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Abstract

Two feeding experiments were carried out on Pangasius hypophthalmus larvae reared in a recirculating
water system during 8 days. The first experiment was done at the Can Tho University (Vietnam) and the
second at the RIFF Sukamandi station (Indonesia).

The main of the first experiment was to compare survival and growth performance of P. hypophthalmus
larvae fed with either Moina sp. or Artemia nauplii and with either strong or moderate aeration. Strong
aeration was tested in order to homogenise prey repartition in the water column, since Artemia and Moina sp.
tended normally to be concentrated in corners or at the bottom of the tanks. Two feeding rates (150 and
4000% of fish biomass) were tested.

The second experiment aimed at an evaluation of optimal feeding level with Artemia nauplii, by
considering growth, number of ingested preys and survival rates of larvae. Each of three feeding levels (RI,
R2 and R3) were tested at three different fish stocking densities (10,30 and 90 larvae.L"), The feeding level
RI was adjusted daily according to a pre-established model of the number of Artemia ingested as a function
of age in P. hypophthalmus larvae. The rations R2 and R3 were respectively 3 and 9 times greater than RI.
The prey accessibility (number of prey per litre), which varied as a function ofthe different combinations of
feeding level x fish stocking density, was also considered as a parameter that could influence larval growth
and survival.

The results ofthe first experiment indicated that both Artemia and Moina sp. could be used as a first feed
for P. hypophthalmus larvae. However larvae fed Artemia nauplii presented a faster growth rate than those
fed Moina. Perturbation of the rearing media by strong water aeration resulted systematically in reduced
larval survival rates, whatever the type of prey and feeding rate used.. The results of the second experiment
showed that: I) at a same feeding level, the stocking density did not affect the growth or survival of larvae;
2) at a same stocking density, larval growth and survival increased significantly with an increase of the
feeding level, except for the highest feeding level at the highest stocking density (90 larvae.L") which
resulted in excessive feed quantity in the tanks; 3) at a same feed accessibility, growth and survival were
decreased with a decrease in feeding level associated to an increase in stocking density. Therefore, in the
range tested, the feeding level had a predominant effect on larval growth and survival in comparison to
stocking density or prey accessibility. In the most favourable conditions, the larvae showed a very high
growth rate, reaching up to 50 mg mean body weight at 8-days of age. The optimal feeding levels of
P. hypophthalmus are discussed in regards to the observed number ofArtemia nauplii ingested as a function
of age of larvae in the different situations tested.

INTRODUCTION

Originating from the Mekong River, Pangasius
hypophthalmus is the most widely cultured fish

species in ponds in the Mekong Delta. Its
production reaches several ten thousands tons per
year in Vietnam. The species was introduced from
Thailand to Indonesia in 1972 (Hardjamulia et al.,
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1981) where it has been well adapted to local
conditions. and is appreciated by conswners.

Induced spawning of P. hypophthalmus was
initially reported in Thailand in 1976 (Charoen
Panil, 1977). in Indonesia in 1981 (Hardjamulia et
al., 1981) and in Vietnam in 1981 (My Anh et al .•
1981). Although P. hypophthalmus has been
cultured for about 30 years. larval rearing of this
species remains problematic (Subagja et al.• 1999).
It is generally recognised that the first 8 days of
life represents the most critical period. during
which a marked cannibalistic behaviour was
considered as the main cause of mortality.
However. Subagja et al. (1999) showed that
bacterial disease and female parents had more
influence on survival rates of P. hypophthalmus
larvae than direct effect of cannibalism.

Investigations carried out in Indonesia
(Yuniardi, 1987) showed that P. hypophthalmus
larvae fed on Artemia nauplii gave higher survival
and growth rates than those fed on Daphnia
carinata. However. Artemia is still the most
expensive live food in South East Asia and some
others natural feed should be found as substitutes.

Feeding level and prey accessibility play also
an important role in growth and survival during the
larval rearing.

In the present study. two different experiments
were conducted:
• The first one with Artemia and Moina sp. as

first feed distributed at two different rations. As
these preys tend to be concentrated in corners
or at the bottom of the tanks after being
distributed to the fish, strong water aeration was
tested as a possible mean of increasing prey
accessibility by homogenising their distribution
in the water column. It has been observed that
young P. hypophthalmus larvae have a
predominantly pelagic behaviour.

• The second one to determine the optimal
feeding rates with Artemia nauplii, and the
effects of prey accessibility for P.
hypophthalmus larvae by considering growth.
ingested number of prey and survival rates at
different fish stocking densities.

MATERIAL AND METHODS

Experiment 1
The first experiment was carried out at the Can

Tho university (Vietnam) and was designed to
compare the effects of a low (150% of fish

biomass) and high (4000% of fish biomass)
feeding ration on growth and survival of P.
hypophthalmus larvae fed either with Artemia
nauplii or Moina sp. It aimed also to determine the
effects of a strong water aeration on the prey
accessibility by homogenising live food in water
column. Therefore. the larvae were placed in the
following rearing conditions:

• larvae fed with Artemia at 150% of fish
biomass with strong aeration

• larvae fed with Artemia at 150% of fish
biomass with slight aeration

• larvae fed with Artemia at 4000% of fish
biomass with strong aeration

• larvae fed with Artemia at 4000010 of fish
biomass with slight aeration

• larvae fed with Moina at 150% of fish biomass
with strong aeration

• larvae fed with Moina at 150% of fish biomass
with slight aeration

• larvae fed with Moina at 4000% of fish biomass
with strong aeration

• larvae fed with Moina at 4000% of fish biomass
with slight aeration.

