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Abstract. The study was conducted to evaluate to mix combination different combinations of eels and 

nile tilapias on the growth and survival. The material used eels (A. bicolor) 5-7.95 ± 0.025 cm, and 

used mix were 5 and 10 fish tilapia/m2 that used artificial feed of vitamin E at a dose of 3% per 

biomass per day. An experimental randomized completely design was used with 4 treatments and 3 

replications. The treatments were  T1 (5 fish/m2 eels and 5fish of nile tilapia/m2), T2 (10 indivls/m2 

eels and  nile tilapia 5 fish/m2), T3 (5 fish/m2 eels and nile tilapia 10  fish/m2 nile tilapia, T4 (given 10 

fish/m2 eels and given 10 fish/m2 nile tilapia. The data obtained was the absolute weight of data 

growth, survival, FCR, and water quality data ( pH, O2, NO2,) and were analyzed by analysis of 

variance. The experimental results showed significant effect (P <0.05) on the growth and 

survival eels and nile tilapia. Polyculture of eels and tilapia can increase of the highest 

absolute growth obtained from T4 treatment (187.85 ± 0.9 g), nile tilapia (60.65 ± 0.95 g).  

 

1. Introduction 

Three species are tilapia (Oreochromis niloticus), eel (Anguilla anguilla) and grey mullet (Mugil 

cephalus) are considered in Egypt as fish species of high market value. Addition of eel and tilapia 

response very good to pond polyculture however information on the integration of eel to polyculture in 

earthen ponds are very limited and new technology in Indonesia especially [1][2]. 

The problems that arise today in the cultivation of eels (A. bicolor) and nile tilapia (O. niloticus) 

are high mortality of 80-95%, attack bacteria, nutritional intake of feed for using fish waste as feed, 

low environmental water quality. Still conventional cultivation techniques and monocultures system 

will exacerbate degradation and production of Eels (A bicolor)and nile tilapia (O niloticus)[3][4]. 

Recently, aquaculture production has grown enormously, and among that of Eels (A bicolor) and 

nile tilapia (O niloticus) are one of the most important cultured species worldwide especially in Asia 

due to their high economic value and export Eels (A bicolor) and nile tilapia (O niloticus) [4][5][6]. 

Eels (A bicolor), nile tilapia (O niloticus) are annually produced but the current global demand for 

both the wild and farmed Eels (A bicolor) and nile tilapia are approximately more than 339 000 t [7]. 

Research that has been developed [2,3], those study were carried out in  a fish farm at Fowwa, 

Kafir El-Sheik Governorate,A.R.A. The sudy aimed to  investigate the growth performance of eel, 

grey mullet and Nile tilapia fishes reared in earthen ponds as well as pond productivity as affected by 

dietary protein levels. Nine earthen ponds,each total area of 2000 m2representated three dietary protein 

level (20,32,44%) with there replicates for each protein level. Fish species were stocked in eachpond 

at densties of 2000, 1000 and 800 with and average initial weigh of 20,29 and 31 g for tilapia, mulled 

and eel  respectively that resultobtained are summarized in the following final body weight of nile 

tilapia increased significantly with each increase in the dietary protein level from 20 to 32 or 44%. 

And final body weight of eel increased significantly with increased in the protein level fed. In 

polyculture fish, black tiger shrimp aquaculture and seaweed in Semarang but showed of the results 

not satisfactory [8][9]. Likewise some of the other research in applying the technology polyculture 

cultivation of Eels ( A bicolor), black tiger shrimp, vannamei shrimp, seaweed and nile tilapia (O 

niloticus), has contributed in supporting the development of fisheries in Indonesia, the activities that 

have been done research team bill that was on the program Vucer Multi-year funding by DP2M 

