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GONGUSEIBAHYNDUN
Valdimar Gunnarsson

Veidimdlastofnun

INNGANGUR.

Eftir adé seidi laxa (Salmo salar L.) hafa dvalié 1-6 ar 1
fersku vatni eiga sér stas mikil umskipti i 1ifj beirra. pessi
umskipti, sem adlaga fiskinn aé 1{ifi i s81tu vatni hafa verid
k6l1lus génguseidamyndun en einnig sidpbroski 0g siodun. Myndun
génguseiéabdnings hefur i f5r med sér Utlits- og hegdunar-
breytingar hjj fiskinum 4samt lifedlis- og lifefnafraéilegum
breytingum. Ymsir umhverfispattir Srva gdénguseidamyndunina sem
einnig gengur til baka ef fiskurinn gengur ekki til sijavar.

Fisldi yfirlitsgreina hefur veris skrifadur um gdnguseida-
myndun laxaseida (Hoar 1976; Folmar og Dickhoff 1980; Wedemeyer
og fl., 1980, 1981; Hasler Og Scholz 1983; McKoewn 1984; Langdon
1985; McCormick og fl., 1987). Yfirlit yfir helstu breytingar sem
eiga sér stas vig génguseidamyndun er as finna i t&6flu 1.

AHRIF UMHVERFIS A GONGUSEIDAMYNDUN

daglengd, en einnig flytir hdtt hitastig pessari myndun og lagt
hitastig seinkar henni (Baggerman 1960; Wagner 1974; Wedemeyer og
fl., 1980). vVvié nattarulegar adstadur eru bpaés bvi adallega
daglengd, aukning dagsbirty 0g hitastig sem stidorna pvi as seidi
sem hafa nad lagmarksstars fara i sjégéngubﬁning aé vori.
Lidslotan (daglengdin) hefur bvi verié k&11us liffredileg klukka
sem gefur seidunum bod um hvenar pau eiga ad fara { siégdngu-
buning (Eriksson ©9 Lundqvist 1982). Ahrif hitastigs eru
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greinilegri eftir pvi sem nordar dregur. P& seinkar
gdnguseidamyndunni og seidin fara seinna ur anni. Midad er vid
aé hitastig arinnar purfi adé na 100Cc &6ur en seidin byria ad
ganga til siavar. I nokkrum tilvikum hefiast gdngur laxaseida
vié 70C, en seidin byria ekki ad ganga ur anni ad neinu marki
fyrr en hitastig arinnar fer yfir 100c (Bakshtansky og fl., 1976;
Ruggles 1980). i k6ldum vorum seinkar pvi gdnguseidamyndun i
nattirulegum vatnakerfum og hly vor flyta gdnguseidamyndun og

goéngum seida Ur anni (Melnikova 1970).

Tafla 1. Helstu breytingar sem eiga sér stad vid
gdnguseidamyndun.
OTLITSBREYTINGAR

- Seidin missa brungula litinn og verda silfurlitud og fa
svarta uggaenda og spordenda.

- Hreistrid verdur lausara.

- Holdastudullinn lakkar.

BREYTING A HEGDUN

- Atferli seidanna breytist pannig adé bau hatta ad halda sig
vid botn og veria eitt akvedid svadi.

- Uppstreymi seidanna eykst og pau halda sig ofar i
vatnsmassanum. Seidin byria ad leita undan straumi.
SELTUPOL

- Ymsar lifedlisfradilegar breytingar eiga sér stad sem auka
seltupol seidanna.

- Vatnsbuskapur seidanna midast vid aéd dela séltum ur
likamanum i stadinn fyrir adé dela peim stédugt inn il
likamann fyrir génguseidamyndun.

- Aukning er i fioclda klérid-fruma og magni af ensimum sem
taka patt i aé pumpa salti dr likamanum.
VOXTUR

- Vaxtarhradi eykst vié gdnguseidamyndun. Fiskurinn gengur a
fituforda sinn og holdastudull lzkkar.
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GONGUSEIDASTERD OG TIMI GONGUSEIPAMYNDUNAR.

