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Abstract 

Optimum conditions for the transportation of juvenile silver pomfret, Pampus 

argenteus (Euphrasen 1788) were investigated under simulated conditions. 

Juveniles (5.22±1.09 g) were kept in 10-l plastic bags containing oxygen and 

3 l water at 15, 20, and 25°C in (a) low loading densities (5, 10, 20 g/l) for 8 

h and (b) high loading densities (20, 30, 40 g/l) for 4 h. Following 

simulations, water was sampled to measure dissolved oxygen, pH, and total 

ammonia. Both survival rates and dissolved oxygen levels decreased when 

the temperature and loading density increased; pH decreased significantly 

under all transportation conditions. High loading density (30-40 g/l) and 

temperature (25°C) resulted in high total ammonia and mortality (54-64%). 

The ideal temperature for transporting juvenile silver pomfret in plastic bags 

was 15°C. At this temperature, the highest survival rate was recorded, even 

at loading densities of 40 g/l. Transport at high temperature (25°C) and 

loading density (20 g/l) should not exceed 8 h, due to raised mortality 

(>30%) and ammonia levels. 
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Introduction 

Silver pomfret (Pampus argenteus Euphrasen) are of high commercial value for 

consumption worldwide. As a result, this species has an important economic role in the 

fisheries of China, India, Kuwait, Iraq, and Iran (Al-Husaini, 2003). However, overfishing 

has caused silver pomfret stocks to decline (Wen et al., 2006). Due to the depletion of 

wild stock, market demand, and high prices, technological research for the development 

of silver pomfret aquaculture was initiated in China in 2004 by the East China Sea 

Fisheries Research Institute. 

 Silver pomfret have a high growth rate, good adaptability to culture conditions, and 

no serious disease problems (James and Almatar, 2008). Further, silver pomfret is a 

promising species for aquaculture production because there is adequate existing 

knowledge about its biological and technological requirements (Almatar and James, 

2007; James and Almatar, 2007). Due to the success of captive breeding and larval 

rearing (James and Almatar, 2007), the need for transporting silver pomfret to national 

and international markets has increased. Within China, fingerlings (i.e., juveniles) are 

usually transported in plastic bags via truck or air freight. However, transport in a closed 

system leads to the accumulation of potentially harmful toxic nitrogenous waste (Handy 

and Poxton, 1993). This arises as a result of normal protein metabolic processes that 

cause fish to excrete total ammonia, which takes the form of highly toxic un-ionized 

(NH3) and ionized (NH4
+) ammonia (Fivelstad et al., 1993; Tomasso, 1994). 

 In general, these problems can be reduced by lowering the temperature. 

Temperature can affect the rate of chemical reactions in the body (Hazel, 1993), and 

influence oxygen consumption by the fish and the oxygen-carrying capacity of the water 

(Ross and Ross, 1984). Lowering the temperature would allow for greater loading 

densities within a given volume of water during transport. However, the transportation 

loading density of fish may be influenced by fish species, fish size, and water quality 

(Berka, 1986; Kaiser and Vine, 1998). Hence, while a low ambient temperature may 

reduce the metabolic rate of fish, the extent of cooling that can be applied may be limited 

and vary with species (Ross and Ross, 1984; Lim et al., 2003). 

 This study focuses on delineating the optimal conditions for transport of silver 

pomfret by evaluating water quality parameters and performance of silver pomfret in 

different loading densities and water temperatures. The results were compared with 

other commercially important aquacultured fish stock. The development of effective and 

economically viable transportation systems for aquacultured species is essential to 

reduce the pressure on wild stocks that are becoming seriously depleted worldwide. 

 

Materials and Methods 

Experimental fish. Eggs of silver pomfret were collected from the wild in May 2009, 

hatched in captivity after 36 h, and reared for two months until the onset of the study 

when the fish averaged 5.22±1.09 g and had a mean total fork length of 5.46±1.15 cm. 

The fish were fed four times daily at approximately 07:00, 11:00, 15:00, and 18:00 to 

apparent satiation. 

