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Post-smolt welfare, performance, and water quality in
commercial scale, floating, semi-closed containment
systems: CtrlIAQUA Flexibag and concrete

Jelena Kolarevic
Leader of Dep. Technology and Environmnet, CtrlAQUA SFI
Research Stientists, Nofima
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Norwegian Atlantic salmon production in 2050

Atlantic salmon production (1000 t)

1400

Statistics Norway, 2017
. . 1200
* 5 mill. ton salmon in 2050 (Olafsen et al., 2012)?
. . 1000
* PricewaterhouseCoopers: max 3.5 mill. ton
. . . . 800
v’ «green traffic light» all the way (lice issues resolved) i
v Production of large post-smolts 200
v Use and development of new technologies .
v Solve feed sustainability issue )
v High demand for Norwegian salmon 20062007 2008 2009 20102011 2012 2013 2014 2015 2016
v" Max production from Developmental Licenses
: : ' i MTB
v 1 mill t productlon on land Total maximum allowed biomass ( )
63%
(938 265 ton) o
Existing
commercial
MTB
Fiskeridirektoratet, 2017
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S-CCS testing and development @ Smgla e @S

* Mid Norway, Mgre og Romsdal [
* At Flatgy/Gullklakken north of Hopen on Smgla )
* In asheltered area for wind and waves except south-easterly wind direction .~
 Water quality and welfare and performance of Atlantic salmon post-smolts

Why SCCS:

Testing period: 2016-ongoing [ Testing period: 2014-2016 v’ Louse barrier
2 production cycles so far 4 production cycles v’ Nutrient collection

e @rigelit) v’ More controlled environment
CtrIAQUA | O = Jnofima
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Flexibag: SCCS with flexible walls

93% polyamid, 7% Dyneema (HPPF)

Parameters

15t generation |2"¢ generation fo e

Water volume 1720 m3 2484 m3
Water exchange 38 m3/min 38 m3/min

e Leni o oLt o e o oA 158 |/sec per 158 |/sec per
(4 pumps in total) pump pump
Hydraulic retention 45 minutes 66 minutes
time (HRT)

Minimum specific 0.44 |/min/kg  0.29 I/min/kg
water flow

WEVTOUT R K 1A 52 kg/m?3 52 kg/m?3

Maximum biomass 86 000kg 130 910 kg

Maximum oxygen 663 kg/day 663 kg/day
added

WEVTN T NeoPAT R - I 8 mg/L 8 mg/L
outlet water

Water intake (600 mm) Wi 12

depth (m)
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Flexibag: Four production cycles 2014-2016

Production Flexibag system

cycle

1st
2nd
3rd
4th

3 Start date
volume (m?)

1720 25.06.2014
2484 16.06.2015
2484 02.12.2015

2484 26.05.2016

End date

18.09.2014
29.07.2015
07.04.2016

17.08.2016

# days of

Start

End

Start density End density
(kg/m?)

production weight (g) weight (g) (kg/m3)

85
43

* Profiling of water quality in the bag :

v’ Vertical @ 3 depths: 1.5,4 & 8 m

v’ Horisontal in the centre (all) & 1m from the edge (2"d-4t cycle)
« Water velocity (4t cycle)

* Salmon performance (all) & external welfare ( 15t, 379 & 4th)

NO CONTROL GROUP!

CtrINQUA
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130
98

5
4
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Flexibag: Post-smolt performance & welfare

