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Hur far vi kunskap om vilka fragor forskare
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Vattenbruks-
centrum Norr

Vattenbruks-
centrum Vast

Naring

Vattenbruks-
centrum Ost

Fig A.Kiessling

Hirsel

Ljudet fortplantar sig snabbare |
vatten in i luft, ach fiskar kan hira,
men i mycket varierande grad. De
flesta  sdwvattensfliskar har en ur-
mirkt horsel, Som andra ryggrads.
djur har fiskama ett inneréra, laby-
rinten, till vilket forutom  hirseln
iiven balanssinnet ir knutet.

Lahrrintorganst

Labyrinten ir férsedd med tre
bigmingar med tillhirande tre am.
puller, vilka svarar fir formigan ant
upplatia vridningar, roterande rirel
ser. Under biiggingarna finns tre
sickar innehillande var sin hirsel-
sten (otalit), som vilar pi kuddar av
sinneshir, Hirselstenarna fir massiva
kalkbildningar. De vixer ach bildar
drsringar, som ofta kan anvindas fér
ildersbestimningar, De tvi nedersta
hirselstenarna reagerar ph ljudvigor
och vibrationerna registreras av sin-
neshiren, Den dversta hirselstenen
stir i jimvikessinnets tjinse,

Sillfiskar, karpliskar och malar
hir till de fiskar som har god hérsel,
Hos dessa grupper férstirks ljuder
av simblisan, som stir | [&rbindelse
med drat antingen genom att bilda
eit par firlingningar som ndr fram
till labyrinten (sillfiskar} eller genom
ben (de weberka himselbenen) som
fortplantar ljudvigoma frin simbli.
san till hirselorganen (karpfiskar).

De toner som vanligen anviinds i
musik omfattar 4o-4 700 herz (1
hertz = | sviingning per sekund),
Von Frisch visade genom experi-

ment med elritsa, att den uppfat-

tade toner frin 16 till 7 000 herte
Svingningar _med ligre rekvens,

uppfattas _med  sidolinjesvstemet.

Férmigan att uppfatta svaga ljud
| hérselstyrkan) var lika god hos el-
ritsan som hos miinniskan, och fisken

kunde skilja_pi toner som lig s
nira varandra som ¥y oktav,

D Tlesta karpliskar har dock ni-
ot simre hirsel.

Fiskar har inga stimband, men
somliga kan frambringa knorrande
eller pipande ljud genom at lita
simblisans viggar vibrera eller ge-
nom att pressa ut luft genom lufigin.
gen. De flesta ljuden Gr dock ofrie
villiga och uppstir vid simning, un-
der ltning, grivning etc. Ar fére
stilla oss art dessa ljud uppfattas
och tolkas av andra fiskar,

Inget ytterora

Fig- 11 Sk av o bl som o e
trpen bt | wret o b edelinyesyetemet, =
muleres nir ssnshi by

e e fra Winaeilie,

Harselsnene
Fig. 23 Skisse som viser skjematisk hvordan de
tunge otolittene ligger § direkte kontakt med hir-
collenes i

ndr organet akselereres.
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Sinnena

M The Liology of fish production [Ch.2

pelvic
axillary
process pelvic fin

Fig. 2.1 — Diagram showing the external festires of a trout. The pectoral and pelvic fins are
paired fins.

Mycket kanslig for nedbrytna matrester
Sasom fria aminisyror, betain mm

Aven feromoner. Vissa fiskarter har
radslo/varnings feromoner. Vissa kan
kanna igen syskon.

Sidolinjeorganet, som balanscellerna,
reagerar pa tryckvagor. Lag frekvens.

