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Chapter 1: General Itroduction




1.1 REPRODUCTIVE STRATEGIES.

003 oo,

). some spacies display sexual dimorphism (e.g. salmonids, wrasses, parotish) and

003
Pumber of oggs produced by a femal.
dovelopment, Oucyte
W
s, which is
003) The latteris
founder, Jatr




. 2003), Batch

ocyte development

‘when released over a longer period of e (Murua & Saborido-Rey, 2003).

species,
high degree ofreproductive vriabity withn a species. For exampl, individual

hatch (Ko, 1992; Kjosbu o al., 1996; Hoath & Blouw, 1998; Tippel, 1998; Einum &

Fleming, 1999; Murua ot a, 2003). Typicaly, larger ish produce larger 6ggs fom which

largor larvao omerge (Reznick ot a, 1996; Murua et al, 2003), Addtonal, It has been

(Trippel & Nei, 2004)

12 EARLy LiFe HisToRY




temperature, sainty, jabitty of

prey abundance, type and size]),competiion,predation andior starvaton (Karier, 1982
‘Groen & McCormick, 2005; Govor, 2005; Green, 2008).

‘survival (Pepin, 1991; Blaxter, 1992; Jordaan et al. 2006; reviewed in Rose, 2007). As

Yok fociors such.

(Kamer, 1992; Green & McCormick, 2005).

121 RecrumuenT Hvpomveses

Tho most popular include Hios (1914) critical poiod hypothesi, Cushing's (1972)

g ‘igger s beter.

Inthe

2008)




feeding, especialy during tmes of low prey avallabily (Blaxter & Hempel, 1963; Miler et

al. 1988; Rideout et al. 2005). They are also btter able o avoid predeaton and find and

capture prey (Blaxtr & Hempel, 1963; Rezick ot al. 1996, Brooks et al, 1997).

1.3 MaTeRNaL EFFECTS

1997)

both parents ie. 2005; Trippel et al. 200

iy ‘




e

(Groen, 2008). Accordingly. over the last decade or o, more focus has been placed on

recruiment (reviewed in Green, 2008)

Generaly,
phenotypo: howavr, i i now well documented that an individual's phenotype can be

1996; Roznick ot

& Stoinarsson, 1998; Higashitani ot al, 2007). Maternal effects occur when the

«  1996; Hoath & Blouw, Fo,

1998; Wado, o,

1998; . 1999).

sizo, conditon and viablty (Chambers & Wawood, 1996; Tropel & Noi, 2004; Rideout

etal, 007

t hatch (Moriey o l, 1999)




(Chambers & Loggett 1996; Hoath & Blouw, 1998; Mousseau & Fox, 1998). However,

Steinarsson, 1998;

Einum & Fleming, 2000; Kamler, 2005; Green & McCormick, 2005), whil others have.

Kamer,

1952; Ghambers, 1997; Heath & Blouw, 1998).

131 EcoQuary
“The term “agg qualty" s inherent n the abily of a female o produce vable offspring

(Kamer, 1992 Nissing e L, 1998) and is ofte refectod in egg size and composiion

(Cassny et a. 2005).

Pickova et al, 1997; Mazorra et al, 2003; Czesny e

2005, In tloost fishes, ids.

1982; Wiegand, 1
- time
agvantage as discussed earfer
2005). Dur
oocytes.

1690,



2003; Zhw et al, 2003). As such,

abit 2004; Saze

otal, 2008).

including

messages and substrates for catabolsm (Wiegand, 1996; Desvietes ot a, 1997,
Pickova ot al. 1997; Tveiten et al. 2004). Uni the sart of exogenous feeding, ipds.

2004). Addional

Pickova ot al., 1997)

(Ponney o a. 2006).

bohaviour,

(Wiagand et al. 2004). Phospholpids are an important componont of coll membiranos

Spocios with small amounts of TAG (Pikova et a, 1997).

1.4Coo BioLooy.

(Brown otal. 006




2003). Addional

: 2002).
(Kjesbu, 1996; Knickdo
& Rose, 2010, 15
s per 1996; Tippel,
1998).
1996; Hall ot al. 2004). sz
007)
(Kjosbu, 1989)
Trippel. 1998). with

007

Female batch spawring activy can be categorized as regular spawners, which refers

* number of

days) or a g




. 1989), which

are faint yllow in colour and whose size can range from 1.13mm to 1.89mm (Kjesbu.

