fish in each age

group

Unregulated Regulated
Age x1 (5.D.) W (D) N 7l (8.D) W (&b} N
0+ 36 (0-32) 05 (0:2) 6 3-6 (0-07) — — 2
1+ - 73 (0-56) 49 (-2 31 77 (¢-70) 50 (1-1) 6
2+ 10-0 (1-00) 11-4 31y 27 11-0 (1-24) 14-8 48 21
3+ 12-7 {1-47} 23-8 (10-2y 18 13-9 (1:33) 30-9 (9-0) 12
4+ 15-3 (0-77) 38-9 (8-6) 14 17-6 (2:12) 65-9 (22-9 9
5+ 19-9 (2-32) 90-1 (35:5) 31 19-6 (1-78) 90-1 (26-4) 14
6+ 222 (1-89) 118-2 (28-2) 14 22-6 {1-22) 130-8 (246) 4
7+ 236 (1-82) 153-4 (36:2) 6 23-0 0-61) 141-0 (14-6) 6
8+ 231 — 130-0 — 1 25-2 (2-30 195-5 (40-0) 3
9+ 36-5 — 406-00 — 1

10+ 29-8 — 256-0 — 1

the regulated site (435 and 35-8 volume per cent in 1983 and 1984, respectively). Cranefly larvae,
mayflies and stoneflies were also important food items, at both the regulated and unregulated sites.
Terrestrial animals were only a minor constituent of the diet.

The most striking difference between the two localities was demonstrated by the crustaceans.
Eurycercus lameilatus (O. F. Miiller), which formed 16 per cent of the trout food at the unregulated site
in 1983 and 1984, was not found in the stomachs of trout from the regulated area. Gammarus lacustris
" (Sars) was also more abundant at the regulated site (12-4 per cent in 1983). A y’-test based on observed
frequencies of fish stomachs containing crustaceans showed significant differences for E. lameflatus in
both years (P < 0-001). G. lacustris was eaten with significantly greater frequency at the unregulated
lacustrine sites in 1983 (P < 0-05). This species was an unimportant food item for fish in fluvial habitat
(1984) in both reaches.

DISCUSSION

This study documents lower trout production in regulated fluvial habitat influenced by glacier-fed water
carrying high turbidities as compared with unregulated areas having clear-water conditions. This
difference in production was mainly due to low fish density, through inferior recruitment rate. There was
no significant difference in mortality rates for fish caught in these two reaches.

Low recruitment rate below the transfer site of turbid water in the river Smadgla may be due to
reduced survival of eggs and alevins. High mortality has been demonstrated in several studies of the
young stages of salmonids in water containing high amounts of suspended matter. If silt and mud

Table IV. Production (g 100 m~2 yr‘"l) of brown.trout in the
unregulated and regulated reaches of the river Smidgla

Age groups Unregulated Regulated
0+/1+ 317 36
1+/2+ : 314 16-1
2+/3+ 41-4 23-6
344+ 331 31-6
4+/5+ 84-5 11-3
5+/6+ 32:0 9-8
6+/7+ 17-4 135
7+/84+ 56

Tatal 271-5 ' 103-1
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Table V. Volume % composition of different food items in the diet of trout at the |
unreguiated and regulated reach of the river Sméadgla

Unregulated Regulated
Year 1983 1984 1983 1984
Number of fish examined 43 62 24 38
. Gastropoda 1-8
Bivalvia 2-8
Hydracarina 0-2 1-2 0-6
Crustacea:
Eurycercus lamellatus (O F Miiller) 16-4 16-9
Gammarus lacustris Sars 12-5 1-9 1-4
Ephemeroptera:
Baetis rhodani (Pictet) 0-2 4.7 1-4
Baetis sp. 5-9 36
Ameletus inopinarus Eaton 0-1
Siphlonorus sp. 2-5 05
Ephemeroptera im. 4-3
Total Ephemeroptera 0-3 11-5 5-9 55
Plecoptera:
Nemoura cinerea {Retzius) 1-1 65
" Nemurella picteti (Klapalek) 0-9
Isoperla sp. 0-3 6-2
Taeniopteryx nebulosa (L.) 07 1-3
Plecoptera 1. indet. 09 2-8 1-0 0-7
Isoperla obscura im. (Zetterstedt) 02
Plecoptera im. 1-6 36
Total Plecoptera 39 7-1 83 85
Trichoptera:
Rhyacophila nubila (Zetterstedt) 1-2 3-3
Potamophylax sp. 11-0 5-7 12-6 3-8
Apatania sp. 0-2 1-1 07
Limnephilidae indet. © 242 9-7 82 14-8
Trichoptera 1. indet. 41 55 1-4 136
Trichoptera p. 1-3 1-5 0-4 0-9
Trichoptera im. 1-4 0-2 34
Total Trichoptera 42:0 23-8 23-3 425
- Chironomidae L 4-6 21-6 43-5 35-8
Chironomidae p. 0-1
Simuliidae 0-8 0-6
Tipulidae 13-1 9-7 16-5 4.1
Coleoptera 0-4 0-4 1-3
Terrestrial animals - 22 5-1 1-3

remained in contact with eggs and alevins of brown trout, death occurred quickly (Stuart, 1953).
However, young stages could survive adverse conditions for shorter periods of time. Campbell (1954)
found high mortality in the eye-egg stage of rainbow trout due to silt deposition, while in a clear-water
stream the mortality was low. Similarly, a study carried out by Shelton and Polloch (1962) showed a
negative correlation between the amounts of sediment load and survival of chinook salmon. However,
hatching experiments and recruitment studies of Atlantic salmon did not reveal any detrimental effects of
sedimentation (Andersen and Langeland, 1977). These results may be due to low sedimentation in
salmon spawning areas which have high discharge levels.

Some small clear-water tributaries drain into the regulated reach of the river Smidgla. Gill netting
outside the outlet of one such stream yielded a relatively high catch, including several mature specimens.
This indicates that such refuges of good water quahty may be important areas of reproduction of brown
trout in turbid rivers.
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Pulse dynamics appeared to be important in affecting the initial response of juvenile coho salmon to
suspended sediment. An ‘alarm’ reaction was observed during episodes of sudden increase (Berg and
Northcote, 1985). They suggest that in the field the ‘alarm’ reaction may bring about a displacement away
from the sediment source of fish downstream. Thus, lower fish densities in the affected reach of the river
SmAadgla may be partly due to a high migration rate induced by turbid water. In fact, high catches of
relatively small-sized trout in lake Tesse reservoir a few years after regulation (Hesthagen and Gunnergd,
1980) strongly indicate such an effect. Detrimental effects of turbid water were also registered in the
catchment area of the river Hallingdalselva in the form of immediate fish kill and a2 high migration rate
(Aass, 1979). In the reservoir Marvatn, brown trout migrated out of the main basin after an episode of
heavy silt deposition load, to areas of less turbid water (Borgstrém, 1973). A short-term drop in the
standing stock of fish just below a highway construction site, was also related to migration to avoid the
high levels of suspended solids (Barton, 1977). Ritchie (1972) also believes that fish may move during
periods of high turbidities to areas with less turbid water.

Reduced trout density below the transferring site in the river Smidgla may also partly be due to habitat
destruction where sedimentation has reduced the complexity of the river bed. Density-dependent
mortality is probably the main factor regulating and lmiting juvenile trout numbers in streams, and
territorial behaviour and the extent of a suitable rearing habitat are important in this respect (Le Cren,
1973; Mortensen, 1977; Elliott, 1984). Saunders and Smith (1965) registered a decrease in brook trout
numbers caused by increased silt deposition. They relate the reduction to habitat destruction, because the
direct effects of silt deposition on trout was low. High sediment loads in the regulated reach of the river
Smaidgla have also reduced the depth of pools, which are important habitat for larger fish. In addition,
exposure to suspended sediment pulses adversely affects territorial and feeding behaviour by interrupting
dominance hierarchies and interfering with the defence of territories (Berg and Northcote, 1985).

Brown trout in age groups 2+ to 4+ grew faster in the regulated turbid water than in the unregulated
clear-water reach. This may be an effect of lower population density and less competition for food.
Treasurer (1976) relates differences in growth rates of Scottish trout stocks to restricted spawning
facilities which may keep the population at a low level, thus placing less limitations on food.

The composition of the diet of trout at both stations was dominated by chironomids and large
case-building trichopterans. No quantitative benthic samples were taken in 1983 and 1984. The benthic
fauna of the same areas were found to be numerically dominated by chironomids and ephemeropterans in
1975 (Borgstrom and Saltveit, 1976).

High sediment loads in rivers generally reduce habitat diversity by clogging interstices. This often leads
to reduced invertebrate diversity (Armitage, 1984; Cline and Ward, 1984). Non-burrowing species
(McClelland and Brusven, 1980; Baekken et al., 1984} and filtering species (Fjellheim and Raddum,
1982) are especially affected. Avoidance of suspended sediments by non-burrowing species is also
demonstrated by drift studies (Ciborowski et al., 1977; Rosenberg and Wiens, 1978).

The most common trichopterans in the stomachs of trout were species building cases of stones. The
anchoring effect of these stones probably prevents heavy drift from the most sedimented areas.

The most marked difference in the diets of trout from regulated and unregulated parts of the river was
the low abundance of crustaceans E. lamellatus and G. lacustris in the regulated area. This is probably
mainly caused by the high load of suspended inorganic matter which results in habitat destruction and
shortage of the particulate organic matter, which is the main food of E. lameliatus (Smirnov; 1962) and
species of Gammarus (Anderson and Sedell, 1979; Welton, 1980). Avoidance of sediment laden
reservoir releases by Gammarus has similarly been demonstrated by Roux (1984). Gammarus is an
important food organism for brown trout (Lien, 1978), and the drop in abundance in the regulated reach
of the river Smédgla has probably contributed to decreased fish production.

The concentration of phosphorus may limit biological production in running water (Harrisrnan, 1978).
Blakar (1976) found considerably higher levels in the river Veo water (maximum 31 ug tot-P { 1) than in
the river Smadgla (maximum 9 pg tot-P 171). In Walla Brook, Horton et al. (1968) concluded that fish
production was limited by lack of a bottom fauna, which in turn had been correlated with a lack of
nutrient salts (Horton, 1961). However, it is assumed that any positive effect of this nutrient salt is
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neutralized by the negative effect of suspended solids and sediment deposition in the river Smédgla.
Mean summer temperatures were approximately 1 °C higher in the unregulated part of the river. This may
also have influenced production.