12

Sidolinjens funktion

Sidolinjen ir en synlig rad av smi
sinnesorgan, bestiende av smi, dpp-
na ror som genomborrar [fillen och
som fr farbundna av en slemiylld
kanal. Den loper lings kroppssidor.
na och bildar [Brgreningar pd hu-
visdet,

Oppning  Huvedkanal  Fjall

T Ay o
7l 7o

e T AR

Nerv Sinnesceller

Vertikalt smitt gonsm sidolingen

Experimentellt har man kunnat
visa att fisken genom sidolinjen kan
skaffa sig vikiiga wpplysningar om
omgivaingen. Nir fisken rir sig |
vatinet ir den omgiven av et smin-
sters av tryckvigor, Suin detta min-
ser av andra firemdl (andra fiskar,
liender, sten erc ), phverkas sidolin.
jeorganen, De smb trycklindringar
som stdrningen framkallar i sidolin
jens Gppna ror registreras av ner-

Luktsinne och smak

Fiskarna har gott luktsinne, Framfar
dgonen ligger niisborrama, som le-
der in till var sin lukigrop, Varje
luktgrop &r hos de flesta fiskar delad
av ett hudveek § en instrémningsépp-
ning och o wistrémningsippning,
grnom vilka vattnet passerar antingen
passivi under simningen eller genom
aktiv pumpning, Alen luktar sig fram
el site byte och har et par mycket

vilutvecklade luktgropar, som kan
uppfatta ner till nigra f§ molekyler
av ett luktimne. Giddan ir mer be-
roende av synen, och des fukinne
&r wvagt uivecklar,

Fisk kan kinna igen andra fiskar

%

verna, och budikapet dechiffreras § pi lukien. Skadade fiskar avger i en

hjiman, som automatiskt féranstal del fall sskrickstolfs, som utlser
tar om rikinings. och avsiindsbe. Myktreaktioner hos andra fiskar,
domning till foremilet. Man f3r __ Smaksinnet ir lokaliverat till mun-

fisremilla sig an fisken konstant fir nen, men i gcksl knueet ill sinnes.

en sbilds av sin ndrmaste omgivaing  celler som [inny pd Wkggrbmmar, pd
genom sidolinjesystemet. Blinda fis-  Fuvuden andersida eller spridda pi
kar - dven ent rovdjur som ghddan kroppen. Desma sinnesceller reagerar
= kan klara sig enbart med hjilp av inte ph rikti;t samma Amnen som
sidolinjesinnet luktorganen,

1" FLYNDREFISK LAKSEFISK

10

TORSKEFISK  jENNESKE

€]~ SILDEFISK
§10%F

=3

s I

5

5107

-

“17TE .

1 L 'l L 1 L
30 100 300 1000 3000 10000
Frekvens (Hz)

Fig. 3.8 Audiogrammer for forskjellige fiskearter
og mennesket. Legg merke til at alle fiskene herer
bedre enn oss for de laveste frekvensene, mens vi
kan here langt heyere lydfrekvenser enn noen fisk.

Fig. 3.8 Hox karpefisk og maller er svemmeble-
ren forbundet med det indre aret via de Weberske
knoklene, Dette sikrer en effektiv overforing av de

av 15 over-
flate til oret. Hos disse artene er de to orene forbun.
det med ot vaeskefylt kanalsystem,

Svommeblaare

Gasslylte blarer like ved orene -

e AW 2

Fig. 3.10 Hos sildefisk gar forreste del av svom-
mebl@ren over i et par tynne rer som ender | gass-
fylte blaerer i kontakt med eret, De forsterkede pul-
seringene av disse blaerene blir derfor direkte over-
fiart til erene.
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Foto A.Kiessling

Fiskarnas sinnen

Ljus och syntBrmaga
2 fiskar spelar synsinnet
* .y stor roll vid erienteringen

Homhi

radsdjur; de

ma brytningsindex som

A den. Synfiltet

horison.

ga 16017
keing 150° i lodplanes
v Ggonen tacker en vinkel pi

Diggdjursiga
linsen &ndrar form

Fhakiga:
linsen &ndrar lige

20-30° framit. Féremil pi mindre
dn en meters avstind framfor fisken
kan ses skarpt, Speciella muskler
kan flyita linsen nare nithinnan,
nar ogat ackommoderar till seende
ph stérre avstind,

Niir fisken ser uppit genom vate-
net, har den ett runt sfénsters ph ca
98° mkt ovanfér sig, genom vilker
den kan se foremdl pi land eller i

luften. Utanfir detta omride reilek.

