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ABSTRACT

The Atlantic cod (Gadus morhua), is a prestigious species of fish that
belongs to the Gadidae family, and is considered a promising species for future
aquaculture in the northern hemisphere. Cod production has grown exponentially since
the beginning of the millennium. The but development of cod farming has been
hampered by bottlenecks in the production such as deformities, diseases as
francisellosis, slow growth and early maturation, and in addition relatively low market

prices compared to present production costs.

Farming of cod relies on a stable supply of high quality eggs. Egg quality and
production is dependent not only upon the female condition and hence broodstock diet,
but can be negatively affected by stress. In addition, farmed females often fail to release
their eggs, become eggbound and die. The project “Why do Atlantic cod females
become eggbound? Studies on possible causes and mechanisms” (Research Council of
Norway, grant no 190187/E40) investigates the physiological events during normal and
abnormal (eggbound) spawning, with the aim to determine factors that may cause the
problems. Two factors that may affect these are investigated in this project; The first is
dietary lipid content as this correlates to gonadosomatic index (GSI, gonad weight as %
of total weight). The fecundity of farmed cod is about 50% higher than wild cod, and
one could suspect that abnormally large gonads would increase the problems with
eggbound females. The second variable is stress, either directly due to distorted
spawning behaviour or indirectly through the eicosanoid cascade. Eggs of poor quality
can have a negative impact on production resulting in slow growth, high mortality rate
and deformities. In this master it has been focused on the egg production from farmed
cod fed either a high (20%) or a low (13%) fat diet, and either physically stressed or

not.

The stress treatment, imposed randomly once a week, consisted of reducing the water
level to a height of 15 cm from the bottom, and for 1 minute the fish were chased with a
landing’s nets. The low-stress treatment was nothing more than keeping fish in tanks.
The amount of eggs spawned in the tanks was measured through the spawning season
and used to calculate fecundity, and egg quality assessed by egg diameter, fertilization,

deformities, and hatching rate.

The dietary treatment affected final weight; cod fed the low fat diet, had a lower final

weight after spawning compared with fish that were fed a high fat diet. The fecundity,
S R NATARIO MASTER THESIS VI
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ABSTRACT

expressed as total production of eggs spawned, was affected by diet. The fishes that
were fed with the low fat diet had a lower fecundity than the fish fed with a high fat
diet. The duration of the spawning season as like the fecundity was also influenced by
the stress; the cod in the high stress treatment prolonged their spawning period
compared to the low stress group. Egg diameter decreased during the spawning season
in all treatments, The fertilisation rate was directly influenced by the type of treatment
during the spawning season, but no significant differences were found when assessed 1
or 2 days after stress. Hatching rate was different between diets, but when combined
with stress, only fish fed the low fat diet exhibited different rates of hatching. Finally,
the rate of deformities did not differ between treatments. In a general assessment, good
egg quality is obtained by finding a balance between diet and type of management.
Furthermore, fish fed with high fat levels appear more tolerant to stressful activities.
Consequently, egg quality, has to be defined by a combination of several parameters. It
is also important not to set aside the inclusion of new parameters that may be decisive in
order to minimize misclassification.

Key-words: Gadus morhua; Atlantic cod; Stress; Corticosteroids; High fat diet; Low Fat Diet; Egg
quality; Fecundity.
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RESUMO

O Bacalhau do Atlantico (Gadus morhua) espécie de peixe de grande prestigio que
pertence a familia Gadidae, ¢ considerada uma das espécies mais promissoras para o
futuro da aquacultura no hemisfério Norte. O cultivo do bacalhau teve um crescimento
exponencial no inicio do milénio quando as cotas da sua pesca foram limitadas devido a
reducdo de estoques. Actualmente com o crescimento das cotas piscatorias, o seu
cultivo tem vindo a sofrer o efeito gargalo por parte dos mercados, onde este efeito
sendo a oferta maior que a procura. A produ¢do desta espécie ndo tem tido a capacidade
de combater os precos da pesca extractiva, como também tem tido problemas na

qualidade dos ovos e larvas, o que tem limitado o seu potencial de producao.

A industria das ragdes tem sido um pilar mestre na sustentabilidade de qualquer
cultivo aquicola, nomeadamente para o cultivo do bacalhau. Esta tem a responsabilidade
de optimizar o crescimento e engorda dos bacalhaus, uma vez que hd uma preocupagao
em estudar as necessidades alimentares de modo a adequar a correcta dieta para cada
fase crescimento. No entanto, apesar de muitos esforcos e avangos desta industria,
existem ainda algumas lacunas no que diz respeito a exigéncias alimentares para esta
espécie e de dietas apropriadas a cada fase de crescimento. O objectivo deste trabalho
foi estudar a fisiologia reprodutiva do bacalhau no que diz respeito a sua desova e,
consequentemente, a andlise da qualidade dos seus ovos. As varidveis em estudo foram:
diferentes niveis de gordura da dieta e o estresse. Uma das dietas testadas tinha um alto
teor de lipidos (20%) e a outra baixo teor de gordura (13%), combinadas com dois
tratamentos de stresse, sendo estes, alto ¢ baixo stress. O tratamento de alto estresse
consistia em vazar semanalmente em dias aleatorios o tanque dos peixes até uma altura
de 15 cm, durante 1 minuto, e nesse periodo perseguir os peixes com um chalavar, este
tratamento ocorreu apenas na fase de desova. O tratamento de baixo stress nao foi mais

que a manutencao dos peixes nos tanques.

A qualidade de ovos esta positivamente correlacionada com a viabilidade dos
alevins, minimizando assim os riscos de produ¢do. Ovos de baixa qualidade podem ter
um impacto negativo na producdo, como consequéncia um crescimento lento, alta
mortalidade e deformidades. A qualidade dos ovos neste estudo foi avaliado através de
varios parametros: fecundidade, didmetro dos ovos, fertilizagdo, deformidades, taxa de
eclosdo. Apos andlise dos varios parametros verificou-se que nem todos respondem da

mesma forma as variaveis em estudo. No final do ensaio os reprodutores apresentaram
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diferentes pesos, sendo que peixes alimentados com dietas de baixo teor de gordura
apresentaram um peso final menor pds desova do que os peixes alimentados com dietas

com elevado teor de gordura.

O parametro fecundidade, entendido como producdo total de ovos desovados,
mostrou ser afectado pelo tipo de dieta, tendo os peixes alimentados com a dieta de
baixo teor de gordura uma fecundidade menor que os peixes alimentados com a dieta de
elevado teor de gordura. Este parametro também mostrou ser influenciado pela variavel
estresse; em que os peixes sujeitos ao tratamento de estresse elevado prolongaram as
suas desovas comparativamente ao grupos de baixo estresse. O didmetro do ovo
decresceu ao longo da época de desova em qualquer um dos tratamentos a que foram
sujeitos os peixes, a taxa de fertilizacdo foi directamente influenciada pelo tipo de
tratamento ao longo da época da desova, mas ndo se verificaram diferengas
significativas quando avaliada 1 ou 2 dias ap6s o efeito de stress. A taxa de eclosdo teve
diferengas entre as dietas, mas quando combinada com a variavel estresse, apenas 0s
peixes alimentados com dietas de baixo teor de gordura apresentaram diferentes taxas
de eclosdo. Por ultimo, a taxa de deformidades ndo apresentou diferencas entre
tratamentos, o que leva a sugerir que a taxa de deformidades tal como foi avaliada ndo ¢
o melhor parametro preditivo para qualidade de ovos. Numa avaliacdo generalista, o
sucesso para uma boa qualidade de ovos ¢ encontrar um equilibrio entre a dieta e o tipo
de maneio, sendo que peixes alimentados com altos teores de gordura reagem melhor a
actividades estressantes. Contudo, a qualidade do ovo, quando medido ndo pode ser
justificada por um unico pardmetro, mas tera de ser através de coeficientes de
ponderagdo, onde multiplos pardmetros analisados poderdo ter relevancia mas nio se
poe de parte a inclusdo de novos parametros que podem ser decisivos, por forma a

minimizar erros de classificacao

Palavra-Chave: Gadus morhua; Atlantic cod; Estresse; Corticosteroides; Dieta de alto
teor lipidico; Dieta de baixo teor lipidico; Qualidade dos Ovos; Fecundidade.
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INTRODUCTION

1.ATLANTICCOD

Figure 1 Example of an adult Atlantic cod (Gadus morhua L.)

1.1. THE BIOLOGY AND LIFE CYCLE OF WILD ATLANTIC COD

Atlantic cod (Fig.1) is a well-known semi-demersal fish belonging to the family
Gadidae. It is a cold water marine finfish that has three dorsal fins and a broad tail. A
special characteristic of cod is a long thin organ protruding from the lower jaw known as a
barbell (Bigelow & Schroeder, 2002). Their colour can vary from brown to green with
spots on the dorsal side, shading to silver ventrally depending on the habitat and diet. They
have a well-defined lateral line, which runs along each side of the fish. They can live for
25 years, grow to 2 meters in length and weigh up to 96 kilograms (O’Brien, 1993). In the
spawning season females and males have different distributions in the water column,
where males are mainly associated with the bottom, whereas females stay closer to the
surface (Meager et al., 2009). Brawn (1962) reported that cod are inactive but become
restless when they mature and when they are ready to spawn the female swims down to
meet the male, and they will swim around close to each other, the male turns on his back

with his belly close against that of the female to initiate spawning.

