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Abstract. The present study evaluated the growth performance of two 

carp species i.e. grass carp Ctenopharyngodon idella and silver carp 

Hypophthalmichthys molitrix larvae reared in recirculation system and 

implication of a thermal unit growth coefficient (TGC) to quantify and 

predict its growth potential .The environmental factors of the water in 

the recirculation system was in the range of tolerance of both species 

where no mortality occurred. The result revealed that silver carp 

larvae growth performance was superior to grass carp larvae for all 

biotic indices as it reaches 0.802 g after 43days while its growth rate 

were 0.0301 g/day after 19 and 26 days from the start of experiment . 

TGC was 0.0578 for grass carp larvae and 0.0865 for silver carp 

larvae ,also the relation between observed and predicted growth of 

grass carp larvae was more matching than for silver carp larvae .It can 

be concluded that growth of grass and silver carp larvae in 

recirculation system were acceptable and the TGC values were fairly 

stable. 
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Introduction 

Limited resources of freshwater are today a serious problem in the world. 

Water consumption has shown exponential growth during the past few 

years (Lekang, 2007).Water quantity and quality beside suitable ground 

for fish culture consider the most critical problems facing fish culture 

projects especially for most economic species such as carp. The 

recirculation water systems solve these problems through reducing water 

and space demand compared to other systems. Recirculation or closed 

water systems continue to be used primarily for experimental work and 

for the rearing of larval organisms in commercial and research facilities, 

though increasingly, profitable commercial applications are being 

demonstrated (Stickney, 2000). The newly hatched larvae suffer from 

high mortality during nursery period that may be up to 70% after one 

month (Huisman, 1979); this may be due to variation in water 

temperature, unavailability of suitable food, predators, disease infections 

and its incomplete functional development (Lavens and Sorgeloos, 

1996). The uses of recirculation system in larvae culture overcome these 

causes (Szlaminska et al., 1991). There have been many attempts to 

mathematically describe growth of fish using a large diversity of 

approaches and concepts (Iwama and Tauz, 1981; and Muller-Feuga, 

1990). Ideally, growth models for fish and shrimp should offer possibility 

for comparing growth rates of animals of various sizes reared at various 

temperatures (Bureau et al, 2000). 

Cho (1992) proposed the use of a thermal unit growth coefficient 

(TGC %) to predict the growth of a given species and stock of fish in 

relation to diet, husbandry, fish size, and temperature. Empirically 

derived growth patterns and rates for fish of a given species, diet, and 

rearing conditions are frequently used as the basis for calculating the 

daily ration of salmonids in aquaculture (Corey et al. 1983; Austreng et 

al. 1987; and Cho, 1992)however Jobling(2003) give cautionary note to 

use this model. 

The aim of the present study was to evaluate the growth 

performance of two carp species i.e. grass carp Ctenopharyngodon idella 

and silver carp Hypophthalmichthys molitrix larvae reared in 

recirculation system and implication of a thermal unit growth coefficient 

(TGC%) to quantify and predict its growth potential. 
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Materials and methods 

The newly hatched larvae (one week) were transported to the semi 

– closed recirculation system (Fig.1), it was comprised from four plastic 

tanks (1000 L,800L water) connected with biological filter and aeration 

for each tank .Water were circulated by automatic water pump (flow rate 

9 L/min.).Tape water were used through the experiment after removal of 

chloride (salinity 1.2‰).The fish larvae were reared for 56 days, where 

the initial weight was 0.024 and 0.018 g for grass and silver carp 

respectively. Stocking rate was 300 larvae per tank .The larvae were fed 

fish and soybean meal besides Artemia, three meals per day for satiation 

for the first four weeks, then it was replaced with fine pellets (Table 1) 

with 10% B.W. /day to the end of the experiment. 

 

 

Fig. 1. Semi – closed recirculation system used in the present study. 

Table 1. Ingredients and protein content of the experimental diet used in the present study. 

% Protein 

contribution 
% Protein content % (dry basis) Ingredients 

9 60 15 Fish meal 

0.9 9 30 Wheat bran 

7.2 48 15 Soybean meal 

3.6 12 10 Yellowcorn meal 

1.2 12 10 Rice bran  

2 10 20 Wheat flour 

23.9  100 Total 

Fish were weighted periodically .Temperature, pH and dissolved 

oxygen were measured weekly. The following biological indices were 

calculated according to Jobling, (1993): 
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Weight increment = Final wt – Initial wt  

Growth rate = Final wt – Initial wt/ Time  

Specific growth rate (SGR) %/day = {ln Final wt – ln Initial wt/ 

Time}/100 

Relative growth rate (RGR) %= Final wt – Initial wt/ Initial wt 

In addition, the thermal unit growth coefficient (TGC) was 

calculated according to Cho, (1992):  

(TGC) = [Final wt
 1/3 

- Initial wt
 1/3
] / [Temp. x Day] x 100  

Results 

Table 2 shows the environmental factors of the water in the present 

experiment in the semi-closed recirculation system where the average of 

water temperature was 23.96 ºC, pH 7.92 and concentration of dissolved 

oxygen 9.18 mg/ L .The survival rate of both species were 100%. 

Table 2. Some water quality parameters in the recirculation system during the experimental 

period (8 weeks).  