. 1996).

diametar (Chambers & Wawood, 1996; Kesbu, 1989; Kjesbu et al. 1996; Knutsen &

Tiseth, 1985; Trippe, 1998).

1.5 IMPORTANCE OF RESEARCH

Wetime, whi other species ke cod, spawn mulipe imes thoughout a singe season

seasonalvariation in ofspring rals s controled.

2003
and woridwide,
etal, 2003; 006 with
ad Scotand,
2008). However,
110



hisory, which is often associated with mass moralty (Kjesbu, 1989; Karer, 1992

(Chambers & Waiwood, 1996; Brown et al. 2003).

whie

associatod with ogg 5267
2
. 2006),
For
atch spawners, ko co,
Consequenty,
. which

dationaly, batch

specic

improve gamete qualty of cutivated fish.




How are growth, conditon and or survivorship affected by seasonal luctuatons in

larvae generally

survive beter than during adverse periods. The bigger s beter hypothesis

‘and predation (Miler et al, 1988; Meckan & Forter, 1996). A better understanding of

availabily,

ired. Addtonaly, it is ot known it

sply. This

impact ood supply can have on growth and survival




1.6 STUDY OBuECTVES

spormatozoa.

rios and
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2.1 NTRoDUCTION

v
(Tocher & Sargent, 1884; Aimansa e al, 1999; Mazorra o al, 2003; Penney et al..
006)

which tend

(Rainuzzo ot al, 1997; Mazorra ot al, 2003; Bruce et a, 1993; Penney et al, 2006;

Bransden et al, 2007) virgin and repeat spawners (Danil

al.1993; Evans otal

during early development Fraser et a, 1988; Zhu et al. 2003; Tveiten et al. 2004).

(Grahi Nielsen 1988; Pickova et a, 1997) and fewer st have characterized egg Ipid

. 1988),

1971; Kesbu, 05). Moreaver,

phenctype (e.. age, size,condition, e, can influence the amount and composiion of

suen

1996; Mousseau & Fox, 1998; Green, 2008).




1985,

Wiegand, 1996).

embryos, ofthe

09g's wet weight (Rainuzzo, 1993; Sargent 1995; Evans ot al., 1996; Sargent ot al

acid (DHA),

2002: Ponney ot al, 2006

2002),
| variable among marine species (Sargent et al. 2002).
|
i

embryo and larva (Sargent, 1995; Rainuzzo et al. 1992; Evans ot al., 1996; Pckova ot

al. 1907). However.

1990,
o
} pol
of TAG (= 77% o ttal ids; Tocher et al. 1965)
\
’ PuA el sagon, 1908

1984)




of ther roe in egg and arvaldevelopment (Mazorra f al, 2003) Simiarty, AA (20.4u-6)
which

s nvolved with oogenesis and embryogeness (Mazoira et a, 2003).

ckova ot al, 1997).

stategy (Murua & Sabordo-Rey, 2003).

Here,

Spawning period egg compositon wl change correspondingly. Specicaly, we test o

eggs7).

captured wid fish 1., 4 months prior to onsetof spawning).

2.2 MaTERIALS & MeTHODS
221 ADULT Cop ReaRe AND EGG COLLECTION

Now Brunsuick, Canada (45" 4 56" N, 67° 557 W). Fish were fed tree times weekly on




Trippe, 1999). Pre.

reloasing mit when liht pressure was applied fo he abdomen.

aL. 1998 em)

001 kg) and tagged with  passive integrated ransponder (PIT) tag. Fish were.
\ 1998) Atiempts

(described in Thorsen et al. 2003). Tanks were supplied with a mixture of ambient and

poriod.
1996)

asL

were used fo lipd anal dameter a




ary woight

‘and mean egg diameter (Thorsen et al. 2003).

per sample).

fomt ehiorolorm.

il extraction (ca. 1 year).

75-100 0905,

ogg dry weig
dotormined using sampls fxed n formalin for ca. § months. Pri o dying, eggs were

).
egas per
weight pr batch.
2220p0 Extraction
Parrish o al, (1999). Eqgs were homogenized using a pd cleanad glass rod




Samplos were

The
ehorciorm
of nirogen gas. .
pid classos and fatty acid analyses
223 WTRoscn - Lo Cuasses
e
using standards rom Sigma Chomicals (Sigma Chemicals, S. Lou, Mo., USA) and
The
g T Dota Scan

3.0 (RS Inc. Benris, Tonn, USA). The absolute amoun (iglegg) and percent ofeach
Most

Quest

folowing equation:



Where,

numberfot

0.94 with a sample size of 3.