Atlantic cod is a dioecious species with separate sexes, males and females. The median
age at maturity is 1.7-2.3 years at lengths between 32 and 41 cm (O'Brien et al., 1993), but
can be as late as 8 years in the northeast Arctic (ICES, 2007). Gonad development is
affected by temperature which has an impact on the timing of spawning (Howell et al.,
2004). The temperature range where cod are found can vary from near freezing to 20°C but
usually they are found below 10°C, and larger fish prefer colder water (Cohen et al., 1990).
Cod are batch spawners and spawn during winter and early spring, usually in water
temperatures between 5 and 7°C, with some variation according to location. Normally, the
season runs from December to June (Cohen ef al, 1990). Generally speaking, larger

females produce more eggs (Oosthuizen & Daan, 1974; Kjesbu, 1988). For example, an
S R NATARIO MASTER THESISs] 1



INTRODUCTION

average 2 kg female can produce approximately 2.5 million eggs. The maximum
production recorded was 9 million eggs from a 34 kg fish (Cohen et al., 1990). The eggs
are spawned into the free water masses and fertilized externally. Fertilized eggs have an
average size from 1.2 to 1.8 mm and hatch after 2-3 weeks in the upper pelagic layer.
Development of larval cod is dependent on water temperature. The yolk sac stage last for
2-5 days before the larvae has to nourish them selves by eating plankton and later larger
organisms as crustaceans and fish. As the larvae grow, they change shape to look more like
adult fish. After two to four months these larvae settle and become semi-demersal (Fahay

etal, 1999).

1.2. BIOGEOGRAPHICAL DISTRIBUTION

3
<
-
~2
&

Figure 2 Distribution area of Gadus morhua wild populations, red color zone higher
concentration of Atlantic cod, yellow color zone possible to find gadus morhua source:
Fishbase.org

Atlantic cod can be found from the Bay of Biscay and the Baltic Sea to the Barents Sea,
around Iceland, along the southern coast of Greenland and from Newfoundland to North

Carolina in North America, as we can see in (Fig.2) painted in red and yellow.
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1.3. SYSTEMATIC POSITION OF GADUS MORHUA

Table 1 Classification by Itis

KINGDOM ANIMALIA - ANIMAL,
PHYLUM CHORDATA - CHORDATES
SUBPHYLUM VERTEBRATA - VERTEBRATES
SUPERCLASS OSTEICHTHYES - BONY FISHES, OSTEICETO,
CLASS ACTINOPTERYGII- RAY-FINNED FISHES, SPINY RAYED FISHES
SUBCLASS NEOPTERYGII - NEOPTERYGIANS
INFRACLASS TELEOSTEI - TELEOSTS
SUPERORDER PARACANTHOPTERYGII - PARACANTHOPTERYGIANS
ORDER GADIFORMES - CODS, GADIFORMS,
FAMILY GADIDAE RAFINESQUE, 1810 - CODFISHES, CODS, MORUES, TRUE CODS
SUBFAMILY GADIDAE - CODS, HADDOCK
GENUS GADUS LINNAEUS, 1758 - COMMON CODFISHES
SPECIES GADUS MORHUA LINNAEUS, 1758 - ATLANTIC COD,

1.4. THE COMMERCIAL IMPORTANCE OF COD: EXPLOITATION AND AQUACULTURE

Atlantic cod is considered one of the most promising new species for aquaculture in the
northern hemisphere (Rosenlund & Skretting, 2006). Actually, it is one of the most
important food fishes in Europe and North America with a good economic value. This
species has been excessively fished, and in some cases overfished, in the last decades,
which has resulted in red-listing of some stocks. This, among other factors, has lead to a
growth of cod aquaculture, in order to answer to the demand of the market

(Sawanboonchun, 2008).

In Norway the first attempts at farming cod were made in the late 1800s, where cod
were cultivated and released mainly as eggs or yolk-sac larvae in the South of Norway.
Farming of cod was first conducted in semi-extensive, enclosed ecosystems called ponds
actually known as mesocosm. However, the pond method has limitations as it is based
upon natural zooplankton as prey for the cod larvae. Therefore, only one production cycle
is normally possible each year, and then during spring. In the 1990s, an intensive
production method was developed, where everything is controlled, and by use of
photoperiod often 4-6 production cycles are obtained each year. In these intensive systems,
larvae are reared in tanks in specialized hatcheries, with green water and live feed (rotifers,
later artemia) before they are weaned to a commercially available dry feed. Today the life
cycle from egg to juvenile is closed, but problems with malformations and early
maturation are still bottlenecks. Farmed cod mature at two years old, before harvest size

and one of the possible reasons to this early maturation is the high energy diets.
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2.EGG QUALITY AND THEIR DETERMINANTS
2.1. IMPORTANCE OF EGG QUALITY AND FECUNDITY

Egg quality may be a limiting factor for a successful mass production of viable fish fry
(Kjorsvik et al., 1990). Problems with egg quality can affect the larvae and lead to later
production problems such as slow growth, high mortality and deformities. Poor egg quality
will also affect the economy and profitability of production. However it should be noted
that poor survival through weaning could also be due to factors relating to environmental

and feeding conditions as well as poor egg quality.

Fecundity is a measure of the reproductive potential of a individual fish (Murua ef al.,
2003), and can be measured as the total number of eggs spawned (total fecundity), or
number of eggs spawned per kg fish (relative fecundity). Different species have different
fecundities. Some produce many millions of eggs in one spawning whilst others produce
only thousands, some spawn in multiple batches over two to three months while others
produce only a single batch per year (Bromage & Cumarunatunga, 1988) or all at once, as
pacific salmon. Fecundity is affected by factors that influence fish size such as the daily
and seasonal rates of feeding (Springate & Bromage 1985; Bromage & Cumarunatunga

1988; Bromage et al., 1992).

2.2. DETERMINANTS OF EGG QUALITY

To determine egg quality is very important for hatcheries since the identification of
poor eggs, or batches of poor eggs at an early stage may save time and economical
resources. Accurate methods for identification of poor eggs have been developed for
hatcheries (Kjorsvik et al., 1990; Fernandez-Palacios et al., 1995). The egg quality can be
determined by several cues such as fertilization rate, physical and physiological properties,
morphology, egg size, chemical content, egg abnormalities, and hatching rate (Kjorsvik et
al., 1990). To consider a factor as an indicator of quality implies a linkage with the

capacity of the egg to produce viable offspring (Nissling et al., 1998).

2.2.1. FERTILISATION

Fertilisation is a useful parameter to detect poor egg quality (Kjersvik et al., 1990), but
does not always correlate with survival for some species (Kjorsvik et al., 1990). In some
species the fertilisation process will activate the cortical reaction, a process that is present
in all teleost eggs, and in case of an incomplete process, may result in a smaller

perivitelline space, and lack of increase in egg diametre (Kjorsvik et al., 1990).
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2.2.2. EGG PHYSICAL COMPOSITION

The hardness of the egg chorion correlates with the ability to sustain mechanical
resistance, and good eggs have better chance than poor eggs. This hardening is due to an
enzyme reaction during the activation process (Hagenmaier et al., 1976). The egg shape
and appearance seem to be a valid way to grade the egg batches in some species (Kjorsvik

et al., 1990).

2.2.3. MORPHOLOGY

Initial cell division after fertilization is another cue often used to discriminate between
egg batches, since this will influence the development of the embryo, and morphological
characters are generally sensitive parameters (Kjorsvik et al.,, 1990). The symmetry of the
early blastomeres seems to be a consistent early indicator of egg viability for some species
such Dover sole (Dinis, 1982), red seabream (Sakai et al., 1985), and cod (Kjersvik and
Lonning, 1983). Other morphological characters that are used as indicators is transparency
and shape, where good quality eggs are generally described as transparent and perfectly

spherical with distinct and symmetrical early stages (Kjorsvik et al., 1990).

2.2.4.EGG SIZE

In general, larger eggs based on egg diameter tend to produce larger larvae, and larger
larvae tend to have a higher survival than those hatched from smaller eggs (Bromage et al.,
1992). However, egg size is not generally accepted as an indicator of quality in all species,
since the hypothesis bigger-is-better may not always hold true: egg size might be related to

spawning time, place and broodstock length (Kjersvik et al., 1990).

2.2.5. MALFORMATION

Malformation or abnormalities is understood as a chromosomal error, which is thought
to be lethal when this occurs before the gastrula stage (Longwell, 1977), since there exists
a clear correlation between survival and cytogenetic status (Kjersvik et al, 1990).
Chromosome abnormalities at the early embryonic stage seem to be one of the best
indicators of sub-lethal damage to the embryo, as they give a very efficient measure of the

quality of the egg batch.
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2.2.6. CHEMICAL CONTENT

Good eggs should contain all the nutrients needed to sustain the growth and
development of the embryo. Essential components differ from organism to organism
(Kjorsvik et al., 1990), and the possibility to find a general biochemical formula for fish

eggs is questionable because each species have their own requirements.

2.2.7. HATCHING RATE

Hatching rate is perhaps is the most common indicator of egg quality due to the easily
available methods. There are two methods used to evaluate hatching rate. In the first, a
known number of eggs are incubated and the number of dead eggs removed and counted
each day until hatching is complete. The second method uses single eggs cultured in
microtitre well plates and the number that hatch recorded (Vallin & Nissling 1998; Panini
et al., 2001). The hatching rate is expressed as percentage of eggs hatched in a given batch.
However, eggs that hatch in batches with lower hatching rate can be considered good eggs,

but the batch is classified with lower overall quality.

2.2.8. BUOYANCY

The easiest and simplest “quality-control” is buoyancy of the eggs (Kjorsvik et al.,
1990), where floating eggs is an indicator of good quality. This parameter is questioned in
some studies (Mangor-Jensen et al., 1994). However in the past, negative buoyancy was

related with poor quality eggs ((Kjersvik and Lenning, 1983).

2.2.9. OTHER FACTORS THAT AFFECT EGG QUALITY

A good egg is the result of a combination of several factors, where parental factor such
as age, spawning, parental stress or genetics may influence the egg quality. Other factors
that may also have an influence are the environmental conditions (husbandry practices,
temperature, light, water quality, diseases), spawning techniques (stripping) and the
nutritional status of the broodstock. Nutritional status is generally considered to be the
single most important factor affecting egg quality since unbalanced diet or food restriction
generally reduces total fecundity and may delay maturation and decrease the proportion of

maturing fish (Watanabe 1985; Kjorsvik et al., 1990; Watanabe & Kiron 1995).

