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ABB'l'RAC'l

The present study examined ho.... morphological,

biological and biochemical characteristics of eggs

correlated with overall perfol"lllance (survival, gro....th) of

eggs and alevins of Arctic charr (~~) and

Atlantic salmon (.ali.mQ uliu:). In addition, the effect of

time of stripping on biochemical composition of labol"atory­

reared charr eggs \o1as stUdied, and the biological,

morphological and biochemical egg quality criteria of

cultured and wild Atlantic salmon (anadromous) were compared

and evaluated. Fertilization and hatching success, growth

and survival of dQveloping- embryos, alevins and fry were

recorded as biOlogical measures of egg quality . These

measures were compared to levels of protein, lipid,

carbohydrate, moisture, ash, total and free amino acids as

potential biochemical indicators, and to egg size, yolk-sac

volume at hatching, alevin size at hatching and age at

hatching as potential morphological indicators of egg

quality .

For Arctic charr, eggs collected in the middle of the

spawning period had the highest protein, lipid , carbohydrate

and energy content , which were associated with higher

fertilization and hatching success , and growth and s u rv i va l

of embryos, alevins and fry, than that of eggs collected

early or late in the spawning period. Eggs collected trom

wild Atlantic salmon had higher protein, lipid, carbohydrate
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and energy content and concomitantly higher fertilization

and hatching success, faste r development an d greater growth

and survival of embryos , alevins and fry than those

co llected f rom cultured s t ock. The total amino acid pool,

and the protein, lipid, carbohyd rate and energy content of

eggs, a levins and fry decreased simultaneously during

embryonic development of bot h Ar ct i c charr and At lantic

salmon because they were ut i l ize d in metabolic proc es s es.

Egg diameter an d alevin l ength were positively

correlated with egg weight and e aevfn weight,

respectively . There was no co rrelation between egg weight

and alevin weight or eg9 diameter and alevin length at

hatching for either Arctic cha r r or Atlantic salmon.

The amillO ac l.ds , serine, va line, tryptophan, lysine ,

isoleucine and t hr e on i ne were important tor growth and

survival of embryos, alevins and fry of Arctic char r.

However, alanine , aspartic acid , histidine, isoleucine,

l eu c i ne , lysine, phenylalanine, proline, serine ,

threonine, tyrosine and valine were impor tant fo r g rowth

and surviva l of embryos , alevins and fry of At lantic

salmon.

I t is suggested that energy level and/or amino acid

content of eggs cou ld be used as a c ondition index f or the

future development , growth and survival of embryos and

a levins of saj.ecnfds ,
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CHAPTER 1 . GENERAL n'TRODUCTION

In p r evious s tud ies , many d ifferent defi nitions of "e gg

qua lity" have been used . To date , t here doe s not appear to

be a comp r ehensi ve definition o f egg quality (Kjorsvik et

a1. , 1989) . The criteria used t o as s e s s egg qua lity ha ve

ra nged from biochem ica l to biologica l to morphological .

Biochemical criteria h ave i nc l uded amounts and t yp e s of

proteins (Buck ley , 1 9 84 ; Cra ik and Harvey, 1984) , lipids

(Fraser at a1. , 1 9 87 , 1 9 88; Fraser , 1989; Nomura et a1. ,

197 41 So ivio et a1., 1 9 8 9 ) , ami no acids (Fyhn a nd Se rigstad,

1987; Fyh n at a1., 1 9 8 7 ) and carotenoid pigme nts (Craik,

1985 ; Craik and Harvey, 1 9 8 6 ) of eggs . Recently, RNA-DNA

(Buckley , 1984; Buckley a nd Lough , 1987 ; Clemmesen, 19 8 7 ;

Rob inson and Ware , 1 9 8 8 ) and t ria cylg1y cerol - ster ol ratios

(F raser et a1. , 19871 Fr a s er , 1 9 8 9) of eggs have been used

as condition factors tor g rowth of mar ine fi sh l a r v a e .

