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Abstract 
A field study evaluated the safe loading density for live transportation of rainbow trout, Oncorhynchus mykiss (Walbaum, 
1792), yearlings in plastic bags of super-oxygenated water. The experimental fish (197.5 ± 40 g) were starved for 72 h and 
mildly sedated with clove oil (40 µL.L-1 for 2–3 min) before packing. Three loading densities of live rainbow trout (120, 
170, 230 g.L-1) were packed in plastic bags containing 6 L of stream water and 10–12 L of medical-grade oxygen gas. Six 
replicate bags per loading density were then subjected to 10 h of transportation by road at ~10 °C. On arrival at the 
destination, important water quality indicators and fish survival were recorded from each plastic bag. With increasing 
fish loading density, there was a corresponding increase in the concentrations of carbon dioxide (CO2), total ammonia 
nitrogen (TAN), free ammonia (NH3), total dissolved solids (TDS) concentrations and specific conductivity in the 
transport water, and a decrease in dissolved oxygen (DO, R2 = 0.91-0.99). These differences in vital water quality 
indicators were significantly more in the 230 g.L-1 group. However, there was no mortality even at the highest loading 
density, as the critical water quality parameters did not cross the acute lethal thresholds for rainbow trout. Based on 
the findings, it is recommended that a loading density of 230 g.L-1 is safe for live transportation of rainbow trout 
yearlings in plastic bags over a transport duration of 10 h at ~10 °C, following adequate starvation and mild sedation. 
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Introduction 

Transportation of live fish is an essential activity of an 
aquaculture enterprise. While small young juveniles 
are often transported for stocking purposes, yearlings 
and sub-adults are occasionally transported for 
brooder development programmes, research 
purposes and live fish sale in the market. 
Transportation involves very stressful conditions, 
where fish are exposed to deteriorating water quality 
environment, crowding, handling and acute physical 
turbulences. This invariably affects the key 
physiological processes of respiration, excretion and 
osmoregulation, resulting in disruption of homeostasis 
(Barton, 2000; King, 2009; Harmon, 2009; Tacchi et al., 
2015; Sampaio and Freire, 2016). Fish mortality occurs 
when transportation conditions cross the acute 
tolerance limits, resulting in economic losses. 

Therefore, it is essential to ascertain safe or optimum 
loading densities for different sizes of each fish 
species for temperature, transport duration, 
transportation system (Gomes et al., 2003; Pavlidis et 
al., 2003; Hasan and Bart, 2007; Stieglitz et al., 2012, 
Hong et al., 2019; Vanderzwalmen et al., 2021) and feed 
and water additives (Tacchi et al., 2015; Sampaio and 
Freire, 2016; Vanderzwalmen et al., 2019) to ensure the 
success of live fish transportation.  

Different transportation systems are utilised for 
shipping live fish, such as insulated tanks in trucks 
fitted with an oxygen cylinder and a chilling facility 
(Falconer, 1964); sealed containers such as polyethene 
bottles or plastic bags inflated with pure oxygen 
(Gebhards, 1965; Berka, 1986); and well boats or towing 
of culture cages in coastal areas (Carmichael and 
Tomasso, 1988; King, 2009). The choice of 
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transportation system depends on the system's 
availability, duration of the transport, road 
connectivity, geographical location and the number of 
fish to be transported.  
 
For small-scale live fish transportation, using plastic 
bags filled with water and oxygen is economical and is 
common practice for prolonged transportation (>24 h). 
It does not require a dedicated transport vehicle (fish 
transportation van/truck) and can be shipped through 
public transport (Berka, 1986; Lim et al., 2003). Further, 
it is a convenient method for transporting fish to 
geographically rugged terrains and remote farm 
locations without road connectivity, as commonly 
observed in the Indian Himalayan region. 
 