Higher Education [8][10][11][12][13][14] with the theme "the application of hatchery technology and 

the enlargement of the cultivation of nile tilapia (O niloticus)  and mud crab in polyculture with 

models of battery plastic in ponds in an effort to improve the quality and production to stimulate 

national export fishery" with the results showed that after the implementation of the program VCM 
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was able to increase production and revenue SMEs 1, SME-2 and SME-3. 2 seed production in SMEs 

are able to increase the production and quality of seeds produced 5,000 young crab seed size 61.483 

mm, while the production of soft-shelled crabs before VCM on SME-1720 kg Rp. 32,400,000, -, 

SME-2 (835.71 kg Rp. 57.85595 million, -) and SME-3 (749.71 kg Rp. 33.73695 million, - After the 

VCM program rose to the SME-1 (1028.6 kg worth Rp.46.285 .950, -), SME-2 (1285.7 kg, 

Rp.57.855.950 value, -) and SME-3 (1089.42 kg Rp. 49.0239 million, -). Furthermore, the results of 

research on probiotic technology shrimp Vannamei of isolation of bacteria from the gut of shrimp 

Vanamei results showed the results of the year I found kind of probiotic bacteria that can potentially 

inhibit the bacterium Vibrio sp, was able to degrade organic matter into elements of N, P, K, type of 

probiotic bacteria are Lactobacillus, Bacillus, Flavobacterium,Alkaligenus, cinetobacter, 

Mycobacterium,Closteridium, esulfovibrio. While the density of probiotic bacteria are included in the 

maintenance media gives a significant influence on the growth and survival of post larvae shrimp 

vannamei (P <0.01) and was able to inhibit the growth of bacteria Vibrio sp 

[15][16][17][18][19][21][22][22][23]. 

The objective to assess the role of technology engineering polyculture Eels (A   bicolor) farming 

and nile tilapia (O niloticus) and mix different combinations of Eels (A bicolor) and nile tilapia (O 

niloticus)s and on the growth and survival. 

 

2. Research Method 

2.1.Sampling Location 

The material in this study is Eels (A bicolor) 5-7.95  ± 0.025 cm, the number of seeds used about 5 and 

10 individual of Eels (A bicolor)/ m2 and nile tilapia (O niloticus) 5 and 10 individual / m2 to 1200 m2 

pond culture that used to be given artificial feed with 35% protein content enriched with vitamin E at a 

dose of 3% perbiomas per day (Table.1). 

 

Table 1 Feed ingredients formulation for Eels (A bicolor) and nile tilapia (O niloticus) 

Material (g) Composition 

Vitamin E (mg) 0.8  

Fish meal 34.5 

Soybean 35 

Corn meal 8.7 

Rice bran 8.1 

Dekstrin 10 

Corn oil 1.42 

Fish oil 1.1 

CMC 1.1 

Total 100 

Energy (kkal) 300.02 

Ratio E/P 8.7 

 

2.2 Sampling and Preparation 

The method used was experimental method that was done in the field, using a completely randomized 

design with 4 treatments and 3 replications namely as follows were  T1=5E+5T (given seed 5 

individuals / m2Eels (A bicolor) and given 5 individuals of nile tilapia (O niloticus) / m2), T2=10E+5T 

(given 10 individuals / m2Eels (A bicolor) and given nile tilapia (O niloticus) 5 individuals / m2), T3=5 
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E+10 T (given 5 individuals / m2Eels (A bicolor) and given nile tilapia (O niloticus) 10  individuals / 

m2 nile tilapia (O niloticus)), T4=10 E+10T (given 10 individuals / m2Eels (A bicolor) and given 10 

individuals / m2 nile tilapia (O niloticus). 

The data obtained was the absolute weight of data growth, survival, FCR, and water quality data 

(temperature, salinity, pH, O2, NO2, NH3) Data were analyzed by analysis of variance (F test). And 

descriptive study was conducted in media technology maintenance polyculture of ± 1200 m2, with 

each plot of 100 m2 breadth of research. 

