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Problem definition

Fish exposed to high CO, shows:
» Lower: oxygen consumption, feed intake, growth

« Higher: Nephrocalcinosis (deposits in kidneys) & cataracts
« Impaired osmoregulation and blood acidosis
« Gene expression changes

Dissolved CO, accumulates in RAS

Recommendation for Atlantic salmon: 15 - 20 mg/L

Atlantic salmon CO, tolerance in RAS is unknown
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OBJECTIVE

Carbon dioxide tolerance of Atlantic
salmon post-smolts in RAS




Experimental design

RAS — CO2 exposure

Flow through — no CO2 exposure

-3 wk 0wk 3 wk 6 wk 12w

Adaptation

Chronic CO, exposure

Stocking 50 fish/tank Sampling 5 fish/tank Sampling 8 fish/tank
90 = blood & tissues 90 - blood & tissues
54 - proximate analysis
Sampling 5 fish/tank Sampling 5 fish/tank
24 = blood & tissues 90 - blood & tissues

54 - proximate analysis

CtrIAQUA

v

Co, (mglL)

5 (negative control)
12
19
26
33

40 (positive control)

Replicates

(n)

W W W w W w

6 wk

Seawater phase (all fish in one tank)

All fish
90 - blood & tissues

ﬂNofima




L4

- l

= 3

~

4 "

=

%

e

e
|

:\1 1
” w\.u..vaﬁx,\.,,\\.\.\.\.\.\.\”\b ) \\\.‘

o
ot

<
»
@/
<
O




Experimental system

Water quality
Oxygen >85 %

Salinity 12 ppt
Temperature 12 — 13 °C
pH 6.7 — 7.7

Alkalinity 116 — 165 mg/L
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R: health & welfare

No observed effects on:

* haematocrit

* glucose

* hepatosomatic Index

* eye cataracts

« welfare score (skin & fins)

* nephrocalcinosis
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R: gene expression microarray

Gill: low DEG / gene suppression in RAS
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R: physiology

Negative correlation Positive regression
choride vs. bicarbonate CO, plasma vs. water

30 T
PCO, ppems = 13.08 + 0.65 PCO, e

135 7 F=-0.936, P<0.001 R2=0.61, P <0.001
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R: fish growth

Growth

CO, concentration
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R: fish body weight

Fish size

Weeks
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R: fish body weight

Carry-over effect

Fish size

Weeks
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Conclusions

* no mortalities, cataracts, nephrocalcinosis or poor external
welfare observed in fish exposed to CO, from 5 — 40 mg/L

« the highest non-observed effect concentration for several ions
and growth was 5 mg/L

Three take home messages

 Atlantic salmon very resilient to high CO,

« CO, has a growth penalty, and this penalty starts at lower
concentrations than previously reported (<12 mg/L)

« early production conditions have a carry-over effect on fish
performance at later phases
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