teras ljuser i vattenytan och fisken

ser_en spegelbild av bottnen

Fiskibigar ir byggr f6r att kunna
utnyttja det jimfdrelsevis svaga j
som teiinger ner i vattnet, Det
sinkilt fisk med nantlig aktiviter

4/24/2019

Enkal bolge

s lysbrytningen forvrenge: v
B’ og F. Apningen | vinduet som fisken ser, Si

viser hvorlede:
es fra B og F til

Fig. 324 Togn
Oipjektene vil for

Belgetog

Int@nsitet = anit

Fig.3.22 Overflatebelgene bryter lyset som faller
normalt pa vannflaten og fokuserer det i ulike dyp
med ulike amplituder og perioder.




Varfor ar det sa viktigt att aldrig ta hart

Huden

i en fisk eller med torr hand?

Samma géller hav med grov maska eller knutar.

mucous cells chromatophores

muscle

Fig. 2.2 — Diagram of a section through the skin. The scales lie beneath the epidermis in
pockets in the dermis. Scales are therefore not superficial and loss of scales disrupts the integrity
of the skin as a barrier against the external environment.
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Andningsorganen (gdlar)

/

/ @ _ Operculum
T )

~
c
' "
Bood  iacress
vassel
Constrictor
muscle
T,
Buccal —”_’;2_ Gitl Septum
cavity — ot ldaments Lameda 4
\Watar
Oparcular

cavity

Water
fiow

Edge
of lamalia

Blood Septal
Tow canal

14-33 (A} Poston of ihe fow gil arches beneath the aperculum on the lah side of a fish (8) Part of two of these gil
arches shawri with the fiaments of adiacent rows iouching al thee ligs. Also shawn a7 the blood vessels thal carry
Fie: blood belone and afer is passage over the gits. (C) Part of & single Bament with three secondary folds on each
sda. Te flow of blood is in the cpposite drection 1 that of tha waler. (D) Part of the doglish gil. As in teleast fish,

e fow of bicod is i the opposte diection io that of the water. [A=C after Hughes, 1964: D ater Grigg, 1970 ]

Aktiv och
passiv (ramventelation)
Andning.

Gaser, joner, vatten.

Buccal Opercular
cavity cavit;
Gills Y

Mouth S
o S Operculum
i __/ - closed

Increasing

A volume

Mouth /i‘ Operculum

closed /é—— \ open
Decreasing

] volume

14-31  Schematic diagram of he process
o nill venditation in leloret fch




Mouth

Pharynx
Velum
External
branchiopore

Foto A Kiessling
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Environment PO,

—~ 7007
>
S
5 600
a
2 s00-
g
c 4007
L=}
7]
5 300
a
B 2007
J_J Before net change After change
19 A
10 July 31 July 23 August
Date

Fig. 14.2 Differences in feed provisioning to Atlantic salmon before and after changing a heavily fouled cage net.
Al the time of the net change, the cage contained about 14 000 fish with mean weight of about 2.8 ke, Water tem-
perature was 12 £ 1°C during the week before and after net change. Feed intake was monitored using an Aquasmart
AQ1 interactive feedback system (S, Kadri, unpublished data).




«Tander for greppa dven pa tungan.
*Smakreceptorer | mun, pa tungan
och i ev. skédggtdmmar.

%!

Foto A.Kiessling

Feeding in a new environment
(adult F1 generation)

» 18
©
S
:_g N Feeding
c
"§ 7 [ ] Non-
o feeding
Ke)
IS
=]
Z 0
LR HR

A higher frequency of LR than HR fish had regained feed intake one
week after transfer to rearing in isolation (40% vs 0%, p=0.008)

@verli, Pottinger et al.
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epithelium of thee
secrete pepsinagen, and parictal cells, which sex

(a) Monogastric stomach
Escphagus

Esophageal
/ (candiac) sphinctor

(] Gastric pit
Gastric

Gastic pit

Gastric gland |

astric pit is a g
d comtains chief ¢

“ : pH 3.5 HCI
& Mucous
Bicarbonate pH 8.5
™ AS
e ’

