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Application of Higher Feeding Levels Prompts Larval
and Juvenile Japanese Flounder to Take Food

at a Higher Rate
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Abstract:  Effects of four different feeding levels (L1, L2, L3, and L4) on food ingestion of
laboratory-reared larval and juvenile Japanese fl ounder Paralichthys olivaceus were studied from 
12 to 36 days posthatch. In test 1, the food densities at L1, L3, and L4 were 0.5, 2.5, and 5 times that 
at L2. Feeding level L2 has conventionally been adopted by some hatcheries located in the west-
ern part of Japan for the mass propagation of Japanese fl ounder larvae and juveniles. The mean 
number of food organisms in the digestive tracts in L4 feeding level was greatest followed by L3, 
L2, and L1. The number of brine shrimp nauplii eaten increased for all feeding level with growth, 
because of selection by the larvae. In test 2, only L2 feeding level was applied in all the four differ-
ent feeding levels fed-raised fl ounder groups (L1, L2, L3, and L4) separately. In this test a similar 
result as test 1 was observed; the obtained results suggest that the application of increased feeding 
levels does enhance the feeding response of larval and juvenile Japanese fl ounder. In both tests a 
few juveniles bigger than 16 mm in total length ate rotifers.
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Introduction

The knowledge of larval and juvenile feed-
ing behavior is necessary for an understand-
ing of the factors that affect survival rate. We 
obser ved that daily application of a higher 
feeding level increases growth rate, but con-
comitantly  decreases  the  survival  of  larval 
and juvenile Japanese fl ounder Paralichthys 
olivaceus1). To fi nd out the fundamental cause 
of higher feeding level-based mortality, quanti-
fi cation of gut contents at different size of fi sh 
is very important. Although rotifers Brachionus 
plicatilis, brine shrimp nauplii Artemia spp., and 
micropellets are frequently used for rearing of 
larval and juvenile Japanese fl ounder in Japan, 
feeding schedules of this fi sh and other cultural 
species are determined by speculation and 
experience with mass rearing at hatcheries2). 

To help determine a model-feeding schedule, 
study is required to determine changes in food 
preference of larval and juvenile Japanese fl oun-
der. The objectives of this study were: i) to fi nd 
out the effects of different feeding levels on the 
feeding behavior of larval and juvenile Japanese 
fl ounder by quantifying the gut contents, and ii) 
to determine the food selectivity of developing 
fl ounder, iii) to establish an improved feeding 
schedule for production.

Materials and Methods

Larval and juvenile rearing
Fertilized eggs of Japanese fl ounder were 

obtained from a naturally bred brood stock in 
captivity in Kumamoto prefecture, Japan. After 
hatching, larvae were reared in four 1 kl indoor 
tanks at 20 to 22ºC with an initial stocking den-
sity of 8,000 per tank. Four different feeding 



214 S. M. A. Mobin, K. Kanai, and K. Yoshikoshi

levels (L1, L2, L3, and L4) were assigned to the 
four tanks for 36 days posthatch duration. The 
composition of food in all feeding levels was 
the same. The food densities at L1, L3, and L4 
were 0.5, 2.5, 5.0 times that at L2. Feeding level 
L2 has conventionally been adopted by some 
hatcheries located in the western part of Japan 
for the mass propagation of Japanese fl ounder 
larvae and juveniles. The larvae and juveniles 
were fed enriched L-type rotifers Brachionus 
plicalilis [mean dry weight 0.47μg/individual 
(ind.)] from 3 to 36 days posthatch; and from 
18 to 36 days posthatch they were fed supple-
mentarily with enriched brine shrimp nauplii, 
Artemia spp. (mean dry weight 1.5μg/ind.). 
At feeding level L2, initial density of rotifers 
was 0.5 ind./ml, and the density was increased 
gradually to approximately 3.5 ind./ml after 
metamorphosis. For brine shrimp nauplii 
supplements, the initial density at L2 was 0.1 
ind./ml (18 days posthatch) and the density was 
increased gradually to 3 ind./ml after metamor-
phosis. The water in rearing tanks was changed 
from 20 to 200%/day as larvae and juveniles 
grew. Everyday before adding fresh rotifers and 
brine shrimp nauplii into the tanks, most of the 
remaining foods were removed. Water bath and 
electric heaters were used to stabilize the water 
temperature during experiment. The system 
was equipped with a fl ow-through water system 
with primary sand fi ltration, UV treatment, and 
secondary sand fi ltration. Surfaces and bottoms 
of the tanks were cleaned everyday.

