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ABSTRACT

The present study examined how morphological,
biological and biochemical characteristics of eggs
correlated with overall performance (survival, growth) of
eggs and alevins of Arctic charr (Salvelinus alpinus) and
Atlantic salmon (Salmo salar). In addition, the effect of
time of stripping on biochemical composition of laboratory-
reared charr eggs was 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 developing embryos, alevins and fry were
recorded as biological measures of egg quality. These
measures were compared to levels of protein, 1lipid,
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 survival
of embryos, alevins and fry, than that of eggs collected
early or late in the spawning period. Eggs collected from

wild Atlantic salmon had higher protein, lipid, carbohydrate
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and energy content and concomitantly higher fertilization
and hatching success, faster development and greater growth
and survival of embryos, alevins and fry than those
collected from cultured stock. The total amino acid pool,
and the protein, lipid, carbohydrate and energy content of
eggs, alevins and fry decreased simultaneously during
embryonic development of both Arctic charr and Atlantic
salmon because they were utilized in metabolic processes.

Egg diameter and alevin length were positively
correlated with egg weight and alevin weight,
respectively. There was no correlation between egg weight
and alevin weight or egg diameter and alevin length at
hatching for either Arctic charr or Atlantic salmon.

The amino ac'ds, serine, valine, tryptophan, lysine,
isoleucine and threonine were important for growth and
survival of embryos, alevins and fry of Arctic charr.
However, alanine, aspartic acid, histidine, isoleucine,
leucine, lysine, phenylalanine, proline, serine,
threonine, tyrosine and valine were important for growth
and survival of embryos, alevins and fry of Atlantic
salmon.

It is suggested that energy level and/or amino acid
content of eggs could be used as a condition index for the
future development, growth and survival of embryos and

alevins of salmonids.
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CHAPTER 1. GENERAL INTRODUCTION

In previous studies, many different definitions of "egg
quality" have been used. To date, there does not appear to
be a comprehensive definition of egg quality (Kjorsvik et
al., 1989). The criteria used to assess egg quality have
ranged from biochemical to biological to morphological.

Biochemical criteria have included amounts and types of
proteins (Buckley, 1984; Craik and Harvey, 1984), lipids
(Fraser et al., 1987, 1988; Fraser, 1989; Nomura et al.,
1974; Soivio et al., 1989), amino acids (Fyhn and Serigstad,
1987; Fyhn et al., 1987) and carotenoid pigments (Craik,
1985; Craik and Harvey, 1986) of eggs. Recently, RNA-DNA
(Buckley, 1984; Buckley and Lough, 1987; Clemmesen, 1987;
Robinson and Ware, 1988) and triacylglycerol-sterol ratios
(Fraser et al., 1987; Fraser, 1989) of eggs have been used
as condition factors for growth of marine fish larvae.

Biological criteria have included fertilization rate
(Kjorsvik and Lonning, 1983; McEvoy, 1984; Springate et al.,
1984), hatching percentage (Thorpe et al., 1984), percentage
starting to feed (Thorpe et al., 1984) and percentage of
deformed larvae (Devauchelle et al., 1988).

Morphological measures have included egg diameter
(Bagenal, 1967; Kjorsvik et al., 1984; Springate and
Bromage, 1985), egg weight (Bagenal, 1969; Devauchelle et

al., 1988), volume (McEvoy, 1984) and chorion appearance
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(McEvoy, 1984, Springate and Bromage, 1985).

The most widely accepted definition of egg quality is
"the egg's potential to produce viable fry" (Kjorsvik et
al., 1989). Studies on egg quality have been investigated by
a few workers (Mollah and Tan, 1983; Springate et al., 1984;
Craik, 1985), but the above-mentioned biochemical,
biological and morphological egg quality criteria have not
been correlated together with growth and survival of
embryos, alevins and fry.