Bi o l og i cal c riteria have incl uded fertilization rate

(Kjorsvik an d Lenni ng, 1 983; McEvoy, 1984 ; Springate et aI. ,

1984) , hatch i ng perc e ntage (Thorpe et a1. , 1984) , percentage

s tarting to feed (Tho rpe e t a1., 198 4 ) and percentage of

deformed larvae (Devauchelle et a I. , 1988) .

Morpholog ical measures ha ve included egg diameter

(Bagenal , 1 9 67; Kjorsvik et a l ., 1 9 841 Springate a nd

Bromage , 1985) , egg weight (Bagenal, 19 6 9 ; De vau ch elle e t

al . , 1 988), vo lume (MCEvOY, 1 9 84 ) a nd chorion appea rance



(McEvoy, 1984, springa te and Bromage, 1985) .

The most widely accepted definition of eg g qu ality is

"t he egg 's potential to produce viable fry" (Kjorsvik et

a1. , 1989 ) . Studies on egg qua lity have been investigated by

a f ew workers (Mollah and Tan , 1983 ; sprinqate et a1. , 1984 ;

Craik , 1985) , but t he above-mentioned b i oc he mi cal ,

b i ologi c a l and morpholog ical egg quality criteria have not

been correlated t oget he r with growth and survival of

embryos, a levins and fry.

I n oviparous fishes, the yo lk is t h e on ly sou rce of

nutrients and energy for developing embryos and a levins . As

t he egg water- hardens, the micropyle c loses a nd there is no

fu rther chance for fe rtilization (Terner , 19 79 ; Gilkey,

1981) . After water hardening , the chorion permits gas

exchange but is relatively impervious to most solutes, such

as amino acids and nucleotides (Neyfakh an d Abra11lova, 1974 ) .

Both the rate of yolk absorption and t he e fficiency of yolk

ut i lizat i on important determinants for early

development, growth and s urvival (Heming and BUdd i ngt on ,

1988 ) . The re are strong selective pressures synchronizing

completion o f yol k absorption, development of t h e capability

of feeding , and the availability of suitable food (Barns ,

19 69 ; Rosenthal and Alderdice, 1976).

Successful embryonic development has been found t o

dep end on several factors such as protein and RNA-DNA ratio

(Bu low, 1970 and 1987 ; Ullrey et a L, , 1977: Buckley, 1984),



types and amounts of ami no acids (Fyh n and Serigstad, 198 1 :

Fyh n et a L, , 1981), digestive en aye e (Pedersen et a l. ,

1981 ) : oxygen (Gru be r and wie s er, 1983), temperature

(Peterson et aI., 1971 ) , t ype s and amount s of lipids

(Fraser , 198 9; Soivia e t a 1. 1989 ) an d caro t en o i d pigments

(CralJt and Ha rv ey , 198 6) . The egg' s potential to produce a

viable try is de t enllined by t he ab ove factors . I f one of t he

essential factors is lacking or is inadequate , egg

development will likely fa il at some s tage.

In fish, c a rbohydrates do not con tribute much a nd the

mai n so urce of e ne r gy is though t t o be protein and lip i d

(Walton and Cowey , 1982) . I t would be specub.ted tha t egg s

with highe r caloric values woul d produce alev i ns with h i ghe r

e ne rg y content at hatching .

Ami no ac i ds a r e precursor s for many biologica l

c ompounds , not ably proteins , and a re a lso s ubstrates for

ener gy prod uct i on . In a dd i t ion , t he membrane transport

s ys tem, spec i f ic ac et ylati ng enz ymes, t ra nsfe r RNA, cellul a r

e nergy s ources, a nd other substrates lIus t be available for

protein synthes i s . Def i c i enc i es or ex ce s s of one or mor e of

these a mino acids ca n limit the rate of p ro tein s ynthesis .

Imbalances of the ami no acids are known t o l i mi.t either

prote in s y nt he s is (Tews et aI., 1919 ) or g rowth of anima l

(Har pe r et a1., 1910 ) o r both (Tews e t a1. , 1980 ) . Following

f ertiliza t i on a nd during development of the embryo, the yolk

proteins are resor be d and degraded , and t he ami no acids are



ut i lized for the sy n thesis o f soma tic prot eins (Love , 1980) .

The importance of ami no acids t o t he embryonic

development of fish has not been thoroug hly investigated in

spite of their significance fo r growth and survival.

