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Abstract

This thesis examinethe growth reponseof Atlantic salmonpostsmolt (Salmo salay in a
factorial experimentvith three temperatussand two light regimes. The aim of this stuags
to investigate under laboratory conditions the interaction betwpkotoperiod and
temperature in order tmake recommendations on the use of additicagklight under low

temperatures in Northern Norway

The experimental part of the study was conducted at the High Technology Centre in Bergen in
the period from Octobe¥5" 2013 until MarchL 7" 2014.

1140 mstsmolt (96 g SE + 3.1\eredistributedin six groupsand exposed t4.3(4), 6.5 (6)
and 9.3(9) °C, and either naturalight regimeof Tromsg(LDN, N 69° 40°) or LDN 24:0.
Each group consisted of two replicate tarfks a total of 12 tanksSubsets 20 fish in each
replicate approximately 240 fish in totalwere individually taggedo follow individual
growth response

Growth was measuregs increase imnveight and fork lengtirom the start ofthe experiment

to four time points includinghe end d theexperiment atlay 145. Feed intake wasonitored
during thelast 4 weeks ofhetrial period Blood glucose Na', HCOs', CO, partial pressure,
dorsal fin areaheart weight liver weightand gill tissue werealso sampledr measuredn
order to iderify physiological andvelfare effects of photoperiod and temperature treatments
Samples for measurement of filet quality wersoataken (by Dr. Bjgrn Roth, NOFIMA

Stavanger) and are partly presented in this thesis.

The fish exposed tdow temperature andatural light regimg4LDN) had a significanky
lower growth(26 % lessn overall SGR) than thelLL group corresponding téhe effectof
approx. 12 °C temperature increasé&ish in the 6 °C and 9 °C groups did not shamy
significant growthbenifit of continwus light (LL). Compared to the 4LDN grouphe 4LL
group showedoverall higher condition factor,highertotal feed conversion efficiencyower
levels of bloodNa" and lower hepatesomatic and cardiosomatic indegs A negative
correlation betweemrowth rate and filet hardnesgas observedbut no direct correlation

between temperature and lighs shown



1. Introduction

Background
The Atlantic salmor(Salmo salay aquaculture industry has a particularly important role in

Norway. The industry prodied in 2013 a total of 1.2 billion tons of fish at a value of 37.5
billon NOK (NDF, 2013) Historically the industry was primarily located in the western and
central parts of NorwayHovland & Mgller, 2010) To better utilize available ardar an
increasng production, more activithas beerocalized at high latitudes iNorthern Norway
above the Arctic CircleFish farming in high latitude areas may give shorter growth seasons
and lomger production cyclegKoskela, Pirhonen, & Jobling, 1997)ong, cold and dark
periods are common in wintertime, ahorthern Norvegiansalmon farming is carried out
under a yearly cycle ofi mi d ni gih summenand midday moon irdark winters In
southernNorway slaughtering may start in early summer due to good winter growth, while
this is less profitable in the nortihereone is more dependent on a longer production time in
order to regain lost winter growttBjorn Roth et al., 205). These sulmptimal production
conditionsin that northern regiomre particularly related to photoperiod and temperature.
Becausesalmonare ectothernic, ambient temperature has a controlling effect on their rate of
growth andfeedconsumptionKlemetsen et al., 2003n the Atlantic salmon smolt industry,
manipulation of environmental parameters such as photoperiod and tempenatisad(
based facilities) are commonly used to enhance growth in order to attket size as
quickly as possibl€S. Handeland & Stefansson, 200T)hi s study i s part
project (Regional research funddith Norway aiming at @velopmentof new production
protocols for optimization of quality and production of salmon in Northern NorRegsent
study examines growth rate, feed conversion, filet quaditpmetry of selected organs and

selected physiological welfare parameters.

Growth medanisms

Effects of temperature

Temperature is the centrabntrolling factor for growth, ad will boost metabolic rates and
hence increase the efficiency of food energy transformation tdinetass development
(Brett & Groves, 1979; Elliott, 1982; A. K. Imsland & Jonassen, 2001; Jgsrgensen, Johansen,
& Jobling, 1997; Pdrtner et al.,, 2001; Van Ham et al., 206Byher temperatures will
increase oxygen consumption due to higherataism and increased activi(¢root, 2010;

A. K. Imsland, A. Folkvord, & S. O. Stefansson, 1995; Jonassen et al.,.200@h, growth



usually increases proportionally to the increase of water temperature, until an optimum
temperature is reache@ustreng, Storebakken, & Asgard, 1987; Brett & Groves, 1979;
Forsberg, 1995)Temperature optim(Topt) for growth will difer with species, age and size
(McCauly, 1979)and speific growth rate (SGR% day j increases with temperatutatil
reaching maximum growtl{Nytrg et al., 2014)In Atlantic salmon,Handeland, A. K.
Imsland, and S. O. Stefansson (2068ygest an optimum temperature for growth of 12.8 °C
for 70i 150 gand14 .0 °C for 150 300 g postsmolts.Below the opimum temperature, growth
rate approximates the linear equation: G=m-+wéreT is water temperaterand m and n are
coefficients(M Jobling, 1983; Ricker, 1979)Temperature for mtimal feed conversion is
generallybelow optimumtemperature foSGR. After optimal feed conversion is reacheud,
increase in appetite will still result in increased growtitil maximumSGR isachievedS. O.
Handeland, Bjornsson, Arnesen, &tefansson, 2003At low temperatureselevantto this
study, both growth and appetigecrease and eventually ceéBeett & Groves, 1979; Elliott,
1991; M Jobling & Baardvik, 19947 he relative influence of teperature on the smaller fish

as used in this experimeistalso greater than that on larger fi&lencross & Felsing, 2006)

Effects of photoperiod
Numerous studies have shown effects of light as both a modulator of grwther of

development (zeitgebegnd a growth stimulatorin fresh and seawatéBoeuf & Le Bail,
1999; Bromage, Porter, & Randall, 2001; Handeland et al., 2008; S. O. Handeland, Porter,
Bjornsson, & Stefansson, 2003; Stephen D McCormick & Saunders, .19B8&) gowth
enhancing effect of continuous light (LL) has been reported &almo salar(Sigurd O.
Handeland et al., 2003; Krakenes, Hansen, Stefansson, & Taranger, 1991; S. D. McCormick,

Moriyama, & Bjornsson, 2000; Stefansson let’991)

Stefansson et al. (1998nd Taranger et al(1999) discuss thatontinuous lightincreased
growth ratsin seawaterPositive growth effects of light ka alsobeen shown in marine fish,
for example turbotScophthalmus maximugA. K. Imsland, Folkvord, Jonsdéttir, &
Stefansson, 1997)Atlantic cod, Gadus morhua (Otterlei Nyhammer, Folkvord, &
Stefansson, 199@nd Atlantic halibut,Hippoglossus hippoglossuéSimensen, Jonassen,
Imsland, & Stefansson, 20Q0furthermorethe effect of continuous light ogrowth and
inhibition of sexual maturation has heeomprehensively investigatd@oeuf & Le Bail,
1999; Porter, Duncan, Handeland, Stefansson, & Bromage, .200&)to these demonstrated

effects of photoperigdt is particularly interesting in this study to identify the extent to which



light can compensate fothe growth disadvantages associated witéaring in low

temperatureduring the postsnolt sweater phase

Temperature and photoperiod interactions
There isa paucity ofliterature studying the effect afteractions between temperature and

photoperiod at the posimolt stageof Atlantic salmonin seawater. HoweveKA. Imsland,
Handeland, & Stefansson, 2014gported a growtHenhancementin fresh water of
photoperiod treatment alone fok. corresponding to a 4.8C increase in water temperature
Krakenes, Hansen, Stefansson, and Taranger (1884grved increase in growth rate in
groups (one year old, 1 + smolts of Atlantic salmon) subjected to additional continuous light
in sea wateand suggest this may be caused by a direct pétotalation of growth as well as

an alteration of seasonal growth pattethsvas therefore #gaskfor the presenexperimento
expand knowledge towards lower temperagirecombination withdifferent photoperiog.

While a positive relationship between dagngth and temperature on growth has been
reported in Atlantic salmon in freshwatébolbakken, Hansen, & Stefansson, 1994)
appears that there is a less pronounced sealkghtabnd temperaturadaptionon growth in
several marine speci¢siallaraker, Folkvord, & Stefansson, 199%e interactive effects of
temperature and photopedi@an cause a shift in the optimum temperature for growth when
the photoperiod is alterddr Atlantic turbot(A. K. Imsland & Jonassen, 20Q0T)his may be
explained by the relatively stable temperature regime in the ocean, thus reducing the selective
pressure for such adaptatiofd. K. Imsland & Jonassen, 200Q1Jurther, the growth
promoting effet of continuous light has been shown to be inverselye@lto temperature for
turbot (A. K. Imsland, A. Folkvord, & S. Stefansson, 195)d Atlantic halibut(Norberg
Weltzien, Karlsen, & Holm, 2001)t was therefore dask for this experimentto expand

knowledge towards lower temperatane combination withdifferentphotoperiod.

Seasonal effects on filet quality
Salmon filet is the main end product in Norwegfesh farming, but growth as such is not

enough if quality is compromised. Flesh quality is a complex set of characters involving
factors such as texture, chemical compositicolor andfat content(Fauconneau, Alami
Durante, Laroche, Marcel, & Vallot, 1995jirmness in relation to fiber size and distribution

is a major factor influencing acceptability @w fish productandis therefore important for
characteristics like hardness of fish flgsfeland & Torrissen, 1999)n teleost fishmuscle
growth is characterized by its high plasticity, and may be altered by a wide range of

environmental and endogenous sigriasrsen, Imsland, Lohne, Pittman, & Foss, 20The



influence of temperature on muscle texture hardness has been studied in Atlantic salmon and
is known to decrease during summer morgtispe etl., 2004; Bjorn Roth et al., 20Q5T he
impactof temperature and light on these mechanigegzends on the affectdife stagesas
reviewed by Rowlerson and Veggetti (2001)The effect of season may overshadow
endbgenous rhythms and affect qual{i§jorn Roth et al., 2005)an A Johnston et al. (2003)
studied Atlantic salmon during their first sea winter and found significantly higher numbers of
fast muscle fibers and a shift in the distribution of fiber diameter in groepsed at
continuous light compared with groups reared at natural daydigtihe same temperature

while no effect on hypertrophy was found. These authors added that an effect of continuous
light on muscle fiber recruitment was obtained only during a etiscseasonal window of
decreasing day length, and that these effects may be enhanced or inhibited by changing the
timing of light treatmentlt is therefore interesting to consider how mudtdgdnessas an

expression of fillet quality, is affected lojfferent light regimes at sub optimal temperatures.

Physiological and welfare indicators

Abrupt changes in blood parameters linked to hymineralbalance acidity and metabolism
might indicate changes in fighhysiology andwelfare and therefore have iripations for
growth. In ectothermic animals ambient temperature variations directly influence cellular
biochemistry and thus the physiology of the organiBarton, 2002) Physicaland chemical
influencessuch as temperature, feeding regime and oxygen levels/watemfbopvdisturb
equilibrium and homeostatic statefish in relation to stres@Hosfeld, Hammer, Handeland,
Fivelstad, & Stefansson, 200Btressrelatedfactors may disrupt the hydmineral balance

and can be assessed by measuring blood(sodium and potassiumgvels (Sakamoto,
McCormick, & Hirano, 1993)In salmonids, development eséawater tolerance is correlated
with higher activity of the enzyme gill NaK* -ATPase, the primary enzyme for egtion of
plasmaNa’ and CI (Stephen D McCormick, Saunders, Henderson, & Harmon, 198@h
circulating blood sodium in seaater may indicatereduced hility to maintain homeostasis

and suggesan osmoregulatorychallenge to newly smoltified salmorfCnaani, McLean, &
Hallerman, 2013)Furthernore Polakof, Panserat, Soengas, and Moon (2@h2)Cnaani et

al. (2013)describea variety of physiological and environmental conditiavisere glycemic
changes clearly indicate the sensitivity of blood glucose levels in fish species.iMagarses

in glycaemia are induced during seasonal osmoregulatory changes, the presence of different
stressors, and shifts in dietary composit{@olakof et al., 2012) Glucose levels have been

shown to be a typa secondary stress response (after plasma cor{Bot)ga, 1997)Acid-
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base disturbancgpH) in fish occur undestressfulenvironmental conditions such abrupt

temperature changes, hypercapnia, hypoxia @arris, 1989) Thebicarbonate buffering
systemis an importanbuffer system in thecidbase homeostasign this systentarbon

dioxide (CO,) combines withwater(H,O) to formcarbonic aciqH.COs), which in turn

rapidly dissociates to formmydrogen iongH") andbicarbonatdHCOs') (Wikimedia

Foundation, 2015)

Differential growth rates oih exampleheart and liver in relation to body weiglanddorsal

fin index may give additional information on rearing conditions influena@tarking density
welfare between treatment grou(@fosfeld et al., 2009; Persdre Ruyet & Le Bayon, 2009;
Pettersen et al2014)

Monitoring of selected blood parameteasid organ indexethroughoutpresentexperiment
mayin sumbe seen as an indicator of fish welfare &Godeostasichallengesnduced by the

experimental conditions and adaptiorde seatemperatures

Objectives

The aim of this study was siudy the combined effect of two photoperiod regimes,
continuous ligh{LL) and simulated natural photoperiod (LDN, Tromsg) at low temperatures
(4. 6 and 9 °Cpn growth,feeding parameters, selected organ indexes kudl [physiology

in post smolt (size interval 8550 g) Atlantic salmonlhe experiment can be seen as a direct
follow-up of A. Imsland et al. (2014(repoting a growthenhancement effect &L treatment

in FW corresponding to a 4.5 °C increase in temperdtursmolt/postsmolt ranging from
approx.15 to 500 ¢, by investigating if corresponding results are also valid forcutimal

SW temperatures, fishize outside the maturation windpand high contrast photoperiod
(LDN, Tromsg).Furthermore the aim was to monits®lectedlood physiological response
(hydro-mineral,acid-base andanetabolicstatus)as indicators of fish welfaré-lesh amples
were al® takenby NOFIMA Stavangeto uncover possible diffences in filet quality

between treatment groups based on muscle hardness

The experiment was based on the following alternative hypotheses:

HAL: Growthwill be stimulatedoy LL photoperiodat lowtempeaturesin seawater
HA2: Welfare indicators (blood parametersgan indexesfeed uptakewill differ between

LL/LDN photoperiodandhigh and lowtemperaturs

10
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HA3: Filet quality (nuscle hardnesp will be affected bythe combined photopericdand

temperaures

Where HO being that temperaturand photoperiodhave no significant effect on the

parameters above
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2 Material and methods

Fish stock
Atlantic salmon smolt arrived at Bergen High Technology Centre, Bergen, Norway on

October 18 2013 (n= 1140). Mealength of the fish wag0.2 cm (standard error of mean,
SE0.2) andmean weigh®6.0 g(SE 3.), total biomass 98.0 kgnd the fish were distributed
amongl12 400 | tanks. The origin of the batch was the commercial hatchery Sjgtroll Havbruk
located in maicipality of Fitjar, location Kjeerelva. Before arrivéie fishwerekept in fresh
water at 13.6 °C andontinuous light (LL)(APPENDIXI: Fish stock and rearing conditions,
hatchery data sheet).

Experimengl setup

Tank setup and initial handling

The exgriment was carried out at the BIO lab at the Bergen High Technology Centre
(BHTC) room 11 and 12 fronOctober 15" 2013 to March17" 2014. All tankswere
thoroughly cleaned and spifed with a flow of 5 | mift freshwater before fish handover.
Tank circdation was provided through a perforated PVC riser tube positioned similarly and
parallel to tank wall in all tanks for optimum circulation and -s#fining effect. Tank flow
was measured with precise timing of two 4 liter samples and adjusted duringhthe
experiment to compensate fioccrease irbiomass Similarity between tank setups was sought
in order to avoidconsequence$or growth anddevelopment.(Millidine, Armstrong, &
Metcalfe, 2006)

On arrival, the fish wererandomly distributedvith 94 -95 fishinto 12 1-meter squargray
fiberglass tanks (Blia tank#\skay, Norway), containing approx. 400dach in room 1&and

12 (APPENDIX 1, fig. 1l). Tanks were supplied with freshwater at 9.4 °C (ambient
tempergure). Initial photoperiod was simulated natural photopefadBergen(LDN N 60°
25%). The fishweregradually transferred to natural saltwater approxa 3@uring week 42.

Flow rate was adjusted td &nin™.

Taggingprocedure
On Octoberl6" a selectn of 240 representative fish, 20 from each tamégeidentified for
individual tagging (Floy Tagnc., Seattle USA Prior to tagging and measuremente fish

were anaesthetized with MetacaiB8 (nl | * stock solution Argent Laboratories, Redmond
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USA). Tags were inserted beneath dorsal fin. Precise individual weight and length
measurements were carried oAfter taggingfish were placed in an intermediate tank for
recovery before being put backtime experimenal tanks. Tagged fistvereevenly distrbuted

in all 12 tanks with no significant size difference in tagged individ§AlspendixIl. TABLE

XVI). No fish werelost during taggingTab.3.1.)

TABLE 2.1. Overviewbiometric condition at start of experiment

Initial biometric data tagged fish

Numbe of fishN | Totalbiomass kg | Mean weight g | Mean length cm| Conditionfactor

240 20.68 86.2SE+3.1 | 20.2SE+0.2 1.05SE +£0.01

Temperature management

Water system input temperature was automatically adjustel logged through the Visual
Vigo system povided by Sterner Aquatech AS(Oslo, Norway)and managed by ILAB
Bergen. Individual tank temperatures were establisimeSleptembeR 1% through three header
tanks, two in room 11 and one in room 12. The header tank in room 12 supplied tank no. 11
and 12.The tanks in room 11 were divided in two separate chambers allowing two different
temperatures. Mixing ofvater from thetwo header tanks was necessary to achieve the third
temperaturef, 4°C) in tanks 5 and 6APPENDIX I fig. I).

All groups were reptiated. Temperatuseare rounded to nearest degree&4and 9 °C) for
further discussion and results in this theaisd referred to as 4LDN, 4LL, 6LDN, 6LL, 9LDN

and 9LL

TABLE 2.2. Overview measured tank temperatuf®s through experiment

Temperatures (°C) through experiment
ALDN | 4LL | 6LDN | 6LL | 9LDN | O9LL
Mean°C 4.5 4.4 6.5 6.7 9.3 9.4
N tot 95 95 95 95 95 95
MeanstSD | 1.05 1.06 0.70 0.65 0.40 0.38
Min °C 4.1 4.1 5.4 5.7 8.5 8.8
Max °C 9.5 9.5 9.5 9.4 11.1 11.1

Oxygen
Input water oxygen saturan was managed and logged continually in OxyGuard software
supplied by Sterner Aquatech. In order to control oxygen leadiedback loop was sep in

room 11 continougy monitoring levels and supplying extra oxygen in all four header tanks

13



based a sensory data from one tank at each temperature. y$iisns was not available in

room 12were adjustments were manually administrated

TABLE 2.3 Overview measured tank oxygen saturation %4Hough experiment.

