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ABSTRACT. In order to optimize the performance and reduce costs in the larviculture of ornamental carp 
(Cyprinus carpio) in a recirculating aquaculture system, different feeding strategies were tested. For this, two 

experiments were carried out both under controlled conditions in a greenhouse, in a recirculating aquaculture 
system with a physical particle filter, biofilter, and filtering by ultra-violet irradiation. In the first experiment, 

measurements of Artemia nauplii were tested in the initial exogenous feeding of larvae at concentrations of 100, 
200, 400, 600, 800 and 1,000 Artemia nauplii per larvae. In the following experiment, different protocols were 

tested for initial feeding for larvae. At this stage, were used: live food (Artemia nauplii) and inert (powder meal), 
used separately and simultaneously, and increases in the number of Artemia nauplii were also tested, offered at 

different times of cultivation. In the first experiment, the amount of 600 Artemia nauplii for larvae demonstrated 
to be the best option as it generated significant growth and the cost was less than that observed with the use of 

800 and 1000 Artemia nauplii per larvae. The second experiment demonstrated that the feeding strategy with 
live food more commercial inert feed provided the best growth performance for ornamental carp larvae. The 

need to fix the amount of live food during the cultivation, probably due to the high specific growth rates observed 
during the larval stage also became evident.  
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INTRODUCTION 

Among the families of fish, cyprinids account for most 

of the world production, being characterized as the 

family of greater economic importance (FAO, 2014). 

The species belonging to this family are of great interest 

both as a food source, as in the ornamental part. The 

common carp (Cyprinus carpio Linnaeus, 1758) is the 

most popular among the ornamental species grown in 

pounds due to its wide variety of colors and markings 

(Xu et al., 2014). 

One of the bottlenecks in the production of 

ornamental carp is the larvae stage. During this stage, 

the larvae are grown in ponds, previously fertilized, 

being exposed to attack from predators and climatic 

variations, problems which can reduce the survival in 
cultivation. Chabalin et al. (1989) working with common 
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carp larvae (C. carpio), tambaqui (Colossoma 

macropomum) and pacu (Piaractus mesopotamicus), 

using the semi-intensive system in ponds, obtained 
survivals near 35, 30 and 20%, respectively. 

The practice of indoor larviculture of fish (its 

implications and needs) has been the reason for years 

of study (Dabrowski et al., 1978; Portella et al., 2014), 

and can be an alternative for increasing the survival of 

larvae cultivation. According to Jomori et al. (2003), 

the adoption of a period of larviculture in which the 

larvae are kept in an indoor system during a short period 

has proven to be more efficient than the direct stocking 
of larvae in ponds. 

A recirculating aquaculture system is an option that 

adds sustainability to the indoor production of fish 

larvae. According to Timmons et al. (2002), cultiva-
tions in recirculating aquaculture systems, require less  
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area and less than 10% of required water for 

cultivations in extensive systems such as pounds to 
produce the same amount of fish. 

The use of a period of indoor larviculture requires 

knowledge of various issues related to diet and nutrition 

of the larvae, because the larvae will be fed exclusively 

from the food provided by humans. Over the years, 

several authors have developed and tested different 

feeding strategies on larval rearing phase (Charlon & 

Bergot, 1984; Fosse et al., 2013; Kamaszewski et al., 
2014). 

Nutritional strategies using live food (Cahu et al., 
1998), inert (Carvalho et al., 1997) or both (Fosse et al., 

2018), have proven effective in larval rearing of 

different species. However, in general, little attention 

has been given to the corrections of the total amount of 

food needed during the cultivation. 

Within the understanding of zootechnical 

performance, the economic viability interferes directly 

in the choice of feeding strategy. Different diets and 

feeding strategies influence the market price of both 

fish, intended for human consumption, and for fish that 

have an ornamental purpose (Tešić et al., 2014). So, the 

adoption or rejection of a food strategy is directly 

related to the cost involved with the diet. The present 

experiments aimed to optimize the larviculture of 

ornamental carp in a recirculating aquaculture system, 

emphasizing aspects of the performance and cost of 

production. 

MATERIALS AND METHODS 

The following methodology described was common for 

the two experiments. The experiments were conducted 

in Cachoeira de Macacú (22°27’46”S, 42°39’10”W), 

state of Rio de Janeiro, Brazil, during August and 

September (2014). The cultivation system was 

developed in a greenhouse with 12 m long and 7 m 

wide, with walls and masonry roof covered with 

Styrofoam under controlled conditions. Inside the 

greenhouse, one shelf with hatchery tanks was 

assembled to perform the experiments. This shelf was 

composed of 24 rectangular plastic tanks with a volume 

of 20 L, water outlet siphon system and with a separate 

water recirculating system. The filtration system was 

composed of a mechanical filter (acrylon and expanded 

clay balls) and a biological filter (ceramic rings). 