224 Gas CrmousTOGRAPHY = EATIY Aco Cousosmon

xiractod samples using 14% BFyMeOH for 1.5 hours at 85°C. The deratives were

eauipped wih a

purchased from Supelco (product numbers 47885-U, 47080-U, 47033, 47085-U),

2250mm s

2002)
. SPSS I
batchfecundiy, forization
storos, TAG, otvr pid
ety esters, methy! estors, ety

Kelones, methyl ketones, gycerol ethers,alcohols, dacylglyceros and acelone mobile

polar EPA.DH . MUFA, and




total
|
|
|
However, when we
by PCAs were
from each other.
Jigated. + stools, TAG, FFA, neural

pids[sum of hydrocarbons, steryl estershwax esters, ol esters, methyl esters, ethyl

Ketones, methy ketones, ycerolethers, Uiacylglycerols, free faty acids, serols.
alcohols, diacyllycerols], polar ipds [sum of aceone moble polar pids and
PUFA.E




=005, Simiary,

Lastly, to simpity
75%)
23Resuts
| 231 Seawne AcTry Suwmmsay
i
with ca 1
21) Baten




Wweight (mg) = - 1.45 + 2.12 * log mean egg diameter [} * = 0,648, p < 0.001).

232UP0 Cuasses o FATTY Ac

by steros, Polar pids

mabie polr s [AMPL) accounted for 47-87% ofthe total Ipids, whie neuira ipds.
(0. sum of hydrocarbons, steryl estershwax esters, ot esters, meth esters, ethyl
Ketones, methy ketones, ycerolethers, riacyllycerols, fro ftty acids, alcohols and

1

per Genoraly,

Saturated faty




EPA(0924)
Fig.23) i 779,
TAG (0.745) and FFA (0636)
0667) (Fi. 23).
23,
pa he

phase in the spawring (Le. baic offcts) season along PC 2 (Fr.x

a0 PC 3 (Fuao = 352, p= 0,039). Post hoc tost (Tukey's HSD) ndicated significant

Along P

“The fist our pincpal components f the analysis explained ca. 64% of the cumulative

1) were FFA (0.796), TAG (0.769) and ofher pd classes (0.861), which was negatively

o MUFAs (0.905)



AR (0877) (Fig. 24),

702),
24)
\
1.PC20r

PC3(p>005)
2.3.2.3 Soasonal changes n lpd compositon within females
doscrbing witin fomale varatons n the ieratur.

were thosa with

fomales 3,5,7 and8).
polar, and total pds, emalos 5, 7 and 8 exhbited seasonal decines wit increasing
bateh number, 25). However,




Discovery Rate), withthe exception of neura ids offemale 3 (9-< 0.0083 [Posee).
Simiary

phospholipids, FFA, TAG or phospholiids  sterls (exceptfo female 8 p < 0.0063;
n y

(Fig.26)

fomales 1,2,

seasonal changes inipid classes and faty acds.

2324 Saasonal changes in o compositon with egg size

fomales 3,5,7 and ).

multle test

for fomales 7 > .

between total pds and agg size forfomale 7 (9 < 0.0083 [Pascl: Fig. 2.7). These tvo

Wit egg iz (i both cases:female 7, p < 00063 [Panel: fomole 8, <0.0125 [Pensl

; Fig. 27). o
multle testing, no significant rends were evident between egg size and the.
‘conceniraion of MUFAS, saturated faty acds and PUFAS (Fig. 2.8),nor between egg.

215




and

EPA and DHA (addional dtaisin Appendix 10).

2.3.3 MaTERIAL EsECTS
23,1 Fomal diferences i absolute alocation (4g/0gg)

1(Fra= 467, o

p<0.001: Fig. 29 A), bu not along PC 3 (Fys = 1.82,p = 0.193; Fig. 29). Along PC 1.

EPA.

1 . Sand6, and

fomale 7 was sgnificanty diferent from fomale § (0 < 0.05). Along PC 2, which was.

and

fomales 3, 5 and 7, and fomale § difoed signifcanty from female 7 (p < 0.05). Not

overall high (>75%) and low (<50%) fertizaion success.

