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Abstract. The purpose of this research was to determine the physiological responses of the 
Indonesian shortfin eel Anguilla bicolor, which is preserved in the optimum salinity and at different 
temperatures. It will serve as a reference base for the development of the A. bicolor cultivation 
activities in East Nusa Tenggara, given the elevated market value and the nutritional qualities of the 
Indonesian eel. The study used a complete randomized design consisting of three treatments and 
three replications. The treatment given is the optimal salinity with different temperatures in the 
recirculation system: salinity 5 ppt at 28ºC for treatment A, was salinity 5 ppt at 30ºC for treatment 
B, and salinity 5 ppt at a temperature of 32ºC for treatment C. The characteristics of the used A. 
bicolor seeds were an initial weight of 3-6 grams with a stocking density of 4 g L-1. Sampling was 
conducted on the 0, 30th and 60th maintenance days. The results showed that a temperature of 32ºC 
provided the best physiological response compared to other treatments, nevertheless it gave the 
lowest survival.  
Key Words: temperature effect, growth, blood glucose, oxygen consumption level. 

 

 

Introduction. Indonesian shortfin eel Anguilla bicolor is one of the economically 

important fish because it has a high selling value. The prices of eel in 2016 and 2017 

at the Palabuhan Ratu area at the Sukabumi West Java reached 28.2708 up to 

35.3385 USD kg-1 for 2 or 3 eel. While the size of A. bicolor reached 63.6167 up to 

84.8223 USD kg-1, the size of glass eel reached 176.71 up to 247.40 USD kg-1. These 

price fluctuations depend on the season of abundance (Lukas et al 2017).   

Eel have a high nutrition especially EPA and DHA, compared to other fish: EPA 

742 mg 100 g-1, DHA 1337 mg 100 g-1, vitamin A 4700 IU 100 g-1 in eel meat, and 

15.000 IU 100 g-1 in the liver, plus vitamins B1, B2, D and E (Pratiwi 1998). This is 

what determines the high selling price of eel. 

The development of eel in Indonesia is still limited to the western part. This is 

due to the myth that developed in eastern Indonesia regarding fish has caused people 

to be less interested in developing this fish. In addition, there is a lack of knowledge 

and skills due to the undeveloped eel cultivation technology in eastern Indonesia. East 

Nusa Tenggara (ENT) is one of province in eastern Indonesia. ENT has the potential to 

develop eel. Based on observations in the field and interviews with local residents in 

several rivers in Kupang city and district, it is known that eels are often captured for 

food. Stadia eel caught has reached the silver eel. This is very unfortunate considering 

the long reproduction time of eel fish. Therefore, it is necessary to develop eel 

cultivation in eastern Indonesia, especially in the city of Kupang. 

Temperature and salinity greatly affect the growth and viability of eel fish. 

Changes in water temperature can affect the metabolism and osmoregulation activity 

of eel fish, which in the end affects the appetite of fish and their survival. Temperature 

plays a role in the solubility of different types of gases in the water, as well as all 

biological activities in the water. A 10°C increase of the temperature will raise the 

metabolic rate by 2 up to 3 times (Howerton 2001). Edeline et al (2005) stated that at 
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the temperature of 18ºC and salinity 34 ppt provides the highest growth of European 

eel Anguilla anguilla, while Kearney et al (2008) stated that a salinity of 17.5 ppt and a 

temperature of 17.5ºC provide the highest survival in Anguilla australis and Anguilla 

dieffenbachii. Temperature and salinity affect the standard metabolism, food intake, 

conversion of feed and stimulation of hormones (Boeuf et al 2001). Lukas et al (2017) 

found the value of salinity and optimum calcium levels on the maintenance of the A. 

bicolor stadium glass eel is 8 ppt with a level of Ca 10 up to 30 mg L-1 for an improved 

growth and viability of A. bicolor. 

A pathway to improve the performance of eel fish production is through the 

engineering of the cultivation environment. Maintenance of fish in environmental 

conditions that are not optimal can increase physiological stress in fish and ultimately 

reduce fish productivity. Energy efficiency can be done by providing an optimal living 

environment, in terms of temperature and salinity in the cultivation medium. A 

recirculation system provides the control of optimal environmental parameters 

influencing fish growth and health, increases bio-securities, mitigates the water use 

and other environmental impacts (Summerfelt et al 2008). Through this research the 

expected growth and viability of the A. bicolor can be improved through the 

manipulation of ambient temperature. 