Together, mechanical and biological filters totalize 300 

L. The pump used in the system had a capacity of 4,900 

L h-1. The flow rate in the cultivation tanks was settled 
for about 0.35 L min-1, in a way that in the 24 h period, 

the entire volume of the tank was changed about 25 

times. Additionally, the system had UV filter with 36 

W for eliminating parasites, and for lighting the area 

where the experiments were conducted five lamps of 5 
W were connected 12 h a day (from 07:00 to 19:00 h). 

Every day, the tanks were siphoned for removal of 

remnants of food and feces, in order to maintain the 

stability of the water quality. With the same purpose, 

the mechanical filter was siphoned to remove solid 

particles. The water exchange was calculated to not 

exceed 10% of the total volume of the system. The dead 

larvae were taken daily with a plastic pipette aid, and 

only on the first day were replaced by larvae from the 

same spawning; these larvae coming from tanks under 

similar conditions to those of the experiment. This 

procedure was adopted because it was assume that by 

the first day, the death of the larvae occurred due to the 

stress of managing the individual count, and not 

because of the treatment. From the second day, the dead 

larvae were removed, not replaced, and were just 

counted to correct the amount of food being offered. 

Water quality parameters: dissolved oxygen and 

temperature were daily monitored; pH three times a 

week; ammonia and electrical conductivity weekly; 

hardness fortnightly. Digital oximeter was used (YSI 

550A, ±0.01) for measuring dissolved oxygen and 

temperature, digital pH meter (pHtek PHS-3E, ±0.02) 

to measure the pH, spectrophotometer to measure 

ammonia, digital conductivity meter (Bernauer, ±0.01) 

for measuring the conductivity, and the hardness was 
measured by titration method. 

Experiment 1. Evaluation of the ideal concentration of 

Artemia in the form of newly hatched Artemia nauplii, 

used for the feeding of ornamental carp larvae grown in 

a recirculating aquaculture system 

For Experiment 1, 9,600 ornamental carp larvae were 

used, obtained from natural spawning and kept in 

incubators in the breeding laboratory until the moment 

of swimming initiation, which, in this experiment, was 

observed four days after fertilization. 

Twenty larvae were measured and weighed at the 

time they began to swim to obtain the initial wet weight 

values and initial length. Larvae were used with 1.30 ± 

0.03 mg and 6.0 ± 0.10 mm for initial wet weight and 

the initial total length, respectively. 

The feeding of carp larvae was conducted in four 

different times (07:00, 10:00, 13:00 and 16:00 h) and 

was composed exclusively of Artemia nauplii, by 

varying the daily amount of Artemia nauplii offered 

according to the proposed to each treatment. 

For the hatching of the Artemia, 9.8 g of cysts were 

incubated in plastic incubators with an average volume 

of 1.5 L, salinity of 20 and constant aeration. After 24 

h, aeration was ceased, and Artemia nauplii were 
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siphoned into a plastic container of 1.5 L. To count the 

Artemia nauplii, 1 mL was removed from the plastic 

container and placed in a 100 mL beaker, then was 

added 49 mL of water. From the new mixture of 50 mL, 

1 mL was removed and had the number of present 

nauplii counted, the volume was moved to the beaker, 

and the process was repeated twice more. The average 

obtained from the three samples was taken as the 

average value of nauplii of Artemia in 1 mL of the 

sample. The average was then multiplied by 50, and the 

obtained value was taken as the average value of 

Artemia nauplii present in 1 mL of the container. This 

process occurred whenever new hatching of Artemia 

was carried out, ensuring the control of the amount of 
Artemia nauplii offered. 

After seven days of culture, all fishes were counted 

to obtain the survival data. For the final length data, 

growth, final weight, weight gain and specific growth 

rate, 10 animals of each experimental unit were 

measured using a digital pachymeter (±0.01mm) and 

weighed in an analytical balance (±0.001 g). The 

following formulas were used to obtain the survival 

values (S), weight gain (WG), specific growth rate for 

the length (SGRL) and specific growth rate for the 

weight (SGRW), respectively: 

𝑆(%)  =
 𝑁º 𝑓𝑖𝑛𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑠ℎ

 𝑁º 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑓𝑖𝑠ℎ
 𝑥 100 

𝑊𝐺 =  𝑚𝑒𝑎𝑛 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡– 𝑚𝑒𝑎𝑛 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 

       𝐿 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ– 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 

𝑆𝐺𝑅𝐿

(𝑙𝑛  𝑓𝑖𝑛𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ– 𝑙𝑛  𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ)

 𝑁º 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑐𝑢𝑙𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛
 𝑥 100 

𝑆𝐺𝑅𝑊 =
(𝑙𝑛  𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡– 𝑙𝑛  𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡)

 𝑁º 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑐𝑢𝑙𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛
 𝑥 100 

The price of the Artemia used to calculate the cost 

was USD64.16 the kilogram of the cyst of Artemia 

(reference price for the kilogram of Artemia observed 

at the time of the experiment). To calculate the cost of 

the Artemia were made the corrections related to the 

mortality control of the larvae, because the amount of 

offered nauplii was always related to the number of live 

larvae. Therefore, there was a variation with the effect 
of treatment.  