Gonguseidamyndunin hefst adé hausti med pvi ad bau seidi sem

hafa nadé sterdinni 8-12 sm taka vaxtarkipp og getur vaxtarhradinn
fimmfaldast a peim seidum. Smém saman hagir & vexti en vdxturinn
er meiri um haustid og veturinn en hjad pbeim seidum sem ekki tdku
bennan vaxtarkipp (JGlds B. Kristinsson og fl., 1985). Vié pad
aé hluti af seidunum tekur vaxtarkipp verdur mikill stardarmunur
og seidin skipta sér i tvo stardarhdpa sem kalladir hafa verid &
erlendu mali "upper mode" og "lower mode" (Thorpe og fl., 1980).
Laxaseidi bpurfa ad hafa ndd lagmarksterd um vorid til pess
ad gdnguseidamyndun geti Aatt sér stad. Starstu og elstu seidin
fara fyrst i génguseidabining & vorin og minni seidin seinna
(Evropeitseva 1958; Johnston og Eales 1970) . Lagmarksstardin er
talin vera ad medaltali 12-13 sm (Farmer og fl., 1978; Saunders
1979) . Minni seidi geta fengid silfurlit 0og O6nnur einkenni
gbnguseidamyndunar eins og aukid seltupol ad hluta og uppstreymi,
en adrir eiginleikar prédast ekki fyrr en nasta vor pbegar
lagmarkssterd er nasd (Saunders 1979; Wedemeyer og f1., 1981).
Sterd gbnguseida i am hér & landi par sem hin hefur verid
meld, hefur ad medaltali verid 12-13 sm (Poe 1975, bor
Guéidénsson, 1978; Vigfus Jbéhannsson og fl., 1987). Aftur & moéti
er stard godnguseida ur Medalfellsvatni meiri, eda ad medaltali
13,8-15,9 sm, og er bPad i samremi vid erlendar rannsdknir sem
syna ad gdnguseidi Gr stdduvdtnum eru starri en gdénguseidi Ur am
(Sigurdur Mar Einarsson, 1986; Vigfis Jdéhannsson og fl., 1987).
Einnig hefur komid fram adé gdnguseidi i Kanada og Svipidd eru
sterri eftir pvi sem nordar dregur (Chadwick 1981; Valdimar
Gunnarsson 1985). Slik sterdaraukning gdnguseida eftir pbvi sem
nordar dregur hefur ekki komié fram i malingum hér & landi.
Rannséknir benda til adé gdnguseidasterd sé ad hluta til arfgeng
(Orciari og fl., 1987), og ad gbnguseidi islenskra laxastofna séu

almennt minni en gerist hjid erlendum laxastofnum.

UTLITSBREYTINGAR.

Vié gdnguseidamyndun eiga sér stad miklar Gtlitsbreytingar a
fiskinum. Laxaseidin breyta um lit. Brunguli liturinn og ddkku
flekkirnir & hlidunum sem einkenndu pau & ferskvatnsskeidinu
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hverfa og i stadinn kemur silfurlitur. Brunguli liturinn er
nedst i rodinu (dermis). I ysta lag rodsins (epidermis) safnast
niturbasar sem gefa fiskinum silfurlitinn og pekia yfir bringula
litinn. Samtimis pvi aé fiskurinn verdur silfurlitadur safnast
fyrir litarefnid melanin i uggaendum og spordenda og veldur pvi
ad peir verda svartir (Johnston og Eales 1967,1968,1970) . Med
litarbreytingunum adlaga laxaseidin sig pvi adé breyttum
lifnadarhattum, p.e. fra pvi ad vera stadbundin vid eitt akvedid
svedi & botni Arinnar aé pvi ad l1lifa i yfirboréi siavar.
Bruinguli liturinn er vel til fallinn sem felulitur & ddkkum botni
4rinnar og silfurliturinn hentar vel sem felulitur i efstu 1logum
siavar. Génguseidamyndunin hefur einnig i f&r med sér ad
hreistrid verdur mijdg laust (Evropeitseva 1957). Seidin verda
pvi midg vidkvem fyrir 8llu hniaski. Bukurinn verdur midéslegnari
og rennilegri og holdastudull seidanna lakkar samfara godnguseida-
myndun (Hoar 1939). Holdastudullinn finnst med i6fnu K = W/L3 x

100 par sem W er pyngd i grdmmum og L lengd i sentimetrum.

