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Abstract 
 

This investigation deals with the mortality rate of fish seeds (Labeo rohita) during 
traditional transportation system; to evaluate the effects of loading density with time scale 
under different water medium; temperature effect with relation to fry size and oxygen 
consumption; and the effect of saline water bath before transportation. Mortality rates were 
significantly increased with time scale and loading density under different water medium. 
Higher mortality was observed at 400 g L-1 loading density (river water 82%, pond water 
70% and tubewell water 67.5%) than at 200 g L-1 and 300 g L-1 loading density after 24h. 
Oxygen consumption rate increased significantly with increasing temperature and decreased 
significantly with increasing fry body weight. Therefore, mortality rate could decrease 
(22%) if fish fry are bathed in saline water before journey and tubewell water can be use as 
a medium for long distance transportation. 
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1. Introduction 
 
Generally the fry trading season starts in April and continues until the end of September in 
Bangladesh. During the fry trading season between 800 to 900 traders from all parts of the 
region purchase fingerlings every night from middlemen in the northwest region of 
Bangladesh. Nevertheless, mortality is the major problem of our traditional transportation 
system of fish fry. In Bangladesh, fish seed production hatcheries are typically situated far 
away from fish rearing ponds. The traditional fish seed transportation methods result in 
heavy mortality due to accumulation of toxic wastes such as ammonia, decrease in pH due 
to increase of carbon dioxide (pCO2), depletion of oxygen in the water, thermal tolerance 
[1], hyperactivity, stress and tiredness of the fry and infection contracted during 
transportation [2]. 
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Freshwater aquaculture depends mainly on carp culture and proved sustainable over 
the years [3]. However many technical problems arise in the production of fish seed either 
in the pond or hatchery system. Fish seeds are very sensitive to handling stress [4, 5]. 
Mass mortalities were often encountered by fry gatherers and fish farmers during transport 
but also during temporary storage until disposal and in nursery rearing [6]. The high 
mortalities encountered during the first 3 weeks of nursery rearing of these spawns were 
attributed to poor larval condition caused by inadequate transport technology. Handling 
stresses primarily enhanced metabolic rate of the fry, low oxygen capacity and rapid 
accumulation of toxic metabolites such as ammonia and carbon dioxide in a closed system 
are important causative factors to fish seeds mortalities during transportation [7-10]. 
Metabolic activities are dependents on acclimation temperature, period and species [11, 
12]. Favorable temperatures can be predictable based on the relationship between oxygen 
consumption and acclimation temperature [13]. Several studies have been conducted to 
consider some fundamental physiological requirements of fish seeds including 
temperature, pH, DO, and water quality during transportation. Temperature is an 
important factor that affects all physiological processes in ectotherms such as food intake, 
metabolism, nutritional efficiency and growth [14-16]. Therefore, low temperature [17, 
18], starving the fry before load [19-24] and use of oxygen in the bags and various 
anesthetics were used for reduction of fry movements [25-27]. 

Carp fish is a high valued cultured fish in all over the Bangladesh. Most of the fish 
seeds are shipped by the land transport in open containers. Traditionally practice consists 
of placing the fish fry in aluminum vessels (30 L) filled with water and continuously 
aerating the water manually during transportation. Due to poor transportation medium of 
the illiterate, half-educated and unskilled fry traders, the mortality rate of fry is on the rise 
as a result the icthyo-biodiversity of the country is now on the verge of extinction. 
Therefore, the present study was conducted to determine the mortality rates and stress 
level of fish seeds (Labeo rohita) under traditional conditioning process. For that we 
design simulation experiment to evaluate loading density and duration of transport under 
different water medium; effect of temperature with relation to fry size and oxygen 
consumption rates; and the effect of saline water bath before transportation. 

 
2. Material and Methods 

 
2.1. Conditioning and preparation for transportation 

 
Fish seeds (fingerlings, 4-10 cm) were obtained from the Anando Matshaw Hatchery, 
Rajshahi, Bangladesh. For simulation purposes, the fingerlings were conditioned 
following typical procedures practiced by nursery. First, the fingerlings were transferred 
from the nursery to the conditioning pond (locally called pakai pond; 40×30 m). After 24 
h in the pakai pond, the fingerlings were caught and kept in hapas with manual aeration 
(water splashing) for 30 min every morning for 3-4 days. After 30 min of aeration, the 
fingerlings were released back into the pakai pond. The fingerlings were fed wet mustard 
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oil cake daily at 2% body weight, and artificial feeding was stopped 12-24 h before 
harvesting into the transport vessels.  
 