2.3..2 Female diferences i percent alocation

ffrences along PC 1 (F;: =2.40,p = 0.041), but not along any of the ther principal

components (PC 2 Frss = 145, p = 0:217; PC.3 Fys = 2,08, p = 0.072;Fig. 2.10). Post

however,

betwoen fomales along PC1.



2.3.4 BaToH Fecuoiry anp Ec Cousosmon

batch fecundiy, but was not significant (r= 0.225, p = 0.148, n = 43), Simiary, total,

ma

(Fg2.12)

lysed (addiional detas in Appendices 11 and 12, respeciively).

24Discussion

(Caesny ot al, 2005). As such, the main objctive of i study was 1 determine the

the experiment).

batch fecundiy. Addiionaly, female offects and batch effcts (L. changes i the

247




‘domestication’ (e, Penny o al, 1996, Saize t al 200 stock diferences (¢.3..
Evans et al., 1996, Pickova et a, 1997) adul et (e., Mazorra e al, 2003) and or

Fraser et al 1988; Zhu ot al

profe.

a1

fomales,

polar pids ranged bebween 47-67% oftotal s (76%, Kaaranta & Ackman, 1981 61-
7%, Tocher & Sargen, 1964);neutral pids ranged betwen 16-52% of o oal Iids
(12:5%, Tocher & Sargent, 1984), PUFA's ranged 16.60% of aty acids:lower values
2002

batch effcts, varabity n

methodology,stock dferences and dieary history.




& Ackman, 1981; . 1988; Sargent, 1995).

‘Ackman, 1981; Sargent, 1995; Sargent et al 2002) Furthermore,low leves of

(Penney et al. 2006). Additonal

oo EPA.
fertization
success, 1997;
Tueten et al 2004; 009
1950; Pickova et
al 1997; Czesny ot a, 2005)
. 1988;

Rainuzzo, 1999).

ipened eggs, however, intis study, egg rpeness was noldetermined but the observed

(Kjosbu, 1989; Tippe, 1998; Rideou et al, 2005). This suggests that egg ipeness was




‘sperm concentraton (Trippe! & Ned, 2004).

1988)

‘e Chapter 3

242 MaresaL Esfects

‘ studies (Kesb, 1983; Trppel, 1998; Rideout ot al 2005), but variaton n egg size:




Phenotypes are more diverse in nature (Chambers & Waiwood, 1996), Furthermore,

1996; Evans et
al, 1998 001,
etal, 1997; Czesny et al. 2005) and diet (Amansa e a, 1999; Lavens et al, 1999;
Furthermor
pattorns of iid deposiion over the spawning period
1997

009). In this stud




1997, Evans ot

varabity.




populaton.

unique significance ofthe study’s resuls
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and after adjustment (*) for multiple comparisons.
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y £ PUFA over
‘Atiantic cod. Females ware grouped as having low fertlzation (<50%; eft

adjustment () for multple comparisons.
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Figure 27:
(4a/eqg) of total liids, neutralliids and polar liids over the spawning cycles

(<s0%; ignificant

‘and after adjustment (") for multiple comparisons.



Low Fentizaton High Ferizaton

09 oy i (v o oy gt (o)
Figure 23

(ugleqg) of T MUFA, £ Saturated fatty acids and & PUFA over the spawning

©







HO PR

Figure 2.10;
Interval

Table 2. Along: (A)
three

and (C) principal components two and three.

240



Figure 211:

cod (data pooled).




Figure 2. . (8)

female Atiantic cod (data pooled).



‘Chapter 3: Effects of within and among female differences in egg size on

the morphology, Attantic cod
under differing food regimes



AssTRACT

vent Batch fecundiy, ogg size, larval size and larval dry weight at hach decined with

Inter
oye size, height,jaw lengih
variabe ranging
9 ot ifer ig
y Myolome

Iarva fish studies discussed.

Koy words:matemal e, 099 baichdfrences fecundy anlsie, condien
larval performance, prey concer




3.1 INTRODUCTION

yasa

resultof
1981; Gushing, 1990). The small ize of arvalfish makes them especialy winerable o

predation,

unsuitable andlor nsufficient (Hjo, 1914; May, 1974; Lasker, 1981; Govori, 2005),
o

mouth ga thateh, physilogical

(eg. abilty

and physical characteisics o their environmen (Blaxtr & Hempel, 1963; Govoni,
2005),

consequences for reculiment (Houde, 1987, 2008; Govon, 2005).

rowth ate, time of

1971; Chambers, 1997; Govori, 2005; Wright & Trppel, 2009). Severalhypotheses

ransport(Hjor, 1914), match-mismatch (Cushing, 1972) and ‘bigger s beter (Miler et

al 1968).

