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ABSTRACT

Dhert, Ph., Lavens, P., Duray, M. and Sorgeloos, P., 1990. Improved larval survival at metamorpho-
sis of Asian seabass (Lates calcarifer) using w3-HUFA-enriched live food. Aguaculture, 90: 63-74.

Asian seabass (Lates calcarifer) larvae were fed Brachionus cultured on Chlorella and, as soon as
ingestion was possible, different types of Artemia, i.e., nauplii of the San Francisco Bay (SFB) strain,
Great Salt Lake (GSL) strain or GSL nauplii that had been bioencapsulated with an emulsion con-
taining high levels of the w3-HUFAs (highly unsaturated fatty acids) 20:5 and 22:6. San Francisco
Bay Artemia with a good natural fatty acid profile and small body size could be offered earlier than
the larger but HUFA-poor Great Salt Lake strain. The poor nutritional quality of the latter, however,
could be corrected by enriching the nauplii with an w3-HUFA emulsion for 24 h, after which time
high levels of the w3-HUFAs 20:5 and 22:6 were obtained. When the Artemia diet offered before
metamorphosis included natural or supplemented essential fatty acids, no significant differences in
dry weight, length or survival of the fish were noticed, as compared to fish fed the naturally deficient
GSL Artemia. Onset of metamorphosis and physiological condition after metamorphosis, however,
were influenced by the HUFA content of the ingested prey. Seabass larvae fed SFB or enriched GSL
Artemia started metamorphosis on day 19, while those in the non-enriched series never achieved
metamorphosis and died of a nutritional deficiency syndrome by day 27. An indication of the phys-
iological condition of the larvae and the early detection of the syndrome was possible by subjecting
21- and 25-day-old larvae to a stress test: abrupt exposure of the larvae to 65-ppt saline water resulted
in abundant and early mortality in HUFA-deficient fish larvae. Fry receiving w3-HUFA-fortified
Artemia had a superior physiological condition which was reflected by significantly lower mortality
figures in the stress test.

INTRODUCTION

During recent years success in larviculture of European seabass (Dicentrar-
chus labrax) and seabream (Sparus aurata) has improved due to the appli-
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cation of w3-HUFA (highly unsaturated fatty acid) enrichment of the larval
diets Brachionus and Artemia.

The variability of the nutritional value of live foods for marine larval fish
is well documented (Sick, 1976; Watanabe et al., 1978, 1980; Claus et al.,
1979; Bottino et al., 1980; Kuhlmann et al., 1981; Léger et al., 1986). In the
early 1980s it was shown that the nutritional value of Artemia and rotifers is
mainly governed by the presence in sufficient quantities of the highly unsat-
urated fatty acids 20:5w3 and 22:6w3. In this regard, Léger et al. (1986)
demonstrated that when these components are present in inadequate amounts,
the HUFA content of brine shrimps and rotifers can be enhanced by allowing
them to take up emulsified HUFAs. Various enrichment techniques have been
elaborated for optimal enrichment of these live prey. For example, by using
the self-emulsifying product SELCO (Artemia Systems NV-SA, Ghent, Bel-
gium), the w3-HUFA levels in Artemia can be increased from about 2 mg/g
DW in freshly hatched nauplii to about 40 mg/g DW after 24 h of enrich-
ment. Applying these new enrichment diets and techniques, various studies
have been conducted to evaluate the beneficial effects of feeding these en-
riched prey to different marine fish species. Significantly improved culture
success, in terms of larval growth, survival, metamorphosis and resistance to
stress conditions, has been documented for European seabass and bream, and
for the Pacific rabbitfish and dolphinfish (Sorgeloos et al., 1988).

Lates calcarifer, also called giant sea perch, Asian seabass or barramundi,
has a high commercial value and can be cultured at different salinities; it is
therefore considered to be a good candidate species for aquaculture, espe-
cially in South East Asia and the Pacific. In 1983 aquaculture production av-
eraged over 2500 tonnes, the main producers being Thailand, Indonesia and
Malaysia (SEAFDEC, 1983).