Experiment 2. Feeding strategies in larviculture of 

ornamental carp in a recirculating aquaculture system 

To perform Experiment 2, 2,400 ornamental carp 

larvae, obtained from natural spawning, were used and 

kept in incubators in the breeding laboratory until the 

time of swimming initiation, which in this experiment 

was observed four days after fertilization. 

Twenty larvae were measured and weighed at the 

time they began to swim to obtain the initial wet weight 

values and initial total length. Larvae were used with 

1.30 ± 0.03 mg and 6.0 ± 0.10 mm for initial wet weight 

and the initial total length, respectively. 

The experimental design was completely rando-

mized with six treatments and four repetitions; each 

tank was considered as an experimental unit and 

received 100 larvae of ornamental carp (5 larvae L-1). 

Each treatment represented a feeding strategy: T1 

(powder meal); T2 (powder meal + Artemia nauplii); 

T3 (“pasty food”); T4 (Artemia nauplii with daily 

increase of 10% of the initial amount); T5 (Artemia 

nauplii with an increase of 10% of the initial amount 

every three days); T6 (Artemia nauplii with no 

increase). 

The larvae feeding were conducted during four 

different times (07:00, 10:00, 13:00 and 16:00 h) and 

was composed of what was proposed for each 

treatment. In the treatments in which Artemia nauplii 

were used, the initial amount used was 600 nauplii of 

Artemia per larva day-1, and the protocols used in 

treatments 4, 5 and 6 (treatments using nauplii only) are 

shown in Table 1. Moreover, for treatments where 

powder meal was used, the amount of 1g of a 

commercial powder meal (200-400 µm) with 36% of 

crude protein (Table 2) was offered. 

For the preparation of the “pasty food” of treatment 

3, the quantity of Artemia nauplii needed for each 

feeding was removed from the incubator after strained 

in the mesh (<100 µm), so that the nauplii form a kind 

of a paste in the strainer. This paste was mixed with 

powder meal (1 g) with the aid of plastic spoons until 

they form a ball; the mixture obtained was called "pasty 

food." Offered powder meal for treatments 1 and 2 was 

moistened with water so that the consistency of the food 

did not differ from those given in the "pasty food" used 

in treatment 3. Since in treatment 3 the powder meal 

was offered in the same time with Artemia nauplii as 

the "pasty food," in treatment 2, as equal, the powder 

meal and the Artemia nauplii were also offered in the 

same time. 

After 13 days of cultivation, all animals were 

counted to obtain the survival data. For the final length 

data, growth, final weight, weight gain and specific 

growth rate, 10 animals of each experimental unit were 

measured using digital pachymeter (Western, ±0.01 

mm) and weighed in an analytical scale (± 0.001 g). 

To obtain the survival values (S), weight gain (WG), 

growth (G), specific growth rate for the length (SGRL) 

and specific growth rate for the weight (SGRW), were 

used the same formulas used at experiment 1. 

The variables measured directly in the animals, i.e., 

growth, weight gain, final length and final weight, in 

addition to the cost of production, were analyzed accor- 

628 



4                                                           Latin American Journal of Aquatic Research 
 

 
Table 1. Number of Artemia nauplii offered daily per 

larvae during the 13 days of cultivation.*Treatment who 
has been offered 4 g of inert commercial feed daily. 

 

Day 
Number of brine shrimp nauplii per larvae d-1  

T1* T2* T3* T4 T5 T6 

1 0 600 600 600 600 600 

2 0 600 600 660 600 600 

3 0 600 600 720 600 600 

4 0 600 600 780 660 600 

5 0 600 600 840 660 600 

6 0 600 600 900 660 600 

7 0 600 600 960 720 600 

8 0 600 600 1020 720 600 

9 0 600 600 1080 720 600 

10 0 600 600 1140 780 600 

11 0 600 600 1200 780 600 

12 0 600 600 1260 780 600 
13 0 600 600 1320 840 600 

 

ding to the mixed model methodology based on the 

following statistical model (Littell et al., 1998):  

𝑌𝑖𝑗𝑘 = 𝜇 + 𝛼𝑖 + 𝑎𝑗(𝑖) + 𝑒𝑘(𝑖𝑗)                 (1) 

In which 𝑌𝑖𝑗𝑘  corresponds to the measurement 

performed on the kth larva, within the jth tank that 

received the ith treatment, 𝛼𝑖represents the fixed effect 

of the ith treatment, 𝑎𝑗(𝑖) represents the random effect of 

the jth tank inside the ith treatment, this effect supposed 

normally distributed with average 0 and variance of 𝜎𝑎
2. 