Oxygen saturation % O2 through experiment
4LDN | 4LL | 6LDN | 6LL | 9LDN | 9LL
Mean % 82.1 81.9 814 77.3 83.8 82.1
N tot 80 80 80 80 80 80
Means +SD 4.3 4.2 4.8 8.9 5.0 4.4
Min % 75.0 73.5 71.5 63.5 73.5 70.0
Max % 94.0 91.5 93.0 101.0 93.0 95.5

Light

Final photoperiod was set for all tankspBamber21®. Six tanks, two for each temperature,
were adjusted to contious light (LL), and the other six tanks were adjusted to LDN, natural
light period for Tromsg (N 6940°) (Tab. 2.4). Light output, dimming and shut offiere
controlled through th&isual Vigo software supplied by Sterner Aquatech.

Individual tank light was supplied by one halogen lamp (12V35W Hidoa Lite Spot 6500)
positioned in center ahetank lid. Each lamp was cleaned weekly in order to prevent salt
buildup and possible lighautput reduction. Room light was also turned off during nighttime
in order to prevent stray light in LDN tank&ctual light input in tanks containing fislvas
measured in all tanks at the end of the experirMantch 17", 2014by using a submerged
photometer(I-COR LI-193SA Spherical Quantum sens(rABLE 4.2).

TABLE 2.4. In tank light mesurement mol m? s light output measuretarch17"". Sensor
placed at bottom of each tank containing fish. Measurement was carried out by selecting the

highest véue of twenty measurements during a 20 second period in each tank.

Light measurement
Tank no. 1 2 3 4 5 6 7 8 9 10 11 12

€ mo [“s'm

13.60 13.40 14.90 16.80 17.75 12.01 18.10 15.27 22.94 18.50 7.40 20.20

Feeding procedures
The fishwerefeed with sandard commercially available feed pellets from EWOS AS (Florg,

Norway) ASMOLT 300 thought the experi ment.

14



Feed was delivered by automatic screw feeders (Amo Oy, Knland) during daytime.

These vere calibrated and tested at regular intervals during ek@eriment. Timing,
calibration and amount of feed were programmed in Visual Vigo software. Amodeeaf

was adjusted according to biomass development, temperature and visual inspection in order to
always feed approx. 10% in surplus and apparent satiakeed was only administrated

during light period. Initially all groups were feed 100 g (divided in 3 daily intervals).

Feedconsumption was measuretanuallyand administrated in the period fratanuary 29

to February 18 (TableAPPENDIX. VIII ). Specific amount of feed was deliveredice a day
between 08:009:00 and 14:045:00. Feed was measured using a calibrated feeding cup for
each of the three temperatugeoups During this part of the experiment (22 days) the 9 °C
groups were fed 32§, the6 °C groups 212 g and the 4 °C graupll g day, corresponding

to approx.2%, 1.5% and 1% of biomaseespectively

Waste feed was collected one hour after each feeding (i.e. at 10:00 and 16:00) by sieving
flush water collected from bottom of tankrough tubing and into purpose buildflow
through collection boxes. Excess feed was gently removed from sievepaurkd into
individual bowls for drying andsubsequentveight measurement¢Sartorius BC 1500 S,
Goettingen, Germany)Excess water wadrainal from bowls and samples were dried to
constant weight in drying oven for 24 houmsorder to establish dry feed weigl@ollection

was carried out within short time (approx. 1 hour) after morning and afternoon feeding in

order to avoid crushed and disged pellets.

Daily routines
Daily, in interval from 10:00 to 13:00
1 In tank temperatuewere logged manually using a calibratetl .1 °Q OxyGuard
Handy GammégBlokken, Denmark) and checkedainst the Visual Vigo system
1 In tank oxygenlevels were meased manually usingOxyGuard Handy Gamma
(Blokken,Denmark) and checkeabainst the Visual Vigo system
1 System oxygen sensor membranes were cleaned
1 Temperature and flow adjustments were carried out manually using room inlet mixing
panel and/or tank inletalves on tank lids

1 Header tank level and flowereinspected and adjusted manually
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1 All fish were visual inspected for welfare and behavior. Dead or seriously injured fish
wereremoved.
1 Excesdeedwas cleaned by tank flushing. Flushiwgscarried outwice a day during

period of feed collection.

Sampling routines

Initial sampling of fish status from the same batch and delivery of smolt was carried out by
Bergen University CollegeBUC) 13 days after arrivalSeptember28™ (ref. Camilla
Hosfeld, BUC ad Sara Calabrese, Marine Harvest ASA). Methods and materials used for this
baseline samplingvereexact replicate of protocol used for the rest of the experim8imtce
biometric and blood and tissue sampling were not performed at same intdayal$om start

(Tx) are related to first sampling.

The experiment established a schedule with two separate sampling proctudeipgsmetric
measurement part (length, weight of tagged fish and total biomass) and the blood sample, fin

measurenent and tissueotlecting part.

Weight and length samplingf tagged fish and biomass measurenfbiimetric datatarted
September 162013 (TO: day 0), and then in interval T1: day 42; @&/83, T3: day 124nd
ended af4: day 145 March 17"2014.

Blood and tisue collecting schedulstarted September 98013 (T0: day 0), and then in
interval T1: day 30, T2day 71and ended af3: day 113 February 1®014.

Sampling procedures

Biometric ampling
Tagged fish were selected consecutively from tank moofn11 to tankno. 12room12.
1 Water level in fish stock tanwasreduced in order to transfer fish. Fish sieved into
smaller tank in order to select tagged individuals
T Groups of four tagged fish anaesthetizbtetacain, 0.05 g 1, exposure time 3015
S
7 Visual inspection of fish in order to identify possible injuries

Weight and length measurement
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1 Total biomass weighheasuredor each tank including tagged fish
1 Tagged fish returned to original stock tank
Blood and tissueasnpling
Prior to sampling all Eppendorf tubes (a total of 1296 during experimesrtg color coded

and numbered.

Sampling was carried out following this routine at each of the measuring pan2 (1)

1 A random sample of 6 untagged figlereremoved from edt tank, anaesthetized
(Metacain) and killed by a blow to the head

1 Blood werecollected into heparinized syringes from the caudal peduncle

T Bl ood sample was spl iw siaimmptl wo amar tfisB o( fiFA 0b
(Fig. 2.9

T AAO bl ood sampl e or wamnediateu s &STAT ik
(http://www.abbottpointofcare.com/Custordefo-Center/UseiDocumentation.aspx)
analysis. The-STAT was used with single use cartridges (Abb@tat EC8+) for in
vitro quantification analyses in whole blood. The unit was calibratetitested before
each sampling. Measured blood components weré&; Gla Glucose, hematocripH
level, partial pressuref CO, (pCQ,), bicarbonateHCO;' and hemoglobin. In this
thesis N&, Glucose, pC@and bicarbonatelCO;' were used. TheSTAT instrument
is intended for human blood samples with respect to temperature and blood
physiological properties. Measured values will therefore nabselutelycorrect, but
areexpected to give adequate relative accuracy between groups of fish.

T AB0 bl ood samples were put in Eppendorf
cooled centrifuge at 4 °C, 4000 rpm). Plaswes frozen at minus 80C for possible
later nvestigations.

1 Heart and liver were removed by scalpel and weightsdg calibrated weight
(Sartorius BC 1500 S, Goettingen, Germaryata from end of experiment, (day 113),
was chosen to fully leverage delayed grawth

1 Oneslice of the liver and secondngerior left gill arch were cut off and fixed in
RNAlater (Life Technologies, by Thermo FisherCA, USA) for possible later
investigations. Gill sample was cut by scissor and split in two parts and fixed in two

different Eppendorf tubes stored in ice fillpdlystyrene boxes (approx. 4 °C). One
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sample for RNAlater was refrigerated and set for storage in freezer at mifiéd 80
after 24 hours. Second gill sample was SEI buffer fixed and stored direed8§ @

1 Fork length (to nearest 0.1 cm) and weightrgarest 0.1 g) of the were measured by
using calibrated measure board and weightt@@us BC 1500 S, Goettingen,
Germany)

1 Both height and length of dorsal fimeremeasured using an analog slide caliper.

Heart weight g.
V Dorsal fin index (hxb mm)
_ Blood sample for
mfﬁ . 7 satanalsys
Remove 2 anterior i kL g _ - // .

e Centrifuge

A \:a. 5 min /

L2
left gill bow /@

- e ' | Plasma —= Freezer -
i 80 °C
RNAlater .‘ | ; SEl buffer \ B transfer to
| lce 4| Liver weight g. Ice 4 °C — Liquid N2
\u © Liver
Refrig. 24 timer, \ | RNAlater

Freezer — 80 °C

FIGURE 2.1 Setupfor tissue and blood samptj

Analytical methods

Texture hardness

The filet samples were collectefilet texture and properties were measuaad this method

was describeddy Dr. Bjgrn Roth Nofima Processing Technology, Stavangen March 10"
information on hardness, breakirggrength and profile were obtained using a Texture
Analyzer (TAXT®-plus Texture AnalyzerStable Micro SystemsSurrey, UK) with a load

cell of 25 kg. A flatended cylinder (12.5 mmyas used as test probe. Sewdays after
collectiona puncture test wagssessed in 2 locations on the Norwegian quality cut (N(EC
1975) directly on the fillets (skin on) transverse to the muscle fiber orientation. The probe was
programmed to penetrate 80 % into the initial fillet height and max forces were recorded in
addtion to forces at 2040 and 60 % compressigB. Roth, Oines, S., Rotabakk, B.T.,
Birkeland, S., 2008)The speed of the probe was set to 1 thrit$ie fracture (fracturability)
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was defined by the peakrfie occurringbefore fracturing, anthardness (N) as the highest

force recorded during the first compression cy8eurne, 1977)
Growth and biomass calculations

The condition factofCF) was calculated as

CF=100 WI®

WhereW is the weight (g) and L is the length (cm) of the fish.

Specific growth rate (SGR) was calculated according to the formula of Houde and Schekter
(1981):

SGR = (811)100

Wereg is the instantaneous growth coefficient defined as g =im/1) (t-t;)* and W
and W are mean wet weights for individually tagged fish in g at dagad §.

Feedconsumption(FC) was calculated by using the formula:

FC= b/((W, + W1)/2)

Were W, is fish weight at enaf experimentW; is fish weight at start and b @&y weight

feed eaten.

Feed conversion efficiency (FCE) was calculated by using the formula:

FCE = (W - Wy)/b

Were W, is fish weight at enaf experimentW; is fish weight at start and b idry weight

feed eaten.

Cardiosomatic indeXCSlI) and/or hepato somatic ind€¢KSI) were calculated by using the

formula:

HSI= (LW * BW)/100
CSI = (HW * BW)/100
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WereLW isliver weight, HW is heart weighatind BW is body weighih g

Dorsal fin indexwas calculated by using the formula:

FI = ((b*h)/2)/(L*100)

Were b iséngth at dorsal ffi base and h idorsal fin height and is fork length in mm.

Statisticalmethods
All statistical analyses were conducted using the STATIETAE s o (FSTATSTIGA,"

2013) Before statistical analysis, normality of distributions was examined by using
Kolmogorov Smirnov tes(J. Zar, 1984 Homogeneity of variances among the different
groups was tested using the Levenes (Bsbwn & Forsythe, 1974)Possible differences
between replicates were tested with one way ANOVA and replicates combined in case of
nonsignificant ANOVAs The effects of different temperature and photoperiod combinations

on growth, blood chemistry and organ indexes were analyzed by applyingveagnactorial

ANOVA (J. Zar, 1984)To locate differences among treatments and time periods for each
parameter, significant ANOVAs were followed by a StuddetvmanKeuls (SNK) multiple
comparisa post hoc test). Zar, 1984)A linear regression was used to test the relationship
between filet texture hardne§g and SGR (period14)( x) . A signi ficance
was used if not otherwise stated. All data in tables and figures are given as means +* standard

error of mean (SEM).

Results of statistical tests and datadthFIGURES are shown in APPENDIX 1.
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3 Results

Mortality
Mortality was low during the experiment. A total of 7 tagged dead fish were removed. In

addition 4 of the nottagged fish diedTTABLE 3.1). This totals 11 dead fishes during the
experiment period. Fistvere removed in order to maintain fish welfare based on fin abrasion
and Al oosero tendencies. There were no Sys

temperature and photoperiods.

TABLE 3.1 Total mortality for tagged and untagged fish during experiedgeriod.

Day no. | 0-83 83124 124145 | Cause
Tank no. | Group Tag no.
1 9LDN 55008 X Not identified
7 4LDN 46649 X Removed 1 feb
7 4LDN 46652 X Removed 22 jan
8 4LL 46621 X Not identified
8 4LL 46639 X Removed 2fan
10 9LL 55085 X Removed 28 ded
10 9LL 55098 X Removed 22 jan
2 9LL X Remove®7 dec
7 4LDN X Removed! nov
7 4LDN X Remove@8 dec
12 6LL X Removed0 nov
SUM 2 4 5

Biometric results

Weight

Initial meanweights ranged between 82.6tg 89.4 g at startand did not vary between the
experimendl groups Fig. 3.1). After 83 days the two 4 °C groups had significintiower
meanweight than the two 9 °C groups and the 6LDN gr{BNK post hoc tesi?<0.05, and
the 6LDN group had significalyt higher weight than the 6LL groy® < 0.05). At day 124,
both 4 °C groups had a significhntower weight than all other grougP < 0.05). There was
a significant effect of photoperiod at 4°C from d&¥ until end of expament at dayl45
(two-way factorial ANOVA P < 0.05) At day 145, all temperature groups had a
significantly different mean weightwo-way factorial ANOVA P < 0.05).0nly the4 °C
group had a positive significant effecttbeLL photoperiod(P< 0.05)
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FIGURE 3.1 Weightdevelopment of PIT tagged juvenile Atlantic salmon reared at two photoperiods
(LDN = simulated natural photoperiod for Tromsg and LL= continuous light) and three temperatures
(4, 6 and 9 °C). The three temperature groups and two tggitmes are separated by color, symbol
and line type. Broken line = LDN, solid line = LL. Blue line = 4 °C and circle symbol, green line = 6
°C and square symbol and red line = 9 °C and diamond symbol. Vertical whiskers indicate standard
error of mean (SH). Different letters represent significant differences between temperature and light
groups between treatments (SNKOF5).ns = nonsignificant.* = significant inteaction (Tweway
crossed ANOVA€0.05 betwer photoperiod and temperature.

kleongitgliﬁcant length differencesvere seerbetween groups at start tife experiment(Fig.
3.2). At day42,the two 4 °C groups had significant shorter length than the 9 °C groups and
the6LDN group(SNK post hoc tes® < 0.05) whereashe6LL group did noshow different
length development than any other groBp<(0.05). At day83, both 4 °C groups had shorter
length than all other grqs. At the same day, thength of the4LDN group was lower than
the 4LL group and the 9 °C groupsere significanty longer than the 6LL groupR < 0.05).
At day 124, al temperature groups show significgntifferent length(two-way factorial
ANOVA, P < 0.05) The 4LDN groupwas significanty shorter than the 4LL grou(SNK
post hoc testP < 0.05)from day 83 onwardd_ength of the4LDN group was significantly
affected by photoperiod from dag3 to 145 (P < 0.05) No further changes were seen
throughout the study.
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FIGURE 3.2 Length development of PIT tagged juvenile Atlantic salmon reared at two photoperiods
(LDN = simdated natural photoperiod for Tromsg and LL= continuous light) and three temperatures
(4, 6 and 9 °C). The three temperature groups and two light regimes are separated by color, symbol
and line type. Broken line = LDN, solid line = LL. Blue line = 4 °C adle symbol, green line =6

°C and square symbol and red line =9 °C and diamond symbol. Vertical whiskers indicates standard
error of mean (SEM). Different letters represent significant differences between temperature and light
groups between ¢atmens (SNK R0.05).ns = nonsignificant. * = significant inteaction (Tweway
crossed ANOVA€0.05 betwen photoperiod and temperature.

Condition factor

There were no initial differences in condition factor (CF) between any giéigs3.3). At
day42,the4LL group had significaty higher CF than all other groupSNK post hoc test,
P< 0.05) In contrast, te 4LDN group showed alower CF than théLL group and 9 °C
groups P<0.05). Further, & day 83 there were no significant differences between groups
except thedLDN group which was significalyt lower than all other group& < 0.05).An
overall significant increase iI6F was observed in all groups between days 42 to (hi2d-
way factorial ANOVA P < 0.05) At day 124 and 145, CF leveled out and thengereno

significant differences between groups.
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Figure 3.3 Condition factor development of PIT tagged juvenile Atlantic salmon reared at two
photoperiods (LDN = simulated natural photoperiod for Tromsg and LL= continuous light) and three
temperatureg4, 6 and 9 °C). The three temperature groups and two light regimes are separated by
color, symbol and line type. Broken line = LDN, solid line = LL. Blue line = 4 °C and circle symbol,
green line = 6 °C and square symbol and red line = 9 °C and diampmtha. Vertical whiskers
indicates standard error of mean (SEM). Different letters represent significant differences between
temperature and lighgroups between treatments (SIRK0.05).ns = nonsignificant. * = significant
interaction (Tweway crossed AQVAP<0.05 betwen photoperiod and temperature.

Specific growth rate (SGR)

In the first periodfrom day O to day 42, th&LDN group had significahy lower SGR than
all other groupgSNK post hoc testP< 0.05) (Fig. 3.4). The4LL group had a signifigaly
higher growth rate than thd.DN group(P < 0.05) butwasalso lower compared to both the
6 and 9 °C group$P < 0.05) Significant effect of photoperiod/as only seenin the low
temperaturel °C group (wo-way factorial ANOVA P < 0.05) Highest grovth rate at 1.25 %
day* was observetbr fish between approximately 250300 g in the 9LL group between day
83 to 124. The lowest growttate was observed in théLL group withapproximately0.5%
day™ in the last period from day 124 to 145 of the expent.
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Figure 3.4. Specific growth rate development of PIT tagged juvenile Atlantic salmon reared at two
photoperiods (LDN = simulated natural photoperiod for Tromsg and LL= continuous light) and three
temperatureg4, 6 and 9 °C). The three temperaugroups and two light regimes are separated by
bar color and box symbol. Heavy colour = LDN, light colour = LL. Blue bar = 4 °C and circle
symbol, green bar = 6 °C and square symaotl red bar = 9 °C and diamond symbol. Vertical
whiskers indicates staadd error of mean (SEM). Different letters represent significant differences
between temperature and lightoups between treatments (SIRK0.05). * = significant inteaction
(Two-way crossed ANOVR<0.05 between photoperiod and temperature.
From day 42 a 83 the two 6 °C groupbada significanty lower growth rate than the two 9
°C groups(SNK post hoc test<0.05) The 4 °C group showed7.1% growth enhancing
effect of continuous light (LL) between day O to,42rsus only 3@. % for the experiment
period overall.
The 4 °C group were still the only groug showing a significant difference in growth rate
related to photoperioftwo way factorial ANOVA,P < 0.05) In the third period, day 83 to
124, there was a significant effect of temperature for mlgs,wheras effect of photoperiod
was only seen at 4°CP < 0.05) In the last periodfrom day 124 to 145there was a
significant reduction in growth rate for all grou®NK post hoc tesi< 0.05) In this period
none of the groupkad an effect ophotoperiodOverall, for the whole project period and for
each time interval, the interaction effect of photoperiod and temperatseseen for all
groups(two way factorial ANOVA,P < 0.05) The effect of photoperiod alone was only seen

at 4°C(P< 0.05.
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Feedconsumption (FC)and feedconversion ratio(FCE)

Feedconsumption
The figures for dailyfeedconsumptiorshow stepwise increage values for thet, 6 and 9 °C

groups(Fig. 3.5). During the sampling periodetweenJanuary8™ and February19" 2014

(42 days) total feed consumptionincreased with temperature anés0.15, 0.13, 0.24, 0.23,
0.38, and 0.38n the 4LDN, 4LL, 6LDN, 6LL, 9LDN and 9LL respectivel{.here was no

clear indication of photoperiod effect.