BREYTING A ATFERLI.

A uppvaxtarskeidinu i anni halda seidin sig 4 einu akvednu

svedi a4 Arbotninum sem pau verja fyrir &érum (Kallberg 1958).
pegar goénguseidamyndunin & sér stad eykst loftmagnid 1 sund-
maganum og seidin f& meira uppstreymi (Saunders 1965) . Fiskurinn
leitar upp i vatnsmassann (Kallberg 1958) og byriar ad leita
undan straumi (Lundqvist 1983; Eriksson 1984). Haefileikar
seidanna til aé synda & moéti straumi minnka (Kutty og Saunders
1973; Thorpe og Morgan 1978). Ardsargirni seidanna minnkar og a
leid sinni nidur ana safnast seidin saman i hépa (White og
Huntsman 1938; Bakshtansky og fl., 1982). Pegar gbnguseida-
myndunin & sér stad eru gdnguseidin mun meira & hreyfingu en
laxaseidin sem ekki fara i gdngubuning um vorid (Evropeitseva
1957; Eriksson 1975). Einnig leita seidin meira i saltara vatn
pvi lengra sem bau eru komin i gdnguseidamynduninni (Baggerman
1960; McInerney 1964).

SELTUPOL.
Seltupol laxaseida eykst eftir pvi sem seidin verda sterri
(Huntsman og Hoar 1939; Parry 1958). Seltupol er ekki eingdngu
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haé stxrd seidanna og er seltupolié mest pegar seidin fara i
génguseidablninginn eins og synt er & mynd 1 (Huntsman og Hoar
1939; Clarke og fl., 1985).

100%

50%

April Mai Juni Juli

Mynd 1. Préun gdnguseidabinings (seltubiskapur) & vorin hija
seidum vié nattirulegar adstadur. Ef seidin komast ekki wr &nni
fara pau uUr génguseidabiningnum og adlaga sig aftur a6 1ifi 1
fersku vatni.

I ferskvatni streymir vatn inn i fiskinn, par sem seltu-
innihald fisksins (100/00) er mun harra en vatnsins (00/00) (mynd
2) . Fiskurinn losar sig vid petta vatn sem bvag. Salttap betir
fiskurinn upp meé peirri fadu sem fiskurinn neytir og med virkri
upptdku a sdltum ur vatni um tdlkn og upptdku & s&dltum ar pvagi
(Loretz og f1., 1982).

I sjénum streymir vatn Gr likama fisksins og til ad bzta
vatnstapid parf fiskurinn aé drekka sjé (mynd 3). Viéd
gonguseidamyndunina eiga sér stad breytingar a vatnsbuskap
fisksins sem gerir fiskinum kleift ad drekka sié og losa sig vié
saltié. Vid gonguseidamyndunina prodast klérid-frumur i vélinda
(Collie og Bern 1982) sem vinna saltié Gr sidénum Adur en pbadé fer
nidur i maga. Saltid fer sidan med blédinu i talknin og bpadan er
pvi sidan delt Gt um k1lérid-frumur (Burton og Idler 1984). I
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k1érid-frumunum eru tvd ensim sem taka patt i ad losa fiskinn vid
salt, p.e. Na+/K+ ATPase og succinic dehydrogenase (SDH) . Magn
pessara ensima eykst pegar seidin fara i génguseidabuning
(McCartney 1976; Chernitskiy og Loenko 1983; Langdon og Thorpe
1984). Eftir aé megnidé af saltinu hefur verid tekid upp um
vélindad fer vatnid nidur i maga og padan nidur i parma par sem

vatnidé er tekid upp i gegnum parmaveggina (Loretz og fl., 1982).