This study indicates that the transfer of highly turbid water to a clear-water river had reduced fish
production significantly. Fish recruitment is affected, and availability of important food organisms is
sharply reduced.
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Differences in habitat utilization among native, native

stocked and non-native stocked brown trout (Salmo trutta) in a

hydroelectric reservoir

Native and native-stocked brown trout (Salmo trutta) were

spatially segregated according to size. Small individuals
mainly occurred in epibenthic habitat, while larger
individuals were mainly caught in pelagic habitat. In
contrast, all size groups of non-native brown trout were
largely restricted to epibenthic habitat. Age specific lengths
were generally larger for non-native fish than for native
stocked trout, which were larger than native.fish. However,
growth rate (G) between age 3 and 4 was significantly lower
for non-native stocked fish than for native and native stocked

fish. Differences in body length were mainly due to strain,

but also to some extent to habitat. Native and native stocked

fish exhibited a significantly higher stomach fullness in
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pelagic than in epibenthic habitat, with the exception of
native stocked fish in August. Epibenthic non-native fish had
a significantly higher stomach fullness than native and native
stocked fish in July but not in August. Native and native
stocked fish fed mainly on surface insects and plantonic
crustaceans in both habitats. We hypothesized that the non-
native brown trout stocked in Lake Tesse lack a pelagic
habitat utilization in the "home lake", and were therefore
less adapted to utilize such habitat than populations

originating from lakes where pelagic habitat is available.
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Habitat use has important implications for fish
production, and there is now considerable interest regarding
behavior and ecological traits of new or supplementary stocked
fish (O'Hara 1986; Wydoski 1986).

Little is Kknown about whether habitat utilization by fish
from different stocks will be identical when they are offered
identical environmental conditions. There are several examples
of differences in food and habitat use between sympatric
morphs within salmonid species (e.g., Svdrdson 1979; Hindar
and Jonsson 1982; Ferguson 1986; Sandlund et al. 1987). In
contrast, lake plantings of domestic, hybrid and wild strains

of brook trout (Salvelinus fontinalis) and brown trout showed

use of space and food resources similar to that of native
trout (Fraser 1981; Lachance and Magnan 1990; IL'Abee-Lund and
Sa:grov 1991; L'Abee-Lund et al. 1992). Studies of resource
utilization also indicate that an intrinsic preference for
space and food exists in several salmonid species (Olson et
al. 1988).

Stocking of brown trout (Salmo trutta) is widely carried

out to compensate for reduced natural propagation in Norwegian
hydroelectric reservoirs. Most supplementary stocking involves
fry of non-native stocks raised in large central hatcheries.
- This species usually occupy shallow littoral areas (Nilsson
1963; Thorpe 1974; Sviardson 1976; Langeland et al. 1991).
However, in large deep lakes with small littoral zones, brown
trout are also found to exploit pelagic habitats, where they
feed on surface insects and crustacean zooplankton (e.g.
Klemetsen 1968; Haraldstad and Jonsson 1983; Hegge et al.
1989; Schei and Jonsson 1989; Langeland et al. 1991). Such
resource utilization is especially important in hydroelectric
reservoirs where the prey fauna in littoral areas is reduced
by water level fluctuations (Grimds 1962). In brown trout,
there are marked differences in habitat utilization according
to size as small and large individuals generally occupy
benthic and pelagic habitats, respectively (Haraldstad and
Jonsson 1983; Hegge et al. 1989; Jonsson 1989).

The purpose of this study was to test the null-hypotheses
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that there are no significant differences in feeding habits
and use of space between native and non-native brown trout.
Lake Tesse, a Norwegian hydroelectric reservoir where
allopatric brown trout exploit both epibenthic and pelagic
habitat, was chosen for our experiments. Two of the most
frequently used hatchery strains in Norway, Tunhovdfjord and
Bjornesfjord, were used for the experiment. As a reference we
also stocked the lake with offspring from native brown trout

stock.

Study area

Lake Tesse is located in southern Norway at an altitude
of 853.9 m above sea level. Lake Tesse was first regulated in
1943, and until 1963 the mean annual water amplitude was 7.3 m
(range 3.7-11.8 m). In 1963, the glacier-fed River Veo was
transferred into Lake Tesse through the River Smédgla
(Hesthagen and Fjellheim 1987). The annual water amplitude
increased to 12.4 m, of which 0.9 m is dammed. The reservoir
covers an area of 937 and 1426 ha at the lowest and highest
water levels, respectively. The catchment area of 430 km?
mainly consists of basic deep rocks such as anortsite and
Valdres sparagmite. Lake Tesse was originally a clear water
lake, but is now heavily influenced by glacier-fed water from
the river Veo. The secchi disc transparency was measured to
4.0 m during the study period in 1989, as opposed to 8-10 m
prior to regulation (Huitfeldt-Kaas 1906). A dominant
proportion of the basin includes areas with depths between 5-
30 m, and the deepest area is 64 m. The pH is near neutral
(6.7) and calcium concentration is of 1.4 mg/1l.

The spawning grounds for brown trout in the outlet of
Lake Tesse were lost due to the construction of a dam.
Further, channalization and transfer of glacier-fed water
strongly reduced recruitment in the inlet River Smadela, which
was the main spawning river. Brown trout gpawn in the lake
along the shore at depths between 3-5 m (Simen Bj¢rgen,
personal communication), and these areas now dry out at low
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water levels during winter. Brown trout also still spawn in

several smaller tributaries which drain into the reservoir.

Methods

Juvenile (age O+) brown trout, originating from both
native and non-native stocks (Bjornesfjord and Tunhovdfjord
strains), were marked and released in Lake Tesse in the
autumn. Non-native fish were raised in circular tanks at
Reinsvoll Hatchery about 250 km south of Tesse and fed
artificial food. The Bjornesfjord strain has been domesticated
since 1966, while the Tunhovdfjord strain originated from wild
parents (Stabell et al. 1988). The fertilized eggs of native
brown trout from Lake Tesse were placed in a hatchery at
Lemonsj¢en shortly after fertilization. The unfed fry were
released in an earthen pond about 10 km from Lake Tesse in
early June, where they fed on natural food items.

During the period from 1980 to 1987, a total of 88000
non-native and 72800 native fish were released in the lake. In
addition, 14000 native stocked fish were released in four
tributaries. Of the non-native fish in the present study,
individuals of age 3+ originated from the Tunhovdfjord strain
while those of age 4+ - 6+ were offspring of the Bjornesfjord
strain. Non-native fish ranged in mean length at release
between 47-60 mm compared to 42-55 mm for native stocked fish.
Juvenile (age 0+) native fish caught in the tributaries
usually range between 35-45 mm.

The fish were marked by removing the adipose and either
left or right pelvic fins of native and non-native
individuals, respectively. Fish released in the tributaries
were marked by removing the adipose fin only. All non-native
brown trout, and those native stocked fish released in 1984-
1987 (age 2+ -~ 5+ at recapture in 1989), were marked. Only 48%
of the 5200 native stocked fish released in the reservoir

during the period 1980-1983 were marked. Non-native fish were
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marked prior to transportation from the hatchery.

The number of circuli in the scales can be used to
separate naturally produced and stocked brown trout (L'Abee-
Lund and S:grov 1991). We counted the number of first-vyear
circuli on scales from fish of known origin, e.g. those of age
2+ - 5+. Based on the number of first-year circuli (C) of
classified stocked and native fish, we performed an

unstandardized canonical discriminant function:
D =>-3.003 + 0.5280 C

which grouped 79.1% of native brown trout as native and 71.1%
of stocked brown trout as stocked. We used this function to
classify fish of age 6+ - 8+ as either native or native
stocked. |

Prior to stocking in late August/early September, fish
from both groups were mixed and placed overnight in a net cage
in the reservoir. The fish were released along the shore
throughout most of the reservoir except for the northern and
southern parts where the littoral bed consists of fine gravel.

The fish were caught with 25 m long benthic and pelagic
monofilament nets which were 1.5 m and 6.0 m in vertical
dimension, respectively. Eight nets consisted of panels with
the following bar mesh sizes: 16.6, 21.0, 21.0, 26.0, 29.0,
35.0, 39.0 and 45 mm. Mesh sizes between 21.0 and 45.0 mm
caught brown trout in the 20-38 cm size interval with equal
efficiency (Jensen 1977). Benthic nets were set perpendicular
to the shore at depth ranging between 0-27 m, while pelagic
nets were set at a station about 500 m off shore at depths
between 45-55 m. Benthic nets were used during three 24-h
periods in July covering depth zones 0-10 m. In August,
benthic nets were used during two 24-h periods. Pelagic nets
were used during three 24-h periods in July and one 24-h
period in August, and these nets were set at depths of 0-6 and
6-12 m. The catch per unit effort (CPUE) is presented as the
number of fish caught per 100 m? net area during 24 hours of

fishing. Tests for the goodness of fit by means of chi-square
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analyses were done with actual frequencies.

Each fish was examined for marks, and total length
(millimetres) and weight (grams) were measured. The fish were
aged from scales and otoliths (Jonsson 1976). The scale sample
was taken from the left side of the fish just below the
lateral line (below the adipose fin). Impressions of 4-6
scales were made in celluloid and read using a microfiche
projector. Distances from the focus of the scale to each
annulus and to the outer scale margin were measured. Body
length at age x (SL,) was back-calculated according to the
Fraser-Lee method (Ricker 1975; Francis 1990):

where SL_, is length at capture, SL, is the fish length when
scales first appear, R, is the distance from the focus of the
scale to annulus x, and R, is scale radii at capture. SL, can
be derived from the intercept of the regression of fish length
on scale radius. The relationship between fish length (SL,, mm)

and scale length (R,, mm) is given by the equation:

R, = 0.38 sSL, - 3.42, R*= 0.67, P < 0.00001
In the present study, any estimate of SI, is biased because of
the lack of individuals smaller than 10 cm in the sample.
Therefore we used data from the literature. SL, for brown trout
in Norwegian waters ranges between 35-41 mm (Gunnergd 1966;
Jonsson 1976; Jensen and Johnsen 1982). We choose the value 35
mm in our model. The back-calculated length at age 1 is not
presented because this value may be biased (cf. Francis 1990).

The back-calculated lengths were further converted to
weights from the weight-length relationships by logarithmic
transformation of weights (W, g) and total lengths (L, mm) at
capture. The relationship between weights and lengths is given
by the equation:

In W =2.93 In L. - 4.40, R2=0.97, P < 0.00001
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Growth rates for individual fish were then expressed as the
instantaneous growth coefficient (G), which was estimated from

the formula:
G = log, W, - log, W,
where W., and W, = weight at age t+1 and t, respectively.

The start size of non-native fish was larger than for native
stocked and native fish. This may affect the growth rate
between age 1 and 2. Therefore, we omitted G-value for these
two age groups in our analysis.

Fish stomachs were preserved in 70% ethanol for later
examination with a binocular microscope. The mean percent
composition of each taxonomic category in each stomach was
determined from dry weights which were calculated from body
lengths according to formulas for different tazonomic
categories (Bottrell et al. 1976; Langeland 1982; Hindar et
al. 1988; Langeland et al. 1991). The number of different prey
items in each stomach was counted except for samples
containing a high number of zooplankton, in which case a
subsample of a 1/10 or 1/4 was counted.

We used the Schoener (1968) index to measure overlap in
diet (D) between different trout strains and fish caught in
different habitats:

n
i=1

where p; = the weight proportion of food item i in the diet of
trout strain 1, and g; = the weight proportion of food item i
in the diet of trout strain 2.

Results

Spatial Distribution
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There were no differences in frequencies of native and native
stocked brown trout caught in the epibenthic and pelagic zones
in either July (X?=0.26, P >0.05) or August in Lake Tesse
(X?=0.12, P »0.05). The data were therefore pooled (Table 1).
There was a significant difference in habitat use between
native and native stocked brown trout and non-native brown
trout (both the Tunhovd and Bjornesfjord strain). Non-native
brown trout were strongly underrepresented in the pelagic
habitat (July X* = 59.6, P < 0.0001 and August X? = 12.9, P <
0.01).

