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Seed production of olive flounder Paralichthys olivaceus was performed in a pilot RAS. The growth of juvenile

olive flounder and changes in water quality were monitored for the entire production period. The pilot RAS con-

sisted of 8 circular culture tanks (4.0 m D×1.0 m H), 2 trickling biofilters (1.7 m D×2.0 m H), 2 protein skimmers

(0.8 m D×2.5 m H), and 4 sedimentation chambers (0.7 m D×1.5 m H). The culture surface area was about 100.5

m2 and the actual working volume was about 106.9 m3. As many as 300,000 fertilized olive flounder eggs were

initially distributed into 2 culture tanks with the water temperature at 19.0oC. Live feeds such as rotifers and

Artemia nauplii were fed until the 32nd day after hatching, and a commercial diet was fed from the 19th day to

the end of the experiment. After 70 days, 150,256 juveniles with a body length of 65.8±3.9 mm were produced

in the RAS, with a daily growth rate for body length of 4.7%/day. At this time, the final culture density was 1,495

individuals m−
2, and 13.6 L of makeup water, 0.071 kW of electricity and 0.025 L of diesel fuel were used to pro-

duce a juvenile olive flounder. During metamorphosis of the larvae, the TAN concentration increased to 0.99 mg/

L, which made the larvae sensitive to result in some mortality. However no more massive mortality occurred at

the juvenile stage after metamorphosis even at a TAN concentration of 4.25 mg/L and a NO2
−-N concentration of

2.45 mg/L. 
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Introduction 

The use of the recirculating aquaculture system (RAS) has

grown rapidly in freshwater fish culture over the last two

decades, and its application has recently expanded to marine

fish. In addition to the rapid development of a high density

culture technology using a RAS to produce aquatic animals

(van Rijn and Rivera, 1990; Greiner and Timmons, 1998;

Suzuki et al., 2003), there have been considerable improve-

ments in reducing energy consumption (Blancheton, 2000). 

Due to seasonal changes in water temperature in Korea,

suitable water temperatures for the growth of the aquatic ani-

mals may continue for only six to seven months a year. Thus

during the winter season, aquatic animals are supplied with a

small amount of feed and the culture water heated only to the

temperature in which they do not lose body weight, or they

will not be fed.

Olive flounder has become one of the major marine aquac-

ulture species of Korea over the last two decades, accounting

for about 47.1% of the marine finfish production volume and

57.5% of the marine finfish production value (KNSO, 2006).

It has usually been cultured either in a flow-through system

or in a net cage. However, these open water culture systems

are relatively more influenced by the coastal environment and

annual water temperature fluctuations than closed water cul-

ture systems such as a RAS and, as a result, the cash flow

problems and costs of an aquaculture business are increased

by the prolonged culture period and high energy consump-

tion during the winter season.

Moreover, fish nurseries are forced to produce juvenile

olive flounder even during the winter season, when the water

temperature is fairly low, since it is usually necessary for the

early introduction of the juvenile stage in aquaculture sys-

tems to grow them into the marketable size within a year.

Therefore the needs for an energy-efficient culture system

and methods are increasing in the Korean market situation. 

Most research on the commercial application of RAS for

the production of marine fish has focused on growing fish,

and the seed production of marine fish around the world has

only been conducted in a flow-through system (Maruyama et

al., 1996; Daniels et al., 2006). In the case of olive flounder,

the larvae are usually supplied with chlorella and live feed*Corresponding author: pkkim@gw.ac.kr
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such as rotifers and Artemia nauplii in the early stage of the

life cycle. These feeds, however, may act as particulate

organic material that obstructs the function of the biofilter in

a RAS (Tomoda et al., 2005), which may cause an increase in

suspended solids or nitrogenous compounds. Such water

quality problems may also have a bigger influence on the lar-

vae or juvenile olive flounder, which is more sensitive to

water quality factors because the metamorphosis process

occurs in the early stage of the life cycle. Thus it will be

important to monitor changes in water quality parameters and

to develop a proper management regime for the intensive

seed production of olive flounder in a RAS. 