Stress can also induce females to retain the eggs in the lumen of the ovary too long, and
as a consequence they may not spawn their eggs in the right moment, when freshness time

between ovulation and fertilization and viability are optimal (McEvoy & McEvoy 1992).
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3. COD EGGS COMPOSITION

Atlantic cod eggs are composed by several constituents that will be essential for all
development of the Atlantic cod. The constitution of the eggs are described in the

following table:

Table 2 Typical lipid and fatty acid composition of Atlantic cod eggs. (From Tocher and Sargent
1984). Source : SAWANBOONCHUN (2010)

Egg diameter (mm) 1.35
Moisture content (%) 74
Lipid content (% dry weight) 13.2
Polar lipid (% total lipid) 71.7
Neutral lipid (% total lipid) 283
Phosphatidylcholine (% total lipid) 45.6
Triacylglycerol (% total lipid) 12.5
Cholesterol (% total lipid) 6.1
Fatty acids in polar lipid (% total)

Saturates 28.1
Monounsaturates 203
20:4(n-6) 1.9
20:5(n-3) 153
22:6 (n-3) 28.6
Fatty acids in triacylgycerols (% total)
Saturates 213
Monounsaturates 41.5
20:4(n-6) 1.2

20:5(n-3) 109
22:6 (n-3) 16.0

4. BROODSTOCK AND NUTRITION

Nutrition is one of the factors that affect the quality of eggs produced by farmed fish,
and broodstock nutrition is important for production of a large number of viable fry
(Izquierdo et al., 2001). This is because females incorporate essential nutrients into the
maturing oocyte for development of normal eggs. Studies in cod have shown fecundity to

be affected by feed intake during gonadal growth (Kjesbu, 1991).

The main components of the cod broodstock diet are protein, lipids (including
polyunsaturated fatty acids, PUFA), carbohydrates, vitamins, carotenoids and trace
elements (Kjorsvik, 1990; Bromage, 1995). A positive relationship between feed quality
and egg and larval viability and performance exists in many species (Watanabe, 1985;
Kjersvik et al., 1990). In nature the abundance of food is related with lipid levels with the
highest levels found in summer and lowest in winter (Bromage, 1995). During winter,

stored lipid will be used to provide energy during periods of low feed supply and some will
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be used for gamete production (eggs & sperm). Lipids are used in two ways during
gonadal development, to provide energy and as a component of the yolk protein precursor

vitellogenin during oocyte growth (Mazorra, 2000).

In general most marine species have limited ability to synthesise HUFA, such as DHA
(Docosahexaenoic acid, 22:6n-3), EPA (Eicosapentaenoic acid, 20:5n-3) and ARA
(Arachidonic acid, 20:4n-6) (Tocher et al., 1992; Mourente & Tocher, 1993; Sargent et al.,
1994; Bromage, 1995; Bell, 1998; Cunnane, 2000) because they lack the enzymes to
convert C18 fatty acids into C20 and C22 HUFA due to the absence or very low activity of
AS5-desaturase (Sargent et al., 2002; Tocher, 2003). In cod the major lipid source is the
liver, since the muscle contains less than 1% lipids (Kjesbu et. al., 1991). The role of lipids
as an energy source during egg and larval development is important because they provide
metabolic energy. The eggs use the energy stored in the yolk as a nutrient source for
embryo and larvae prior to exogenous feeding (Terner, 1979; Boulekbach, 1981).
However, the lipids can be significant important for the development, but previous works
argues that is not the single energy source, saying that larvae in the early stages use free

amino acids as an energy source (Rennestad et al., 2003, Finn et al.,2002).

Eggs must contain enough n-3 and n-6 HUFA (Highly unsaturated fatty acid(s)) in the
form of both TAGs (Triacylglycerol) and phospholipids to allow normal development and
hatching of the larvae. The level and ratio of the fatty acid composition changes as the
embryo develops towards hatching (Bromage, 1995). These fatty acids are also required
for normal cellular function and are important for neural tissue development, especially the

brain and retina (Tocher & Harvie, 1988; Mourente et al., 1991).
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5. STRESS IN FISH

Fishes live in an environment where they face constant challenges, from physical-
chemical aspects of water, to conflicts with other animals within the school or population
(Barton, 1988; Adams, 1990; Wedemeyer, 1996). The constant challenges and their
resulting answers can be defined as stress, and understanding this concept in fish has
increased immensely in the past few decades. Stress can be defined as nonspecific
response of the body to any demand made upon it (Selye, 1973) or alternatively defined in
more detail as a condition in which the body's dynamic equilibrium, or homeostasis, is
threatened or disturbed as a result of the action of extrinsic stimuli called stressors
(Wendelar-Bonga, 1997). The action of stressors is twofold: they produce effects that
threaten or disrupt the homeostatic balance and also causes a set of behavioural and
physiological responses such as compensatory action and/or adaptive response, enabling
the animal to overcome the threats effect. The response to stress is an adaptive mechanism
that allows the fish to cope with stressors in order to maintain its homeostatic state. The
recovery time depends upon to the severity and duration of the initial stress and on habitat
conditions (Billard et al., 1981). Severe stressors may compromise response mechanisms

and can become detrimental to the fish’s health (Lima et al., 2006).

Stress effects can be caused by a combination of several factors, such stock
management, extreme environmental parameters not suitable for cultivation and others.
Stress can result in a wide variety of physiological responses (Billard et al., 1981; Barton
et al., 1986; Schreck, 1990). The diversification of responses depends on a multitude of
factors such as temperature, type of stressor, time of exposure, size and species. Direct
comparison between studies is often futile since the cortisol levels in plasma range at least
as much as two orders of magnitude among fishes following an identical stressor and can

differ significantly between species (Olsen ef al., 1991; Bruce and Barton, 2002).

Reproductive physiology in fish is adversely affected by stress, causing changes in
plasma cortisol level (Morgan et al., 1999). This hormonal fluctuation may interfere with
reproduction (Billard ef al., 1981), and result in abnormal larval development and possibly
compromise related reproductive processes. Stress does not seem to block spawning
completely in cod, but rather has negative effects resulting in irregular spawning cycles
(Kjesbu et al, 1990). Handling during maturation can possibly affect egg production

negatively, as seen by massive atresia of vitellogenic oocytes or decrease of
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ovofertilibility, and may also cause irregular spawning (Kjesbu et al., 1990). Exposure to a
stressor, such as drastic changes or aggression, is followed by an elevation of the levels of
plasma corticosteroids and catecholamines in the primary stress response. This primary
answer involves the activation of brain centres, resulting in massive release of
catecholamines and corticosteroids, while the secondary answer is usually defined as the
channelling of actions for target cells where the immediate effects of these hormones in
blood and tissue levels include increase in heart beat rate and oxygen uptake, mobilisation
of energy substrates and also disturbs osmoregulation. The tertiary response is manifested
at the level of inhibition of growth, reproduction, immune response, and can be understood

as the limitation of the animal’s to tolerate subsequent or additional stressors (Lima et al.,

2000).
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OBIJECTIVES

As both diet and stress may affect spawning and egg quality, an experiment was
performed to assess the effect of dietary lipid levels prior to and during the spawning
season, and the effect of physical stress during the spawning season on spawning and egg

quality.

The purpose of this study was to impose stress upon cod in the laboratory in an attempt
to evaluate the potential stress effect combined with different dietary fat levels (low fat and
high fat) on the reproductive physiology and spawning performance of cod and
consequently on the egg quality. The egg quality in this work was evaluated based on egg
diameter (Bromage et a/, 1992), fertilisation rate (Kjorsvik et al., 1990), abnormalities rate

(Kjersvik et al., 1990; Thorsen et al., 2003), and hatching rate (Sawanboonchunm, 2008).
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MATERIALS AND METHODS

1. BROODSTOCK HUSBANDRY CONDITIONS

Figure 3 Picture of Institute of Marine Research, Austevoll Research station showing the
facilities.

Atlantic cod were produced in an intensive production system at the Institute of
Marine Research (www.imr.no) Austevoll Research Station (IMR, 60°05’N 5°15’E)
(Fig.3) in 2008.They were grown in two sea cages located at IMR and fed with a
commercial extruded dry diet (Amber Neptun, Skretting AS, Stavanger, Norway) until
June 2009 when eighteen hundred fish were randomly transferred into 6 different
5x5x5m netpens (Preview period 2, Fig. 4). Three groups were fed a lean diet (13% fat,
LF) and three groups fed a lipid rich diet (20% fat, HF) (Table 1). The fish received
natural light conditions and ambient temperature and salinity.

Table 3 Analysed feed composition (g 100g™) of lipid, protein, ash and dry matter, and estimated levels

of gross energy (kJ g'), Gross energy calculated using energy contents of 18.0, 33.5 and 12.5 kJ g-1, for
protein, fat and carbohydrate, respectively (Brett & Groves, 1979).

DIET HF LF

LiPID 19.7 13.2
PROTEIN 554 54.1
ASH 9.4 10.0
DRY MATTER 92.1 91.7

GROSS ENERGY
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Prior period 1 1800 Fish

N=300 N=300

Prior period 2 .
Low Fat High Fat

"

Low Stress High Stress Low Stress High Stress

Figure 4 Schematic illustration of the experimental design. In prior period 1 the fish were kept in
two 5x5x5 m netpens, and in prior period 2 in 6 netpens (5x5x5m) and fed a lipid rich or poor diet
in triplicate netpens, while during the experiment the fish were kept in 3 m tanks. Each tank
contained 12 females and 5 males.

In January 2010 (experimental period Fig. 4) 96 females and 40 males were
randomly collected from each treatment, measured for weight and length, and females
where Pit tagged. The fish were randomly distributed within each sex in 4 outdoor tanks
(d=3 m, 7m’) (Fig. 5) for each dietary treatment, given aerated seawater from 165 m
depth with a mean temperature of 8.2+0.4°C and a salinity of 34.5+0.3). The tanks were
covered with light reducing nets (Fig.5) and received a natural photoperiod. Each tank
contained 12 females and 5 males with an average weight of 1286263 g and 1132+196
g respectively for female and males in the LF group, and 1426+269 g and 1328+194 g

respectively for female and males for the HF group.
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Figure S Left picture shows the experimental tanks covered; right picture show inside tank
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1.1. FEEDING

The fish were fed by hand with the experimental diet once a day to apparent satiation

through the experimental period.