The term 𝑒𝑘(𝑖𝑗) represents the random error supposed 

normal and independently distributed, with average 0 

and variance of 𝜎2. The effect of treatments was tested, 

having as the dominator an estimated variance of 𝜎𝑎
2. 

The assumption for homoscedasticity for 𝜎𝑎
2  was 

verified using a simple model containing only one 

variance for the different treatments and a model 

containing heterogeneous variances for the different 

treatments. It was then calculated the criterion Akaike 

(1974), corrected for finite samples or AICc (Sugiura, 

1978) according to the recommendations of Burnham 

& Anderson (2004), taking as the best model the one 

with the highest probability of likelihood and the 

parsimony criterion for the degree of parameterization 
of models.  

The variables involving concentrations, i.e., specific 

growth rate and survival, they were transformed to fit 

the criteria of normality. The transformed variable, i.e., 

𝑌𝑖𝑗𝑘
′ = 2 arc sin √𝑌𝑖𝑗𝑘 , was then subjected to the same 

model described in Eq. (1). In the tables, the 

concentrations were presented in the original scale, by 

performing the equation �̂�𝑖∙∙ = 100[sin(�̂�𝑖∙∙
′ 2⁄ )]

2
. In both 

cases, the MIXED procedure of SAS statistical 

software (Version 9, SAS System Inc., Cary, NC, USA) 
were used. 

Table 2. Experimental feed composition. Each 1000 g 

contain: vitamin A 16,000 UI, vitamin B1 32,000 mg, 
vitamin B12 32 mcg, vitamin B2 32 mg, vitamin B6 32 mg, 

vitamin C 500 mg, vitamin D3 4,500 UI, vitamin E 250 UI, 

folic acid 10 mg, biotin 10 mg, calcium (max.) 16 g, cobalt 

0.5 mg, copper 20 mg, choline 2,000 mg, iron 150 mg, 

phosphorus 8 mg, iodine 1 mg, magnesium (max) 2 g, 

mannan-oligosaccharides 60 mg, manganese 50 mg, 

niacin 170 mg, selenium 0.7 mg and zinc 150 mg. 
 

Proximate composition Amount (g kg-1) 

Ether extract (min.)  65 

Fibrous matter (max.)  60 

Mineral matter (max.) 110 

Crude protein (min.) 360 

Humidity (max.) 100 

 

RESULTS 

Experiment 1. Evaluation of the ideal concentration of 

Artemia in the form of newly hatched Artemia nauplii, 

used for the feeding of ornamental carp larvae grown in 
a recirculating aquaculture system  

There was no significant difference between treatments 

(P > 0.05), and the standard errors observed were low 

(Table 3), indicating little change in parameters over 

cultivation. There were significant differences (P < 

0.05) among the treatments for the variables of final 

length (mm) and final weight (mg). Treatments 4, 5 and 

6 were not significantly different (P > 0.05), but 

showed better results than treatments 1, 2 and 3. There 

was no significant difference (P > 0.05) among 
treatments 1, 2 and 3 (Table 4). 

Treatments effects were observed for the variables 

of growth, weight gain and survival. The growth 

observed for treatments 4, 5 and 6, was significantly 

higher (P < 0.05) than the values observed for 

treatments 1, 2 and 3 (Fig. 1a). For the gain weight 

variable, the treatments 4, 5 and 6 showed the best 

averages and were significantly higher (P < 0.05) than 

those of treatments 2, 3 and 4, but this group showed 

inferior results to treatment 5 and 6 (Fig. 1b). The 

average larval survival was influenced by the amount 

of Artemia nauplii offered. For treatment 1 was 

observed the lowest average (8.75 ± 1.67%), but not 

significantly different (P > 0.05) of treatment 2. 

Treatment 4 had the highest survival average (68.62 ± 

9.71%), but there was no significant difference (P > 
0.05) for treatments 3, 5 and 6 (Fig. 1e). 

There was no significant difference among 

treatments for the Artemia nauplii cost variable. A 

quadratic polynomial regression was observed (Fig. 2), 

and from the polynomial equation, it was possible to 
obtain the value of 383 Artemia nauplii offered to each 
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Table 3. Water quality parameters (mean ± standard error) in the cultivation of ornamental carp larvae under different 

Artemia nauplii quantities as a feeding source in a recirculating aquaculture system. 
 

Parameter 
Treatment 

P-value 
1 2 3 4 5 6 

pH   6.75 ± 0.06  6.75 ± 0.06     6.89 ± 0.08     6.70 ± 0.08  6.74 ± 0.06     6.74 ± 0.06 0.5657 

Dissolved oxygen (mg L-1)   6.74 ± 0.05  6.72 ± 0.05     6.67 ± 0.05     6.68 ± 0.05  6.65 ± 0.05     6.69 ± 0.05 0.8298 

Temperature (°C) 28.75 ± 3.77 28.54 ± 3.77   28.56 ± 3.77   28.53 ± 3.77 28.49 ± 3.77   28.39 ± 3.77 0.4171 

Amonnia (mg L-1) 0.0029 ± 0.001 0.0029 ± 0.001 0.0045 ± 0.0013 0.0040 ± 0.0013 0.0031 ± 0.001 0.0027 ± 0.001 0.3831 

Conductivity (µS cm-2)   580 ± 112   578 ± 112      461 ± 137      424 ± 137   575 ± 112   567 ± 112 0.9174 

 

Table 4. Final length and final weight (with their respective confidence intervals) of ornamental carp larvae cultivated under 

different Artemia nauplii quantities as a feeding source in a recirculating aquaculture system. Different letters mean a 

significant difference among treatments. 