0.20
0.15

Feed consumption (FC)

0.10
0.05
0.00

0.45 +
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0.35 +
0.30 -
0.25 +

I III

41DN 4L 6LDN 6LL 9LDN 9LL

Treatment groups

H4LDN
4L
H6LDN

moeLL
E9LDN
9LL

FIGURE 3.5. Feedconsumptionfor 42 days betweedanuary18th to February 19t2014 juvenile
Atlantic salmon reared atwb different photoperiods (LDN= simulated natural photoperiod for
Tromsg and LL= continuous light) at three temperatures (4, 6 and 9 °C). The three temperature
groupsand two light regimes are separated by color.

Feed conversion efficiency
Feed conversion efficiency values indicate a marked difference betweetllthand the

ALDN groups(Fig. 3.6). During the sampling period, betwedanuary8" to February19™
2014 (42 days) feed conversiorefficiency was0.83, 1.21, 0.84, 0.89, 0.64 and 0ié6the
4LDN, 4LL, 6LDN, 6LL, 9LDN and 9LL respectively
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FIGURE 3.6. Feed conversion efficiency (FCE2 days betweedanuary8th toFebruary19th2014.
Juvenile Atlanticsalmon reared atwo different photoperiods (LDN= simulated natural photoperiod

for Tromsg and LL= continuous light) at three temperatures (4, 6 and 9 °C). The three temperature
groups and two light regimes are separated by color.

Blood chemistry
At the start of the experimenphotoperiodand temperature regimegrenot establishegand

thereforeno significant differences between groupsany of the measured parametefse

presentatday O.

Blood gucose
After 30 days significantly lower plasma gkose levels were seen in the two 4 °C groups

(SNK post hoc test? < 0.05) (Fig. 3.7), but no differences were seen afteattiAll groups
except thelLDN group had a significant rise in plasma glucose from start of experiment until
day 30(P < 0.05). Fom day 30 to 71 the two 4 °C groups had a significant increase, while the
two 9 °C groups had a significant decline in valgiés< 0.05). From day 71 to day 113 all
groups displayed declining glucose levels, although only significant for the 6 °C gradips an
the9LDN group P < 0.05).
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FIGURE 3.7. Blood glucose levels of selected juvenile Atlantic salmon rearedvatdifferent
photoperiods (LDN= simulated natural photoperiod for Tromsg and LL= continuous light) at three
tempeatures (4, 6 and 9 °C). The three temperature groups and two light regimes are separated by
color, symbol and line type. Broken line = LDN, solid line = LL. Blue line =4 °C and circle symbol,
green line = 6 °C and square symbol and red line = 9 °C amandnd symbol. Vertical whiskers
indicates standard error of mean (SEM). Different letters represent significant differences between
temperature and lighgroups between treatments (SRKD.05). ns = norsignificant.
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Blood sodium ions (Na")
No significant differences between groups were found at daySMK post hoc testP <

0.05) (Fig. 3.8.).At day 71 the two 4 °C groups had significanthigher blood sodium ion
levels compared to the other groupB < 0.05). At day 113, the 4LDN group hadigdher
levels than all other grougP<0.05).
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FIGURE 3.8 Blood Sodium ion (N3 levels of selected juvenile Atlantic salmon rearedvat t
different photoperiods (LDN= simulated natural photoperiod for Tromsg and LL= cantilight) at

three temperatures (4, 6 and 9 °C). The three temperature groups and two light regimes are separated
by color, symbol and line type. Broken line = LDN, solid line = LL. Blue line = 4 °C and circle
symbol, green line = 6 °C and square symbotl aed line = 9 °C and diamond symbol. Vertical
whiskers indicates standard error of mean (SEM). Different letters represent significant differences
between temperature and lightoups between treatments (SNKORD5). ns = nossignificant. * =
significart interaction (Twoway crossed ANOVA<.05) between photoperiod and temperature.

Blood HCO4' ]
At day 30 of the experiment there was a significant differende plasmaHCO;' levels

between thé@LL group and thé&LL group(SNK post hoc test? < 0.05) (Fig. 3.9.). At day
71, the 9LDN group showed a significdyt higher plasmaHCO;' levels than all groups
except théLL group(P < 0.05). At day 113the9LL and9LDN groups showed significagt
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higher values than all other grougd< 0.05) The 6LL group ha a significant reduction in

plasmaHCOs' level from start othe experiment until day 3Qtwo-way factorial ANOVA P

< 0.05) There was also a significant reduction for #é&N and4LL groups from day 71 to

day 113(P < 0.05).
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Figure 3.9. Blood HCQ levels of selected juvenile Atlantic salmon reared b different
photoperiods (LDN= simulated natural photoperiod for Tromsg and LL= continuous light) at three
temperatures (4, 6 and 9 °C). The three temperature groupswamtght regimes are separated by
color, symbol and line type. Broken line = LDN. solid line = LL. Blue line = 4 °C and circle symbol,
green line = 6 °C and square symbol and red line = 9 °C and diamond symbol. Vertical whiskers
indicates standard error ofmean (SEM). Different letters represent significant differences between
temperature and light grogbetween treatments (SNK@05). ns = nossignificant.
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Blood CO, partial pressure (pCO,)
During the experimental periothe two 9 °C groups had sigicanty higher levels than all

other groupsSNK post hoc testP < 0.05) (Fig. 3.10) Further, here was a significant
reduction in bloodoCO;, for the 4 °C groups and ti&tL group from day 0 t@1 (P < 0.05).
For the rest of the experiment all grodyad a pCO2 reduction. Thisendwas significant for
the 9 °C groups and tid.L group from day 71 to day 118K 0.05).
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Figure 3.1Q Blood CQ partial pressure of selected juvenile Atlansiaimonreared at wo differen
photoperiods (LDN= simulated natural photoperiod Tromsg and LL= continuous light) at three
temperatures (4. 6 and 9 °C). The three temperature groups and two light regimes are separated by
color, symbol and line type. Broken line = LDN, solid line = Blue line = 4 °C and circle symbol.

green line = 6 °C and square symbol and red line = 9 °C and diamond symbol. Vertical whiskers
indicates standard error of mean (SEM). Different letters represent significant differences between
temperature and light grgs between treatments (SIRK0.05).ns = norsignificant.
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Indexes

Hepato-somaticindex

At day 113, neanobserved hepatsomatic indexes were 1.75, 1.47, 1.29, 1.36, 1.29 and 1.32
in the 4LDN, 4LL, 6LDN, 6LL, 9LDN and 9LL respectivef5NK post hoc tasP < 0.05)

(Fig. 3.11). Overall, tle 4LDN group showeda significantly highemepatesomaticindex

than all other group@ < 0.05).
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Figure 3.11 Hepatosomatic index of sampled juvenile Atlantic salmon rearedwat different
photoperiods (LDN= simulated natural photoperiod Tromsg and LL= continuous light) at three
temperatures (4, 6 and 9 °C at day3of the experiment). The three temperature groups and two light
regimes are separated by color. Blue bar = 4 °C, grigem= 6 °C and red line = 9 °C and diamond
symbol. Heavy color = LDN and light color = LL. Vertical whiskers indicates standard error of mean
(SEM). Different letters represent significant differences between temperature andyrigips
between treatmés (SNK R0.05).
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Cardio-somatic index
At day 113, reanobserved cardisomatic indexes wei@15, 0.14, 0.13, 0.14, 0.14 and 0.13

in the 4LDN, 4LL, 6LDN, 6LL, 9LDN and 9LL respectivefENK post hoc test? < 0.05)
(Fig. 3.12). The4LDN group hada sgnificanty highercardiosomatic indexthan all other
groups(P < 0.05).
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Figure 3.12 Cardio-somatic index of sampled juvenile Atlantic salmon rearedwat different
photoperiods (LDN= simulated natural photoperiod Tronmesml LL= continuous light) at three
temperatures (4, 6 and 9 °C at day3of the experiment). The three temperature groups and two light
regimes are separated by color. Blue bar = 4 °C, green line = 6 °C and red line = 9 °C and diamond
symbol. Heavy color LDN and light color = LL. Vertical whiskers indicates standard error of mean
(SEM). Different letters represent significant differences between temperature and light groups
between treatments (SN#<0.05).
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Dorsal fin index
At day 113, reanobsened dorsal finindexes wer®.27, 0.30, 0.30, 0.31, 0.30 and 0.27 in the

4LDN, 4LL, 6LDN, 6LL, 9LDN and 9LL respectivel{fig. 3.13). No significant differences

between temperature or photoperiod groups were seen.
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FIGURE 3.13. Dorsal fin index of sampled juvenile Atlantic salmon reared vai different
photoperiods (LDN= simulated natural photoperiod for Tromsg and LL= continuous light) at three
temperatures (4, 6 and 9 °C at day3of the experiment). The three temperatgmaups and two light
regimes are separated by color. Blue bar = 4 °C, green line = 6 °C and red line =9 °C and diamond
symbol. Heavy color = LDN and light color = LL. Vertical whiskers indicates standard error of mean

(SEM).
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Filet quality

Hardness vs &R
There was @ overallsignificantcorrelation betweefillet hardnessand SGR, altemperature

groupsincluded(linear regressior? < 0.001, R = 0.38, (Fig. 3.19.
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FIGURE 3.14 Texture hardness of PIT tagged juvenildadtic salmon reared atwo different
photoperiods (LDN= simulated natural photoperiod firomsg and LL= continuous light) at three
temperatures (4, 6 and 9 °C). The three temperature groups and two light regimes are separated by
color and box symbol. @m symbol = LDN. closed symbol = LL. Blue = 4 °C and circle symbol,
green = 6 °C and square symboldared = 9 °C and diamond symboby( Dr. Bjgrn Roth, Nofima
Processing Technology, Stavanger
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4 Discussion

Relevance for aquaculture

Atlantic salmon is kown to sense and respond to a range of environmental variables within
seacages, including light, temperature, salinity, dissolved oxygen, water currents and
chemical tratments used during productigdandeland etl., 2008; Oppedal, Dempster, &
Stien, 2011) Water temperature as one of these factors plays the most important role in
teleost fish development in general because it can modulate all physiological processes and
endocrine regulationgTaranger et al., 2010)The optimum temperature for growth of
Atlantic salmon inseawater ranges from il#8 °C(weightapprox.1.5kg) (M. Jobling, 1981,
Johansson, Ruohonen, Juell, & Opped@l0P, and between %:14° C for 70350 g post

smolt Atlantic salmon (Handeland, Imsland et al. 20@8)cating the temperature range in
our experiment beingvell below the optimal, representing conditions typically found in

Northern Norway

A clear and gpectedpositive development for thestandardbiometric parameteysgrowth
rate, length and weight development over time was observed owdlin particular in the
first and middle part of the experiment until approximately @idy. One of theimportan
findings in presentexperiment was the significamositive growth effects of photoperiod
between the LDN and LL groups at 4 Turthermorethe highesbverall growth rate at 25
% day" for fish in betweenapproximately250i 300 g in the9LL group was observed
between day 83 to 124. The lowest growth was observed iLthgroup with 0.51%day"
in the last periodrom day 124 to 14%f the experiment.

The observedgrowth enhancing effeaf additional lightin cold watermight prove important

in order to either optimize rearing conditiongn open seawater cage aquacultuse save
energy costselated to reduced heatimg closedcircuit facilities. Unpublished results from
the second part oA Ktlihsandfindicate dhiatycengpargble positeve t
growth effect approx.20% gain in growt below 4 °C,may also beobtainedin full scale
commercial open sea cag®g applying continuous light in sea cages from Oatabeéviarch
Both these experimentBlustrate the great plasticity and influence of external factors
controlling growthin Atlantic salmon and indicate a rationale for further development and
adaption of aquaculture and researchAtlantic salmonin suboptimalclimateregions.This

is especially relevant in a contewtere the aquaculture industry is adapting contained and
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closed circuit solutions which enable both temperature and light coitr@xample the

greater energy intensity of land based syseis the primary source of their increased
environmentallife cycle impactscompared to open sea pen systgger & Tyedmers,

2009) To fisubstitute ener gtyow temperdturésaulid théredoaet i n g
be a viable way of optimizing environmental performance of-laaskd recirculating systems
(RAS) in order to obtain higherfé cycle environmental impacts or higher profitability for

future aquaculture.

Growthrate andsub optimal temperature regimes

Therewasonly significant differencdor the LL group over the LDN groumt 4 ° C This
observedoverall 36.4 % elevated effet on SGRof photoperiod treatment corresponds to
approx. 1.2 °C increase in water temperature accordingigo4.1. adapted from(S. O.
Handeland et al., 2003Yhis is in accordance witfBoeuf & Le Bail, 1999)stating that
Atlantic salmon is very sensitive to light manipulatidscain seawateiThere are surprisingly
few studies specifically evaluating the psstolt stage in sea waterelevant for direct
comparisonA. Imsland etal. (2014)reported a growth enhancing effect of continuous light
for Atlantic salmonin fresh watercorresponding to a 4.5 °C increase in temperaiuran
experiment investigating bottmolt and possmolt at8.3 and12.7 °C Due tothe present
experiment havinga simple setupwith few variables sea water only, and relatively low
temperaturesvere maturationwasnot expecteqHutchings & Jones, 1998bne can assume
thatthe positive growtteffect is even more reliablend stronger associated with photoperiod
alone.

Although there has been significant progress in breeding shustreng et al. (1987)
estimated growth rates for Atlantic salmdhe study is rekeant because it reviews quite
similar temperature range. Growth ratesfresh waterwere reportedbeing approx.0.4 %
day” for the 4 °C group, 0.8 for the 6 C° group and 1.5 for the 9 C° giDaf frompresent
experiment indicates growthtesfor the first three periodisom day 0 to day 12#br the 4 C°

LL group to be in thdiigh 0.6 % day* range, and in the start of the experimieam day 42 to

83 being0.7 day*, approaching growth rates close to expected vaioresmolts kept at 6 C°
accordirg to (Austreng et al., 1987)These comparisons musbweverbe used with caution
due to different developmental effects given that the fish are in different ontogenetic phases
related to smoltification anseawater adaptatiorA. Imsland et al. (2014present data on pre
and postsmolt Atlantic salmon which further indicate that the temperature effect is

moduated by photoperiod treatment as demonstrated by the LL groups having higher overall
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growth rate.The positive growth development observedpresentexperiment related to
increase in temperatyns expecte@ndin accordance with the overall increasemetabolism

with higher temperature3.hese effectarereviewed inJonsson, Forseth, Jensen, and Neesje
(2001)which specifically mentiorlevated gowth related to temperature in combination with
nutritional status. This is in accordance with the present findings which indicate low condition
factor and glucose levels at 4 °C aspecially for the LDN groupn this experiment, it was

not a specific gal, or part of the hypothesis to define an optimum temperature for growth
(ToptG). Anyhow, the resultfrom presentexperiment is thabverall growth was clearly
highest in the 9 °C groufs. O. Handeland et al. (2008pmbines earlier published growth
data for Norwegian farmed Atlantic salmon strajAsnesen, Johnsen, Mortensen, & Jobling,
1998; S. Handeland, Berge, Bjornsson, & Stefansson, 1998; S. O. Handeland, Berge,
Bjornsson, Lie, & Stefansson, 200éaNd provided plot indicating approximate growth ratios

(% day') relating to the temgrature steps used jiresentexperiment being 0.28 for 4 °C
group, 0.55 for the 6 °C group and 0.87 for the 9 °C gr@tiQ. 4.1). This indicates that
presentdata followSigurd O. Handeland et al. (200But at a higher growth rate, especially
for the 4 and 6 °C groups, and in particular fag tt groups.None of the groups iSigurd

O. Handeland et al. (200&)cluded fish treated with contious light, hencepresentdata add

to the understanding of environmental control of frsblt growth.

In addition to factors clearly supporting the hypotheses, there are some data givingaless cle
indications. Firstly, the photoperiodic effect for the 4 °C group was not observed until after
approximately one month of the tripériod This may be because the fish are generally in an
adaptation phase to newrditions in this first period due tgradually beingtransferred to
seawater Furthermore, a clear decline gnowth for all groupsduring the last period of the
experiment was observed. This dilutes the photoperiodic effect on growth rate observed
during most of the experiment. This may patie explained by the light period for the LDN
groups getting increasingly longer in spring and therefore reduces the relative differences
between the two groups. An additional explanation may be that the overall biomass
development in the tanks may haviwemn negative effect on growth due to crowding and
distress.However data on the dorsal fin indexedid not indicate fin erosion due to
overstocking. Furthermore dtal biomass weight wasmeasuredat T4: day 124 to
approximately60 g | * which is far belowstress threshold leveteported byHosfeld et al.

(2009) and Kjartansson, Fivelstad, Thomassen, and Smith (1988jpite ofthesepossible
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contradictions both weight development and length development figures, dsplay

significantly higher values foALDN group compared tdLL group also in the last period.

Effect of photoperiod on growth rate
The periodic growth rate results further underline the declining effect of photoperiod from

start to end othe project. The4 °C group in thesarly period from day 0 to 4Zhowed77,1

% highergrowth effectfor the LL group versusonly 36,4 % for the whole experiment period
from day O to day 145Late in the experiment between day 83 and ,1&¥ere were no
differences betweenphotoperiod groups, except for the 4 °C group. In the fi@siod from
day 124 to day 14%o systematic growth differencestiween photoperiod was observed.
Handeland et al. (2003pund photoperiodo enhance growth through stimulation of food
intake.Several other autho(8oeuf & Le Bail, 1999; Hansen, Stefansson, & Taranger, 1992;
Krakenes et al., 1991; Stephen D McCormick et al., 12859 demonstrated a substantial

improvement of possmolt growth related to light stimuli in sea water.