Larger eggs and

parts; 2




Hompel, 1997, incroased

199),

1997). These

1971; Blaxter &

Hunter, 1982; Kesbu, 1989; Trppel, 1998; Ridoout ol 2005)

non-genetc contibuion o the eggs (reviewed in Bermardo, 1996 and Green, 2008).
varibilty

size, growth,
‘ . 1996; 8 Fox, 1998; . 2002; Green, 2008),

1996; Solemd, 1997; Berkeley et al, 2004; Rideout et a, 2005; Higashitani o .,

2007),

Tisoth,

Logget, 1996; Trppel, 1998). Futhermore, the reationship betwoen egg andior larval

. 1996),

Legget,

(Kjesbu, 1989; Trippel, 1998; Chaplor 2) and may thereby inluonce larval performance.



advaniage parts. Therelor,

fomale

‘ (standard length, eye diameter, jaw lengih, myotome height and yok sac area) of 0 and

rom lter

evident at the low food lvels.

3.2 MATERIALS & METHODS.

321 MATiNG Pas oF AouTCop

Station, New Brunswick, Canada (45" 4 56" N, 67" 5'5" W) The fsh were fed a diet of



which &

Trippel, 1999)
total
length,
" 2001),
« Thorsen etal,
003) w

(Trippel, 1998).
tomperature at ~ 4°C (2 1°C) throughout the spawning period.
322 E0 CoLLECTION AND INCUBATION,

1996) Eggs
3L

the sample, and a sample of 100 6ggs was taken whilein suspension n the water




occur (Rideout

al, 2005).

Asample (2-5

m)

Priorto drying,
1998). Eggs.

desiccator or an hour and then each sample was weighed (+ 1 mg). Indidual dry

the sampl.
Dead

oggs, 75%
(dp0).
daly),
ot stimated
323 LARVAL MORPHOLOGY (08 5 DPH

per though 43




15mL

(9:41°C; temperature used for subsequent experiment)for 5 days. Afler which, larvae

were removed, 15

i Epper

were conducted,Image analysis software (Image Pro PIus®) was used to record

length (1L 1) Mean

avalable) was obtained rom the 0 and 5 dph lancae according o Trippel,(1998), s

324 Fesoma Taw,
Athatching,

per 145 min.

Larvae from
feeding i, were then transferred o 40L glass aquaria maintained at 10:£ 1°C for




(Downing 8 Litvk 1999). Larvae were exposed 1o a 24-hour iht regime with  ight

© o)
(dupkcate o ripicate) per batch)
Aq “groened with 1 mL

tothe

of the larvae. Larvae were fed 1 mL of agae twice daly for 2 days before the

ntroduction o
500 otfers per )

rotfers por L), apn

2002).

(1999). 00 preyiL

Toeding,

food and dead larvas that may have setted on the botom.
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qut

Euthanization was carred out using an overdose of MS-222. Each lanva was

1.5 mL Epper

e x100%

-y
-t
s Lt st gt () e 0 5 251 500
o) Aot condn o ot 90 s
P

Unlke




al, 1985 Puvanendran & Brown, 1999}

it
ma=

Lo
our knowledge,

sand
15 don.
[ weight of 68 months ater

i )

measured.
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Software (©'SPSS Inc,release 17.0.1). ror o PCA, percent data were arcsine sauare.

witon facor), The second P




days).

i o 15 dph. PCA

Normaizaton). Addtonaly o determine whether there was a dference inlarval

the cumuative.
ANCOVA's wer conducted (0 SPSS, 17.0.1).
Lasty,
5and 15 9ph
a
3.3Resuuts
331 SeawnNG PERFORMANGE

Eqg production was obsarved from early February to mid March. The number o egg.

fomale

1) Athough al




Figuro 2.1).

dome shape for

batch (see Chapter 2, Figuro 2.1). Addtnal,the investment in spawning resulted i a
fomales.

70, Table

3.1), Egg diameter (1.73mm £ 0.003 o 1.40mm 2 0.002) and dry weight (0.116mg &

Figure
positvely corelated (= 0,646, p < 0.001; soe Chapter 2).