 

Treatment 

Final length (mm)  Final weight (mg) 

Mean 
Confidence intervals  

Mean 
Confidence intervals 

Lower Upper  Lower Upper 

T1   9.75b   9.30 10.19  11.30b   8.82 13.77 

T2   9.76b   9.31 10.20  10.11b   8.70 11.51 

T3   9.92 b   9.48 10.37  11.21b   9.30 13.11 
T4 11.28a 10.83 11.73  17.57a 14.64 20.50 
T5 11.52a 11.07 11.96  20.46a 17.78 23.13 
T6 11.13a 10.68 11.57  16.37a 14.06 18.69 

 

 

larva as being the quantity to obtain the minimum cost, 

and the confidence interval that promotes the minimum 

cost is between 343 and 423 Artemia nauplii. 

Experiment 2. Feeding strategies in larviculture of 

ornamental carp in a recirculating aquaculture system. 

All water qualities parameters were within the 

acceptable for the species. There was a significant 

difference (P < 0.05) among treatments for the variable 

of dissolved oxygen. The value obtained for this 

variable in T2 was slightly lower than those observed 

in the other treatments (Table 5). There was no 

significant difference (P < 0.05) in observed values for 

the other parameters of water quality. 

There were significant differences (P < 0.01) from 

the feeding strategy adopted for the variable of final 

length (mm) and final weight (mg). Larvae submitted 

to the feeding regime of treatment 1 were significantly 

lower (P < 0.01) than the larvae of the other treatments. 

The larvae of treatment 3 showed a better average of 

final length and final weight; there was a significant 

difference (P < 0.01) from these larvae to those of 

treatments 4, 5 and 6. There were also significant 

differences (P < 0.01) of larvae submitted to treatment 

2 for the larvae subjected to treatments 5 and 6. There 

were also significant differences (P < 0.01) of larvae of 

treatment 4 compared to the larvae of treatment 6 

(Table 6). 

Larvae submitted to the feeding of treatment 1 were 

significantly lower (P < 0.01) to all other larvae of all 

the other treatments for the growth rate. The strategy 

adopted to treatment 3 provided the highest average 

growth rate (12.14 ± 1.69 cm), but there was no 

significant difference (P > 0.01) for the treatment 2. 

However, there was a significant difference (P < 0.01) 

of treatment 3 larvae for treatments 4, 5 and 6. The 

larvae maintained under the influence of treatment 2 

and 4 were significantly higher (P < 0.01) than the 

larvae maintained on diets proposed for treatments 5 

and 6 (Fig. 3a). 

It was observed the lowest average of weight gain 

(12.53 ± 6.26 mg) in the larvae subjected to treatment 

1, differing significantly (P < 0.01) from all other 

treatments. Treatment 3 had the highest average in 

weight gain (60.23 ± 21.16 mg), but there was no 

significant difference in treatment 2. However, there 

was a significant difference (P < 0.01) from the larvae 

of treatment 3 to those of treatment 4, 5 and 6. The 

larvae maintained under the influence of treatment 2 

and 4 presented significantly higher weight gain (P < 

0.01) to larvae maintained on diets proposed for 

treatment 5 and 6 (Fig. 3b). 
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Figure 1. a) Mean and confidence interval of growth, b) weight gain, c) specific growth rate for the length (SGRL), d) 

specific growth rate for the weight (SGRW), e) survival; of ornamental carp larvae cultivated under different Artemia nauplii 

quantities as a feeding source in a recirculating aquaculture system. Different letters mean significant differences among 

treatments. 

 

There was no significant difference (P > 0.01) of the 

influence of feeding strategy adopted on survival (Fig. 

3e). The highest percentage of survival was observed in 

treatment 3 (79.71 ± 4.72%), and the lowest was 

observed in treatment 1 (64.52 ± 10.15%). 

The daily growth of larvae held on the proposed diet 

in treatment 1 was significantly (P < 0.01) inferior 

compared to the other treatments. Treatment 3 was 

significantly (P < 0.01) higher than the treatments 4, 5 

and 6, but there was no significant difference (P > 0.01) 

from this to treatment 2. There was no significant 

difference (P > 0.01) from treatment 2 to 4, but a 

significant difference (P < 0.01) was observed from 
treatment 2 to treatments 5 and 6 (Fig. 3c). 