A. Imsland et al. (20140eported a significant positiv@GR effectof photoperiod also for the

12°C LL and8 °C LL (approx. 30%)groups. This discrepancyn responseo light between
seawater and freshwater is interestimgt challenging to explairexplanationmay berelated

to differences in photoperiod for the two experiments related to length of experiment versus
timing related to spring and summer seasbhe A. Imsland et al. (2014}rials were
conducted for 11 months and had a sea water phase in a high light output phase from May to
July. Also the LDN period wasorrelated to Lgnningdal (60 °N) giving less overall contrast
between LL and LDN. On the other haodr experiment was carried out in winter conditions
from October until March with photoperiod Tromsg (69 °N), in total giving a relatively
weaker LDN day ht signal due to very large difference in light output between LL and
LDN. There is a change in daylight over the experiment period from zero (untlanisary)

to approximately 9 hours daylight at the end of experim&RPENDIX |, FIGUREII). This

may further indicate that the coldest groups in this thesis are able to exploit even short periods
of continues light and that this group specifically benefits in setups with major contrasts
between LL and LDN lighting.
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FIGURE 4.1 Changes in growth rateagproximateoverall SGR) with temperature fropresent
experiment plotted against figure adapted fr@n O. Handeland et al., 2008GR of PIT tagged
juvenile Atlantic salmon reared at to different photoperiods (LDN= simulated natural photoperiod for
Tromsg and LL= continuous light) at three different temperat(ess and 9 °C). The three
temperature groups and two light regimes are separated by color and box symbol. Open symbol = LL,
closed symbol = LDN. Blue = 4 °C, green = 6 °C and red = 9 °C. The line represents a third order
polynomial fit to the SGR data rewed by (S. O. Handeland et al., 2003j\rrows indicate
temperature gaitapprox. 1,2C) by usingcontinuoudight for the 4 °C group.

Condition factor in relation to growth

Parallel to decreased growth rates, metabolic compromises (i.e. dueedo intake,
temperature and photoperiod related stress) may also result in decreased conddion fac
Bone growth will likely continuevhereasmuscle mass and lipid deposits are more reflective
of energy stores for the figwWeatherley, Gill, & Casselman, 198Mhus fish would continue

to grow in length (bone mass) without the complementary increase in bulk (i.e. nhipsdle

and organ masg)Danley, 2001; Haugen et al., 2006y accordance with this th&LDN

group has dower CF at all time intervals, and has maintained its length development, but
gained relatively less weight, s@lting in a longer slimmer fishin total changes in CF
indicate an S shaped curve indicating more length or decreased weight gain in the start and

at the end of the experiment, and a high growth phase in the middle of the experiment. The
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stable phasenithe in beginning of experiment may indicate an acclimation phase due to
transition to seawater and general acclimation to rearing g&upesen et al., 2003)
Especially from start of experimefrom day 0 to42, the4LL group has increasing CF while

the 4LDN group has decreasing values. This corresponds with generally lower feed
conversion efficiency for thdLDN group. Alne, Oehme, Thomassen, Terjesen, and Rorvik
(2011)report that lowperforming periods coincide with reduced fat and energy retention, low
levels of muscle fat and po@F. Peterson and Harmon (200@joposethat percent muscle

lipid increases linearly witlEF indicating that thelLDN fish generates less stored energy.
This indicates that t he afemedwilh nmone chargihal reariag 4 L DN
conditions. This is in agreement wiarkar et al. (2013tating that fatness, or wdkeing of

fish, is based on the assumption that heavier fish of a given length are in better condition. In
the periodfrom day83 to 124 the 9LL grouphas the highest CF indicating &g growth

and good rearing conditions. At the end of the experiment there are only minor differences
between groupsorresponding to the equalization trend seen weight, fork length and SGR

parameters

Feed conversion efficiency (FCE)

FCEranged from B4 to 1.21 but showed no clear effects of photoperiod between any of the
groups except for the 4 °C grouphe continuous light 4 °C group had 46% higher values
compared to 4LDN while the 6 °C and 9 °C groups only have respectively 6% and 3%
difference h FCE between photoperiod grougiseach temperaturd his indicates that only

the cold group benefits from use of artificial light in regard to better utilization of feed.
Moreover, it is only negligible differences in total feed consumption betweenps#raids at

each temperature stdpandeland et al. (200&8howedFCE values at approx. 0.5 at 6 °C for
post smolt in weight class between 170 to 300Cgmpared to our results these are in a
somewhat lower range than this experiment being approximately 0.8. The choice of method
limited the range and resolution of these results. Due to design of the experiment setup it was
only possible to obtain datarfthelastperiodin theexperiment. Even so there wastapwse
increase infeedconsumptionbetween the temperature groups which is natural in relation to
increased metabolism of the warm 9 and 6 °C groups compared to the 4 °C group. This is in
accordane with (Handeland et al., 200&8howing feed intake and stomach evacuation rates
tightly linked to temperature, and variation in optimum temperature for growglvanile

Atlantic salmon smolts with decreased temperature for feed conversicerefy as the fish

41



grow bigger(Arnesen et al., 2003; S. O. Handeland, A. K. Imsland, & S. O. Stefansson,
2008)

Blood glucose

Blood glucose levels ari@ line with Hosfeld et al. (2009andare often used as an indicator

of nonspeffic stress(Hunn & Greer, 1991) A change in metabolism in conjunction with
reduced feed uptake maifect these level8Both the LL and LDN4 °C grous areaffected at

first part of experiment indicating tendency for temperature related stress. This finding is well
in accordance with the growth and feed uptake parameters for the 4 °C group at this point of

the experiment.

Blood sodium

Only small absolute variations in circulating blood sodium levels were observed indicating
that the hydro mineral balance was maintaicleding the experiment across the different
temperature and light groups. Even so there was a clear increase for all groups from start of
experiment until dayg0. High circulating blood sodium in sea water could be a result of stress
relatedto reduced abity to maintain homeostas{€naani et a] 2013) andmay be indicative

of transition from freshwater to saltwat@Deane & Woo, 2009)Being an anadromous
species Atlantic salmon will have an opposite loydhineral balance challenge in fresh water
compared to sea water. After seawater adaptagsodium levelswill stabilize on higher
natural seawater related BEh\{Arnesen et al., 1998Moreover anon-significantdifference at

the end of the experiment was searethe4LL and LDNgrous havehigher values afte30

days, and in particulaand significantafter 145 days,were4LDN group in addition shows
effect of photoperiod being significantly higher th&lo. group. This might be an indication

that this group is challenged by ion regulatory stress related to osmaireg due to low

temperaturgStephen D McCormick et al., 1987)

Blood pCO2 and HCO3

In line with Hosfeld et al. (2009)bood pCO, andHCOs values showed small variations
during the experimentHowever, in the present studyigher levelsof both parameters
generally correlatedvith higher reaing temperatures. Th8LL and LDN groups showed
generally higher values than all other groups due to higher activity and increased metabolism
(S. O. Handeland et al., 2018lood CQO, partial pressure is normallyirelated to ambient

water pCQ plus approx.1-3 mmHg(Ultsch, 1996) CO, partial pressure was mostly in the
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range 5- 13 mmHg indicating corrg®nding tank levels below 10mmH§afe blood pC®
level in Norwegian smolt production based on experiments performed between 4 i 10
15mmHg(Fivelstad et al., 2015)

Organ indexes and filet quality

Regarding the liver, only the index for td&DN group differed clearly from all the other
groups by being higher. Even so the relative difference between 4 °C photopaitivalsyh
significant, was only 3%lt is generally known that energy demanding processes such as
growth, deplete the level of energy in the liyand thereby lower its relative weigtKryvi,

1992) Also thecardiosomaticindex showed effect of photoperiod between the same groups.
Large organ relative to body size indicates less than optimal rearing condition due to organ
growth being more stable and more easily affected by growth inhibitory external factors
(Rosenfeld, Van Leeuwen, Richards, & Allen, 2Q15)

No significant differences in fin index between groupsevebservedPersonLe Ruyet and

Le Bayon (2009)Jones, Noble, Damsgard, and Pearce (2@rbckmark, Neregard, Bohlin,
Bjornsson, and Johnsson (20@&sess density effesabn dorsal fin damagetlantic salmon

at reduced density had ledamaged fins than thoseardat standard densityhis indicates

that all groups haduite equal conditions in regard to fin abrasion and stocking density at day
145

The flesh quality bfish is influenced by seasdi&spe et al., 2004; Hagen, Solberg, Sirnes, &
Johnston, 2007)and is therefore an w®lous and relevant parameter in commercial
aquaculture.lt was not performeda specificanalysis for each temperature group, only
regression between filet hardness and growth. ratee analysis of fillet quality gave
indications of reduced filet hardnesstiwincreasinggrowth ratein accordance with. A.
Johnston (1999and Rasmussen (2001Results on turbot showed that softness of the flesh
was mainly influenced by factors associated with growth, such as season and phot{&period
Roth et al., 2010)In line with presentfindings Morkore and Rorvik (2001)nvestigated
product quality of farmed Atlantic salmon for hardness, and found highest valueg the
winter period. There areot sufficient data irthis experimentto concludewhether the two
different photoperiods in this experiment have a similar effect, but resultsérémimsland

et al. (2009)on Atlantic halibut suggest photoperioegimes only have aninor effect on
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flesh-quality, whereas a significant seasonal effect was seen with addeny towards

lower hardnessn summer time compared to winter.

44



Synoyic discussion and concluding remarks

In this experimenthe concurrencs of several parametergere seerthat could implicatehat
postsmolt held at low temperatures, and with a short natural light period, experience stress
leading to reduced growth. The main finding was ith@easedgrowth of the 4LL group
comparedo the4LDN group corresponding to approx. 1.2 °C increaseatertemperature.

The experiment shows the 4 °C and 9 °C degrees groups as outer point on each end of the
axis, in that they for the most important measured growth and quality related parameters show
either high or low values. Essentially the explanaigothat the 9 °C group being closer to the
Atlantic salmon growth optimum for this size of salméns thoroughly shown in literature

that temperature has a regulatory growth effect, and that optimum for Atlantic salmon for this
size range of post smelts at approximately 13 °C (1228 for 70 1509 to 14.0°C for 150

3009 postsmolts)(Bromage et al., 2001; S. O. Handeland et al., 2008; Sigurd O. Handeland
et al., 2003) Furthermore, it was shown thétlantic salmonis particularly sensitive to
photoperod manipulation and manageme(@. O. Handeland et al., 2013)he precise
mechanism of these effects are not entirely cl&efansson et al., 20Q7and Atlantic
salmon differs from several other species in thattlghys a key role for ontogenetic shifts
(Boeuf & Le Bail, 1999; Stephen D McCormick et al., 198n) these rapidly changing
phases the fish does not exhibit as linear growth patterns as for thenpusiphase eight

class which is the topic of this study fapx. 80-350 g) (Thorpe, Mangel, Metcalfe, &
Huntingford, 1998) To get a clearer picture of the mechanisms the experiment was designed
in order to include a number aklevant parameters. The measured valtesthese
parameters further underline that the cold 4 °C groups, and especiafli.DinN group, may

experience a growth inhibiting stress.

Firstly, blood level value®f glucose showed significantly lower uas for 4LDN group
throughout the experiment. This suggests that these fish have lower nutritional status and
general lowered metabolism. Glucose plays a key role in muscle metabgliemre,
Mommsen, & Krogdahl, @02; Polakof et al., 2012}t is therefore a possible relationship to

data from the same fish group also having a 46% lower feed conversion ratio compared with
the fish that received continuous artificial light. Sodium ion concentration in the blood for
4LDN group showd high valueghroughout the experiment. This indicates that the same fish
groups also have greater challenges in adapting to sea water and are confronted with grater
osmotic disturbance than the other gro(fsQ Handeland et al., 2000} his is an indication

of stress which may be related to marginal light exposure and generally lower fitness
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(Leonardi & Klempau, 2003)Although fCO, andHCO;' levels showed no significaeffects
of selected photoperiodthe general trend was towards higher values at 9 °C. This coincides
with the presumption that fish in 4 °C group may have a stress induced- diEde

disturbance.

Finally, thehepatesomaticand cardiosomaticindexesalso may indicate that growth slowed
down in4LDN group. In particular, liver weight development is considered to be relatively
constant and less influenced by external growth regulatory mecha#sass Klemetsen,
Einum, & Skurdal, 2011)but alsoweight sensitive to demanding metabolic processes related
to the high temperatuigroups(Kryvi, 1992). In this experiment, the fish reared4atDN had
higher relative weight of these orgaiisfect of photogeriod treatmenton the cardiosomatic

indexwasalsoseen

Although the results of filet quality measuremeililtef hardness) were based on a relatively
simple experimeial setup at one point at the end of the experiment, the results show that the
quality in terms of hardness is lower for 9 °C group. This could be due to the rapid growth
phases for the medium and high temperature groups related to muscle tissue becoming looser
to allow growth(l. A. Johnston, 1999)Skeletal muscle may have a higher growth rate than
that of the whole body indicated by the observed increase in condition factor seen in this

experimen{Fauconneau et al., 1995)
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5 Conclusions

This study suggesthat postsmoltin size range approx. 75400 g stockedn seawateiat

low temperaturesand exposed to continuous light (LL 4 °C), grow significantly faster (27%)
than snolt reared with natural photoperiod for Tromsg. These findings may have
consequences for optimization of commercial productieeed conversion rate was 34%
lower for the4LDN group compared to thél.L group. The 9 °C and 6 °C groups generally
showed highevalues for growth and good adaptability to both light regimes. No significant
differences in weight, length or growth rate development was observed for either 6 °C or 9 °C

groups with regard to photoperiod.

The cold group receiving extra artificial lightLL, revealed the followingpositive growth
tendencies Significanty higher weight and length growth from da$3 until end of
experiment,higher specific growth rate from day 0 to day 124d higher condition factor
from day42 to day83. Thus,HAL1 canbe accepted Furthermore significant higher levels of
bloodNa" at day 113, 3%higher hepatesomaticindex compared to thélLL group and 14%
higher cardicsomaticindex are all significantresponsesompared to théLL group.Thus,

HA2 can be accepted.

Filet hardnessas secondary product quality indicgtehoweda significantdecrease in fillet
hardness betwedreatmenigroups with increasing growth ratslthough it is shown negative
correlation between growth rate and filet hardness, it is not skinect correlation between

temperature and light. Hypothesis H3 can ¢lfi@reneither be confirmed noejected.

Future perspectives
Although the results indicata growth potential of about 2 through the use of artificial

light at low temperatures, i even more interesting whether this gain can be realized outside

the laboratoryOngoi ng studies from the ANordlyso proa
has alreadya a large extent demonstratedimilar effect at temperatures below 4 (&K.

Imdand pers. comm.)Under natural growth conditions there are in addition a number of
external factors that may affect growth, and to a larger gxtesmn the light and temperature

factors which were subject for this experiment kample genetic differences, disease status,

oxygen levels etc.Further investigation of hormone levalsd analysis of the different tissue

samples collected in this experimembuld also contribute to more thorough explanatiowf
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the mechanisms dhe photoperiodeffect specially related to the seawater psstolt phase
The difference ingrowth response to light between seawater and freshwaitenigher
temperaturess interestingand needs further investigationBhis is particularly important
becaue it is a much smalleresection of literature forthe postsmolt seawater phase

comparedo freshwatelinvestigations.
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Appendix |

Discussion of Materials and Methods
Generally the experiment was carried out within the technical limits of available infrastructure

in the given facilities. Possible sources of error were monitored and evaluated on an ongoing

bass, and corrective actions were performed within practical limits.

We assume possiblmeasurement techniquerrors related to measured blood physiology
values(i-STAT) would be in terms of absolute vatend notto relative differences between
groups.lversen, Finstad, McKinley, and Eliassen (2008hcludedhat portable instruments

for measuring blood glucose and lactateuld be used as a relative asare to evaluate
responses to stressofaurthermoreHunn and Greer (199Xgported that anesthesia resulted

in no major changes in selectbbod chemistry characteristicsematocrit, plasma glucose
and chloride levels, and osmolalitand that Atlantic sahon exhibited a limited stress
response to netting, indicated by minor changes in plasma glucose concenttddidas.
Shartau, Brauner, and Farrell (20Bd@iggests that theSTAT analyzer tool used in this thesis

is an appropriate tool for assessing the idwdde status of blood in rainbow trout. The
accuracy ofiISTAT measurements of plasma‘NancentrationpCO,, HCO;' and pO, were
dependent on the measured range and associated with a high measurement error at those
values typically expected for rainbow trout. Due to ISTAT being a tool developed for human
blood at 37 °C, necessary calibrationwere performed. In ordeto compensate for other
possible artificial effectgpresent experimeribcused on a high degree of standardization. All

fish samples were taken within 2 ratesand analyzed within 5 minutes.

Technically itwaschallenging to adjust the 6 °C group prebideetween the 4 °C and 9 °C
groups. Theexperimental facilities at ILAB were not equipped witithermostatically
controlled regulatingsystens. Temperature correction of the 6 °C group was especially
challenging because obtaining this third temperatune etdy could be achieved by mixing

water from two separate header tanksing the less precise flow adjustment valves located

on theindividual fish tank. This may have given this group more stress due to frequent minor
adjustments and fluctuations. It stualso be emphasized that 6LL group due to space
considerations were kept in a separate room from the other groups. This group was chosen
because we wanted to have the best possible, and most similar, conditions for the 4 °C and 9

°C groups in the sameom, in order that the experiment should be as precise as possible in
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regard to the results for the low and top end of the temperature scale. In room 12 there were
other experiments on going giving generally less setup control. Differences between the two
rooms may be an additional source of error related to light and temperature control. In aqua
room 12 therewere no automaticoxygen monitoring and supply setup, which mayave

affected thesLL group in particular.

As illustratedin Fig. 2.4., varying light intensity between tank&as observed. There was
variation during experiment due to need for adjustments and building up of salt deposits.
Boeuf and Le Bail (1999%tates that lighintensity does not have clear effect for growth

stimulation and that day length appears much more important.

For technical, economical and practical reasons it was chosen a manual and work intensive
method for feed collection. At the beginning of thistd the experiment it was assumed that

the automatic feeders delivered a precise defined amount of feed pellets for each of the three
temperature groupsnd within the same time interval each day. When verifying the actual
output, it turned out less ao@te than desirable, in spite of repeated calibrations. This is due
to the feeding system being designed for larger volumes used in commercial hatcheries. We
therefore switched to completely manual feeding by measuring precise amounts of feed
pellets in calibrated measuring cups two times a day for each temperature interval. In
addition, it turned out that the collection of waste feed was demanding. In the start of the
experiment it was discovered that some of the collected pellets were sandwiched lleéveen
sievescreen/net and the collection tank, and therefore not measured. This was corrected by
use of silicone glue. Because of these calibrations of equipment at the start of the feed
collection, we chose to disregard data collected during this perimathAr possible source of

error in the chosen setup is that waste feed pellets dissolve in the fish tanks, and may be
destroyed mechanically in the collection processsHairticularly applies to the @ groups

due to the effect of higher temperatures decomposing.It is therefore strongly

recommended to use more robust nondestructive techniques for further studies.