Size and Age Distribution

All size groups of non-native brown trout were mainly
restricted to epibenthic habitat (Fig. 1). On the other hand,
both native and native stocked fish were spatially segregated
according to size. 57-58% of naturally recruited and native
individuals < 220 mm occupied epibenthic habitat, while 86-87%
of individuals >220 mm occupied the pelagic habitat. A
Kolmogorov-Smirnov two sample test showed that the length
frequency distributions of fish caught in the epibenthic and
pelagic habitats were significantly different (Fig. 1).

Back-calculated lengths of individuals caught in
epibenthic and pelagic zones showed that non-native fish were
generally significantly larger than individuals of
corresponding age of native stocked fish, which were
significantly larger than native fish (Table 2, ANOVA,
P<0.05). The instantaneous growth rate (G) between age 2 and 3
did not differ significantly between different groups (Fig. 2,
ANOVA, P > 0.05). However, between age 3 and 4, the G-value
for both native and native stocked fish was significantly
higher than for non-native individuals, F, ,, = 14.28, P <
0.00001. Between ages 4 and 5 and between age 5 and 6, the G-
value for native fish was significantly higher than for ﬂative
stocked individuals, F, . = 4.45, P < 0.05 and F,, = 3.53, P <
0.05, respectively. Comparison of growth rate of non-native

fish in age groups > 5 was invalidated due to low numbers
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(n=4).

Fish obtained in the pelagic zone were usually
significantly larger than individuals of corresponding age
obtained in the epibenthic zone (Table 2). Analysis of
covariance showed that the differences in back-calculated
length were mainly due to strain but also to some extent to
habitat, after having removed the effect of age (Table 3).

Feeding Habits
The diets of all three types of brown trout in epibenthic

habitat in July consisted mostly of terrestrial insects and

benthic crustaceans, Eurycercus lamellatus and Sida crystalina

(Fig. 3). However, non-native trout fed more on Mollusca and
other zoobenthos and less on benthic crustaceans than native
and native stocked trout. However, the overall difference in
diet between native and non-native fish and between native
stocked and non-native fish was small as indicated by the high
diet overlap (Schoener index equal to 0.85 and 0.87,
respectively).

Surface insects were less imporant as food for fish
‘caught in the epibenthic zone in August. At that time,
zoobenthos were the dominant food for non-native fish while
Bythotrephes longimanus and Daphnia longispina dominated the

diet of native and native stocked trout. The difference in
diet between native and non-native fish and between native
stocked and non-native fish is illustrated by the relatively
low diet overlap; Schoener index equal to 0.47 for both
categories.

Native and native-stocked fish caught in pelagic nets in
July fed mainly on surface insects (70%). Planktonic

crustaceans B. longimanus and D. longispina made up the main

part of the rest of the diet. In August, surface insects were
of less importance as food for trout in offshore regions, and

D. longispina was the predominant food item. The diet overlap

between native and native stocked trout caught in the pelagic

zone was 0.95 in July and 0.89 in August.
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In epibenthic and pelagic habitats, the stomach fullness
expressed in dry weight of both native and native stocked fish
was significantly higher in July than in August (ANQOVA, P <
0.005, Table 4). There was no seasconal variation in stomach
fullness for non-native fish (epibenthic habitat only, ANOVA,
P > 0.05). Native fish and native stocked fish exhibited a
significantly higher stomach fullness in pelagic than in
epibenthic habitat in both July (ANOVA, P < 0.001) and August
(P < 0.005). Non-native fish had a significantly higher
stomach fullness than native fish in epibenthic habitat,
regardless of season (ANOVA, P < 0.00001), whereas no such
difference was observed in pelagic habitat in July (ANOVA, P >
0.05).

Discussion

The habitat use of native and native stocked brown trout
differed significantly from that of non-native brown trout in
Lake Tesse. Naturally recruited and native stocked trout were
both spatially segregated according to size. Small
individiuals occurred mainly in the epibenthic habitat while
larger individuals dominated in the pelagic habitat. In
contrast, the habitat use of all size groups of non-native
brown trout was restricted mainly to the epibenthic habitat.
The diet of brown trout in the epibenthic habitat mainly
consisted of terrestrial insects and zooplankton. Benthic
foods were of little importance. Brown trout caught in the
pelagic habitat fed almost exclusively on surface insects and

the two planktonic crustaceans B. longimanus and D.

longispina. Pelagic trout utilized a broad part of the water

column when foraging. Observations in summer of higher stomach
fullness of pelagic brown trout compared to those caught in
epibenthic haﬁitat, indicate that food access was temporally
better in the pelagic habitat. This finding is in accordance
with data on the resource base in Lake Tesse, which show low
densities of zoobenthos, while the biomass of zooplankton was

relatively high compared to other Norwegian lakes (unpubl.
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data).

Non-native fish exhibited significantly lower growth rate
than either native or native stocked fish between ages 3 and
4. At this age, there was an increase in the number of
pelagically caught fish, hence, the habitat switch of native
and native stocked fish was manifested in better growth.
Differences in growth rate and longevity is not related to the
maturity pattern as very few non-native fish were sexually
mature compared with native and native stocked brown trout
(unpubl. data). The disappearance of older non-native fish is
prcbably only to a small extent related to size selective
fishery as brown trout in Lake Tesse is harvested with gill
nets of 35 mm mesh size.

Several authors (e.g. Haraldstad and Jonsson 1983;
Jonsson and Gravem 1985; Hegge et al. 1989; Jonsson 1989)
report that small individuals of brown trout prefer epibenthic
habitat despite better food access in pelagic habitats. This
is interpreted by a strong need for shelter in small
individuals to avoid predation and agonistic encounters with
‘larger individuals (Haraldstad and Jonsson 1983; Hegge et al.
1989). This behavior may cause reduced food intake and growth
depression (cf. Brown 1946; Fenderson et al. 1968; Jobling and
Reinsnes 1986). Another study conducted in Lake Tesse
demonstrated that smaller brown trout were more strongly
associated with the bottom than larger fish (Hegge et al.
1993). Accordingly, the most profitable habitat for smaller
brown trout seems to be the epibenthic habitat where fish have
access to shelter among stones. We suggest that the most
profitable habitat for larger individuals In Lake Tesse may be
the pelagic zone where food resources are best.

Spatial segregation within population according to size
appears to represent an ontogenetic niche shift (cf. Werner
and Gilliam 1984). Jonsson et al. (1988) hypothesized that
such habitat shift is brought about by size-related
differences in competitive abilities. However, in spite of a
greater initial length and larger size in all age groups of

non-native fish compared with native and native stocked fish,
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the non-natives remained in the epibenthic zone without
exhibiting any apparent niche shift as exhibited by native
fish. It is unlikely that the larger non-native brown trout
are forced to remain in epibenthic habitat by social
interactions with the smaller native brown trout because the
outcome of agonistic encounters is primarily a function of
size (Bachman 1984).

Differences in habitat use between native and non-native
fish in Lake Tesse, could be due to a delayed phenotypic
response to new environmental conditions. However, size-
related differences between native stocked and non-native
stocked fish were small. Behavioral changes (e.g. habitat
shift) related to experiences during development cannot be
overlooked (Huntingford 1986). Our experimental fish differed
in rearing background; non-native fish were hatchery-reared
whereas native stocked fish were pond-reared. However, the
fact that the diet of hatchery-reared brown trout released in
natural waters differs from native fish shortly after release
{Johnsen and Ugedal 1989) may indicate any habitat shift
- several years later is not related to rearing background.

Segregation in resource utilization has been found in
phenotypically and ecologically different sympatric
populations of salmonids elsewhere {e.g. Svirdson 1979; Hindar
and Jonsson 1982; Ferguscon 1986; Sandlund et al. 1987).
Ferguson (1986) found differences in feeding preference and
habitat use of the three sympatric populations of brown trout
in Lough Melvin (Ireland), and stated that these differences
appear to be genetically controlled. Similarly, native and
native stocked Bjornesfjord and Tunhovdfjord brown trout
largely utilizated the same habitat and were mainly caught in
- the epibenthic zone (L'Abee-Lund and Szgrov 1991, L'Abee-Lund
et al. 1992),

The existence of genetically determined differences
between stocks in characteristics such as behavior, morphology
and physiology is well documented in various fish species
(e.g. Svérdson 1979; Rosseland and Skogheim 1987; Skilason et
al. 1989; Magurran 1990). These differences may be adaptations
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to local environmental conditions (Magurran 1990). Such
characteristics maf influence feeding efficiency {e.g. Kliewer
1970; Schulz and Northcote 1972; Henderson and Northcote 1985;
Townsend énd Winfield 1985; Lavin and McPhail 1986), and
thereby feeding habits and habitat choice. Variation in
habitat choice due to species differences in feeding
efficiency is well documented (e.g. Werner and Hall 1979;
Persson 1987; Ehlinger and Wilson 1988; Hindar et al. 1988).
Differences in food choice also seem to exist among
populations within a single species, e.g. for brown trout in
Lough Melvin which differ in morphometric and meristic
characteristics (Cawdery and Ferguson 1988). In addition,
differences in head morphology of coexisting Arctic charr
(Salvelinug alpinus) in Thingvallavatn (Iceland) appear to be
related to differences in feeding habits (SkGlason et al.
1989). Olsson et al. (1988) suggested that resource
utilization by stocked fish in Lake Ontario is due to
previocusly evolved morphological and physiological traits.

We hypothesized that the rigid use of space by non-native
fish stocked in Lake Tesse may be related to lacking
adaptation to pelagic habitat utilization in their "home
‘lakes". In Lake Bjornesfjorden, with a maximum depth of 6 m,
there is limited pelagic zone (Tysse and Garnds 1990; L'Abée-
Lund and Szgrov 1991). In the regulated Lake Tunhovdfjord, the
pelagic zone is mainly occupied by Arctic charr which were
introduced about 70 years ago (L'Abée-Lund et al. 1992). Thus,
it seems reasonable to hypothesize that brown trout from these
two lakes are specially adapted to exploit epibenthic
habitats, and are less adapted to utilizing pelagic habitat
when stocked in Lake Tesse in the same manner as native brown
trout. As there were only small differences in habitat use
between native and stocked brown trout of native origin, we
suggest that the observed variation between native and non-

native brown trout were influenced by genetic differences.
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TABLE 1. Catch per unit effort for native (NA) native stocked (NA-S) and non-native
stocked (NNA-S) brown trout expressed as catches per 100 m* net area during 24 hours

fishing in the epibenthic (Cy) and pelagic zone (C,) in Lake Tesse in July and August
1989. N=total number of fish caught.

Month Strain G N G, N
July NA 3.48 94 1.32 143
’ NA-S 2.52 68 0.84 51

NNA-S 248 67 0.07 8
August NA 9.75 117 6.00 72
NA-S 7.00 84 4.67 56
NNA-S 2.08 25 0.08 1
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Table 3. Analysis of covariance (back—calculated length at age 2 - 7) of different strains of
brown trout caught in epibenthic and pelagic habitat in Lake Tesse in July and August 1989.