For the daily weight gain variable, there was the 

influence of different feeding strategies (P < 0.01). 

Treatments 5 and 6, which were significantly (P < 0.01) 

superior to treatment 1, were inferior to treatment 3, 

which had the highest average. Treatment 2 was 

significantly (P < 0.01) higher than the treatments 1, 5 

and 6, but was not significantly different (P > 0.01) 

from treatments 3 and 4. Moreover, treatment 4 was 

significantly (P < 0.01) below treatment 3, and superior 
to treatments 1, 5 and 6 (Fig. 3d). 

DISCUSSION 

Experiment 1. Evaluation of the ideal concentration of 

Artemia in the form of newly hatched Artemia nauplii, 

used for the feeding of ornamental carp larvae grown in 
a recirculating aquaculture system 

The recirculating aquaculture system used in this 

experiment was effective in maintaining the water 

quality parameters within the tolerable range for the 
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Figure 2. Cost of Artemia nauplii during the seven days of culture. ■ predict; ○ confidence interval (lower); ● confidence 

interval (upper); ▲ mean; − polynomial (mean). 

 

Table 5. Ornamental carp larvae cultivated under different feeding regimes in a recirculating aquaculture system. Water 

quality parameters (mean ± standard error, P < 0.05). 

 

Parameters 
Treatment 

P-value 
1 2 3 4 5 6 

pH       6.6 ± 0.09 6.59 ± 0.09 6.59 ± 0.09 6.59 ± 0.09     6.59 ± 0.09     6.59 ± 0.09 1 

Dissolved oxygen (mg L-1)     6.54 ± 0.03a  6.44 ± 0.03b  6.52 ± 0.03a  6.57 ± 0.03a 6.57 ± 0.03a     6.57 ± 0.03a 0.0162 

Temperature (°C)   28.41 ± 0.04   28.42 ± 0.04   28.38 ± 0.04   28.38 ± 0.04   28.37 ± 0.04   28.39 ± 0.04 0.9708 

Amonnia (mg L-1) 0.0005 ± 0.0001 0.0005 ± 0.0001 0.0005 ± 0.0001 0.0005 ± 0.0001 0.0005 ± 0.0001 0.0005 ± 0.0001 0.9477 

Conductivity (µS cm-2) 162.81 ± 25.14 163.25 ± 25.14 160.81 ± 25.14 164.31 ± 25.14 163.06 ± 25.14 163.12 ± 25.14 1 

 

Table 6. Final length and final weight (with their respective confidence intervals) of ornamental carp larvae cultivated under 

different feeding regimes in a recirculating aquaculture system. 
 

Treatment 

Final length (mm)  Final weight (mg) 

Mean 
Confidence intervals  

Mean 
Confidence intervals 

Lower Upper  Lower Upper 

T1 12.36e 11.70 13.02  13.83d 11.11 16.54 

T2 17.64ªb 16.98 18.30  55.43ªb 47.30 63.55 

T3 18.15ª 17.49 18.80  61.63ª 52.45 70.80 

T4 16.50bc 15.84 17.15  43.10b 36.61 49.59 

T5 15.36cd 14.70 16.02  31.48c 26.58 36.37 

T6 14.88d 14.22 15.53  28.60c 24.23 32.97 

 

 

species, during the cultivation time (Arana, 2004). No 

significant difference was observed (P > 0.05) of water 
quality parameters among the treatments. 

The worst survival average observed in this 

experiment was at T1 (8.68 ± 1.93%). The T2 treatment 

also showed a survival average (26.59 ± 10.26%) lower 

than expected for the species cultivated in indoor 
cultivation. The low survival averages observed in 

these two treatments are probably related to the amount 

of food provided to the larvae, a fact that probably 

increased intraspecific competition, generating increa-

sed mortality. Contrary to what was observed in this 

experiment, Fosse et al. (2018) observed survival of 

97.86 ± 1.84% in the cultivation of ornamental carp 

larvae, using only 150 Artemia nauplii per larvae, but 

this author has adopted the density of 7 larvae L-1 and 

does not make clear whether it was carried out 
proportional correction regarding the number of nauplii 

offered. In this experiment was used the density of 20 

larvae L-1, and correction of Artemia nauplii quantity 
offered according to the observed mortality.  
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Figure 3. a) Mean and confidence interval of growth, b) weight gain, b) weight gain, c) specific growth rate for the length 

(SGRL), d) specific growth rate for the weight (SGRW), e) survival; of ornamental carp larvae cultivated under different 

feeding regimes in a recirculating aquaculture system. 
 

 

The values observed in the present experiment for 

the morphological parameters indicate that increasing 

the amount of Artemia nauplii offered influenced larvae 

development. The increasing of the number of Artemia 

nauplii to the amount of 600 nauplii larva-1 (T4), 

improved the performance of the larvae, as Bryant & 

Matty (1980), who observed this same appearance on 

the performance of common carp larvae. 