Small dorsal fin size, speed of operatiand partly worn and slippery finsnade height
measurement fadorsal finarea index calculatiochallenging.Even so the results show small
differences in mean valugbut greater variation, and no systematic differences between the

groups were recorded.

Thorstad, Rikardsen, Alp, and Okland (2018¢ntion th&a the catch, handling and tagging

procedures should have minimal effects onfisie in order not to measure artifacts not
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related to the intensions of the experiment. Furthermore Atlantic salmon is a good
experimental model because it exhibits few chamgédood chemistry in response to routine
sampling methodéHunn & Greer, 1991)In this experiment standard procedures and careful
handling were applied and there were no visual signs indicating welfare challenges or less

growth for PIT tagged fish.

More details
Fish stock and rearing conditions
Information from hatcherydata sheetSeptember 30 2013 (PHARMAQ Analytig,

Hayteknologisenteret i Bergen)

NATPase activity at a high level transition. Increase in ATPase activity since last sampling.
Variation up to smolt leve{40%). An improvement in smolt index (3.4) since the previous
sampling, but this is still a bit low. Nice decrease in condition factor down to good level.
Positive correlation between ATPase activity and weight (0.36) and between ATPase activity
and smoltindex (0.31), may indicate that fish group is still in progress. Estimated number
degree days with 24: 0 light is now approximately 400. Fish Group considered being seawater
skilled and in beginning of the smolt window. Fish Group is ready for sel@a@cordance

with the plan. o

Experiment setup figures and illustrations

UiB Aquaroom 11

9LDN
9LL
6LDN
11 12 6LL
4LDN
UiB Aquaroom 12 4LL

FIGURE I.Experimental setup
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Appendix Il

Descriptive statistics

Experimental conditions

TABLE |. Descriptive statistics based on daily temperature measurements in all tanks.
(2*LDN4/LL4= constant 4°C , 2*LDNG6/LL6= constant 6°C , 2*LDN9/LL9= constant 9°C).

Means, total number of observations (N), standard deviation (SD),asthrairor (SE),

minimum and maximum are included in the TABLE.

Temperature
Replicate tank no. Means N SD SE Min Max
4LDN Tank 3 4.5 95 1.04 011 41 9.5
4LDN Tank 7 4.4 95 1.06 0.11 4 9.5
4LL Tank 8 4.4 95 1.06 011 4.1 9.5
4LL Tank 4 4.4 95 106 011 4.1 9.5
6LDN Tank 5 6.4 95 069 0.07 55 9.5
6LDN Tank 6 6.5 95 0.71 0.07 53 9.5
6LL Tank 11 6.7 95 0.65 0.07 55 9.4
6LL Tank 12 6.7 95 0.64 0.07 5.9 9.4
9LDN Tank 1 9.7 95 057 0.06 8.9 12.6
9LDN Tank 9 9.0 95 0.24 0.02 8 9.5
oLL Tank 2 9.6 95 056 0.06 8.9 12.6
oLL Tank 10 9.1 95 0.20 0.02 8.7 9.6

TABLE II. Descriptive statistics based on daily measurements of oxygen saturation in all
tanks. Means, total number of observations (N), standard deviation (SD), standard error (SE),

minimum and maximum are included in the TABLE

Oxygen saturation

Replicate tank no. Means N SD SE Min Max
4LDN Tank 3 81.5 80 393 044 75 93
4LDN Tank 7 82.7 80 4.68 0.52 75 95
4LL Tank 8 81.9 80 4.18 047 73 91
4LL Tank 4 81.9 80 4.27 0.48 74 92
6LDN Tank 5 80.6 80 4.72 0.53 74 93
6LDN Tank 6 82.2 80 483 054 69 93
6LL Tank 11 77.8 80 8.61 0.96 64 101
6LL Tank 12 76.9 80 9.14 1.02 63 101
9LDN Tank 1 83.7 80 4.83 0.54 73 93
9LDN Tank 9 84.0 80 5.09 0.57 74 93
oLL Tank 2 82.4 80 471 0.3 70 99
oLL Tank 10 81.7 80 4.04 0.45 70 92
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TABLE Ill. Descriptive statistics based on measurements of weight for all fish
(Treatment+Replicate) at TO (day 0), T1 (d&8), T2 (day83), T3 (dayl124) and T4 (day
145 Means, total number of obsetians (N), standard deviation (SD), standard error (SE)
minimum and maimum are included in the TABLE

Weight g. all

Treatment Replicate Periord Means N SD SE Min Max

4L.DN a T0 966 20 13.0 29 731 1359
4LDN a T1 1195 20 17.7 4.0 974 1734
4LDN a T2 160.2 20 60.7 5.0 1244 2242
4LDN a T3 1971 20 292 6.5 1416 271.6
4LDN a T4 204.1 20 323 7.2 1431 281.2
4LDN b TO 821 20 114 25 94.1 100.6
4L.DN b T1 899 20 119 27 701 1109
4LDN b T2 102.1 20 165 3.7 1244 1894
4L.DN b T3 127.7 20 196 44 90.7 162.0
4L.DN b T4 140.7 18 250 59 941 180.6
4LL a TO 843 20 139 3.1 643 1048
4LL a T1 1134 20 16.3 3.7 847 1410
4LL a T2 1555 20 20.1 45 1112 1874
4LL a T3 201.6 20 29.2 6.5 137.3 249.6
4LL a T4 2135 20 342 7.6 1434 278.9
4LL b TO 87.2 20 18.7 4.2 56.3 1289
4LL b T1 109.3 20 195 44 68.6 1449
4LL b T2 1455 20 244 55 90.9 196.8
4LL b T3 186.3 19 349 8.0 105.0 254.6
4LL b T4 2008 19 310 7.1 155.0 267.7
6LDN a TO 872 20 131 29 71.6 122.6
6LDN a T1 1244 20 184 4.1 97.0 1624
6LDN a T2 168.6 20 264 5.9 1135 2139
6LDN a T3 239.2 20 48.6 109 1575 326.8
6LDN a T4 259.3 20 53.1 119 1804 360.5
6LDN b TO 849 20 182 41 555 1374
6LDN b T1 1205 20 238 53 729 183.0
6LDN b T2 1786 20 358 8.0 1099 2%45
6LDN b T3 246.5 20 56.8 12.7 131.3 34938
6LDN b T4 260.3 20 616 13.8 1355 360.9
6LL a T0 80.3 20 154 34 545 104.7
6LL a T1 111.7 20 21.2 4.7 68.5 148.7
6LL a T2 158.6 20 304 6.8 1084 2225
6LL a T3 2234 20 49.7 111 1585 3395
6LL a T4 248.3 20 509 114 1659 3421
6LL b T0 848 20 119 2.7 652 106.2
6LL b T1 1171 20 18,6 4.2 84.6 148.2
6LL b T2 1719 20 276 6.2 116.1 2259
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Weight g. all

Treatment Replicate Period Means N SD SE Min Max

6LL b T3 2516 20 438 9.8 164.6 3238
6LL b T4 269.6 20 49.3 11.0 1704 346.2
9LDN a TO 888 19 164 38 63.1 121.0
9LDN a T1 1232 12 172 5.0 986 1555
9LDN a T2 193.0 19 284 6.5 1457 2615
9LDN a T3 327.8 19 514 11.8 249.7 443.6
9LDN a T4 370.3 14 51.0 13.6 304.4 4928
9LDN b TO 81.7 20 109 24 594 1045
9LDN b T1 119.7 20 143 3.2 932 1439
9LDN b T2 1754 20 335 7.5 1011 2295
9LDN b T3 267.7 20 471 105 163.2 3544
9LDN b T4 2894 20 494 11.0 183.1 3823
oLL a TO 86.4 20 11.0 25 61.7 1093
oLL a T1 122.1 20 19.1 43 879 159.9
oLL a T2 187.4 20 333 7.5 130.6 262.2
oLL a T3 3209 20 62.2 139 2209 4554
oLL a T4 350.1 20 65.0 145 238.1 48838
oLL b T0 90.1 20 12.7 2.8 679 117.7
oLL b T1 1145 41 19.7 3.1 685 148.7
oLL b T2 186.7 20 259 5.8 1335 2435
oLL b T3 303.7 20 43.7 9.8 231.6 409.7
oLL b T4 336.5 18 43.8 10.3 255.6 443.6
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Response variables
TABLE IV. Descriptive statistics based on measurements of weight at TO (day 0), T4Zday2 (day83), T3 (dayl24) and T4 (dayl45. Means, total humber of
observations (N), standard deviation (SD) and standard errpfdS&ach group are included in the TABLE.

Weight TO Weight T1 Weight T2 Weight T3 Weight T4
Treatmeni Means N SD SE Means N SD SE Means N SD SE Means N SD SE Means N SD SE
4LDN 89.4 40 122 27| 1047 400 148 3.3 88.8 40.0 120 27| 1115 35 17.1 35 1379 40 20.8 4.7
4LL 85.8 40 163 36| 1114 400 179 40| 1505 | 400 223 50| 1939 39 321 73 207.2 20 326 7.4
6LDN 86.1 40 157 35| 1225 400 211 4.7| 1736 | 40.0 311 7.0| 2428 40 527 118 259.8 40 573 128
6LL 82.6 40 136 30| 1144 400 199 45| 1653 | 40.0 29.0 65| 2375 40 46.8 105 2589 40 50.1 11.2
9LDN 85.3 40 136 3.1 | 1215 32 158 41| 184.2 | 40.0 309 7.0| 297.7 39 492 11.2 329.8 34 50.2 123
oLL 88.2 40 119 27| 1183 31 194 3.7| 1870 | 40.0 296 6.6| 3123 40 53.0 11.8 343.3 38 544 124

TABLE V. Descriptive statistics based on measurements of length at TO (day 0), BR)d&Y (day83), T3 (day 84) and T4 (dai45). Means, total number of observations
(N), standard deviation (SD) and standard error (SE) for each group are irndltlded ABLE.

Length TO Length T1 Length T2 Length T3 Length T4
Treatmen|{ Means N SD SE Means N SD SE Means N SD SE Means N SD SE Means N SD SE
4LDN 20.5 40 12 0.2 21.7 40 1.2 0.2 22.6 40 1.7 0.3 23.8 40 2.2 0.3 24.5 38 21 0.3
4LL 20.1 40 14 0.2 21.7 40 1.3 0.2 23.5 40 14 0.2 25.3 39 16 0.2 25.9 39 14 0.2
6LDN 20.2 40 14 0.2 22.6 40 14 0.2 24.6 40 16 0.3 27.1 40 2.1 0.3 27.7 40 24 04
6LL 20.0 40 1.1 0.2 22.1 40 1.2 0.2 24.2 40 14 0.2 26.9 40 1.8 0.3 27.8 40 20 0.3
9LDN 20.2 39 12 0.2 22.5 39 1.2 0.2 25.1 39 14 0.2 29.0 39 19 0.3 30.1 34 21 04
oLL 20.4 40 09 01 22.8 40 1.0 0.2 25.1 40 14 0.2 29.3 40 1.8 0.3 30.7 38 18 0.3

TABLE VI. Descriptive statistics based on calculated SGR frorTT@day 042), T1:-T2 (day 4283), T2T3 (day 83124), T3T4 (dayl24-145)and Overall TOT4 (day O
145). Means, total number of observations (N),standard deviation (SD) and standard error (SE) for each group are thelGd&L .

SGR TO 1 SGR T% 2 SGR T2 3 SGR T3 4 Overall TG 4
Treatmenl Means N SD SE Means N SD SE Means N SD SE Means N SD SE Means N SD SE
4LDN 0.35 40 0.18 0.03 0.52 40 0.25 0.04 051 40 0.16 0.03 0.29 38 0.19 0.03 044 38 0.12 0.02
4LL 0.62 39 0.18 0.03 0.74 39 0.16 0.03 0.61 39 0.20 0.03 0.26 38 0.13 0.02 0.60 38 0.12 0.02
6LDN 0.82 40 0.32 0.05 0.85 40 0.18 0.03 0.80 40 0.18 0.03 032 40 0.14 0.02 0.75 40 0.13 0.02
6LL 0.77 40 0.13 0.02 0.87 40 0.31 0.05 0.87 40 0.20 0.03 042 40 0.39 0.06 0.78 40 0.11 0.02
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SGR TG 1 SGR T2 SGR T2 3 SGR T34 Overall TG 4
9LDN 073 19 0.26 0.06 1.15 19 0.18 0.04 129 19 013 0.03 032 14 0.16 0.04 090 34 0.13 0.02
OLL 078 19 0.24 0.05 1.03 19 0.30 0.07 132 19 0.10 0.02 042 19 0.15 0.03 094 38 0.09 0.02

TABLE VII. Descriptive statistics based on measurements of CF at TO (day 0), T42jdag (day83), T3 (day 84)yand T4 (day 125). Means, total number of observations

(N), standard deviation (SD) and standard error (SE) for each group are included in the TABLE.

CFTO CF T1 CF T2 CF T3 CF T4
Treatmen{ Means N SD SE Means N SD SE Means N SD SE Means N SD SE Mears N SD SE
4LDN 1.03 40 0.05 0.01 1.01 40 0.07 0.01 1.10 40 0.07 0.01 1.19 40 0.20 0.03 1.16 38 0.06 0.01
4LL 1.05 40 0.07 0.01 1.09 40 0.07 0.01 1.16 40 0.09 0.01 1.19 39 0.05 0.01 1.18 39 0.05 0.01
6LDN 1.04 40 0.07 0.01 1.06 40 0.05 0.01 1.16 40 0.07 0.01 121 40 0.06 0.01 1.20 40 0.13 0.02
6LL 1.02 40 0.05 0.01 1.05 40 0.11 0.02 1.16 40 0.05 0.01 1.20 40 0.10 0.02 120 40 0.16 0.03
9LDN 1.03 39 0.05 0.01 1.05 39 0.07 0.01 1.16 39 0.12 0.02 120 39 0.06 0.01 1.17 34 0.05 0.01
oLL 1.03 40 0.05 0.01 1.04 40 0.07 0.01 1.18 40 0.08 0.01 123 40 0.08 0.01 1.19 38 0.09 0.01

TABLE VIIl. Descriptive statistics based on calculated FCR, FCH-&ftbm 42 days.

Feed conversion efficiency (FCEjeedconversionFC)
Gr Replicate FCE FC
4LD a 1.1 0.13
4L.D b 0.60 0.16
41LL a 1.20 0.14
4LL b 1.2 0.13
6LD a 0.82 0.24
6LD b 0.87 0.24
6LL a 0.86 0.24
6LL b 0.92 0.23
9LD a 0.63 0.41
9LD b 0.65 0.35
oLL a 0.67 0.38
oLL b 0.66 0.37
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TABLE IX. Descriptive statistics based on measuremenksoafd Na™ at TO (day 0), T1 (day 30), T2 (day 71) and T3 (day 113). Means, total number of observations (N),
standard deviation (SD) and standard error (SE) for each group are included in the TABLE.

Na’ TO Na T1 Na T2 Na T3
Treatment Means N SD SE Means N SD SE Means N SD SE Means N SD SE
4LDN 149.42 12 131 0.38 155.83 12 4.06 1.17 157.33 12 7.90 2.28 155.67 12 2.64 0.76
4LL 149.42 12 131 0.38 153.70 10 3.09 0.98 155.75 12 4.18 1.21 152.36 11  3.17 0.96
6LDN 149.42 12 131 0.38 154.42 12 5.30 1.53 152.92 12 353 1.02 152.67 12 1.87 0.54
6LL 149.42 12 131 0.38 151.27 11 2.05 0.62 151.50 12 278 0.80 152.50 12 2.88 0.83
9LDN 149.42 12 131 0.38 153.33 12 412 1.19 151.83 12 1.59 0.46 150.36 11  2.06 0.62
oLL 149.42 12 131 0.38 152.75 12 293 0.84 152.00 12 4.26 1.23 150.17 12 1.19 0.34

TABLE X. Descriptive statistics based on measurements of blood Glac®8gday 0), T1 (day 30), T2 (day 71) and T3 (day 113). Means, total number of observations (N),
standard deviation (SD) and standard ef&&t) for each group are included in the TABLE.

Glu TO Glu TO Glu TO Glu TO
Treatmen{ Means N SD SE Means N SD SE Means N SD SE Means N SD SE
4LDN 66.25 12 4.20 1.21 71.92 12 9.39 2.71 95.45 11 19.92 6.01 86.17 12 12.94 3.74
4LL 66.25 12  4.20 1.21 78.(0 11 13.52 4.08 97.42 12 13.77 3.97 92.67 12 9.22 2.66
6LDN 66.25 12  4.20 1.21 97.25 12 12.98 3.75 94.65 12 17.70 5.11 85.33 12 8.75 2.53
6LL 66.25 12 4.20 1.21 92.45 11 6.33 1.91 93.67 12 17.92 5.17 81.92 12 11.33 3.27
9LDN 66.25 12 4.20 1.21 103.64 11 13.34 4.02 89.67 12 10.13 2.92 81.27 11 9.49 2.86
oLL 66.25 12 4.20 1.21 97.75 12 11.26 3.25 90.17 12 9.65 2.78 83.58 12 6.19 1.79

TABLE XI. Descriptive statistics based on measurements of bl@ag} at TO (day 0), T1 (day 30), T2 (day 71) and T3 (81a28). Means, total number of observations (N),
standard deviation (SD) and standard error (SE) for each group are included in the TABLE.

pCO, TO pCO, T1 pCO, T3 pCO, T4
Treatmen{ Means N SD SE Means N SD SE Means N SD SE Means N SD SE
4LDN 11.19 12 1.2 0.37 9.00 12 1.86 0.54 7.70 11  2.63 0.79 491 11 1.44 0.43
4LL 11.19 12 1.29 0.37 8.99 11 2.07 0.62 7.83 10 2.70 0.85 4.48 11 1.79 0.54
6LDN 11.19 12 1.29 0.37 10.61 12 2.68 0.77 8.63 11  2.10 0.63 5.74 10 2.07 0.66
6LL 11.19 12 1.29 0.37 8.84 11  2.26 0.68 7.31 11 2.70 0.82 5.94 11 1.40 0.42
9LDN 11.19 12 1.29 0.37 12.81 12 3.01 0.87 12.03 12 4.03 1.16 7.68 11 1.61 0.49
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pCO, TO pCO, T1 pCO, T3 pCO, T4

oL | 1119 12 129 037 | 1254 12 304 088 | 1117 12 416 120 | 7.88 12 208  0.60

TABLE XII. Descriptive statistics based on measurets®f bloodHCO; at TO (day 0), T1 (day 30), T2 (day 71) and T3 (day 113). Means, total number of observations (N),
standard deviation (SD) and standard error (SE) for each group are included in the TABLE.