1.2. STRESS

Two tanks in each of the dietary groups were left undisturbed (Low Stress; LS)
while the other 4 tanks were stressed (High Stress, HS). The fish were stressed by a
combination of lowering the water level to 15 cm, combined with chasing the fish for 1
minute (Fig.6). The fish were stressed once a week; day of stress was randomized to

prevent the fish from adapting to the stress treatment.
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Figure 6 A: Normal harvesting tank ; B: Stress treatment

1.3. EGG COLLECTION

Duplicate tanks in each of the four treatments were supplied with egg collectors
(Fig.7). These collected all spawned eggs by sieving the water from both the surface
and the water drained through the outlet placed in the centre of the tank. The egg
collectors were emptied each morning and the total spawned volume of eggs was
measured. This was performed through the spawning season, i.e. from the first

appearance of eggs in the egg collectors until all spawning had ceased (February-April).
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Figure 7 A: Photo of egg collector ;B: Schematic Egg collector full of water; C: Schematic
of the cod eggs collection from the egg collector

2. MEASUREMENTS AND FECUNDITY

2.1.EGG PHOTOS

A sample of the eggs spawned in each tank was photographed to be able to measure
their diameter and also to determine fertilisation and assess other quality measures (cf
below). This was performed by transporting a small, randomized sample of the daily
spawning collected in each tank to the lab. Prior to being photographed the eggs were
maintained at 7 °C for 2-4 hours. The photos were from a sub-sample of eggs following
a technique improved for this work (Fig.8). The eggs were placed in an O-ring in the
centre of a petri dish and digitally photographed under identical conditions each day
using an Olympus DP70 camera mounted onto a Leica MS5 microscope. The photos
were taken at a magnification of 0.63x. Each photo was saved for later determination of

fertilization rate, egg diameter and abnormalities in cell cleavage and development.
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MATERIALS AND METHODS

Figure 8 A:transferring eggs from the sub-sample bottle to a filter; B: Collect a sample of eggs with a
pipete; C-:placing the in the center of the O-ring; D: O-ring filled with cod eggs; E: Daily Gear used to
photograph the daily samples.

2.2. EGG CHARACTERIZATION

The diameters of about 120 eggs in each photograph were measured automatically
using the ImageJ 64 software (Fig.9, A.B) (version 1.43, W. Rasband, National Institute
of Health, USA) and the plugin Object] (N. Visher & S. Nastase, University of
Amsterdam, the Netherlands). The eggs were staged manually using the Object] with 18
different categories (Fig. A): 1-unfertilized, 2-activated, 3-1 cell stage, 4-2 cell stage, 5-
4 cell stage, 6-8 cell stage, 7-16 cell stage, 8-32 cell stage, 9-64 cell stage, 10-128 cell
stage, 11- more than 128 cell, 12-gastrula, 13-malformations 2 cell to 32 cell, 14-
malformations 64 cell to 128 cell, 15-big dead eggs, 16-dead unfertilized eggs, 17-
unknown, 18-dead fertilized eggs (Appendix 8).

O N O Slide of 2010-03-22 Kar T11.jpg (200%) 2010-03-22 Kar T11.jpg (50%)
00x362 pixels; RGB; 283K

Figure 9 A: Image J menu with 18 categories to qualify the eggs; B: example of a daily egg photo
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MATERIALS AND METHODS

2.3. INCUBATION EXPERIMENT TO DETERMINE HATCHING RATE

Hatching rates were analysed 3 times during the experiment. This was done by
placing one fertilized egg at two cell stage on a individually compartment in a total 24
well multidish tray (Nunc AS, Roskilde, Denmark) by using a sterile pipette. The water
used in the trays was filtered and autoclaved (70% salinity). Two trays (48 eggs) were
analysed from each tank at the three dates. The trays were maintained in a cold room at
7°C and were monitored daily for developmental changes, and the numbers of hatched

larvae were counted.

3. EXPERIMENTAL CALCULATION

3.1. FECUNDITY

Fecundity was calculated as the total volume of eggs spawned (ml) divided by
female biomass (kg) at experimental start at the tank, and corrected for mortality.
Equation 1: Fecundity (%)

. dity (%) — Volume of eggs (1) x 100
CUnAtY A7) = Female biomass in tank (kg)

3.2. EGG DIAMETER

Total egg diameter (n=41597), was measured automatically using the Object] plugin
on ImageJ, after having defined the range of maximum and minimum diameter (max
Rad= 50 and min Rad=110 increased Rad=3) for the right magnification (0.63x) used
on the photos and then inspected manually. Measurements were inspected and corrected

manually. The egg diameter were analysed using the mean per day per treatment.

Equation 2: Average Egg Diametre

. X Eggdiameter per treatment
Average Egg Diametre =

Y Daily tota1 €99 S analysed per treatment
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MATERIALS AND METHODS

3.3. FERTILISATION
Fertilisation rate were calculated for 18 days by counting number of unfertilised eggs

(cat 1, 2 and 16, Appendix 8) compared to number of fertilised eggs (cat 3-14 and 18,
Appendix 8).

Equation 3: Fertelisation rate

I Number of eggs with cell division
Fertilisation rate = - x 100
Total number of eggs in a sample

3.4. ABNORMALITY

The parameter abnormality is defined as the inclusion of foreign object(s) or
abnormal shape of the cell during cell division in the fertilised eggs. The malformation
rates were calculated at 18 occasions of the spawning period, covering all weeks, by

counting number of abnormal eggs (cat 13, 14, Appendix 8).

Equation 4: Malformation rate

) Number of eggs with malformations
Malformation rate = - x 100
Total number of eggs in a sample

3.5. HATCHING RATE

The number of hatched larvae was estimated using a duplicate sub-sample of

fertilised eggs from the egg collectors.

Equation 5 Hatching rate

) Number of eggs hatched
Hatching rate = - —— X 100
Number of egg with cell division

Note: Three persons performed independently the egg staging.
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MATERIALS AND METHODS

4. STATISTICAL ANALYSIS

All calculations were performed with Microsoft Excel for Mac (version 12.0, USA).
Calculation and comparison by mean were performed by Excel pivot sheet. Further
statistical comparisons were done by using Statistica (version 9.1, Statsoft Inc., Tulsa,
OK, USA) with significance values at P<0.05 (Zar, 1999). Tanks were used as
experimental unit. Differences in mean weight, length and condition factor between
treatments were compared using a two-way ANOVA with stress and diet as factors.
Differences in egg diameter, fertilization and malformation of the eggs sampled daily
was analyzed using a three-way ANOVA with date, stress and diet as factors. Finally

the differences in hatching rate were compared using a two-way ANOVA.
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IV. RESULTS
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RESULTS

1) GROWTH OF FEMALES

The females in all four treatments lost weight during the experimental period (Table
4). Females in the LS LF group lost on average 182 g to a final weight of 1099 g, while
the LS HF group lost on average 184 g to 1152 g (Table 4). These differences in weight
loss were also seen for the HS group. There were no significant differences in weight
loss between the dietary treatments during the experiment (ANOVA, P=0.99), although
the final weight was significantly (ANOVA, P=0.03) higher in the HF group (1254 and
1152 g, respectively for HS and LS groups) compared to the LF group (1044 and 1099
g, respectively for HS and LS groups). The weight loss for the HS group were 226 and
224 g, respectively for LF and HF diet, compared to the LS group that was 182 and 184
g, respectively for the LF and HF diet. The HS fish had a higher final weight (1254 g)
than the LS fish (1152 g) in the HF group, however this difference was not statistically
significant (two-way ANOVA, P=0.26). The liver weight was significantly higher in the
HF group compared to the LF group for both stress groups (ANOVA, P=0.00; Table 4).

Table 4 Body weight (mean+SD) of Atlantic cod fed either a low fat (LF) or a high fat (HF) diet and kept undisturbed (low
stress) or randomly stressed by handling (high stress) at start (13. January 2010) and body and liver weight in the end (5.
May 2010) of the experiment.

LF group HF group ANOVA

High stress Low stress High stress Low stress Diet Stress D*S

Number surviving 18 15 19 14
Weight start, (g) 1270273 12824271 14772313 1336+199 0.06 0.34 0.26
Weight end, (g) 10442193 1099+249 12542304 11524147 0.03 0.69 0.19
Weight loss,(g) 226 182 224 184 0.99 0.46 0.97
Weight loss, (%) 18 14 15 14 0.89 0.39 0.72
Liver weight end, (g) 7727 77433 124451 112225 0.00 0.50 0.49
Liver index end, (%) 7.2:1.9 7.0:2.4 9.7:2.1 9.7:1.9 0.00 0.85 0.79
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RESULTS

2) FECUNDITY

Table 5 Spawning period and relative fecundity, measured as total amount of eggs spawned during the spawning season for
cod fed either a low fat (LF) or a high fat (HF) diet, and exposed to low handling stress (LS) or high handling stress (HS).

SPAWNING PERIOD TOTAL FECUNDITY MAX FECUNDITY
TREATMENT
DaTESTART  DATEEND  DAYS (#) (L EGG/KG FISH) WEEKNR  ML/KG FISH/WEEK
LF-LS 12.02.10 8.04.10 55 0.86x0.34 9 234
LF-HS 12.02.10  25.04.10 71 0.64:0.12 10 15.9
HF -LS 16.02.10 11.04.10 54 0.8320.16 10 24.4

HF - HS 16.02.10  18.04.10 62 0.86+0.24 13 19.8

The spawning season started on 12 February and the last eggs were collected on 25
April (Table 5). While spawning commenced in February, spawning frequency per
week increased during February and March in all treatments fed with HF diet. Females
in the LF diet treatment increased the spawning frequency up until April, with all
treatments showing a decrease in egg production afterwards (Fig.10). However, there

was considerable variation between tanks for the same treatment.