Larvae subjected to treatments T5 and T6 (800 and 

1,000 nauplii larva-1, respectively), did not show a 

significant difference in the performance for the larvae 

of T4 (600 nauplii larva-1), but it was observed that 

from, approximately 383 nauplii larva-1, there was an 

increase in the average cost per larvae. Several authors 
mention that the cost of living food in the early stages 

of fish production is a major problem faced by 

producers (Jomori, 2005; Ayres, 2006; Fosse et al., 

2013) and the use of this food supply must be 
minimized in the culture whenever possible. 

In the present experiment, the larvae subjected to 

treatment T4, T5 and T6 presented final weight higher 

than that observed by Fosse et al. (2018). Although 

these authors had used low stocking density (7 larvae 

L-1) and more extended period of biometrics (10 days) 

than in the present experiment, larvae from this 

treatment T4, T5 and T6 showed superior performance. 

This fact can be explained by the more considerable 

amount of Artemia nauplii offered by larvae in this 

experiment in the treatments. 

It was observed in this experiment that T1 fish 

showed no significant difference for T4 fish for the 
weight gain and specific growth rate for weight 

variables. Probably, this fact was due to the high 

mortality in T1 and consequent low stocking density in 
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this treatment. Several authors have reported that low 

stocking density influences the performance of the 

larvae (Jelkić et al., 2012; Gonçalves Jr. et al., 2014; 

Joaquim et al., 2016). 

In treatment T4 of this experiment, it was observed 

Artemia nauplii leftovers until the third day of culture, 

while for T5 and T6 treatments, leftovers were 

observed during the whole experimental period. Obser-

vations indicated that in the mentioned periods was 

offered more food than larvae were able to ingest. To 

solve such problem Bryant & Matty (1980) performing 

Artemia nauplii quantification experiments with larvae 

of common carp, made daily corrections of the amount 

of provided food, based on the daily growth of the 

larvae. In the present experiment, any increase in food 

was adopted, because the aim was to evaluate the 

effects of levels of amount of Artemia nauplii offered 

by larvae in the early stage of cultivation. In 

commercial cultivation, to solve this problem would be 

appropriate use food strategies, as suggested by several 

authors (Liu et al., 2012; Agh et al., 2013; Pradhan et 
al., 2014). 

Experiment 2. Feeding strategies in larviculture of 

ornamental carp in a recirculating aquaculture system 

The average of the water quality parameters of all 

treatments was within the acceptable standards for fish 

farming (Arana, 2004; Desai & Singh, 2009). Despite 

the significant difference in the dissolved oxygen 

variable in the treatment T2, the oxygen always remai-

ned within the ideal range for the species (Mustafa et 

al., 2011), and did not affect the development of larvae. 

None of the food strategies adopted affected the 

larval survival in this experiment. However, the larvae 

subjected to the food strategy proposed by treatment 1 

were very weak, a fact that can be seen in the lower 

final weight. Different from what was observed in this 

experiment, several authors mentioned a decrease in 

survival when the first exogenous feeding of larvae 

consisted of commercial powder meal (Agh et al., 

2013; Pradhan et al., 2014). Possibly, survival was not 

affected by the food strategies, due to the short time of 

cultivation adopted. Several authors mention increased 

mortality of larvae when fasted and/or exclusively fed 

with inert food, only from the 18th day after hatching 

(Tesser & Portella, 2006; Leitão et al., 2011; Menossi 

et al., 2012). Carvalho et al. (1997) observed total 

mortality of fasted common carp larvae on the 12th day 

after hatching. Observing the morphological parame-

ters and physical condition of the larvae subjected to 

treatment 1, it can be assumed that if cultivations were 

longer, the survival of this treatment would be lower 

than what was observed. 

In present experiment it was observed that the carp 

larvae submitted to the proposed food protocol for 

treatment 1 were able to feed with powder meal from 

day 1 of exogenous feeding, as observed by other 

authors (Bryant & Matty, 1981; Fosse et al., 2018), but 

presented results of morphological parameters lower 

than those observed for the other treatments. Differing 

from what observed in this experiment, some authors 

working with other inert food formulations in the 

larviculture of the common carp, achieved good results 

in morphological parameters using a few basic 

ingredients, such as yeast and casein (Carvalho et al., 
1997; Cahu et al., 1998). 

Probably the low yield of larvae fed with inert food 

from the first day of exogenous feeding in this 

experiment was related to the limited capacity of 

digestion of the larvae, together with the quality of food 

provided to the larval stage of this species, as noted by 

Tesser et al. (2006). Fosse et al. (2018), working with 

different feeding strategies on the larval rearing of 

ornamental carp, also was not observed the good 

performance of larvae fed exclusively with inert food. 