Essential amino ac ids can not be synthesized by animals and

must be supplied in t he d i e t (Walton, 1985) . The r e are t wo

main sources of amino acids, namely the diet and catabolism

of body proteins which are i n a state of constant t urnover .

Amino acids are primarily required for the synthesis of new

body protoins and for other compounds with special

propert ies such as hormones. The excess amino acids are

rapid ly deaminated , the ami no g r oup being Ultimately

excreted as ammonia and the carbon s ke leton being ox idized

via t he tricarboxylic acid (TCA) cycle for energy o r , in

some cases, co nverted to glucose o r lipid.

Lipids are major constituents for biomembranes a nd are

i mpo r t a nt energy reserves in developing fish embryos

(Atchison, 19751 Tocher and Sargent , 19 8 4 ; Falk-Peterson et

al . , 1986). Triacylglycerol (TGA) is the major fraction of

the s torage lipid (Lehninger, 197 5) a nd hence a form o f

energy storage i n eggs (Kaitaranta, 19801 Kai taranta and

Ackman, 1981 1 Brind et aI. , 19821 Toche r and Sargent, 198 4 1

Fa l k-Petersen et a l ., 1986 ) , yolk-sac larvae (El d ridge e t

e L, 1 98 2 r Vetter et a l . 1983 ; Fras e r et a1 ., 1988) and

adul ts (Love , 1980) of many fish species . Triacy1glycerol is

catabolized by pre-feeding , yo l k-sac larvae of At lantic



salmon,~~ (Cowey et a 1., 1985), At lantic herring ,

~~ L. (Fraser et a1., 1981), Atlantic cod,

~~ L. (Fraser at a1. , 1988) , European sea ba s s,

picent ra r ch us l!mux (Quessada and Pionetti, 198 1 ) .

Triacylglycarol continues to be depleted during the e arly

s t a ges of development , until the e ne r get i c demands of growth

and met abolism are met from exogenous sources . Whe n

ex o ge no us ly derived energy ult i mately exceeds the i mmed i at e

metabolic de Mand s of a l arva , e xcess energy can be s tored as

TGA (~~ L. , Fraser et a l . , 1987 ; Pleuronectes

~, Ehrlich, 197 4a ) . In contrast, when exog en ously

de r ived energy is insufficient to ma i nt ain t h e b a s a l

metabol ism of the l a rvae of t hese s pec i es, endogenou s TGA is

Ci1':.a bo l i ze d (Ehrlich, 1974a , b ; Fr aser et a1. , 1987).

Lipids ar e the most i mpo r t ant chemical c omp one nts among

the con stituents of broodstock diet which affect the

compo s ition of eggs (Watanabe, 1985) . Die ts deficient i n

ess e ntia l fatty acids (Er A) resulted in low e gg production

and l ow egg quality in r a inbow trout (Watanabe et a L, 1984).

The fish ooc yt e synthesizes and accumul ates many

macromolecules (such a s tRNA, mRNA) during oogenes i s (Den i s ,

197 7 ; Denis and Weqnez, 1977 ; Picard and Weqnez , 197 9),

which provide a reservoir of mat erials us ed during variou s

biosynthetic activities essential for the ea r l y s tage s of

embryog ene s is . Sev e r a l energy reserves, glycogen, lipid

(t rig l yc e r i des, neutral lipids , fatty ac ids) a nd prote i n



(mainly phosphoproteins , and lipoproteins) are a cc umu lated

within oocytes during oogenesis of teleost fi sh . Af ter

fertilizat ion , the energy demand of the egg increases as t he

embryo de velops. Embryonic respiration a l so co nt inues t o

i ncrea s e . The embryo undergoes intensive cel l ular

mUltipl ication (cleav ag e), a nd then cellular moveme nts

(gast r u lat ion and epiboly ) which require great quantitie s o f

energy rich mol e cules (ATP and ADP) .

