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Background

Cod larvae

Intensively reared cod larvae are
generally low in quality

Low growth rates

Highly variable survival

High rate of skeletal deformities

Strongly linked to first feeding diet



Background

First feeding diet
0.08-0.09 mg Se kg-1

d  i h
Intensive feed Rotifers

dry weight

3-5 mg Se kg-1 dry 

Wild feed Copepods
3-5 mg Se kg 1 dry 

weight
(Hamre et al., 2008)

Large difference in 
nutritional compositionnutritional composition



Background

Selenium

Essential micronutrient for vertebrates

Selenium dependent enzymes
Glutathione peroxidases

Antioxidant
Common Se status biomarker

D i diDeiodinases
Thyroid hormone differentiation



Project Aims

Study aims

Investigate whether rotifers enriched to 3 
mg Se kg-1 DW increase cod larvae quality



Methods

Trial design 

Eight tanks, n=4

100 Larvae L-1 40 000 Larvae per tank100 Larvae L-1 40,000 Larvae per tank

Feeding
Treatment larvae fed Se-yeast enriched rotifers
- 3 mg Se kg-1 DW (Se+larvae)

C t l l f d l i h d tifControl larvae fed normal enriched rotifers

Rotifer feeding period -> 3 to 29 days post hatch



Methods

Sampling
At 2, 7, 17, 26 and 29 dphAt 2, 7, 17, 26 and 29 dph

Growth
LengthLength
Weight

Survival

Selenium concentration

l d dSelenium dependent enzymes
Glutathione peroxidases
DeiodinasesDeiodinases



Cod la ae Length and eight

Results and Discussion

Dry weight

Cod larvae Length and weight

Length Dry weight
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C d l S i l t 29 d h

Results and Discussion

Cod larvae Survival at 29 dph
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C d l S l i t k

Results and Discussion

Cod larvae Selenium uptake
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C d l i i

Results and Discussion

Cod larvae enzyme activity
GPx Deiodinase
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Results and Discussion

Cod juveniles     120 dph
Control Se+larvaeControl Se+larvae

Growth Weight (g) 12.23 ± 3.32 11.13 ± 3.19 

Length (cm) 10.89 ± 0.91 10.57 ± 0.95 g ( )

Skeletal 
deformities 
(% of total 

Bent neck 48.0 ± 8.0 54.0 ± 12.5

Lordosis 3.3 ± 5.8 2.0 ± 0.0 
(% of total 
population) Vertebrate* 20.0 ± 3.5 27.3 ± 3.1 

Jaw 24.7 ± 6.4 22.0 ± 7.2 

Total fish 75.3 ± 11.0 76.0 ± 5.3

* Close to significant, ANOVA with post hoc Tukey test, p=0.0514 



Summary Cod larvae
Se+larvaeSe+larvae

Differences
Shorter than controls 7 and 17 dphShorter than controls 7 and 17 dph
Se concentration 4.5 fold 29 dph
Higher GPx activity 17 dph

No difference
Dry weight
S i lSurvival
Deiodinase activity
Growth or rate of skeletal deformities
at 120 dph



Conclusion

Se-yeast was effective for increasing
selenium concentrations in rotifers to 
the desired levels

Control rotifers appear to contain
insufficient selenium to meet cod larvae

i trequirements



Thank you for listeningThank you for listening
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Selenium concentration (mg kg-1 DW) in Se+ 
and control rotifers with time after enrichment

Time (hrs) Se+rotifers Control rotifers

0 2.95 ± 0.48a 0.66 ± 0.02b

2.5 2.86 ± 0.48a 0.63 ± 0.05b 

8 1.95 ± 0.36c 0.56 ± 0.02b

18 5 1 73 ± 0 23c 0 54 ± 0 02b18.5 1.73 ± 0.23 0.54 ± 0.02

18.5* 2.71 ± 0.34a 0.62 ± 0.01b

* Rotifers after 18.5 hrs storage in holding tanks without the presence of algae after ST enrichment



Cod larvae > copperCod larvae --> copper
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Cod larvae --> copper and Se
Mineral DPH Se+larvae Controls
(mg kg-1 

DW)

Selenium
2 1.78 ± 0.02a 1.78 ± 0.02a

2 32 0 04b 1 46 0 0Selenium 7 2.32 ± 0.04b 1.46 ± 0.05e

17 3.49 ± 0.14c 1.07 ± 0.03f

26 3.90 ± 0.10d 0.84 ± 0.05g

29 3.99 ± 0.15d 0.88 ± 0.02g

2 8.08 ± 0.52a 8.08 ± 0.52a

Copper 7 5.98 ± 0.55b 6.17 ± 0.36b

17 7.17 ± 0.40c 7.15 ± 0.18c

26 6.35 ± 0.64b 6.47 ± 0.50b26 6.35 ± 0.64 6.47 ± 0.50
29 6.20 ± 0.65b 6.36 ± 0.27b



Rotifers > IodineRotifers --> Iodine
120

80

100

 Iodine enriched rotifers stored with algae from 2.5 hrs
 Iodine enriched rotifers stored in clean seawater
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Cod larvae --> Se uptake  Cod larvae > Se uptake, 
trial comparison

Trial Se source 
used for 
rotifer 
enrichment

Rotifer Se 
concentration 
(mg Se kg-1

DW)

Cod larvae Se 
concentration at 26 
dph (mg Se kg-1

DW)

Cod larvae Se 
versus rotifer Se 
concentration 
ratioenrichment DW) DW) ratio 

Current 
study

Se-yeast 3.0 ± 0.5 3.9 ± 0.1 1.3

Hamre et al. 
(2008a)

Na-Se 4.8 ± 0.5 3.5 ± 0.1 0.73



Cod larvae --> Se uptakeCod larvae > Se uptake
Feeding time Se concentration 

(mg kg-1 DW)
Rotifer feeding 
rate (% of total 
daily feeding)

Time rotifers 
are available 
for larvae to 

Observation of 
cod larvae 
feeding activity

Assumed intake %

y g) o a ae o
ingest

g y

13:00 Batch 
feeding

2.95 ± 0.48 40 3.5 hrs At time of 
feeding, larvae 
guts were only 

tl f ll (30

20%

partly full (30-
50%), fill up 
fully with 
rotifers

15:30 Batch 2.86 ± 0.48 20 3 hrs Rotifer guts 10%
feeding

g
still 70-90% 
full, fill up with 
new rotifers

15:30 – 10:00 
next day

2.86 ± 0.48 start
1 95 ± 0 36 8 hrs

40 17.5 hrs At start, larvae 
guts are 100%

2.86 ± 0.48     10%
1 95 ± 0 36 35%next day

Continuous 
feeding

1.95 ± 0.36 8 hrs
1.73 ± 0.23 18.5 
hrs (end)

guts are 100% 
full, at 10:00 
larvae guts are 
40-70% full

1.95 ± 0.36 35%
1.73 ± 0.23     25%

Average Se level in Se+rotifers ingested by Se+larvae. 2.3 mg Se kg-1



Skeletal deformitiesSkeletal deformities

Figure 1. Normal cod

Figure 3. Lordose in backbone of grade 2 cod juvenile Figure 2. Bent neck of grade 1 cod juvenile