Using Brachionus and Artemia as live foods, new culturing techniques were
developed in Thailand for larval production. Reported survival levels were
about 40% during the hatchery and nursery phase (Maneewong et al.,
1986a,b). Problems, however, persisted: kidney disease, overinflation of the
swimbladder, high stress sensitivity, etc. (Danayadol, 1984; Danayadol and
Boonranapanichagit, 1984; Bagarinao and Kungvankij, 1986). It was postu-
lated that manipulation of the nutritional composition of the food could pos-
sibly overcome these problems (Rodgers and Barlow, 1987; Buranapanidgit
etal., 1988).

In this regard we investigated the effects of HUFA-enriched Artemia diets
on the larval rearing of Lates calcarifer at the Tigbauan Hatchery of the Aqua-
culture Department of SEAFDEC in the Philippines.

MATERIALS AND METHODS

Fertilized seabass eggs were obtained from broodstock reared on trash fish
(5% body weight/day) in floating cages at Igang Research Station and shipped
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to the laboratory site in Tigbauan, Iloilo, the Philippines for incubation and
hatching.

In the first experiment, the influence of feeding w3-HUFA-enriched Ar-
temia versus non-enriched brine shrimp nauplii was evaluated. Sixteen tanks
of 200 1 capacity each were used. Newly hatched seabass larvae were intro-
duced at densities of 30 larvae per liter (water temperature 26-29°C; salinity
32-34 ppt). Brachionus, cultured on Chlorella, was added from day 2 until
day 12. Freshly hatched Artemia (instar I) from San Francisco Bay (SFB;
small, HUFA-rich strain) and Great Salt Lake (GSL; large, HUFA-deficient
strain) were administered from day 10 or later, depending on the mouth size
of the fish larvae (Dhert et al., 1990). HUFA-fortified GSL nauplii (GSLE),
which were enriched for 24 h with the self-emulsifying lipid concentrate
SELCO according to the technique described by Léger et al. (1987), were
added from day 11 onwards. Four different feeding regimes with regard to
Artemia were used. In the first two treatments fish larvae received SFB Ar-
temia in the beginning and GSL or enriched GSL (GSLE) in a later stage. In
the other two treatments larvae received GSL from the start and, in one case,
this diet was again substituted by enriched Artemia in a later stage.

In order to find out from what larval stage a HUFA diet is essential, a sec-
ond set of experiments was carried out in which the addition of enriched GSL
nauplii was gradually delayed. The first period of the culture was analogous
to the experiment described above. On day 10, the animals were transferred
to smaller tanks (50 1) and maintained on a Brachionus and a HUFA-poor
Artemia diet for 3 days. Starting on day 14, one container was given the fatty
acids-fortified diet (treatment 1) while all other containers received newly
hatched (treatment 2, 3, etc.), but HUFA-poor Artemia. Every successive
day, a new tank was subsequently included in the enrichment programme. In
both experiments the food distribution varied from 0.1 to 1.5 Artemia per ml
depending on the requirement of the fish (Table 1). Dead fish were removed
and counted daily, after which 50% of the water volume was replaced by fil-
tered seawater.

Besides length and weight measurements, the physiological condition of the
larvae was evaluated by measuring their resistance to stress conditions using
a salinity-stress test (Dhert et al., in prep.). In the first experiment 10 fish
larvae 21 days old were transferred from each culture tank (four tanks-per
treatment) to beakers and exposed to saline water (65 ppt). In the second
experiment replicates were obtained by three repetitive samplings of 10 fish.
Mortality of the fish was monitored at constant time intervals, after which
the cumulative mortalities in each time interval were summed. One-way
ANOVA and Duncan’s multiple range test were used in detecting significant
differences among treatments for the last time interval only. In order to avoid
complex tables only the average values of the data of the stress tests are pre-
sented in Tables 3 and 8.
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TABLE 1

Artemia concentration at each feeding, and number of feedings per day during the hatchery phase of
seabass larvae

Culture day Artemia conc. Number of feedings
(indiv. ml~!) per day
7 0.1 1
8 0.25 1
9-11 0.5 2
12-16 1 2
17 1.5 2
18-19 1 3
20-21 1 4
22 1.5 3