The aim of this research is to determine the optimum temperature for the 

survival rate of A. bicolor and the physiological responses at different temperatures of 

the A. bicolor at the elver stadium. 
  

Material and Method 

 

Time and place. This research was conducted for two months in the recirculation 

laboratory, Faculty of Marine and Fisheries, Nusa Cendana University, Kupang, East 

Nusa Tenggara.  

 

Experimental design. This research used a salinity of 5 ppt of with different 

temperatures. The research design used was a complete randomized design (CRD) with 

three treatments: (A) temperature of 28ºC, (B) temperature of 30ºC, and (C) 

temperature of 32ºC, and each treatment had three replications. The A. bicolor used 

originated from Cimandiri estuary, Pelabuhan Ratu, Sukabumi West Java, with weight 

ranging from 3 to 6 g. Glass eel was transported from a catching area using water with a 

salinity of 5 ppt. Post-transport, A. bicolor samples were maintained in a tank with a 

salinity of 5 ppt and a temperature of 28ºC for seven days. Full aeration was performed 

on each experimental unit. The stocking density used was 4 g L-1. Temperature 

adaptation was done gradually, by increasing the temperature by 1ºC every 6 hours. 

After reaching the highest temperature (32ºC), the A. bicolor samples were stocked into 

each experimental unit according to the treatment provided. The aquarium used was 

30x20x20 cm filled with 20 L of water.  

 

Parameters measured.  

   The survival rate (SR) was calculated using the following formula: 

100% x
No

Nt
=)SR(  

 

Where:     

SR= Survival rate (%) 

Nt = Final number of experimental fish (fish) 

N0  = Initial number of experimental fish (fish)  

 The specific growth rate (SGR) was calculated based on the following equation:   

 
Where:      

SGR = specific growth rate (% day-1) 

Wt = average biomass of fish at time t (g)  
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W0 = average biomass of fish at initial time (g)  

t = time of sampling (day)  

   The oxygen consumption level (OCL) in standard metabolism was calculated using 

the equation below: 

 
 

Where: 

OCL = oxygen consumption level (mg O2 g
-1 hour-1) 

V = water volume in the tank (L) 

DOo = initial dissolved oxygen concentration (mg L-1) 

DOt = final dissolved oxygen concentration (mg L-1) 

w = weight of experimental fish (g) 

t  = observation period (hour) 

 The coefficient of diversity (CD) was calculated using the equation below 

(Huisman 1987): 

CD = 
Standard deviation 

x 100% 
Average of sample 

 Blood glucose levels (BGL) were calculated based on the work of Wedemeyer & 

Yasutake (1977). 

 Physical and chemical parameters of water were temperature measured using 

thermometer, pH measured using pH-meter, DO measured using DO-meter, 

ammonia measured using spectrophotometer.  

 

Statistical analysis. The data obtained in this study was analyzed using the variance of 

analysis (ANOVA). If case of significant differences, Duncan's further test was carried out. 

Water physics and chemistry data was analyzed descriptively and presented in table 

form. 

 

Results. The results showed that the highest survival rate was shown in treatment A, 

namely the 5 ppt salinity with a temperature of 28ºC at 94.49±5.79% and the lowest at 

treatment C, at 5 ppt salinity at 32ºC at 77.45±16, 28%, but statistically there were no 

significant differences between the treatments (P>0.05). The survival graph for each 

treatment during the study is shown in Figure 1. 

 

Figure 1. Average survival rate of Anguilla bicolor elver for 60 days of maintenance. 

 

   A (28℃)                 B (30℃)                C (32℃) 
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The physiological response shown by A. bicolor elver in the form of absolute growth 

(W), blood glucose levels (BGL), coefficient of diversity (CD) and oxygen consumption 

level (OCL) are presented in Table 1, while the growth pattern for 60 days of 

maintenance is shown in Figure 2. 