In this field study, a pilot RAS was used to examine the

feasibility of a commercial RAS for the seed production of

olive flounder. The growth of the larvae and juvenile olive

flounder, the volume of makeup water used, the material

expenses including electricity and fuel, and changes in water

quality parameters were checked throughout the entire period

of producing the juvenile olive flounder in the RAS. 

Materials and Methods

Experimental system

The RAS made for producing the juvenile olive flounder

consisted of 8 circular culture tanks (4.0 m in diameter and

1.0 m high), 2 trickling biofilters (1.7 m in diameter and

2.0 m high), 2 protein skimmers (0.8 m in diameter and 2.5 m

high) and 4 sedimentation chambers (0.7 m in diameter and

1.5 m high). The culture water was circulated by two 3-HP

centrifugal pumps. Fig. 1 shows the configuration of the

experimental RAS. The filter material of the biofilter was a

sphere shaped low-density plastic material with a diameter of

2.0 mm and a total area of 6.8 m3. The culture surface area

was about 100.5 m2 and the total actual working volume

about 106.9 m3. The culture water temperature was regulated

by a diesel boiler with a capacity of 50,000 kcal/h and a heat

exchanger. The system was covered by a greenhouse with a

bi-roof to prevent the indoor air from cooling during winter

season. 

Experimental animal and culture management 

About 300,000 fertilized olive flounder eggs (average

diameter of 0.98±0.02 mm) produced in a private hatchery

on Jeju Island, Korea were initially distributed into two

tanks. The target culture water temperature was set at 19.0oC

during the experiment. Chlorella ellipsoidea was added to the

culture water at the rate of 2.0~3.0×105 individuals per 1 mL

of culture water from the 1st day to the 16th day after hatch-

ing to stabilize the water quality and supply food for the roti-

fers fed to the fish larvae in the culture tanks. Table 1 shows

the feeding regime during the experiment. After providing

the olive flounder larvae with only rotifers Brachionus rotun-

diformis, from the 3rd day to the 13th day after hatching,

nauplii of brine shrimp Artemia salina (Artemia nauplii) and

a commercial diet were then supplied as necessary, accord-

ing to the growing stages. Rotifers enriched with emulsified

oil and probiotics for 12~24 hr were supplied four to five

times a day to maintain the rate of 4~6 individuals per 1 mL

of culture water. Artemia nauplii just hatched were supplied

from the 14th day to the 32nd day after hatching to maintain

the rate of 1.0~2.5 individuals per mL. A commercial diet

with 55.0% protein was co-fed with the Artemia nauplii from

the 19th day after hatching, and was the only food supplied

from the 33rd day.

Table 2 shows the management regime during the experi-

ment: the number of culture tanks used and the daily turn-

over rate of the culture water. There was no water exchange

until the 3rd day after hatching, and then the system was

operated in a recirculating mode with the green water mode

from the 4th day to the 16th day. After stopping feeding the

rotifers, the system was fully operated in only a recirculating

mode, afterward. 

Fig. 1. Plan view of the experimental pilot recirculating aquaculture
system for seed production of olive flounder Paralichthys
olivaceus. (1) Fish tank; (2) Sedimentation chamber; (3) Inline
pump; (4) Protein skimmer; (5) Venturi pump; (6) Trickling
biofilter; (7) Live feed cultivation tank; (8) Air blower.

Table 1. Feeding regime for larviculture of olive flounder
Paralichthys olivaceus during the experimental period (0~70 days
after hatching)

Feeds 0 10 20 30 40 50 60 70

Rotifers

Artemia nauplii

Commercial diet
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On the 22nd day, the olive flounder larvae started to

undergo metamorphosis and settled on the surface of the cul-

ture tank. Most of the larvae completed settlement on the

32th day after hatching. During the settlement period, larvae

were transferred with a siphon to three other tanks with cir-

cular net cages, 4.0 m in diameter and 0.5 m high, which

were installed 20 cm above the tank bottom. The net cages

were then removed on the 39th day, when the juvenile olive

flounder were able to resist the water current used to remove

solid material from the tank bottom. 