At the end of the rearing period, the animals were harvested, freeze-dried
and sent for w3-HUFA analysis to the Artemia Reference Center in Belgium.
Fatty acid profiles were determined by capillary gas chromatography. The
fish larvae were homogenized with an ultrasonic homogenizer (Sonifier B12).
Total lipids were extracted according to the method of Bligh and Dyer (1959),
and saponification and esterification was done according to the procedure
described by Schauer and Simpson (1978). Fatty acid methyl esters (FAME)
were injected on a capillary column (25 m fused silica; ID 0.32 mm; liquid
phase SILAR 10C; film thickness 0.3 um ) installed in a Carlo Erba Fractovap
2330 gas chromatograph. Operating conditions were: solid injector; hydrogen
carrier gas; flow rate 1.9 ml min—!; FID; oven temperature 154°C to 200°C
at 2°C min~!. Peak identification and quantification were done with a cali-
brated plotter integrator (Hewlett-Packard 3390 A) and reference standards.
The results are presented as area-percent FAME composition and as mg FAME

g~ ! dry weight.
RESULTS

Results from the first experiment (Table 2) reveal high mortalities (up to
50%) during the hatchery rearing of seabass. The biggest losses, however, were
registered shortly after hatching at the transition from endogenous to exoge-
nous feeding on Brachionus. During the Artemia feeding, only a few animals
died and no significant differences were traced among the different feeding
regimes at day 21. Feeding smaller Artemia at an earlier time, and/or en-
riched Artemia, improved neither length nor dry weight of the fish larvae.

The physiological condition of the fish larvae at day 21, measured as the
resistance to a salinity stress, however, was significantly better for the fish
that received a HUFA-rich diet: early mortality can indeed be noticed for
non-enriched fish (see Table 3). The summed cumulative mortality for each
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TABLE 2

Survival, dry weight (DW) and total length (TL) of 21-day-old seabass larvae reared on four differ-
ent feeding regimes (abbreviations are defined in the text)

Treatment no. " Feeding regime Survival (%) DW (mg) TL (mm)
1 SFB/GSL 45+4 2.38 9.91+0.28
2 SFB/GSLE 4313 2.17 9.54+0.28
3 GSL/GSL 4812 2.19 9.30+0.29
4 GSL/GSLE 44+ 1 2.10 9.4210.81
TABLE 3

Summed cumulative mortality figures for 21-day-old seabass larvae exposed to a 65-ppt salinity stress
test (abbreviations are defined in the text)

Treatment Feeding regime Time interval (min)

10-30 30-50 50-70 70-90 90-110 110-130

3 13 29 47 67
1 6 17 31 48
4 16 32 52 72
0 3 11 25 53

SFB/GSL 0
SFB/GSLE 0
GSL/GSL 0
GSL/GSLE 0

W -

80

Non-enriched

B0t

40r

Enriched
20t

Summed Cumulative Mortality

101

L £ 1 L L 3 L

20 30 40 50 B0 70 B0 90 100 110 120
Time f{min)

Fig. 1. Effect of enrichment diet on thé physiological condition of 21-day-old seabass larvae
obtained through a salinity stress test.
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time interval revealed no significant difference between early-fed, small Ar-
* temia (SFB) and bigger Artemia (GSL) but highly significant differences
appeared when animals with a HUFA-enriched diet were compared with an-
imals on the control diet. The superior physiological condition of the SELCO-
enriched fish (treatments 1 and 3) compared to the HUFA-non-supple-
mented fish (treatments 2 and 4) is illustrated in Fig, 1. Fatty acid analysis
of the seabass larvae revealed that the highest levels of essential fatty acids
were incorporated into body tissue of the fish fed HUFA-enriched Artemia
(Table 4).

From day 23 onwards, significant differences in survival among the feeding
trials were noticed (Table 5). Drastic mortalities, resulting in a maximum of
7% survival after metamorphosis, occurred in the tanks where no HUFA-en-
riched Artemia were administered. In contrast, seabass larvae fed the en-
riched GSL Artemia faced no difficulties with metamorphosis and continued
to grow well.