 

Table 1 

The physiological response of Anguilla bicolor elver at the end of maintenance 

 

Parameters 
Treatments 

A (28ºC) B (30ºC) C (32ºC) 

W(g) 2.00±0.68a 2.49±0.20bc 3.83±1.28c 

BGL (mg dL-1) 54.5±4.27b 55.00±2.83b 42.5±3.53a 

CD (%) 24.42±3.89b 22.12±4.48a 21.90±5.63a 

OCL (mg O2 g
-1 hour-1) 0.11±0.04a 0.09±0.01a 0.06±0.01a 

 

Statistical analysis showed that absolute growth was significantly different between 

treatments (P<0.05) with the highest absolute growth shown in treatment C followed by 

treatment B and the lowest in treatment A. This indicates that the temperature greatly 

influences the growth rate of A. bicolor elver at optimal salinity.  

 

 
Figure 2. Growth pattern of Anguilla bicolor for 60 days of maintenance in each 

treatment. 

 

Oxygen consumption level (OCL) of A. bicolor is showed in Figure 3. Statistical analysis 

showed that the OCL was not significantly different between the treatments (P<0.05). 
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Figure 3. Pattern of Anguilla bicolor elver oxygen consumption level during maintenance. 

 

Figure 4 shows a pattern of blood glucose levels (BGL) for 60 days of maintenance. The 

30th day of maintenance, the blood glucose level in treatment A was higher than 

treatment B and C. The overall BGL continued to decline until the 60th day. This is 

thought to be due to the A. bicolor elver adaptation capabilities to the cultivation 

environment. However, a 32ºC temperature provides the most comfortable environment 

for A. bicolor, thus suppressing the stress level of A. bicolor elver in sizes 5 g-12 g. 

 

 
Figure 4. Pattern of Anguilla bicolor elver stress response during maintenance  

through blood glucose levels. 

 

Figure 5 shows a pattern of coefficient of diversity (CD) for 60 days of maintenance. The 

initial day to 30th day of maintenance in treatment B was lower than treatment A and C, 

but in the 60th day the CD of treatment B and C were the same. A low value of the 

coefficient of diversity indicates that fish appetite is almost uniform. 
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Figure 5. The pattern of Anguilla bicolor coefficients of diversity shown for 60 days of 

maintenance. 

 

The physical chemistry parameters of water in the form of temperature, pH, dissolved 

oxygen (DO), and ammonia levels during the maintenance period are presented in Table 2. 

 

Table 2 

Water quality for 60 days of maintenance 

 

Parameters 
Treatments 

Optimum range 
A (28ºC) B (30ºC) C (32ºC) 

Temperature (ºC) 28±0.38 30±0.31 32±0.63 23-32 (Usui 1974) 

DO (mg L-1) 5.2–6.8 5.9–6.8 6.0–6.6 >3 (Bieniarz et al 2000) 

pH 6.7–7.9 6.2–7.9 7.0–8.0 6.0-8.0 (Ritonga 2014) 

Ammonia (mg L-1) 0.001-0.016 0.002-0.075 0.007-0.057 <0.1 (Yamagata & Niwa 1982) 

 

The range of physical chemistry of water shown in Table 2 in the form of temperature, 

dissolved oxygen, pH, and NH3 for 60 days of maintenance is still within the range of 

tolerance for the survival and growth of A. bicolor. Feasibility of physical chemical 

parameters of water during this study caused the survival rate of A. bicolor to range 

between 77.45-94.49%. 

 

Discussion. The mortality that occurred during 60 days of maintenance of A. bicolor 

was thought to be caused by a competition in the use of oxygen and space. The larger 

the size of the eel, the more oxygen it needs, also requiring more space for 

movement. Data showed that for 60 days of maintenance there was a change in the 

size of the A. bicolor body weight in each treatment, with the highest growth response 

occurring in treatment C (Table 1). A faster growth of A. bicolor reduces the survival 

rate in correlation with the movement space and oxygen demand. This is consistent 

with Hepher & Pruginin (1981), who stated that a lack of oxygen can cause death, 

especially in small-sized fish. Treatment C gave the highest absolute growth, 

3.83±1.28c, but also the lowest survival rate 77.45%. Wedemeyer (1996) stated that 

increasing body size affects stocking density, which has a negative impact on the fish 

physiological processes and behavior, like foraging and food intake, affecting their 

health, growth rate and eventually causing their survival rate decline. 