3.Result and discussion 

The results showed that the difference in the density of Eels (A bicolor) and Nile tilapia (O niloticus) 

significant effect (P <0.01) on the growth and survival Eels and Nile tilapia (O niloticus) with the 

highest growth in absolute weight in Eels and Nile tilapia (O niloticus)s obtained from T4 treatment 

(Eels ( A bicolor) 187.85 ± 0.9 g), nile tilapia (O niloticus) (60.65 ± 0.95 g) and fish survival rate of 

95% ± 0.3% and ± 2.3 nile tilapia (O niloticus) 95%) and feed conversion (FCR) lower (T4 = 1.54 ± 

0.10) (Table.1). 

 

3.1.Weight Absolute growth Eels ( A bicolor) 

The results showed that the highest growth in absolute weight in fish reared at T4 polyculture  

(a2b2/10 MF+10MC/m2 = given 10 animals / m2. Eels (A bicolor)and given 10 animals/m2 nile tilapia 

(O. niloticus)) is 187.85 ± 0.9 g (Table 2). 

 

Table 2 Absolute growth of Eels ( A bicolor), nile tilapia (O niloticus) based on weight (g), survival 

rate (%) and FCR on a variety of treatments and replications 

Parameter 

Treatments in Polyculture*) 

T1 

(5E+5T) 

T2 

(10E+5T) 

T3 

(5E+10T) 

T4 

(10E+10T) 

1. Absolute growth of Eels      

(A bicolor)(g) 

181.18±3.14b 185.2766667±0.49ab 186.17±0.61a 188.75±0.9a 

2. Absolute growth of nile 

tilapia (O niloticus) (g) 

48.85±0.95c 55.45±0.62b 59.75±0.75a 61.65±0.95a 

3. Survival rate Eels              

(A bicolor)(%) 

82.67±1.81b 86.4±4.15b 95.07±2.16a 96±0.3a 

4.Survival rate of nile tilapia 

(O niloticus) (%) 

79.13±1.10b 82±3.12b 94.43±1.0a 96 ± 2.4a 

5. FCR of Eels (A bicolor) 

and nile tilapia (O niloticus) 

3.46±0.43a 3.79±0.48a 2.09±0.33b 1.55±0.10b 

Note:  

Highly significant (P<0.01) 

E = Eels ( A bicolor) 

T = Nile tilapia (O niloticus) 

*) Description:  

T1=5E+5T (given seed 5 individuals / m2Eels (A bicolor) and given 5 individuals of nile tilapia (O niloticus) 

/ m2), T2=10E+5T (given 10 individuals / m2Eels (A bicolor) and given nile tilapia (O niloticus) 5 individuals / 

m2), T3=5 E+10 T (given 5 individuals / m2Eels (A bicolor) and given nile tilapia (O niloticus) 10  individuals / 

m2 nile tilapia (O niloticus)), T4=10 E+10T (given 10 individuals / m2Eels (A bicolor) and given 10 individuals / 

m2 nile tilapia (O niloticus). 

Different superscript letter in the same column indicate significant differentces between samples at the level of 

(P<0.01). 

3.2.Absolute growth of Eels (A bicolor)(g) 

The growth of the weight of the absolute highest in T4=10E+10T(given 10 individuals / m2Eels (A 

bicolor) and given 10 individuals / m2 nile tilapia (O niloticus)  was 188.75±0.9a g, as the number 
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density and the amount of artificial feed containing 35% protein and enriched with vitamine E at a 

dose of 3% perbiomass per day according to the needs of fish, so as to enhance the growth of the 

weight of absolute Eels (A bicolor) (188.75±0.9a g ) and able to increase the highest growth, compared 

to other treatments (T1, T2, and T3), while the analysis of variance showed a highly significant ( P 

<0.01) in absolute weight on growth (Table.2).  