332 LasyaL MospriouETRICS: 08 5 DPH

‘Appendix 13). AL0 dph,larvae were characterzed by a smallr standard length, dry

. Lanvae

and32C,0).

0052 £0.007; 5 dph: 0.051 £ 0.007). Furthermoro, when the elationship between

itwas found to




be positve and almost significant at 0 dph (Kags = - 00198 + 1.24 MClass;

1054) and signifcant at  dph (Keas = - 00245 + 1.0 MClogs; = 0204,
the
19)
(@801,
length (0830,
19).
pr o Myolome

and 5 dph (0.917) (Figure 3.3,

333 Fecomo TRiAL: LARVAL SURVVAL, GROWTH & CONDITION
Apca

i i 16).
e m




higher survival rates.

Suprisingy, rowh rate o
Sunival
15881
(mean 1520+ Likews
the first 1
38). (K)ranged
7AB)
Y
) Furth 15

4o was found to be posiive and signicant (s = - 0.0196 + 108 MClisas; ©

0691, p < 0.001). Moreover, the amount of varation explained by the relatonship was

=020



SRR o o SRS &

\
\
‘ he pocked dat e 1om 0. 5 and 15 ) Was: Ko =~ 00151+ 1.01 MClyms (=
‘ 0448, <0001
e complted.

263,p=0280

079, p=0.386), e

conditon (F; 4= 1.205, p = 0.311) and myolome conditon facto (F; 4= 2053, p =

ifcant
effects were observed withregards to female for survival (7= 8208, p < 0.001)

=7.286, e
18.416,p <0001 A

174 4541, = 0.036)

L 1a= 40115, s
13,076, = 0.001), Indicating the presence of batch effcts. ‘
3.4 Discussion
fomales, impactod

ial,
Furthermore,
s 16 doh, Posiive




Tiseth, 1998,

ndicating the presence of matermal efecs. Interestingl, emale efects, as measured by

fomale condt
15 don
&
&R 000 par
1989, Chambers

& Waiwood, 1996; Triopel, 1998). As a resul, astrong nverse relaionship between egg

sizo and lanvl size at hatch.

jome height,
‘avoiding predation than smallr larvae (Lefcher et al, 1996; Reznick o al., 1995
Kamie Houde, 2008), Addional larvae usual

2007). The.



Yok
Sacs. However, no clear relaionship can be deduced between yolk sac area and

suvivalto Futhermore,

(Welker ot a, 1984; Puvanendran & Brown, 1995, Smith et al, 2005). During

nutron can infuence egg Ipid concentations (Sargent, 1995; Lavens et al, 1999;

Mazorra e L, 2003), However, the efectof diferent batches (o, early versus late

8 Grahi-Niaison,

be e or the same

fomale, coniraryto what might b expected.

feeding rial While t i not surprising that faste growing larvae were larger at 15 dph



than slower growing.
have further compounded effcts on subsequent finess. Furthermor, growth rate
fomca. 1. 15 doh), which may

‘measurements sirengthened fiom 5 1 15 dph. I contrast o our findings, Kennedy

sacarea

tomeet

s may bo embedded in the noton of the ‘bigger is better” hypothesi, which

overall survval ates

75%).




Brown, 2000). This study was most simiar o thatof Rideout e al. (2005), which

(2hao et 2001), 2008)and

1899).Inthe
batter under
By contrast,
1994; . 1999,

Zhao et a, 2001; Rideout et a, 2005). On closer examinaton, larva from some ofthe

T e

Additonally, hese

that the range
iferences. Puvanendran & Brown (1999) entifed a minimum prey teshold

1,000 prey 1.

12,000 preyiL simiar growth by the end




non-signiicant,

ined, red
‘ foss of

“bad health”
‘ n

Neison ot .

changes. Our findings appear o suppor their conclusion: or example, e found that

condion index. Furthermare, our anaysis of the two condion indices showed that as.

from 0 dph (* 2 0204)10 15 dpn (= 0.69)),

may

Additonaly,

‘suggeststhey provide diferent measures of nutrionalstatus' andior shape of post



hatch lavae. e stage

nutsional status of earty-stage larvae.