2.2. Experimental design 
 
We studied the simulation experiments over 24h under different temperature (20°C, 25°C 
and 30°C), loading density (200, 300 of 400 g L-1) and fry body weight using different 
water medium (river, pond and tubewell). Fingerlings (6 kg) were placed into each 
aluminum vessel (30 L) filled with different water at a different loading density for 
incubation. 0.9% NaCl solution (table salt 9 g L-1) was used as bathing saline water before 
transportation. Water temperature was controlled and kept constant by the aquarium 
cooler.    
 
2.3. Sampling, measurement and analysis 
 
Measurements of pH, DO and pCO2 were carried out 6 times per day (4h interval) for 3 
replications. Water pH and dissolved oxygen (DO) were measured using a pH meter 
ORION 4 STAR and calibrated with NIST (NBS)-scaled buffer solutions (Mettler pH 
6.865 and 4.008 buffers). Carbon dioxide concentrations were calculated with the program 
CO2SYS [28] using pH, alkalinity, salinity and temperature data sets. Oxygen 
consumption was calculated using this formula: 
 

Oxygen consumption (OC) =
Initial DO − Final DO

Weight of fry (kg) × time (h)
 

 
2.4. Statistical analysis 
 
The mean values, standard deviation (SD) and correlation coefficient (r) were analyzed by 
using statistical software. We performed an ANOVA (two-factor without replication) to 
analyze the variances with 0.05 level of significance. 

 
3. Results 

 
3.1. Relationship between pH and pCO2 
 
During 24h incubation experiment, we found significant differences between initial and 
final values of pCO2 and pH. With increasing pCO2 levels, pH values also decreased in 
incubation sample water. pH and pCO2 varied from 8.4 to 6.5 and 175 ~ 20017 ppm 
respectively. We found strong negative correlation between pH and pCO2 (r = -0.89; t-test, 
n=18; P = 0.0019); and there were no significant differences among 3 replicates (P > 0.05). 
Due to fish seeds (fry) respiration, pCO2 levels increased and pH level decreased 
significantly in sample water (Figs. 1 and  2). 
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Fig. 1. Decreasing pH level in water with time length due to fish seeds respiration. 
 

 

Fig. 2. Increasing pCO2 concentration in water with time length due to fish seeds respiration. 

 

3.2. Effect of loading density 

Assessment of loading density exposed that fingerlings stocked at 400 g L-1 had a 
higher mortality rate (river water 82%, pond water 70% and tubewell water 67.5%) than 
those loaded at 200 g L-1 and 300 g L-1; and lower level of mortality was observed at 200 
and 300 g L-1 after simulated transport incubation experiment (Table 1). Whereas only a 
few fingerlings died at all densities after 4h but mortality rates significantly increased with 
time scale and loading density under different water medium (ANOVA, HSD; P < 0.05). 
Mortality rates were higher in river water than pond and tubewell water medium (‘Rank 
and Percentile’ and ‘ANOVA; P = 0.0001). The total mortality rates were just about four 
times higher after 24h transport time duration at 400 g L-1 that at 200 and 300 g L-1. 
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Table 1. Mortality rate of fish seeds (Labeo rohita) at different loading densities under different 
water medium during over 24h simulated transport incubation experiment. 
 

 
Time 
scale 
(h) 

Mortality rate (%) at different loading density 

200 (g L-1) 300 (g L-1) 400 (g L-1) 

Tw Pw Rw Tw Pw Rw Tw Pw Rw 

04 0.00±0.0 1.00±0.0 2.00±0.0 0.00±0.0 2.00±0.0 3.00±0.1 2.00±0.0 3.00±0.1 4.50±0.1 

08 2.50±0.1 5.50±0.2 8.00±0.1 3.50±0.2 6.00±0.1 10.0±0.3 8.00±0.2 12.0±0.2 18.0±0.3 

12 8.50±0.0 11.0±0.1 20.0±0.2 7.00±0.4 15.0±0.3 23.0±0.3 34.0±0.1 37.0±0.3 42.0±0.2 