Salinity and temperature affect the survival rate and specific growth rates of A. 

australis, A. dieffenbachii and A. anguilla (Edeline et al 2005; Kearney et al 2008). 

Temperature affects nutritional preferences in eel. Sun et al (2014) found that 
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temperature had a significant effect on the feed consumption, faeces production, nitrogen 

excretion, energy use, growth rate and metabolic rate of Cobia fish (Rachycentron 

canadum). Optimal temperatures accelerated the growth. 

The results showed that treatment C, at 32ºC, had the highest physiological 

impact, influencing the growth, namely absolute weight and coefficient of diversity, and 

the stress response related to the blood glucose level (BGL) and to the oxygen 

consumption level (OCL). Although it generated the lowest survival rate, economically it 

still provides greater benefits compared to other treatments. Viadero (2005) states that 

water temperature is one of the most important physical factors that affect fish growth 

and productivity because fish are cold-blooded animals whose body temperature follows 

the temperature of the environment (poikilothermal). Furthermore, it is explained that 

temperature deviations from optimal values have a negative impact on growth and 

productivity as well as on the survival rate of eel. 

The growth pattern of A. bicolor for 60 days of maintenance showed that on day 0 

to day 30 the highest growth rate occurred in treatment C (at 32ºC) and the lowest was 

in treatment A, at 28ºC. On the contrary for the maintenance between the 30th day to 

the 60th day, the growth pattern shown was inversely proportional. This is because the 

increasing bodyweight of A. bicolor causes a lower growth rate. Kono & Nose (1971); 

Gwither & Grove (1981) stated that the smaller the size of the fish is, the faster the 

appetite increases, due to a higher rate of emptying of the stomach. Fish size affects the 

frequency of feeding NRC (1977) and Hickling (1971). 

The decrease in the level of oxygen consumption due to the increase of the body 

weight of A. bicolor elver explains that the fish are in a comfortable condition stimulating 

the appetite and maintaining the use of oxygen at a low level. The low value of oxygen 

consumption of A. bicolor elver is an indicator that the metabolic activity of A. bicolor 

runs well. In accordance with Garcia et al (2006), which stated that the metabolic rate of 

aquatic organisms can be determined from the oxygen consumption level (OCL) of the 

organism. As a result, the energy is used less for the metabolic activity and more for 

growth. In accordance with Linder (1991), which stated that energy in feed is 

physiologically used for metabolism and maintenance of the body, the remainder will be 

deposited into the body tissues in the process of growth and synthesis of reproductive 

product. 

Caspers (1983) stated that changes in temperature are one of the factors causing 

stress in fish. The results showed that A. bicolor elver was in a comfortable condition, 

despite an increase in blood glucose levels with increasing body weight, but still within 

the range of normal blood glucose levels. Increased glucose levels in the blood are 

caused by an increase in catabolic activity in the body, namely changes in glycogen to 

glucose as a result of increased metabolic activity of the body. When changes in the 

environment become uncomfortable conditions, metabolic activity will increase. An 

indicator of stress in fish is the increase of the blood glucose levels. Stress conditions in 

fish causes a decrease in blood volume, leukocyte count and liver glycogen and an 

increase in blood glucose levels (Affandi & Tang 2002). 

The coefficient of diversity (CD) is a description of the diversity in a population in 

an experiment (Hanafiah 2002). The initial maintenance weight size has a diversity 

coefficient of 18.84±10.69 for treatment A, 24.24±8.19 for treatment B and 31.26±7.14 

for treatment C. The high value of the coefficient of diversity at the beginning of 

maintenance is due to the heterogeneity of the eel seeds used, of natural origins. During 

the maintenance period, the body size changes both in weight and length of A. bicolor 

elver, which modifies the coefficient of diversity value. The three treatments showed a 

decrease in the value of the coefficient of diversity on the 30th day, but the lowest 

decrease in the CD value occurred in treatment A while treatment B and C showed a 