 Transport simulation experiments. In the first experiment, the effects of low fish 

density (5, 10, 20 g/l) and water temperature (15, 20, 25°C) on water quality 

parameters and transport performance for a duration of 8 h were investigated (i.e., 9 

combinations). Treatments were replicated three times, hence nine 10-l plastic 

transportation bags were prepared for each loading density, and three were kept at each 

temperature (27 bags in total). In the second experiment, transportation performance 

and water quality parameters at high fish density (20, 30, 40 g/l) and the same 

temperatures (15, 20, 25°C) were investigated for 4 h. Treatments were replicated three 

times, hence nine 10-l plastic transport bags were prepared for each loading density, and 

three were placed in each temperature (27 bags in total). 

 Simulated transport conditions and post-transport assessments. Three liters of salt 

water were added to each 10-l plastic bag. Before adding the fish, dissolved oxygen was 

8.17 mg/l, salinity ~25-26 g/l, temperature 27.8°C, pH 8.17, and total ammonia was 

undetected. Feed was withheld from the fish for 24 h prior to the experiment. The fish 
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were weighed and packed in the respective bags. The bags were inflated with oxygen and 

tied with rubber strings. Each experimental bag was enclosed in a 20-l black plastic bag 

to replicate dark transport conditions. For the 15°C groups, temperature was maintained 

by placing the plastic bags in a 500-l tank that had a cooling system connected to a 

thermostat. For the 20°C and 25°C groups, temperature was maintained using the air 

conditioning system of the laboratory. The temperature of each group was checked at 

30-min intervals throughout the experiment.  

 At the completion of the experiment, mortality was verified, and survivors were 

transferred to aerated 1000-l tanks for an additional 24 h observation period to record 

any delayed mortality. Water samples were taken before and after simulated 

transportation for each group. Dissolved oxygen and pH were determined using a YSI 

6600 multiparameter instrument (Yellow Spring Instrument, Yellow Spring, OH, USA). 

Total ammonia nitrogen was determined using the direct Nesslerization method 

(Greenberg et al., 1976). Concentrations of un-ionized ammonia were calculated based 

on equations of the China Sea Water Quality Standard (GB3097-1997): c(NH3) = 14 × 

10-5 TAN × 100/(10pKa
S × T - pH + 1) and pKa

S × T = 9.245 + 0.002949 × S + 0.0324 × 

(298 - T), where c(NH3) is the concentration of un-ionized ammonia in mg/l; TAN is total 

ammonia nitrogen in umol/l; pKa is the acidity constant; S is salinity in g/l; T is water 

temperature (Kelvin) calculated as 273 + t, in °C; and pH is the pondus hydrogenii. 

 Statistical analysis. The physicochemical water parameters and mortality were 

analyzed using analysis of variance and the Tukey test (Tukey, 1977) with the level of 

significance set at p<0.05. 

 

Results 

Experiment 1: Eight-hour simulation of transport at low density. At the lowest loading 

density (5 g/l), all juvenile silver pomfret survived the 8-h simulated transport conditions 

at all three temperatures (Fig. 1). At the 20 g/l loading density, a significant decrease in 

survival was recorded at the highest temperature. Following 8 h simulated transport, 

dissolved oxygen ranged 11.89-21.04 mg/l (Table 1). Dissolved oxygen decreased as the 

loading density and temperature increased. There were no significant differences in water 

pH although it tended to decrease with increasing loading density. Total ammonia 

significantly increased with increased loading density at all temperatures. Un-ionized 

ammonia significantly increased with loading density at 25°C. 

 Experiment 2: Four-hour simulation of transport at high density. Survival after 4 h in 

transport conditions exceeded 95% at the loading density of 20 g/l but was low (36-

75%) at densities of 30 and 40 g/l. At all temperatures, dissolved oxygen decreased 

significantly as loading density increased. Water pH significantly dropped as the 

temperature rose at the density of 40 g/l. Total ammonia significantly increased with 

loading density and tended to increase with temperature. Un-ionized ammonia 

significantly increased with density and temperature. 
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    Fig. 1. Mean survival of juvenile silver pomfret after (a) 8 h and (b) 4 h in simulated transport conditions 
at different loading densities and temperatures. Bars with different lowercase letters denote significant 
differences in temperature (p<0.05); bars with different capital letters denote significant differences in 
density (p<0.05). 
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Discussion 

Ocean shipping is an important 

mode of transporting fish, 

however, transport by truck or 

air is also important and 

regularly used in many regions. 