In oviparous fishes, the yolk is the only source of
nutrients and energy for developing embryos and alevins. As
the egg water-hardens, the micropyle closes and there is no
further chance for fertilization (Terner, 1979; Gilkey,
1981). After water hardening, the chorion permits gas
exchange but is relatively impervious to most solutes, such
as amino acids and nucleotides (Neyfakh and Abramova, 1974).
Both the rate of yolk absorption and the efficiency of yolk
utilization are important determinants for early
development, growth and survival (Heming and Buddington,
1988). There are strong selective pressures synchronizing
completion of yolk absorption, development of the capability
of feeding, and the availability of suitable food (Bams,
1969; Rosenthal and Alderdice, 1976).

Successful embryonic development has been found to
depend on several factors such as protein and RNA-DNA ratio

(Bulow, 1970 and 1987; Ullrey et al., 1977; Buckley, 1984),
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types and amounts of amino acids (Fyhn and Serigstad, 1987;
Fyhn et al., 1987), digestive enzyme (Pedersen et al.,
1987); oxygen (Gruber and Wieser, 1983), temperature
(Peterson et al., 1977), types and amounts of lipids
(Fraser, 1989; Soivio et al. 1989) and carotenoid pigments
(Craik and Harvey, 1986). The egg's potential to produce a
viable fry is determined by the above factors. If one of the
essential factors is lacking or is inadequate, egg
development will likely fail at some stage.

In fish, carbohydrates do not contribute much and the
main source of energy is thought to be protein and lipid
(Walton and Cowey, 1982). It would be speculated that eggs
with higher caloric values would produce alevins with higher
energy content at hatching.

Amino acids are precursors for many biological
compounds, notably proteins, and are also substrates for
energy production. In addition, the membrane transport
system, specific acetylating enzymes, transfer RNA, cellular
energy sources, and other substrates must be available for
protein synthesis. Deficiencies or excess of one or more of
these amino acids can limit the rate of protein synthesis.
Imbalances of the amino acids are known to limit either
protein synthesis (Tews et al., 1979) or growth of animal
(Harper et al., 1970) or both (Tews et al., 1980). Following
fertilization and during development of the embryo, the yolk

proteins are resorbed and degraded, and the amino acids are
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utilized for the synthesis of somatic proteins (Love, 1980).

The importance of amino acids to the embryonic
development of fish has not been thoroughly investigated in
spite of their significance for growth and survival.
Essential amino acids can not be synthesized by animals and
must be supplied in the diet (Walton, 1985). There are two
main sources of amino acids, namely the diet and catabolism
of body proteins which are in a state of constant turnover.
Amino acids are primarily required for the synthesis of new
body proteins and for other compounds with special
properties such as hormones. The excess amino acids are
rapidly deaminated, the amino group being ultimately
excreted as ammonia and the carbon skeleton being oxidized
via the tricarboxylic acid (TCA) cycle for energy or, in
some cases, converted to glucose or lipid.

Lipids are major constituents for biomembranes and are
important energy reserves in developing fish embryos
(Atchison, 1975; Tocher and Sargent, 1984; Falk-Peterson et
al., 1986). Triacylglycerol (TGA) is the major fraction of
the storage lipid (Lehninger, 1975) and hence a form of
energy storage in eggs (Kaitaranta, 1980; Kaitaranta and
Ackman, 1981; Brind et al., 1982; Tocher and Sargent, 1984;
Falk-Petersen et al., 1986), yolk-sac larvae (Eldridge et
al. 1982; Vetter et al. 1983; Fraser et al., 1988) and
adults (Love, 1980) of many fish species. Triacylglycerol is

catabolized by pre-feeding, yolk-sac larvae of Atlantic
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salmon, Salmo salar (Cowey et al., 1985), Atlantic herring,
Clupea harenqus L. (Fraser et al., 1987), Atlantic cod,

Gadus morhua L. (Fraser et al., 1988), European sea bass,

Di labrax ( and Pionetti, 1987).