The larvae were obtained from broodfish held
in earthen ponds at the Can Tho University
(Vietnam). Oocyte maturation and ovulation were
induced after hormonal treatment with hCG
(human chorionic gonadotropin; Campet, 1997).
Twenty four hours after hatching. larvae were
individually counted and transferred to the larval
rearing structures.

All treatments were tested with three
replications. The larvae were reared in 50 litre
aquarium at a stocking density of 10 larvae.L"
with a water flow of 0.4-0.5 Lmin". The
experiment was monitored for 8 days and feeding
started at 48 hours post-hatching when yolk sac
was not completely absorbed. The feeding
frequency was 6 meals per day at 08:00. 12:00.
16:00. 20:00. 24:00 and 4:00. Each three day. in
each treatment the larvae were weighed in batch in
order to readjust the quantity of Artemia and
Moina distributed according to feeding rates.

During the experiment. the water temperature
was measured daily with a minimal-maximal
thermometer and varied between 28 and 30°C.
Water quality was monitored twice a week during
the period oflarval rearing. pH varied between 7.0
to 7.5 and dissolved oxygen was in all cases higher
than 5.0 mg.L". Ammonia and nitrite
concentrations were determined at the same time
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(R3) was three times greater than the medium
ration (R2). Feeding level was adjusted. daily as a
function of this model (Fig. I) and feeding rate (%
of fish biomass) was calculated from an estimated
Artemia mean body weight of 15 ug (Sorgeloos et
al., 1986).

60

AGE (days)

Figure 1: Number of Artemia ingested by
Pangasius hypophthalmus as a fundion of age of
larvae observed in AGIFISH hatchery in 1996
(Slembrouck, 1997). The modelised relationship
between number of Artemia ingested and age of
larvae is of the fonn: Y=e"(a+bX), with a=O,563541
and b=O,392637(r2 = 0,873).

The larvae used in this experiment were
obtained from 3-5 years old P. hypophthalmus
brooders held in ponds at the Sukamandi station.
Induced breeding, artificial fertilisation and
incubation of eggs were made following the
procedure described by Legendre et al. (1999).
Twelve hours after hatching, the larvae were
individually counted and transferred to the
experimental facilities.

All treatments were tested in duplicate and
larvae were placed in 30 L tanks of a recirculating
water system with mechanical and biological
filters. Water flow through the tanks were of 0.25
Lmin" up to 3-day then 0.5 Lmn",
Oxytetracycline at dose of 10 mg.L" was applied
as a permanent bath to the larvae from the first day
up to 8-days ofage (Subagja et al., 1999).

Larvae were fed with Artemia nauplii starting
from 40 hours after hatching. Up to 8-days of age,
the feeding frequency was of 8 meals per day at
09:00, 12:00, 15:00, 18:00, 21:00, 24:00, 03:00
and 06:00. At each feeding time, the water flow
was stopped during 30 minutes in order to maintain
the living preys in the tanks.
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Experiment 1
The second feeding experiment was carried out

at the Sukamandi station of the Research Institute
for Freshwater Fisheries, (West Java, Indonesia). It
was designed to evaluate the optimal level of
feeding with Artemia nauplii for larval rearing of
P. hypophthalmus. Each of three feeding rations
(RI, R2 and R3) were tested at three stocking
densities (10,30 and 90 larvae.L").

Feeding levels and fish densities were chosen to
ensure that several combinations of these two
factors resulted in a same prey accessibility (the
level of prey accessibility, which is the product of
the feeding level by the fish stocking density,
represents the density ofArtemia available per litre
of water, see Table 2). This was done in order to be
able to separate, in the effects of feeding level on
larval growth and survival, those related directly to
the amount of feed distributed (number of Artemia
per larvae) from those that may result from
changes in feed accessibility (number of Artemia
per litre).

A supplementary treatment (R'3) consisted in
larvae stocked at the lowest density (10 larvae.L")
and fed with the highest quantity of Artemia
nauplii used in this experiment (ration R3 given to
larvae stocked at 90 fish.L01

) . These two treatments
resulted in the same high prey accessibility (A I x
81, see Table 2).

The feeding level was basically defined from
observations of the number of Artemia nauplii
ingested as a ftmction of age in P. hypophthalmus
larvae fed in excess. These observations, were
done at the AGIFISFH hatchery, Vietnam
(Slembrouck, 1997). The relationship between age
and observed-number of Artemia nauplii ingested
was modelised (Fig. 1) and served as a reference to
defined the lowest feeding level used in this
experiment. Medium ration (R2) was three times
greater than this low ration (RI) and high ration

using Aquaquanr" kits (Merck 14423, 14424) and
ranged between 0.007 and 0.02 mg.L", and
between 0.01 and 0.04 mg.L", respectively. Each
aquarium was cleaned every day by siphoning off
faeces and uneaten food.

