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Abstract: Effects of feeding levels on the growth and mortality of larval and juvenile Japanese
flounder Paralichthys olivaceus were studied in two trials. Trial 1 was conducted from 3 to 45 d
posthatch while trial 2 from 3 to 36 d posthatch. In both trials, flounder eggs were hatched and lar-
vae were reared in indoor tanks and fed enriched live feeds, Brachionus plicatilis and Artemia spp.
nauplii at four different feeding levels (L1, L2, L3 and L4). The respective food densities of L1, L3,
and L4 were 0.5, 2.5 and 5 times that at L2. Level L2 is the one conventionally adopted by some
hatcheries for the mass production of flounder larvae and juveniles in Japan. At that level, the initial
density of rotifers is 0.5 individuals (ind.)/ml culture water; the density gradually increases to
approximately 3.5 ind./ml after metamorphosis. The initial density of Artemia spp. at L2 is 0.1
ind./ml, which gradually increases to 3 ind./ml. The larval and juveniles mean growth rates were
dependent on feeding levels. In trial 1, the highest daily growth rates of 18.3% for dry body weight
(BW) were observed at L4, followed by L3 (17.5%), L2 (16.5%) and L1 (16.1%). In this trial after
reared for 45 d, L4 attained the highest BW of 23.9±0.8 mg (mean±SE) followed by L3 (18.1±0.8
mg), L2 (12.8±0.9 mg) and L1 (11.0±0.4 mg). In trial 1, the highest cumulative mortality (26%)
was at L4 followed by L3 (16.6%), L2 (11.1%) and L1 (6.7%). At 45 d posthatch, the total length (TL)
and BW differed significantly (P＜0.05) between L1 and L3, L2 and L3, L3 and L4, L2 and L4, and
L1 and L4. In trial 2, growth and mortality patterns were similar to trial 1. In both trials, the faster
growth rates were accompanied by higher cumulative mortalities.
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Introduction

Recent advances in rearing techniques for the
mass propagation of larval and juvenile
Japanese flounder Paralichthys olivaceus have
improved stock enhancement programs in
coastal waters and also land based culture in
Japan1). In 1997, the juvenile flounder produc-
tion by the governmental fish farming centers
and private hatcheries was about 50 million indi-
viduals. Recently enriched rotifers Brachionus
plicatilis and Artemia spp. nauplii, and micro-
pellets have been commonly used as feed for
rearing Japanese flounder larvae and juveniles,
but feeding levels and live feed enrichment
procedures vary from hatchery to hatchery.
The conventional feeding schedule for rearing

Japanese flounder larvae and juveniles is shown
in Fig. 1.

In the course of Japanese flounder seed pro-
duction, hatcheries have frequently suffered
significant losses due to infectious and non-
infectious diseases2-4). Besides this, different
hatcheries in the western part of Japan have
been occasionally encountering mass mortali-
ties in the production of larvae and juveniles of
red sea bream Pagrus major5), Japanese floun-
der, groupers (Serranidae), devil stinger
Inimicus caledonicus etc. from unknown causes.
It is in suspect that feeding level and feed
enrichment procedure might have involved in
this occurrence. The objectives of this study
were to find out the effects of feeding levels on
the growth and mortality aimed at to draw a
conclusion on the above-mentioned suspicion.

＊1 Graduate School of Science and Technology, Nagasaki University, 1-14 Bunkyo-machi, Nagasaki 852-8521, Japan.



Materials and Methods

Design of the experiment
Duplicate trials, which designated as trial 1

and trial 2, were conducted in this study. They
were carried out at different period of time.