HCO; TO HCO; T1 HCO; T2 HCO; T3
Treatmen{ Means N SD SE Means N SD SE Means N SD SE Means N SD SE
4LDN 7.00 12 1.30 0.37 6.16 12 1.52 0.44 5.17 11 155 0.47 414 11 1.69 0.51
4LL 7.00 12 1.30 0.37 6.22 11 1.29 0.39 6.36 10 2.26 0.72 4.01 11 2.12 0.64
6LDN 7.00 12 1.30 0.37 7.41 12 242 0.70 6.24 11 1.67 0.50 4.73 10 2.02 0.64
6LL 7.00 12 1.30 0.37 5.75 11 131 0.39 5.02 11 172 0.52 4.54 11 1.01 0.30
9LDN 7.00 12 1.30 0.37 7.95 12 2.35 0.68 9.17 12 3.03 0.88 6.19 11 1.87 0.56
oLL 7.00 12 1.30 0.37 8.14 12 224 0.65 7.91 12 290 0.84 7.34 12 2.55 0.73

TABLE XIII. Descriptivestatistics based on measurements of Dorsal fin index T3 (day 113). Means, total number of observations (N), standarb®\aatiostandard
error (SE) for each group are included in the TABLE.

Dorsal fin index
Treament Means n SD SE Min Max
4LDN 0.27 12 0.04 0.01 0.21 0.35
4LL 0.30 12 0.08 0.02 0.19 0.42
6LDN 0.30 12 0.07 0.02 0.16 041
6LL 0.31 12  0.07 0.02 0.19 0.40
9LDN 0.30 12  0.07 0.02 0.19 0.39
9LL 0.27 12  0.07 0.02 0.14 0.40
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TABLE XIV . Descriptie statistics based on measurements of Hepstanatic index T3 (day 113). Means, total number of observations (N), standard deviation (SD) and
standard error (SE) for each group are included in the TABLE

Hepato- somatic index

Treatment Means n SD SE Min Max

4L.DN 1.75 12 042 0.12 1.19 2.71
4LL 1.47 12 035 0.10 1.07 2.06
6LDN 1.29 12 0.20 0.06 0.88 1.60
6LL 1.36 12 019 0.05 1.13 1.74
9LDN 1.29 12 021 0.06 1.05 1.76
oLL 1.32 12 024 0.07 1.09 1.75

TABLE XV. Descriptivestatistics based on measorents of Cardie somatic index T3 (day 113). Means, total number of observations (N), standard deviation (SD) and
standard error (SE) for each group are included in the TABLE

Cardio- somatic index

Treatment Means n SD SE Min Max

4LDN 0.15 12 0.02 0.01 0.12 0.22
4LL 0.14 12 0.02 0.01 0.11 0.17
6LDN 0.13 12 0.02 0.01 0.11 0.18
6LL 0.14 12 0.02 0.01 0.11 0.17
9LDN 0.14 12 0.01 0.00 0.13 0.15
oLL 0.13 12 0.02 0.00 0.11 0.16
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ANOVA
Two-way factorial ANOVA

Weight
TABLE XVI. Test results from twoway factorial ANOVA on weight data from TO (day 0). .
Weight TO Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 1765333.53 1 1765333.53 8297.911 <0.001
Temperature 405.90 2 202.95 0.954 0.387
Photoperiod 117.18 1 117.18 0.551 0.459
Temperature®hotoperiod 593.93 2 296.97 1.396 0.250
Error 49356.68 232 212.74
TABLE XVII. Test results from twownay factorial ANOVA on weight data from T1 (day 42). .
Weight T1 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 3202105.06 1 3202105.06 8652.736 <0.001
Temperature 8364.69 2 4182.34 11.302 <0.001
Photoperiod 1477 1 14.77 0.040 0.842
Temperature*Photoperiod 2353.35 2 1176.67 3.180 0.043
Error 85855.90 232 370.07
TABLE XVIII . Test results from twaonay factorial ANOVA on weight déa from T2 (day 83). .
Weight T2 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 6496620.26 1 6496620.26 7090.973 <0.001
Temperature 81096.75 2 40548.37 44.258 <0.001
Photoperiod 1316.70 1 1316.70 1.437 0.232
Temperature*Photoperiod 7718.49 2 3859.24 4212 0.016
Error 212554.18 232 916.18
TABLE XIX. Test results from twoway factorial ANOVA on weight data from T3 (day 84). .
Weight T3 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 13816608.34 1 13816608.34 5823.203 <0.001
Temperature 632849.45 2 316424.72 133.362 <0.001
Photoperiod 11786.99 1 11786.99 4.968 0.027
Temperature*Photoperiod 13985.03 2 6992.52 2.947 0.054
Error 550462.22 232 2372.68
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TABLE XX. Test results from twoway factorial ANOVA on weight daéa from T4 (day 145). .
Weight T4 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 15502843.73 1 15502843.73 5866.536  <0.001
Temperature 747194.17 2 373597.08 141.375 <0.001
Photoperiod 18293.69 1 18293.69 6.923 0.009
Temperature*Photoperiod 11985.07 2 5992.54 2.268 0.106
Error 586654.79 222 2642.59

Length

TABLE XXI. Test results from twoway factorial ANOVA on length data from TO (day 0). .

Length TO Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 97193.34 1 97193.34 67680.000 <0.001
Temperature 1.89 2 0.95 0.659 0.518
Photoperiod 0.71 1 0.71 0.491 0.484
Temperature*Photoperiod 5.08 2 2.54 1.769 0.173
Error 333.17 232 1.44

TABLE XXII. Test results from twoway factorial ANOVA on length data from T1 (day 42). .
Length T1 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 117684.9 1 117684.9 76532.314 <0.001
Temperature 39.9 2 20.0 12.978 <0.001
Photoperiod 0.4 1 0.4 0.242 0.623
Temperature*Photoperiod 4.6 2 2.3 1.488 0.228
Error 356.7 232 15

TABLE XXIIl. Test results from twoway factorial ANOVA on length data from T2 (day83). .

Length T2 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 139053.3 1 139053.3 62411.739 <0.001
Temperature 163.6 2 81.8 36.704 <0.001
Photoperiod 11 1 11 0.500 0.480
Temperature*Photoperiod 16.8 2 8.4 3.760 0.025
Error 516.9 232 2.2

TABLE XXIV. Test results from twoway factorial ANOVA on length data from T3 (day 124).

Length T3 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 172112.6 1 172112.6 47245.434 <0.001
Temperature 858.4 2 429.2 117.811 <0.001
Photoperiod 19.5 1 19.5 5.346 0.022
Temperature*Photoperiod 27.5 2 13.7 3.774 0.024
Error 845.2 232 3.6

71



TABLE XXV. Test results from twawvay factorial ANOVA on lengh data from T4 (day 145). .

Length T4 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 175507.9 1 175507.9 44712.360 <0.001
Temperature 976.8 2 488.4 124.429 <0.001
Photoperiod 26.6 1 26.6 6.789 0.010
Temperature*Photoperiod 204 2 10.2 2.604 0.076
Error 871.4 222 3.9

Condition Factor (CF)
TABLE XXVI. Test results from twawvay factorial ANOVA on CF data from TO (day 0). .

CF TO Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 255.3677 1 255.4 73550.248 <0.001
Temp 0.0055 2 0.0 0.787 0.457
Lys 0.0000 1 0.0 0.005 0.943
Temp*Lys 0.0194 2 0.0 2.793 0.063
Error 0.8055 232 0.0

TABLE XXVII. Test results from twoway factorial ANOVA on CF data from T1 (day 42). .

CF T1 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 256.2410 1 256.2 58220.334 <0.001
Temp 0.0243 2 0.0 2.765 0.065
Lys 0.0002 1 0.0 0.037 0.848
Temp*Lys 0.2108 2 0.1 23.952 <0.001
Error 1.0211 232 0.0

TABLE XXVIII . Test results from twowvay factorial ANOVA on CF data from T2 (d®3). .

CF T2 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 316.2137 1 316.2 46533.324 <0.001
Temp 0.0696 2 0.0 5.122 0.007
Lys 0.0387 1 0.0 5.700 0.018
Temp*Lys 0.0277 2 0.0 2.037 0.133
Error 1.5765 232 0.0

TABLE XXIX. Test resuk from twe way factorial ANOVA on CF data from T3 (day 124). .

CF T3 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 345.3576 1 345.4 31905.807 <0.001
Temp 0.0220 2 0.0 1.018 0.363
Lys 0.0033 1 0.0 0.301 0.584
Temp*Lys 0.0102 2 0.0 0.472 0.624
Error 25112 232 0.0
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TABLE XXX. Test results from twawvay factorial ANOVA on length data from T4 (day 145). .

CF T4 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 318.7184 1 318.7 30728.766  <0.001
Temp 0.0487 2 0.0 2.349 0.098
Lys 0.0071 1 0.0 0.688 0.408
Temp*Lys 0.0042 2 0.0 0.204 0.815
Error 2.3026 222 0.0
SGR
TABLE XXXI. Test results from twoway factorial ANOVA on SGR data from T-I2. .
SGR 12 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 1140561 1 114.1 1938.820 <0.001
Temperature 4.9459 2 25 42.037 <0.001
Photoperiod 0.2234 1 0.2 3.798 0.053
Temperature*Photoperiod 1.2907 2 0.6 10.970 <0.001
Error 13.6480 232 0.1
TABLE XXXII. Test results from twawvay factorial ANOVA on SGR datdrom T2-T3. .
SGR 23 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 166.0921 1 166.1 2541.303  <0.001
Temperature 6.0110 2 3.0 45.986 <0.001
Photoperiod 0.3898 1 0.4 5.963 0.015
Temperature*Photoperiod 0.6028 2 0.3 4.612 0.011
Error 15.1628 232 0.1
TABLE XXXIII. Test results from twoway factorial ANOVA on SGR data from T-34. .
SGR 34 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 26.76126 1 26.8 571.096 <0.001
Temperature 0.57283 2 0.3 6.112 0.003
Photoperod 0.12821 1 0.1 2.736 0.100
Temperature*Photoperiod 0.17046 2 0.1 1.819 0.165
Error 10.40281 222 0.0
TABLE XXXIV. Test results from twoway factorial ANOVA on SGR data from T-I'5. .
SGR 15 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 122.7440 1 122.7 8818.291  <0.001
Temperature 5.9334 2 3.0 213.136 <0.001
Photoperiod 0.3343 1 0.3 24.014 <0.001
Temperature*Photoperiod 0.2262 2 0.1 8.124 <0.001
Error 3.0901 222 0.0
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Na’
TABLE XXXV . Test results from twanay factorial ANOVA on Na' data TO. .
Na' TO Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 6566031 1 6566031.3 497304.400 <0.001
Temperature 323 2 161.3 12.215 <0.001
Photoperiod 75 1 75.1 5.685 0.018
Temperature*Photoperiod 32 2 15.9 1.206 0.301
Error 3591 272 13.2

TABLE XXXVI . Test results from twoway factorial ANOVA on Na' data T1. .
Na" T1 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 1619108 1 1619107.5 113365.010 <0.001
Temperature 50 2 24.9 1.746 0.183
Photoperiod 66 1 65.5 4.587 0.036
Temperature*Photoperiod 20 2 9.8 0.685 0.508
Error 900 63 14.3

TABLE XXXVII . Test results from twoway factorial ANOVA on Na' data T2. .

Na" T2 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 1697710 1 1697710.2 84342.397 <0.001
Temperature 322 2 161.0 7.999 0.001
Photoperiod 16 1 16.1 0.798 0.375
Temperature*Photoperiod 11 2 5.6 0.278 0.758
Error 1329 66 20.1

TABLE XXXVIII. Test results from twaoway factorial ANOVA on Na' data T3. .

Na" T3 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 1640368 1 1640367.7 286889.439 <0.001
Temperature 163 2 81.6 14.279 <0.001
Photoperiod 24 1 23.6 4.119 0.046
Temperature*Photoperiod 41 2 20.3 3.552 0.034
Error 372 65 5.7
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Glucose
TABLE XXXIX. Test results from twoway factorial ANOVA on glucose data TO. .

Glu TO Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 1985405 1 1985405.2 7569.773 <0.001
Temperature 565 2 282.7 1.078 0.342
Photoperiod 9 1 9.0 0.034 0.853
Tempeature*Photoperiod 556 2 278.0 1.060 0.348
Error 71340 272 262.3
TABLE XL. Test results from twawvay factorial ANOVA on glucose data T1. .
Glu T1 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 560115.4 1 560115.4 4288.890 <0.001
Temperature 8325.7 2 4162.9 31.876 <0.001
Photoperiod 38.9 1 38.9 0.298 0.587
Temperature*Photoperiod 510.7 2 2554 1.955 0.150
Error 8227.6 63 130.6
TABLE XLI. Test results from twoway factorial ANOVA on glucose data T2. .
Glu T2 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 622528.3 1 622528.3 2636.990 <0.001
Temperature 539.5 2 269.8 1.143 0.325
Photoperiod 0.3 1 0.3 0.001 0.973
Temperature*Photoperiod 49.5 2 24.7 0.105 0.901
Error 15344.9 65 236.1
TABLE XLII. Test esults from tweway factorial ANOVA on glucose data T3.
Glu T3 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 519127.8 1 519127.8 5294.293 <0.001
Temperature 701.8 2 350.9 3.579 0.033
Photoperiod 78.3 1 78.3 0.799 0.375
Temperature*Rotoperiod 250.9 2 125.5 1.280 0.285
Error 6471.6 66 98.1
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pCQ,

TABLE XLIII . Test results from twoway factorial ANOVA on pCO2 data T1. .

pCO, T1 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 7656.209 1 7656.2 1188.345 <0001
Temperature 179.428 2 89.7 13.925 <0.001
Photoperiod 8.111 1 8.1 1.259 0.266
Temperature*Photoperiod 10412 2 5.2 0.808 0.450
Error 412.336 64 6.4
TABLE XLIV . Test results from twoway factorial ANOVA on pCQO, data T2. .
pCO, T2 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 5543.237 1 5543.2 544.599 <0.001
Temperature 214.057 2 107.0 10.515 <0.001
Photoperiod 7.849 1 7.8 0.771 0.383
Temperature*Photoperiod 5.878 2 2.9 0.289 0.750
Error 620.893 61 10.2
TABLE XLV. Tes results from tweway factorial ANOVA on pCO; data T3. .
pCO, T3 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 2459.527 1 2459.5 783.761 <0.001
Temperature 111.812 2 55.9 17.815 <0.001
Photoperiod 0.092 1 0.1 0.029 0.865
TemperaturePhotoperiod 2.287 2 1.1 0.364 0.696
Error 191.425 61 31
HCOy
TABLE XLVI. Test results from twoway factorial ANOVA on HCO; data T1. .
HCO3; T1 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 3363.760 1 3363.8 899.643 <0.001
Temperature 45.005 2 22.5 6.018 0.004
Photoperiod 3.866 1 3.9 1.034 0.313
Temperature*Photoperiod 12.372 2 6.2 1.654 0.199
Error 239.296 64 3.7
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TABLE XLVII. Test results from twawvay factorial ANOVA on HCO; data T2. .

HCO3; T2 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 2947.918 1 2947.9 558.965 <0.001
Temperature 124.728 2 62.4 11.825 <0.001
Photoperiod 3.142 1 31 0.596 0.443
Temperature*Photoperiod 21.326 2 10.7 2.022 0.141
Error 321.707 61 53

TABLE XLV Il. Test results from twoway factorial ANOVA on HCO; data T3. .

HCO3; T3 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 1774.214 1 1774.2 477.100 <0.001
Temperature 92.030 2 46.0 12.374 <0.001
Photoperiod 1.454 1 15 0.391 0.534
Temperatre*Photoperiod 6.182 2 31 0.831 0.440
Error 226.843 61 3.7
TABLE XLIX . Test results from twanay factorial ANOVA on Dorsal fin indexdata T3. .

Dorsal fin index T3 Two- way factorial ANOVA
Effect SS DF MS F p
Intercept 6,216 1 6,2 1352,812 0,000
Temperature 0,007 2 0,0 0,745 0,478
Photoperiod 0,000 1 0,0 0,014 0,905
Temperature*Photoperio¢ 0,008 2 0,0 0,897 0,413
Error 0,303 66 0,0

TABLE L. Test results from twowvay factorial ANOVA on Hepato- somatic indexiata T3. .
Hepato - somatic index T3 Two- way factorial ANOVA

Effect SS DF MS F p
Intercept 143,647 1 143,6 1839,468 0,000
Temperature 1,420 2 0,7 9,090 0,000
Photoperiod 0,068 1 0,1 0,875 0,353
Temperature*Photoperiog 0,470 2 0,2 3,008 0,056
Error 5,154 66 0,1

TABLE LI. Test results from twaonay factorial ANOVA on Cardio- somatic index data T3. .
Cardio - somatic index T3 Twe way factorial ANOVA

Effect SS DF MS F p
Intercept 1,368 1 1,4 4350,459 0,000
Temperature 0,002 2 0,0 3,345 0,041
Photoperiod 0,000 1 0,0 0,734 0,395
Temperature*Photoperiog 0,001 2 0,0 2,322 0,106
Error 0,021 66 0,0
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One-way ANOVA

Weight
TABLE LII. Test results from orevay ANOVA on calculated weight data 4LDN from-T@ (day
0-145).

Weight Overall 4LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 3455793 1 3455793 3035.983 <0.001
Time 206656 4 51664 45.388 <0.001
Error 219688 193 1138

TABLE LIII. Test results from onavay ANOVA on calculated weight data 4LL from et (day O
145).

Weight Overall 4LL (TO-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 4353875 1 4353875 6644.207 <0.001
Time 423699 4 105925 161.646 <0.001
Error 123850 189 655

TABLE LIV. Test results from onavay ANOVA on calculated weight data 6LDN from-T@ (day
0-145)

Weight Overall 6LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 6262710 1 6262710 4097.863 <0.001
Time 897726 4 224431 146.852 <0.001
Error 298016 195 1528

TABLE LV. Test results from onevay ANOVA on calculated weight data 6LL fron®-T4 (day O
145).

Weight Overall 6LL (TO-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 5898924 1 5898924 4640.669  <0.001
Time 928664 4 232166 182.644 <0.001
Error 247872 195 1271

TABLE LVI. Test results from onavay ANOVA on calculated weht data 9LDN from Tar4 (day
0-145).

Weight Overall 9LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 7716859 1 7716859 4505.791 <0.001
Time 1649437 4 412359 240.772 <0.001
Error 316841 185 1713
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TABLE LVII. Test results from onrevay ANOVA on calculated weight data 9LL from T34 (day O
145).
Weight Overall 9LL (TO-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 8800121 1 8800121 6095.886  <0.001
Time 2013298 4 503325 348.655 <0.001
Error 278618 193 1444
Length
TABLE LVIII . Test results from onavay ANOVA on calculated length data 4LDN from-T@ (day
0-145).
Length Overall 4LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 101243.8 1 101243.8 34741.016 <0.001
Time 403.7 4 100.9 34.630 <0.001
Error 562.4 193 2.9

TABLE LVIX. Test results from onevay ANOVA on calculated length data 4LL from-T@ (day

0-145).