In some regions, 4-h or 8-h 

transports by truck or air are 

enough to deliver fingerlings to 

their destination. This study 

was conducted to determine 

the optimum conditions for the 

transport of juvenile silver 

pomfret. 

 To obtain 100% survival 

during 8-h transport, a loading 

density of 5 g/l and 

temperature range of 15-25°C 

should be used. To obtain 

100% survival during 4-h 

transport, a loading density of 

20 g/l and temperature of 15-

20°C should be used. 

 The best loading density for 

8-h transport was 10 g/l, with 

survival ranging 91-100% 

when transported at 15 or 

20°C. Our study therefore 

supports existing research, 

whereby the optimum 

transport density for fish varies 

with species and size, and is affected by water quality (Berka, 1986; Kaiser et al., 1998). 

When silver catfish (Rhamdia quelen) fingerlings (5-10 cm) were stocked at low densities 

(50, 67, 87 g/l) and transported at 25°C, 20°C, and 15°C, 100% survived for 24 h 

(Golombieski et al., 2003). Mortality was 2.3-5% in 100 45-day and 60-day-old grouper 

larvae (Epinephelus) transported for 8 h at 23°C (Estudillo and Duray, 2003). In 

comparison, survival was 100% in 100 47-day-old Siganus guttatus larvae transported 

for 8 h at 28°C, but significantly dropped (48-18%) as the loading density increased to 

200, 300, and 400/l (Ayson et al., 1990). In our study, survival at a loading density of 20 

g/l was higher after 4 h than after 8 h, indicating that survival of silver pomfret 
fingerlings in plastic bags is related to the transport duration. 

 Water temperature is an important factor during fish transport (Berka, 1986). A 

decrease in water temperature can reduce the metabolic rate in fishes, thereby reducing 

oxygen consumption and metabolic waste production. In other words, the lower the 

temperature, the lower the oxygen consumption (Harmon, 2009). In our study, increased 

simulated transport temperature and density significantly reduced the final dissolved 

oxygen level in the water; survival after both 4 h and 8 h in transport conditions was 

lowest at the highest temperature and density, indicating that depletion of dissolved 

oxygen may have contributed to fish mortality at the higher loading densities and 

temperatures. In addition, pH noticeably dropped during transport; increased acidity 

occurred due to the production of carbon dioxide from fish respiration, leading to the 

formation of carbonic acid that can dissociate into H+ and HCO3
– (Boyd, 1982). 

 The increase in total ammonia nitrogen (NH3 plus NH4
+) is another important factor 

that may have contributed to fish death during transport (Fivelstad et al., 1993). During 

transport, fish metabolism is higher than normal, which increases the production of 

metabolic wastes such as ammonia and carbon dioxide, causing water quality to 

     Table 1. Water parameters after 8 and 4 h in simulated 
transport conditions for juvenile silver pomfret. 
 

  Loading density (g/l) 

After 8 h °C 5 10 20 

Dissolved 
oxygen (mg/l) 

15 21.04±0.04aA 19.86±1.20abA 17.78±0.52b 

20 17.21±0.49B 16.64±0.08B 15.17±1.02 

25 16.15±0.57B 15.20±0.17B 11.89±2.52 

pH 

15 7.46±0.13 7.28±0.23 7.04±0.18 

20 7.49±0.13 7.24±0.26 7.03±0.13 

25 7.25±0.15 7.12±0.28 6.91±0.01 

Total ammonia 
nitrogen (mg/l) 

15 1.50±0.55b 2.49±0.09bB 5.27±0.28aB 

20 1.89±0.26 c 3.27±0.28bA 5.97±0.38aAB 

25 2.09±0.40c 3.50±0.02bA 7.05±0.23aA 

Un-ionized 
ammonia (ug/l) 

15 10.42±1.95B 11.53±1.85B 13.52±2.04C 

20 19.78±1.17A 20.52±2.71A 20.98±0.02B 

25 17.31±2.49bA 24.26±0.67aA 27.31±0.01aA 

After 4 h °C 20 30 40 

Dissolved 
oxygen (mg/l) 