MS  df F-ratio P R?
' 0.302
L2 Age 50.043 1 0.275 0.600
‘ Habitat 1692.095 1 9.284 0.002
Strain 32349.390 2 177.484 <0.000
Residual 182.266 818
: 0.338
L3 Age 25.021 1 0.062 0.803
Habitat 5397.086 1 13.399 <0.000
Strain 78708.225 2 195.404 <0.000
Residual 402.798 763
0.202
L4 Age 16179.158 1 22686 <(.000
Habitat  15997.488 1 22.431 <(.000
Strain 31442.666 2 44,088 <(0.000
Residual 713.184 501
' -0.136
L5 Age 2322.478 1 3.598 0.059
Habitat 1851.031 1 2.868 0.092
Strain 10412.642 2 16.131 <0.000
Residual 645.503 ° 236
0.083
L6 Age 50.142 1 0.113 0.737
Habitat 466.889 1 1.056 0.306
Strain 2773.102 - 2 6.275 0.002
Residual 441946 139
_ 0.143
L7 Age 66.477 1 0.181 0.673
. Habitat 1229.404 1 © 3.348 0.074
Strain 2056.983 1 5.602 0.022
Residual 367.184 44
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TABLE 4. Mean stomach content (mg) measured in dry weight = standard deviation (x, SD) of native,
native stocked and non-native stocked brown trout caught in epibenthic and pelagic gill nets in Lake Tesse

in July and August 1989. N=number of stomachs examined.

Epibenthic

Category July August
x=xS8D N x+x8SD N

Native 107 170 94 18 +30 117
Native stocked - 106 + 140 68  33+72 84
Non-native stocked 185 + 213 67 = 1854213 25

Pelagic
July August
x = SD N x+=SD N
187 = 227 143 67 = 161 50
165 £ 224 91 25 = 30 37
201 +180 8 77 1
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FIG. 1. Length frequency distributions of non-native stocked
(NNA-S), native stocked (NA-S) and native (NA) brown trout
caught in the epibenthic - (black area) and pelagic (open
area) habitat in Lake Tesse in July and August 1989. D=the
Kolmogorov-Smirnov two-sample test statistic for difference in
length distribution between epibenthic and pelagic catches, n,
and n, = number of fish caught in epibenthic and pelagic nets,

respectively. P = level of significance.

FIG. 2. Instantaneous growth rate (G) for native (NA), native
stocked (NA-S) and non-native stocked (NNA-S) brown trout of
different ages in Lake Tesse.

FIG. 3. Percent composition (dry weight) of major prey items
for native (NA), native stocked (NA-S) and non-native stocked
(NNA-S) brown trout caught in epibenthic and pelagic habitat
in Lake Tesse in July and August 1989. Number of stomachs

examined is given above each column.
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JUVENILE COMPETITIVE BOTTLENECK IN THE
PRODUCTION OF BROWN TROUT IN HYDROELECTRIC
RESERVOIRS DUE TO INTRASPECIFIC HABITAT
SEGREGATION

OLA HEGGE
Oppland County Environmental Administration, Statsetatenes hus, N-2600 Lillehammer, Norway

TRYGVE HESTHAGEN
Norwegian Institute for Nature Research, Tungasletta 2, N-7004 Trondheim, Norway

AND

JOSTEIN SKURDAL
Eastern Research Institute, PO Box 1066 Skurva, N-2601 Lillehammer, Norway

ABSTRACT

Resource utilization and growth of brown trout were studied in four deep (mean depths 16:2-37-5 m) Norwegian
hydroelectric reservoirs by benthic and pelagic gillnet sampling. In all the reservoirs supplementary stockings are carried
out. The brown trout were spatially segregated according to size as the habitat use of small individuals ( < 180-220 mm)
was completely restricted to benthic habitats, whereas larger individuals mainly utilized the upper strata of pelagic
waters. [t is argued that the pelagic habitat is the more rewarding, and that small-sized brown trout are forced into the
less favourable benthic habitat through social interactions with larger specimens. This is supported by an increase in
growth of brown trout from their third to fifth year of life, which seems to be related to the shift from benthic to pelagic
behaviour. It is also argued that the conditions for small-sized brown trout may be a bottleneck in the capacity to
produce brown trout in hydroelectric reservoirs with limited benthic feeding conditions, despite ample access to food in
pelagic habitats.

When evaluating the possibility of increasing the yield of brown trout through supplementary stockings, it is therefore
important to consider food and growth conditions for ail age and size groups of brown trout. In reservoirs with poor
benthic feeding conditions it may be necessary to stock with brown trout of sizes that are large enough to utilize pelagic
habitat, to avoid the Hmiting benthic living stage,

KEY WORDS Brown trout Habitat segregation Food Growth Competitive bottleneck

INTRODUCTION

Brown trout commonly prefer shallow benthic habitats, where they feed on benthic prey and surface insects
(Nilsson, 1963; Thorpe, 1974; Svirdson, 1976). In hydroelectric reservoirs water level fluctuations imply
severe reductions of the bottom fauna in the littoral habitat (Grimas, 1962), whereas the impact on the

“production of zooplankton is small (Elgmork, 1970). When benthic feeding conditions are reduced by water

level fluctuations the brown trout may shift to a more pelagic habitat use where zooplankton offer a
profitable feeding refuge (Brabrand and Saltveit, 1988). Such a shift in habitat use may reduce the impact of
the regulation on the production of brown trout. However, in many lakes with pelagic living brown trout, the
trout are spatiatly segregated according to size, as only larger individuals use the pelagic habitat whereas
smaller specimens remain in benthic habitats (Haraldstad and Jonsson, 1983; Hegge ez al., 1989; Jonsson,
1989). If small size groups also remain in benthic habitats in regulated lakes with poor benthic feeding

0886-9375/93/010041-08%09.00 Received 1 October 1991
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conditions, the competition among the smaller individuals may be harsh. This may limit the capacity to raise
young brown trout, and the production of brown trout may be seriously affected by the regulation, even if
valuable food items are available in pelagic habitats,

In this paper we describe the habitat use and growth of brown trout in four relatively deep reservoirs. The
results are discussed with respect to the existence of limitations in the capacity to produce brown trout.

STUDY AREA

The reservoirs are all located in southern central Norway and are all relatively large and deep (Table I). Tesse
and Tisleifjorden have high water level amplitudes whereas the water level fluctuations in Helin and
Slidrefjorden are smaller.

All the reservoirs are inhabited by brown trout of superb quality, which commonly reach sizes of
300-700 g. In Tesse, brown trout is the only fish species. Besides brown trout, the other lakes are all densely
populated by minnow, Phoxinus phoxinus, and Tisleifjorden and Slidrefjorden also support perch, Perca
Sluviatilis. In Slidrefjorden there are also some rainbow trout, Oncorhynchus mykiss, which have escaped from
commercial fish farms in the reservoir. The rainbow trout does not seem to reproduce, and presently has a
low abundance.

In Tesse and Helin most of the brown trout leave their nursery brooks and rivers during their first summer.
In Tisleifjorden most of the brown trout enter the reservoirs after one or two years in the nursery rivers. This
is also the possibility of river spawning brown trout in Slidrefjorden. However, in Slidrefjorden the brown
trout also spawn in the lake, :

The natural recruitment of brown trout in the reservoirs is negatively influenced by the regulation, and
supplementary stockings of brown trout are therefore carried out. The brown trout are stocked at an age of

- one summer in Tesse and Helin, and at the age of two summers in Tisleifjorden and Slidrefjorden.

METHODS

In all the reservoirs the fish were sampled using series of benthic {1-5 x 25m) and pelagic (6 x 25 mm)
gillnets, all with mesh sizes between 16 and 39 mm. Benthic nets were set in chains from the shore and
covered depths down to 25-40 m in the various reservoirs. All mesh sizes were equally represented at all
* depths covered by the nets. The depth interval covered by the benthic nets varied between reservoirs due to
their different depth gradients. In Helin, additional benthic gillnet series were used to strengthen the material
of benthic brown trout by seiting the nets individually from the shore, as the habitat use of benthic brown
trout in the reservoir is mainly restricted to shallow littoral areas. Pelagic nets were set offshore over deep
areas (>25 m) in the lakes. The nets were anchored to the bottom by ropes, and set at depth intervals of 0-6
and 6-12 m below the surface.

The catch per unit effort (CPUE) is presented as the number of fish caught per 100 m? net area x 12 hours
of fishing. In Helin, where the benthic fishing efforts in shallow areas were far higher than in deeper water, the
CPUE was first calculated separately for each depth interval and then averaged for all depths to compensate
for this difference in effort. The distributions of fish in the lakes were interpreted from the net catches. The

Tabie I. Morphometrical data for the reservoirs

Water level Surface area (km?) Depth (m)
Altitude fluctuation
Reservoir {m.as.l) (m) High water level Low water level Maximum Mean
Tesse 85390 12-40 14.26 9.37 640 235
Helin 867-83 200 1090 9.00 87-6 375
Tisleifjorden 820-57 11-50 1370 800 370 16-2

Slidrefjorden 366-21 3-50 12-50 10:50 76-0 240
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capture efficiencies of benthic and pelagic gilinets may be different; however no attempt was made to
compensate for this.

Fish length was measured to the nearest millimetre from the tip of the snout to the outer lobes of the tail as
the tail lay in the natural position (Ricker, 1979). The ageing was based on scales, but was also controlled by
reading otoliths. Winter zone and total radius in scales were measured to the nearest 0-1 mm. Back-
calculation of length at a certain age was based on direct proportionality between fish length and scale radius
(Lea, 1910). Owing to the presence of pronounced Lee phenomena (Lee, 1912), probably caused by high
exploitation of the brown trout, the growth is calculated separately for each age group. With the exception of
Helin, only naturally recruited fish were used for growth analysis. The stocked trout in Helin were not
marked, and could not be distinguished from naturally recruited trout. Thus the estimated first year growth
of brown trout in Helin may not be representative for the growth in the reservoirs.

Stomachs were collected and stored on 70%, alcohol before examination. Crustaceans were identified to
species and other food organisms to order. The volume percentage for each food category was evaluated
subjectively. Stomach fullness was evaluated, using a scale from 0 to 5, where 0 represents an empty stomach
and S a distended stomach.

Length frequency differences between groups were tested using the Kolmogorov-Smirnov two-sample test
(Sokal and Rohlf, 1969, pp. 440-445). All statistical tests are based on a 5% significance level.

RESULTS

In all the reservoirs the brown trout were caught in both benthic and pelagic nets (Table II). Benthically
caught brown trout occurred at the highest frequencies in shallow areas, down to about 10 m depth, although
some trout were caught down to the deepest nets in the chains. In pelagic nets, most of the trout was caught
in the upper 6 m depth interval.

The perch dominated the benthic catches in Tisleifjorden, but were only caught in minor numbers in
pelagic nets. In Slidrefjorden, a few perch were caught in benthic nets, and a single rainbow trout was caught
in pelagic nets.