On the last day of rearing period (day 8), thirty
larvae from each tank were sampled and weighed
in batch at an accuracy of 0.1 mg, the fishes being
previously placed on paper towels in order to
absorb adhering water. Survival rates were
determined by counting all the remaining larvae in
each aquarium.
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During the experiment, the water temperature
was measured continuously and varied between
28.4 and 30.9°C. Water quality was monitored
daily, dissolved oxygen and pH varied in the range
of 4.4-7.8 mg.L" and 8.4-8.5, respectively.
Ammonia and nitrite concentrations were
determined at the same time using Aquaquant'" kits
(Merck 14423, 14424) and ranged between 0.00
and 0.22 mg.L", and between 0.005 and 0.012
mg.L", respectively. Each aquarium was cleaned
daily by siphoning off dead larvae and uneaten
Artemia nauplii.

Every two days from the 2nd day until the 8th

day of age, ten larvae from each tank were
randomly sampled 30 minutes after the 6:00 PM
meal and weighed in batch at an accuracy ofO.lmg
according to the procedure of the first experiment
Then, the larvae were fixed in 5% formalin,
individually dissected, and the total number of
Artemia nauplii present in the first part of their
digestive tract was counted. On the last day,
survival rates were determined by counting all the
remaining larvae in each tank.

Statisticalanalysis
Final mean body weights and survival rates of

larvae were subjected to three way ANOVA (kind
of prey x ration x water aeration) in the first
experiment and two way ANOVA (ration x
density) in the second one. Data from the
supplementary treatment (lO larvae.L"; R'3) in the
second experiment were compared to those from
the treatment with R3 at stocking density of 90
larvae.L" by one way ANOVA. When necessary,
angular transformation of data expressed as
percentage was carried out in order to stabilised the
residual variance.

RESULTS

Experiment 1
Mean body weight and survival rates of larvae

obtained after 8 days of age as a function of feed
type (Artemia or Moina), feeding level and
conditions of water aeration are given in Table 1.

Survival rate
Results of analysis of variance indicated that

aeration (p<O.OOOl) and ration (p<O.ool) had a
great influence on survival rates of
P. hypophthalmus larvae. However, no effect of
the type of prey (Artemia or Moina) were found

(p>0.05).
When larvae were fed with the low ration

(150%), the survival rates obtained with a strong
water aeration (21% and 18%) were lower than
those obtained with a slight aeration (40 and 27%).
The survival rates were higher when larvae were
fed with Artemia nauplii rather than Moina at low
ration with strong or slight water aeration and at
high ration with strong aeration. However, the
highest survival rate (62%) was obtained when
larvae were fed with Moina at a high ration
(4000%) with slight aeration.

Growth
Analysis of variance showed no significant effect
of the aeration conditions on the larval growth
(p>0.05). Mean body weights were significantly
higher (p<O.ooOl) for larvae fed Artemia nauplii
than for those fed Moina. The growth rate of larvae
was significantly increased with higher ration
(p<0.001), except for larvae fed Moina in the
treatment with strong aeration.

Experiment 2
Survival rate
The survival rates ranged between 20% and

60.5% (Table 2). The highest values were observed
in treatments where larvae were fed with a high
ration (R3) at density of 10 larvae.L" (60.5%) or
30 larvae.L" (52.0%). The analysis of variance
indicated that the survival rates of
P. hypophthalmus larvae increased significantly
according to the ration (p<O.ool). However, the
treatment at ration R3 and high density (90
larvae.L") showed a lower survival rate (33.0010),
as was also observed in the supplementary
treatment (10 larvae.L"; R'3). This indicated a
negative effect of too high concentration of
Artemia nauplii on survival rates.

For a same feeding rate (except for R3 with
high stocking density, see upper), there was no
effect of the larval stocking density on the survival
rates, despite prey accessibility increased with
increasing fish stocking densities. For a same
larval stocking density, survival rates increased
according to the ration, therefore according to the
prey accessibility. However, considering a same
prey accessibility we observed that the survival
rates had a tendency to decrease with higher
stocking density, i.e. with a lower feeding rate.
The result obtained (37.5%) with the
supplementary treatment (10 larvae.L"; R'3) was
close to the one at density of 90 larvae.L" and
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Feeding Water aeration Feeding rate Final body weight Survival rate
(% biomass) (mg) (%)

Artemia Strong 150 13.9 20.7
Artemia Slight ISO 11.2 40.4
Artemia Strong 4000 19.9 28.1
Artemia Slight 4000 20.6 48.9

Moina Strong 150 5.0 18.4
Moina Slight ISO 7.3 27.3

-Moina Strong 4000 6.1 22.3
Moina Slight 4000 10.9 62.3

Table 1: Body weight and survival rate of P. hypophthalmus larvae reared at a stocking
density of 10 larvae.L-1 at the age of 8 days as a function of prey (Artemia, Moina), feeding
level and water aeration (mean for three replications per treatment).

