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Proof test of the rearing technique based on DHA requirement during larval period to prevent the morphological

abnormalities in brown sole Pseudopleuronectes herzensteini
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The purpose of this study was to evaluate the suitability of a rearing technique and to prevent morphological abnormalities in
juveniles of the brown sole Pseudopleuronectes herzensteini by fulfilling their DHA requirements during the larval period.
Treatments of enriched larval food included 4 different rotifer preparations and only 1 preparation of Artemia nauplii with a
commercial product. Larvae at 15 days after hatching (D developmental stage) were fed for 11 days with rotifers that were
treated with different materials and enriched-Artemia. During developmental stages F-I, larvae were fed solely with enriched-
Artemia. The incidence of normal morphology and survival rate in larvae fed with rotifers containing enough DHA to meet
the DHA requirements during the D-E stages were significantly higher than those in larvae fed with rotifers containing
insufficient DHA. Therefore, these results confirmed that this rearing technique, based on providing enough DHA to meet
requirements of larval brown sole during the D-E stages, successfully reduced morphological abnormalities to approximately
10%, yielding a normal morphology rate of 90-94%. This study also indicated that the rearing technique may be used to prevent
morphological abnormalities in juvenile brown sole regardless of the enrichment material used, since both commercial product

and DHA oil were effective.
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Table 1 Design of experimental treatments
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Rotifers Artemia
Enrichment conditions Control Group A Group B Group C nauplii
Treatment tank (L) 1,000 20 500
Addition volume 800-1,000 ml 40 ml 4¢g 2 ml 35¢g
Density (ind./ml) 800-1,000 1,000 100-150
Temperature (C) 21 20 20
Time (h) Constant 18-22
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Table 2 Rearing conditions for larval brown sole

Body length of initial fish (mm) 6.0

Initial developmental stage C stage:13%;D stage:87%

Tank volume (L) 500
Water temperature (‘C) 15.5+0.3
Water exchange (%/ day) 200-300
Density of live food (ind./ml)

Rotifers:8

15- 25 days post hatching ) .
Artemia nauplii:0.3
26-52 days post hatching Artemia nauplii:0.8-2.0

Feeding frequency Twice/ day
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Table 3 Crude lipid and fatty acid contents in rotifers and Artemia nauplii

Rotifers Artemia
Control Group A Group B Group C nauplii
Crude lipid (% d.b.") 18.1 11.9 11.0 16.6 26.0
Fatty acid content (g/100g d.b.™)
EPA 1.0 0.6 0.5 1.1 1.6
DHA 1.7 2.3 0.6 2.6 1.9
! Dry weight basis
Table 4 Crude lipid and fatty acid contents of fish at 26 days post hatching
Control Group A Group B Group C
Crude lipid (% d.b.”) 18.8 19.6 19.7 2.7
Fatty acid content (g/100g d.b.™)
EPA 1.7 0.7 1.0
DHA 2.9 1.5 3.6

! Dry weight basis
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Table 5 Survival rate, body length and incidence of normal morphology in each group

Control Group A Group B Group C
. . 19.9 B 555 A 21.3 232

Survival rate at 52 days post hatching (%) .

(22.7,21.2,15.9)*  (49.2,61.7)
Body length (mm)
26 days post hatching 7.8+0.4 a” 7.740.4 a 7.740.3 a 7.840.4 a
52 days post hatching 12.3+2.1 a 12.3£19 a 11.3+1.7 a 12.442.0 a
Normal morphology 83.6 B" 924 A 37.2 90.2
at 52 days post hatching (%) (85.7, 83.4, 81.7)%  (90.6, 94.2)

*1 Significant differences between Control and Group A are indicated with different letters (Scheffe's test, p<0.05)

*2 Values in parentheses indicate rate for each replicate trial

*3 Values having the same letters in the same line are not significantly different (Tukey's test, p>0.05)
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Fig. 1 Developmental stage of fish at 26 days after hatching
in each treatment.
Developmental stages (E-G) were modified from the
study by Aritaki and Seikai (2004) and were
classified into 3 categories (Stage E: flexion larva;
Stage F: post-flexion larva, onset of metamorphosis;
Stage G: post-flexion larva, early phase of
metamorphosis).
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Fig. 2 Proposed DHA content necessary in live foods to achieve normal morphology for brown sole (Satoh 2009 in Japanese).

*1 Dry-weight basis.
*2 Feeding period of DHA that affects morphology.

*3 Each classification of developmental stage was modified from the study by Aritaki and Seikai (2004). Stage D
indicates pre-flexion larva and the other developmental stages (E-G) are shown in Fig.1.
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