Rotifers culture
Rotifers Brachionus plicatilis were cultured

maintaining a density of 100-150 ind./ml of the
culture medium. They were fed baker’s yeast
Saccharomyces cerevisiae (Kyowa Hakko Co.
Ltd., Japan), three times per day (at 09 : 00,
13 : 00 and 17 : 00) at the rates of 1.25 g/million
ind., 0.5 g/million ind. and 1.75 g/million ind.,
respectively. They were also fed Nannochloropsis
oculata, the density of which was maintained at
2×107 cells/ml of rotifers culture water. The
flounder larvae were fed enriched rotifers twice
a day, morning and afternoon. To feed the lar-
vae in the morning up to the metamorphosis
period, the rotifers were enriched for 17 h with
Super Capsule A-1TM (Chlorella Kogyo Co. Ltd.,
Japan) at the rate of 100 ml/kl/day. The ω-3
emulsified lipids (Chlorella Kogyo Co. Ltd.,
Japan) were also added to the enrichment
medium at the rate of 200 ml/kl/day just 1 h
before finishing the enrichment. On the other
hand, to feed the larvae in the afternoon, the
rotifers were enriched for 5 h with an emulsified
mixture of Sujiko Oil TM (Nissin Sciences,
Japan)－60 ml/kl/day, Feed Oil Ika TM (Riken
Vitamin Co. Ltd., Japan)－ 60 ml/kl/day and
β-carotene (Tanabe Seiyaku Co. Ltd., Japan)－
0.6 g/kl/day. The volume of the mixture was
raised to 1 l by tap water and stirred (and oil
emulsified) for 1 min with a kitchen blender and
then distributed to the tanks. To feed metamor-
phosed larvae and juveniles, the rotifers were
enriched in the same way as described above

except Super Capsule A-1 TM was used at double
of the previous rate. In both cases of enrich-
ment, density of rotifers was maintained at 200-
600 ind./ml of culture medium. Before adding
to the fish-tanks, enriched rotifers were harvest-
ed by passing slowly the rotifer-containing
enrichment medium through a mesh net (74μm),
washed twice by ultraviolet (UV) irradiated sea
water, and loaded into the tanks mixing with 5 l
filtered sea water/tank. Rotifers were prepared
everyday.

Artemia culture
Artemia spp. eggs (Red Jungle Brand PRO 80 TM

of U. S. A.) were incubated in UV irradiated sea-
water with vigorous aeration where the water
temperature was kept constant at 28℃ by an
electric heater. The hatched nauplii were sepa-
rated after 21 h of incubation, washed twice by
filter mesh and cultured in filtered seawater.
The temperature was held constant at 26℃ by
an electric heater. For serving nonmetamor-
phosed larvae, the newly hatched Artemia nauplii
were aerated vigorously and enriched for 4 h
with ω-3 emulsified lipids at a rate of 500 ml/kl
of culture medium once a day where the density
of nauplii was maintained at a rate of 5×107

ind./kl. The Artemia nauplii for the metamor-
phosed juveniles were cultured in the same pro-
cedure mentioned above, but in this case Super
Capsule A-1TM was also added for enrichment at
a rate of 100 ml/kl/day. Before introduction to
the fish-tanks, enriched nauplii were washed
and loaded (in the tanks) in the same method as
described for rotifers. Nauplii were prepared
daily and served once a day (at 13 : 00).

Hatching of fish eggs
Fertilized eggs of Japanese flounder for both

trials were collected from natural spawning of a
brood-stock in captivity. The diameters of eggs
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Days posthatch 0 2 4 8 12 14 16 18 20 26 32 ........................

Total length (mm) 3.1 3.3 3.6 4.3 5.2 5.7 6.3 6.9 7.6 9.9 12.6 15 25 50

Rotifers

Micropellets          

Artemia nauplii

Fig. 1. Feeding schedule used in a conventional method for the rearing of larval and juvenile Japanese flounder.



of trial 1 and trial 2 were 0.91±0.05 mm (mean±
SE; n＝20) and 0.95±0.06 mm (mean±SE; n＝
20), respectively. After temperature adjustment
for 30 min, high quality eggs were collected
from the surface water of the tank and disinfect-
ed for 5 min in a 30 l tank containing 5 mg/l
Isojin TM (Providone-iodine; Meiji Seika Co. Ltd.,
Japan). In each trial, the eggs were released in
four polyethylene made 1 kl black-colored cylin-
drical indoor tanks at a rate of ten thousand
eggs/tank. Water bath and heater were used to
stabilize the water temperature during experi-
ments. The system was equipped by running
water system where primary filtration, UV irra-
diation, and secondary filtration were done to
treat the water.