For deciding safe loading density, theoretically 
calculated tables are available to transport rainbow 
trout, Oncorhynchus mykiss (Walbaum, 1792), up to 20 g 
in size, for different transport duration (5-50 h) and 
temperature conditions (Berka, 1986). Studies focused 
on the physiological impact of transportation have 
evaluated loading densities of 60-420 g.L-1 rainbow 
trout for transport duration of ≤8 h in different live 
transportation systems (Gebhards, 1965; Barton and 
Peter, 1982; Piper et al., 1982; Floss, 1988; Möck and 
Peters, 1990; Barton, 2000; Leggatt et al., 2006). A 
survey in the United States of America has also 
reported the use of a range of loading densities from 
20-420 g.L-1 for transportation of rainbow trout (<1-16 
h) under commercial conditions (Carmichael and 
Tomasso, 1988).  
 
A previous study evaluated the transport of rainbow 
trout in plastic bags or closed systems in developing 
countries with optimisation of different factors such 
as the duration of starvation, the concentration of 
clove oil for mild sedation, the addition of salt and safe 
loading density for transporting rainbow trout 
fingerlings of 4 g for a long hauling duration of 40 h at 
13 °C (Kamalam et al., 2017). 
 
Considering the lack of information on the optimal 
conditions for transporting bigger individuals of 
rainbow trout in plastic bags, the present study was 
carried out using yearlings (~200 g) to evaluate three 
loading densities for a transport duration of 10 h. The 
results of the study were based on changes in water 
quality and fish survival. 
 
Materials and Methods 
 
Ethical approval 
 
The experiment was conducted with the consent of the 
ethical committee of the ICAR-Directorate of 
Coldwater Fisheries Research, Bhimtal (DCFR/IACUC 
/12/06/2020/4). All protocols involving the use of fish 
were in accordance with the Committee for the 
Purpose of Control and Supervision of Experiments on 
Animals guidelines, Ministry of Environment and 
Forests, Government of India. 

Experimental fish and source water 
quality 
 
The present study was carried out in December. Fish 
were transported from the experimental fish farm of 
ICAR-Directorate of Coldwater Fisheries Research at 
Champawat (latitude 29°17'52.152"N; longitude 
80°6'42.804"E; altitude 1400 msl) to recirculating 
aquaculture system facility at the headquarters in 
Bhimtal, Uttarakhand, India (latitude 29°21'37.283"N; 
longitude 79°33'10.316"E; altitude 1350 msl). Prior to 
shipment, the experimental rainbow trout were reared 
in a flow-through raceway (25 m3) provided with 
continuous water supply from a nearby spring-fed 
rivulet and were fed a fish meal-based pelleted diet (4 
mm) containing 45 % crude protein and 16 % crude lipid.  
 
Packing and transportation 
 
Live rainbow trout were packed as per the 
standardised protocol from the previous study 
(Kamalam et al., 2017). On the day of packing, 72 h 
starved fish were hauled from the raceways using a 
dragnet, and individual fish of 197.5 ± 40 g size were 
randomly taken out using a hand net. The fish were 
weighed, counted and mildly anaesthetised using 
clove oil (40 μL.L-1, ≥85 % eugenol, CDH Chemicals, 
India) for about 2-3 min (until they lost equilibrium). 
After partial recovery in running freshwater, they were 
quickly transferred into the respective plastic bags (3–
7 fish per bag) to obtain different loading densities (120, 
170 and 230 g.L-1). Twenty-five litre plastic bags with a 
dimension of 0.78 × 0.48 m (tightly tied at the bottom 
using jute rope before packing) were used in double for 
fish packing.  
 
Bags were initially filled with 6 L of water and checked 
for leakage. Immediately after the transfer of fish into 
respective bags, nearly 10–12 L (~1:2 ratio of water to 
oxygen) oxygen from cylinder was introduced, and the 
bag was tightly sealed using jute rope (Fig. 1). Eighty-
six fish were packed in 18 bags, i.e., six bags for each 
loading density (n = 6). For control measurement, 
another plastic bag was packed without fish. The 
packed plastic bags were then placed in individual 
corrugated polystyrene boxes (0.25 × 0.25 × 0.4 m) to 
prevent any damage to the bags during transportation.  
 