Longtudinal - Clrcular Ky
muscle  muscle  Circular ok

Satwmiaesa

Capdlaries

“Th
1981 by

Foto A Kiessling

Foto A.Kiessling
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Njure.
Front (chromafin vavnad).
Bak (filtrering)

Simblasa

Gonad, hona
Magséack
Mijalte _
Tjock/andtarm =

i

Foto A Kiessling

Simblasan
imbl3
Sl m asa Simbldsan &r et luffyllt hydrostatiskt

organ, som hos fostret anliggs som en
utbuktning frin tarmviiggen. Hos
laxfiskar och karpfiskar bibehills

Utv. frdn matstrupen ...
Sluten — &ppen. i, T
Som yngel svéljer luft
Horsel (resonans)
Jamvikt
Sluten tar lang tid att andra. Sker genom gaskarteln.
Oppen — slapper luft vid dyk snabbt, Tvidelad simblisa med luftging,
aven som férberedelse till flykt. Rarphusar
Snappar luft vid ytan for att fylla.
Ser nér sover om adapterad till djupare eller ytligare.
Ytligare lutar nerat — djuppare lutar uppat.

Simblisa utan luftgdng men med
gaskortel, abborrfiskar

&

Simblisa med v lufighngar och
utskott till labyrinten,
sillfiskar

4/24/2019



_ Kicay | . W
Igumwr ‘\.j N J_]r

-
Figere 15-16  The alimentary canal of verebrates birds, The alimentary canal of many fishes has, in addition
typically is anatomnically distinct from the gill-based or to a stomach and intestine, a large number of pyloric ceca,
Kidney-based excretory system. An exceplion is the emptying In birds there is typically a crop and often ceca, sometimes
of the ureters into the claaca in amphibians, reptiles, and paired.

Mag och magldsa fiskar.
T.ex. karpfiskarna maglosa.

Kort och rak matsmaltningskanal.
Ffa rovfiskar

Foto A Kiessling

The alimentary tract
of salmonids

Mid intestine (MI)

Fat with pancreas  Pyloric caeca (PC)

Atlantic salmon, Photo:
Vidar Vassvik

Distal intestine (DI)

Dgving and
Reimers,

4/24/2019
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Fio. 7.8

Table 6.1 The intestinal lengths of a range of fish species in relation to their feeding

habits
Species Feeding habits® Ratio

IL:BLT
Atlantic salmon, Salmo salar C 0.75-0.85
Largemouth bass, Micropterus salmoides C 0.75-0.9
Northern squawfish,Ptychacheilus oregonensis € 0.7-0.9
Atlantic cod, Gadus morhua C 1.0-1.50
Flagfish, Jordanella floridae H 2.5-3.0
Silver carp, Hypophthalmichthys molitrix H 4.5-7.0
Calbasu, Labeo calbasu H/D 4.5-10.0
Mud carp, Cirrhina molitorella H/D 6.0-13.0
*Habits: C, carnivorous: D, Detritivorous; H, herbivorous.
tRatio of intestinal length (IL) to body length (BL).

Jobling, 1995

4/24/2019
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e

oo Sequenced Bacteria -
Intestine

® m
%\o A sc®
> L3 sCa0
<0 .-
N & WAz
Q & was
B was
-1
-2
2 1 0 1 2
PC1 - 40.5%
Huyben et al.,

60 % replacement of fish meal with Saccharomyces cerevisiae (SC); or
Wickerhamomyces anomalus (Picia) and S. cerevisiae mix (WA)

GH: Distal intestine of salmon fed fishmea

| vs soybean meal

o

Normal intestine

Soy-feeding

4/24/2019
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Effect of soybean meal on
nutrient digestibility in Atlantic salmon

Nitrogen digestibility

£ 100 c—‘\,_.,\‘_’_‘\.
T %51

§ 2‘;' y=-0.1475x + 101.88

° | R*=084

i o

Lipid digestibility

100

% 95 1o

g : A

g8 7 y-.03529x+100.79

T 854 R =0.74 .

i

Energy digestibility

3 100,

= 954

E 90 y= -0,3258x + 101.76 * *

o 851 R*=091

® 80 T T T T T

0 10 20 30 40 50
% defatied SBM in the diet Refstie 2000

oorsal Cardioal Vo

Ventral

Aoria Heart Hepatic Mesentaric
Portal Vin Artery
Fig. 4.1 General overvlew of the circulatory system in a fish showing the majo s
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iy Hogtryckssystem till
galarna.