significant pattern of decreasing CD value. This is probably due to the increase in 

appetite between the 1st and the 30th day of the treatment B and C caused by the near 

optimum temperature value of the media the use of the incoming energy for growth than 

for the metabolism. The increase in CD value occurs on the 30th day until the 60th day of 

maintenance. This is likely due to an increase in the body weight while the maintenance 

container is of a fixed size so that it reduces the movement space and the oxygen 
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demand of A. bicolor which has an impact on the survival rate. In addition, eel is 

territorial with large size specimens monopolizing the available space and feed, while the 

smaller sized A. bicolor cannot utilize feed optimally. The results showed an increase in 

the value of CD which was significant in treatments A and B. 

The A. bicolor elver used in the research is heterogeneous with seeds collected 

from their natural environment. According to Hanafiah (2002), the coefficient of diversity 

is 20-25% in the medium category in heterogeneous conditions. The results showed that 

the coefficient of diversity at the end of maintenance in all treatments, ranging between 

20% and 25%, suggests that the temperature treatment of 28 to 32ºC provides good 

feed to biomass productivity and efficiency during the maintenance period.  

 

Conclusion. According to our study, the optimal temperature for increasing the survival 

of A. bicolor elver is 28ºC, but it provides the lowest absolute growth and physiological 

responses. The optimal temperature for the maintenance of A. bicolor measuring 3-6 

grams is 32ºC providing the best physiological response, followed by the treatments with 

temperatures of 30ºC and 28ºC, respectively. Increasing the growth of Indonesian 

shortfin eel A. bicolor can be done by manipulating the temperature of the maintenance 

medium. 

 

Acknowledgements. The authors gratefully acknowledge to the Faculty of Marine and 

Fisheries of Nusa Cendana University which has provided research funding for the Faculty 

of DIPA in 2019. 

 

References 

 

Affandi R., Tang U. M., 2002 [Water animal physiology]. Pekan Baru, Universitas Riau 

Press. [In Indonesian]. 

Arai T., Limbong D., Otake T., Tsukamoto K., 1999 Metamorphosis and inshore migration 

of tropical eels, Anguilla spp. in the Indo-Pacific. Marine Ecology Progress Series 

182:83-293. 

Bieniarz K., Koldras M., Kaminski J., Mejza T., 2000 FA and cholesterol in some 

freshwater fish species in Poland. Folia University of Agriculture Stetin 27:2-44. 

Boeuf G., Payan P., 2001 How should salinity influence fish growth? Comparative 

Biochemistry and Physiology 130(4):411-423. 

Edeline E., Dufour S., Elie P., 2005 Role of glass eel salinity preference in the control of 

habitat selection and growth plasticity in Anguilla anguilla. Marine and Ecology 

Progress Series 304:191-199. 

Garcia A., Cortes D., Ramırez T., Guisande C., Quintanilla J., Alemany F., Rodrıguez J. M., 

Alvarez J. P., Carperna A., 2006 Field comparison of sardine post-flexion larval 

growth and biochemical composition from three sites in the W Mediterranean (Ebro 

River coast, bays of Almeria and Malaga). Science Marine 70:79-91. 

Gwither D., Groves D. J., 1981 Gastric emptyping in Limanda limanda (L.) and the return 

of appetite. Journal Fish Biology 18(3):245-259. 

Hanafiah K. A., 2004 [Experimental design], Raja Grafindo Persada Press, Jakarta, 

Indonesia. [In Indonesian]. 

Hepher B., Pruginin Y., 1981 Commercial fish farming: With special reference to fish 

culture in Israel. John Willey and Sons, New York, USA, 261 p. 

Hickling C. F., 1971 Fish culture. Faber and Faber, London, UK, 317 p. 

Howerton R., 2001 Best management practices for Hawaiian aquaculture. Centre for 

Tropical and Subtropical Aquaculture Publication 148:7-31. 

Kearney M., Jeffs A., Lee P., 2008 Effects of salinity and temperature on the growth and 

survival of New Zealand shortfin, Anguilla australis, and longfin A. dieffenbachia, 

glass eel. Aquaculture Research 39(16):1769-1777. 

Knosche R., 1994 An effective biofilter type for eel culture in recirculating systems. 