Makeup water was supplied after sterilizing it for one day

with liquid sodium hypochlorite (NaOCl), and neutralizing

with sodium thiosulfate (Na2S2O3). The amount of makeup

water added was regulated according to the water quality

conditions, and the water volume used was monitored

accordingly. 

The body length of the olive flounder were measured using

a Olympus CH40 microscope (Olympus, Tokyo, Japan) and

digital vernier calipers (Mitutoyo, Kanagawa, Japan) every

seven days for 70 days. Due to the difficulty of a complete

survey to measure the body length of all the larvae and juve-

nile olive flounder, the mean body length was measured by a

sample survey. Twenty individuals were sampled from each

tank and then the sample variance was calculated for the

entire population. These values were used to decide the sam-

ple size to represent the population using the following sta-

tistical equation (1) with a 1% bound of error for the sample

mean and a 95% confidence level:

n≥(Z2*s2)/(d2*x2) (1)

where, n: sample size

Z: Z value in normal distribution (1.96 at 95% confi-

dence level)

s2: sample variance

d: bound of error (%)

x: sample mean

With the pooled mean for the body length calculated in that

way, the daily growth rates (DGR) for the body length were

then calculated using the following equation:

Daily growth rate (%/day)={(lnLf− lnLi)/culture days)×100

where, Lf: the final body length (mm) of the larvae and juveniles

Li: the initial body length (mm) of the larvae and

juveniles

After the growth experiment was ended on the 70th day,

the entire population was counted and divided into three

groups according to body length, using a grading net. Group

A included the individuals with a body length up to 70 mm,

Group B those of body length 55~70 mm, and Group C those

less than 55 mm in length. After grading, the production ratio

by body length was calculated. 

Dissolved oxygen (DO), pH and salinity were measured

every day with a YSI 556 MPS oxygen meter (Yellow

Springs Instruments Inc., Ohio, USA). Total ammonia nitro-

gen (TAN), NO2
−-N, NO3

−-N, and total suspended solid

(TSS) concentrations were measured at 9:00 a.m. every Mon-

day and Friday. TAN and nitrite were analyzed with a HACH

DR/4000 spectrophotometer (HACH Co., Loveland, CO)

with programs of 2460 (Ammonia LR, TNT) and 2630

(Nitrite, TNT), respectively. Nitrate was measured by a spec-

trophotometer with the cadmium reduction method and TSS

was weighed by standard methods (APHA, 1995)

In addition, the material costs, the amounts of makeup cul-

ture water, electricity and fuel used were investigated during

the experiment. 

Results and Discussion

Olive flounder were sampled from each culture tank and

measured for body length every seven days. The larvae had

an average body length of 2.7±0.3 mm right after hatching

and grew to an average size of 65.8±3.9 mm after 70 days.

Fig. 2 presents the changes in the body length of the larvae

and juvenile olive flounder. The daily growth rate for the 70

days after hatching averaged 4.7%/day. 

A total of 150,256 individuals (465.8 kg) of juvenile olive

Table 2. Culture management regime for larviculture of the olive flounder Paralichthys olivaceus in the recirculating aquaculture system
during the experimental period (0~70 days after hatching)

Day

0 4th 18th 26th 39th 46th 51st 60th

Tanks used 2 2 3 3 4 5 6 8

Total water volume (m3) 31.6 31.6 44.1 44.1 56.7 69.2 81.8 106.9

Daily turnover rate in culture tanks (times/day) 0 3 5 8 10 15 18   21.5
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flounder was produced in the RAS after 70 days. Group A,

with the best growth, accounted for about 38.1% of the fish,

the middle-sized Group B comprised about 43.9%, and the

proportion in Group C, with poor growth, 18.1% (Fig. 3). 

Fig. 4 shows the changes in temperature of the natural sea-

water and culture water during the experiment. While the nat-

ural water temperature range was 5.8oC~10.5oC (average

7.9±1.6oC), the culture water maintained at an average

18.5±0.8oC. 