Larval and juvenile rearing system
Larval feeding was started on the third day

after hatching when their functional eyes and
digestive organs had developed. Before first
feeding in each trial, larval densities were
adjusted to 8,000 ind. per tank. Four different
feeding levels (L1, L2, L3, and L4) were assigned
to the four tanks for 45 d posthatch in trial 1 and
36 d posthatch in trial 2. The respective feed
densities at L1, L3, and L4 were 0.5, 2.5 and 5
times that at L2 (Fig. 2A, B). Feeding level at
around L2 has conventionally been adopted in
some hatcheries for mass production of floun-
der larvae and juveniles in Japan. At this level,
the initial density of rotifers is 0.5 ind./ml fish
culture water; the density increases gradually to
approximately 3.5 ind./ml culture water after
metamorphosis. In case of Artemia, the initial
density at L2 is 0.1 ind./ml fish culture water,
which gradually increases to 3 ind./ml. In trial
1, the larvae and juveniles were fed rotifers from
3 to 42 d posthatch (3 to 36 d posthatch in trial
2); from 18 to 42 d posthatch (18 to 36 d
posthatch in trial 2) they were also fed Artemia
and from 43 to 45 d they were fed only Artemia
(Fig. 2A, B). Everyday before adding fresh
rotifers (at 09 : 00 and 14 : 00), most of the
remaining rotifers in the tank were removed by
re-circulating the tank water through plankton
net. After the removal, expected concentration
(Fig. 2A) of rotifers of each tank was adjusted

by adding enriched rotifers. Before Artemia
nauplii were added, the remaining Artemia were
concentrated by light after terminating the
blower and removed by the same method as
described for rotifers. We did not use dry pel-
lets in this study, although they are used in the
conventional practice, suspecting that potential
growth and mortality of larval and juvenile
Japanese flounder at higher feeding levels
would compromise with water quality. To meet
up the deficiency of artificial diet we continued
feeding rotifers along with Artemia to the devel-
oping flounder for a quite longer period in both
trials. N. oculata was provided in each tank at
the rate of 2× 105 cells/ml/day for nutrition
(rotifers in tanks maintain nutritional values
via continuous uptake of algae)6), antibacterial
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Fig. 2B. Number of Artemia nauplii supplied in the rear-
ing tanks of Japanese flounder larvae and juveniles at
four feeding levels in each of the trials.
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Fig. 2A. Number of rotifers supplied in the rearing tanks
of Japanese flounder larvae and juveniles at four feed-
ing levels in each of the trials.
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effect7), enhancement of feeding by increasing
turbidity8), and reduction of metabolites9).

In this study to assess feed consumption pat-
tern, the number of the remaining rotifers in
each tank was calculated everyday from eight
random samples just before adding new feed
into the tanks10). Consumption of Artemia was
not calculated because we could not count the
number of remaining Artemia in the tanks as
they have taxis towards illumination that makes
their distribution non-uniform. At 35 d posthatch,
the number of flounder in each tank was reduced
to 3000 ind. in both trials.

The water exchange rate of the tanks was
adjusted with the growth of the larvae and juve-
niles (Fig. 3). A 13h light: 11h dark period (at
06:00-19:00 light period) was established, where
the light intensity at the water surface of each
tank was the same but varied from 800 to 1,500
lx during the experimental period. Salinity was
a constant at 35 psu throughout the experimen-
tal period. Aeration stones were used to ensure
adequate supply of oxygen. Dissolved oxygen
(DO) was measured everyday and remained
within acceptable levels (DO＞6 mg/l). Left over
feed, excreta and other debris were removed
from the tanks everyday by siphoning when
they accumulated on the bottom of the tanks.
Surface debris materials were removed manual-
ly with a net. Dead fish were removed daily and
noted.

Sampling
In trial 1 forty fish at each feeding level and

sampling time were randomly sampled at every
3 d interval from 3 to 45 d posthatch. On the
other hand, in trial 2 thirty fish at each feeding
level and sampling time were randomly sam-
pled at the same interval from 3 to 36 d
posthatch. Total length (TL) was measured
using a profile projector, Goko LP-6N (Sansei
Koki Co. Ltd., Japan). The samples were pre-
served in 4% paraformaldehyde to determine
dry body weights (BW) because of the small
weights involved. Within 30 d post preserva-
tion, the fish were dried in an oven at 70℃ for
48 h, cooled in a plastic vacuum desiccator, and
weighed on a digital balance (Mettler Toledo
Co. Ltd., Switzerland). In trial 1 BW was mea-
sured in pooled samples up to 15 d posthatch,
while in trial 2 up to 12 d posthatch. In the later
samplings, individual weights were taken in both
trials.