Bulbus fungerar som
stoétdampare for
trycktoppen.

Atrium

Bulbus

Apex

Ventricle

13-19  The trout heart. [Randall, 1968.]

Fins S
*Paired )
*Un paired — median N s
*Fin

*Fin ray connect via a bone and Tendon.
«Adipose fin cartilage only salmonids.

Al fins except adipose regenerate if not to severe % %

Tagptrilig fena

Mijukstrilig fena

Soft rays

Spiny rays

Foto A.Kiessling
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Fig. I. A schematic illustration of the stages in the develop-
ment of skeletal muscle from mesenchymal cells. This
involves the division of mesenchymal cells through muscle
precursor cells, premyoblasts to myoblasts. Myotubes form
from myoblast fusion and develop into myofibres associated
with satellite cells derived from muscle precursor cells.
(Adapted from Gray, 1989; Church, 1979.)

4/24/2019
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Foto A.Kiessling

Foto A Kiessling
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Foto A.Kiessling

Lipid and adipose depots

Foto A Kiessling

4/24/2019
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Size — Growth - Ration

Extra (inter) muscular fat

1,27 — — —
Bukvagg 100%
14
£ 7
| ' 75%
2 08 -
]
T ¥ af - 50%
| - - _—
@™ 069 - P 100->50%
S = 1 T
Rainbow trout s 04 =
Dorsal Adipose Tissue L : Vs
1.2 1 =
p g | @ :
1
{ & | o2q - e
& o /Y = =s [ = Sot < - > Saltvatten |
2 F4 | : 2 : . _ . |
: 0% ¥ 1 15 2 25 3
',_- 0.8 / E . -
' 0.4 /
[V |
e - ‘t "":I
°F os i

Foto A.Kiessling

3D-NMR
Adipose tissue in farmed salmon

Foto A Kiessling
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Inter fibrilar: Fatty : non fatty fish

Foto A Kiessling

Mycomata (connective tissue)
(intra muscular but
Inter/extra fibrilar).

~~Adipose tissue

Foto A Kiessling

4/24/2019
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Subcutaneous

Foto A.Kiessling

Nervsystemet

Fig. 1: Principskiss over fiskens hjarna. 1.luktnerv, 2.
luktbulberna, 3. Cerebrum (storhjarnan inkl. limbic and
neocortex (not in fish and most other higher
vertebrates)), 4. syn- nerv, 5. optiska loberna, 6.
cerebellum (lillhjarnan), 7. férlangda margen.

Optic lobe |,
Cerebrum

Corebelium

Medulia

LI ()
vavn A

Intanior "
A obe

Epiphysia Ogptic

I
Oitactary loie”_7 e X

" il
Optic tract”” ||| VI Wi
B Pituitary
Carebrum

Epiphysis

L Cerebalium
Ottactory

bl Modulla

Corpus callosum

<‘5}«‘9ﬂg

{‘I\DrDId

ploxus - L — Occipital
Anterior =y lobe
commissurs. R S
Olfactory buit Cerebellum
Optie ehipsmi M 3 Postenor
infindibutum | 11 TN, ~chorosd ploxus
Pluitary | h O
Pans ulla
o Vantricio IV

811 Represontathe veristrate b
(C) Bird. (D) Human ’v:m\nn-
carabeum with

5. (A) Figh (B) Lro"

highly Sevoloped in birds and marmmal
refer 1o the Cranial nerves. [Fomer, 1855 )
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Can fish suffer ?
Vaccination an Example

jatre Aquaculture
Station, IMR

Feed intake after vaccination

0,45 -
R - A
0,35 A
0,25 -
Cold water spell =>
0,15 reduced apetite
Metomidat+Benzocain
—&—Benzocain
0,05 4 —=—Before
Starvation
T T A LN S T T T T T T T T T T
-6 -4 -2 2 4 6 8 10 12 14 16 18 20 22 24
Days
0.05