Aquaculture Engineering 13:71-82. 



AACL Bioflux, 2019, Volume 12, Issue 6. 2235  

http://www.bioflux.com.ro/aacl 

Kono H., Nose Y., 1971 Relationship between the amount of food taken and growth in 

fishes: I frequency of feeding for maximum daily ration. Bulletin Japan Society 

Science Fish 37(3):169-179. 

Linder M. C., 1991 [Nutrition biochemistry and metabolism, with clinical application]. 2nd 

edition, Appleton & Lange, East Norwalk, pp. 237-240. [In Indonesian]. 

Lukas A. Y. H., Djokosetiyanto D., Budiardi T., Sudrajat A. O., Affandi R., 2017 

Optimization of salinity and calcium on Indonesian shortfin eel Anguilla bicolor 

maintenance. AACL Bioflux 10(4):951–961.  

Pratiwi E., 1998 [Get to know more about eel fisheries (Anguilla spp.)]. Warta Penelitian 

Perikanan Indonesia 4(4):8-12. [In Indonesian]. 

Ritonga T., 2014 [Response of eel (Anguilla bicolor bicolor) seed to acidity (pH)]. Bogor 

Agriculture Institute, 28 p. [In Indonesian].  

Summerfel S. T., Bebak-Williams J., Fletcher J., Carta A., Greaser D., 2008 Description of 

the surface water filtration and ozone treatment system at the Northeast fishery 

center. Fisheries Bioengineering, American Fisheries Society, Symposium 61, 

Bethesda 97-121. 

Sun H., Tang J., Yao X., Wu Y., Wang X., Liu Y., 2016 Effect of replacement of fish meal 

with fermented cottonseed meal on growth performance, body composition and 

haemolymph indexes of Pacific white shrimp, Litopenaeus vannamei Boone, 1931. 

Aquaculture Research 47(8):2623-2632.    

Usui A., 1974 Eel culture. Fishing News, London, UK, 118 p.   

Viadero R. C., 2005 Factor affecting fish growth and production. In: Water encyclopedia. 

Wiley Online Library, 69 p.  

Wedemeyer G. A., 1996 Physiology of fish in intensive culture system. Chapman and Hill, 

New York, US, 232 p. 

Wedemeyer G. A., Yasutake W. T., 1977 Clinical methods for the assessment of the 

effects of environmental stress on fish health. Technical paper 89. U.S. Fish and 

Wildlife Service, 18 p. 

Yamagata Y., Niwa M., 1982 Acute and chronic toxicity of ammonia to eel Anguilla 

japonica. Bulletin of the Japanese Society for the Science of Fisheries 

48(2):171‒176. 

*** KKP, Marine and Fisheries Ministry, 2011 [Guide to eel fish cultivation]. Marine and 

fisheries extension center, KKP RI, Jakarta, Indonesia. [In Indonesian]. 

*** National Research Council U.S. (NRC), 1977 Nutrient requirement of warmwater 

fishes. National Academic Press, Washington DC, 78 p.  

 
 
 
 
 
 
 
 
 

 
 
 
 
Received: 31 July 2019. Accepted: 08 December 2019. Published online: 24 December 2019. 
Authors: 
Ade Yulita Hesti Lukas, Nusa Cendana University, Faculty of Marine and Fisheries, Aquaculture Study Program, 
85001 Kupang, East Nusa Tenggara, Indonesia, e-mail: adeyulitahesti@gmail.com 

Priyo Santoso, Nusa Cendana University, Faculty of Marine and Fisheries, Aquaculture Study Program, 85001 
Kupang, East Nusa Tenggara, Indonesia, e-mail: priyosantoso@staf.undana.ac.id 
Ridwan Tobuku, Nusa Cendana University, Faculty of Marine and Fisheries, Aquaculture Study Program, 85001 
Kupang, East Nusa Tenggara, Indonesia, e-mail: ridwantobuku@gmail.com  
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Lukas A. Y. H., Santoso P., Tobuku R., 2019 Physiological study of Indonesian shortfin eel Anguilla bicolor on 
different temperature medium using a recirculation system. AACL Bioflux 12(6):2227-2235. 