The length distributions of brown trout caught in pelagic nets was dominated by larger fish compared with
those caught in pelagic nets in all the reservoirs (Figure 1). The differences were significant in all the
reservoirs. Most of the larger fish were caught in pelagic nets whereas the smallest size groups of brown trout
were completely lacking in the pelagic catches. The smallest brown trout caught in pelagic nets varied.
between the reservoirs from 180 to 220 mm.

The large crustacean zooplankton Bythotrephes longimanus and/or Daphnia longispina were the most
important food for the brown trout in pelagic habitat in all the reservoirs, and with the exception of Helin,
these zooplankton species were also the dominant food items in the benthic habitat (Table III}. In Helin,
benthic prey, mainly aquatic insects, Eurycercus lamellatus and Gammarus lacustris, were the most important
food items in the benthic habitat. Surface insects also made up a considerable part of the stomach content of
the brown trout, especially in Helin and Tisleifjorden.

Table I Catches of brown trout and perch per 100 m?
gillnet area per 12 hours of fishing in four Norwegian hyd-
reelectric reservoirs

Brown trout Perch
Reservoir Benthic Pelagic Benthic Pelagic
Tesse 743 771 — —
Helin 270 095 - —
Tisleifjorden 2.10 1-26 375 029

Slidrefjorden 1.22 2:86 031 0-00
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Figure 1. Length frequency distributions of brown trout caught in benthic (M) and pelagic ((J) gillnets in four Norwegian hydroelectric
reservoirs. D = Kolmogorov-Smirnov two-sample test statistic for difference in length distribution between benthic and pelagic catches,
1, = number of fish caught in benthic nets, n, = number of fish caught in pelagic nets, P = level .of significance

Table I Percentage volume composition of food items of brown trout caught in 5
benthic and pelagic gillnets in four Norwegian hydroelectric reservoirs. B = fish caught
in benthic nets, P = fish caught in pelagic nets

Tesse Helin Tisleifjorden Slidrefjorden
Food category B P B P B P B P
Surface insects 12 17 31 20 39 23 3 2
Aquatic insects 9 4 23 0 9 3 7 0
Daphnia longispina 42 73 6 ¢ 0 0 52 86
Bytothrepes longimanus 30 6 4 76 52 73 20 12
Eurycercus lamellatus 2 0 11 0 0 0 3 0
Gammarus lacustris 0 0 19 0 0 0 0 0
Fish 0 0 0 0 0 0 13 0
Others 5 0 6 4 0 0 2 0
Number of stomachs analysed 76 59 58 38 23 49 15 i8
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In Helin and Slidrefjorden the stomach fullness of the brown trout caught in pelagic habitat was higher
than for those caught in benthic habitat, whereas in Tesse and Tisleifjorden there was no significant
differences in stomach fullness of brown trout from benthic and pelagic catches (Table I'V).

In all the reservoirs, the brown trout had a moderate growth in the first year of life (32-32 mm). Later the
growth was faster, and from their third to fifth year of life the growth increased markedly (Figure 2). After this
increase in growth, the brown trout achieved mean yearly length increments of 77-88 mm in their fastest
growing years, and individual fish with yearly length increments above 100 mm were recorded. In Helin, this
increase in growth only occurred in one part of the brown trout. In the benthic habitat we caught several
small specimens, both males and females, that had ceased to grow at a young age and small size. Several of
these were mature. This masked the growth increase of the other specimens in the figure where the average
growth is presented. However, when we only included fish caught in pelagic nets in the growth analysis, the
growth increase is clearly expressed (Figure 3).

DISCUSSION

The importance of zooplankton as food for the brown trout is probably explained by reduced access to
benthic food items due to the water level fluctuations in the reservoirs (Brabrand and Saltveit, 1988). Below
the draw down limit the benthic fauna is less affected by the regulation, but the feeding conditions for brown

Table IV. Mean stomach fullness for brown trout caught in
benthic and pelagic gillnets in four Norwegian hydroelectric

rEServoirs

Benthic Pelagic
Reservoir Mean + SD n Mean + SD n
Tesse 140 £+ 1.12 104 143 + 0-84 67
Helin 151 £ 121 78 205 + 106 49

Tisleifforden 1.79 + 1.52 33 1.77 + 1.03 53
Slidrefjorden 2.06 + 1.00 16 295 +1.27 19
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Figure 2. Yearly length increments for different age groups of brown trout caught in benthic and pelagic gillnets in four Norwegian
hydroelectric reservoirs
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Figure 3, Yearly length increments for different age groups of brown trout caught in pelagic gillnets in Helin

trout at greater depths are usually less favourable due to low densities of valuable prey and also to reduced
foraging efficiency as the light intensity is lower (Schutz and Northcote, 1972; Henderson and Northcote,
1985). In Helin, where benthic prey were the most important food in the benthic habitat, the water level
fluctuation is only 2 m, and the benthic fauna is probabiy less affected by the regulation than in the other
reservoirs where benthic prey were negligible as food for the trout. :

As the trout fed on zooplankton in both benthic and pelagic habitats in three of the reservoirs, we should
expect all the fish to be spread over the entire lake areas. Larger size groups of brown trout were distributed
in accordance with this expectation in all the reservoirs, but the occurrence of smaller specimens was
restricted to shaliow benthic habitat. All the reservoirs are relatively deep, with only small shallow areas.
Thus when the smaller individuals use only this habitat, the concentration of fish is relatively high, leading to
high competition for food and space. In Helin, where the fish fed on benthic prey in the littoral habitat, the
shallow areas are especially small and the competition for space especially hard. Corresponding spatial
segregation between size groups of brown trout is also reported from several other lakes, and the restricted
benthic habitat use of the smaller specimens is explained by a strong urge for sheiter to avoid predation and
agonistic behaviour from larger individuals (Haraldstad and Jonsson, 1983; Hegge et al., 1989). Brown trout
are known to compete aggressively for space and food and their social dominance hierarchy is related to size
(Jenkins, 1969; Bachman, 1984). Stress due to aggressive behaviour from larger fish may cause reduced food
intake and growth depression in salmonids (Brown, 1946; Fenderson et al, 1968; Jobling and Reinsnes,
1986). Accordingly, small brown trout may feed more profitably in the benthic habitat where the access to
shelter is best, despite a better access to food and space in the pelagic habitat. As small specimens of brown
trout are dependent on access to food and space in the benthic habitat, the negative impact of the regulation
is especially severe for small individuals.

The observed increase in growth occurred at the same age, or one year before this age where the trout
shifted from benthic to pelagic habitat, evidently supporting the assumption that pelagic behaviour is the
more rewarding. A more detailed study of habitat use of littoral brown trout in Tesse (Hegge et al, in press)
indicates that the shift from a true benthic to a true pelagic behaviour occurs gradually. In that study we
observed small brown trout in the littoral zone to take a position close to the bottom, whereas trout of
increasing size occurred at increasing distance from the bottom and thereby improved their access to
valuable zooplankton species. This factor, combined with reduced aggressive behaviour from other fish due
to a gradually higher position in the social dominance hierarchy as the trout grows larger, may explain why
the increase in growth may take place earlier than the shift to the use of a true pelagic habitat.

The access to food and space are of decisive importance for the survival of young brown trout (Chapman,
1966). As intraspecific competition force small-sized trout into the [ess favourable benthic habitat where they
suffer from limited access to food and space, this may limit the capacity to raise young trout in the reservoirs.
This results in sparse populations of trout in larger size classes which experience rich feeding conditions and
attain fast growths and good qualities. This situation is clearly documented in Tesse, where a reduction in the
stockings of one summer old brown trout from 20 fish/ha to eight fish/ha had no influence on the yield of
catchable sized brown trout, despite the fact that the size and quality of the trout was excellent and
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unchanged all the time (Hesthagen, unpublished data). Similar situations, where competition during juvenile
stages reduces recruitment to larger size classes, while the resources for these larger size classes may not be
limited, are documented in several fish species and are often referred to as juvenile competitive bottlenecks
(Persson, 1986; Werner, 1986; Persson and Greenberg, 1990). .

Damming of hydroelectric reservoirs often implies reduced recruitment of brown trout, and the
hydroelectric companies are often required to carry out compensatory stockings. As the determination of
stocking numbers is usually based on evaluation of the growth and quality of the trout, the number of fish to
be stocked may easily be set too high in reservoirs where such juvenile bottlenecks in trout production exist.
It is therefore important to consider the food and growth conditions of all size groups when determining
stocking numbers.

The size of brown trout used for stocking may be of great importance in reservoirs where such bottlenecks
exist. To increase the yield of brown trout it may be necessary to stock with trout of sizes large enough to

exploit the pelagic habitat immediately after release, and thereby avoid the limiting conditions in the littoral

habitat.

The limited resources in littoral areas may also have implications for the choice of strain of brown trout
used for stocking. In Tesse we have documented considerable differences in the habitat use between the
native strain and a non-native strain which was earlier used for stocking in the reservoir, and it seems evident
that the differences were genetically determined (Hesthagen er al, unpublished data). Aithough the native
trout were spatially segregated according to size as small individuals occurred in the benthic habitat and
larger specimens mainly occurred in the pelagic habitat, the habitat use of all size groups of the non-native
stock was mainly benthic. This increased competition in the benthic habitat. As competition among small
trout in this habitat seems to be the limiting factor for the trout production in Tesse, stocking of brown trout
that will grow and stay in benthic habitat throughout their life may suppress the recruitment of native fish
and probably reduce than increase the yield of trout. Thus in reservoirs where zooplankton are the main food
item for the trout, only strains that also utilize the pelagic habitat should be used for stocking.
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Synopsis

We studied vertical distribution, substrate preference and food choice of brown trout, Salmo trutta, from
benthic gillnet catches at four littoral sampling locations in a Norwegian hydroelectric reservoir. The
sampling locations had different bottom substrates; at one location the bottom substrate consisted of sand,
while at the other three, substrates consisted of stones ranging 2-5 cm, 10~30 cm and 30-150 cm in diameter,
respectively. Small-sized (< 160 cm) and intermediate-size (160-269 mm) brown trout were mainly caught
ciose to the bottom (0-0.5 m above). Small-sized brown trout were caught in the highest frequency at the
location with substrate consisting of 10-30 cm large stones. Intermediate-sized brown trout were also caught
in highest frequency at this location, but were also caught in a high frequency at the location with sandy
substrate. In contrast, the catches of large-sized (= 270 mm) brown trout did not vary with distance from the
bottom or with substrate coarseness. The most important food items for the brown trout were aquatic insects,
surface insects, Eurycercus lamellatus and crustacean zooplankton, mainly Daphnia longispina, Bytho-
trephes longimanus, and Holopedium gibberum. In accordance with the differences in vertical distribution,
benthic food was more important to small than to large brown trout. We argue that small brown trout stayed
close to the bottom to reduce aggressive behaviour from larger specimens, and that small brown trout were

' therefore more dependent on benthic food items. We also argue that the observed differences in substrate
preference between the size groups of brown trout is explained by variation in access to shelter, visual
isolation between individuals and benthic feeding conditions between locations.