This was in accordance with [8][9] that the artificial feeding with a protein content of 35% enriched 

with vitamin E given to the Eels (A bicolor) was able to increase the growth of the absolute weight of 

Eels (A bicolor)179.5 s / d 185.25 g, Addition [3][4][5] results obtained in this study and on the 

economical evaluation it could be conclude that tilapia, mullet and eel can be cultured together in 

earthen ponds and growth paframeters on the three species improved with each increase in dietary 

protein level fed from containing 32% seemed to be the best in terms of ratio of returns to total 

costs.The opinion of  [3][24][25][26][27] said physical growth occurs with the change in the number 

or size of the cells making up the body tissue, morphologically visible growth of body shape changes 

so that growth performance of Eel (Anguilla Anguilla), nile tilapia (Oreochromis niloticus) and grey 

mullet (Mugil cephalus) cultured in cages under two feeding system. Growth will happen when the 

energy needs for the metabolism and maintenance of body tissues are met in accordance with the 

needs of the fish if the amount of feed consumed was greater than the amount needed for the 

maintenance of the body and used as an energy source fish [24][25][26] [27][28[29][30] 

[31][32][33][34][35][36] [37]. Result showed response of grey mullet (Mugil cephalus L) cultured in 

earthen ponds, to diets of varying protein levels. There were some previous study about the effect of 

dietary protein level on body weight of tilapia, eel and mullet [3][38][39][41]. At the start of the 

experiment averages of initial weigh of tilapia, eel and mullet ranged between 20.28 to 20.87, 31.60 to 

32.5 and 29.86 to 30.25 g,  

3.3.Absolute growth of Nile tilapia (O niloticus)  

The results showed that the treatments in the culture of polyculture system with maintaining 

simultaneously Eels (A bicolor) and nile tilapia (O niloticus) in the pond with each plot of 100 m2., 

Giving a highly significant effect on the growth of the weight of absolute nile tilapia (P <0.1) (Table. 

2, Figure 2).  Based on Table 2, shows that the highest growth in absolute weight T4 =10 E+10T 

(given 10 individuals / m2Eels (A bicolor)and given 10 individuals / m2 nile tilapia (O niloticus) ) ie 

the absolute weight of nile tilapia (O niloticus) (61.65±0.95a g).  

Furthermore, based on the analysis of variance showed a high;y significant  on the growth of the 

absolute weight of nile tilapia  (P <0.01). This was due to nile tilapia  are maintained simultaneously 

with eel can grow well and there was a good relationship synergistically. The growth Nile tilapia  good 

was due to artificial feed given enriched with Vitamin E in the diet acts as an antioxidant to prevent 

oxidation of HUFA (Highly Unsaturated Fatty Acid), so as to maintain the availability of HUFA in the 

feed and prevent oxidation HUFA in cell membrane or prevent intracellular free radicals. In addition, 

to the enrichment of vitamin E in feed indirectly also play a role in the growth and survival rate of 

metabolism due to run well [3][4][8][9][41][42][43][44][45][46][47]. 

Nile tilapia was able to increase the growth of absolute weight as nile tilapia (O niloticus) has a 

broad ability to accumulate vitamin E, especially in the liver. as antioxidant vitamin E may protect 

against oxidative destruction, for example, the destruction of carotene in the gut or on the network. 

Vitamin E prevents peroxidation of unsaturated fatty acids to become free radicals and hyperperoxida 

that can damage the integrity of the cells that cause metabolic disorders [3][4][5] [8]. Mentioned 

[3][8][30][31][32] that vitamin E has been known to effectively prevent damage to cell membranes so 

that the metabolic processes in the cell will run better and elements - elements of food was expected to 

enter the cells completely [3][4][9][37][48]. The need for vitamin E herbivorous fish thought to be 

greater than the needs of carnivorous fish, eel, tilapia [24][25][27][28][47]. Requirement of vitamin E 

for each species also differ. Red sea bream fish require 442 mg / kg of feed [37][38]. Fish beronang 

require 40 mg / kg of feed [33][34] to evaluate the use of feed containing vitamin E are fat soluble 

against Penaeid shrimp larvae (Penaeus vannamei), the results obtained are shrimp fed without 

vitamin E had the lowest survival compared with treatment using vitamin E. the Atlantic Salmon, 