The experimental live fish consignment was 
transported in a van (Toyota Innova, Japan), covering a 
total road distance of 160 km through hilly terrain 
(>1300 msl; Fig. 2). As the outside weather condition 
during the transportation was cold, there was no 
requirement to switch on the vehicle’s air-conditioning 
for temperature control. The complete shipment 
process (i.e., the start of the live fish packing, 
transportation and until the final release into the tank) 
took around 10 h (11:00 a.m. – 09:00 p.m.). 
 
Survival and water quality analysis 
 
At the destination, immediately after opening each 
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Fig. 1. Schematic representation of the experimental design and methodology of transporting rainbow trout, Oncorhynchus mykiss. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Geographical location and route of transportation of rainbow trout, Oncorhynchus mykiss. 
 
 
plastic bag, water quality parameters, namely, 
temperature, dissolved oxygen, TDS, specific 
conductivity, pH and salinity, were measured using a 
portable multi-parameter digital water quality meter 
(ProDSS, YSI, USA). Carbon dioxide and alkalinity were 
measured using commercial titration kits (HiMedia, 
India). Turbidity was analysed using a portable 
turbidimeter (2100Q Hach, USA). To estimate total 
ammonia nitrogen (TAN), 15 mL water sample was 

collected from each bag and stored in a -20 °C freezer. 
TAN was quantified using the salicylate-hypochlorite 
method (Bower and Holm-Hansen, 1980), standardised 
to a microplate-based procedure. The free ammonia 
(NH3) was determined from TAN values using 
temperature and pH equilibrium tables. The bags were 
checked for any fish loss or mortality, and the water 
volume in each bag was measured precisely before 
releasing the fish into the receiving tanks. 
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Statistical analysis 
 
Statistical analysis of the data set was performed 
using one-way ANOVA in Graphpad prism (version 6.01 
for Windows, USA), followed by post hoc multiple 
comparisons (Tukey’s test). Probability values of <0.05 
were considered statistically significant, and the 
results were expressed as mean ± standard deviation. 
Linear regression analysis was also performed 
between fish loading density and each water quality 
parameter. The correlation coefficients and 
regression equations are provided along with the data 
(Table 1). 
 
Results 
 
On the day of packing, water quality parameters of the 
source water used for rearing and packing fish were as 
follows, temperature 8.1 °C, dissolved oxygen 9.1   
mg.L-1, alkalinity 20 mg.L-1 CaCO3, pH 7.2, carbon 
dioxide 12 mg.L-1, total ammonia nitrogen (TAN) 0.06 
mg.L-1, total dissolved solids (TDS) 29 mg.L-1, 
conductivity 31.4 µS.cm-1, turbidity 0.79 NTU and salinity 
0.02 g.L-1. On arrival at the destination, important water 
quality indicators and fish survival were recorded from 
each plastic bag. As compared to the control (bag 
without fish), water quality in all the fish carrying bags 
showed a decrease in dissolved oxygen and pH, and 
simultaneous increase in carbon dioxide, total 
ammonia nitrogen, free ammonia, turbidity, total 
dissolved solids (TDS) and conductivity (Table 1). With 

increasing fish loading density, there was a 
corresponding increase in CO2, TAN, NH3, TDS 
concentrations and specific conductivity in the 
transport water; and a decrease in DO (R2 = 0.91-0.99; 
Table 1). These differences in vital water quality 
indicators were significantly (P < 0.05) more in the 230 
g.L-1 group. No mortality was observed even at the 
highest loading density, as the critical water quality 
parameters did not cross the acute lethal thresholds 
for rainbow trout. 
 