16 17.0±0.1 24.0±0.3 28.5±0.3 24.0±0.4 27.5±0.5 36.0±0.1 52.0±0.3 58.0±0.1 69.0±0.1 

20 19.0±0.3 26.5±0.5 30.0±0.3 25.0±0.3 31.0±0.2 39.5±0.2 61.0±0.2 64.5±0.4 75.0±0.6 

24 22.5±0.2 31.0±0.2 37.5±0.4 29.0±0.2 35.0±0.1 45.0±0.2 67.5±0.5 70.0±0.3 82.0±0.5 
 

[ Rw = River water; Pw = Pond water; Tw = Tubewell water ].  
The mean values (%) and standard deviations (±SD) are specified. Mortality rates (%) are significantly different 
(ANOVA, HSD; P < 0.05) with loading density and time scale under different water medium. 

 
3.3. Effect of saline water bath 
 
Significant effect obtained when spawns and fry were bathed with saline water (0.9% 
NaCl solution) before transportation. After 24h observation we found 42.5% mortally 
from control group without saline water bath, whereas with saline water bath were 20.5%. 
So, there was significant difference between with and without saline water bath (P = 
0.003; r = +0.95); and mortality rate decreased (22%) if the spawns are bathed in saline 
water before transportation (Fig. 3). 
 

 

Fig. 3. Showing comparison of mortality rate between with and without saline water bath. 

 
3.4.  Effect of temperature with relation to fry size and oxygen consumption  
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+0.92) with increasing temperature (Fig. 4) and decreased significantly (P = 0.008; r = -
0.91) with increasing fry body weight.  

 

 

Fig. 4. Graphical representation of oxygen consumption of fish seeds at different water temperature. 

 
We found oxygen requirement of fry ranges from 100 ~ 1000 mg kg-1h-1 and it’s 

depends on fry size. In case of 5g weight of Labeo rohita fry, oxygen consumption rate 
were 682, 852 and 1000 mg kg-1h-1 at 20ºC, 25ºC and 30ºC respectively; whereas 100, 147 
and 170 mg kg-1h-1 oxygen were consume by 50g weight of fry. 
 
4. Discussion 
 
Fish seed transportation is done in traditional method, using different types of containers 
with water (open system). Oxygenation is done by frequent splashing of water. Fry are 
also transported in polythene bag with water supplied with oxygen (closed system). 
Various types of transports are used; from shoulder load up to rickshaw van, bicycle, 
motorized vehicles and railway, depending on the distance where to carry the seed. Poor 
fry traders are mainly transported by bicycle and walking by foot. For longer distance 
transportation, seeds are transported under oxygenated condition. The period of 
conditioning should depend on the size and distance of transport. About 6 hours of 
conditioning is required before fry should be packed for transportation [29]. Catla fry need 
48 to 72 hours of conditioning. Empty intestine fish fry consume less oxygen than full 
intestine fry [30]. The vital key factor in transporting fry is providing an adequate level of 
dissolved oxygen [7]. Oxygen consumption depends on their tolerance to stress, water 
temperature, pH, and concentrations of pCO2 and metabolic products such as urea and 
ammonia. Avoiding urea and ammonia level, intestine of fry should be discouraged and 
adapted to strong stress before transport.  

Mortality rate of fish seeds increased gradually with increasing loading density and 
also depends on time duration of transportation. Depending on the distance and other 
factors, the fingerlings may remain in the transport vessels for 1–6 h. Labeo rohita fry are 
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relatively sensitive to the stress of transport; as a result there is a high mortality among 
transported fry [31]. We used different types of water in containers as a transport medium 
and found higher mortality rates in river water than pond and tubewell water medium 
(Table 1). River water generally loaded with organic, inorganic and microbes and it is not 
suitable for fish larvae. Among which mortality rate and the related physico-chemical 
variation in the river water are higher than that of pond water. Again if transportation is 
carried out in little O2 content tubewell water, this mortality could decrease without any 
addition. We observed 82% mortality at 400 g L-1 in river water medium and that were 
four times higher at 200 g L-1 loading density after 24h simulated transport incubation 
experiment. 83–92% mortality have been observed in carps, largemouth bass Micropterus 
salmoides, freshwater drum Aplodinotus grunniens and striped bass Morone saxatilis [31-
34]. Lower level mortality may possibly be explained by the quality of the water 
remaining within the tolerance limit and the less immediate effects of stress at a life-
threatening level during transport [35, 36] and they reported 4 ~ 12% mortality in Labeo 
rohita fingerlings. 4 ~ 7% immediate mortality in freshwater drum when transported for 6 
- 12 h by truck at 60 and 120 g L-1 loading densities, respectively [33].  