Data analyses
The specific growth rates for TL and BW were

determined as:
SGL＝(lnLt－lnL0)/t×100
where ln＝natural logarithm; L0＝total length at
3 d posthatch (mm); Lt＝total length (mm) at 45
d posthatch for trial 1 and 33 d posthatch for
trial 2.
SGW＝(eg－1)×100
where g＝ (lnWt－ lnW0)/t, ln＝ natural loga-
rithm; W0＝weight (mg) at 3 d posthatch; Wt＝
weight (mg) at 45 d posthatch for trial 1 and 33
d posthatch for trial 2.

The mortality on each day was calculated in
terms of the percentage of surviving fish at the
beginning of that day. As the dead fish was not
visible during early larval stage, the mortality
occurred between 1 and 23 d posthatch was
determined by a back-calculation when the
number of fish was adjusted to 3000 in each
tank at 35 d posthatch. The procedure of back
calculation was as follows:

Mortality occurred between 3 and 23 d posthatch
＝(Number of stocked fish at 3 d posthatch－
number of survived fish at 35 d posthatch－loss
due to sampling－number of dead fish between
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Fig. 3. Change of temperature, pH, and water exchange
rate of the rearing water of Japanese flounder larvae
and juveniles in trial 1.
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24 and 35 d posthatch).
The effects of feeding levels on growth (length

and weight) were investigated statistically.
Bartlett test was conducted to check for homo-
geneity of the variances. One way analysis of
variance (equal sample size) and Tukey’s multi-
ple comparison were used to determine differ-
ences among treatments and where they
occurred11). Analyses of data (length and weight)
were performed with SYSTAT for Windows12).
The mortality between the treatments was ana-
lyzed by Chi-square test.

Results

Food consumption
Rotifers consumption pattern shows that the

fish of L4 in both trials consumed highest num-
ber of rotifers followed by L3, L2 and L1 (Fig.
4). In trial 1, a sharp declining trend in con-
sumption of rotifers was observed in L4 from 26
to 42 d posthatch while in L3 the consumption
reduced slightly from 27 d posthatch but it
declined sharply after 32 d posthatch. In L2,
consumption rate of rotifers showed an increas-
ing trend up to 37 d posthatch but it declined
abruptly after 40 d posthatch. Almost uniform
increasing trend in consumption of rotifers was
noted in L1 up to the end of this trial. Rotifers
consumption pattern of trial 2 was similar to the
pattern observed from 3 to 35 d posthatch in
trial 1.

Growth rates
In both trials, growth for TL and BW were

higher in higher feeding levels (Figs. 5, 6; 7, 8).
In trial 1 at 3 d posthatch, larval TL and BW of
all treatments were 3.4±0.0 mm (mean±SE)
and 0.02 mg, respectively. At the last day of this
trial (45 d posthatch), L4 attained a TL of 23.1±
0.3 mm (mean±SE) and BW of 23.9±0.8 mg
(mean±SE) followed by L3 (TL 20.9±0.5 mm,
BW 18.1±0.8 mg), L2 (TL 18.2±0.4 mm, BW
12.8±0.9 mg) and L1 (TL 16.8±0.4 mm, BW
11.0±0.4 mg). Total length of Japanese floun-
der larvae and juveniles did not differ signifi-
cantly among the treatments at 3 d posthatch
but in later at all samplings they differed signifi-

cantly at P＜0.001 level. The results of pairwise
comparison between treatments are indicated in
Fig. 5. At 3 d posthatch larval BW in all treat-
ments was the same but significant difference
(P＜0.001) among the four treatments was
observed at 18 d posthatch and in later at all
samplings. The results of pairwise comparison
between treatments show (Figs. 5, 6) that from
24 to 45 d posthatch both the TL and BW were
differed significantly (P＜0.05) between feeding
levels L1 and L3, L2 and L3, L3 and L4, L2 and
L4, and L1 and L4. However, the TL and BW
between L1 and L2 were not found significantly
different throughout the experimental period.
The daily growth rate for TL was highest in L4
(4.6%) followed by L3 (4.4%), L2 (4.1%) and L1
(3.8%). Similar pattern was also observed in
case of body weight increment. The daily
growth rate for BW was highest in L4 (18.3%),
followed by L3 (17.5%), L2 (16.5%) and L1
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Fig. 4. Day-wise decline in number of rotifers at four feed-
ing levels in the rearing tanks of Japanese flounder
larvae and juveniles. This decline occurred due to
consumption (by fish) and flushing out through the
sieving net due to the exchange of water continuous-
ly. As the water exchange rate of all tanks was same
so rotifer’s concentration change rate owing to water
exchange was constant in all the tanks. So, this graph
is presenting the rotifer consumption pattern at four
feeding levels.
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(16.1%). At the end of the trial 1, L4 was one
week ahead of L1 in both TL and BW.