SOLT
VATN
Mynd 2. I fersku vatni streymir vatnié inn i fiskinn. Fiskurinn

losar sig vid vatnid sem pvag. Tap 4 sdltum batir fiskurinn upp
med virkri upptdku & soltum ur vatni um talknin.

Mynd 3. I sj6 fladir vatn Gr likama fisksins. Fiskurinn drekkur
mikinn sié til aé bata vatnstapid og losar sig vidé 1itid af
pvagi. Salt sem fiskurinn drekkur losar hann sig vidé med adé dala
pvi Gt um talknin.
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EFNASKIPTI OG LIFEFNAFREDILEGAR BREYTINGAR.

Vid gbnguseidamyndun & sér stad aukning i1 vaxtarhraéda

(efnaskiptahradanum) (Saunders ©0g Henderson 1970), sem medal
annars kemur fram i aukinni sdirefnisnotkun fisksins (Blake og
fl., 1984; Higgins 1985). bar sem fada er takmbérkud og hitastig
lagt um veturinn i &nni 4 medan génguseidamyndunin stendur yfir,
a4 sér stad veruleg minnkun & fituforéa fisksins (Lovern 1934;
Malikova 1957). Aukning i efnaskiptahrada vié gdnguseidamyndun
veldur einnig minnkun & glykogeni i 1lifur og vddéva (Malnikova
1957; Wendt og Saunders 1973).

Breyting a fitusyrusamsetningu fisksins hefur einnig verid
meld vié gbénguseidamyndun (Lovern 1934) og er talid ad pessar
breytingar hafi meé vatnsbiskapinn ad gera (Sheridan og fl.,
1983) .

GONGUSEIDAMYNDUN - FERSKVATNSAPLOGUN.

Ef gdnguseidi komast ekki Gr fersku vatni ad vori fara pau

Gir génguseidabiningnum og adlaga sig aftur ad 1lifinu i fersku
vatni (Evropeiteva 1958). Vidé pad ad fara ur gbnguseidabuningnum
minnkar seltupol seidanna (sia mynd 1), silfurliturinn minnkar og
611 o6nnur einkenni génguseidamyndunar ganga til baka (samantekt
Valdimar Gunnarsson 1985). Hve langan tima pad tekur seidin aé
fara Ur gdnguseidabiningnum er has hitastigi. Eftir pvi sem
hitastigid er harra pvi styttri er sd timi sem seidin eru i
gonguseidabuningi og pvi fliétari eru pau aé fara ur honum (Zaugg
0g McLain 1976; samantekt Valdimar Gunnarsson 1985).

Gonguseidamyndun & sér stad med aukinni i daglengd og ef
seidéin komast ekki UGr fersku vatni i 1lok jini begar dag fer aé
stytta & ny, ganga pau til baka og adlaga sig aftur adé 1ifi i
fersku vatni.

HEIMILDIR

Baggerman, B., 1960. Factors in the diadromous migrations of
fish. Symp.Zool.Soc. London, 1:33-60.

Bakshtansky, E.L., Barybina, I.A. & Nesterov, V.D., 1976.
Changes in the intensity of downstream migration of
Atlantic salmon smolts according to abiotic conditions.



26
ICES C.M. 1976/M:4:12 bls.

Bakshtansky, E.L., Nesterov, v.D. & Nekludov, M.N., 1982.
Changes in behaviour of Atlantic salmon (Salmo salar L.)
smolts in the process of downstream migration. ICES.
C.M. 1982/M:5: 23 bls.

Blake, R.L., Roberts, F.L. & Saunders, R.L., 1984. Parr-smolt
transformation of Atlantic salon (Salmo salar): Activities
of two respiratory enzymes and concentrations of
mitochondria in the liver. Ccan.J.Fish.Aquat.Sci. 41:
199-203.

Burton, M.P. & Idler, D.P., 1984. Can Newfoundland landlocked
salmon (Salmo salar L.) adapt to sea water? J.Fish Biol.
24:59-64.