Despite the low morphological parameters yields 

observed in larvae fed exclusively with inert food in 

this experiment, treatments 2 and 3 that used in the 

feeding, simultaneously, Artemia nauplii and inert 

food, showed superior results to the other food 

strategies. Improved digestion of inert food due to the 

presence of live food was also observed by Tesser & 

Portella (2003), that observed that the granules of 

microencapsulated diet collected in the digestive tract 

of pacu larvae (Piaractus mesopotamicus) co-fed with 

Artemia nauplii had higher areas of degradation than 

those removed from larvae tract fed exclusively with 

inert food. Probably, the result obtained in treatment 1 

was a result of the low capacity of inert food to 

stimulate the production of digestive enzymes, which 

may have been fixed in treatments 2 and 3 due to the 

presence of live food; such mechanism was observed 
by Cahu & Zambonino-Infante (2001). 

Similar strategies to those used in this experiment, 

using as a food source both inert and live food for the 

larvae stage, had already been successfully tested for 

different species by several authors (Liu et al., 2012; 

Fosse et al., 2013; Pradhan, et al., 2014), often being 
referred to as co-feeding. 

Unlike what has been tested in this experiment, 

Dabrowski (1984) tested the strategy of using inert food 

and live-food in the hatchery stage not simultaneously. 

The mentioned author observed that carp larvae fed 

exclusively with live food had morphological 

parameters indices higher than larvae fed with live food 

and later with inert food. Possibly the results obtained 

by the author quoted above were the result of the 
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sudden change of live food by inert food, which did not 

occur in this experiment since there was no replacement 

of components of food throughout the hatchery stage. 

Fosse et al. (2018) observed that ornamental carp larvae 

fed simultaneously with live and inert food, presented 

final length and final weight higher than larvae kept 

only with live food, a fact that corroborates with the 
results obtained in this experiment. 

Treatments 2 and 3 of this experiment did not 

significantly differ between themselves, so that how the 

inert food and the Artemia nauplii were offered did not 

influence the development of the carp larvae. However, 

it was observed that in tanks of treatment 3, where the 

“pasty food” was offered, the leftovers were concen-

trating at a single point, a fact that facilitates the 

cleaning of the tanks. Food strategies that facilitate the 

management of cultivation are of great interest because 

it minimizes the cost of hand labor, which in the 

farming of ornamental fish, is one of the most 

significant production costs. As well as in ornamental 

fish-farming, the cost of hand labor is much of the total 

cost of production of other aquaculture species such as 

the cultivation of the Pacific oyster, Crassostrea gigas, 

(Huang et al., 2013) and in the production of cobia, 

Rachycentron canadum, in cages (Huang et al., 2011). 

There was no significant difference for the morpho-

logical parameter’s indices between treatments 2 and 4, 

showing that the supply of powder meal from the first 

day of exogenous feeding, can replace the daily 

increase in the amount of Artemia nauplii offered. The 

decrease in the use of live food in hatcheries was also 

observed with great interest by Bryant & Matty (1980), 

especially from the economic point of view. The 

possibility of the use of inert food without damaging 

the growth and survival in the hatchery phase by a 

period of co-feeding was also reported by other authors 

(Rosenlund et al., 1997; Cañavate & Fernández-Díaz, 
1999). 

The results obtained in this experiment in the 

treatments that used Artemia nauplii as the only source 

of food (treatment 4, 5 and 6), showed the necessity of 

correction amount of food offered over the growing 

larvae period. Probably such corrections are necessary 

due to the intense growth process demonstrated by 

larvae, which can be observed through the specific 

growth rate data. Several authors (Osse et al., 1997; 

Tesser & Portella, 2006) correlate the increase in 

growth rate in length and the need to supply the demand 

of energy for the growth of the larvae, a fact that 

corroborates to the results observed in this experiment 

in relation to the need to increase the amount of food 
provided along cultivation. 

As in the present experiment, Bryant & Matty 

(1980) observed the need for correction of the amount 

of Artemia nauplii offered during the hatchery phase of 

the carp. For the authors mentioned, in the first five 

days of culture, an amount of 200-250% of body weight 

of larvae should be offered, and that amount should be 

reduced to 100-150% from the 10th day. Although the 

term used by the authors to be "reduction," there is an 

increase in the total amount of offered Artemia nauplii 

since the value is related to the percentage of larval 
weight. 

CONCLUSIONS 

The results demonstrate that increasing the amount of 

offered Artemia nauplii influences the development of 

ornamental carp larvae grown in a recirculating 

aquaculture system. Also, that under the conditions 

used in this experiment, the proper amount is 600 

nauplii larva-1, as it offers the best development rates, 

with the lowest cost production. 

The experiments revealed that the supply of an inert 

food and live food, simultaneously from the first day of 

exogenous feeding, showed significantly superior 

growth to those larvae fed exclusively with live food, 

and should be adopted as the best strategy for feeding 

the ornamental carp larvae grown on recirculating 

aquaculture system. It was also found that daily 

increases of 10% of the amount of Artemia nauplii 

offered, yield better performance in larviculture of 
ornamental carp in a recirculating aquaculture system. 
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