The results of the second set of experiments, in which the addition of en-
riched GSL nauplii was gradually delayed, are schematically represented in
Table 6. The shaded area on the table reflects the period in which a HUFA
diet was fed. The data represent daily mortality percentages. Again, no signif-
icant mortality could be observed before day 22. From day 23 onward sur-
vival decreased fast in treatments that so far had not received HUFA enrich-

TABLE 4

Essential fatty acid composition of 21-day-old seabass larvae reared on four different feeding regimes
(abbreviations are defined in the text)

Treatment no. Feeding regime 20:5w3 22:6w3 Zw3-HUFA
(mg/g DW) (mg/g DW) (mg/g DW)

1 SFB/GSL 1.3 0.6 2.7

2 SFB/GSLE 4.2 3.5 9.9

3 GSL/GSL 0.8 0.4 2.0

4 GSL/GSLE 5.7 6.0 14.0

TABLE 5

Daily mortality (%) for seabass larvae on different feeding regimes

Day SFB/GSL SFB/GSLE GSL/GSL GSL/GSLE
22 1 0 4 0
23 5 0 12 0
24 12 0 48 0
25 70 0 85 0
26 91 0 96 0
27 93 0 97 0
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TABLE 6

Daily mortality (%) for seabass larvae in relation to HUFA feeding (the shaded area reflects the
period during which HUFA-enriched Artemia were fed: e.g. treatment 1 received the HUFA diet from
day 14 onwards, treatment 2 from day 15 onwards, etc.)

ﬁggV%FE TREATMENT
(DAYS) I 2 3 4 5 6 T 8 9 10 I 12 13 14 5 6 17
i 4
15
; 16 o
17
' 18
, 19
20
21
22 P2
23 5 4 [
24 15 17 25
25 28 26 25
26 25 27 23
27 23 22 16
TOTAL
MORTALITY :
2 | o 3 { o} i | 5 8 38 80 96 9l 97 98 98

TABLE 7

Essential fatty acid composition of 22-day-old seabass larvae fed for different numbers of days on an
enriched-Artemia diet

Number of days fed 20:5w3 22:6w3 Zw3-HUFA
on enriched Artemia (mg/g DW) (mg/g DW) (mg/g DW)
0 0.1 0.1 0.2
1 0.5 0.2 1.4
2 4.0 0.9 7.7
3 3.2 1.5 9.1
4 5.6 3.0 12.7
5 5.0 2.2 10.4
6 3.1 2.3 7.7
7 5.3 3.0 12.0

ment. Further, lack of a HUFA diet resulted in total mortality by day 27.
When SELCO-enriched Artemia was given shortly after the first mortality was
noticed, some of the animals recovered and mortality stopped within 2 days.
Maximal survival could be maintained for animals fed the HUFA diet at least
2 days before the onset of mortality, i.e., at day 20. Since only 2 days were
required to achieve partial recovery, it seemed that the supply of HUFAs re-
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TABLE 8

Summed cumulative mortalities of 25-day-old seabass larvae fed for different consecutive days on
enriched Artemia when submitted to a 65-ppt salinity stress

Number of days Time (min)

fed on enriched

Artemia 10 20 30 40 50 60 70 80 90 100 110
11 0 0 0 1 2 4 8 15 26 38 54
10 0 1 1 3 6 12 21 33 47 64 82
9 0 0 0 1 6 13 24 38 53 69 87
8 0 0 0 2 7 16 27 41 56 74 93
7 0 0 1 4 12 25 39 55 72 91 111
6 0 0 1 9 22 38 56 75 95 115 135
5 0 0 4 16 34 53 73 93 113 133 153
4 0 0 8 27 47 67 87 107 127 147 167
3 0 1 9 22 38 55 74 93 113 133 153
2 0 0 3 13 30 48 67 87 107 127 147
1 0 1 5 17 31 47 64 83 102 122 142
0 0 2 6 17 32 50 69 88 108 128 148