It i s known t ha t the size and wei g h t of the eggs of

f ish c an vary b oth within and betw een populations, a nd that

the variations c an be season a l , geographi cal , genet i c a nd

age d e pe ndent (Bage nal , 1971 1 Hempel, 1979) . The

availability of foo d also affects e gg size (springa t e and

Bromage, 1985 ; spr i nga te e t a!., 198 5) . I ntra specific

studies ha ve c onc l ud ed that l arge eggs produc e l ar g e

ha t c hling s po s ses sing large yolk reserve s r elati v e t o

smaller e g gs (Bl ax ter , 19 69, 1988 : He mpel, 197 9) . Dah l (1 91 8

and 1919) f ound t hat , u nd er the same envi ro nmenta l

c ondit ions , large alevins would grow mor e quickly t han small

ones . He further concluded that alevins from l arge eggs ha ve

a greater i nt e rval of time in whi ch t o e stablish ex ogeno us

feeding . The large egg s not only produced l arger alev i ns but

these larvae surv i ve d longer in the ab sence of e xternal fo od

(Blaxter and Hempel, 1963) . This may be a s e l ective

adv a nt a g e under t he competitive conditions Whic h prev ail i n

wild s t o ck s of f ish .



In salmonids, not only do larger females produce mor e

eg9s , but they also produce larger eggs (sargent e t . a L, ,

1987) . Van den Berghe (1984) f ound in coho salmon, larger

females compete for better oviposition sites , guard their

nests more successfully and t hus have higher rates of egg

survival. Smith and Fretwell (1974) assumed that a female

has a finite amount of energy to devote to egg yolk and that

nat u r al selection favours a female that a llocates her

investment in ea ch egg so as to maximize the number of he r­

offspring that survive to reproduce . In general, large r an d

c Lder- females produce greater number of l a r ge r eggs than

smaller and/or younger i nd i v i dua l s (Buss and Mccreary , 1960 :

Gall, 1969).

Although there is con siderable ev Id ence among s pec i es;

t ha t larger eggs have slower development rates (Balon, 1984:

Paine, 1985), very little is known about the re lationship

between egg size and developmental rate within a species or

population. Preliminary evidence , however, suggests that

offspring from l arge egg s take longer t o r esorb their yolk

sacs and enter the juvenile stage within species o f

sa lmonids (.§A1mQ gill , Privol'Nev, 1960 ; s. gairdneri ,

Escaffre and Bergot , 19 8 4 ; Oncorhynchus ~,

Rombough, 1985) . However , co nfl i c t i ng results have been

reported a s to whet her egg size would confer any permanent

or long-term advantages as far as growth and survival o f the

fry are concerned. Some authors reported no lasting effects



v i t e llogenin i s s ubsequ en tly processed into the yolk

proteins, lipovitellin a nd pho s viti n , a nd t h e rece ptors a re

either degraded or r ecycle d to the surface of the cell to

bind IIOre of the 1iglloo .

Proteins obtained f r om t he mat e r n a l ci r culat ion later

serve as amino acid and e ne rgy sou rces to r the d evelop ing

embryo (Tyl er et al. , 198 8) . The process of mat e rna l -egg

prot ein tr~nsport h a s be e n stud i e d in only a few spec i es of

bi rds and amphibians, bu t little is known i n tish (Tyler et

aI., 19 8 8 ).

The pr e s ent s t ud y examines h ow morpholog i cal ,

biologic al and b i ochemi cal cha racteristics o f eggs c orr elat e

with overall performance (s urv iva l , growth ) of eggs and

alevi ns of Arctic charr (~~) and Atlantic

eeaecn (~~). This study i s divided into t wo topics :

(a) Egg qua l i ty , and effects ot time of s t r i pping on

b i ochemi c a l com position of eggs , and development, growt h an d

survival of e mbryos , alevins anci fry of Ar c t i c charr

(Chapte r 3) .

(b) A cOlRparative s t udy of egg quality ot c u ltured and wild

(anadromous) At l an t i c salmon (Chapte r 4) .



o f egg s ize on sUbsequent de velop me nt (Z on ov a, 1973 ) whereas

o thers found t hat t h ese d i ffe re nt i a l effec t s per s i s t through

t he early life of the fi sh (Pitman, 1979) .