Feeding Activity test
Two feeding activity tests (at 11:00) were 

conducted at two days intervals from 12 to 36 
days posthatch. Test 1 was conducted in the 
rearing tanks by applying feeding levels L1, L2, 
L3, and L4. At 12, 15, 18, 21, 24, 27, 30, and 36 
days posthatch the composition of L2 per ml of 
fi sh rearing water was: rotifers (r)- 1.5+Artemia 
(A)-0, r-2+A-0, r-2+A-0.1, r-2+A-0.3, r-3+A-0.4, 
r-3+A-1, r-3.5+A-1.5, and r-4.5+A-3 individuals.

For test 2, larvae and juveniles were removed 
from four rearing tanks and introduced to 8 
tanks (30 fi sh/5-l tank) designating as L1, L2, 
L3, and L4 feeding level fed groups. The assign-

ments were done 3 h before starting the test to 
acclimate fi sh to the new environment and com-
pletion digestion of previously ingested feed. In 
this test, only L2 feeding level was applied in all 
the four groups. The food composition of this 
test was the same as test 1.

In both tests, sampling was done just 1 h after 
the introduction of new food. The samples were 
fi xed in 4% paraformaldehyde. Total length (TL) 
of each larva and juvenile was measured by a 
profi le projector, the gut was opened with surgi-
cal needles under a binocular microscope, and 
number of ingested food was determined by 
examining the contents of the entire digestive 
tract.

Chesson’s index of food selection3) (αi) was 
calculated according to the following formula:
αi = (ri/Pi)/Σ(ri/Pi) ( i = 1, 2, ......., n)
Where ri and Pi are the proportions of food 

type i in the digestive tract of fi sh and in the 
tank. This index indicates a positive preference, 
if greater than 0.25 and, conversely, a negative 
preference if less than 0.25. Chesson index is 
not affected by relative density of each food 
organism4).

Food selection was calculated from the mean 
gut content data of test 2 (60 fi sh per feeding 
level and sampling time).

Statistical analysis
To compare  mean (±SE;  n= 15)  contents 

among or between fi sh groups, brine shrimp 
nauplii’s count was converted into equivalent 
rotifer’s count because brine shrimp nauplii 
was 3.19 times bigger than rotifer (comparing 
dry weight). Conversion was done as follows: if 
for example, there were 5 rotifers and 3 brine 
shrimp nauplii in one gut, the count was: 5+3
× 3.19 = 14.57.  After  conversion,  data  were 
checked for homogeneity of the variances by 
the Bartlett test and, where necessary, the data 
were log. transformed before further statistical 
analysis. One-way analysis of variance (equal 
sample size) and Tukey’s multiple compari-
son tests were used to determine differences 
among treatments and where they occurred5). 
Differences are reported as statistically signifi -
cant when P＜0.05.
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Results

In test 1 the gut contents were higher in 
higher feeding level, although fi sh length range 
was the same (Fig. 1). The gut contents were 
greatest at L4 followed by L3, L2, and L1. The 
gut contents among the feeding levels differed 
signifi cantly in 5-5.9, 6-6.9, 7-7.9, 8-8.9, and 
9-9.9 mm TL groups, but did not differ signifi -
cantly in the later stages. Pairwise comparison 
between treatments indicated that the differ-
ence of gut content was consistently signifi cant 
between L1 and L4 treatments in 5-5.9, 6-6.9, 
7-7.9, 8-8.9, and 9-9.9 mm TL groups. Between 
L2 and L4, the dif ference was signifi cant in 
5-5.9, 6-6.9, 7-7.9, 8-8.9, and 9-9.9 TL groups. 

Difference between L1 and L2, and L3 and L4 
were not signifi cant in any of the length groups. 
There was no pattern in the number of roti-
fers in fl ounder raised in four different feeding 
levels (Fig. 2). For brine shrimp nauplii the 
greatest number was always at L4 followed by 
L3, L2, and L1 (Fig. 3). In test 2, the pattern was 
similar to that of test 1, although same feeding 
level (L2) was applied in all the four groups 
(Figs. 4, 5, and 6). The amount of food in the 
gut increased steadily with the growth of fi sh 
(Figs. 1 and 4).

Food selectivity
Food selectivity changed as a result of the 

development  of  fi sh larva and juvenile  (Fig. 
7).  Chesson’s  index  for  both  rotifer  and 

Fig. 1. Mean number of food/gut of larval and juvenile Japanese fl ounder after one hour feeding at different 
feeding levels (n＝15). Values are shown after converting all food into equivalent number of rotifers of 
each gut. Treatment combinations associated with the same letter (above the bars) are not signifi cantly 
different (P＜0.05). Bars are±SE.