It could be hard to translate the unit production cost inte-

grated with all other expenses such as labor cost, deprecia-

tion expenses, overhead cost and so forth from the small

scale production system to that for a commercial scale RAS

or flow-through system, because proportion of those expenses

would be greatly changed depending on the production scale.

Fig. 2. Total growth in length of olive flounder Paralichthys
olivaceus during the experimental period (0~70 days after hatching).

Fig. 3. The proportions of fingerling of olive flounder Paralichthys
olivaceus in each size group produced in the recirculating
aquaculture system during the experimental period (70 days after
hatching), Group A: >70 mm; Group B: 55~70 mm; Group C: <55
mm.

Fig. 4. Changes in water temperatures in the culture water and
natural seawater (0~70 days after hatching).

Table 3. Overall material expenses for larviculture of olive flounder Paralichthys olivaceus during the experimental period (0~70 days
after hatching)

Items Unit Usage
Unit price 
(WON)1)

Total price 
(WON)

Material cost

per fish (WON) %

Electricity Kwh 10,689 36.4 389,080 2.6 4.4

Diesel fuel L 3,750 566 2,122,500 14.1 23.9

Fertilized eggs ea 300,000 2 600,000 4.0 6.7

Liquid oxygen L 5,000 400 2,000,000 13.3 22.5

Concentrated chlorella (Chlorella vulgaris) 20 L 11 50,000 550,000 3.7 6.2

Concentrated chlorella (Chlorella ellipsoidea) 20 L 2 80,000 160,000 1.1 1.8

Rotifer inoculation Indi. 500 millions 50,000 50,000 0.3 0.6

Rotifer enriched agents - - - 986,000 6.6 11.1

Artemia nauplii can 42 20,000 875,000 5.8 9.8

Micro pellet (250~1,000 um) kg 35 16,000 560,000 3.7 6.3

Pellet (<1,000 um) kg 170 3,000 510,000 3.4 5.7

Disinfection agent (NaOCl) 20 L 8 8,000 64,000 0.4 0.7

Antibiotics kg 2 15,000 30,000 0.2 0.3

Total - - 8,896,580 59.2 100.0

1)Unit price on the basis of local price.
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However, material cost can be proportioned to the produc-

tion scale, so that the unit material cost in pilot scale produc-

tion was presented in Table 3. The fuel costs accounted for

the biggest proportion of the entire material expenses at

19.7%, followed by 18.5% for the liquid oxygen used to cul-

tivate the live feed and maintain the correct dissolved oxy-

gen concentration in the culture tanks (Table 3). The material

used to supply rotifer food accounted for 10.2% of the costs

and NaOCl used to sterilize makeup water and clean the

instruments and culture tanks accounted for 11.9%. 

The total new water volume used during the experiment

was 2,039.6 m3. The water volume to cultivate and clean the

live feed for 32 days was 254.6 m3 (12.5%), and the remain-

ing volume of 1,785.0 m3 (87.5%) was used to remove solids

in the sedimentation chambers and to regulate the water qual-

ity parameters. Fig. 5 shows the cumulative volume of

makeup water used to culture the olive flounder larvae and

juveniles during the 70 days, along with the ratio of the daily

makeup water supply to the total culture water. The average

daily makeup water exchange rate of the system was about

10.8% until the 18th day, during which time only live feed

was supplied. But the rate went up to 20.6% from the 19th

day, when the live feed was supplemented with the commer-

cial diet, until the 32nd day. The rate increased to 35.6% after

the 33rd day, when only the commercial diet was supplied.

From the 66th day until the end of the experiment, the rate

was 100%~170%. The total electricity used to operate the

centrifugal pumps and to regulate the water temperature of

the live feed culture tank for 70 days was 10,689 kW. 