105 Production cycle start date end date # days StartW End W # days SGR TGC
—e—1stcycle -#=2ndcycle -@=3rdcycle —e—4thcycle 1st 25.06.2014 18.09.2014 85 103 371 85 1,50 2,47
2nd 16.06.2015 29.07.2015 43 98 152 43 1,02 1,42
100 0—0—0—0—0—0-—0-00—0-—000-0—90—0—0—0—0 99
Winter 2015-Sorin 2016996 3rd 02.12.2015 07.04.2016 127 58 193 127 0,95 2,56
95 96% pring 4th 26.05.2016 17.08.2016 83 127 245 83 0,79 1,24
Summer 2015 (0
< 90 AGD
o 88% 3rd cycle: External welfare scores
v 5,0
= ) B
o 85 SN e m Day -3 m Day 19 m Day 121
= 4,0
> 80 3,5
> 3,0
&l /5 e Jellyfish 25
Yy 2,0
70 1,5
te 1,0 I
0,5
65 66% 5 " o | N m
Summer 2016 Eye damage Skin damage Operculum Dorsal fin  Caudal fin Pectoral fin  Pelvic fin
60 damage status status status status
0 5 10 15 20 anavae TS
ay ay
. 5 _ m
week of experiment 45 | 4thcycle: External welfare indicators
1 7’
. . 4
Louse infestation .
0,8 ,
3
0,6 2,5
B lstcycle ®2ndcycle ®3rdcycle 4th cycle 2
0,4 1,5
1
II In i
0 l —
0 Left eye Right eye Skin damage Operculum Dorsal fin  Caudal fin Pectoral fin
I N N < 1N O N 00 OO O 3 NN 1N O N 0O
R RN R RS B Ty B s S B s S damage damage damage status status status
AEEEERR AR R R R
SRR TR s 2 2 g g B
10/12/2017 6
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Flexibag: Water quality within recommendation

120 4

- 120
@——-mmm—=="" @ ---m-mm-me- ad --02 tor) Jul 100 == 21.06.2016 outlet e==lll==21.06.2016 centre
110 - - sea water) July - - - -
s o— —— B —om-02baguly < 95 - D/D———:‘S - «@=- (02 center Qe 27.07.2016 outlet = @ = 27.07.2016 centre
= = - —
S 100 —=— 02 (sea water) August c ’O— 27.07 g 110
'-g D\D\D —— 02 bag August g 90 - s = «0=-+02 outlet ‘g - M- =Y
5 o g 27.07 5 =
£ 2 85 - © 100 o
] © i 02 center bt [ 4 Qe === «
= w N On oo on oo om =
g 80 S 80 - 15.07 &
g :<>.° === 02 outlet o 90 (’\!
70 | Ommmmmmmeen e 5 75 - 15.07 e
"""" o
60 70 ! ' 80
15m 4m &m 1.5m 4m 8m 4 g
Depth Depth 15m m m
40 10,0 - 14
! el = 21.06.2016 outlet
= = <@ - (02 (sea water) July 9'0 -
3 _-® =—---C02 5 —@— 21.06.2016 centre P
E 30 = <0=C02 bag huly = 801 e center27.07 = O= 27.07.2016 outlet R4
S - - ) =
E —— C02 (sea water) 'én 7.0 1 ._—"— adl = «Q=+ CO2 outlet = ® = 27.07.2016 centre ,I -
< Augst = 601 mmm—= o 27.07 310 g
£ 20 —(=—CO2 bag August g 50 O=m====-= O== o2 & —*—‘,/
1] o Yo - ~— -
g g 4,0 _D_(c:%nz'cerltSI.(:7 2 8 — -
1.0 - O 3,0 outle
g 50 n— — gy — — 15.07 6 '__—"
’ o
1,0 -
0.0 ‘ 0,0 ; ; 4
15m 4m gm 15m 4m 8m 1.5m 4m 8m
Depth

2014: Max. Pumping was only 50%

Depth

2015: Improved design; Problems

2016: Oxygen control and

monitoring; persistent difference in
water quality profile

SM@LA KLE;KERI OG SETTEFISK A/S

of maximum pump capacity due to
ondersized outlet

with self-cleaning; differences were
found in the horizontal & vertical
profile of the water quality
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Flexibag: Water velocity (4" cycle)

Distance from the edge (m) Velocity (cm/sec.) Distance from the edge (m) Velocity (cm/sec.)