Discussion 
 
For optimising the transportation of rainbow trout 
yearlings in plastic bags with super-oxygenated water, 
in this study, we evaluated three loading densities of 
120, 170 and 230 g.L-1 for a transport duration of 10 h at 
~10 °C (Table 1). At the end of the transportation 
procedure, irrespective of the loading density, there 
was a decrease in DO and pH with a corresponding rise 
in CO2 level in the fish transported water, as compared 
to the bag without fish (DO, 37.7 mg.L-1; oxygen 
saturation, 383 %; pH, 7.24; and CO2 14 mg.L-1). 
Similarly, TAN, NH3, turbidity, TDS and conductivity 
levels increased by many folds in the fish transported 
water, compared to the control (TAN, 0.06 mg.L-1; 
turbidity, 0.7 NTU; TDS, 29 mg.L-1; and conductivity, 
31.4 µS.cm-1). The above changes are commonly 
observed during live fish transportation, as oxygen is 
consumed during respiration. The drop in pH is mainly 
due to the build-up of CO2, and the increased TAN level 

 
Table 1. Rainbow trout, Oncorhynchus mykiss, survival and changes in water quality due to different fish loading densities after 10 
hours of transportation. 
 

Parameter 
 
Control 
 

Fish loading density (g.L-1) P-value 
(ANOVA) 

Linear regression 

120 170 230 R2 P-value 

Fish loading density (g.L-1) - 121 ± 2a 171 ± 1b 229 ± 3.2c < 0.0001 - - 

Temperature (°C) 8.9 9.3 ± 0.4a 9.9 ± 0.6b 10 ± 0.2b 0.02 0.85 0.26 

Oxygen saturation (%)  325 202 ± 49.3b 160 ± 17a 144 ± 9.9a 0.01 0.91 0.19 

Dissolved oxygen (mg.L-1) 37.68 19.7 ± 0.4b 15.4 ± 1.7a 13.8 ± 0.95a 0.011 0.92 0.19 

Carbon dioxide (mg.L-1) 12 24.9 ± 2.3a 30.4 ± 5.2b 31 ± 3.5b 0.01 0.88 0.22 

pH 7.24 6.14 ± 0.12 6.12 ± 0.09 6.1 ± 0.13 0.76 0.99 0.02 

Total ammonia nitrogen (mg.L-1) 0.06 7.1 ± 1.5a 8.7 ± 0.5ab 9.7 ± 0.1b 0.002 0.98 0.1 

Free NH3 (μg.L-1) 0.17 1.5 ± 0.4a 2.1 ± 0.3ab 2.3 ± 0.1b 0.009 0.91 0.2 

Turbidity (NTU) 0.79 5.7 ± 2.9 6.4 ± 1.1 6.4 ± 1.2 0.78 0.7 0.4 

Specific conductivity (µS.cm-1) 45.4 154.7 ± 24a 181.4 ± 12.5b 205.2 ± 10.94b 0.02 0.99 0.05 

Total dissolved solids (mg.L-1) 29 100.5 ± 15.6a 118 ± 7.9ab 133.5 ± 7.2b 0.002 0.99 0.05 

Salinity (g.L-1) 0.02 0.076 ± 0.01a 0.086 ± 0.01ab 0.095 ± 0.006b 0.01 0.99 0.05 

Survival (%) - 100 100 100 - - - 

Data are presented as mean ± standard deviation (n = 6 bags / loading density). Different superscript letters in the same row 
indicate statistically significant differences in water quality parameters between the different loading densities at P < 0.05 (one-
way ANOVA followed by Tukey’s multiple comparison test). Linear regression equations obtained for the major water quality indices 
are as follows: CO2 (mg.L-1), Y = 0.05536 × X + 19.15; dissolved oxygen saturation (%) at Y =  - 0.5280 × X + 260.6; dissolved oxygen 
(mg.L-1), Y = - 0.05365 × X + 25.61; TAN (mg.L-1), Y = 0.02415 × X + 4.274; NH3 (μg.L-1), Y = 0.007587 × X + 0.6591; pH, Y = - 0.0003986 × 
X + 6.192, *Control refers to plastic bags without fish. 
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from 0.06 mg.L-1 to 7-9 mg.L-1 (Table 1) is due to the 
release of ammonia, a by-product of nitrogen 
metabolism in fishes (Colt and Armstrong 1981; 
Harmon, 2009; Kamalam et al., 2017). As fishes were 
starved for 72 h prior to packing and transportation, 
intact faecal matter was not noticed. Still, there was a 
rise in water turbidity, which could be due to the 
sloughing of mucus (Harmon, 2009; Tacchi et al., 2015). 
The increase in TDS, salinity and specific conductivity 
can be due to increased concentration of solutes such 
as ammonia and catecholamine-induced passive 
solute loss from fish into the water and increased 
carbon dioxide concentration in water (King, 2009; 
Harmon, 2009).  
 