The addition of sodium chloride (NaCl) in transport water medium can decrease 
handling stress and delayed mortality of fish fry. The salt water has therapeutic value and 
can prevent the transmission of fresh water disease from one fish to another and at the 
same time reduce the bacterial growth within the water. Many chemical additives have 
been used to transport fish seed but there is very few evidence to support claims of any 
real benefit. However, table salt (NaCl) is biologically important for osmoregulation and 
metabolic function of fish fry. Previously, sodium chloride (0.8% table salt) was used to 
reduce handling stress in channel catfish [37]. We found a good result using table salt 
(0.9% NaCl); mortality rate decreased (22%) after bathing fry (Labeo rohita) with saline 
water before transportation. Before transportation, saline water bath can be performed to 
reduce mortality rate of carp fry [38]. Some of the fishes like as carp, striped bass, tilapias 
that tolerate wide ranges of salt in the water medium, can benefit from this method. 
Several studies suggested 0.1 to 0.3% [39], 0.2% [40], 1% [41] addition of table salt 
concentration can provide good results when transporting fish fry. Different salt 
concentrations such as 0.3% for low temperature, 0.5% for medium temperatures and 
0.7% for 25–26°C water temperatures were used to decrease mortality rate of fry [42]. But 
on the other hand, no favorable influence of salt addition was demonstrated during fish 
transportation [43-45]. Local rice beer (prepared from fermented rice) was added (1ml per 
packet) in the transportation package water for better survival and less mortality during 
transportation [46]. Farmers reported that before packaging of transport vessel, about 
100g of red soil per hundy (30 ml water) or cow dung slurry (10:1) are significantly 
effective against disease contamination. 

Generally major carps are eurythermal [47] and on the basis of the relationship 
between oxygen consumption and acclimation temperature, optimum temperatures can be 
estimated [13]. Oxygen consumption depends habitually on fry species, fry size, 
physiological condition of individual and on a number of environmental factors. The vital 
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factors of oxygen consumption by fish seeds during transportation depends on relation 
with oxygen metabolism, fry weight, loading density and water temperature. A large 
fingerling consumes less oxygen per unit weight than does a small one [7]. We found 
similar statement from our experiment, 100 ~ 170 mg kg-1h-1 oxygen consumed by 50g 
weight of fry and 682 ~ 1000 mg kg-1h-1  by 5g weight of Labeo rohita fry at deferent 
temperature. If the water temperature increases by 10°C (e.g., from 10 to 20°C), oxygen 
consumption is about doubled; so loading density should be reduced [48]. The high 
loading density increases ammonia levels when dissolved oxygen is low [49]. Our 
experiment stated that increasing water temperature enhanced oxygen consumption rate of 
fry significantly (P = 0.008; r = +0.92). Similar statement, increasing water temperature 
accelerates the metabolic rate and oxygen consumption [50]. In warm weather mortality 
rate is enhanced due to quick warming up of the container, which first of all affect the rate 
of oxygen consumption by the fish seeds, and thereby the physio-chemical condition of 
the water. In such cases, heavy mortality occurred, if the traders fail to replace the water, 
or keep the water cool by constantly keeping the body of the receptacles wet. 

These results indicate that rate of mortality of fish seeds during our traditional 
transportation system can decrease by following simple procedures. Improvement of 
conditioning method before transportation can be beneficial for fry survival. Also 
avoiding high loading density and frequently splashing water for oxygen supply keeps the 
fry in good condition. Changing water after 1~1.5h during transportation can reduce fry 
death due to accumulation of toxic wastes. Seeds can be bathed in saline water before 
transportation to reduce disease and bacterial growth in the transport water. For keeping 
temperature cool earthen container can be used and tubewell water is good as a medium 
for long distance transportation. 
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