Recent ob s e rvat i ons ha ve found that ho n ones involv ed

i n sex mat u rat i o n are a l so very i mportant for eqg

development a nd surviva l (Bro wn et a l . 19 8 7 , 19 88 . 1989 1

Leat he rla nd a t a!. , 1989a , 1989b : Greenblat t e t a1., 1989 ) .

Brown et ar , (1 989) r eported t hat t he pre s e nc e of triiodo- L­

thyr onine (T3) and L-thyroxine (T4 ) i n egg yolk o f s tripped

bass (~ ~) wer e of ma t e rnal or i g in , a nd

significa ntly i nc rease d ha t c h i ng of the emb r yos a nd

developmen t of l a rv al stag e s pr i or t o the onset o f

e ndogenous t hy roid hormone produc t ion . In s a lmoni ds, s e xua l

maturation is mediated through t he hypot ha l a. i c-p i tu itary-

ov arian axis . Dur i"9 the r e prod uc t i ve perIod an increase i n

p lasma pr ot e ins t a k es place when t he femal e -specific prote i n

vitellogenin (VTG, glycolipophosphoprotein) i s synthesized

i n the liver a nd exported to the blood t o be sequestered by

the go nads for t he format ion of yolk proteins (Walla c e ,

1985) . The s t i mulatory ac t ion of estrogen on v i t e lloge nin

p r oducti on i s un i vers al throughout t h e ncrunanne I Ian

vert ebr a te cj. e as e e eNg and Idler , 1983} . The pres enc e of

vit e llogen i n i n the blood dep end s on the t r ans cripti on o f

the vi tel logcnin g ene( s ) and trans l ation of the mes s en ger

RNA, and on the mo ditication s o f the prote i n and the exp or t

frOID the l i v er c e lls to the blood (Wallace , 19 85) . The



10

CHAPTER 2 . GENERA L MATER IALS AND METHODS

2. 1 origin o f Broodstock

The origins of broodstock of Arcti c charr an d At lantic

sa lmon are de s cr ibed in chapter 3.2 a nd 4 .2 respect ively .

2 .2 Broodstock Identification and stripping

Sex ua l identification wa s d on e on the basis of

secondary sex characteristics such as pre sence of kype in

males, and e nl ar ged and red urogenita l papilla i n fe ma l e s .

The fi s h were gen t ly cap tured a nd wi ped t o p revent water and

mucus f ro m dripp i ng i nto the ce ntre iner while stripping

(Baker, 1980). The fish wa s stripped by ha nd using 3-4 l ong ,

smooth str okes from t he pect or al fins t o t h e ve nt .

Unlike fema les , t he male can be s pawne d more than once

during t he spawn i ng season . The mal e was captured a nd milt

extruded i nto a c lean, glass j a r . Sperm viabil ity was

checked by placing' a drop of milton a microscope slide with

a drop of water . The fluid activated sperm mot ility. I f the

male has v iable s perm, the f l ag el l um of sperm would be in

motion.
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2 .3 Mating Design

For bot h s pe c ies , eggs were s t ripped from four females

a nd thoroughly mi xe d . Two thousa nd eggs ve r e sepa r a t ed a nd

fertili zed wi t h the . i x t u r e of !Dil t col lected fro m J . a l e s,

a nd divided in hal f ( t ....o replic ates ) . After 2- 4 minute s.

water was add ed . Egg s we re s t i r red a nd wate r va s poured off

to remove e xce s s mi l t and othe r deb ris . Eggs were

disinfected with germicide (wes co dy ne @ 0.45%) after

ferti l ization. The washing process was repea ted 2-3 times .

After that wa ter wa s added and l eft for 1 hour to a l low the

egg t o water-harden . The en tire proces s ot f ertilization was

do ne i n dim conditIons .

2. 4 Incub ation

Afte r wa ter hardening. the eg gs were t rans f e r r ed t o an

i ncu ba tor. Each tray o f the i ncubator was d i vided. i nto four

equal parts. Ea ch portion of t h e t ray incu ba t ed 1000 eg gs .