Corresponding
feeding rate on Feeding Accessibility Level Final

Fish stocking the first day of level at the at the first of prey body SGR Survival
density feeding first feeding feeding accessibility weight rate

(% biomass (Nb Artemia (Nb Artemia
(larvae.L") .day") .larvae" .litre" (mg) (%.d-I

) (%)
(*) .feeding") .feeding")

10 RI 40 3 30 Al 20.3 44.5 23.5
10 R2 120 9 90 Alx3 29.1 50.1 38.0
10 R3 360 27 270 Alx9 43.9 56.1 60.5

30 RI 40 3 90 Alx3 23.8 47.1 20.0
30 R2 120 9 270 Al x9 33.3 52.0 31.5
30 R3 360 27 810 Al x27 49.8 57.9 52.0

90 RI 40 3 270 Alx9 22.5 46.3 21.5
90 R2 120 9 810 Al x27 33.0 51.9 39.5
90 R3 360 27 2430 Al x 81 46.9 57.1 33.0

10 R'3 3240 81 2430 Al x 81 51.3 58.9 37.5

Growth data were examined per period of two
days (Fig. 3), in terms of specific growth rate
[SGR=IOO(LnW2-LnWI)/t]. During a first period
from 60 hours to 5 days after hatching, the Figure
3 indicated that the highest SGR were obtained
with the highest rations (R3 and R'3). Afterwards,
SGR for the high rations generally decreased faster
than for the low rations WItH the end of the
experiment. From the 4th day of larval rearing the
difference of SGR between high and low rations
were reduced and SGR values tended to be very
close. It appeared (Fig. 3) that the growth
differential observed between larvae fed with
ration RI, R2, R3 and R'3 (Fig.2) concerned only
the first four days of larval rearing.

Growth
Growth performances were positively

correlated with feeding ration (p<O.OOOI; Table 2
and Fig. 2). By contrast, there was no effect of the
stocking density on the growth performances,
Considering the same accessibility of prey (A I x 9
and Al x 27), the final body weight tended to
decrease according to stocking density and to
increase according the ration (Table 2).

(*) Calculatedconsidering an individual Artemia weightof 15J.lg (Sorgeloos et al., 1986).

Table 2: Ration, accessibility, mean body weight, specific growth rate (SGR) and survival rate of
P. hypophthalmus larvae fed withArtemia nauplii after 8 days of rearing at different stocking densities (mean
for two replications).

ration R3 (33.0010). Then, larvae fed with the
highest Artemia accessibility (AI x 81) presented
equivalent and rather low survival rates whatever
the stocking density (10 or 90 larvae.L"),



142

60

so

.. 40
!
- 30

!
~ 20

2 4 6

Age (days)

60

SO.. 40
.!
:a 30
JI

~ 20

10

0
8

30 larvae.L·1

246

Age (days)

8

60

SO 90 Iarvae.L·1.. 40

.!
:a 30
JI

~ 20

10

0

2 4 6

Age (days) 8

Vertical bars indicate range between replicates.

Figure 2: Growth of Pangasius hypophthalmus larvae at the age of 8 days from the first feeding as a
function of feeding level with Artemia nauplii and fish stocking densities.
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Figure 3: Specific growth rate (SGR) of P. hypophthalmus as a function of age of larvae at each two days
sampling periods for the different feeding level and densities.

Number ofingestedpreys
The evolution of the number Artemia nauplii

ingested by P. hypophthalmus larvae as a fimction
of their age, at each two days of sampling, is
presented in Figure 4. The number of ingested
nauplii increased with the ration given. However,
the number of ingested preys decreased at the 8th

day of rearing whatever the treatment.
For the stocking density of 10 larvae.L", the

numbers of ingested preys at the t'd, 4111 and 6th day
oflarval rearing at the high rations were 13.7,27.0
and 64.4 Artemianauplii (R3) and 14.5, 29.1 and
70.3 Artemia nauplii, (R'3). This showed that
increasing the feeding level by a 9 factor (from R3
to R'3) did not led to a strong increase in the
number of ingested preys. Therefore, the ration R3
could be considered as a maximal level of
rationing.

Independently from the stocking density, the
mean number ofArtemia nauplii ingested by larvae
fed with the ration of reference (R1) at the 2nd and
4th days were respectively 2.8 and 16 and
corresponded approximately to the model curve
(Fig. 1). However, after the 4th day and whatever
the stocking density, the observed numbers of

Artemia nauplii ingested were higher (35 to 70)
than predicted by the reference curve (23).

When the ration was multiplied by 9 at a same
stocking density (from RI to R3 at 10 or 30
larvae.L"), the number of ingested Artemia was
multiplied by 5 at day 2, by 3 at day 4 and by 2 at
day 6. For larvae reared at a stocking density of 90
per litre, increasing the ration from RI to R3
resulted in a lower increase of the number of
ingested preys, which was multiplied by 1.5 only
from the 4th day of rearing (Fig. 4).