Introduction the entire lake area. Small brown trout may there-

fore experience higher intraspecific competition

In 2 number of lakes, habitat use by small-sized
brown trout is restricted to littoral areas, while
larger specimens utilize both benthic and pelagic
areas (e.g., Haraldstad & Jonsson 1983, Jonsson &
Gravem 1985, Hegge et al. 1989, Jonsson 1989). In
most larger lakes, the littoral areas are small com-
pared to the whole lake surface, implying that small
brown trout are more concentrated than larger
specimens, which may be distributed throughout

for space and food than larger trout. The use of
littoral areas by brown trout is therefore of partic-
ular importance for trout production.

Substrate preference and position choice by
brown trout has been studied by several authors in
lotic environments (e.g., Bachman 1984, Heggenes
1988, Heggenes & Saltveit 1990), but correspond-
ing knowledge in lenthic waters is scarce. Stream-
living salmonids, including brown trout, are known
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to prefer coarse substrate (Bjornn 1971, Bustard &
Narver 1975, Heggenes 1988). Addition of coarse
substrate is also observed to increase the densities
of stream-living salmonids (Gilbert 1978, Hillman
et al. 1987). The documented preference for coarse
substrate by brown trout in running water may be a
way to save energy by reducing exposed water ve-
locity, as water velocity is known to influence hab-
itat choice by brown trout (Karlstrgm 1977, Kenne-
dy & Strange 1982). The substrate preference of
lake-living brown trout is therefore not necessarily

identical. However, suitable substrate is also be-

lieved to be important as shelter for salmonids
(Bjornn 1971, Bustard & Narver 1975). For several
fish species in lenthic water, habitat structural com-
plexity is known to provide shelter against preda-
tors (Charnov et al. 1976, Savino & Stein 1982),
and small fish are often found closely associated
with vegetation or structures on the bottom (Mit-
telbach 1984, Werner & Hall 1988). Because small
brown trout have been hypothesised to inhabit lit-
toral areas to find shelter against predators and to
avoid social interactions with larger specimens
(Haraldstad & Jonsson 1983, Hegge et al. 1989,
fonsson 1989), we would expect small brown trout
to prefer coarse bottom substrate and spend much
time close to the substrate, while larger specimens
are expected to choose substrate and position in the
water to maximize food intake.

To test this hypothesis we studied vertical distri-
bution, substrate preference and food choice of
brown trout in the littoral zone of Lake Tesse,
Norway. The study was carried out by benthic gill-
net sampling at four sampling locations with differ-
ent substrate coarseness.

Study area

Lake Tesse (61°84'N, 8°57'E), situated 854m
a.s.l. in central southern Norway, is a subalpine
hydroelectric reservoir with a water-level ampli-
tude of 12 m. The reservoir has a surface area of
937 ha and 1426 ha at the lowest and highest water
levels, respectively. The lake has a maximum depth
of 64m and a mean depth of 27m at the highest
water level.

In the littoral zone, the bottom substrate consists
of boulders and stones, except for the southern and
northern parts where the substrate consists of sand.
In deeper areas the bottom consists of gyttja, There
is no macrophytic vegetation in the lake.

The lake is ice-covered from late November to
late May. During summer, surface water temper-
atures usually remain between 10-15° C. The water
is glacier fed, and secchi-depths range from 3.5 to
4m.

Brown trout is the only fish species in Lake
Tesse. Due to reduced natural propagation after
impoundment, compensatory stockings of brown
trout were carried out until 1987. The length of the
brown trout commonly ranges up to 350 mm. Small
individuals mainly occupy benthic areas while
larger specimens also exploit pelagic habitats (Hes-
thagen et al. unpublished).

Methods

During 4 sampling periods (11 July, 7 August, 4
September and 1 November, 1990) we caught 318
brown trout using a series of 8 benthic gillnets
(1.5 x 25 m) with mesh sizes of 10, 12.5, 16, 2 x 21,
26, 29 and 35 mm, set at four littoral locations. All
locations were sampled each period. The nets were
set individually from the shore, covering depths
from 0.5 m to about 3 m. The locations were select-
ed according to substrate coarseness; one station
had bottom substrate consisting of sand, while the
other three locations had substrate consisting of
stones ranging 2-5cm, 10-30cm and 30-150cm in
diameter, respectively. Substrate coarseness was
determined in the spring, when the water level was
still below the sampling depth. In this way locations
with desirable and homogeneous substrates could
easily be chosen.

Of the 318 brown trout caught, 304 specimens
were naturally propagated or stocked fish originat-
ing from wild parents of the native brown trout in
Lake Tesse. The remaining 14 brown trout caught
during this study were stocked fish from non-native
strains, The non-native brown trout stocked in
Lake Tesse differ in habitat use from the native




brown trout strain (Hesthagen et al. unpublished),
and were therefore omitted from this study.

For each fish the distance from the bottom of the
net to the capture site was measured, and grouped
into three intervals; 0.0~0.5m, 0.5-1.0m and 1.0~
1.5m. Total fish length (L) was measured to the
nearest 1 mm. Stornachs were collected and stored
in 70% alcohol. The stomach contents were identi-

fied and counted under a stereoscopic microscope. -

Crustaceans were identified to species, while other
food organisms were grouped into larger food cate-
gories. The volume percent for each food category
was evaluated subjectively. Stomach fullness was
determined subjectively on a scale from 0-3, where
0 represents empty and 5 extended stomachs. The
size of the food items was determined as larger or
smaller than 15 mm.

The brown trout caught ranged between 83—
370 mm in total length (Fig. 1), and were divided
into three size-intervals for analysis of the results;
small-sized trout (L< 160mm), intermediate-
sized trout (160mm= L< 270mm) and large-
sized trout (L = 270 mm).

As a measure of food overlap between size
groups we calculated niche overlap as the propor-
tional similarity of Schoener (1968):

D=1-05% |p;— qi,

where p; = volume proportion of food category {in
size group 1, g; = volume proportion of food cate-
gory i in size group 2, and £ is the number of food
categories. The index ranges from 0to 1; where Qs
o overlap and 1 is 100% overlap.

Differences between size groups in distribution
of catches according to location and distance from
bottom to the site of capture and differences in
stomach fuliness were tested using X>-test for inde-
pendence, and deviation from even distribution of
catches according to location and distance from
bottom to the site of capture by using X>-test for
goodness of fit. All statistical analyses were based
upon 5% significance level.
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Fig. 1. Length distribution of brown trout caught 0~0.5m W.
0.5-1.0m and 1.0-1.5m O above the bottom at 4 littoral
locations in Lake Tesse, 1990.

Results

There were major differences in the distribution of
the three size-groups of brown trout both according
to station (X*= 39.40, df= 6, p< 0.001) and
distance from bottom to the site of capture (X* =
91.58, df = 4, p< 0.001). While large-sized fish
were evenly distributed both according to location
and distance from the bottom to the site of capture,
the two smaller size-groups showed significant
preferences according to both location (Fig. 2) and
distance from the bottom (Fig. 3}. Most small-sized
trout were caught at location 3 with 10-30cm large
stones (64%). Also intermediate-sized trout oc-
curred in highest frequency at location 3 (42%),
but in July this size-group was also caught in high
frequency at location 1, which bottom consisted of
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Fig. 2. Distribution according to location and time of capture of
the catches of three size-groups of brown trout in the littoral
zone of Lake Tesse, 1990. X2 is the test statistic for deviation
from even distribution according to location, df is degree of
freedom, p is level of significance.

sand. Smail- and intermediate-sized trout were
most frequently caught close to the bottom (0.0-
0.5m). This tendency was most clearly expressed
among the small-sized trout, of which 94% were
caught at this height compared to 60% of the inter-
mediate-sized trout.

The trout diet was dominated by aquatic insects,
surface insects, Eurycercus lamellatus and crusta-
cean zooplankton, of which Daphnia longispina,
Bythotrephes longimanus, and Holopedium gibbe-
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150 1

1904

Number of fish

[ —

Intermediate-sized brown trout
x2=36.66, df=2, p<0.001
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0.0-0.5 0.5-1.0 1.0-1.5
Distance from bottom (m)

Fig. 3. Distribution according to distance from bottont to the site
of capture of the catches of three size-groups of brown trout in
the littoral zone of Lake Tesse, 1990. X7 is the test statistic for
deviation from even distribution according to distance from
bottom, df is degree of freedom, p is level of significance.

rum were the dominating species (Table 1). Aquat-
ic insects consisted an important part of the diet of
small- (36-46%) and intermediate- (41-47%) sized
trout. The importance of surface insects varied
considerably between locations, but was generally
most important among intermediate- and large-
sized trout. Crustacean zooplankton were impor-
tant as food for all size-groups, but there were
major differences between the size-groups in the
species selected. D, longispina and B. longimanus
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were the most important species for large-sized
trout, while they were almost neglegible as food for
small-sized trout. The most important plankton
species selected by small-sized trout was either H.
gibberum or E. lamellatus, depending on location.
The selection of crustacean zooplankton by inter-
mediate-sized trout was somewhat between that of
small- and large-sized trout. Intermediate-sized
trout also preyed to some extent on mofluscs {3—
10%), while this food category was neglegible as
prey for both small- and large-sized trout except at
location 4.

The food items eaten by the trout were mainly
small. Only one group of the aquatic insects, cra-
nefly (Tipulidae) larvae, was larger than 15 mm.
This food item constituted on average 6% of the
food volume eaten by the trout, and was mainly
taken by small-sized trout.

The overtap in diet between small- and large--
sized trout was low at all locations; the Schoener
index ranged from 0.32-0.43. Between small- and
intermediate-sized trout and between intermedi-
ate- and large-sized trout, the diet overlap was
higher; the Schoener index ranged from 0.61-0.79
and from 0.48-0.69, respectively (Table 2).

Mean stomach fullness at the four locations rang-
ed between 2.1-2.8 in small-sized trout, 1.9-2.5in
intermediate-sized trout and 1.8-2.8 in large-sized
trout (Table 3). There were no significant variation
in stomach fullness between size groups at any
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location (X*= 5.07— 15.77, df = 10, p> 0.05),
nor between locations in any size group (X*=
9.66 — 21.37, df = 15, p> 0.05).

Discussion.

While small trout showed a strong association with
the bottom, larger trout occurred more frequently
higher up in the water column. This difference in
vertical distribution was also reflected in the food
choice. Small trout preyed more on aquatic insects
and less on surface insects than larger trout. While
the zooplankton species selected by large trout
were B. longimanus and D. longispina, small trout
preyed upon H. gibberum or the littoral species E.
lamellatus. D. longispina and especially B. longi-
manus are all large, easily visible species (Fléssner
1972) and are usually positively selected by plank-
tivorous brown trout {Nilsson 1965, Klemetsen
1967, Dervo et al. 1991). These normally pelagic
species (Flossner 1972) are probably less available
to small trout living close to the bottom. H. gibbe-
rum is usually a less preferred food item for brown
trout than B. longimanus and D. longispina (Kle-
metsen 1967, Dervo et al. 1991). F. gibberum is
usually regarded as a pelagic species, but is also
commonly found in littoral areas (Fléssner 1972),
and may even occur benthically (Herr 1917). Thus,
it seems reasonable that H. gibberum were more

Table I. Food choice as volume percent of small- (< 160 mm), intermediate- (160-269 mm) and large- (= 270 mm) sized brown trout

caught at 4 littoral locations in Lake Tesse, 1990.