In the HS/HF group, onset of spawning was delayed by 4 days. The spawning
period lasted for 71 days in the HS/LF group, with a relative fecundity of 0.64+0.12 L
egg/kg fish compared to 62 days and a relative fecundity of 0.86+0.24 L egg/kg fish in
the HS/HF group. Both LS groups finished spawning after 54-55 days, with
approximately the same relative fecundity as the HS/HF group (Table 5). The HS
groups had a more irregular spawning frequency and volume of eggs spawned per week
compared to the LS groups. The groups that were not stressed had a more distinct peak
spawning in the mid-season (Fig.10). These groups had the highest production of eggs
in week 9-10 (early March) with approximately similar weekly egg production at 23-24
ml egg/kg fish/week (Table 5). Fecundity in the HS/LF group had several peaks,
reaching the highest in week 10 (16 ml egg/kg fish/week) while the HS/HF group
reached a maximum peak by week 13 (20 ml egg/kg fish/week) (Table 5).
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RESULTS

Some differences were observed between the tanks in the same treatment. The fishes
in the LS/LF group in Tank 4 reached a higher maximum fecundity at 28 ml egg/Kg per
week at week 9 compared to a maximum fecundity of 19 ml egg/Kg per week in week 8
and 9 in Tank 18 (Fig.10a). The HS/LF groups in tanks 19 and 20 showed irregular
spawning where maximum fecundity was 16.4 ml egg/kg fish/week reached during
week 11 in tank 19 and 16.6 ml egg/kg fish/week during week 10 in tank 20. Spawning
in tank 20 ended two weeks before that in tank 19 (Fig.10b). Fish in the HS/HF reached
high fecundity at two different periods; however, it was more pronounced in tank 11
than in tank 12. Maximum fecundity occurred later in the season compared to the LS
groups, with 24 ml egg/Kg per week by week 13 in tank 12 and 16 ml egg/kg per week
by week 13 in tank 12 (Fig.10d). The LS/HF groups in tanks 13 and 14 had a more
distinct peak in spawning during mid-season, reaching a maximum fecundity of 19 ml

egg/kg per week by week 9 in tank 13 and 32 ml egg/Kg per week by week 10 in tank
14 (Fig.10c).
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Figure 10 Average fecundity per week in Atlantic cod with different diet and handling stress; A) LF diet and low stress; B) HF

diet and low stress; C) LF diet and high stress and D) HF diet and high stress.
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RESULTS

Cumulative fecundity varied between the duplicate tanks within the dietary and
stress treatments. In the LF/LS treatment rate of egg production was stable during the
first ten days. After that the rate changed. On the fourth week, cumulative egg
production stabilized until the end of the spawning season. The LF/HS treatment
showed a similar increase from the beginning until the middle of the fifth week, after
that a different cumulative fecundity was observed in each tank until the end of the
season. The HF/LS treatment, varied between tanks during the first ten days, after that
both tanks had the same fecundity. From the third week cumulative egg production
flattened out until the end of the season. The HF/HS treatment showed in the first two
weeks a similar fecundity, after that, the cumulative fecundity showed to be different
until the end. In general, cumulative fecundity showed that the LS groups had a higher
increase in egg production in the period from the beginning of March to the end of

March, while the HS groups had a low egg production, (Fig 12).
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Figure 11 Cumulative fecundity per week in Atlantic cod (Gadus morhua) with different diet and
handling stress, A) LF diet and Low Stress; B) LF diet and High Stress; C) HF diet and Low Stress

and

D) HF diet and High Stress.
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RESULTS

3) EGG DIAMETER

In total, diameters of 42.255 eggs were measured from the experiment. All
treatments showed a decrease in egg diameter over the spawning season (Fig. 12).
Although the differences in egg size were small, there was a significant effect of the
treatments due to the high number of eggs analysed. The egg diameter from of the
spawning season to mid March ranged between 1.15 to 1.30 mm, with significantly

larger eggs from fish fed the HF diet (1.25+0.09) compared to the smaller eggs from
fish fed the LF diet (1.23£0.06) (ANOVA, P=0.00). In addition, there was also an
effect of stress, with larger eggs in the fish exposed to high stress (ANOVA, P=0.00).

A LFLS B) LFHS

Tank4  *Tank 18 Tank19 * Tank 20

,_
~~
~

-
o
©

o
=

o
)

Egg diameter (mm)
S S
e
E)

Egg diameter (mm)

o
=
o
=

0,2 0,2

00 0,0 - - - - - - - ,
11/Fev  21/Fev  03/Mar  13/Mar  23/Mar  02/Abr  12/Abr  22/Abr  02/Mai 11/Fev  21/Fev  03/Mar  13/Mar  23/Mar  02/Abr  12/Abr  22/Abr  02/Mai
2010 2010
0 D)
Tank13 * Tank 14 Tank11 *Tank12
16 HF LS 16 HF HS
14 14 . . s
T I e ;e T ey fe et

=12 g =12 o T
E E : D
Eip Eip
g g
2 2
908 208
5 g
T06 T06
3 3
“oa “ou4

02 02

0,0 - . T - - - - ) 00 T T T T . : : )

11/fev  21/Fev  03/Mar  13/Mar  23/Mar  02/Abr  12/Abr  22/Abr  02/Mai 11/Fev  21/Fev. 03/Mar  13/Mar ~ 23/Mar  02/Abr  12/Abr  22/Abr  02/Mai
2010 2010

Figure 12 Average of Egg diameter per week Atlantic cod (Gadus morhua) with different diet and
handling stress, A) LF diet and low stress; B) LF diet and high stress; C) HF diet and low stress and D)
HF diet and high stress.
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RESULTS

4) FERTILISATION

Significant differences in fertilisation between stress and diet treatments were
observed through the season (P<0.05). The LS/LF, HS/LF and LS/HF groups had the
highest fertilisation rate late in the spawning season (week 13 and 14), while the HS/HF
group had the lowest fertilisation rate late in the season (Fig.13a). The LS/HF treatment
showed a gradual increase in fertilisation rate, with an initial fertilisation rate of 74%
(week 7 to 9) and maximum fertilisation rate at 84% by the end of the spawning season
(Fig.13a). In the HS/HF group, fertilisation rate decreased through the season, from
75% to 55% by the end of spawning, when fecundity was also was lowest (Fig.13a).
The HF groups were significantly different at mid (week 10 to 12) and late season, with
80 and 84% in the LS/HF group and 67 and 55% in the HS/HF group, respectively
(Fig.13a). Both LF groups had a slight increase in fertilisation rate at the end of
spawning (week 13 and 14) compared to the mid-spawning season (Fig.13a).
Fertilisation rate for the tanks stressed the day of stress, was not significantly different

from the fertilisation the next two days (Fig.13b).
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Figure 13 Fertilization rate A) Average + SD of each treatment long the season B) after 0,1 and 2 days after stress . Value
significantly different (P<0.05) with respect to period in the spawning season (*), LF/HF diet (+), LS/HS stress (2) or
interaction of these as determined by three-way ANOVA13.
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RESULTS

5) ABNORMALITY

All treatments had approximately the same rate of malformation in the early
season (10%). The LS/LF group had the highest tendency to develop malformed cells
division, with 10% malformations early in the season followed by an increase to
approximately 15% malformations at mid and late spawning season (Fig.14a). In the
HS/LF group malformation percentage decreased from 10% to 5% through the
spawning season (Fig.14a). The HF treatments showed decreasing malformation rate
along the season, showing approximately 10% malformations for both the stressed and
unstressed groups. The variation in malformation rate was too high to reveal any
significant differences at the end of the season (Fig.14a,14b). There was, however a
tendency of increased embryonic malformation rate after stress exposure in both dietary

groups, where HF tended to have more malformations than LF.
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Figure 14 Abnormality rate A) each treatment long the season; B) after 0, 1 and 2 days after stress
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RESULTS

6) HATCHING RATE

The HF group showed no significant difference in the hatching rate between the
different stress treatments (Fig.15). However, when compared to the HS/LF group,
results indicated that the HF diet had a significant positive effect on hatching rate
(P<0.05) as determined by Duncan post hoc test. The LF groups showed significant
differences in hatching rate between the different stress regimes (P<0.05) as determined
by Duncan post hoc test. The LS/LF group had the highest hatching rate of all
treatments, with 80% of fertilized eggs hatching. The lowest hatching rate, 50% was
observed in the HS/ LF group (Fig.15).
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Figure 15 Average hatching rate in sampled eggs from Atlantic cod either fed a low fat (LF) or a high fat (HF) diet and with low
handling stress (LS) or high handling stress (HS) in mid spawning season. Bars not sharing common letters are significantly
different (P<0.05) as determined by Duncan post hoc two-way ANOVA.
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DISCUSSION

Body weight

Female Atlantic cod lost weight during the spawning season. This was due to a
combination of reduced appetite, metabolism and spawning. The cod in our experiment
was offered feed to apparent satiation, however, the appetite was very low, as observed
in other experiments (Kjesbu et al.,1991; Fordham & Trippel, 1999;Skjaraasen et al.,
2004). Energy used during the spawning season is therefore mainly drawn from stored
reserves. Starved cod mobilise energy firstly from liver lipids, and then muscle proteins
(Black and Love,1986). Former studies on cod have reported a reduction in liver size
(Krivobok and Tokareva,1973; Karlsen et al.,1995; Hansen et al/.,2001) during the
spawning season while an increase in liver size for both genders has been reported
during the later stages of gonadal growth (Jangaard et al., 1967; Krivobok and
Tokareva, 1973; Karlsen et al., 1995). The relation between spawning and liver weight
is still not fully understood. Karlsen et al. (1995) observed that males reduce their liver
weights prior to spawning, while the liver size in females did not change in this period.
However a greater reduction in liver size was observed in females than in males during
spawning. The weight loss in the current study can be mainly related to spawning, as
female Atlantic cod is a multiple batch spawner that can produce up to 10 batches of

eggs at regular intervals during a period of 50-60 days (Kjesbu, 1989;).