Chadwick, E.M.P., 1981. Biological characteristics of Atlantic
salmon smolts in Western Arm Brook, Newfoundland. Can.Tech.
Rep.Fish.Aquat.Ser. 1024:45 bls.

Chernitskiy, A.G. & Loenko, A.A., 1983. The osmoregulatory
system and possible ways and differentiation in ecological
forms of Atlantic salmon (salmo salar (Salmonidae)) - J.
Ichthyology., 23(6):84-94.

clarke, W.C., Lundgvist, H. & Eriksson, L.-0., 1985.
Accelerated photoperiod advances seasonal cycle of seawater
adaptation in juvenile Baltic salmon (Salmo salar L.).
J.Fish Biol. 26:29-35.

Collie, N.L. & Bern, H.A., 1982. Changes in intestinal fluid
transport associated with smoltification and seawater
adaptation in coho salmon (Oncorhynchus kisutch Walbaum) .
J.Fish Biol. 21:337-348.

Eriksson , L.-0O., 1975. Diel & annual locomotor activity
rhythms in some fresh water fish species with special
reference to the seasonal inversion in salmonids. Ph.D.
thesis, University of Ume ., Sweden.

Eriksson, L-0. & Lundgvist, H., 1982. Circannual rhythms and
photoperiod regulation of growth and smolting in Baltic
salmon (Salmo salar L.) . Aguaculture, 28:113-121.

Eriksson, T., 1984. Adiustment in annual cycles of swimming
pehaviour in juvenile Baltic salmon in fresh and brackish
water. Trans. Am.Fish.Soc. 113(4):467-71.

Evropeitseva, N.V., 1957. Transformation to smolt stage and

downstream migration of young salmon. Uch.Zap.Leningr.
GOS. Univ., No. 228. Seriia Biologicheskikh Nauk No.
44:117-154. (Fish.Res.Bd.Transl.Ser. No.234, 1959).

Evropeitseva, N.V., 1958. Experimental analysis of the young
salmon (Salmo salar L.) in the stage of transition to life




27
in sea. Rapp.P.—v.Reun.Cons.int.Explor.Mer. 148:29-39,

Farmer, G.J., Ritter, J.A. & Ashfield, D., 1978. Seawater
adaptation and parr-smolt transformation of juvenile
Atlantic salmon (Salmo salar L.). J.Fish.Res.Bd.Can.
35:93-100.

Folmar, L.C. & Dickhoff, W.W., 1980. The parr-smolt
transformation (smoltification) and seawater adaptation in

salmonids. A review of selected literature. Aquaculture,
21:1-37.

Hasler, A.D. & Scholz, A.T., 1983. Olfactory, imprinting and
homing in salmon. Zoophysiology Vol. 14. Springer-Verlag,
Berlin, Heidelberg, New York, Tokyo, 134 bls.

Higgins, P.J., 1985. Metabolic difference between Atlantic salmon
(Salmo salar) parr and smolts. Aquaculture, 45:33-53.

Hoar, W.S., 1939. The weight-length relationship of the Atlantic
salmon J.Fish.Res.Bd.Can. 4:441-460.

Hoar, W.S., 1976. Smolt transformation: Evolution, behavior, and
physiology. J.Fish.Res.Bd.Can. 33:1234-52.

Huntsman, A.G. & Hoar, W.5., 1939. Resistance of Atlantic
salmon to sea water. J.Fish.Res.Bd.Can. 4:409-411.

Johnston, C.E. & Eales, J.G., 1967. Purines in the integument of
the Atlantic salmon (Salmo salar) during parr-smolt
transformation. J.Fish.Res.Bd.Can. 24:955-964.

Johnston, C.E. & Eales, J.G., 1968. Influence of temperature
and photoperiod on guanine and hypoxanthine levels in skin
and scales of Atlantic salmon (Salmo salar) during parr-
smolt transformation. J.Fish.Res.Bd.Can. 25:1901-1909.