Triacylglycerol continues to be depleted during the early
stages of development, until the energetic demands of growth
and metabolism are met from exogenous sources. When
exogenously derived energy ultimately exceeds the immediate
metabolic demands of a larva, excess energy can be stored as
TGA (Clupea harengus L., Fraser et al., 1987; Pleuronectes
platessa, Ehrlich, 1974a). In contrast, when exogenously
derived energy is insufficient to maintain the basal
metabolism of the larvae of these species, endogenous TGA is
cetabolized (Ehrlich, 1974a,b; Fraser et al., 1987).
Lipids are the most important chemical components among
the constituents of broodstock diet which affect the
composition of eggs (Watanabe, 1985). Diets deficient in
essential fatty acids (EFA) resulted in low egg production
and low egg quality in rainbow trout (Watanabe et al. 1984).
The £ish oocyte synthesizes and accumulates many
macromolecules (such as tRNA, mRNA) during oogenesis (Denis,
1977; Denis and Wegnez, 1977; Picard and Wegnez, 1979),
which provide a reservoir of materials used during various
biosynthetic activities essential for the early stages of
embryogenesis. Several energy reserves, glycogen, 1lipid

(triglycerides, neutral lipids, fatty acids) and protein
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(mainly ins, and 1i ins) are accumulated

within oocytes during oogenesis of teleost fish. After
fertilization, the energy demand of the egg increases as the
embryo develops. Embryonic respiration also continues to
increase. The embryo undergoes intensive cellular
multiplication (cleavage), and then cellular movements
(gastrulation and epiboly) which require great quantities of
energy rich molecules (ATP and ADP).

It is known that the size and weight of the eggs of
fish can vary both within and between populations, and that
the variations can be seasonal, geographical, genetic and
age dependent (Bagenal, 1971; Hempel, 1979) . The
availability of food also affects egg size (Springate and
Bromage, 1985; Springate et al., 1985). Intraspecific
studies have concluded that large eggs produce large
hatchlings possessing large yolk reserves relative to
smaller eggs (Blaxter, 1969, 1988; Hempel, 1979). Dahl (1918
and 1919) found that, under the same environmental
conditions, large alevins would grow more quickly than small
ones. He further concluded that alevins from large eggs have
a greater interval of time in which to establish exogenous
feeding. The large eggs not only produced larger alevins but
these larvae survived longer in the absence of external food
(Blaxter and Hempel, 1963). This may be a selective
advantage under the competitive conditions which prevail in

wild stocks of fish.
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In salmonids, not only do larger females produce more
eggs, but they also produce larger eggs (Sargent et. al.,
1987). Van den Berghe (1984) found in coho salmon, larger
females compete for better oviposition sites, guard their
nests more successfully and thus 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
natural selection favours a female that allocates her
investment in each egg so as to maximize the number of her
offspring that survive to reproduce. In general, larger and
older females produce greater number of larger eggs than
smaller and/or younger individuals (Buss and McCreary, 1960;
Gall, 1969).

Although there is considerable evidence among species
that larger eggs have slower development rates (Balon, 1984;
Paine, 1985), very little is known about the relationship
between egg size and developmental rate within a species or
population. Preliminary evidence, however, suggests that
offspring from large eggs take longer to resorb their yolk
sacs and enter the juvenile stage within species of
salmonids (Salmo salar, Privol'Nev, 1960; S. gairdneri,
Escaffre and Bergot, 1984; Oncorhynchus tshawytscha,
Rombough, 1985). However, conflicting results have been
reported as to whether egg size would confer any permanent
or long-term advantages as far as growth and survival of the

fry are concerned. Some authors reported no lasting effects
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vitellogenin is subsequently processed into the yolk
proteins, lipovitellin and phosvitin, and the receptors are
either degraded or recycled to the surface of the cell to
bind more of the ligand.

Proteins obtained from the maternal circulation later
serve as amino acid and energy sources for the developing
embryo (Tyler et al., 1988). The process of maternal-egg
protein transport has been studied in only a few species of
birds and amphibians, but little is known in fish (Tyler et
al., 1988).

The present study examines how morphological,
biological and biochenical characteristics of eggs correlate
with overall performance (survival, growth) of eggs and
alevins of Arctic charr (Salvelinus alpinus) and Atlantic
salmon (Salmo salar). This study is divided into two topics:

(a) Egg quality, and effects of time of stripping on
biochemical composition of eggs, and development, growth and
survival of embryos, alevins and fry of Arctic charr
(Chapter 3).

(b) A comparative study of egg quality of cultured and wild
(anadromous) Atlantic salmon (Chapter 4).
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of egg size on subsequent development (Zonova, 1973) whereas
others found that these differential effects persist through
the early life of the fish (Pitman, 1979).