Oppedal, Johansson & Kiessling-
Norsk Fiskoppdrett-2000

Difference in
Recovery after
vaccination in fish
given pre-sedation
before anesthesia
or anesthesia
direct.
= With pre
sedation
recovered after
8 days, without
pre sedation not
even recovered
after three
weeks. l.e.
stress before
anesthesia
affect recovery

This difference
resultin a
significant
difference in
final slaughter
weight of the
fish

U

4/24/2019
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Changes in

plasma Cortisol

after stress

with and without

sedation

Changes in

plasma TBARS

given feed
Containing

Oxidized fish oils

TBARS (nmol/mL)

Stress/anaesthesia |Benzocain Aqui-S No Anaesthesia
- 15 min. 54
15 min. 263+21a 337+20b 431420 c
60 min. 396 +24 a 404 +23 a 276 +24 b
360 min 131424 a 128+21a 139+22 a
A Kiessling, C Axen, D Johansson
12
*
10
*
8 *
6
4
0 == Oxidised
0 2 4 6 8 10 =7 Control
Days

K Hamre, K Kolas, K Sandnes, K Julshamn, A Kiessling.

2003 J. Fish Physiol. Biochem.

Growth after vaccination

44
42

40

38
36 -

Vikt (g)

34

32 4

30 -

28

Kontroll
—©— Shaminj
- - - - -Ej injektion

- - % - -Metomidate

R R R R K
ARG AR G AN
it

LR R R K
CARC R R R
PR RS

R R &

v

g

S S S
O%OVO(GO

Kiessling et al.
Fisken og Havet 3-2001
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Feed intake after vaccination

14

12

08

06

Feed intake in % of Biomass

04

02

Starvetionpre vac
—— 1 NoAqi-s
—— 2 NoAqi-s
= = 3qis
= m 4pqis
= w5 pg6s

Kiessling et al.
Fisken og Havet 3-2001

Hours (clock time)
Fig.14.4  Daily feeding patterns of Atlantic salmon in cages throughout a full production cyele. Data are presented
as proportions of the daily ration provided through the day. Data were collected using the Aquasmart AQ1 interactive
feedback system, (After Blyth eraf. 1999.)

4/24/2019
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Accept feed

1) The fish must discover @
feed —~

2) The fish must be 4) The fish needs to be motivated
attracted by the feed

| /

3) The fish must be able to
swallow the feed (size
throat/prey size)

Taste is that of importance ?
Species differences ?

Is this a factor in practical feed
formulation ?

By E.Brannas, SLU

Effect of cloudiness

SGR +STC
b w » 0 o N @

J—ﬁ cloudiness

perch Pike perch

clear

ok

Contrast between background and feed particles are
important for species depending on eye sight for
foraging.

By E.Brannds, SLU
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Effect of pellet size (dry feed)

. % caught
Ui () pellets
6 100
5 .
Handle time
4
3 50
2
1
Reaktion time
1 2 3 4 5
Pellets size in % of fish length

By E.Brannas, SLU

By E.Brannas, SLU
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Foto A Kiessling

Foto A.Kiessling

4/24/2019

26



Foto A.Kiessling

Three siblings

by Eva Brdnnds

4/24/2019
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Foto A.Kiessling

In body weight
(gl

B1 84 87 90 93 96 95 102 105 08 M1 N4

In
[RL = days)

Specific Growth Rate Final Body Weight

SGR = (In FBW — In IBW) x 100/D FBW =IBW x exp(SGR x D/100)

Compensatory growth:

From Kiessling et al, 1990

4/24/2019
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FIGUR 9

Kg férfKg tilvekst:

f—

¥ t t t t ¥ t t t
0.25 0.5 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 J.00
Férnivl:

Kg fér/Kg tilvekst er gjennomsnitt for alle periodene, R
for nivlene over 2.00 til og med periode 3. From Rap. Akvaforsk, Sunndalsora 1987