During conducting trial 2, we decided to stop
running L1 treatment from 34 d posthatch due
to an occurrence of unexplained mortality,
which observed only in this treatment. At 37 d
posthatch all the larvae and juveniles of L4 died
due to failure of electricity supply, which

occurred by natural calamity that bounded us to
terminate this trial.

Growth rates for TL and BW of trial 2 showed
similar pattern to trial 1 (Figs. 7, 8). At 3 d
posthatch, larval TL and BW of all treatments
were 3.3±0.0 mm (mean±SE) and 0.03 mg,
respectively. At 33 d posthatch, larval TL
(mean±SE) and BW (mean±SE) of L4, L3, L2
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Fig. 6. Growth characteristics for dry weight of Japanese flounder larvae and juveniles (n＝40) at
four feeding levels in trial 1. Bars are mean±SE. Treatment combinations associated with the
same letter (above the bars) are not significantly different (P＞0.05).
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and L1 reached at 15.3±0.2 mm and 7.4±0.3
mg, 14.0±0.3 mm and 6.1±0.4 mg, 13.1±0.3
mm and 4.3±0.3 mg, and 12.3±0.2 mm and
3.5±0.2 mg, respectively. At the last sampling
(36 d posthatch), L4 attained TL of 18.1±0.4
mm (mean± SE) and BW of 9.7± 0.8 mg
(mean±SE) followed by L3 (TL 16.6±0.3 mm,
BW 7.8±0.4 mg) and L2 (TL 15.4±0.2 mm, BW

5.8±0.3 mg), respectively. The results of the
statistical analyses are indicated in Figs. 7 and
8. The highest daily growth rate (3 to 33 d
posthatch) for TL and BW was observed in L4
(5.1 and 20.6%; in trial 1 4.7 and 20.5%) followed
by L3 (4.9 and 19.8%; in trial 1 4.4 and 19.9%), L2
(4.5 and 18.4%; in trial 1 4.2 and 18.8%) and L1
(4.3 and 17.6%; in trial 1 4.0 and 18.2%).
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Mortality of the larvae and juveniles
The mortality in two trials is presented in Fig.

9. In trial 1, though the mortality of L1, L3 and
L4 was different throughout the experimental
period, the pattern was similar. In L2, a sharp
increase in mortality was observed from 40 d
posthatch. At 44 d posthatch, the cumulative
mortality of L4, L3, L2 and L1 was 26, 16.6, 11.1
and 6.7%, and the daily mortality from 24 to 44 d
posthatch ranged from 0.28 to 2.69, 0.13 to 1.23,
0 to 1.6, and 0 to 0.3%, respectively. At 35 d
posthatch the number of survivor in L4, L3, L2,
and L1 treatments were 6498, 6738, 7126, and
7166 individuals; meanwhile at 45 d posthatch it
was 2534, 2704, 2719, and 2830 individuals,
respectively. As the dead fish was difficult to
find up to 23 d posthatch, the mortality from 1
to 23 d posthatch was back calculated. The
cumulative mortality at 34 d posthatch differed
significantly (P＜0.001) between feeding levels
L1 and L3, L2 and L3, L3 and L4, L2 and L4, and

L1 and L4. However, the mortality was not
found significantly different between L1 and L2.
The cumulative mortality at 44 d posthatch
(from 35 to 44 d posthatch) differed significant-
ly (P＜0.001) between feeding levels L1 and L2,
L1 and L3, L3 and L4, L2 and L4, and L1 and L4.
The difference between L2 and L3 was found
insignificant.