Recent observations have found that hormones involved
in sex maturation are also very important for egg
development and survival (Brown et al. 1987, 1988, 1989;
Leatherland et al., 1989a, 1989b; Greenblatt et al., 1989).
Brown et al. (1989) reported that the presence of triiodo-L-
thyronine (T;) and L-thyroxine (T,) in egg yolk of stripped
bass (Morone saxatilis) were of maternal origin, and
significantly increased hatching of the embryos and
development of larval stages prior to the onset of
endogenous thyroid hormone production. In salmonids, sexual
maturation is mediated through the hypothalamic-pituitary-
ovarian axis. During the reproductive period an increase in

plasma proteins takes place when the female-specific protein

vitellogenin (VTG, glycoli otein) is sy ized
in the liver and exported to the blood to be sequestered by
the gonads for the formation of yolk proteins (Wallace,

1985). The stimulatory action of estrogen on vitellogenin

production is wuniversal the lian
vertebrate classes (Ng and Idler, 1983). The presence of
vitellogenin in the blood depends on the transcription of
the vitellogenin gene(s) and translation of the messenger
RNA, and on the modifications of the protein and the export

from the liver cells to the blood (Wallace, 1985). The
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CHAPTER 2. GENERAL MATERIALS AND METHODS

2.1 Oorigin of Broodstock

The origins of broodstock of Arctic charr and Atlantic

salmon are described in chapter 3.2 and 4.2 respectively.

2.2 Broodstock Identification and Stripping

Sexual identification was done on the basis of
secondary sex characteristics such as presence of kype in
males, and enlarged and red urogenital papilla in females.
The fish were gently captured and wiped to prevent water and
mucus from dripping into the conteiner while stripping
(Baker, 1980). The fish was stripped by hand using 3-4 long,
smooth strokes from the pectoral fins to the vent.

Unlike females, the male can be spawned more than once
during the spawning season. The male was captured and milt
extruded into a clean, glass jar. Sperm viability was
checked by placing a drop of milt on a microscope slide with
a drop of water. The fluid activated sperm motility. If the
male has viable sperm, the flagellum of sperm would be in

motion.
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2.3 Mating Design

For both species, eggs were stripped from four females
and thoroughly mixed. Two thousand eggs were separated and
fertilized with the mixture of milt collected from 3 males,
and divided in half (two replicates). After 2-4 minutes,
water was added. Eggs were stirred and water was poured off
to remove excess milt and other debris. Eggs were
disinfected with germicide (wescodyne @ 0.45%) after
fertilization. The washing process was repeated 2-3 times.
After that water was added and left for 1 hour to allow the
egg to water-harden. The entire process of fertilization was

done in dim conditions.

2.4 Incubation

After water hardening, the eggs were transferred to an
incubator. Each tray of the incubator was divided into four
equal parts. Each portion of the tray incubated 1000 eggs.
Water temperature varied from 6-8° € during incubation
(swift, 1965). The ammonia level was tested from time to
time and dead eggs were removed and recorded regularly
during incubation. After hatching, alevins were transferred

to 12 litre buckets.
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2.5 Bampling

Twenty eggs, alevins or fry were randomly selected for
measurements (egg weight and diameter, fork length and wet
weight of alevins and fry, yolk-sac dimensions of alevins at
hatching) at the following stages; before fertilization,
after fertilization, eyed-stage, hatching, first feeding,
and one month after first feeding. The criterium for the
various stages was when atleast 75% eggs were eyed, hatched
or when at least 75% of the alevins began feeding. Yolk-sacs
usually resemble prolate spheroids and their volume (mm®)
can be estimated using the formula V = ([[/6)L.H? (Blaxter
and Hempel, 1963) where L is the yolk-sac length and H its
height in millimetres. Time to eyed-stage, hatching and

exogenous feeding were recorded. Fertilization success,

survival to ey ge, hatching , number of
alevins at hatching, survival to first feeding and one month

after first feeding were also recorded.