Foaod category Location 1 Location 2 Location 3 Location 4
Small Inter- Large Small Inter- Large Small Inter- Large Small Inter- Large
mediate mediate mediate mediate

Surface insects 11 21 25 0 0 1 13 14 0 0 4
Aquatic insects 36 42 15 46 41 11 45 44 15 44 47 9
Daphnia longispina 0 5 13 0 6 4 0 12 16 0 14 17
Bythotrephes longimanus 0 9 23 0 4 36 0 8 37 0 18 46
Holopedium gibberum 43 7 8 39 24 18 6 4 9 14 2 7
Eurycercus lamellatus 8 5 7 14 13 1 48 14 9 22 2 10
Moilusca 0 5 0 0 0 0 3 0 9 10 6
Others 2 6 9 1 1 0 0 2 0 I 1
Number of stomachs 9 28 15 9 8 12 77 35 12 14 10 13
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Table 2. Food niche overlap as the proportional similarity of Schoener (1968) of small- and intermediate-sized, small- and large-sized
and intermediate- and large-sized brown trout caught at 4 littoral locations in Lake Tesse during 1990.

Loc. 1 Loc. 2 Loc. 3 Loc. 4
Small- and intermediate-sized 0.61 0.79 0.65 0.64
Small- and large-sized 0.43 0.40 0.32 0.33
Intermediate- and lagge-sized 0.69 0.48 0.60 0.52

available close to the bottom than B. longimanus
and D. longispina. The food segregation between
size groups observed in Lake Tesse is in accordance
with the findings of Vgllestad & Andersen (1985),
who found that small, littoral brown trout feed
more on benthic food than did larger littoral speci-
mens.

The prey items eaten by the brown trout in Lake
Tesse were mainly small (< 15 mm), and should be
easily handled by all the size groups considered in
this study (Bannon & Ringler 1986). The only
larger food item was the cranefly larvae, which is
benthic and mainly eaten by small-sized trout.
Thus we would expect that the most favourable
prey should be the same for all size groups, if given
the same opportunity to exploit the different prey
items. This indicates that the observed differences
in food choice between the size-groups are en-
forced by the differences in position choice and not
the reverse. Brown trout are known to compete
aggressively for food and space, and have a social
hierarchy formation related to size (Jenkins 1969,
Bachman 1984). Thus, although no significant dif-
ferences in stomach fullness between size-groups
was observed, it is reasonable to assume that large
specimens occupy the most rewarding feeding ar-
eas. Agonistic behaviour and physiological stress in
fish has been shown to reduce food intake and
supress growth of subordinate individuals (Fend-
erson et al. 1968, Li & Brocksen 1977, Mclntyre et

al. 1979). By taking position close to the bottom,
small brown trout are less detectable and thereby
probably reduce the rate of agonistic encounters
with larger specimens. As the position choice of
small trout seems to be restricted by social interac-
tions with larger specimens, their feeding condi-
tions become considerably dependent on the avail-
ability of benthic food.

In accordance with their strong association to the
bottom, small trout showed pronounced prefer-
ences for bottom substrate, while larger specimens
that preyed more in open waters showed ro such
preference. Intermediate- and especially small-
sized trout were most abundant at the location with
a bottom substratum consisting of stones with dia-
metres of 10-30 cm. Structures on the bottom are
known to provide shelter against predators {Char-
novetal. 1976, Savino & Stein 1982). In Lake Tesse
cannibalism among brown trout seems negligible.
However, coarse stones may be of considerable
importance as shelter against agonistic encounters
with larger individuals. Coarse stones also decrease
the probability of aggressive confrontations among
small fish staying close to the bottom by offering
visual isolation between individuals, and thereby
allowing higher densities of fish (Kalleberg 1958,
Magnusson 1962). However, small trout showed
no preference for the location with the largest
stones and boulders, and the intermediate-sized
trout exhibited some preference for the station

Table 3. Mean stomach fullness + SD of small-, intermediate- and large-sized brown trout caught at four littoral locations in Lake Tesse,

1990. Numbers in parentheses are the number of fish analyzed.

Loc. 1 Loc. 2 Loc. 3 Loc. 4
Small-sized 2.1+ 1.4 (14) 2421904 2.8+ 1.5(86) 2.2+ 22 (21)
Intermediate-sized 2.4+ 1.6(32) 1.9x 1.6 (11) 2.1+ 1.5 (41) 2.5+ 1.4 (15)
Large-sized 2.8+ 1.5(13) 2.7+ 1.4 (13) 1.8+ 1.2 (16) 2.4% 1.5(13)




with a sandy bottom in July, despite that this area
was completely open. Thus, visual isolation and
access to hiding places does not completely explain
the differences in fish abundance between loca-
tions.

Despite the far higher fish density, the stomach
fullness of small-sized brown trout at the location
with substrate consisting of 10-30cm large stones
was as high as at the other locations. Thus it ap-
pears that the access to valuable food for small
trout was better at this location. The relative im-
portance of the highly preferable prey item E. [g-
mellatus was highest at this station, This benthic
crustacean is known to feed on periphyton and
detritus (Flossner 1972), for which the production
is probably low in the unstable sandy substrate.
High structural complexity is known to reduce fo-
raging efficiency (e.g. Ware 1973), allowing highly
profitable prey to coexist with their predators.
Densities of valuable food items are therefore of-
ten positively correlated with structural compiexity
(Macan 1949, Hruska 1961). However, due to in-
creased search and pursuit time, capture return
rates generally decline with increasing structural
complexity (Ware 1973, Stein & Magnuson 1976)
and the feeding rates of a predator may therefore
be maximized at an intermediate structural com-
plexity (Crowder & Cooper 1979, 1982). A possible
explanation for the low density of small-sized trout
at the station with the most coarse stones may
therefore be that the structural complexity at this
station was too high to provide profitable benthic
feeding conditions.
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Vedlegg 5

Response of native brown trout, Salmo trutta L., to stockings

in a Norwegian reservoir

T.HESTHAGEN Norwegian Institute for Nature Research,
Tungasletta 2, N-7005 Trondheim, Norway.

Abstract. The response of stockings on the native population

of brown trout, Salmo trutta L., was studied in Lake Tesse, a

subalpine Norwegian reservoir. Yield data are available from
1979 to 1988, whereas test fishing was conducted from 1984 to
1988. The number of brown trout (age 0+) released ranged
between 14.7 and 18.2 native and non-native fish ha™ yr™' from
1981 to 1986 as opposed to not more than 7.0 non-native fish
ha™ yr™ prior to 1980. There was no positive correlation
between annual variation in yield and number of fish released.
In fact, both yield of native fish and the proportion of
native fish in the catches decreased with increasing stocking
density. The proportion of native fish in the test fishing
catches decreased from 47% in 1984 to 25/30% in 1987/1988.
Totally, stocked fish constituted about 70% of the total catch
among younger specimens (age 2+ and 3+). Both non-native and
native stocked fish were larger at release than natural
recruited individuals, and this difference in size at age
existed throughout their life span. There was a significant
reduction in annual growth of both native and non-native
stocked fish of age 2 and 3 during the study period. This
study indicate that these supplementéry stockings had a
negative effect of native trout in terms of both growth and

survival, and should therefore be strongly considered.




Introduction

A high fraction of Norwegian lakes are regulated for the
porpose of producing hydrecelectric power. Brown trout, Salmo
Trutta L., is in many lakes the only fish species present, and
their natural propagation generally become negatively affected
due to the regulation. Therefore, supplementary stockings of
hatchery fish are usually carried out because it is considered
to be necessary to sustain an acceptable sport - or commercial
fishery (cf L'Abee-Lund 1986).

The debate of fish stockings concentrated initially on
the survival and advisability of releasing hatchery-produced
salmonids in natural waters due to their inferior adaptation
compared to wild individuals (Miller 1954, 1958; Reimers
1957). Extensive release of brown trout fry in five regulated
Swedish lakes showed to be of little use, which was related to
intra- and interspecific competition. Several other studies
also indicated poor return of hatchery fish in locations
supporting well established native populations (Ayles 1975;
Sutber, Sealing & Bergersen 1985; Gunn et al. 1987; Hesthagen
& Johnsen 1989). These differences have been attributed to
“aspects such as improper feeding behaviour and low competitive
ability (Ersbak & Haase 1983; Bachman 1984) or the origin of
the hatchery stock (Aass 1982; Lachance & Magnan 1990).

In later years stockings of brown trout have been
addressed to the management and preservation of native
population (Elliott 1989). In fact, studies conducted in
stream-dwelling salmonids indicate that rebuilding of wild
stocks by use of hatchery fish might have a negative effect on
wild fish through competition for food and space (Butler 1975;
Vincent 1975, 1987; Petrosky & Bjornn 1988; Ndslund 1992).

In this paper, we study the response on native brown
trout in a Norwegian reservoir which has been subjected to
relatively high stocking densities over several years in order

to increase the fish yield.




Study area

The study was conducted in Lake Tesse, a subalpine
hydroelectric reservoir located at an altitude of 853.9 m in
southern central Norway (Fig. 1). The annual water amplitude
is 12.4 m, corresponding to a surface area of 937 and 1426
hectare at the lowest and highest water level, respectively.
Maximum depth is measured at 64 m. Lake Tesse was first
regulated in 1943, and with an addition regulation in 1963.
Brown trout is the only fish species present in the system.
The inlet and the outlet were originally the two main spawning
areas for brown trout in Lake Tesse. However, in connection
with the regualtion, channalization was carried out in lower
reaches of the inlet river. In addition, glacier-fed water was
transferred to the river causing sedimentation on the river
bottom (Hesthagen & Fjellheim 1987). Further, spawning areas
in the outlet river were distroyed due to the construction of
a dam. Native brown trout also spawned in several areas along
the shore in the lake at depths between 3-5 m before the
regulation (Simen Bjg¢rgen, personal communication). The
spawning areas for brown trout in the reservoir is now

restricted to small tributaries.

Methods

Supplementary brown trout stockings of unmarked non-native
fish in Lake Tesse were conducted from 1952-1979. During the
1970's, the annual release was about 10.000 specimens (7.0
fish ha™). From 1980 onwards, it was decided to stock Lake
Tesse with both native of non-native fish.

Mature fish from Lake Tesse were obtained with gill nets
outside River Smadpla in late September each year from 1979 to
1985. The fish were kept in circular tanks at the lake until
complete maturity was reached. We generally used three males
to fertilize one female. The roe were placed in a hatchery at
Lake Lemonsj¢en near Lake Tesse shortly after fertilization.

The unfed fry were released in an earthen pond about 15 km
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from Lake Tesse in early June, where they fed on natural food
~ items only. Two strains of non-native fish were raised in
circular tanks at A/L Settefisk Hatchery at Reinsvoll and fed
artificial food. The Bjornesfjord strain have been
domesticated since 1966, while the Tunhovdfjord strain
originated from second generation individuals (Stabell,
Hafsund & Skurdal 1988).

The fish were batch-marked, and for lake stocked native
and non-native fish, we removed the adipose and either the
left or right pelvic fin, respectively. Prior to stocking in
late August/early September each year, all fish were mixed and
placed over-night in a net cage in the reservoir. From 1980 to
1986, between 10.000 and 17.000 non-native and between 5800
and 10.000 fish of native origin were stocked annually,
representing between 14.7 and 18.2 fish ha™ (Table 1). In
addition, 2000 native fish were released in several
tributaries each vyear.