Length Overall 4LL (TO-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 105126.6 1 105126.6 52118.029 <0.001
Time 940.1 4 235.0 116.520 <0.001
Error 381.2 189 2.0

TABLE LX. Test results from oravay ANOVA on calculated length data 6LDN from-T@ (day

0-145).

Length Overall 6LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 119371.8 1 119371.8 35927.908 <0.001
Time 1582.9 4 395.7 119.103 <0.001
Error 647.9 195 3.3

TABLE. LXI. Test results from orevay ANOVA on calculated length data 6LL from-T@ (day O

145).

Length Overall 6LL (TO-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 117205.5 1 117205.5 48062.649 <0.001
Time 1680.9 4 420.2 172.322 <0.001
Error 475.5 195 24
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TABLE LXIl. Test results from oravay ANOVA on calculated length data 9LDN from-T@ (day

0-145).

Length Overall 9LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 121926.8 1 1219%6.8 48258.929 <0.001
Tid 2642.3 4 660.6 261.460 <0.001
Error 467.4 185 2.5

TABLE LXIII . Test results from orevay ANOVA on calculated length data 9LL from-T& (day O

145).

Weight Overall 9LL (TO-T4) One- way ANOVA
Effect SS DF MS F p
Intercep 130256.0 1 130256.0 64645.356  <0.001
Tid 2931.3 4 732.8 363.693 <0.001
Error 388.9 193 2.0

Condition Factor (CF)
TABLE LXIV . Test results from orevay ANOVA on calculated CF data 4LDN from i@l (day O

145).

CF Overall 4LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 238.8618 1 238.9 20966.097 <0.001
Time 0.9934 4 0.2 21.799 <0.001
Error 2.1988 193 0.0

TABLE LXV. Test results from onavay ANOVA on calculated CF data 4LL from TGl (day O

145).

CF Overall 4LLL (TO -T4) One- way ANOVA
Effect SS DF MS F p
Intercept 249.7063 1 249.7063 51933.94 0.00
Time 0.5752 4 0.1438 29.91 0.00
Error 0.9087 189 0.0048

TABLE LXVI. Test results from onavay ANOVA on calculated CF data 6LDN from i@l (day O

145).

CF Overall 6LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 256.9246 1 256.9246 38702.09 0.00
Time 0.9994 4 0.2499 37.64 0.00
Error 1.2945 195 0.0066
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TABLE LXVII. Test results from onavay ANOVA on calculated CF data 6LL from I8} (day O

145).

CF Overall 6LL (TO-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 253.7371 1 253.7371 24553.26 0.00
Time 1.1853 4 0.2963 28.67 0.00
Error 2.0152 195 0.0103

TABLE LXVIII . Test results from orevay ANOVA on calculated CF data 9LDN from @ (day

0-145).

CF Overall 9LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 239.1087 1 239.1087 41910.38 0.00
Time 0.9362 4 0.2341 41.03 0.00
Error 1.0555 185 0.0057

TABLE LXIX. Test results from onavay ANOVA on calculated CF data 9LL fron®iT4 (day O
145).

CF Overall 9LL (TO-T4) One- way ANOVA

Effect SS DF MS F p
Intercept 253.9367 1 253.9367 45923.02 0.00
Time 1.3704 4 0.3426 61.96 0.00
Error 1.0672 193 0.0055

Sodium ion N&

TABLE LXX. Test results from orevay ANOVA on calcultedNa" data 4LDN from T@T4 (day
0-113).

Na" Overall 4LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 1146699 1 1146699.2 52343.492 <0.001
Time 444 3 148.0 6.754 0.001
Error 964 44 21.9

TABLE LXXI. Test results from oravay ANOVA oncalculatedNa™ data 4LL from T@T4 (day O
113).

Na" Overall 4LL (TO-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 1044821 1 1044820.5 107683.096 <0.001
Time 252 3 84.0 8.656 <0.001
Error 398 41 9.7
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TABLE LXXII. Test results from oravay ANOVA on calculatedNa’ data 6LDN from TOT4 (day

0-113).

Na" Overall 6LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 1135248 1 1135247.8 100172.699 <0.001
Time 158 3 52.8 4.660 0.006
Error 510 45 11.3

TABLE LXXIIl . Test resultsrtbm one way ANOVA on calculatedNa’ data 6LL from TOT4 (day

0-113).

Na" Overall 6LL (TO -T4) One- way ANOVA
Effect SS DF MS F p
Intercept 1072571 1 1072571.2 194520.688 <0.001
Time 60 3 19.8 3.599 0.021
Error 237 43 55

TABLE LXXIV . Test reslts from one way ANOVA on calculatedNa” data 9LDN from T@T4 (day

0-113).

Na" Overall 9LDN (T0-T4) One- way ANOVA
Effect SS DF MS F p
Intercept 1073485 1 1073485.1 167369.909 <0.001
Time 105 3 35.0 5.464 0.003
Error 276 43 6.4

TABLE LXXV . Test results from onavay ANOVA on calculated Na+ data 9LL from-li@! (day

0-113).
Na" Overall 9LL (TO -T4) One- way ANOVA
Effect SS DF MS F p
Intercept 1095656 1 1095656.3 146605.814 <0.001
Time 87 3 28.9 3.873 0.015
Error 329 44 7.5
Glucose
TABLE LXXVI . Test results from on@vay ANOVA on calculated glucose data 4LDN from-T®
(day 0113).
Glu Overall 4LDN (T0-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 299975.2 1 299975.2 1849.691 <0.001
Time 6129.5 3 2043.2 12.599 <0.001
Error 6973.6 43 162.2
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TABLE LXXVII . Test results from onavay ANOVA on calculated glucose data 4LL from-T8

(day G113).

Glu Overall 4LL (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 328062.8 1 328062.8 2797.426 <0.001
Time 7222.7 3 2407.6 20.529 <0.001
Error 5042.7 43 117.3

TABLE LXXVIIIl . Test results from onavay ANOVA on calculated glucose data 6LDN from-TO

(day 0113).

Glu Overall 6LDN (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 361362.1 1 361362.1 2457.139 <0.001
Time 7370.5 3 2456.8 16.706 <0.001
Error 6618.0 45 147.1

TABLE LXXIX. Test results from onavay ANOVA on calculated glucose ddhL from TO-T4

(day 0113).

Glu Overall 6LL (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 327795.3 1 3277953 2544920 <0.001
Time 5722.5 3 1907.5 14.809 <0.001
Error 5538.6 43 128.8

TABLE LXXX . Test results from onevay ANOVA on calculated glucose d&8BDN from TO-T4

(day 0113).

Glu Overall 9LDN (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercep 333335.0 1 333335.0 3496.832 <0.001
Time 8452.8 3 2817.6 29.558 <0.001
Error 4003.6 42 95.3

TABLE LXXXI . Test results from onevay ANOVA on calculated glucose data 9LL from-T@

(day 0113).

Glu Overall 9LL (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 342225.2 1 342225.2 4964.555 <0.001
Time 6498.7 3 2166.2 31.425 <0.001
Error 3033.1 44 68.9
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pCQ,

TABLE LXXXII . Test results from oravay ANOVA on calculatedpCO, data 4LDN from TET4

(day 0113).
pCO,4LDN TO - T3
Tid TO T1 T2 T3
TO 0.008 <0.001 <0.001
T1 0.008 0.103 <0.001
T2 <0.001 0.103 0.001
T3 <0.001 <0.001 0.001

TABLE LXXXIII . Test results from orevay ANOVA on calculate¢hCO; data 4LL from TOT4

(day 0113).
pCO,4LL TO -T3
Tid TO T1 T2 T3
TO 0.014 0.001 <0.001
T1 0.014 0.179 <0.001
T2 0.001 0.179 <0.001
T3 <0.001 <0.001 <0.001

TABLE LXXXIV. Test results from onavay ANOVA on calculatedpCQO, data 6LDN from TOT4

(day 0113).
pCO,6LDN TO - T3
Tid TO T1 T2 T3
TO 0.515 0.016 <0.001
T1 0.515 0.030 <0.001
T2 0.016 0.030 0.001
T3 <0.001 <0.001 0.001

TABLE LXXXV . Test results from orevay ANOVA on calculatedpCQ, data 6LL from TAT4

(day 0113).
pCO,6LDN TO - T3
Tid TO T1 T2 T3
TO 0.008 <0.001 <0.001
T1 0.008 0.076 0.004
T2 <0.001 0.076 0.108
T3 <0.001 0.004 0.108
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TABLE LXXXVI . Test results from oravay ANOVA on calculateghCO; data 9LDN from TOT4
(day G113).

pCO,9LDN TO - T3
Tid TO T1 T2 T3
TO 0.331 0.459 0.004
T1 0.331 0.494 <0.001
T2 0459 0.494 0.001
T3 0.004 <0.001 0.001

TABLE LXXXVII . Test results from ornevay ANOVA oncalculated pCO#®ata 9LL from T@T4
(day 0113).

pCO,9LL TO - T3
Tid T0 T1 T2 T3
T0 0.250 0.985 0.018
T1 0.250 0.469 0.001
T2 0.985 0.469 0.007
T3 0018 0.001 0.007
HCOy

TABLE LXXXVIIl . Test results from or@vay ANOVA on calculatedHCO; data 4LDN from TO
T4 (day G113).

HCO3 Overall 4LDN (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 1449.029 1 1449.0 630.308 <0.001
Time 52.283 3 174 7.581 <0.001
Error 96.555 42 2.3

TABLE LXXXIX . Test results from orevay ANOVA on calculatedHCO; data 4LL from TGT4
(day 0113).

HCOj3 Overall 4LL (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 1523.810 1 1523.8 482.773 <0.001
Time 57.048 3 19.0 6.025 0.002
Error 126.255 40 3.2

TABLE XC. Test results from orevay ANOVA on calculatedHCO; data 6LDN from TET4 (day
0-113).

HCO; Overall 6LDN (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 1838.863 1 1838.9 522.163 <0001
Time 49.777 3 16.6 4712 0.006
Error 147.908 42 3.5

TABLE XCI. Test results from orevay ANOVA on calculatedHCO; data6LL from TO-T4 (day O
113).
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HCO3 Overall 6LL (TO-T3) One- way ANOVA

Effect SS DF MS F p
Intercept 1396.617 1 1396.6 758890 <0.001
Time 39.742 3 13.2 7.198 0.001
Error 75.454 41 1.8

TABLE XCII. Test results from oravay ANOVA on calculatedHCO; data 9LDN from T@T4 (day

0-113).

HCO3 Overall 9LDN (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 2695.108 1 2695.1 538.521 <0.001
Time 57.333 3 19.1 3.819 0.016
Error 215.200 43 5.0

TABLE XCIII. Test results from orevay ANOVA on calculated HCO3lata 9LL from TOT4 (day

0-113).

HCO; Overall 9LL (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 2768.879 1 2768.9 512.740 <0.001
Time 9.769 3 3.3 0.603 0.617
Error 237.607 44 54
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SNK test

Weight by treatments

TABLE XCIV. p-values from SNK test, testing for differences in weight between treatments at T1

(day 42) .
Weight T1
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4LDN 0.114 <0.001 0.054 0.001 <0.001
4LL 0.114 0.046 0.464 0.086 0.047
6LDN <0.001 0.046 0.149 0.632 0.879
6LL 0.054 0.464 0.149 0.165 0.181
9LDN 0.001 0.086 0.632 0.165 0.803
9LL <0.001 0.047 0.879 0.181 0.803
TABLE XCV. pvalues from SNK test, testing for differences in weight between treatments at T2 (day
83) .
: Weight T1
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4LDN 0.004 <0.001 <0.001 <0.001 <0.001
4LL 0.004 0.002 0.030 <0.001 <0.001
6LDN <0.001 0.002 0.220 0.127 0.119
6LL <0.001 0.030 0.220 0.016 0.007
9LDN <0.001 <0.001 0.127 0.016 0.653
9LL <0.001 <0.001 0.119 0.007 0.653
TABLE XCVI. p-values from SNK test, testing for differences in weight between treatments at T3
(day 124) .
Weight T2
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4LDN 0.003 <0.001 <0.001 <0.001 <0.001
4LL 0.003 <0.001 <0.001 <0.001 <0.001
6LDN <0.001 <0.001 0.629 <0.001 <0.001
6LL <0.001 <0.001 0.629 <0.001 <0.001
9LDN <0.001 <0.001 <0.001 <0.001 0.160
9LL <0.001 <0.001 <0.001 <0.001 0.160
TABLE XCVII. p-values from SNK test, testing for differences in weight between treatments at T4
(day 145) .
Weight T3
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4L.DN 0.004 <0.001 <0.001 <0.001 <0.001
4LL 0.004 <0.001 <0.001 <0.001 <0.001
6LDN <0.001 <0.001 0.941 <0.001 <0.001
6LL <0.001 <0.001 0.941 <0.001 <0.001
9LDN <0.001 <0.001 <0.001 <0.001 0.076
9LL <0.001 <0.001 <0.001 <0.001 0.076
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Weight by time

TABLE XCVIII. p-values from SNK test, testing for differences in weight for 4LDi&twieen time
periods.

Weight 4LDN TO - T5 (Mean weight)
Tid TO (89230) T1 (10441) T2 (13107) T3 (16198) T4 (17401)

TO 0.045 <0.001 <0.001 <0.001
T1 0.045 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3 <0.001 <0.001 <0.001 0.113
T4 <0001 <0.001 <0.001 0.113

TABLE XCIX. p-values from SNK test, testing for differences in weight for 4LL between time
periods.

Weight 4LL TO - T5 (Mean weight)
Tid TO (85477) T1 (11124) T2 (15047) T3 (19413) T4 (20777)

TO <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3 <0.001 <0.001 <0.001 0.019
T4 <0.001 <0.001 <0.001 0.019

TABLE C. p-values from SNK test, testing fdifferences in weight for 6LDNetween time periods.
Weight 6LDN TO - T5 (Mean weight)

Tid TO (86087) T1 (12246) T2 (17360) T3 (24283) T4 (25981)

TO <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3 <0.001 <0.001 <0.001 0.052
T4 <0.001 <0.001 <0.001 0.052

TABLE CI. p-values from SNK test, testing for differences in weight for 6LL between time periods.
Weight 6LL TO - T5 (Mean weight)

Tid TO (82561) T1 (11440) T2 (16526) T3 (23754) T4 (25894)

TO <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3 <0.001 <0.001 <0.001 0.007
T4 <0.001 <0.001 <0.001 0.007
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TABLE CII. p-values from SNK test, testing for differences in weight for 9LDN between time

periods.

Weight 9LDN TO - T5 (Mean weight)
Tid TO (85179) T1(12039) T2 (18396) T3 (29695) T4 (32269)
TO <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3| <0.001 <0.001 <0.001 0.007
T4 | <0.001 <0.001 <0.001 0.007

TO <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3 <0.001 <0.001 <0.001 <0.001
T4 <0.001 <0.001 <0.001 <0.001

Length by treatments
TABLE CIV. pvalues from SNK test, testing for differences in length between treatments at T1 (day

TABLE CIII. pvalues from SNK test, testingrfdifferences in weight for OLL between time periods.
Weight OLL TO - T5 (Mean weight)

Tid TO (88247) T1 (12311) T2 (18702) T3 (31232) T4 (34363)

42).
Length T1
Treatment 4LDN 4LL 6LDN 6LL 9LDN 9LL
4L.DN 0.862 0.010 0.118 0.008 0.001
4LL 0.862 0.009 0.192 0.008 0.001
6LDN 0.010 0.009 0.266 0.910 0.445
6LL 0.118 0.192 0.266 0.150 0.094
9LDN 0.008 0.008 0.910 0.150 0.656
oLL 0.001 0.001 0.445 0.094 0.656
TABLE CV. p-values from SNK test, testing for difences in length between treatments at T2 (day
83).
! Length T2
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4LDN 0.012 <0.001 <0.001 <0.001 <0.001
4LL 0.012 0.002 0.039 <0.001 <0.001
6LDN <0.001 0.002 0.202 0.357 0.179
6LL <0.001 0.039 0.202 0.041 0.024
9LDN <0.001 <0.001 0.357 0.041 0.978
oLL <0.001 <0.001 0.179 0.024 0.978
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TABLE CVI. p-values from SNK test, testing for differences in length between treatments at T3 (day

84).
Length T3
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4LDN <0.001 <0.001 <0.001 <0.001 <0.001
4LL <0.001 <0.001 <0.001 <0.001 <0.001
6LDN <0.001 <0.001 0.793 <0.001 <0.001
6LL <0.001 <0.001 0.793 <0.001 <0.001
9LDN <0.001 <0.001 <0.001 <0.001 0.441
oLL <0.001 <0.001 <0.001 <0.001 0.441
TABLE CVII. pvalues from SIK test, testing for differences in length between treatments at T4 (day
145).
? Length T4
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4LDN 0.001 <0.001 <0.001 <0.001 <0.001
4LL 0.001 <0.001 <0.001 <0.001 <0.001
6LDN <0.001 <0.001 0.974 <0.001 <0.001
6LL <0001 <0.001 0.974 <0.001 <0.001
9LDN <0.001 <0.001 <0.001 <0.001 0.200
oLL <0.001 <0.001 <0.001 <0.001 0.200

Length by time

TABLE CVIII. p-values from SNK test, testing for differences in lerfgitdLDN between time

periods.

Length 4LDN TO 7 T4 (Mean length cm)

Tid TO (20475) T1 (21710) T2 (22640) T3 (23760) T4 (24502)

TO
T1
T2
T3
T4

0.001
<0.001
<0.001
<0.001

0.001 <0.001
0.015

0.015

<0.001 0.004

<0.001 <0.001

<0.001
<0.001
0.004

0.053

<0.001

<0.001

<0.001
0.053

TABLE CIX. p-values from SNK test, testing for differences in weight for 4LL between time periods.

Length 4LLL TO 7 T4 (Mean length cm)

Tid TO (20033) T1 (21662) T2 (23487) T3 (25259) T4 (25958)

TO
T1
T2
T3
T4

<0.001
<0.001
<0.001
<0.001

<0.001 <0.001
<0.001

<0.001

<0.001 <0.001

<0.001 <0.001

<0.001
<0.001
<0.001

0.030

<0.001

<0.001

<0.001
0.030
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TABLE CX. p-values from SNK test, testing for differences in weightLDN between time
periods.