TABLE 9

Duncan’s multiple range test for summed cumulative mortality figures obtained in the stress test (see
Table 8)

Days on 11 10 9 8 7 6 5 4 3 2 1 0
HUFA

11
10
9

XXXXXXXXXXX
XXX XXX

O~ W B ®
XXX XXXXX
XXX XX XX
XX XX XXX

X denotes treatments significantly different at the 0.05 level.

stored the nutritional deficiency rapidly. In this respect, the fatty acid levels
in 22-day-old seabass larvae reveal interesting information (Table 7). For
20:5w3, maximal levels were reached within 2 days but for 22:6w3 the time
required is 4 days.

When 25-day-old fingerlings were exposed to the 65-ppt stress test, signifi-
cant differences in physiological condition could be detected (Table 8). En-
riched larvae performed much better than non-enriched ones. Comparison
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among the treatments by use of ANOVA and Duncan’s multiple range test
revealed that significant differences could be detected among treatments where
a fortified diet was offered for more than 5 days (Table 9).

DISCUSSION

Numerous studies have demonstrated the importance of highly unsatu-
rated fatty acids, especially of the w3 series, as a diet component in the larvi-
culture of marine fish (Sorgeloos et al., 1988 ). Our experiments confirm this
for the Asian seabass, although the effects are not similar to those detected
for the European seabass and bream species (Franicevic et al., 1987; Lisac et
al., 1986). Whereas for the latter species a correlation exists between survival
and/or growth during the total larval rearing period and the HUFA content
in the diet, the Lates larvae show visible effects only during metamorphosis,
and after this stage, differences in physiological condition. Feeding of diets
fortified with essential fatty acids (EFA) is essential to overcome the critical

‘fourth week, at which time metamorphosis occurs; otherwise mass mortality
will occur by day 29. Since mortality coincides with metamorphosis and since
metamorphosis is accompanied by morphological and physiological reorgan-
ization in the larvae, it is very likely that such reorganization demands higher
requirements for EFA. When these are not satisfied through the food, the lar-
vae start to display uncoordinated swimming behaviour and eventually die
within a few hours. Noteworthy also is the fact that mortality was not related
to the size (or growth rate) of the larval fish, but that it started invariably
around day 22. The rate of metamorphosis, however, was accelerated when
HUFA-rich diets had been offered before day 20: i.e., 90% instead of 55%
metamorphosis was achieved by day 30 among larvae fed SEL.CO-enriched
Artemia.

Although HUFA enrichment of Artemia nauplii does not significantly im-
prove dry weight, length or survival of seabass before day 21, it does give
them a significantly higher resistance to stress conditions, reflecting their su-
perior physiological condition. Moreover, when the values of the stress test in
experiment 2 are plotted in a linear regression (Fig. 2), the intersection be-
tween the two lines indicates a required enrichment period of about 4.7 days.
This corresponds to 20-day-old larvae, and is the last day to improve the di-
etary value of the food to prevent mortality on day 22 or later! Every extra
HUFA administration before day 20 may reduce the final mortality score and
may thus be beneficial to the quality of the fry. This will effectively improve
survival during stress conditions, as might occur during transportation of the
fry to the grow-out ponds. In addition, it is possible that the animals will per-
form better in grow-out conditions where they will probably be more resistant
to starvation and temperature or oxygen stresses, and consequently less sus-
ceptible to diseases, eventually resulting in higher yields. In conclusion, an
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Fig. 2. Effect of the administration, for 11 consecutive days, of a HUFA diet on the physiologi-
cal condition of seabass larvae, obtained through a salinity stress test.

optimal feeding strategy for the Asian seabass should include the feeding of
HUFA-enriched prey in their larval development at least from day 17 on-
wards, and possibly from day 14 onwards with enriched Artemia.

Finally, it is suggested that the cumulative index derived from the salinity
stress test could be used for quality control of hatchery-reared or wild seabass
larvae. Such a technique is simple, can easily be applied by the farmer without
any need for sophisticated equipment and will allow him to evaluate the qual-
ity of the fry before deciding to stock them in ponds or cages.
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