The final liver index was lower in the LF group than in the HF group, this difference
is explained directly by the different energy content of the diets offered. Assuming that
vitellogenesis is a continuous process during the spawning season, females with a
higher energetic fat content will have a better support for accomplishment of the
spawning season. Kjesbu et al.(1991),(1996) reported that cod in poor condition
increased the transport of protein from white muscle via the liver to the high number of
developing oocytes causing further weight loss in these individuals. However, in the
present study the fish were in good condition even after the spawning season, and had
only a minor weight loss ranging between 14 to 18 %, with the largest weight loss in the
HS/LF group. Overall, weight loss observed in the present study was low compared to
what was reported by Karlsen ef al., 1995, where the fish were not fed during the
spawning season. In the present study, weight loss appeared greater in the HS groups,
where it may be assumed that the individuals used more energy for homoeostasis and

consequently these groups had a lower egg production compared with LS groups (Table
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DISCUSSION

4). This was particularly true for the HS/LF group. According to Olsen et al.,(2008) fish
that suffer food deprivation are less resistant to stress than fed cod. Previous works
described that Atlantic cod subject to exhaustive exercise elicited the typical stress
response including release of cortisol from the interenal gland into plasma (Hemre et
al., 1991) and a concomitant release of liver glycogen causing plasma hyperglycaemia
(Barton and Iwama, 1991), and like that females with the same stress treatment will
have different performance for different diets. This suggests that female body condition

is important to minimize negative stress effects on the reproductive system.

Fecundity

In the present study, total fecundity was lowest in cod fed the LF diet and exposed to
handling stress. Previous works have related low fecundity to poor body condition or
feed deprivation (Lambert and Dutil, 2000; Olsen et al., 2008), while in the present
study fish were fed two different diets containing unequal lipid levels. Although none of
the individuals tested were in poor condition, fish fed with the LF diet had smaller liver
sizes than the HF group. As the liver stores energy to be used for oocyte growth (Kjesbu
et al, 1991, Karlsen et al. 1995; Dahle et al.,2003) the smaller liver size in the LF
group could affect accumulation of nutrients into the growing oocytes. Kjesbu et al.,
(1991) also documented that cod with high condition factors produced more
previtellogenic oocytes and used a larger fraction during vitellogenesis. Consequently,
fish condition or size of energy stores may affect the reproductive investment. In our
study, fecundity was not higher in the HF groups than in the unstressed LF group,
which indicates good initial body condition in both dietary groups. The lower fecundity
in the LF group exposed to stress can be related to the stress making fish use energy for
movement and vital physiological functions (Olsen et al., 2008) rather than oocyte
growth (Schreck, 2010). Thus, fish with excess energy, as seen by large liver size,
seemed to handle stress better and produce the same amount of eggs as unstressed fish.
Another consequence of stress on cod reproduction, that has also been reported by
Kjesbu et al., (1990) is the prolonged spawning period with irregular spawning cycles.
This prolonged spawning did not increase the total fecundity, as stress reduced the
relative fecundity per day during the season. This resulted in a different total fecundity
in stressed fish fed different diets, where fishes fed LF had a lower total fecundity

(0.64+0.12 L/Kg fish) compared to the HF group (0.86+0.24 L/Kg fish).
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DISCUSSION

Egg quality

In this study egg quality, or egg viability, was measured by several parameters. Egg
diameter decreased throughout the season in all treatments. This has previously been
seen in gadoid species such as haddock (Melanogrammus aeglefinus) (Trippel et al.,
1999) and Atlantic cod (Kjesbu, 1988). This decreasing egg size was related to the
number of batches shed. However, Kjesbu et al, (1991) observed that eggs sizes from
an individual actually increased slightly in the beginning of the spawning period, before
decreasing again. Individual observations like this were not possible during our study,

as several females spawned in the same tank.

Assuming that larger eggs have better viability (Bromage er al., 1992) egg quality
would be expected to decrease throughout the season, if we consider only the diameter
as the principal characteristic, however, the egg quality concept is a complex concept as
already mentioned before and this was not seen in the present study. The fertilization
rate had a tendency to increase with decreasing egg diameter in 3 of the 4 treatments,
whilst only eggs from HS/HF group showed decreasing fertilization rates through the
spawning period. The overall effect was that the LS/HF group had the highest
fertilization rate, while the HS/LF group had the lowest. That is, females with larger

energy reserves performed slightly better.

Blastomere morphology was used to check abnormalities at the early egg stages.
This analysis has already been tested by other researchers in other species, like turbot,
Scopthalmus maximus (McEvoy, 1984); grey wolffish, Anarchichas lupus (Pavlov et
al.,1992,1994) and Atlantic halibut ,Hippoglossus hipoglossus ( Bromage et al., 1994),
where some correlation was found between blastomere morphology, egg viability and
late larval success. In the present study a large variation was seen in first cell division
symmetry between treatments. No significant differences were found between
treatments for the malformation rate. This large variation in embryonic malformation
rate does not seem to be related to any specific treatment. However, we can find a
slightly lower rate in the HF group compared with the LF group. The big variation in
malformation can be due collection of eggs from several females in each tank, and not
from individual fish. Each female may answer differently to stress, and some of the
variation could be explained by the fact that eggs from more than one batch were

included in the analyses.
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DISCUSSION

Cod reproduction includes a fairly complex courtship behaviour (Brawn, 19618), and
stress has been shown to alter other forms of behaviour (Paszowski & Olla,1985;
Sigismondi & Weber,1988; Olla et al., 1992). The consequence of this change of
behaviour might result in a variation in egg fertilisation. This variation cannot only be
justified by mating problems (not compatible males or incomplete courtship sequence).
However the fertilisation rate showed tendencies to increase as the season progressed in
3 of the 4 treatments, and this increase could be explained at least partly by a mating

adaptation.

The fertilisation rate in this study seemed to be related to diet, where the HF group
tended to have better rates than the LF group for both stress treatments. In a previous
study by Morgan et al.(1999) eggs appeared indistinguishable, whether produced by
stressed or undisturbed spawners. However in this study the combination Diet x Stress
had significant effects, where the HF group had a higher stress tolerance than the LF
group, and both dietary groups showed different tendencies along the season. As
previously demonstrated by other workers, stress  alters other forms of behaviour
(Paszowski & Olla,1985; Sigismondi & Weber,1988; Olla et al., 1992), which could
result in different fertilisation rates, where fish with a better initial energy supply may

have better fertilisation rate.

Hatching rate was the last parameter tested to measure egg quality in the present
study. Hatching rates showed no significant differences between diets. However,
significant differences between different handlings were present in the LF groups,
where LS appeared to have higher hatching rates compared to HS. Yet, this effect was
not seen in eggs from females fed with HF diet. The difference in effect on hatching
rate may suggest that well-nourished females produce eggs of good quality even when
stressed. Kjorsvik et al.(2003) found a significant positive correlation between egg
quality and hatching rate in turbot (Scophthalmus maximus L.). As the hatching rate
calculated from fertilized eggs was not directly correlated to the actual calculated
fertilization rates, it is difficult to compare these two. However, the overall effect of
poor performance of eggs from the HS/LF group was accounted for both in fertilization
and in hatching rates. Morgan et al. (1999) suggested that low hatching success in eggs
from stressed cod can be due to a combination of the decreased success of first time
spawners (Trippel, 1998) and the turbulence of the egg collection method. In the present

study, 3 of 4 treatments presented the similar results, so the hypothesis presented by
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DISCUSSION

Morgan et al.(1999) is not completely valid for our experiment. Another variable that
can have importance for the variation in hatching rate is that the eggs used were from
the latter part of the spawning season, when eggs were smaller. As already mentioned,
larger eggs may result in better larval viability, as they will contain more yolk, however
the last batches have eggs with smaller diameter, so they will have less yolk and

consequently a lower hatching rate.
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CONCLUSIONS

The current study was aimed to assess the effects of different dietary fat content and

different stress levels on egg quality in Atlantic cod. The following conclusions were

made:

There was a tendency towards a positive correlation between high dietary fat
level, fecundity and fertilisation rate in female Atlantic cod held in a low

stress environment.

Stress effects appeared to impair reproductive performance, since stressed
fish had a tendency delayed, desynchronized and prolonged spawning period

irrespective of diet.

Some recommendations can be made for future studies on stress effect in Atlantic

cod:

S R NATARIO

Future stress studies may focus on individual stress responses. DNA

microarray analysis may reveal specific genes involved in the stress response.

In an identical replicate of the current experiment, to set one more tank for
each treatment and, and add a third group of fat content between the two fat

diets tested.

Hatching rate may be studied differently, by for example, trying to minimize

mechanical shock, and scratching to avoid any cut in the chorion.
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APPENDIX 1. WEIGHT AND LENGTH OF ATLANTIC COD A) AVERAGE WEIGHT (G) IN EACH
TREATMENT AND B) AVERAGE LENGTH (CM) IN EACH TREATMENT C) AVERAGE WEIGHT (G) IN
EACH TANK D) AVERAGE LENGTH (CM) IN EACH TREATMENT.

A)
JANUARY 2010 May 2010
GENDER LF DIET HF DIET LF DIET HF DIET
Low STRESS HIGH STRESS Low STRESS HIGH STRESS
F 1276+263 1425+271 1153+268 1036+225 1169+237 1250+320
M 1142+196 1333+197 998+184 1001+167 1157+155 1117+208
B)
JANUARY 2010 MAY 2010
GENDER LF DIET HF DIET LF DIET HF DIET
Low STRESS  HIGH STRESS LOW STRESS  HIGH STRESS
F 432+27 439+27 444+30 440+28 445+25 447+33
M 42621 442+17 434+24 435+23 453+15 449+16
c)
START OF EXPERIMENT JANUARY 2010 END OF ExPERIMENT MAY 2010
TANK GENDER LF HF LF HF
Low STRESS HIGH STRESS LOW STRESS HIGH STRESS
4 F 1280+314 1127+282
M 1113+99 987+188
18 F 1313217 1119+322
M 1228+314 1067+194
19 F 1240206 1018+165
M 1144171 997+158
20 F 1322+303 1024+253
M 1238227 1094+135
1 F 1544+329 1273377
M 1341217 1178+195
12 F 1414+253 1149+238
M 1206+203 1023+192
13 F 1351+219 1024+249
M 1217+124 1116+109
14 F 1399+258 1184+125
M 1487+164 1205+156
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D)
START OF EXPERIMENT JANUARY 2010 END OF EXPERIMENT MAY 2010
TANK GENDER LF HF LF HF
Low STRESS HIGH STRESS LOW STRESS HIGH STRESS
4 F 424+34 437£41
M 440+18 44130
18 F 439£19 449£20
M 431£28 443£29
19 F 429425 444£26
M 428124 439£27
20 F 439£30 44633
M 430422 446%20
" F 443234 454+38
M 445219 450213
12 F 43932 450%35
M 438220 456219
13 F 445220 444£25
M 432210 44929
14 F 443224 452128
M 443217 453£13
APPENDIX 2. FECUNDITY A) ML EGG/KG FISH/TANK
Low FAT HIGH FAT
Low STRESS HIGH STRESS Low STRESS HIGH STRESS
WEEK/ TANK 4 18 19 20 13 14 11 12
6 629 710 324 1213 10£13 1£2
7 18+15 13£10 1215 510 18+14 11£14 56 629
8 2114 1920 724 5+3 13£11 13£10 7+7 56
9 28+11 19+11 1248 13£11 19+13 26+7 18+7 1645
10 2811 1149 15+4 1749 16+12 3215 24216 14+10
11 27+7 11£12 16+11 1213 12£11 23221 17+14 1249
12 218 8+8 7+7 14£11 1315 13£12 2318 14+14
13 10£11 417 8+8 15£11 627 9+7 24222 1615
14 212 1£1 1£1 919 1£3 819 26216 10£10
15 5:8 55 627
16 5:8 6
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B) MEAN ML EGG/KG FISH/TANK PER DAY