15 18.14±1.07aA 13.48±1.05ab 11.62±1.32b 

20 15.92±0.63aAB 10.25±0.18b 8.77±0.59b 

25 15.05±0.28aB 10.12±0.94b 8.13±0.36b 

pH 

15 7.12±0.12 7.00±0.00 7.13±0.04A 

20 7.02±0.11 6.95±0.07 7.03±0.04AB 

25 7.03±0.25 6.90±0.14 7.00±0.00B 

Total ammonia 
nitrogen (mg/l) 

15 4.78±0.74 b 7.13±0.89ab 8.27±0.89 a 

20 4.85±0.49b 7.16±1.05ab 8.67±0.47a 

25 5.61±0.72b 7.78±0.45ab 9.18±0.67a 

Un-ionized 
ammonia (ug/l) 

15 14.66±0.47bB 16.14±2.02bC 24.88±0.66aB 

20 16.73±2.62bB 20.83±0.30bB 30.13±0.83aB 

25 29.52±1.22bA 29.95±0.81bA 43.69±3.20aA 

Values are means±SD. 
Means in columns identified by different capital letters and means in 
rows identified by different small letters significantly differ (p<0.05). 
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deteriorate (Tomasso, 1994). In the present study, survival after 4 h significantly 

dropped as the loading density increased. Increased loading density led to significant 

increases in NH3 and NH4
+, indicating that mortality may have been associated with 

increased NH3 and NH4
+ and decreased water quality. The ammonia toxicity level for fish 

varies with water temperature, pH, and dissolved oxygen (Hargreaves and Kucuk, 2001). 

For example, the median 96-h LC50 of NH3 concentration averages 1.7 mg/l (40 mg/l 

total ammonia nitrogen) for sea bass (Dicentrarchus labrax) and 2.5-2.6 mg/l (57-59 

mg/l total ammonia nitrogen) for sea bream (Sparus aurata) and turbot (Scophthalmus 

maximus), according to Person-Le Ruyet et al. (1995). Constant exposure to NH3 

exceeding 0.025 mg/l results in increased mortality in red porgy (Pagrus pagrus; Pavlidis 

et al., 2003). 

 Prior to the current study, data on ammonia toxicity for silver pomfret were lacking; 

our results indicate that NH3 levels exceeding 0.03 mg/l may result in high mortality 

(>50% for 4 h transport). In the current study, total ammonia and NH3 levels after 

transport increased significantly as the temperature increased, suggesting that 

decreasing the water temperature may decrease the ammonia excretion rate, resulting in 

a lower ammonia concentration. Similarly, an increase in water temperature increases 
the non-ionized ammonia concentration (Emerson et al., 1975). 

 In conclusion, survival of juvenile silver pomfret transported in plastic bags is related 

to loading density and the time required for transport. The ideal temperature for 

transporting juvenile silver pomfret in plastic bags is 15°C, compared to 20°C and 25°C, 

even at a loading density of 40 g/l. At 15°C, the dissolved oxygen level remained high 

and the increase in total ammonia level was lowest, compared to the other experimental 

temperatures. Transport of 20 g/l juvenile silver pomfret is feasible at 25°C, but should 

not exceed 8 h due to high mortality (>30%) and ammonia level. 

 

Acknowledgements 

This work was supported by grants from the National Key Technology R&D Program 

during the Twelfth Five-Year Plan Period (no. 2011BAD13B01), the Central Nonprofit 

Basic Scientific Research Project for the Scientific Research Institutes of China (no. East-

2008M14, 2009M05), and the Project of Shanghai Agricultural Commission (no. 2007-4-

1). 

 

References 

Al-Husaini M., 2003. Fishery of shared stock of the silver pomfret, Pampus argenteus, 

in the northern gulf; a case study. pp. 44-56. In: Norway-FAO Expert Consultation on the 

Management of Shared Fish Stocks, Bergen, Norway, 7-10 October 2002. FAO Fish. Rep. 

no. 695. 

Almatar S.M. and C.M. James, 2007. Performance of different types of commercial 

feeds on growth of juvenile silver pomfret, Pampus argenteus, under tank culture 

conditions. J. World Aquacult. Soc., 38:550-556. 

Ayson F.G., Parazo M.M. and D.M. Reyes Jr., 1990. Survival of young rabbitfish 

(Siganus guttatus Bloch) under simulated transport conditions. J. Appl. Ichthyol., 6:161-

166. 