The number of Artemia nauplii ingested by
larvae fed with equal conditions of prey
accessibility decreased when feeding rate
decreased, which was also accompanied by an
increase in stocking density.

DISCUSSION

The first experiment showed that
P. hypophthalmus larvae were fragile and sensitive
to mechanical chocks and perturbations of the
media. In addition, the homogenisation of the
preys by strong aeration did not seemed to improve
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Figure 4: Number of Artemia ingested by P. hypophthalmus larvae as a fundion of age at each two days
sampling periods for the different feeding level and densities.

the ingestion, as no difference in the final mean
body weight of larvae were found between the two
levels of water aeration tested. In this experiment
the low survival rates were probably not related to
feeding (ration and type of food) or distribution of
the preys in the water column. Some other factors
such as feeding frequency, rearing conditions,
water quality or diseases may have resulted in low
growth or survival rates. As a matter of fact,
Aeromonas hydrophiIa was identified as a
pathogenic agent for P. hypophthalmus larvae
(Hambali et al., 1999). Occurrence of bacterial
infection and its negative effect on the survival rate
of P. hypophthalmus larvae was already
demonstrated by Subagja et al. (1999). However,
these authors did not find any effects of bacterial
infection on the growth rate of larvae in their
study, as final body weights were equivalent when
larvae were reared with or without antibacterial
treatment.

In this first experiment, no difference of
survival rates was found between larvae fed
Artemia and Moina sp. However, mean body
weight were higher for larvae fed Artemia nauplii,
indicating that this prey was more adapted for first
feeding of P. hypophthalmus larvae. Yunardi
(1987) also demonstrated a better growth and
survival for P. hypophthalmus larvae fed Artemia
(21mg) than for those fed Daphnia carinata
(l lmg) at a feeding rate of 200-250% of fish
biomass. Artemia nauplii was also considered as
the best live feed for larval rearing of
Heterobranchus longifilis (Legendre et al., 1991),
Clarias macrocephalus (Fermin & Bolivar, 1991)
and Pangasius bocourti (Hung et al.; 1999).

When larvae were reared at a stocking density
of 10 larvae.L" and fed with Artemia nauplii in the
first experiment, the results did not show
difference of survival rates between low (150%)

and high feeding rates (4000%). By contrast, the
second experiment indicated a decreasing of
survival rates of P. hypophthalmus larvae when
they were fed Artemia at a high feeding level (10
fish.L"; R'3, Alx 81; corresponding to 3240% of
initial fish biomass). Similar observations were
also made for the treatment with a stocking density
of 90 larvae.L" and ration R3, which resulted in
the same high quantity of Artemia nauplii (AI x
81) in the tanks. These results indicated a negative
effect of too high quantities of Artemia nauplii on
larval survival rate. By comparison, the high
survival rate of larvae (62%) fed Moina distributed
at 4000 % of fish biomass in the first experiment
could result from the capacity of Moina to survive
in fresh water, while Artemia nauplii die after 3-4
hours in this media and decayed. Thus it can be
assumed that larvae fed very high rations of
Artemia were reared in inadequate hygiene as the
tanks were cleaned only once a day.

The highest mean final body weight of larvae
obtained in the first experiment was 21 mg only.
Similar final weights (20-24 mg) were also
observed in the second experiment with the lowest
feeding rate. These values are in accordance with
those previously reported (20-25 mg) for
P. hypophthalmus larvae at the age of 10 days
(Prihastowo, 1987; Yuniardi, 1987) or 8 days
(Subagja et al., 1999). However, observations
carried out previously at the Sukamandi station
(unpubl. Data) and in Vietnam (see Fig. 1) for
larvae fed Artemia nauplii in excess, but without
antibacterial treatment, showed lower levels of
prey ingestion (7-14 Artemia nauplii at day 4-5)
than for larvae fed high rations in the second
experiment reported here (32 Artemia nauplii at
day 4). Therefore, the lower final weights of larvae
(20-25 mg at day 8-10) in these different trials
could have been related to a low rate of prey
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ingestion whatever the feeding level used. The
present results showed that, with appropriate
rearing conditions, a mean body weight as high as
50 mg can be expected at the age of 8 days.

The results of the second experiment showed
that, in the range tested, fish stocking density did
not influence growth and survival of larvae. By
contrast, both were positively related to the feeding
level up to a limit corresponding to an excessive
quantity of feed in the tanks.

Until the age of4 days P. hypophthalmus larvae
swim with the mouth open and close their jaws
only when meeting a prey. Therefore the search for
food seems to be passive phenomenon during this
early period, and it is only afterwards that larvae
search actively for their preys in all the water
column (Hardjamulia et al., 1981; Legendre,
unpubl. data). These observations suggested that
the prey concentration (or accessibility) could be
an important parameter to consider for larval
rearing, particularly for young stages. However, at
a same feeding ration, the larval growth and
survival remained roughly the same despite prey
accessibility was increased by 3 or 9 times when
fish stocking density was increased in the same
ratio. As an example, the mean body weight,
survival and numbers of ingested preys remained
unchanged in fish fed ration RI and reared at
stocking density of 10, 30 or 90 per litre,
corresponding to prey accessibility of 30, 90 and
270 Artemia per litre (see Table 2 and Fig. 4).
Conversely, for the same prey accessibility, the
growth and survival of larvae, and the number of
ingested Artemia nauplii, increased as a function of
the feeding ration given. Therefore, the lowest
level of prey accessibility (AI = 30 Artemia
nauplii.L'l.feeding") tested in this experiment was
probably above the threshold at which this
parameter could have been a limiting one for the
larvae.