Salmon Salar with a weight of 16.9 g were fed semi-pure containing DL- tokopheryl acetate. At doses 
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of 0 and 15 mg / kg feed caused a 100% mortality rate. Dose of 30 mg / kg of feed are still 

experiencing symptoms of deficiency[31][32][34][35] examined. Levels of vitamin E 60 mg / kg of 

feed can provide a high fish survival [32][33]. In normal feed composition of vitamin E needs satisfied 

about 100-150 mg -tocopherol / kg of fish feed, but in some cases the range of 20-50 mg / kg feed was 

sufficient. Growth is change or increase the size of the body was kept too. Growth of weight absolute 

on the  nile tilapia (O niloticus) period stated in the growth  rate of the width and length of carapace 

(shell) [43][44][45]. Growth of absolute weight be crucial for nile tilapia  because the body can not 

grow linier. Nile tilapia can grow when to increase the growth of absolute weight as nile tilapia has a 

broad ability to accumulate vitamin E, especially in the liver. as antioxidant vitamin E 

[2][3][8][10][20] reported at the experimental end (32 week after start) final body weights of tilapia 

were found to be 173.51, 202.91 and 224.89 g for fish fed the experimental diets 20, 32 and 44% 

dietary protein,weight increased in a significant linear manner with each increase in the dietary protein 

level fed from 20 to 32 and 44%.  

3.4.Survival Rate of  Eels ( A bicolor) 

The results showed that the highest survival rate in fish reared at T4=10E+10T(given 10 individuals / 

m2 Eels (A bicolor) and given 10 individuals / m2 nile tilapia (O niloticus) ) was 96±0.3a % (Table 2). 

Based on Table 2, analysis of variance showed a highly significant (P <0.01) on the survival of the 

Eels ( A bicolor). Survival rate of the Eels (A bicolor) was higher because used water quality 

preservation media-preserved fish polyculture system  very good so that  with eel and Nile tilapia them 

suitable for life. 

This was supported Good water quality in polyculture fish farming with Nile tilapia and tiger 

shrimp (Penaeus monodon Fabricius) can increase the survival rate reaches 80-90%, good water 

quality was due to an essential requirement in the cultivation of fish. Water quality affects the survival, 

proliferation and growth[8][9][48][49][50]. This opinion was also supported by researchto maintain 

water quality by using of biofilter system used seaweed applied to polyculture vanamei shrimp and 

Eels (A bicolor) can improve the survival rate reaches 80-90%[42][49][50]. 

3.5.Survival rate of nile tilapia (O niloticus) 

The results showed that the treatment in polyculture farming systems with simultaneously maintaining 

Eels (A bicolor) and nile tilapia (O niloticus)s in the pond with each plot of 100 m2., Giving a highly 

significant effect (P <0.01) in to the nile tilapia (O niloticus) survival  rate. The highest survival rate of 

nile tilapia (O niloticus) was found in treatment T=10E+10T(given 10 individuals / m2Eels (A 

bicolor)and given 10 individuals / m2 nile tilapia (O niloticus) ) was 95 ± 2.3% (Table 2). 

Effect of the difference in the density ofEels (A bicolor) and nile tilapia (O niloticus)on the survival 

rate  of nile tilapia (O niloticus) (%) in polyculture systems 

 Based on Table 2, showed that the T4 treatment resulted in the highest survival rate (96 ± 2.4a %) 

due to water quality maintenance polyculture system media in accordance with this  nile tilapia (O 

niloticus), in accordance with the opinion of Boyd et al., [42] Good water quality is an essential 

requirement in the cultivation of fish. Water quality affects the survival, proliferation and growth. 