The fish were released along the shore of the entire
reservoir, except for the northern and southern areas where
the littoral bed consists of fine gravel. Some of the native
stocked fish were marked by removing the adipose fin only, and
released into a few streams penetrating into Lake Tesse.

Only 48% of the native stocked fish released in the
reservoir during the period 1980-1983 were marked. Based on
the number of first-year circuli on scales, we used a
discriminant analysis to distinguish between stocked and
native fish. This analysis grouped 79.1% of native fish as
native and 71.1% of native stocked fish as stocked (Hesthagen,
Hegge, Skurdal & Dervo 1993). Fin regeneration of the pelvic
fins was considered in 16 specimens of a total of 2360 fish
(0.7%) examined for marks, and they were omitted from further
analysis.

We conducted monthly test-fishing from June through
October each year from 1984 to 1988. Fish were captured with
bottom gill nets of 25 m in length and 1.5 in height. Each
fleet consisted of 7 nets with mesh sizes ranging between 21-

45 mm, which catch brown trout with about equal efficiency in
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the 20 - 38 cm length interval (Jensen 1977). Each net was set
independently from the shore for one night, covering depths
between 0-5 m. The gill nets were distributed throughout the
entire reservoir so that most stretches were sampled each
year.

For each fish, total length and weight was measured to
the nearest mm and g, respectively. Ages were obtained from
both scales and otoliths (Jonsson 1976). Scales were removed
from an area between the front of the adipose and the back of
the dorsal fin above.the lateral line. (Dannevig & Hepst 1931).
We aged totally 2334 fish, while 10 specimens were
disregarded. We made impressions of 5-6 scales on celluloid
before they were read and the distance between each annuli
measured using a scale projector of 100 times magnification.
Back-calculation of growth in length at age was made using the
Lea method (Francis 1990).

Results
Yield

The brown trout stock in Lake Tesse is mainly harvested by
means of gill of 35 mm mesh size. During the period 1979 to
1988, the annual yield on gill nets ranged between 638.1 and
2673.1 kg (Figure 2). The marked fish became fully expoited
from 1985 omwards, however, there was no positive correlation
between annual yield and number of fish released. In fact,
both yield of native fish and the proportion of native fish in
the catches decreased with increasing stocking density. From
1979 to 1982, stocked fish constituted about 8% of fish in the
catches as opposed to 39 and 43% in 1986 and 1987,
respectively. During the study period there have been som
variation in total effort, however, this does not explain the

annual variation in yield (unpublished data).
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Proportion of native fish in the test fishing catches

The proportion of native brown trout decreased significantly
during the study period (linear regression, P<0.05, Figure 3).
In 1984, natives made up 47% of the total catch compared to
25-30% in 1987 and 1988. Opposite, the fraction of non-native
stocked fish in the catches increased highly during the study
periocd, being 22% in 1984 and 47% in 1988.

Age distribution

Brown trout caught during test fishing in Lake Tesse ranged in
age between 2+ and 9+ (Figure 4). Any comparison of age
distribution between strains are invalided because of gill net
selectivity (they differ in size at age) and annual variation
in survival (e.g. strong 1983 year-class of non-native stocked
fish).

Among younger age groups {(e.g. age 2+ and 3+) about 70%
originated from stocked brown trout (Fig. 5). The proportion
of released fish decreased highly among older individuals.
This is probably mainly because stocked fish grew more rapidly
than native fish, and were consequently caught at a lower age
by commercial fishermen (cf. L'Abee-Lund & Szgrov 1991).

Growth

Attained length was highly related to strain, after having
removed the effect of age (ANCOVA, P<0.0001, Table 2).

Back-calculated lengths showed that non-native stocked
fish of age 2 and 3 were generally significantly larger than
individuals of corresponding age of native stocked fish, which
were significantly larger than native fish (ANOVA, Table 3).
However, for older fish there was generally no difference in
lengths between native stocked and non-native stocked fish of
the same age, however, both categdries were larger than native
fish.

Length increment of different cohorts exhibit a reduction
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in growth for younger fish during the study period, e.g. in
age groups 2 and 3 (Figure 6). However, for fish in age group
4 there was in fact an general increase in growth rate during

the same period.
Discussion

The present study indicate that the survival and growth of
native brown trout in Lake Tesse is affected by supplementary
stockings of conspecifics. We suggest therefore that native
fish suffer from strong ecological interactions for space and
food from stocked individuals in the epibenthic zone. This is
thought to occur because (i) native fish were significantly
smaller than stocked fish in all age groups and (ii) increased
density due to stocking reduced survival of native fish

The competition from stocked fish may be strong already
in their first year of life. Native brown trout of Lake Tesse
mainly leave their nursery streams in their first year of life
(unpublished data). In the lake, it is reasonable to assume
that stocked fish outcompete wild individuals for territories
because of their larger size (Bachman 1984). If stockings are
carried out yearly, and without any apparent differences in
survival between wild and stocked fish after the first year,
wild fish are successively-replaced by cultured ones {(Naslund
1992). Comparative data on survival of native and stocked fish
are difficult to obtain in Lake Tesse due to few un-exploited
year classes.

A study of habitat selection conducted in the littoral
zone of Lake Tesse strongly indicate intraspecific competition
among brown trout for space (Hegge, Hesthagen & Skurdal
1993a). Smaller individuals showed a strong association to the
bottom and a pronounced preference for bottom substratum
compared with larger fish. We hypothesize that by taking
position close to the bottom, smaller brown trout are less
detectable and thereby probably reduce the rate of agonistic
encounters with larger specimens.

Differences in habitat utilization among native and non-
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native stocked brown trout in Lake Tesse is also of importance
in evaluating the ecological effects of stockings. We found
that native and native stocked fish were both spatially
segregated according to size as small (< 220 mm) and large
specimens mainly occupy the epibenthic and pelagic zone,
respectively (Hesthagen et al. 1993). In contrast, all size
groups of non-native trout were largely restricted to
epibenthic habitat. In this paper, we argue that the pelagic
zone was temporary the most rewarding habitat, but that non-
native fish were less adapted to utilize this habitat. Because
non-native trout generally lack a habitat shift, there will be
a strong intraspecific competition in the littoral zone.
Therefore, small brown trout are forced into the lessg
favourable epibenthic habitat through social interactions with
large specimens (Hegge, Hesthagen & Skurdal 1993b). We also
argue that the conditions for small brown trout is a
bottleneck in the capacity of fish production in hydroelectric
reservoirs where the bottom fauna is strongly reduced (Grimas
1961).

We found a reduction in growth among both native and non-
native stocked brown trout in age groups 2 and 3 during the
study period. Although we found a decrease in yield during the
same period, does not necessarily means that there was a
corresponding decrease in density of fish in younger age
groups. The influence of density on fish growth has been
documented in brown trout (Jensen 1977; Hesthagen & Johnsen
1992). Therefore, variation in growth rate prove to be a
useful parameter when considering changes in fish density.
Similar, Keast (1977) found that the abundance of other fish
was the primary factor influencing growth in different yellow
perch stocks.

The number of young trout in the littoral zone of Lake
Tesse might be close to carrying capacity prior to the
increase in stocking density. Therefore, any further
supplementary stockings does not necessary mean an increase in
the standing stock of young fish. In fact as indicated from
this study, native trout might became replaced by stocked fish
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due to their size-related inferior competitive ability. Such
cases might cause a decrease in production of wild fish, and

eventually also a decrease in total production.

Management implications

We recommended to stop the stockings in lake Tesse for a
three-year period (1987-1989 except for 10.000 native stream-
stocked fish) in order .to evaluate the stockings in terms of
fish yield in the reservoir. Further,; stockings of non native
fish have been stopped due to their lack of using pelagic
habitat (cf. Hesthagen et al. 1993). At present, stockings of
native fish reared both in hatchery and earthen pond are
carried out to evaluate survival, growth and habitat use.

The decline in the the number of native fish during the
study period, is not thought to be due to a smaller spawning
stock and hence not to reduced recruitment. Spawning migration
have been registered in several streams draining Lake Tesse
since 1980 (unpublished data). No mature non-native brown
trout have been obtained in these streams, indicating no
interbreeding between native and introduced non-native brown

trout in Lake Tesse water system.
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Table 1. Density and total number released (NR) and mean length in mm % standard
deviation (XL + SD) of juvenil (age 0+) non-native and native brown trout released in

Lake Tesse, 1980-1986. In addition, 2000 native fish were released in same

tributaries each year during the same period, i.e. totally 14000 specimens.

Non-native fish Native fish
Density Fish size Density Fish size -
Year Strain Ha? Np XL+SD N Ha'l  Np XL+SD N
1980 Bjornesfjord 70 10000 47+5 121 4.1 5800 52+8 130
1981  Tunhovdsfjord 105 15000 52zx4 259 42 6000 51+4 130
1982  Tunhovdsfiord 119 17000 54+6 115 49 7000 55%7 165-
1983  Bjornesfjord 105 15000 53+5 51 70 10000 42+7 149
1984  Bjornesfjord 10.5 15000 5247 102 70 10000 42+4 343
1985 Bjornesfjord 11.2. 16000 . 50+6 . 107 7.0 10000 4714 112
1986  Tunhovdsfjord 84 12000 60%5 115 7.0 10000 5414 178

word\ingrid\iessetab.84




Table 2. Analysis of covarjance (back—calculated length at age 2-5) of brown trout caught
in epibenthic habitat in Lake Tesse, 1984-1988.

MS df F-ratio P R?
0.486
L2 Age 186740.635 1 747.200 < 0.0001
Strain 183657.312 2 734.863 < 0.0001
Residual 249920 2343
0.296
I3 Age 148493.571 1 231.452 < {.0001
Strain 192391.730 2 299 859 < (.0001
Residual - 641.573 1981
0.183
14 Age 49156.779 1 44.352 < 0.0001
Strain 99558.009 2 89.827 < 0.0001
Residual 1108.337 999
0.146
L5 Age 23626.265 1 15.815 < 0.0001
Strain 33786.557 2 22.616 < 0.0001
Residual 1493.889 358

wpst d:\ingrid\trygve\tessetab.84
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Figure 1. Lake Tesse with geographic location

Figure 2. Yield in kg ha™ of non-native stocked, native
stocked and natural recruited brown trout caught on gill nets

of 35 mm mesh size in Lake Tesse, 1979-1988

Figure 3. Proportion of non-native stocked, native stocked and
native brown trout in Lake Tesse, 1984-1988. Sample sizes in

each year are given on the figure.

Figure 4. Age frequency distribution of native, native stocked
and non-native stocked brown trout in Lake Tesse, 1984-1988.
N=number of fish. Seven non native fish of age 1+ are not

presented in the figure.

Figure 5. Proportion of stocked brown trout (native and non-
native fish combined) in different age groups in Lake Tesse,
1984-1988. Sample sizes in each age group are given on the

figure.

Figure 6. Annual length increment of native (solid circles)
and non-native stocked (open circles) brown trout of different
cohorts caught in Lake Tesse, 1984-1988,
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