— I 5

Il o B 0

— R 15

. 20 20

125

[ 30

B 35

(w) yde

(w) ydeqg

Day 26: 0.4 + 0.3 BL/sec Day 62: 0.5 + 0.4 BL/sec

Max 0.9 BL/sec

Max 1.4 BL/sec

O'Nm J Nofima
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Flexibag: Conclusions T

%
Positives: Challanges:

v’ Choice of material v'Fouling

v Robust system v'Outer net pen

v" No lice v'Sampling of fish

v’ Good growth \/Collecting dead fish ‘ _
v" Investment cost v'Biosecurity (AGD & jellyfish) |
v Water quality v'Harvesting fish | i~

v'Suboptimal hydraulics

v'Particle removal

Foto: Rune Iversen, Nekton Havbruk AS
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Salmon Home #1: concrete floating tank in the sea

e 1000 m3 pilot; 14m diameter; 267 t e Oxygenation
* Concrete (2x10cm walls; 70 cm isopor) * Intake water from 10-12 m depth
e Pipes inside walls  Drumfilter

e 3 Propeller pumps (2 |nlet & 1 outlet) . Investment cost 20 mil NOK (3.15 CAD)

Photos: FishfarmingInnovation, Nekton Havbruk & Jelena'ko_'larewci;

O'Nm. .J Nofima
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Salmon Home #1: Two production cycles (2016-ongoing)

November 2016- March 2017 May 2017- August 2017

Start ind. Weight  Density @ start Startind. Weight  Density @ start

6 kg/m3 118 g 8 kg/m3
Atlantic salmon post-smolt in S-CCS,_ Sampling 1 > Sampling 2
> 11/9/2016 > 1/17/2017 3/23/2017
nov o[ 2017 feb mar apr mai jun jul aug 2017
11/9/2016 Production cycle 1 S-CCS (136 days) 3/24/2017 5/29/2017 7/31/2017

Sampling 1 Sampling 2

5/10/2017
Atlantic salmon post-smolt in S-CCS

307017 | ORGSO SeES G BRI /- :

e Performance (survival & growth)

* Blood chemistry (ions, lactate and cortisol)
* External welfare indicators

* Organe indexes

* Water quality profiling of the system

* Water velocity profiling of the systems

e «Control group»: Cage with lice skirt

CtrIAQUA . O = Inofima
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Salmon Home #1: Post-smolt performance & welfare

—8-Survival (1st pc) —e-Survival (2nd pc)

Production period SGR (%) TGC
Aver. Temp (1st pc) —4—Aver. temp. (2nd pc) .
110 25 1st production cycle 0,87 2,7
100 2nd production cycle 1,36 2,3
0
98% 0
90 . g % mSl mS2
o 0 O & 40
é 80 84A) -9— 5 35 * gk * * *
W 150 2z 7
"(.-'U S £ 30
© -] ]
— 70 B 3 25
2 103 ¢
Z 60 {El g 15
3 |u_) g 1,0
50 2 os a b I
5 2 00 I L
40 S 2 S = = 2 S 2 © z z 2
30 0
0 2 4 6 8 10 12 14 16 18 20 22 24 % N g :
Week of experiment ° .
1st production cycle 2nd production cycle
1200 = Cortisol (nmol/l) ® Cl- (mmol/L) i: ® Mg2+ (mmol/L) ™ Lactate (mmol/L) 1200 mcore iRt = Ck (mmol/L) 14 B Mg2+ (mmol/L) M Lactate (mmol/L)
1000 1000 Cortisol & Cl-: p<0.0001 12 Mg2+ & Lactate: p<0.0001
Cortisol: p<0.0001 10 10
800 . 800
600 6 600 ¢
6
400 4 400 A
2
200 ﬁ —
0 . o m. .
I January March 0 0
anuary March
May July May July
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Salmon Home #1: Salmon Louse (Lepeophtheirus salmonis) infestation

0,5

1 2 0,45
g . m Chalimus 1& 11 S-CCS B Pre-adults & adult males S-CCS § ’ ® Chalimus | & 11 S-CCS W Pre-adults & adult males S-CCS
c Y 9 04
=) (&) 4
S 0,8 B Adult fermale S-CCS E 035 B Adult female S-CCS
5 07 2
o >
2 5 0,3
5 0,6 =
= —
c 0,5 8_0'25
oy £ 02
g 0,4 §
S 03 o 0,15
- o £
O
'i 0,2 é 011
g 01 = 0,05
5 ’ 1 1 1 1
w0 0

2853383335232 5228%00 e
= 323232 32 2 2 = z = 2 2 2 g g S =

. —— —
— -
—— —{+-

'''''

- -' : » ;:7:77 :' T e - " B : ‘ Em =
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Salmon Home #1: Water quality (15t prod. cycle)