Fig. 6 shows the changes to DO, pH, salinity and TSS con-

centration during the experiment. The average DO concentra-

tion was 7.50±0.74 mg/L. The DO maintained at a certain

level of 7.47±0.12 mg/L until the 18th day when live feeds

were supplied, and fluctuated from 6.36 mg/L to 9.53 mg/L

after the commercial diet was supplied. Both pH and salinity

stayed within the normal range at 7.70~8.15 (7.88±0.11 on

average) and 34.6~35.1 ppt (34.9±0.80 ppt on average),

respectively. The concentration of TSS ranged from 0.69~

9.90 mg/L, with an average concentration of 2.98 mg/L. Muir

(1982) mentioned that accumulated suspended solids in the

system could decrease the carrying capacity of a RAS. Her-

man (1978) also reported that suspended solids could be one

of the major factors reducing the production of rainbow trout

in a high density culture system. Alabaster and Lloyd (1982)

suggested that suspended solids at concentrations of 25 mg/L

or less did not seem to have harmful impacts on fish. And

FIFAC (1980) recommended that the concentration of sus-

pended solids should be maintained at 15 mg/L or less in a

RAS where fish are cultured at high density in a restricted

space. Similarly, Muir (1982) claimed that it is desirable to

keep the concentration below 20~40 ppm. The concentration

of suspended solids in this experiment was much lower than

the level recommended by these authors. Therefore, we

believe that the concentration of suspended solids was well

controlled by the system’s sedimentation chambers and pro-

tein skimmers, and had no adverse effects on the growth of

the olive flounder. 

The changes in TAN, NO2
−-N, and NO3

−-N concentrations

during the experiment are described in Fig. 7. The TAN con-

centration tended to increase gradually, but was maintained at

Fig. 5. Makeup water usage in the recirculating aquaculture system
for seed production of olive flounder Paralichthys olivaceus
during the experimental period (0~70 days after hatching).

Fig. 6. Changes in dissolved oxygen, pH, salinity and total
suspended solid concentrations in the culture tanks of the
recirculating aquaculture system used for seed production of olive
flounder Paralichthys olivaceus during the experimental period
(0~70 days after hatching), *R: rotifers; **A: Artemia nauplii;
***C: commercial diet.
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a low level of 0.05~0.38 mg TAN/L during the time that roti-

fers and Artemia nauplii were supplied. However the TAN

concentration gradually increased from the 19th day, when

the high protein commercial diet was supplied, and reached a

concentration of 0.99 mg TAN/L on the 28th day. Although

the concentration remained at 0.52~0.65 mg TAN/L until the

35th day with the increasing rate of water exchange, 92,721

metamorphosizing individuals died from the 28th day (at

14.1 mm in body length) to the 31st day (at 18.3 mm in body

length). The olive flounder usually starts its metamorphosis

on the 20th day after hatching and completes the process on

the 30th day, during which time it has high physiological

energy consumption and is very sensitive to environmental

changes. In this experiment, the commercial diet and Artemia

nauplii were fed during the early development of the larvae

from the 19th day. As a result, it was likely that a large por-

tion of the commercial diet was uneaten and accumulated

under the net cage. Consequently, it resulted in an increased

TAN concentration and in the death of many larvae exposed

to this higher concentration during the metamorphosis pro-

cess. As the commercial diet supply gradually increased, the

TAN concentration also gradually increased in spite of the

increased rate of water exchange. The TAN concentration

reached 1.00 mg TAN/L on the 45th day, 2.10 mg TAN/L on

the 53rd day and the highest value, 4.25 mg TAN/L, on the

60th day. There are only a couple of studies on the influence

of ammonia on marine fish (Eddy, 2005). Huguenin and Colt

(1989) reported that, since marine fish are sensitive to the

ammonia concentration, it is desirable to maintain it at 0.01

free ammonia nitrogen (FAN) mg/L. Handy and Poxton

(1993) also reported that, even though there are differences

according to species and environment, ammonia can be

acutely toxic to marine fish at 0.09~3.35 FAN mg/L. For the

turbot Scophthalmus maximus, and sole Solea solea, which

are compressiform benthic fish similar to the olive flounder

in this study, Alderson (1970) concluded that they stopped

growing and showed signs of chronic toxicity at concentra-

tions of 0.01 mg FAN/L (3.2 mg TAN/L) or more. Although

mass mortality occurred during the stage of metamorphosis

process, this study observed no more massive deaths in

higher concentrations of ammonia after the fish completed

metamorphosis and reached the settlement period. The juve-

nile olive flounder consumed the feed actively and grew nor-

mally at a concentration of 4.25 mg TAN/L on the 60th day.