Low FAT HiGH FAT
LOW STRESS HIGH STRESS LOW STRESS HIGH STRESS
DATE/TANK 4 18 19 20 13 14 11 12
12-FEB 0.00 18.75 8.05 26.32 24.07 0.00 0.00 0.00
13-FeB 1.27 3.13 0.00 8.77 6.17 2.96 0.00 0.00
14-FEB 15.92 0.00 2.01 0.00 0.00 0.00 0.00 0.00
15-FEB 10.83 0.00 43.62 26.32 0.00 0.00 0.00 0.00
16-FEB 12.74 31.25 6.71 0.58 37.04 23.67 13.51 17.65
17-FEB 9.55 15.01 0.67 0.00 16.05 0.00 541 0.00
18-FEB 50.96 13.65 1.34 1.17 4.32 0.00 0.11 1.18
19-FEB 12.74 8.19 0.67 2.92 24.69 35.50 5.41 20.59
20-FEB 13.38 19.11 16.11 0.00 12.35 17.16 0.00 0.59
21-FEB 19.11 3.41 13.42 2.92 30.86 2.96 13.51 2.94
22-FEB 15.92 4.78 10.07 7.60 27.78 6.80 2.70 0.00
23-FEB 0.00 47.77 2.01 3.51 27.78 0.00 2.70 0.00
24-FEB 31.02 3.41 1.34 2.92 15.43 29.59 4.32 5.88
25-FEB 28.95 8.87 8.72 8.77 3.09 23.67 13.51 0.00
26-FEB 6.89 15.70 4.70 8.77 8.64 6.51 4.32 14.71
27-FEB 37.92 47.77 10.07 4.09 3.70 11.24 20.54 9.41
1-MAR 41.36 1.36 6.71 1.17 37.04 35.50 16.22 17.65
2-MAR 27.57 34.12 15.44 11.70 18.52 35.50 20.54 11.76
3-MAR 14.48 20.47 13.42 14.62 6.17 17.75 11.89 20.59
4-MAR 27.57 13.65 6.71 1.17 33.95 20.71 10.81 8.82
5-MAR 31.02 27.30 10.07 32.16 21.60 26.63 13.51 11.76
6-MAR 13.79 13.65 3.36 14.62 0.06 29.59 2297 22.06
7-MAR 41.36 20.47 26.85 17.54 18.52 19.53 29.73 16.47
8-MAR 26.89 13.65 16.78 17.25 13.58 20.12 15.68 17.65
9-MAR 32.40 7.78 13.42 9.36 31.48 28.99 22.70 4.12
10-MAR 27.57 27.23 12.08 15.20 17.28 47.34 27.03 17.65
11-MAR 18.93 1.56 14.09 6.25 0.62 11.24 11.35 2.94
12-MAR 26.50 0.78 23.49 25.00 3.09 53.25 40.27 7.65
13-MAR 49.21 14.00 16.78 30.62 21.60 41.42 541 29.41
14-MAR 15.14 11.67 10.07 12.50 27.78 23.67 48.65 20.59
15-MAR 29.48 0.00 2.01 0.62 28.40 23.08 16.52 8.82
16-MAR 27.80 14.00 26.17 16.25 12.35 12.89 35.99 12.94
17-MAR 13.48 31.12 19.46 1.25 1.23 44.47 11.80 29.41
18-MAR 25.27 0.78 0.67 12.50 0.62 0.64 0.59 1.18
19-MAR 33.70 7.78 21.48 21.87 1.28 54.79 32.45 11.76
20-MAR 33.70 0.86 28.72 34.37 20.16 0.64 17.70 2.94
21-MAR 25.27 21.60 16.51 0.31 17.48 25.78 1.18 14.71
22-MAR 18.53 9.33 3.59 1.87 3.36 3.22 35.40 29.41
23-MAR 25.27 16.79 11.49 19.77 29.57 32.23 6.49 10.59
24-MAR 25.27 19.58 17.95 21.75 1.34 3.22 8.85 35.29
25-MAR 17.69 0.93 14.36 26.36 0.67 2191 12.98 0.59
26-MAR 33.70 1.87 1.44 7.20 22.18 19.34 13.57 1.24
27-MAR 16.85 2.80 1.44 21.60 0.07 6.45 57.82 18.67
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Low FAT HiGH FAT
LOW STRESS HIGH STRESS LOW STRESS HIGH STRESS
4 18 19 20 13 14 11 12
28-MAR 8.42 2.80 0.72 0.14 32.18 1.29 23.60 0.62
29-MAR 8.42 18.65 10.77 14.75 3.58 1.29 13.57 37.35
30-MAR 16.85 0.09 20.82 1.55 16.76 12.25 11.80 31.12
31-MAR 1.68 2.80 6.46 32.36 0.08 2.75 54.87 21.79
1-APR 29.48 0.93 2.15 24.27 0.00 6.19 28.32 0.62
2-APR 0.84 8.39 14.36 15.37 13.71 13.77 5.90 15.56
3-APR 0.84 0.09 1.44 0.40 0.00 4.13 53.10 1.24
4-APR 15.16 0.47 0.72 15.37 7.62 20.65 0.59 1.24
5-APR 0.84 0.00 2.15 0.16 0.00 18.58 41.30 0.31
6-APR 4.21 1.87 0.36 14.56 8.38 15.83 15.34 5.60
7-APR 1.68 0.00 0.72 20.23 0.08 12.39 47.20 18.67
8-APR 0.93 2.15 1.62 0.23 0.69 11.21 14.32
9-APR 1.44 20.23 1.52 0.14 37.76 3.11
10-APR 1.44 2.43 0.00 0.07 11.80 24.90
11-APR 0.22 4.05 0.15 16.52 0.31
12-APR 0.00 1.18 1.24
13-APR 16.18 5.90 15.56
14-APR 0.40 2.36 1.24
15-APR 0.40 10.62 12.45
16-APR 0.00
17-APR
18-APR 0.08 0.12 0.62
19-APR 9.71 6.22
20-APR 0.00
21-APR 0.00
22-APR 21.84
23-APR 0.00
24-APR 0.00
25-APR 3.24
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APPENDIX 3. EGG DIAMETER NUMBER OF EGGS, AVERAGE SIZE PER TANK, DATES

Low FAT HIGH FAT
LOW STRESS HIGH STRESS LOW STRESS HIGH STRESS
DATE/ TANK 4 18 19 20 13 14 11 12

18-FEB 1.26+0.03  1.27+0.05 1.26+0.02

19-FEB 1.29+0.04 1.27+0.03  1.30£0.02 1.27+0.03 1.24+0.05 1.30+0.02 1.27+0.01  1.34+0.04
22-FEB 1.25+0.04  1.29£0.02 1.22+0.02 1.23+0.04 1.27+0.02 1.25%0.03

23-FEB 1.27+0.06  1.28+0.03  1.24+0.02 1.25+0.06 1.26+0.02  1.27+0.05
24-FEB 1.26+0.04 1.25+0.02  1.28+0.03  1.24+0.03 1.24+0.03  1.28+0.03 1.33+0.03 1.270.05
25-FEB 1.26+0.03 1.30+0.03  1.28+0.02 1.25+0.03 1.24+0.03 1.25+0.03 1.25%0.03