Johnston, C.E. & Eales, J.G., 1970. Influence of body size on
silvering of Atlantic salmon (Salmo salar) at parr-smolt
transformation. J.Fish.Res.Bd.Can. 27:983-987.

Julius B. Kristinsson, Saunders, R.L. and Wiggs, A.J., 1985.
Growth dynamics during the development of bimodal length-
frequency distribution in juvenile Atlantic salmon
(Salmo salar L.). Aquaculture, 45:1-20.

Kallberg, H., 1958. Observations in a stream tank of
territoriality and competition in duvenile salmon and trout
(Salmo salar L. and Salmo trutta L.). Rep.Inst. Freshwater
Res. Drottningholm 39:55-98.

Kutty, M.N. & Saunders, R.L., 1973. Swimming performance of
young Atlantic salmon (Salmo salar) as affected by reduced

ambient oxygen concentrations. J.Fish.Res.Bd.Can. 30:223-
227.




28

Langdon, J.S., 1985. Smoltification physiology in the culture of
salmonids. I: Recent advances in Aquaculture. Vol. 2
(ritstj. J.F. Muir & R.J. Roberts). bls.79-118. Croom Helm,
London and Sydney, Westview Press, Bolder, Colorado.

Langdon, J.S. & Thorpe, J.E., 1984. Response of the gill Na+/
K+ ATPase activity, succinic dehydrogenase activity and
chloride cells to seawater adaption in Atlantic salmon
(Salmo salar L.), parr and smolt. J.Fish Biol. 24:323-331.

Loretz, C.A., Collie, N.L., Richman, III, N.H. & Bern, H.A.,
1982. Osmoregulatory changes accompanying smoltification
in coho salmon. Aquaculture, 28:67-74.

Lovern, J.A., 1934. Fat metabolism in fishes. V. The fat of the
salmon in its young freshwater stages. Biochem.J. 28:1961-
1963.

Lundqvist, H., 1983. Precocious sexual maturation and smolting in
Baltic salmon (Salmo salar L.): Photoperiodic syncronization
and adaptive significance of annual biological cycles.
Akademisk avhandling. Dept. of Ecological Zoology, Univ. of
Ume , Sweden. 21 bls.

Lundgvist, H., Clarke, W.C., Eriksson, L.-0., Funeg rd P.
& Engstrom B., 1986. Seawater adaptability in three
different river stocks of Baltic salmon (Salmo salar L.)
during smolting. Aquaculture, 52:219-229.

Malikova, E.M., 1957. Biochemical analysis of young salmon at
the time of their transformation to a condition close to
the smolt stage, and during retention of smolts in fresh
water. Tr.Latv.0tdel.VNIRO Vol. II:241-255. (Transl.from
Russian by Fish.Res.Bd.Can.Transl.Ser. No.232 1959).

McCartney, T.H., 1976. Sodium-potassium dependent adenosine
triphosphatase activity in gills and kidneys of Atlantic
salmon (Salmo salar). Comp.Biochem.Physiol. 53A:351-353.

McCormick, S.D. & Saunders R.L., 1987. Preparatory
physiological adaptions for marine life of salmonids:
Osmoregulation, growth, and metabolism. American Fisheries
Society Symposium 1:211-229.

McKeown, B.A., 1984. Fish Migration. Croom Helm Publishers Ltd.,
Beckenham, England, 230 bls.

McInerney, J.E., 1964. Salinity preference: an orientation
mechanism in salmon migration. J.Fish.Res.Can. 21:995-1018.

Melnikova, M.N., 1970. Some features of young Atlantic salmon
(salmo salar L.) in several rivers in the White Sea Basin.
J.Ichthy. 10(3):311-319.

Orciari, R.D., Mysling D. & Leonard, G., 1987. Time of

‘ |



29

migration and growth of two introduced strains of
Atlantic salmon in a Southern New England Stream.
American Fisheries Society Symposium 1:560.

Parry, G., 1958. Size and osmoregulation in salmonid fishes.
Nature, 181:1218-1219.