3.6.Food Conversion Ratio (FCR) in polyculture fish farming system Eels (A bicolor) farming and nile 

tilapia (O niloticus)s and nile tilapia (O niloticus) 

     The feed conversion ratio is a very important role in the system of polyculture Eels (A bicolor) 

farming and nile tilapia (O niloticus)s, to see whether the feed was able to increase the growth of fish 

and nile tilapia (O niloticus) that kept growing well [38][39][42][43][44]. The feed conversion values 

are also able to see how far the feed was converted widened nile tilapia (O niloticus) meat or fish that 

are kept. There was a tendency feed conversion rate (FCR) lower (T4 = 1.54 ± 0.10) gives the absolute 

weight of high growth, meaning more efficient feed given (Table.2 ).  

Based Table.2, suggesting that artificial feed given to the cultivation of polyculture system with 

low relative its FCR values are T=10E+10T(given 10 individuals / m2Eels (A bicolor) and given 10 

individuals / m2 nile tilapia (O niloticus) was 1.54 ± 0.10 that was efficient enough to boost growth of 

nile tilapia (O niloticus). 
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Nile tilapia (O niloticus) is consistent with research findings feeding artificial enriched with 

vitamin E may reduce the value of FCR around 1.08 ± 0.03[9][10]. in addition of opinion of feed 

conversion ratio is defined how many grams of a given amount of feed to produce one gram of body 

weight of Eels (A. bicolor). In opinion [28] states the feed conversion rate (FCR) as the value of the 

weight of feed consumed by the fish weight is achieved, known as feed efficiency.Good quality feed is 

the feed conversion ratio resulted in lower[24][25][24][25][28] expressed as an index of feed 

conversion of the total feed utilization for growth where the smaller the value, the better feed 

conversion feed was used. The value of feed conversion was efficient when less than 3 

[1][2][3][4][31][32][33] Supplementation of vitamin E in the diet may act as antioxidants in order to 

preserve the vitamins and unsaturated fatty acids are easily oxidized both in food, food ingredients and 

mix in the body. The availability of adequate nutrients in the feed will affect the utilization rate of feed 

so as to enhance the growth of the test Eels (A bicolor) and nile tilapia (O niloticus) in polyculture 

[5][32][33][34][38][50].  

3.7.Water quality 

Water Quality Maintenance Media polyculture system of Eels (A bicolor) and nile tilapia (O 

niloticus)s during the study showed feasible for the second life kultivan (Table.3) 

 

Table 3. Water quality media polyculture system of eels (A bicolor) and tilapia (O niloticus). 

Parameter of water 

quality range worthiness 

Dissolve oxygen 

(mg/l) 4,87 – 6,25 >4 mg/l * 

Temperature (0C) 27,5 – 31,25 26,5 – 35 0C ** 

Salinity (ppt) 22 – 28,5 15 – 30*** 

Ph 7.5 – 8,5 7,5 – 8,7 * 

Ammonia (mg/l) 0.02– 0,256 <1 mg/l **** 

 

Based Tabel.3, showed that the dissolved oxygen content (4.87-6.25 mg / l), temperature (27.5-31.25 ° 

C), salinity (22-28.5 ppt), pH (7.5-8.5) and ammonia (0.02-0.256 mg / l ) is still in the range of viable 

and capable of supporting Eels life and nile tilapia reared polyculture. 

 

4.Conclusions  

The results showed that the difference in the density of Eels (A bicolor) and nile tilapia (O niloticus) 

significant effect (P <0.05) on the growth and survival Eels (A bicolor) and nile tilapia (O niloticus). 

Mix combinations in polyculture cultivation system can increase the weight of the highest absolute 

growth in Eels (A bicolor) and nile tilapia (O niloticus) obtained from T4 treatment (Eels ( A bicolor) 

188.75±0.9a g), nile tilapia (O niloticus) (61.65±0.95a g) and eel of survival rate of 96±0.3a%, and nile 

tilapia (O niloticus) 96 ± 2.4a%, and feed conversion (FCR) lower (T4 = 1.55±0.10b). 

The water quality was still decent for the life of Eels (A bicolor) and nile tilapia (O niloticus). 
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