D. Oxygen 

(mg/L) 
pH 

Temperature 

(ºC) 
Week 

10.38 7.9 22 First 

10.30 7.5 23 Second  

9.90 8.0 23 Third 

9.40 7.9 25 Fourth 

8.95 8.2 24 Fifth 

8.20 8.0 24 Sixth 

8.12 8.2 25 Seventh 

8.20 8.0 26 Eighth 

9.18 7.9 23.97 Average 

The weight increment of grass and silver carp larvae in different 

periods (Fig.2) were fluctuated without any significant difference 

(P>0.05) ,where the highest values were after 57 (0.516 g) and 43 days 

(0.802g) respectively while growth rate (Fig.3) were 0.00926 and 0.0301 

g/day after 19 and 26 days from the start of experiment respectively .  
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Fig. 2. Weight increment (g) of silver and grass carp larvae during the experimental period 

(days).  

 

  

 

Fig. 3. Growth rate (g/day) of silver and grass carp larvae during the experimental period 

(days). 
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The results of specific growth rate (SGR%) as well as relative 

growth rate (RGR%) of grass and silver carp larvae during the 

experimental period (Fig.4 & 5) were also not significantly different 

(P>0.05) and revealed that after 19 and 8 days specific growth rate were 

11.159 and 18.801 %/day while relative growth rate were 2150 and 

4455.56 % after 57 and 43 days for the two species respectively. 

 

Fig. 4. Specific growth rate (SGR%) of silver and grass carp larvae during the experimental 

period (days). 

 

Fig. 5. Relative growth rate (RGR%) of silver and grass carp larvae during the 

experimental period (days). 
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Thermal unit growth coefficient (TGC%) as presented in Table 3 

ranged between 0.0078 (40 days) to 0.0604(19 days) while the total was 

0.0578 for grass carp larvae and 0.0084 (57 days) to 0.0890 (8 days) and 

0.0865 for silver carp larvae respectively, also the relation between 

observed and predicted growth of grass carp larvae (Fig.6) during the 

experimental period using TGC model was more matching than for silver 

carp larvae particularly after 43 days, however the differences were not 

significant (P>0.05) for both species .  

Table 3. Thermal unit growth coefficient (TGC%) of silver and grass carp larvae. 

TGC (%) Weight (g) Days 

grass carp silver carp grass carp silver carp grass carp silver carp 

  0.024 0.018 0 0 

0.0135 0.0890 0.032 0.081 9 8 

0.0604 0.0198 0.208 0.143 19 19 

0.0235 0.0724 0.404 0.925 26 26 

0.0078 0.0219 0.54 1.727 40 43 

0.0149 0.0084 1.056 2.269 57 57 

0.0578 0.0865    Total 

 

 

Fig. 6. Observed (A)and predicted (B) growth of silver and grass carp larvae (using TGC 

model) during the experimental period. 
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Discussion 

Recirculation or closed water systems continue to be used primarily 

for experimental work and for the rearing of larval organisms in 

commercial and research facilities (Stickney, 2000).The present study 

demonstrated that the environmental factors of the water in the 

recirculation system was in the range of tolerance of both species, A 

water temperature between 20°C and 30°C is generally good for fish 

(Assiah et al., 2004). Grass carp tolerate a wide range of environmental 

extremes in temperature, pH, dissolved oxygen, and salinity (Masser, 

2000). Silver carp larvae are tolerant of oxygen conditions as low as 0.5 

mg/L ,also reported its larvae growth at pH 7.1-9.7 (USGS,2005). 

The flow rate of water in the present experiment (9L/min) was not 

a limited growth factor since, water turnover times in culture chambers 

may exceed 24 hr for larvae and may be several times an hour for 

juveniles (Stickney, 2000).  

The result revealed that growth of silver carp larvae was superior in 

comparison with grass carp larvae for all biotic indices, which reflect that 

the feeding regime and quality were more appropriate for the former, 

although Hepher, (1988) stated that most fish feed in their young (late 

larvae and fry stages) on zooplankton ,even when the larger fish becomes 

herbivorous, Wu et al. (1997) found that silver carp consume planktonic 

algae, but have also been reported to consume larger zooplankton. 

Various studies have demonstrated the beneficial effect of high-energy 

diets on growth and food conversion efficiency in fish (Steffens, 1989; 

and Cho, 1992), this could be explained by the work of Dabrowski and 

Kozak (1979), with grass carp fry, which found that an increased soybean 

meal content of the diet resulted in growth depression, which they 

attributed to incomplete destroyed trypsin inhibitor. 

Since growth rate is highly dependent on species, genetics, 

nutrition, environment, husbandry and other factors, it is essential to 

calculate growth rate for a given aquaculture condition (Cho and Bureau, 

1998).Talbot (1993) emphasizes that the most frequently used numerical 

description of growth is the instantaneous or specific growth rate 

(SGR%) , The results of the presently described growth with thermal-unit 

growth coefficient (TGC) , while it has only been demonstrated to be 

valid for salmonids, preliminary observations suggest that it also 

faithfully represent the growth curve of some non-salmonid fish species, 
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such as the Nile tilapia, Oreochromis nilotica (Bureau et al, 2000) , using 

this coefficient for grass and silver larvae carp could be applicable as 

results were comparable to other studies, such as for Leporinus 

macrocephalus (Edivaldo et al., 2006).It was noticed that silver carp 

larvae were most sensitive to water temperate in the present study than 

grass carp larvae since at 26 ºC (after 57day) it has the lowest TGC value 

compared to 23 ºC ,but no significant correlation observed ,while Iwama 

and Tauz (1981) found strong evidences that at constant water 

temperature, cubic root of live weight of salmonids increases linearly 

with time when the fish are reared under optimal conditions. 

From the results of the present experiment it can be concluded that 

growth grass and silver carp larvae growth in recirculation system were 

acceptable and TGC values were fairly stable. However silver carp was 

superior than grass carp and this needs more investigation. 
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