Poe, P.H., 1975. Estimation of smolt survival tagging
experiments in 1975. II. Comparison of natural and hatchery
Atlantic salmon smolts. Part A. The 1975 smolt outmigration
of the Ellidaa River. Activity report. UNDP. Iceland,
Salmon and Trout Res. 50 bls.

Ruggles, C.P., 1980. A review of the downstream migration of
Atlantic salmon. Can.Tec.Rep.Fish.Aquat.Sci. No.952:39pp.

Saunders, R.L., 1965. Adijustment of boyancy in young Atlantic
salmon and brook trout by changes in swimbladder volume.
J.Fish.Res.Bd.Can. 22:335-350.

Saunders, R.L., 1979. Physiological and behavioral parameters
involved in salmonid smolting with particular reference
to Atlantic salmon. ICES. C.M. 1979/M:22: 16 bls.

Saunders, R.L. & Henderson, E.B., 1970. Influence of
photoperiod on smolt development and growth of Atlantic
salmon, (Salmo salar). J.Fish.Res.Bd.Can. 27:1295-1311.

Sheridan, M.A., Allan, W.V. & Kerstetter, T.H., 1983. Seasonal
variations in the lipid composition of the steelhead trout
(Salmo gairdneri Richardson), associated with parr-smolt
transformation. J.Fish Biol. 23:125-134.

Sigurdur Mar Einarsson, 1986. Utilization of fluvial and
lacustrine habitat by a wild stock of anadromous Atlantic
salmon (Salmo salar L.) in an Icelandic watershed.
A thesis presented for degree of Master of Philosoply
University of Edinburgh. 188 bls.

Thorpe, J.E. & Morgan, R.I.G., 1978. Periodicity in Atlantic
salmon (Salmo salar L.) smolt migration. J.Fish Biol. 12:
541-48.

Thorpe, J.E., Morgan, R.I.G., Ottaway, E.M. & Miles, M.S., 1980.
Time of divergence of growth groups between potential
1+ and 2+ smolts among sibling Atlantic salmon. J.Fish Biol.
17:13-21.

Valdimar Gunnarsson, 1985. Biologisk bakgrunn for kulturbetinget
fiske av laks: En litteraturstudie. Kandidatoppgave i
Akvakultur, Institutt for Fiskerifag, Universitetet i
Tromsd. 155 bls.

Vigfis Joéhannsson, Sigurdur MAr Einarsson og Jdénas Jonasson,
1987. Sterd gonguseida i hafbeit. Eldisfréttir, 3(4):20-
26.




30

Wagner, H.H., 1974. Photoperiod & temperature regulation of
smolting in steelhead trout (Salmo gairdneri). Can.J.Zool.
52:219-234.

Wedemeyer, G.A., Saunders, R.L. & Clarke, W.C., 1980.
Environmental factors affecting smoltification and early
marine survival of anadromous salmonids. Mar.Fish.Rev.
42(6):1-14.

Wedemeyer, G. A., Saunders, R.L. & Clarke, W.C., 1981. The
hatchery environment required to optimize smoltification
in the.artificial propagation of anadromous salmonids. I:
Bio-Engineering Symposium for Fish Culture (FCS. Publ.l):
bls. 6-20.

Wendt, C.A.G. & Saunders, R.L., 1973. Changes in carbohydrate
metabolism in young Atlantic salmon in response to variou
forms of stress. Int.Atl.Salm.Symp.Spec.Publ.Ser. 4:55-86

White, H.C. & Huntsman, A.G., 1938. Is the local behavior in
salmon hereditable ? J.Fish.Res.Bd.Can. 4:1-18.

pSr Gudidnsson, 1978. The Atlantic salmon in Iceland.
J.Agric.Res.Icel. 10(2):11-39.

Zaugg, W.S. & McLain, L.R., 1976. Influence of water temperature
on gill sodium, potassium - stimulated ATPase activity in
juvenile coho salmon (Oncorhynchus kisutch) .
Comp.Biochem.Physol. 54A:419-421.