2.6 Rearing of Alevins and ¥iy

Rearing of alevins and fry of Arctic charr and Atlantic

salmon are described in chapter 3 and 4 respectively.
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2.7 Biochemical Analys

For biochemical analyses, samples of 150 eggs, alevins
or fry were randomly collected from each replicate (group)

at the above mentioned stages. All eggs were thoroughly

ized, and es (three from each
replicate) were taken from the homogenized tissues for

biochemical analyses.
2.7.1 Moisture Determination

Moisture content was determined by drying about 1 g of
the sample into a pre-weighed foil plate. The sample was
then dried in a forced-air oven at 105° C overnight or until
a constant weight was obtained (AOAC, 1980).
2.7.2 Ash Determination

Ash content was determined by charring about 0.5 g of
the sample in a weighed crucible over a Bunsen burner and
then heating in a muffle furnace at 550° C until the ash had
a white appearance.

2.7.3 Crude Protein Content

The content of crude protein in the sample was
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determined by digestion of a known amount of sample in
concentrated H,S0, solution. The nitrogen was converted to
ammonia in the form of ammonium sulphate. Upon the addition
of base (NaOH) and distillation, the released ammonia was
collected in a 4% boric acid solution and was subsequently
titrated with a standard H,SO, solution. The nitrogen content
was then calculated (micro-Kjehdal method). The crude
protein content was then calculated as %N x 6.25

(Bradstreet, 1965).

2.7.4 Lipid Determination

The lipid analysis was done by chloroform~methanol
extraction (Bligh and Dyer, 1959; Folch et al., 1957). Ten
g of tissues was homogenized with the mixture of 10 ml
chloroform and 20 ml methanol for two minutes. To the
mixture 10 ml chloroform was further added and after

blending for 30 seconds, 10 ml distilled water was added and

blending continued for 30 The

was filtered through Whatman No. 1 filter paper on a Coors
No. 3 Buchner funnel with slight suction. The filtrate was
transferred to a 500 ml graduated cylinder, and, after
allowing about five minutes for complete separation and
clarification, the volume of the chloroform layer was
separated which contained the total 1lipid. The solvent

(Chloroform) was evaporated under vacuum and the yield of
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the extracted 1lipid was calculated.

2.7.5 nation

Total was ned by the phenol -

sulphuric acid procedure (Dubois et al., 1956) after
extraction in hot 5% trichloroacetic acid as described by
Barnes and Heath (1966). The colorimetric assay was carried

out in triplicate.

2.7.6 Energy Content

In order to calculate total energy content per
egg, alevin or fry, the amount of protein, 1lipid and
carbohydrate were converted into calories as described by
Crisp (1984). The conversion factors are as follows:

1 g protein = 5.65 Kcal,
1 g lipid = 9.45 Kecal,

and 1 g carbohydrate = 4.1 Kcal.

2.7.7 BAmino Acids Determination (Total)

Amino acid levels were determined as described by
Shahidi et al. (1990). Samples were freeze-dried and then
hydrolysed for 24h at 110° ¢ with 6N HCl (Blackburn, 1968).

The hydrolysed amino acids were then separated and
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identified (Shahidi et al., 1990). Tryptophan was determined
separately according to the method of Penke et al. (1974).
Cysteine and methionine were converted to cysteic acid and
methionine sulphone respectively during the HCl hydrolysis
(Blackburn, 1968). Therefore, they are reported as cysteine
equivalent (cysteine eq. = 2 * cystine + cysteic acid), and
methionine equivalent (methionine eg. = methionine +

methionine sulphone).

2.7.8 Free Amino Acid Determination

For determination of free amino acid levels, samples
were deproteinized with 10% sulfosalicylic acid (4 parts
sample, 1 part sulfosalicylic acid) and diluted 1:2 with
lithium citrate buffer pH 2.2, 0.3N Li (Mondino et al, 1972;
Ohara and Ariyoshi, 1979). Deproteinized samples were
analyzed with a Beckman 121 MB amino acid analyzer using
Benson D - X8.25 resin and a single column, three buffer
lithium method as per Beckman 121 MB - TB - 017 application

notes.