Fig. 2. Mean number of rotifers/gut of larval and juvenile Japanese fl ounder after 1 hour feeding at different 
feeding levels (n＝15). Bars are±SE.
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brine shrimp nauplii were above 0.25 up to 9 
mm sized (TL) fl ounder, although a declining 
trend in the preference of rotifer selection was 
observed from 7 mm TL group. Brine shrimp 
nauplii were obviously preferred food for fl oun-
der  that  sized  above  7 mm.  The Chesson’s 
index of brine shrimp nauplii increased steadily 
from the beginning of feeding, and at 14-16 mm 
TL group it reached at 0.99.

Discussion

There was signifi cant difference in gut con-
tents between lower and higher feeding levels 
for fl ounder groups up to 10 mm in TL (Fig. 1). 
It is likely that the larval fi sh could feed easily 

at increasing prey density although they have 
poor swimming ability. Continuous feeding at 
increased prey density prompted the larvae to 
consume food at the higher rate observed in 
the present study, and as previously found with 
red sea bream6). Although the applied feeding 
level was the same, gut content was higher in 
higher feeding level fed raised groups (Fig. 4). 
Our previous fi nding with Japanese fl ounder 
and red sea bream larvae and juveniles corrobo-
rates this fi nding. We observed high deposition 
of lipid droplets in the enterocytes and under-
lying connective tissues in the higher feeding 
level fed groups which indicates higher feeding 
activity at higher feeding level groups6,7).

The difference in the amount of gut contents 

Fig. 3. Mean number of brine shrimp nauplii/gut of larval and juvenile Japanese fl ounder after 1 hour feed-
ing at different feeding level (n＝15). Bars are±SE.

Fig. 4. Mean number of food/gut of larval and juvenile Japanese fl ounder after one hour feeding at L2 feed-
ing level (n＝15). Values are shown after converting all food into equivalent number of rotifers of each 
gut. Treatment combinations associated with the same letter (above the bars) are not signifi cantly differ-
ent (P＜0.05). Bars are±SE.
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between the groups was higher in higher feed-
ing level than in lower feeding level in the later 
samplings (in the groups over 10 mm in TL), 
but these differences were not signifi cant (Figs. 
1 and 4). The reduced difference in the gut con-
tent may be due to that after attaining 10 mm 
size, the swimming ability of fl ounder increases 
such that fi sh encounter food and strike prey 
more successfully even in lower prey density. 
Mobin et al.6-8) reported that higher feeding 
level lead to degenerative changes in the diges-
tive system of larval and juvenile red sea bream 
and Japanese fl ounder. The reduced difference 
in gut content may also owe to the above-men-
tioned injury to the digestive system.

The dif ference in gut contents among the 
four feeding levels suggests that the application 
of dif ferent feeding levels does enhance the 

feeding response of Japanese fl ounder larvae 
and juveniles. Brine shrimp nauplii become 
main food after 8 mm in TL. Rotifers as food for 
larvae bigger than 10 mm in TL are superfl uous.
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Fig. 5. Mean number of rotifers/gut of larval and juvenile Japanese fl ounder after 1 hour feeding at L2 feed-
ing level (n＝15). Bars are±SE.

Fig. 6. Mean number of brine shrimp nauplii/gut of larval and juvenile Japanese fl ounder after 1 hour feed-
ing at L2 feeding level (n＝15). Bars are±SE.
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ヒラメ仔稚魚の摂餌は高い給餌率によって促進される

S. M. A. Mobin・金井欣也・吉越一馬

　ヒラメ仔稚魚の摂餌に及ぼす給餌率の影響を孵化後12～36日にわたって検討した。試験 1では給餌
率を 4段階（L1～L4）設定し，L1，L3および L4はそれぞれ L2の0.5，2.5，5倍とした。その結果，
仔稚魚の消化管内に出現した飼料生物個体数（平均）は L4が最大で，以下，L3，L2，L1の順であっ
た。摂餌されたアルテミアのノウプリウス幼生個体数は仔魚の成長に伴い餌料選択性の高まりによっ
て全ての給餌率において増加した。試験 2では上記の 4段階の給餌率で飼育された仔稚魚に試験的に
L2の給餌率で給餌した。その結果は試験 1のそれと類似し，高い給餌率で飼育されるとより多く摂
餌することが示唆された。いずれの試験においても全長 16mm以上の稚魚はワムシをほとんど摂餌し
なかった。
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