Demanded amount of feed to rainbow trout (g)

400 T
350 -
300 -
250 +
200 -

150 -

n=120
W=100g

100 -

50

0= T T T T T 1

0 10 20 30 40 50 60
Time (days)

Alandrd (1994)
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Lipid Deposition
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Rainbow trout red muscle

Increase in RL

500 1000 1500 2000 2500
Body weight (g)

= RL50->100 ~~RL100 |

From A.Kiessling, 1990

Foto A.Kiessling
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Bw Chinook salmon

350
P
300 Ration Level 0,0001 |
250 1 Swim speed 0,3 —=—RL100 0.5
RL100 1.0
g 200 —4—RL100 1.5
O 150 | -s—RL75 0.5
RL75 1.0
100 + -+ RL751.5
50
0
0 30 60 90 120 150 180 210 240
Days
From: Kiessling, A., Higgs, D.A., Eales, J.G. and Dosanjh, B.S. 1994. Can. J. Fish. Aquat. Sci. 51:1975-1984.
Feed Conversion in Chinook salmon
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Ls mean Bw increase (corr start Bw)
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Feeding for quality

Foto A.Kiessling
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Changes in
plasma Cortisol
after stress

with and without
sedation

Changes in
plasma TBARS
given feed
Containing
Oxidized fish oils

TBARS (nmol/mL)

Stress/anaesthesia |Benzocain Aqui-S No Anaesthesia
- 15 min. 5#4
15 min. 263+21a 337+20b 431420 c
60 min. 396 +24 a 404 +23 a 276 £24 b
360 min 131424 a 128+21a 13922 a
A Kiessling, C Axen, D Johansson
12
*
10
*
8 *
6
4
o == Oxidised
0 2 4 8 10 =?=— Control
Days

K Hamre, K Kolas, K Sandnes, K Julshamn, A Kiessling.
2003 J. Fish Physiol. Biochem.

DIETARY SELF-SELECTION

MULTIPLE CHOICE EXPERIMENTS.

!
i s, IS,

By F.J. Sanchez-Vazquez
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Protein & Fat

but not carbohydrate

Species Energy source [%]
Carbohydr. Fat Protein
Mammals 55-60 ~30 10-15
2 |Carn. |5-10 45-65 |30-50
2 [omn. |30 40 30

By Olav Kraukerud

DIETARY SELF-SELECTION

Energia digestible
(kJ/kg BW/dia)

Dias

By F.J. Sanchez-Vazquez

Evolution of macronutrient self-selection
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Nutritional compromises

Can reach intake target Can’t
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Reduced protein growth but high
nitrogen retention, excess body

lipid

Optimal fish
performance
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High nitrogen waste, low body lipid, no improvement in protein

growth
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From: Mydland, Kiessling, Zimona, Djordjevic, Skrede & Overland, 2008

Lysin in plasma of Atlantic salmon

3 6

Time post prandial (h)
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METABOLISM

Kolhydrater Proteiner
Fett Makromolekyler  Lipider
Protein Nukleinsyror etc

h 4

ATP
NADPH
(e" donator)

co, Aminosyror
H,0 Glukos
NH, Fettsyror

Institutionen far husdjurens utfodring och vard

Energy yield depending on substrate and metabolic pathway

Table 5.3. Yield of ATP from various fuels under aerobic and anaerobic conditions,
assumed that fuels are utilized by pathways described in Chaplers 4, 5, and 6

ATP yield (mol)

Fuel Conditions mol of fuel utilized

Glucose aerobic, complete oxidation 38
Glucose anaerobic, conversion to lactate 2
Glycogen aerobic, complete oxidation 39
Glycogen anaerobic, conversion to lactate 3
Palmitate aerobic, complete oxidation 129
Acetoacetate aerobic, complete oxidation 24

Hence the complete oxidation of one molecule of glucose produces 38 molet

A o 1 T e T v
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An increase in temperature from 8.6 to 13.7 °C
doubled the growth rate in salmon smolt.

BY B.Fyhn Terjesen, Nofima
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