I concl
For

twas cear, however,
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Figure 3.1
days L
eye diameter, ED, (4) yolk sac area, YSA and (5) jaw length, JL, which is absentin

0 dph arvao but present in 5 dph larvae. ‘




larvas with increasing standard length.
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Chapter 4: General Discussion



4.1 Kev Fivomas,

resuts,

consideraton”

be considered. As such,

findings along withther amiicationsare discussed below.

establshed in the current Herature (Kesb. 1989; Knutsen & Tiseth, 1965; Chambers &
Waiwood, 1996; Trippel, 1998). Likewise, as observed n other gadoids,laval size at

Gameter, standard ength,

forme height,

(Knutsen & Tiseth, 1985; Chambers & Logget, 1996; Rideout et al 2005) However, a5

some excting resus.

42




n the wid, food

avallbiity, batch

2005). Egg

abiity of an egg o give ise 0.2 vable ofspring (Karmer, 1982; Wiegand, 1996; Czesny

otal, 2008).

(Caesny ot al. 2005; Kjorsvik ot al. 1990; Mazorra et al. 2003; Pickova et al., 1997).

However,

Trippe, 1999; 008

bateh, yok sacarea However,not

‘ Theretore,

was simiar among females.

43



and faty acids. Whie, | cannol explain why some fomales would increass the ipid

Otrer
‘xplain some of the variation observed among females.
eggs of pa o
formulated diets, Understanding, how ipids aro deposited in 6ggs can help
acid compositon
4,12 Eevecr or Dt M
routh,

condilon andior survival

n the wid, ey type,

consequences on the sunvivaloffarvas (Hior, 1914; Cushing, 1972; Kamer, 1992), but

condilons are near optmal.

Surprisingy i and! o




batch effects.

can best surive under les than optima conditions. The ‘bigger is better hypothesis

Iarger yolk sacs to sustain them unti st foecing (Milr ot al., 1888). Furthermare, the

growth and conditon.

ould have impacted the resuls of the feeding ria

42 FuTuRe ReseascH

Further

research could nciude:

a5



1

females. However n

ongaing; hence, it would also be worth detemnining how ipd profies between &g

indvidual fomales.

bo manifested beyond a 2 week feecing

Larger sample size (1. more females and batches) and multge sample years using the

siz0 can delect additional patters.
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Appendix 4:

‘amounts of selected lipid classes and fatty acids.
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Appendix 6

selected lipid classes and fatty acids.

I Component Scores.
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Appondix

"9 o right
column) rates. Significant seasonal changes are denoted for individual
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Appendix 8: Seasonal changes in the absolute amount (g/egg) of the fatty
acids DHA and EPA over the spawning cycles of sight female Atiantic cod.

or gl

for multiple comparisons.



e
omparisons.



Low Fertizaton Hah Ferization

o ma) 9

pper
(4g/ega) of the fatty acids DHA and EPA over the spawning cycles of sight

left column) or high fertilization (>75%; right column) rat

Significant
) adjustment

and aftor adjustment (*) for multiple comparisons.
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Appendix 14:
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Appondix 15:

the P
Component Scores

1 2 3 .
[Female Condtion o7 | a9 | -oa7
Batch ave | 288 | 025
Egg Dry Weigh 24 | e8| 57
LW 0DPH 09 | 027 | a8
st o s | w252 | 103
£D 00PH a% | am2 | 07
IMH 00PH s | 293 | 260
Ivs 00PH 166 | 914 | 009
[Futon's 0DPH ns | s | ez
IMc ooPH a0z | o8 | 2%
lLow 50PH 108 | 02 | o8
st 50PH 103 | 02 | 243
lE0 s0PH 23 | -0t | 119
L 5DPH 164 | o0 | 70
IMH 50PH 64 | 1% | a7
Ivsa s0PH 1m0 | o7 | os
[Futon's SOPH 205 | 067 | 148
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‘Appendix 16: The first three principal components (sigonvalues > 1) that show

and condition indices.

hip, growth rat

Rotated
Sums of
Componants | S 1 | % of Variance | Gumulative %
Loadings
1 a3 025 w025
2 155 112 5437
3 150 1364 6801
4 110 1004 7804
|




Appendix 17:

ivorshi
Component Scores
1 2 ) 4
[Femalo Condton | 267 43 078 00
jach a3 E -030 -ont
IFood Supply ont 109 41 o
lEag Size 205 o2 025 o83
lLaralDry Weignt | 748 o8 614 o
Standard Longth | 948 026 095 -om
Myotome Hoight | 827 %0 108 o1
unival 30 -0s2 156 663
SR 806 -2z 0 106
Futton's K 20 160 64 020
ot 24 02 176 023
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