2.8 statistical Analyses

The Shapiro-Wilk statistic (N<50) was used to determine

normality of the data. The data set were not normally

distributed therefore nonparametric statistics were used.
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Variables were compared using the Kruskal-Wallis test. When
significant differences were found, the Mann-Whitney test
was used to compare individual differences between groups.
A regression analysis was used to determine the relationship
between egg size and size of alevins at hatching. Procedures
for these statistical analyses are described in Sokal and
Rohlf (1981). A probability level of P < 0.05 was considered
statistically significant. Computations were performed using

the SAS (Statistical Analysis System, release 6.06) package.
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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 alpinus L.).

3.1 Introduction

The Arctic charr (Salvelinus alpinus) has a circumpolar
distribution in the northern hemisphere and occurs in
nearshore marine waters, in lakes and rivers near the sea in
North America, Asia, Europe, Novaya Zemlya, Iceland, and
Greenland (Scott and Scott, 1988). Landlocked Arctic charr
occur farther south than the anadromous form, including
waters in the interior of the U.S.S.R., the Alps, the
British Isles, and northern New England (Fig. 1)

In Canada, anadromous Arctic charr occur in Quebec
(Vladykov, 1954; Saunders and Power, 1969; McAllister and
Coad, 1974) and insular Newfoundland (Scott and Crossman,
1964; Rombough et al., 1978; Fig.l). Their distribution
extends northward through coastal Labrador (Coady and Best,
1976; Dempson, 1982), the Arctic islands such as Baffin
Island, in Hudson Bay, and westward to Alaska. Landlocked
Arctic charr occur in New Brunswick lakes, widely in insular
Newfoundland, Labrador, and lakes in extreme eastern Quebec

and elsewhere through northern Canada, the Canadian
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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 are more
abundant north of Hamilton Inlet being largely replaced by
brook charr (Salvelinus fontinalis) and Atlantic salmon
(salmo salar) in southern Labrador (Dempson and Green,
1985).

Due to their circumpolar distribution, charr are well
adapted to cold water (lethal freezing temperature 0.99°%,
Fletcher et al., 1988) and have a low optimum growth
temperature relative to other salmonids (Swift, 1964 and
1965) . Arctic charr are also capable of extremely high food
conversion efficiencies in the wild, despite cold
temperature and a short growing season (Johnson, 1980).
These factors, combined with their gregarisus nature
(Jobling and Wandsvik, 1983 and 1986; Jobling, 1985; Wallace
et al., 1988), high quality flesh and caviar (MacCrimmon and
Gots, 1980) and high market demand (Iredale, 1984), make
Arctic charr an ideal species for intensive culture
utilization.

Arctic charr belong to the family salmonidae, subfamily
salmoninae and genera Salvelinus (Johnson, 1984). It has the
fusiform body shape and small head with terminal mouth
(Bain, 1975). The body is somewhat rounded but shows great
variability depending on size, sex, and state of maturity.
Because of its wide geographical distribution, Arctic charr

is quite variable and often occurs in different form with
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differences in terms of fecundity and growth of anadromous
and landlocked charr when raised under laboratory condition
(Ringo, 1987 and 1988). On the other hand, Papst and Hopky
(1984) have reported that wild Arctic charr had higher
fecundity (mean fecundity = 4781) and larger egg diameter
(mean egg diameter = 5.1 mm) than cultured stock (mean
fecundity = 1769, mean egg diameter = 4.9 mm). Egg mortality
prior to the eyed-stage was 83% in the cultured stock
compared to 12% for wild stock, incubat~d under the same
conditions.

Studies have reported that during the first cellular
cleavages, the embryo depends upon the metabolic stores
accumulated during the ococyte growth period to meet most of
its energy demand (Terner, 1968a and 1968b; Terner et al.,

1968; Boul 1981) . C¢ 1y, if fertilization of

mature oocytes is delayed, part of the energy supply can be
used up before fertilization, leading to an irreversible
shortage of metabolic energy during the first cleavages of
the egg (Boulekbache, 1981).