With increasing fish loading density from 120 to 230 
g.L-1, there was a significant decrease in DO and an 
increase in CO2, TAN, NH3, TDS and conductivity levels 
in the transport water (Table 1, R2 = 0.91-0.99). In 
general, the quality of transport water was found to 
deteriorate more with increasing loading density. 
However, there was no immediate mortality or 
weakened fish in any tested loading densities. This 
could be attributed to the fact that the vital water 
quality indicators were not close to the lethal 
thresholds, i.e., DO < 3 mg.L-1, CO2 60-70 mg.L-1 and 
free NH3 >10 µg.L-1  (Piper et al., 1982; Berka, 1986; 
Wedemeyer, 1996; Molony, 2001), even in the highest 
loading density (230 g.L-1), under the present 
experimental transport conditions. It should be noted 
that the complex interactions between the different 
water quality variables also determine fish survival. For 
instance, the toxicity of CO2 is normally high at lower 
pH, and rainbow trout mortalities can occur at 20 mg.L-

1 CO2 at 5.7 pH (Lloyd and Jordan, 1964). But, at the 
same time, high DO levels have been found to offset 
the toxicity of CO2 (Alabaster et al., 1957; Piper et al., 
1982). In the present study, even at the highest loading 
density, pH did not cross the threshold level of 6, and 
high DO levels (144 % sat) could be the reason for the 
fish survival despite elevated CO2 in transported water 
(Berka, 1986).  
 
For TAN, the permissible level for the culture of 
rainbow trout is ≤1 mg.L-1 (Timmons et al., 2018). 
Moreover, the toxicity of ammonia depends on pH and 
temperature, as they determine the ratio of gaseous or 
free ammonia (NH3, toxic form, as the gill membrane is 
highly permeable to NH3) and the cationic form (NH4

+, 
not toxic, due to lower permeability) in water (Ip and 
Chew, 2010). In the current study, though TAN levels in 
the highest loading density reached 9.7 mg.L-1  (Table 
1), the free ammonia level (NH3) was below the toxic 
threshold of >0.01 mg.L-1  (10 ug.L-1) due to the lower pH 
of transport water. As reported in previous 
investigations, the pre-transport procedures of 
fasting for 72 h and mild anaesthetisation in rainbow 
trout also would have significantly reduced ammonia 
excretion due to lowering of metabolic rate (Phillips 
and Brockway, 1954; Kamalam et al., 2017; 
Vanderzwalmen et al., 2019).  
 

In a previous study in rainbow trout fingerlings, 26.7     
g.L-1 loading density was suitable for a long haul of 40 h 
at 13 °C (Kamalam et al., 2017). Whereas in this study, 
based on the survival of the rainbow trout yearlings, 
even the highest loading density of 230 g.L-1 was viable 
for 10 h transport duration at ~10 °C. Interestingly, this 
density is 2.5 times higher than the theoretically 
calculated and recommended loading density of 90 
g.L-1 for transportation of juvenile salmonids in plastic 
bags for 10 h duration at 10 °C (Berka,1986). The pre-
shipment procedures that were followed (72 h of 
starvation and mild anaesthesia) and the size of 
individual fish (200 vs 20 g) could be possible reasons 
for the substantial difference between this study and 
the previous theoretical calculation. 
 
Conclusion 
 
This is the first practical study to evaluate the safe 
loading density for the transport of rainbow trout 
yearlings (~200 g) in plastic bags with super-
oxygenated water. Based on fish survival and physico-
chemical changes in the transport medium where 
water quality indices did not reach acute toxic levels, a 
high loading density of 230 g.L-1 could be viably used for 
the transportation of rainbow trout, Oncorhynchus 
mykiss yearlings for 10 h duration at ~10 °C, after a 72 h 
starvation period and mild anaesthetisation before 
packing. 
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