Length 6LDN TO i T4 (Mean length cm)
Tid TO (20164) T1(22577) T2 (24607) T3 (27.060) T4 (27.745)

TO <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3 <0.001 <0.001 <0.001 0.093
T4 <0.001 <0.001 <0.001 0.093

TABLE CXI. pvalues from SNK test, testingrfdifferences in weight for 6LL between time periods.
Length 6LL TO i T4 (Mean length cm)

Tid TO (20008) T1 (22145) T2 (24180) T3 (26948) T4 (27.760)

T0 <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3| <0.001 <0.001 <0.001 0.020
T4| <0.001 <0.001 <0.001 0.020

TABLE CXII. p-values from SNK test, testing for differences in weight for 9LDN between time
periods.

Length 9LDN TO i T4 (Mean length cm)
Tid TO (20154) T1 (22546) T2 (25067) T3 (29003 T4 (30082)
TO <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3| <0.001 <0.001 <0.001 0.003
T4| <0.001 <0.001 <0.001 0.003

TABLE CXIII. p-values from SNK test, testing for differences in weight tdr 9etween time
periods.

Length OLL TO i T4 (Mean length cm)
Tid TO (20425) T1 (22790) T2 (25058) T3 (29333) T4 (30666)

TO <0.001 <0.001 <0.001 <0.001
T1 <0.001 <0.001 <0.001 <0.001
T2 <0.001 <0.001 <0.001 <0.001
T3 <0.001 <0.001 <0.001 <0.001
T4 <0.001 <0.001 <0.001 <0.001
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Condition Factor (CF) by treatments
TABLE CXIV. pvalues from SNK test, testing for differences in CF between treatments at T1 (day

42) .
CFT1
Treatment 4L.DN 4LL 6LDN 6LL 9LDN oLL
4LDN <0.001 0.007 0.279 0.025 0.060
4LL <0.001 0.033 <0.001 0.016 0.003
6LDN 0.007 0.033 <0.001 0.526 0.367
6LL 0.279 <0.001 <0.001 0.001 0.009
9LDN 0.025 0.016 0.526 0.001 0.474
9LL 0.060 0.003 0.367 0.009 0.474
TABLE CXV. p-values from SNK testesting for differenes in CF between treatments at T2 (day
83) .
: CF T2
Treatment 41L.DN 4L 6LDN 6LL 9LDN oLL
4L.DN 0.010 0.005 0.018 0.014 <0.001
4LL 0.010 0.920 0.997 0.972 0.538
6LDN 0.005 0.920 0.994 0.988 0.602
6LL 0.018 0.997 0.994 0.823 0.375
9LDN 0.014 0.972 0.988 0.823 0.266
oLL <0.001 0.538 0.602 0.375 0.266

Condition Factor by time

CF 4LDN TO - T5 (Mean CF)

Tig T0(03) T1(L00) T2(110) T3(119) T4(1.16)
TO 0.329 0.003 <0.001 <0.001
T1 0.329 <0.001 <0.001 <0.001
T2 0.003 <0.001 0.001 0.019
T3 <0.001 <0.001 0.001 0.187
T4 <0.001 <0.001 0.019 0.187

TABLE CXVI. p-values from SNK testesting for differences in CF for 4LDN between time periods.

TABLE CXVII. p-values from SNK test, testing for differences in CF for 4LL between timedse
CF 4LL TO - T5 (Mean CF)

Tid TO(L05) T1(L09) T2(L16) T3 (1L19) T4 (L18)
TO 0.032 <0.001 <0.001 <0.001
T1| 0032 <0.001 <0.001 <0.001
T2 | <0.001 <0.001 0.046 0.161
T3| <0.001 <0.001 0.046 0.329
T4| <0.001 <0.001 0.161 0.329
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TABLE CXVIII. pvalues from SNK test, testing for differences in CF for 6LDN between time
periods.

CF 6LDN TO - T5 (Mean CF)

Tid TO(L04) T1(106) T2(L16) T3(L20) T4 (120)
TO 0.504 <0.001  <0.001  <0.001
T1| 0504 <0.001  <0.001  <0.001
T2| <0.001  <0.001 0.011 0.008
T3| <0.001  <0.001 0.011 0.820
T4| <0001  <0.001 0.008 0.820

TABLE CXIX. pvalues from SNK test, testing for differences in CF for 6LL between time periods.
CF 6LL TO - TS (Mean CF)

Tid TO(L02) T1(L05) T2(L16) T3(120) T4 (120)

T0 0.283 <0.001 <0.001 <0.001
T1 0.283 <0.001 <0.001 <0.001
T2 <0.001 <0.001 0.051 0.105
T3 <0.001 <0.001 0.051 0.933
T4 <0.001 <0.001 0.105 0.933

TABLE CXX. p-values from SNK test, testing for differences in CF for 9LDN between time periods.
CF 9LDN TO - T5 (Mean CF)

Tid TO(1.03) T1(1.05) T2(1.16) T3(1.20) T4 (1.17)

TO 0.445 <0.001 <0.001 <0.001
T1 0.445 <0.001 <0.001 <0.001
T2 <0.001 <0.001 0.038 0.536
T3 <0.001 <0.001 0.038 0.067
T4 <0.001 <0.001 0.536 0.067

TABLE CXXI. p-values from SNK test, testing for differences in CF for 9LL between time periods.
CFOLL TO - T5 (Mean CF)

Tid TO(1.03) T1(1.04) T2(1.18) T3(1.23) T4 (1.19)

TO 0.739 <0.001 <0.001 <0.001
T1 0.739 <0.001 <0.001 <0.001
T2 <0.001 <0.001 0.014 0.800

T3 <0.001 <0.001 0.014 0.011

T4 <0.001 <0.001 0.800 0.011
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SGR period by treatment
TABLE CXXII. p-values from SNK test, testing for differendesSGR 12 between treatments.

SGR 12
Treatment 41 DN 4L L 6LDN 6LL 9LDN 9LL
4LDN <0.001 <0.001 <0.001 <0.001 <0.001
4LL <0.001 0.003 0.016 0.003 0.006
6LDN <0.001 0.003 0.656 0.863 0.818
6LL <0.001 0.016 0.656 0.483 1.000
9LDN <0.001 0.003 0.863 0.483 0.762
9LL <0.001 0.006 0.818 1.000 0.762

TABLE CXXIII. p-values from SNK test, tasg for differences in SGR-3 between treatments.

SGR 23
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL

4L.DN <0.001 <0.001 <0.001 <0.001 <0.001
4LL <0.001 0.064 0.051 <0.001 <0.001
6LDN <0.001 0.064 0.630 0.013 0.010
6LL <0.001 0.051 0.630 0.030 0.015
9LDN <0.001 <0.001 0.013 0.030 0.904
9LL <0.001 <0.001 0.010 0.015 0.904

TABLE CXXIV. p-values from SNK test, testing for differences in SGRIZtween treatments.

SGR 34
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL

4LDN 0.578 0.558 0.049 0.360 0.042
4LL 0.578 0.489 0.015 0.219 0.010
6LDN 0.558 0.489 0.114 0.436 0.121
6LL 0.049 0.015 0.114 0.225 0.828
9LDN 0.360 0.219 0.436 0.225 0.326
9LL 0.042 0.010 0.121 0.828 0.326

TABLE CXXV. p-values from SNK test, testing for differences in SGRHetween treatments.

SGR1-5
Treatment 4L.DN 4L L 6LDN 6LL 9LDN oLL
4LDN <0.001 <0.001 <0.001 <0.001 <0.001
4LL <0.001 <0.001 <0.001 <0.001 <0.001
6LDN <0.001 <0.001 0.271 <0.001 <0.001
6LL <0.001 <0.001 0.271 <0.001 <0.001
9LDN <0.001 <0.001 <0.001 <0.001 0.202
9LL <0.001 <0.001 <0.001 <0.001 0.202
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Sodium ion (N&) by treatment
TABLE CXXVI. p-values from SNK test, testing for differencesNa between treatments at T1.

Na' T1
Treatment 41 DN 4L L 6LDN 6LL 9LDN 9LL
4LDN 0.373 0.373 0.057 0.396 0.302
4LL 0.373 0.652 0.422 0.817 0.820
6LDN 0.373 0.652 0.283 0.773 0.718
6LL 0.057 0.422 0.283 0.398 0.353
9LDN 0.396 0.817 0.773 0.398 0.713
9LL 0.302 0.820 0.718 0.353 0.713

TABLE CXXVII. p-values from SNK test, testing for differendiedNa’ between treatments at T2.

Na" T2
Treatment 4L.DN 4LL 6LDN 6LL 9LDN oLL

4L.DN 0.391 0.048 0.026 0.030 0.025
4LL 0.391 0.127 0.152 0.152 0.109
6LDN 0.048 0.127 0.866 0.825 0.619
6LL 0.026 0.152 0.866 0.856 0.960
9LDN 0.030 0.152 0.825 0.856 0.928
9LL 0.025 0.109 0.619 0.960 0.928

Sodium ion (Nd) by period
TABLE CXXVIII . pvalues fromNa’ test, testing for differences in Na+for 4LDN between time

periods.
Na" 4LDN TO - T3
Tid TO T1 T2 T3
TO 0.005 0.001 0.002
T1 0.005 0.437 0.931
T2 0.001 0.437 0.661
T3 0.002 0.931 0.661

TABLE CXXIX. p-values fromNa" test, testing for differences in Na+for 4LL between time

periods.
Na" 4LL TO - T3
Tid TO T1 T2 T3
TO 0.006 <0.001 0.031
Tl 0.006 0.127 0.316
T2 <0.001 0.127 0.036
T3 0.031 0.316 0.036
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TABLE CXXX. p-values from N4 test, testing for differences in Na+for 6LDN between time
periods.

Na" 6LDN TO - T3
Tid T0 T1 T2 T3
TO 0.004 0.035 0.030
T1 0.004 0.276 0.331
T2 0.035 0.276 0.740
T3 0.030 0.331 0.740

TABLE CXXXI. p-values from Na+ test, testing for differences in Na+for 6LL between time
periods.

Na' 6LL TO - T3
Tid TO T1 T2 T3
TO 0.062 0.092 0.014
T1 0.062 0.816 0.422
T2 0.092 0.816 0.308
T3 0.014 0.422 0.308

TABLE CXXXIl. pvaluesfrom Na+ test, testing for differences in Na+for 9LDN between time
periods.

Na" 9LDN TO - T3
Tid T0 T1 T2 T3
TO 0.003 0.065 0.370
T1 0.003 0.159 0.019
T2 0.065 0.159 0.167
T3 0.370 0.019 0.167

TABLE CXXXIIl . pvalues fromNa’ test, testig for differences in Na+for 9LL between time
periods.

Na"9LL TO - T3
Tid TO T1 T2 T3
TO 0.023 0.064 0.505
T1 0.023 0.505 0.064
T2 0.064 0.505 0.108
T3 0.505 0.064 0.108

Glucose by treatment
TABLE CXXXIV . p-values from SNK test, testing fdifferences in Na+ between treatments at T1.

GluT1
Treatment 4LDN 41 L 6LDN 6LL 9LDN 9LL
ALDN 0.200 <0.001 <0.001 <0.001 <0.001
4LL 0.200 0.001 0.004 <0.001 0.001
6LDN <0.001 0.001 0.319 0.379 0.917
6LL <0.001 0.004 0.319 0.099 0.512
9LDN <0.0aL <0.001 0.379 0.099 0.222
9LL <0.001 0.001 0.917 0.512 0.222
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TABLE CXXXV. p-values from SNK test, testing for differences in Na+ between treatments at T2.

GluTl
Treatment 41.DN 41 L 6LDN 6LL 9LDN oLL

4LDN 0.948 0.963 0.778 0.797 0.682
4LL 0.948 0.793 0.934 0.822 0.781
6LDN 0.963 0.793 0.942 0.871 0.813
6LL 0.778 0.934 0.942 0.803 0.582
9LDN 0.797 0.822 0.871 0.803 0.937
9LL 0.682 0.781 0.813 0.582 0.937

TABLE CXXXVI. pvalues from SNK test, testing for differencesNa between tratments at T3.

GluTl
Treatment 4L.DN 4LL 6LDN 6LL 9LDN oLL

4LDN 0.113 0.675 0.721 0.746 0.800
4LL 0.113 0.114 0.072 0.068 0.122
6LDN 0.675 0.114 0.805 0.860 0.829
6LL 0.721 0.072 0.805 0.874 0.682
9LDN 0.746 0.068 0.860 0.874 0.836
oLL 0.800 0.122 0.829 0.682 0.836

Glucose by period

TABLE CXXXVII . p-values from Glu test, testing for differences in Glu for 4LDN between time

periods.
Glu4LDN TO - T3
Tid TO T1 T2 T3
TO 0.287 <0.001 0.001
Tl 0.287 <0.001 0.010
T2 <0.001 <0.001 0.08%
T3 0.001 0.010 0.085
TABLE CXXXVIII . p-values from Glu test, testing for differences in Glu for 4LL between time
periods.
Glu4LL TO -T3
Tid TO T1 T2 T3
TO 0.011 <0.001 <0.001
T1 0.011 <0.001 0.002
T2 <0.001 <0.001 0.294
T3 <0.001 0.002 0.294
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TABLE CXXXIX . p-values from Glu test, testing for differences in Glu for 6LDN between time

periods.
Glu6LDN TO - T3
Tid TO T1 T2 T3
TO <0.001 <0.001 0.001
T1 <0.001 0.761 0.032
T2 <0.001 0.761 0.026
T3 0.001 0.032 0.026

TABLE CXL. p-values from Glu test, testing for differences in

Glu6LL TO -T3
Tid TO T1 T2 T3
T0 <0.001 <0.001 0.002
T1 <0.001 0.797 0.030
T2 <0.001 0.797 0.042
T3 0.002 0.030 0.042

TABLE CXLI. pvalues fromGlu test, testing for differences in

Glu9LDN TO - T3

Tid TO T1 T2 T3
TO <0.001 <0.001 0.001
T1 <0.001 0.002 <0.001
T2 <0.001 0.002 0.046
T3 0.001 <0.001 0.046

Glu for 6LL between time periods.

Glu for 9LDN between time periods.

TABLE CXLII. p-values from Glu test, testirigr differences in Glu for 9LL between time periods.

Glu9LL TO -T3
Tid TO T1 T2 T3
TO <0.001 <0.001 <0.001
T1 <0.001 0.030 0.001
T2 <0.001 0.030 0.059
T3 <0.001 0.001 0.059
pCQ, bytreatment
TABLE CXLIII. pvalues from SNK test, testingifdifferences in pC®between treatments at T1.
pCO,T1
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4LDN 0.995 0.132 0.987 0.003 0.004
4LL 0.995 0.282 0.884 0.005 0.007
6LDN 0.132 0.282 0.342 0.099 0.071
6LL 0.987 0.884 0.342 0.005 0.007
9LDN 0.003 0.005 0.099 0.005 0.799
oLL 0.004 0.007 0.071 0.007 0.799
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TABLE CXLIV. pvalues from SNK test, testing for differenceiDO, between treatments at T2.

pCO, T2
Treatment 4LDN 4LL 6LDN 6LL 9LDN oLL
4LDN 0.925 0.771 0.775 0.018 0.061
4LL 0.925 0.555 0.923 0.015 0.043
6LDN 0.771 0.555 0.764 0.039 0.066
6LL 0.775 0.923 0.764 0.011 0.046
9LDN 0.018 0.015 0.039 0.011 0.524
oLL 0.061 0.043 0.066 0.046 0.524

TABLE CXLV. pvalues from SNK test, testing for difference@O, between treaments at T3.

pCO,T3
Treatment 41 DN 41 L 6LDN 6LL 9LDN 9LL
4LDN 0.567 0.444 0.362 0.003 0.002
4LL 0.567 0.376 0.219 0.001 <0.001
6LDN 0.444 0.376 0.549 0.013 0.012
6LL 0.362 0.219 0.549 0.024 0.032
9LDN 0.003 0.001 0.013 0.024 0.789
oLL 0.002 <0.001 0.012 0.032 0.789
pCQ, by period
TABLE CXLVI. p-values frompCQ,test, testing for differences pCO, for 4LDN between time
periods.
pCO,Overall 4LDN (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 3087.355 1.000 3087.4 884.143 <0.001
Time 236.380 3.000 78.8 22.565 <0.001
Error 146.661 42.000 35

TABLE CXLVII. p-values fronpCO;test, testing for differences ipCQ, for 4LL between time

periods.

pCO, Overall 4LL (TO-T3) One- way ANOVA
Effect DF MS F p
Intercept 2890.965 1.000 2891.0 729.258 <0.001
Time 267.880 3.000 89.3 22.525 <0.001
Error 158.570 40.000 4.0

TABLE CXLVIII . p-values frompCQ, test, testing for differences pCO; for 6LDN between time

periods.

pCO,Overall 6LDN (TO-T3) One- way ANOVA
Effect DF MS p
Intercept 3701.636 1.000 3701.6 832.401 <0.001
Time 225.591 3.000 75.2 16.910 <0.001
Error 186.771 42.000 4.4
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TABLE CXLIX. p-values frompCG; test, testing for differences pCQO, for 6LL between time
periods.

pCO, Overall 6LL (TO-T3) One- way ANOVA
Effect SS DF MS F p
Intercept 3110.550 1.000 3110.6 788.076 <0.001
Time 174.979 3.000 58.3 14.777 <0.001
Error 161.828 41.000 3.9

TABLE CL. p-values frompCQ;test, testing for differences pCO, for 9LDN between time
periads.

pCO,Overall 9LDN (T0-T3) One- way ANOVA

Effect SS DF MS F p
Intercept 5604.744 1.000 5604.7 747.604 <0.001
Time 173.792 3.000 57.9 7.727 <0.001
Error 322.369 43.000 7.5

TABLE CLI. p-values frompCOQitest, testing for differences pCQO, for 9LL between time periods.
pCO, Overall 9LL (TO-T3) One- way ANOVA

Effect SS DF MS F p
Intercept 5490.059 1.000 5490.1 675.430 <0.001
Time 141.491 3.000 47.2 5.802 0.002
Error 357.643 44.000 8.1

HCO3 by treatment
TABLE CLII. p-values from SNKest, testing for differences HICO; between treatments at T1.

HCO5; T1
Treatment 4L.DN 4LL 6LDN 6LL 9LDN 9LL
4LDN 0.937 0.269 0.612 0.125 0.111
4LL 0.937 0.143 0.826 0.087 0.090
6LDN 0.269 0.143 0.173 0.505 0.640
6LL 0.612 0.826 0.173 0.058 0.45
9LDN 0.125 0.087 0.505 0.058 0.817
oLL 0.111 0.090 0.640 0.045 0.817
TABLE CLIII. p-values from SNK test, testing for differencedd@0; between treatments at T2.
HCO; T2
Treatment 41.DN 4LL 6LDN 6LL 9LDN 9LL
4ALDN 0.446 0.278 0.872 0.001 0.033
4LL 0.446 0.901 0.515 0.015 0.118
6LDN 0.278 0.901 0.425 0.019 0.209
6LL 0.872 0.515 0.425 0.001 0.034
9LDN 0.001 0.015 0.019 0.001 0.199
oLL 0.033 0.118 0.209 0.034 0.199
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