Hung et al. (unpublished data) showed a
progressive and important increase of ingested
preys as a function of age in Heterobranchus
longifi/is when larvae were fed Artemia nauplii (a
mean of 221 preys per fish was observed at 9 days
of age). By contrast, the present investigation
showed a diminution of the number of preys
ingested by P. hypophthalmus larvae between day
6 and day 8 (Fig. 4). It was noticed however that at
8 days of age, the larvae regurgitated a part of the
ingested Artemia nauplii when they were fixed in
5% formalin. This reaction, which biased the
counting of ingested preys at this moment, was not

observed during the samplings of the 2nd
, 41h and

61h days. This phenomenon was concomitant to
morphological changes in the digestive tract,
corresponding to the development of an
individualised stomach. However, a detailed
investigation remains necessary to precise the
ontogeny of the digestive tract in
P. hypophthalmus. In an other pangasiid species,
Pangasius bocourti, the stomach attains its
functional and physiological achievement 3 days
after the first feeding (Hung et aI., 1999).

The specific growth rate of larvae calculated
over the whole experimental period was increased
at higher feeding rate. However, examining the
evolution of SGR by period of two days showed
that the growth differential observed between
larvae fed with ration RI, R2 and R3 concerned
mostly the first four days of larval rearing (see
Fig. 3). The same trend was also observed when
considering the number of Artemia ingested: the
differential in number of prey ingested between
larvae fed the different rations was reduced in
older fish in comparison to younger ones. These
results suggest that feed rationing would be more
efficient (i.e, leading to high growth rates for a
lower total quantity of Artemia distributed) if an
initial high ration (R3) is reduced to R2 between 4
and 6 days of age, than reduced to RI between 6
and 8 days of age.

CONCLUSION

The present study showed that both Artemia
nauplii and Moina sp., which led to similar
survival rates, could be used as a first feed for
larval rearing of P. hypophthalmus. However,
larvae fed Artemianauplii systematically displayed
a faster growth rate than those fed Moina.
Pangasius hypophthalmus larvae were rather
fragile and sensitive to strong water aeration used
as a mean to homogenise the distribution of preys
in the water column.

In the range tested, the feeding level using
Artemia had a predominant effect on larval growth
and survival in comparison to fish stocking density
or prey accessibility. This positive relationship
between feeding level and larval growth and
survival was associated to an increase in the mean
number of Artemia nauplii ingested by the larvae.
In the most favourable conditions, the larvae
showed a very high growth rate, reaching up to 50
mg mean body weight at 8-days of age.



Although, growth performance and survival
rates increased according to the feeding level, the
ration R3 (corresponding 27 Artemia per larvae per
feeding, or 360% of fish biomass, on the first day
of exogenous feeding) appeared as the maximal
efficient ration for P. hypophthalmus larvae.
Further investigations are presently carried out to
precise the optimal feeding level according to the
age and body development ofthe larvae.

REFERENCES

Campet M. (1997) Qualitedes ovules d'un poisson
chat eleve en cages flottantes dans le delta du
Mekong (pangasius hypophthalmus) durant le
processus de maturation ovocytaire. Memoire
de fin d'etudes pour l'obtention du DAA,
ENSA-Rennes, France, 31 p + annexes.

Charoen Panil (1977) Artificial breeding of
Pangasius sutchi (Fowler) by hormone
injection in Thailand In: Annual report 1977 of
the Tak Fisheries Station, Freshwater Fisheries
Division. Bangkok (Thailand), 28-30.

De Kinkelin P., Michel C. & Ghittino P. (1985)
Precis de pathologie des poissons. INRA-OIE
Edit., 340 p.

Fennin A C. & Bolivar M.E.C. (1991) Larval
rearing of the Philippine freshwater catfish,
Clarias macrocephalus (Gunther) fed live
zooplankton and artificial diet: A preliminary
study. Badmidgeh, 43, 87-94.

Hambali S., Komarudin O. & Slembrouck J.
(1999) Preliminary study of the source of
Aeromonas hydrophiJa infection on Pangasius
hypophthalmus larvae. Proceedings ofthe mid­
term meeting of the Catfish Asia project, this
volume.

Hardjamulia A, Djajadiredja R., Atmawinata S. &
Idris D. (1981) Pembenihan jambal siam
(Pangasius sutchz) dengan suntikan ekstraks
kelenjar hipofise ikan mas (cyprinus carpio).
Bull. Pen. Perik Darat, Bogor (Indonesia), 1,
(2) 183-190.