Although Alderson (1970) reported that the turbot and sole,

compressiform fish similar to the olive flounder, did not

grow normally at concentrations over 3.2 mg TAN/L, we

expected that the olive flounder could survive relatively well

in a poor environment. 

On the 63rd day, the biofilter was partially mature and

reduced the ammonia concentration to 2.13 mg TAN/L. After

the water quality measurement on the 66th day, the exchange

rate of the makeup water was increased to 100% or higher of

the system’s water volume, which put the system into the

semi-recirculating mode. As a result, the ammonia concentra-

tion dropped and its influence must have been drastically

reduced. 

Although the NO2
−-N concentration remained very low in

the initial stage of the experiment, it gradually increased,

along with the ammonia concentration, on the 33rd day when

the commercial diet was started. The NO2
−-N concentration

reached the highest level of 2.45 mg/L on the 63rd day, three

days after the ammonia reached its highest concentration, and

started to decline to 1.63 mg/L just before the water exchange

rates were increased. The biofilter seemed to become mature

on the 66th day. There are no clear standards for the safe con-

centration of NO2
−-N in seawater, since the lethal concentra-

tion can differ according to the species, size, nutritional

condition and water quality factors. Russo and Thurston

(1991) defined a wide range of 0.19~190 mg/L for the

48~96LC50 values for various kinds of freshwater fish. Since

the toxicity of NO2
−-N drops dramatically due to chlorine

ions in brackish water or seawater, its concentration usually

imposes no threat in saline conditions. In this experiment, as

there was no mass mortality during the period when the NO2
−

-N concentration increased, and the juvenile fish demon-

Fig. 7. Changes in inorganic nitrogen concentrations in the culture
tanks of the recirculating aquaculture system for the seed
production of olive flounder Paralichthys olivaceus during the
experimental period (0~70 days after hatching). 
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strated generally acceptable growth, it was thought that NO2
−

-N had little effect during the experiment. 

The NO3
−-N concentration tended to gradually increase in

the early stage of the experiment but rapidly increased with

increasing TAN and NO2
−-N concentrations. Even after the

water exchange rates were increased, the NO3
−-N concentra-

tion decreased little, implying that nitrification was active

when the biofilter was sufficiently mature. 

In summary, this study examined the feasibility of a RAS

for intensive production of juvenile olive flounder and mon-

itored the changes in water quality in the pilot RAS. From

about 300,000 fertilized eggs added to a water area of about

100.5 m2, 150,256 juveniles of body length 65.8±3.9 mm

were produced. Of these fish, individuals with a body length

of 70 mm or longer, individuals between 55~70 mm, and

those less than 55 mm accounted for 38.1%, 43.9% and

18.1% of the total produced, respectively. The final culture

density was 1,495 individuals/m2. In producing each juvenile

olive flounder, about 13.6 L of makeup water, 0.071 kW of

electricity, and 0.025 L of diesel fuel was used, and the mate-

rial cost was 59.2 WON/individual produced. 

However, there was mortality when much of the fine par-

ticles of the commercial diet, which was supplied early dur-

ing the metamorphosis process, accumulated on the tank

bottom, resulting in a higher TAN concentration. The biofil-

ter was slow to mature and only reached complete maturity

on the 66th day, just before the experiment ended, which

means that the juveniles were likely exposed to relatively

high concentrations of ammonia and NO2
−-N. The increasing

concentration of ammonia and NO2
−-N was controlled by

increasing the rate of water exchange from the middle stage

of the experiment. But with the increased supply of the com-

mercial diet, their concentrations continued to rise. Thus

research is required to improve the feeding regime applica-

ble to a RAS and the pre-conditioning strategy of a biofilter

in order to establish a stable and economical method for the

intensive production of juvenile olive flounder with a RAS. 
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