Water tempera t ure vari e d f r om 6_80 C du r i ng incub a t i on

(Swift , 196 5) . The ammonia l ev e l was t ested f r om time t o

time a nd dead eggs were remo v ed a nd recorded regularly

during incubation. After hat.c h Lnq , alevins were transferred

t o 12 l i t r e buckets .
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2 . 5 sampling'

Twenty eggs, a revtns or fry were randomly selected for

measurernents (egg weight a nd diameter, fork l engt h and we t;

weight of alevins and fry. yolk- sac d imensions of alevins a t

hatch!nq) at t he following s tages ; before fertilization,

after fert ilization , eyed-stage, h at ch i ng , first feeding,

and one month after first feeding. The cr i ter ium for the

various s t ages was when at l e ast 75t eg gs were eyed , hatch ed

or when a t l e a s t 75% of the alevins began feeding . Yolk-s ac s

usua l ly r esemble prolate s pheroids a nd their vo lume (rnm3)

ca n be estimat ed using th~ form ula V .. (IV 6) L.H2 (Bla xter

and Hempel, 1 963 ) whe r e L is the y olk-s a c length and Hits

height i n millimet res. Ti me t o eyed-stage, hatching an d

exogenous feeding were recorded. Fertilization success,

surviva l to eyed-stage, hatching success , number of deforme d

a lev i ns a t ha tching . s urvival t o firs t feeding and one month

a f ter first feeding were als o r ecor de d .

2 .6 Rea ring of Al evin 9 and "tj.7

Rear i ng of a levins and fry of Arctic charr and Atlantic

sa lmon a re described i n chapter 3 and 4 respectivel y .
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2.7 Bloch_leal blaly• ••

For biochealcal analyses , samp l es of 150 eggs , ;sl ev i ns

Dr f ry were r a ndolll y c ollected from ea c h re plicate (gr oup )

a t the above men tioned stages . All eggs we r e tho roughly

homoge n i z ed , a nd subsequent sub-samples (t h ree from each

rep l i cate) we r e t a ke n from t he ho mog en ized t i s s ue s for

b ioch e mi cal a na lyses .

:2. 1. 1 Moisture Det8r=lbatioD

Mois ture content was d e t e rmi ne d by drying a bou t 1 9 o f

t he sampl e into a pre - we ighed foil p l a t e . The sampl e was

then d rie d i n a f orced- a ir ov en a t 1050 C ov e r night or un t il

a c onstant weight was obta i ned (AOAC, 198 0) .

Ash content wa s de~er1lined by charring about 0 .5 q of

t h e sampl e i n a weighed crucibl e over a Bunsen burner a nd

t h e n heating i n a muftle f u rnac e at 550 0 C until t he a sh had

a whi t e ap peara nce .

2.7.3 Crude Protein content

The co ntent o f c rude prot e i n in the samp l e was
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detarmined by digestion of a kn own amount of sample in

conoentrated H2S0~ solution . The nit rogen was converted to

ammonia in the form o f ammonium SUlpha te. Upon t h e addition

of ba se (NaOH) and distil lation , the r e l ea s e d ammonia was

collected in a 4% boric acid solution and was sUbsequently

titrated with a standard HzSO,solution. The nitrogen content

was t hen calculated (micro-Kjehdal method) . The crude

protein co n tent was then calculated as %N x 6.25

(Bradstreet, 1965) .

2. 7 • .f. Lipid Determination

The lipid analysis was d one by chl oroform-methanol

extraction (Bligh a nd Dye r, 1959; Folch et a1., 1957) . Ten

9 of tissues was homogenized with the mixture of 10 ml

chloroform and 20 rol methanol for two minutes . To the

mixture 10 ml ch loroform was further added and after

b lending f or 30 seconds, 10 rol distilled water was added and

blend i ng continued for another 30 seconds . The h omoge na t e

was fil tered t hrough Whatman No. 1 fil ter paper on a Coors

No. 3 Buchner funne l wi t h slight suction . Th e filtrate was

tran sferred tio a 500 ml graduated cy linder, a nd, after

a llowing about five minutes for comp lete separation and

clarification, t he vo lume of t he ch l or o f orm layer was

separated which co ntained the total lipid . The solvent

(Chloroform) was evaporated und er vacuum and t h e yie ld of
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the extracted lipid was calculated.