Hung L. T., Tuan N. A, Hien N. V. & Cacot P.
(1999) Larval rearing of the Mekong Catfish,
Pangasius bocourti (Siluroidei, Pangasiidae):
Artemia alternative feeding and weaning time.
Proceedings of the mid-term meeting of the
Catfish Asia project, this volume.

Legendre M., Slembrouck 1., Subagja J. &
Kristanto A H. (1999) Effects of varying

145

latency period on the in vivo survival of ova
after Ovaprim- and hCG-induced ovulation in
the Asian catfish Pangasius hypophthalmus
(Silurifonnes, Pangasiidae). Proceedings ofthe
mid-term meeting of the Catfish Asia project,
this volume.

Legendre M., Slembrouck J., Kerdchuen N. &
Oteme Z. (1991) Evaluation d'une methode
extensive d'alevinage des Clariidae en cages
implantees en etangs. Doe: ORSTOM
Montpellier (France), 4, 35 p.+annexes.

My Anh T. T., Xuan Dai P. THuy ., L. K. & Hoa
V. P. (1981) Nuoi uo thanh thuc va su dung
kich due to trong sinh san nhan tao ea tra ­
Broodstock management and artificial
propagation in ea tra. Can Tho University,
Faculty of Fishery and Aquaculture. Can Tho
(Vietnam). 84 p.

Prihastowo H. (1987) Pengaruh frekuensi
pemberian makanan terhadap kelangsungan
hidup burayak Jambal siam (pangasius sutchi;
Fowler). Thesis of Graduate student, Institut
pertanian Bogor fakultas perikanan (Indonesia),
39p.

Slembrouck 1. (1997) Elevage intensifde larves de
Pangasius bocourti et de Pangasius
hypophthalmus dans une ecloserie du delta du
Mekong (Vietnam). Memoire Creufop-univ.
Montpellier. Il, Orstom-Gamet, 46 p.

Sorgeloos P., Lavens PLeger., P., Tackaert W. &
Versichele D. (1986) Manual for the culture
and use of brine shrimp Artemia in
aquaculture. State university of Ghent, Belgium
Faculty of Agriculture. 320p + annexes.

Subagja J., Slembrouck 1., Hung L. T. & Legendre
M. (1999) Analysis of precocious mortality of
Pangasius hypophthalmus larvae (Siluriformes,
Pangasiidae) during the larval rearing and
proposition of appropriate treatments.
Proceedings of the mid-term meeting of the
Catfish Asia project, this volume,

Yuniardi A. (1987) Pengaruh susunan makanan
alami Artemia salina dalam kombinasi dengan
Daphnia carinata terhadap kelangsungan hidup
larva jambal siam (pangasius sutchi, Fowler).
Thesis of Graduate student, Institut pertanian
Bogor fakultas perikanan (Indonesia), 46 p.





3

CONTENTS

Page

FOREWORD 1

CONTENTS 3

CONTEXTS AND RESEARCH GOALS

Legendre M. The Catfish Asia project: backgrounds, aims and prospects.--------------------------- 7

Lazard J. Interest of basic and applied research on Pangasius spp. for aquaculture in the
Mekong Delta: situation and prospects.-------------------------------------------------------- 15

Sadili D. Marketing of pangasiid catfishes in Java and Sumatra, Indonesia.----------------------- 21

BIOLOGICAL DIVERSITY

CHARACTERlSA110N OF SPECIES, POPULA110NS AND STRAINS

Teugels G.G., Legendre M. & Hung L.T. Preliminary results on the morphological
characterisation of natural populations and cultured strains of Clarias species
(Siluriformes, Clariidae) from Vietnam.--------------------------------------------------------- 27

Teugels G.G., Gustiano R., Diego R., Legendre M. & Sudarto. Preliminary results on the
morphological characterisation of natural populations and cultured strains of Clarias
species (Siluriformes, Clariidae) from Indonesia.-------------------------------------------- 31

Pariselle A. & Komarudin O. First results on the diversity of gill parasites of some catfishes
host species in South East Asia.------------------------------------------------------------------ 37

Pouyaud L., Hadie W. & Sudarto. Genetic diversity among Clarias batrachus (Siluriformes,
Clariidae) populations from the Indochina Peninsula and Indonesia Archipelago.----------- 43

Pouyaud L., Gustiano R. & Legendre M. Phylogenetic relationships among pangasiid catfish
species (Siluriformes, Pangasiidae). -------------------------------------------------------------- 49

Volckaert F., Hellema~ B. & Pouyaud L. Preliminary data on genetic variation in the genus
Clarias and Pangasius on the basis of DNA microsatellite loci.---------------------------- 57

BID-ECOLOGY

Thuong N.V., Hung H.P., Dung D.T. & Kha L.A. Preliminary data on species composition
and distribution of pangasiid catfishes (Siluriformes, Pangasiidae) in the lower Mekong
Ftiver basirL-------------------------------------------------------------------------------------- Eil