The mortality pattern of trial 2 was similar to
trial 1 (Fig. 9). At 33 d posthatch, cumulative
mortality in L4, L3, L2 and L1 was 15.7 (13.1 in
trial 1), 10.3 (10.1), 5.2 (5.5) and 4.7% (5%),
respectively. Daily mortality (from 24 d to 33 d
posthatch) of L4, L3, L2 and L1 ranged from 0
to 1.4% (in trial 1 from 0.3 to 1%), 0 to 1.1% (0.1
to 0.4%), 0 to 0.3% (0 to 0.4%), and 0 to 0.4% (0 to
0.1%), respectively. At 36 d posthatch, the cumu-
lative mortality of L4, L3 and L2 rose to 16.2,
10.9, and 5.9%, respectively. At 35 d posthatch,
the number of survivor at L4, L3, and L2 was
6389, 6761 and 7203 ind., respectively. At the
termination day of L1 in trial 2 (33 d posthatch),
the cumulative mortality was found significantly
different (P＜0.001) between feeding levels L1
and L3, L2 and L3, L3 and L4, L2 and L4, and L1
and L4. The difference between L1 and L2 was
found insignificant.

Hypomelanosis
Pigment abnormality that was characterized

by white patches or areas devoid of normal pig-
mentation on the ocular surface of the skin, has
been observed in the juveniles at all feeding lev-
els in trial 1. In some cases, hypomelanosis was
observed in the entire surface. At the end of
trial 1 (45 d posthatch), hypomelanosis was in
82.5, 60, 32.5, and 27.5% juveniles in L4, L3, L2,
and L1 feeding level, respectively. At the termi-
nation day of trial 2 (36 d posthatch), it was diffi-
cult to distinguish whether there was any abnor-
mal pigmentation in the juveniles.

Discussion

Growth and survival rates of fish in the rear-
ing tanks are governed by a number of factors
including but not limited to water temperature,
fish density, light intensity, feeding level, feed-
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Fig. 9. Cumulative mortalities of Japanese flounder larvae
and juveniles at four feeding levels in two trials.
Arrows indicate the day of completion of metamor-
phosis in 50% sample. In trial 2 at L1, metamorphosis
did not complete in 50% sample till 33 d posthatch
while in trial 1 it completed at 39 d posthatch in both
L1 and L2 levels.
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ing frequency, and type and nutritional quality
of food1,13-15). In this experiment, all the above
mentioned factors except feeding level were
held constant during this study.

The growth rate of the Japanese flounder lar-
vae and juveniles increased with increasing
feeding level in both trials. This relationship
between feeding level and growth has been
observed for larval fishes of other species13,15-19).

Consumption of rotifers was different among
four tanks. The highest consumption was in L4
followed by L3, L2 and L1 (Fig. 4). This result is
supported by our previous histopathological
findings of these reared samples, where we
detected deposition of lipid droplets in the ente-
rocytes and accumulation of a large amount of
chylomicron-like bodies in the intestinal wall at
the higher feeding levels20). The result of the
present study is correlated with another finding
(our unpublished data) where we observed that
gut content of larval and juvenile Japanese
flounder increases with the increased feeding
level. Probably, higher availability of food in
higher feeding level had positively influenced
the feeding habit of larvae and juveniles. As a
result, flounder consumed food at a higher rate
in higher feeding levels.

Laurence21) reported that the larger winter
flounder larvae Pseudopleuronectes americanus
swim faster, search a larger volume of water,
and capture the prey with greater success than
the smaller one. From 6 d posthatch, larval and
juvenile total length at L4 was found significant-
ly higher than L1 and L2. The total length for L3
was significantly higher from 24 d posthatch
than the lower feeding levels. These growth-
rate-trend was remain unchanged up to the last
their sampling, may be, due to their higher
preying ability (Figs. 5, 6; Figs. 7, 8).

At metamorphosis flounders were settling
down to the bottom and walls of the tanks and
frequently making episodic surveys in the water
column, and just after adding feeds they showed
strong feeding activity moving towards the
upper layer of tank water. Hence, settling and
less availability of food, if any, in the bottom of
the tanks do not affect feed searching capability
of Japanese flounder.