2 . 7 . 5 c a rb oby4r at e Determinat i on

Total carbohydrate was determined by the ph eno l ­

sulphuric acid procedure (DUbois et a1. , 1956) a f t er

e xtraction in hot 5\ t richloroacetic acid as de scribed by

Barnes and Heath (1966) . The co lorimet ric assay was carr ied

ou t in triplicate .

2 . 7 .6 Energy Content

In or de r to c a lcul a t e t otal energy content per

egg, alevin or f ry, the amount of protein , lipid an d

c a r bohydra t e were converted into calories as described by

crisp ( 1984) . The conversion factors are as follows :

1 9 protein"" 5 .65 Kcal ,

1 9 lipid "" 9 .45 Kcal ,

and 1 9 carbohydrate = 4 . 1 xca t ,

2 . 7 . 7 Amino Acids Determination (Tot a l )

Amino acid levels were determined a s described by

Shahidi at a 1. (1990) . Samples were freeze-dried a nd then

hydrol y s ed for 24h at 1100 C with 6N He l (Blackburn, 196 8) .

Th e hydrolysed amino acids were then s e p a r a ted an d
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identified (Sha hid i e t a1. , 1990) . Trypt oph an was dete rm i ne d

separately according t o t he met hod of Penke a t a l . ( 1974) .

Cysteine and methionine were converted to cysteic acid a n d

methionine sul phone respecti vely durinq the Hel hydrolysis

(Blackburn , 1968 ) . Therefore, they a re r eporte d as cysteine

equivalent (cysteine eq. = 2 .. cystine + cysteic acid), and

methionine equivalent (meth i on i ne eq , = methionine +

met hionine su I phone) .

2. 7 .8 Free bino Aoid Determination

For determination of free amino acid l evels, samples

were deproteinized with 10.\ sUlfosalicylic a cid (4 part s

s amp l e , 1 pa rt s ulfos alic yl i c acid) and d iluted 1 : 2 wi t h

lithium c i t rate buff e r pH 2 .2, O.3N Li (Mandino et aI, 19 7 2 ;

Ohara and Ariyosh i , 1979) . Deprote i nized samples we r e

analyzed with a Beclonan 12 1 MB ami no acid analyzer us i ng

Benson D - X8.25 resin a nd a sinqle column, three buffer

lithiulll. method as per Beclona n 121 MB - TB - 0 17 application

note s .

2 .8 statistical Analyses

The Shapi r o-wilk statistic (N<50 ) was used to d e termine

normal i ty of t he data . The data set were not no rma l l y

d i stributed therefore no nparamet ric statistics were used.
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Va r iables were compared using the Kruska l -Wal lis t est . When

signif ican t di fferen ce s were f ound, the Mann-Whitney test

was u s ed t o compa re individual di f ferences be tween groups .

A regression anal ysis was us ed t o dete rmine the r elati ons h i p

be tween egg s ize and size of a levins at hatching . Procedures

fo r t h es e s tatistical analyses are described in Saka l and

Roh lf (1981) . A prob ab i lit y l e vel o f P < 0 .05 was considered

statistical ly significant . computat ions were performed using

the SAS (statistica l Analys is sys tem , r e l e a se 6 .06) pa c ka ge .
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CHAPTER 3. EGG QUALITY, AND EFFECTS OF TIME OF STRIPPING

ON BIOCHEMICAL COMPOSITION OF EGGS, DEVELOPMENT,

GROWTH AND SURVIVAL OF EMBRYOS, ALEVINS AND FRY

OF ARCTIC CHARR (Salvelinus~ L.).