AQUACULTUREINOPTIMISATIONANDDIVERSIFICATION
PRODUCTION

REPRODUC110N

Cacot P. Description of the sexual cycle related to the environment and set up of the artificial
propagation in Pangasius bocourti (Sauvage, 1880) and Pangasius hypophthalmus
(Sauvage, 1878), reared in floating cages and in ponds in the Mekong delta.--------------- 71

Legendre M., Subadgja J. & Slembrouck J. Absence of marked seasonal variations in sexual
maturity of Pangasius hypophthalmus brooders held in ponds at the Sukarnandi station
(Java, Indonesia).---------------------------------------------------------------------------------- 91

Legendre M., Slembrouck J. & Subadgja J. First results on growth and artificial propagation
of Pangasiusdjambal in Indonesia.--------------------------------------------------------------- 97



4

Xuan L.N. & Liem P.T. Preliminary results on the induced spawning of two catfh species,
Pangasius conchophilus and Pangasius sp l, in the Mekong delta.----------------------------- 103

Kristanto A.H., Subadgja J., Slembrouck J. "& Legendre M. Effects of egg incubation
techniques on hatching rates, hatching kinetics and survival of larvae in the Asian catfish
Pangasius hypophthalmus (Siluriformes, Pangasiidae).---------------------------------------- 107

Campet M., Cacot P., Lazard J., Dan T.Q., Muon D.T. & Liem P.T. Egg quality of an Asian
catfish of the Mekong River (Pangasius hypophthalmus) during the process of maturation
induced by hCG injections.-------------------------------------------------------------------------- 113

Legendre M., Slembrouck J., Subadgja J. & Kristanto A.H. Effects of varying latency
period on the in vivo survival of ova after Ovaprim- and hCG-induced ovulation in the
Asian catfish Pangasius hypophthalmus (Siluriformes, Pangasiidae).------------------------- 119

LARVAL BIOWGY AND REARING

Hung L.T., Tuan N.A., Hien N. V. & Cacot P. Larval rearing of the Mekong catfish,
Pangasius bocourti (Siluriformes, Pangasiidae): Artemia alternative feeding and weaning
time.--------------------------------------------------------------------------------------------------- 127

Slembrouck J., Hung L.T., Subadgja J. & Legendre M. Effects of prey quality, feeding
level, prey accessibility and aeration on growth and survival of Pangasius hypophthalmus
larvae (Siluriformes, Pangasiidae).--------------------------------------------------------------- 137

Subadgja J., Slembrouck J., Hung L.T. & Legendre M. Analysis of precocious mortality of
Pangasius hypophthalmus larvae (Siluriformes, Pangasiidae) during the larval rearing and
proposition of appropriate treatments.-------------------------------------------------------------- 147

NUTRI110N, FEEDING AND GROWTH

Hung L.T., Tuan N. A., Phu N.V. & Lazard J. Effects of frequency and period of feeding on
growth and feed utilisation on Pangasius bocourti in two Mekong catfishes, Pangasius
bocourti (Sauvage, 1880) and Pangasius hypophthalmus (Sauvage, 1878).------------------ 157

Hung L.T., Lazard J., Tu H.T. & Moreau Y. Protein and energy utilisation in two Mekong
catfishes, Pangasius bocourti and Pangasius hypophthalmus.--------------------------------- 167

Phuong N.T. & Hien T.T.T. Effects of feeding level on the growth and feed conversion
efficiency of Pangasius bocourti fingerlings.--------------------------------------------------- 175

Phuong N.T., Thi M.V. & Hang B.T.B. The use of plant protein (soybean meal) as a
replacement of animal protein (fish meal and blood meal) in practical diets for fingerlings
of Pangasius bocourti.---------------------------------------------------------------------------- 179

Liem P.T. & Tu H.T. Rearing of Pangasius bocourti fry (Siluriformes, Pangasiidae) fed
different diets in concrete tanks.------------------------------------------------------------------- 187

HYBRIDS EVALUA110N

Kiem N.V. & Liem P.T. Some biological characteristics of Clarias batrachus and Preliminary
results of the hybridisationbetween Clarias batrachus x Clarias gariepinus.-------------- 191

Lenormand S., Slembrouck J., Pouyaud L., Subadgja J. & Legendre M. Evaluation of
hybridisation in five Clarias species (Siluriformes, Clariidae) of African (c. gariepinus)
andAsian origin (c. batrachus, C. meladerma; C. nieuhofii andC. teijsmanni).------------- 195

Minh L.T. Preliminaryresults on the relationship between growing stage and body composition
in Clarias macrocephalus, Clarias gariepinus and their hybrid (c. macrocephalus female
x C. gariepinus male).--------------------------------------------------------------------------- 211



PATHOWGY

Komarudin O. Preliminary observations on the infection of the gills of cultivated Pangasius
hypophthalmus by Monogenea.---------------------------------------------------------------------- 217

Supriyadi H., Komarudin O. & Slembrouck J. Preliminary study of the source of Aeromonas
hydrophila infection on Pangasius hypophthalmus larvae.----------------------------------- 219

Dung T.T. & Ngoc N.T.N. Preliminary results of the study of parasitic and red spot diseases on
high economical valuable catfish species in the Mekong Delta.------------------------------- 223

5