Week of Temperature Salinity Oxygen Turbidity Conductivity
experiment Velles (oC) PH (ppt) (% saturation) €02 (me/L) VA (il UES )L (NTU) (mS/cm)
Average 54 + 01 80 + 00 335 + 0,1 898 + 1,2 1,5 £+ 001 05 %= 01 93 + 23 00 + 00 531 + 0,3
Week 11 Min 5,3 8,0 33,4 88,0 1,5 0,3 7,2 0,0 52,8
MAX 5,5 8,0 33,5 91,0 1,6 0,6 13,0 0,0 53,4
Average 54 + 01 81 + 00 339 + 00 882 + 1,0 06 £+ 01 80 + 1,1 00 + 00 534 £ 0,1
Week 20 Min 5,3 8,0 33,9 87,0 0,4 6,8 0,0 53,3
MAX 5,4 8,1 33,9 90,0 0,7 9,6 0,0 53,4
99,0
Y S-CCS gl e IR e Measured @ 3 depths & 5
97,0 ° . . .
= horisontal points within the
95,0 .
e system (15 point measurements
T 930 .
£ in total)
c 91,0 5
S [ * Good water quality
x 890
o ’ [
r * No large differences between
87,0 -
. point measurements
85,0

week 11 week 20

CtrIAQUA : O— B Inoiima
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0,20 | 0,1 BL/sec 0,7-0,9 BL/sec ‘

Salmon Home #1: Water velocity o

X 0,14

B b ? a
S 0,12 I
* Water velocity close to 60 cm/s in empty tank £,
* Potential to maintain good training conditions and self-cleaning

Cardiosomatic ind
o 09092090
O 0 0 Q9 ik
N B O ® O

CLS weekll CLS week 20 SCC-S week 11SCC-S week 20

m o Without fish = \With post-smolt (174g) m ... With post-smolt (264g)

I <0 cmysec I 15 cimfsec

45 cmfsec ) ] 20 emfsec B 15 cmysec
B socmisee  Distance from the tank edge {m) B 25 crjsec DSt2NCE from the tank edge {m] L] wemisec  pistance from the tank edge (m)
B 25 cmysec
2 4 & 8 10 12 14

(w) yrdag

{w) yadag

0.9 BL/sec
(w) yadag
1.0 BL/sec
0.7 BL/sec
0.1 BL/sec
0.7 BL/sec
1.0 BL/sec

38,4 cnfsec 42,3 cmfsec

L]

@ 3 depths & @ 5 horisontal points within system 0,9 £ 0,5 BL/sec 0,7 £ 0,4 BL/sec

CtrIAQUA : O = Inofima
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Salmon Home #1: Conclusions so far

Positives: Challanges:

v' Strength & durability ~ v'Biosecurity (AGD)
Good tank hydraulics v’ Investment cost
Good particle removal  v'Back-up solutions

Daily management v'Smaller size (pilot)

Cleaning of tank
(raise/lower tank)

X N X

Louse

Good growth
Water quality
Harvesting fish
HMS

LN N NN

Ct r | /\Q U/\ 10/12/2017 16
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Velferdsindikatorer
for oppdrettslaks:

Hvordan vurdere
og dokumentere fiskevelferd

Redigert av Chris Noble, Jonatan Nilsson, Lars H. Stien,
Martin H. Iversen, Jelena Kolarevic og Kristine Gismervik

Oversettelse av Hege Iversen Haugmo
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Atlantic salmon Operational Welfare

Handbook: Assessing and documenting

fish welfare out on the farm (Noble at

al., 2017)

* Part A: Collation of knowledge on the
welfare of Atlantic salmon

e Part B: Fit for purpose welfare
indicators for different production
systems

* Part C: Fit for purpose welfare
indicators during handling operations
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..and to our colleagues in Nofima:

Britt Kristin Reiten, Yuriy Marchenko, Frode Nerland, Kjellrun Hoaas
Gannestad, Behzad Rahnama, Dag Egil Bundgaard, Kristin Skei
Nerdal, Tonje Vikan and Sissel Nergaard and staff of Nekton
Havbruk AS: Rune Iversen and Maria Sgrgy
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- Closed- Contalnment Aquaculture) and partners and Neflma AS

(RO 8
10/12/2037 g 18 recrt,