26-FEB 1.22+0.05 1.23+0.03  1.27+0.03  1.23+0.03 1.20+0.07 1.27+0.03 1.26+0.03 1.27+0.05
01-MAR 1.23+0.03 1.25%0.02  1.25%0.03  1.32+0.03 1.27+0.04 1.25+0.04 1.27+0.03 1.26%0.06
04-MAR 1.24+0.04 1.26+0.02 1.22+0.04 1.21x0.04 1.24+0.03  1.22+0.03 1.23+0.02 1.22+0.04
05-MAR 1.24+0.03  1.17+0.06 1.21x0.06 1.20+0.04 1.23+0.04 1.24+0.03 1.28+0.03 1.25%0.03
08-MAR 1.23+0.05 1.23%0.03  1.22+0.05 1.28+0.05 1.24+0.04 1.24+0.04 1.26+0.02 1.22+0.04
09-MAR 1.23+0.03  1.22%0.03  1.26%0.06 1.22+0.02 1.22+0.03 1.23+0.03 1.25%0.06 1.20£0.07
10-MAR 1.22+0.07 1.16+0.10 1.18+0.04 1.17+0.04 1.23+0.04 1.22+0.03 1.26+0.02 1.23+0.04
12-MAR 1.21+0.05 1.24%0.04 1.21%0.05 1.20£0.04 1.24+0.02 1.23+0.03 1.22+0.06 1.24+0.03
13-MAR 1.22+0.05 1.23+0.04 1.24%0.04 1.21x0.04 1.24+0.02  1.25%0.05 1.24+0.04 1.24+0.04
14-MAR 1.17+0.03  1.13%0.07 1.21%0.04 1.20+0.03 1.22+0.04 1.20+0.04 1.25%0.05 1.22+0.03
15-MAR 1.21+0.06  1.23%0.06 1.23+0.06 1.20+0.03 1.24+0.04 1.19+0.02 1.26+0.03 1.23+0.05
16-MAR 1.18+0.04 1.12+0.08 1.20£0.04 1.30+0.04 1.19+0.07 1.22+0.03 1.21+0.03 1.21+0.04
17-MAR 1.17+0.03  1.23+0.04 1.22+0.06 1.20+0.04 1.24+0.03  1.20+0.04 1.24+0.10 1.210.05
18-MAR 1.20+0.07  1.19%0.03  1.25%0.08 1.16+0.03 1.23+0.05 1.19+0.02 1.22+0.03  1.22+0.02
19-MAR 1.26+0.07 1.18+0.07 1.22+0.04 1.19+0.03 1.25+0.05 1.19+0.04 1.26+0.05 1.22+0.03
20-MAR 1.18+0.05 1.24%0.04 1.21%0.04 1.23%0.06 1.21+0.05 1.22+0.05 1.22+0.09 1.19+0.05
21-MAR 1.20+0.08  1.18+0.04 1.18+0.05 1.16%0.06 1.24+0.03 1.16+0.03 1.22+0.05 1.24%0.06
22-MAR 1.25+0.05 1.23%0.04 1.26+0.04 1.17+0.03 1.20+0.06 1.28+0.03 1.30+0.05 1.210.05
24-MAR 1.24+0.05 1.21£0.02 1.20+0.05 1.25+0.08 1.23+0.04 1.16+0.03 1.27+0.07 1.22+0.05
25-MAR 1.18+0.05 1.23+0.04 1.21x0.06 1.22+0.04 1.24+0.05 1.23+0.04 1.25:0.04 1.21+0.04
26-MAR 1.24+0.03  1.19£0.02 1.17£0.05 1.16%0.07 1.22+0.03  1.19%0.04 1.20+0.03 1.17+0.04
27-MAR 1.15+0.02  1.20£0.02 1.21%0.06 1.25%0.09 1.23+0.05 1.26+0.02 1.26+0.05 1.22+0.03
28-MAR 1.26+0.05 1.19%0.02 1.18+0.04 1.18+0.07 1.20+0.03  1.23+0.04 1.19%0.04 1.23%0.07
29-MAR 1.13+0.03  1.22%0.03  1.18+0.07 1.16+0.02 1.20+0.03 1.25+0.05 1.31+0.07 1.210.05
30-MAR 1.25+0.05 1.23+0.05 1.21%0.06 1.15+0.04 1.22+0.03 1.21+0.05 1.25%0.01 1.23+0.05
31-MAR 1.14+0.06  1.18+0.02 1.19+0.03 1.23%0.06 1.21+0.02 1.19+0.04 1.24+0.05 1.19+0.05
01-APR 1.21+0.04 1.17#0.03 1.21%0.04 1.24+0.06 1.20+0.05 1.19+0.04 1.230.06
02-APR 1.24+0.04 1.20%0.02 1.15%0.08 1.27+0.04 1.23+0.01 1.23+0.04 1.21+0.03 1.210.05
03-APR 1.12+0.02  1.17#0.02 1.18+0.06 1.26+0.03 1.22+0.03  1.22+0.03 1.23+0.05 1.14+0.04
04-APR 1.24+0.03  1.13%0.02  1.20£0.02 1.27+0.02 1.20+0.01 1.17+0.04 1.20£0.02 1.23%0.06
05-APR 1.13+0.03  1.20£0.05 1.20£0.03  1.26+0.02 1.26+0.02 1.18+0.04 1.24+0.05 1.19+0.08
06-APR 1.24+0.04 1.23%0.06 1.21%0.03 1.15%0.06 1.15+0.06 1.21+0.04 1.21+0.06 1.23+0.05
07-APR 1.18+0.07 1.20+0.03  1.09+0.05 1.09+0.05  1.20+0.03  1.21x0.05  1.18+0.07
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Low FAT HIGH FAT
LOW STRESS HIGH STRESS LOW STRESS HIGH STRESS
DATE/ TANK 4 18 19 20 13 14 11 12
08-APR 1.11+0.02  1.21+0.04 1.26+0.03 1.26+0.03 1.21+0.03 1.27+0.03 1.210.05
09-APR 1.19+0.02  1.20+0.03  1.240.02 1.22+0.04
10-APR 1.18+0.03  1.130.06 1.17+0.04 1.19+0.02 1.19%0.06
11-APR 1.08+0.04
12-APR 1.18+0.09 1.27+0.03  1.10£0.07
13-APR 1.210.03 1.18+0.05 1.22+0.02
14-APR 1.18+0.07 1.26+0.03  1.20+0.07
15-APR 1.29+0.11 1.22+0.04  1.19+0.04
16-APR 1.24+0.05
17-APR 1.19+0.03 1.21+0.03  1.1%¥90.03
18-APR 1.22+0.04 1.20+0.04  1.19+0.04
19-APR 1.160.02 1.130.03
20-Apr 1.24£0.05
21-APR
22-APR 1.170.02
23-APR
24-APR
25-APR

APPENDIX 4. A) FERTILIZATION AVERAGE AND B) MALF, NUMBER FERTILIZED, TOTAL
EGG COUNTED, FERTILIZATION RATE

A) FERTILIZATION AVERAGE

Low FAT HIGH FAT

HIGH STRESS HIGH STRESS HIGH STRESS HIGH STRESS

DATE/ TANK 4 18 19 20 13 14 11 12
18-FEB 1.09+0.00 0.46+0.60 0.99+0.22  0.13+0.34 1.01+0.73  1.34+0.53 1.37+0.52 0.96+0.43
23-FEB 0.95£0.25 0.11x0.32  0.71%0.52  0.24+0.43 0.45£0.50 0.85%0.43 0.89+0.34  0.88+0.32
25-FEB 0.54%0.67 0.10%0.36 0.97+0.57  0.14%0.39 0.76+0.74 1.24%0.63 0.24%0.49 1.28%0.56
02-MARS 0.90£0.30 0.49%0.54 0.84x0.37 0.17£0.38 0.75%0.43  0.93%0.25 0.72%0.45 0.80£0.40
03-MARS 0.63+0.59 1.11x0.63 0.88+0.46 0.41x0.61 0.70£0.54 0.75%0.52 0.96%0.23 0.54%0.76
04-MARS 1.05+0.34 0.63+0.70  0.73+0.47 0.55+0.61 0.48+0.60 0.87+0.45 1.05%0.57 1.18+0.51
11-MARS 1.00+0.35 0.54+0.50 0.78+0.46 0.90+0.58 0.97+0.21 1.06%0.58 1.07£0.47 0.37+0.68
13-MARS 0.93+0.26 0.87£0.43  0.54+0.55 0.86+0.55 0.89£0.57 0.97+0.23 0.72%0.45 0.85%0.36
15-MARS 0.93+0.26 0.43+0.63 0.34+0.48 0.11x0.31 0.69£0.52  0.79%0.43 0.99%0.09 0.83+0.38
16-MARS 0.96+0.20 0.73+0.62 0.76x0.54 0.48+0.68 0.98+0.27 0.99%0.09 0.87+0.54 0.89%0.37
17-MARS 0.67£0.66  0.09+0.35 0.86+0.35 0.87+0.33 0.77+0.54 0.88+0.33 0.83:0.38  0.92+0.50
18-MARS 0.88+0.55 0.36%0.67 0.76+0.53  0.28+0.51 0.7740.43  1.00£0.00 0.81%0.69 1.04+0.54
20-MARS 0.75%0.45 0.36%0.48 0.31+0.47  0.22+0.42 0.87£0.33  0.81%0.42 0.89+0.31 0.15%0.42
21-MARS 0.58+0.73  0.86%0.35 0.96+0.19 0.58+0.61 0.55+0.54 0.84%0.81 0.76x0.43 0.78+0.47
22-MARS 0.94%0.34 0.55%0.50 0.93:0.34 0.87£0.56 1.06+0.41 0.93+0.41 0.94+0.34 0.24+0.63
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APPENDIX

Low FAT HIGH FAT
HIGH STRESS HIGH STRESS HIGH STRESS HIGH STRESS

DATE/ TANK 4 18 19 20 13 14 11 12
23-MARS 0.67£0.47 0.74%0.61 0.64+0.52 0.47+0.55 0.95£0.28 0.85%0.45 0.97+0.21 0.54%0.54
24-MARS 0.71£0.72
25-MARS 0.85£0.35 0.95%0.23 0.43:0.51 0.80£0.40 0.97£0.16 0.77£0.48 0.31x0.50 0.86+0.34
26-MARS 0.04%0.19  0.64%0.76
27-MARS 0.63+0.54 0.93%0.26 0.37+0.49
28-MARS 0.56+0.73
29-MARS 0.68+0.52 0.57+0.53  0.64%0.54 0.85%0.47 0.94%0.36  0.72+0.52  0.99+0.09  0.72+0.53
30-MARS 0.87£0.45 0.98+0.13 0.70£0.88 0.66+0.51 0.96+0.19 0.77£0.60 0.80%0.42 0.88+0.59
31-MARS 0.39£0.49 0.48+0.60 0.93%0.25 0.74+0.44 0.86+0.41 0.86%0.35 0.94+0.28
01-APR 0.62+0.49  0.94%0.24 0.40%0.53  0.58+0.50 0.99£0.10 0.93%0.29  0.54+0.50  0.49+0.55
02-APR 0.98+0.19 0.73%0.47 0.89%0.36 0.68+0.47 0.73+0.50 0.95%0.22 0.92%0.30 0.20%0.46
03-APR 1.000.00
04-APR 0.95+0.21
05-APR 0.90£0.30
07-APR 0.52+0.54
08-APR 0.36+0.48
09-APR 0.03+0.21  0.17+0.43
10-APR 0.50£0.52
11-APR 0.34+0.49
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