Berka R., 1986. The transport of live fish. A review. EIFAC Tech. Pap., 48:52.  

Boyd C.E., 1982. Water Quality Management for Ponds Fish Culture. Elsevier, 

Amsterdam. 318 pp. 

Emerson K., Russo R.C., Lund R.E. and R.V. Thurston, 1975. Aqueous ammonia 

equilibrium calculations: effects of pH and temperature. J. Fish. Res. Board Can., 

32:2379-2383. 

Estudillo C.B. and M.N. Duray, 2003. Transport of hatchery-reared and wild grouper 

larvae, Epinephelus sp. Aquaculture, 219:279-290. 

Fivelstad S., Kallevik H., Iversen H.M., Møretrø T., Vage K. and M. Binde, 1993. 

Sublethal effects of ammonia in soft water on Atlantic salmon smolts at a low 

temperature. Aquacult. Int., 1:157-169. 



6 Peng et al.    

Golombieski J.I., Silva L.V.F., Baldisserotto B. and J.H.S. da Silva, 2003. Transport 

of silver catfish (Rhamdia quelen) fingerlings at different times, load densities, and 

temperatures. Aquaculture, 216:95-102. 

Greenberg A.E., Taras M.J. and M.C. Rand, 1976. Standard Methods for the 

Examination of Water and Wastewater. 14th ed. Bru-El Graphic Inc., Springfield. 1193 

pp.  

Handy R.D. and M.G. Poxton, 1993. Nitrogen pollution in mariculture: toxicity and 

excretion of nitrogenous compounds by marine fish. Rev. Fish Biol. Fish., 3:205-241. 

Hargreaves J.A. and S. Kucuk, 2001. Effects of diel un-ionized ammonia fluctuation on 

juvenile hybrid striped bass, channel catfish, and blue tilapia. Aquaculture, 195:163-181. 

Harmon T.S., 2009. Methods for reducing stressors and maintaining water quality 

associated with live fish transport in tanks: a review of the basics. Rev. Aquacult., 1:58-

66.  

Hazel J.R., 1993. Thermal biology. pp. 427-467. In: D.H. Evans (ed.). The Physiology of 

Fishes. CRC Press, London. 

James C.M. and S. Almatar, 2007. A breakthrough in the spawning of domesticated 

silver pomfret. Aquacult. Asia-Pacific, 3(1):26-28.  

James C.M. and S. Almatar, 2008. Potential of silver pomfret (Pampus argenteus) as a 

new candidate species for aquaculture. Aquacult. Asia Mag., 13:49-50. 

Kaiser H. and N. Vine, 1998. The effect of 2-phenoxyethanol and transport stocking 

density on the post-transport survival rate and metabolic activity in the goldfish, 

Carassius auratus. Aquar. Sci. Conserv., 2:1-7.  

Lim L.C., Dhert P. and P. Sorgeloos, 2003. Recent developments and improvements in 

ornamental fish packaging systems for air transport. Aquacult. Res., 34:923-935. 

Pavlidis M., Angellotti L., Papandroulakis N. and P. Divanach, 2003. Evaluation of 

transportation procedures on water quality and fry performance in red porgy (Pagrus 

pagrus) fry. Aquaculture, 218:187-202. 

Person-Le Ruyet J., Chartois H. and L. Quemener, 1995. Comparative acute 

ammonia toxicity in marine fish and plasma ammonia response. Aquaculture, 136:181-

194. 

Ross L.G. and B. Ross, 1984. Anesthetic and Sedative Techniques for Fish. Brown, Son, 

& Ferguson, Glasgow. 35 pp.  

Tomasso J.R., 1994. Toxicity of nitrogenous wastes to aquaculture animals. Rev. Fish 

Sci., 2(4):291-314. 

Tukey J.W., 1977. Exploratory Data Analysis. Addison-Wesley, Reading, MA. 

Wen T.Y., Jian L. and H.Y. Gen, 2006. Multiplex genotyping of novel microsatellites 

from silver pomfret (Pampus argenteus) and cross-amplification in other pomfret species. 

Mol. Ecol. Notes, 6:1073-1075. 