Application of higher feeding levels had nega-
tive effect on the survival of flounder larval and
juvenile, and higher survival rate was obtained
at lower feeding level (Fig. 9). This result corre-
lates with the findings of Mobin et al.13) and
Saksena and Houde22) but partially differed
from the findings of Riley23) who reported that
high feed concentration ensures better survival
of plaice Pleuroncetes platessa during the first
feeding stage but in the subsequent stage lower
feed concentration ensures higher survival. The
histopathological study of our reared samples
revealed feeding level dependent pathological
alterations in the digestive system20). Among
the pathological alterations, adhesions among
the visceral organs themselves and between
those organs and peritoneal wall, blebbing and
necrosis of gastric mucosal cells, vacuolar
degeneration of gastric glands, necrosis of ente-
rocytes and the intestinal wall, atrophy and
necrosis of pancreatic acinar cells, reduction of
glycogen in hepatocytes, and hepatic necrosis
were reported to increase in severity as the
feeding level increased. These pathological
alterations and the observed cumulative mortal-
ity trend of this study are highly correlated. The
higher incremental trend of feed consumption
up to 24 d posthatch in trial 1 and 25 d
posthatch in trial 2 at L4, 26 d posthatch in trial
1 and 29 d posthatch in trial 2 at L3, and 39 d
posthatch in trial 1 at L2 might have attributed
adverse effects on the physiology and pathology
of developing flounder and is suspected to be
the reason of incremental feeding level depen-
dent mortality. Although the mortality was high-
er in higher feeding level, mortality was also
observed among fish maintained at the lowest
feeding level. This observation raised the possi-
bility that in addition to the feeding level, the
feed enrichment materials or the conventional
feed enrichment procedure might also have
involved in this occurrence. Besides this, relative-
ly deteriorating environmental condition caused
by heavier organic loading might have also
influenced the mortality at higher feeding level.
However, the physico-chemical parameters of
the tanks and our observation throughout the
experimental period suggest that the environ-
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mental condition was not a major cause behind
this occurred mortality.

The result of this experiment differed from
the findings of some authors24,25) who reported
that survival of larvae increases with the prey
densities.

At larval and juvenile stages of fish, if rotifers
and Artemia nauplii are used together as live
feed a high selection towards nauplii might
occur. In this situation, rotifers consumption
may decline. In this experiment, a declining
trend in rotifers consumption was observed in
L4 and L3 in both trials from 26 d posthatch and
27d posthatch, respectively. This trend was also
observed in L2 in trial 1 from 40 d posthatch.
The reason(s) of this declination may be the
larvale and juvenils high selection towards
Artemia nauplii or loosing appetite due to the
adverse pathological effects caused by over-
feeding or both of them.

Although the growth rates in L4 and L3 were
found higher than L2 and L1, the survival rates
were lower than the latter two feeding levels.
The growth of flounder between L2 and L1 did
not differ significantly in both trials and the
mortality of these two treatments was found
also almost the same. In trial 1, after 40 d
posthatch a sharp increase in mortality was
recorded in L2. From the constant result of
both trials, it is suggested that a better survival
can be obtained by the application of feeding
level L1 or middle of L1 and L2 under the condi-
tion of this experiment. However, increment of
initial stocking density of fish and use of other
techniques for larval and juvenile feeding might
influence the growth and survival and give dif-
ferent results from those reported here.

In this study, feeding level dependent hypome-
lanosis was observed. Hypomelanosis in flatfish
have been reported by a number of authors26-30).
Although the cause(s) responsible for hypome-
lanosis is not understood in this experiment,
there might be some relation between the
hypomelanosis and flounder’s growth rate. A
number of authors31-34) suspected that inappro-
priate lighting, stress, nutrition, and rhodopsin
deficiency might be involved with this abnor-
mality. However, abnormal pigmentation has no

pathogenic effect on fish35).
In conclusion, daily application of higher feed-

ing level increases the growth rate but concomi-
tantly decreases the survival of Japanese floun-
der larvae and juveniles. Although higher feed-
ing levels cause significant losses in seed pro-
duction, this factor alone are apparently not the
only factors responsible for mass mortality that
is occurring in the seed production of Japanese
flounder in Japan.
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ヒラメ仔稚魚の成長，生残におよぼす給餌率の影響

S. M. A. MOBIN・金井欣也・吉越一馬

ワムシおよびアルテミア幼生を用い，給餌率を 2，3の種苗生産施設で採用されている給餌量とその

0.5，2.5，5倍に設定し，2回の飼育実験を行って，ヒラメ仔稚魚の成長，生残におよぼす給餌率の影響

を検討した。その結果，平均日間成長率は給餌率の高い順に18.3，17.5，16.5および16.1%（実験 1）で

あり，日令45における累積死亡率は給餌率が高い順に26，16.6，11.1および6.7%であった。2回の実験結

果はほぼ一致しており，高い給餌率は仔稚魚の速やかな成長をもたらす反面，生残率を有意に低下させ

ることが確認され，種苗生産過程において適正な給餌率の維持が大切であることが示唆された。