To date, the biochemical composition of Arctic charr
eggs has not been determined and correlated with their
empryonic development, growth and survival. As far as egg
quality ¢+ .ameters are concerned, same studies have been
done in which biological (eg. Krieger, 1987) and
morphelogical (eg. Wallace and Aasjord, 1984a) measures of

egg quality have been discussed, but they have not been































































































































































































































































































































































































































































	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Copyright Information
	008_Abstract
	009_Abstract iii
	010_Acknowledgements
	011_Table of Contents
	012_Table of Contents vi
	013_Table of Contents vii
	014_List of Tables
	015_List of Tables ix
	016_List of Tables x
	017_List of Figures
	018_List of Figures xii
	019_List of Figures xiii
	020_List of Figures xiv
	021_List of Figures xv
	022_Chapter 1 - Page 1
	023_Page 2
	024_Page 3
	025_Page 4
	026_Page 5
	027_Page 6
	028_Page 7
	029_Page 8
	030_Page 9
	031_Chapter 2 - Page 10
	032_Page 11
	033_Page 12
	034_Page 13
	035_Page 14
	036_Page 15
	037_Page 16
	038_Page 17
	039_Chapter 3 - Page 18
	040_Page 19
	041_Page 20
	042_Page 21
	043_Page 22
	044_Page 23
	045_Page 24
	046_Page 25
	047_Page 26
	048_Page 27
	049_Page 28
	050_Page 29
	051_Page 30
	052_Page 31
	053_Page 32
	054_Page 33
	055_Page 34
	056_Page 35
	057_Page 36
	058_Page 37
	059_Page 38
	060_Page 39
	061_Page 40
	062_Page 41
	063_Page 42
	064_Page 43
	065_Page 44
	066_Page 45
	067_Page 46
	068_Page 47
	069_Page 48
	070_Page 49
	071_Page 50
	072_Page 51
	073_Page 52
	074_Page 53
	075_Page 54
	076_Page 55
	077_Page 56
	078_Page 57
	079_Page 58
	080_Page 59
	081_Page 60
	082_Page 61
	083_Page 62
	084_Page 63
	085_Page 64
	086_Page 65
	087_Page 66
	088_Page 67
	089_Page 68
	090_Page 69
	091_Page 70
	092_Page 71
	093_Chapter 4 - Page 72
	094_Page 73
	095_Page 74
	096_Page 75
	097_Page 76
	098_Page 77
	099_Page 78
	100_Page 79
	101_Page 80
	102_Page 81
	103_Page 82
	104_Page 83
	105_Page 84
	106_Page 85
	107_Page 86
	108_Page 87
	109_Page 88
	110_Page 89
	111_Page 90
	112_Page 91
	113_Page 92
	114_Page 93
	115_Page 94
	116_Page 95
	117_Page 96
	118_Page 97
	119_Page 98
	120_Page 99
	121_Page 100
	122_Page 101
	123_Page 102
	124_Page 103
	125_Page 104
	126_Page 105
	127_Page 106
	128_Page 107
	129_Page 108
	130_Page 109
	131_Page 110
	132_Page 111
	133_Page 112
	134_Page 113
	135_Page 114
	136_Page 115
	137_Page 116
	138_Page 117
	139_Page 118
	140_Page 119
	141_Page 120
	142_Page 121
	143_Page 122
	144_Page 123
	145_Page 124
	146_Page 125
	147_Page 126
	148_Page 127
	149_Summary
	150_Page 129
	151_Page 130
	152_References
	153_Page 132
	154_Page 133
	155_Page 134
	156_Page 135
	157_Page 136
	158_Page 137
	159_Page 138
	160_Page 139
	161_Page 140
	162_Page 141
	163_Page 142
	164_Page 143
	165_Page 144
	166_Page 145
	167_Page 146
	168_Page 147
	169_Page 148
	170_Page 149
	171_Page 150
	172_Page 151
	173_Page 152
	174_Page 153
	175_Page 154
	176_Page 155
	177_Page 156
	178_Appendix 1
	179_Appendix 2
	180_Appendix 3
	181_Appendix 4
	182_Appendix 5
	183_Appendix 6
	184_Appendix 7
	185_Appendix 8
	186_Appendix 9
	187_Appendix 10
	188_Blank Page
	189_Blank Page
	190_Inside Back Cover
	191_Back Cover