3 •1 Introduction

The Arc tic ch a rr(~~) has a c i r cumpola r

distribution in the nor t he r n h emi spher e and occurs in

nears h or e mar i ne waters , in lakes and r i ve r s near t he sea i n

North America, Asia, Europe, Novaya Zemlya, I cela nd, and

Gr eenland (Scott an d Scot t , 1988). Landlocked Arctic charr

occur farther south than t he anadromous form , inc lud ing

waters in t he i n ter ior of the U. S .S .R ., the Alps , the

British Isles, and nor thern New Englan d (Fig . 1 )

I n Cana da, anadromo us Arctic charr occur i n Quebec

(Vladykov, 1954 ; Sa unders and Power , 1 9 69: McAl list er and

cced , 1 97 4 ) a nd insular Newfound land (Scott a nd Cro ssman ,

1964; Rombough at al ., 1 97 8 ; Fig.l ). The i r d istribution

ex tends nort hward through coastal Labrador (Coady and Best,

19761 Demps on , 1 9 8 2 ), t he Arc tic islands such as Baffin

Island, i n Hudson Bay, a nd westward to Alaska . Landloc ked

Ar ct i c cha rr occur i n New Brunswick l ak e s , widely in i ns ular

Newf oundl an d , Labrador, a nd l a ke s in ex tre me eastern Quebec

a nd e lsewhere t hrough northe rn Cana da , t he Canad ian
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Figure 1: Circumpolar distribution of Arctic charr
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archipelago , and in Alaska in lakes and rivers near the

coast (Scott and scott, 1988) . In Labrador , they a r e more

ab undant north of Ham!l ton Inlet being large l y replaced by

brook oharr <~~) and Atlantic s a l mon

(Sa l rno .§Al..sU:) in so ut he r n Labrador (De"'lrson a nd Green,

1985 ) •

Due t o their c i r cumpol a r d istribution , oha r r a r e well

adapted to cold water (lethal freezing temperature O.990C,

Fl e t ch e r et a1., 1988) and ha ve a low opt imum growth

t emperature relative to othe r s almonids (Swi f t, 1964 an d

1965) . Ar ctic oharr are al so capable o f extremely h i gh food

convers ion efficiencies i n the wild, despite cold

temperature and a short growing season (John~on, 1980 ) .

These f actors , c ombined with their gregar i .:;us nature

(Jobling and wandsvik , 19 83 and 1986 ; J ob l i ng, 1985 ; Wallace

et a1., 198 8) , high quality flesh and cavia r (Mac Crimmon and

Gots, 1980) and high mar ket demand (l r e dal e , 1984 ) , ma ke

Arctic ch a rr an ideal spec i es for intensive cu l t u r e

utilization .

Arctic ch arr belong to the family s alm on idae , s Ubfam ily

s a l mon i na e and g e ne r a Salvelinus (Johnson, 1984) . It has t he

fusi form body shape and smal l head with terminal mou th

(Bain, 197 5) . The body is a ome vne t; rounded bu t shows great

va r i ab i l i t y depend in g on size, sex , a nd state of maturity .

Because of its wide ge ogr aphic a l distribution , Arctic charr

is qu ite variable and often occurs in different fo rm with
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differences in terms of fecundity and growth of anadromous

a nd l andlock ed charr when raised under l abor at ory condition

(R ingo , 1987 and 1988) . On t he other hand , Papst and Hopky

(1984) ha ve repor ted that wild Arctic charr had higher

fecundity (mea n fecundi ty " 4781) and larger egg diameter

(mean egg diameter = !. . l mm) than cultured stock (mean

fecundi ty c 1769 , mean Elgg diameter "" 4 .9 DIm). Egg mortality

prior to the eyed-stage was 83% in the cultured stock

compared to 1 2% for wild stock, incubat"d under the s ame

conditions .

studies have reported that during the fir~t cellular

cleavages , the embryo depends upon the metabolic stores

accumulated during the oocyte growth period to meet. most o f

i t.s energy demand (Terner , 1968a and 1968b; Terner et; a1.,

1968; acurexbecne , 1981) . Consequently, if fertilization of

mature cccyees is delayed, part of the energy supply can be

used up before fertilization , l e ad i ng t o an irreversible

shortage of metabolic energy during the first c leavages of

the egg (Bou lekbache, 198'.) .

To date , the biochemical composition of Arctic c naz-r

eggs h a s not been determined and correlated with their

emilryonic development, g rowth a nd s urvival. As far as eg g

qua lity I:-' .a met e r s are concerned , same studies have been

done in which biological (eg. Krieger, 1987 ) and

morphcological (eg . Wallace and Aasjord, 1984a ) measures of

egg quality have been discussed , but t h ey have not be en
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