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INTRODUCTION 

Fish transportation is a global necessity, related to 

human feeding [1] and transportation of live fish is a 

common practice among aquaculture facilities. The 

most obvious respect in which the road transport of live 

fish differs from that of terrestrial livestock is the 

requirement to provide a life-support system for the 

duration of the process [2]. Handling and the physical 

disturbances associated with loading, transport, and 

discharge have the potential to cause stress in live fish 

[2]. Climbing perch (Anabas testudineus), commonly 

known as Koi in Bangladesh, is a freshwater fish found 

in small rivers, canals, and swamps [3]. It is one of the 

most delicious fish with high market demand in 

Bangladesh and thus commercial Koi fish farming in 

the pond is becoming very popular [4]. Due to good 

market prices and consumer demands, Koi fish needs 

to transport from the production site to retail markets 

in the live condition. The transportation of fishes is 

influenced by many factors, including the fish species 

and its physical condition, loading density, 
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ABSTRACT 

This study was conducted to evaluate the changes in viable count of bacteria and 

physicochemical parameters, and their correlations in the changing pattern 

during live transportation of Climbing perch, (Anabas testudineus). Investigations 

were conducted in three live fish supply channels of Bangladesh from 

Mymensingh to Dhaka (channel 1), Mymensingh to Sylhet (channel 2), and from 

Mymensingh to Rajshahi (channel 3). It took nearly 6 h in channel 1, 8 h in 

channel 2, and 8 h in channel 3 for the live fish to reach the unloading points of 

destination. Viable count of bacteria and physicochemical parameters, such as 

temperature, dissolved oxygen (DO), pH, and ammonia were recorded from 0 hr 

with 2 h interval during transportation. The viable count of bacteria in water 

increased several folds from the initial values and showed a regrowth within the 

system. In all the supply channels, water temperature and pH were more or less 

stable with the headway of the transportation, but remarkable differences were 

observed in the concentrations of DO and ammonia. Although the initial (0 hr) 

DO level was varying among the supply channels, a decreasing trend was 

observed at the end in every channel. On the other hand, ammonia concentration 

was gradually increased during the transportation process. Thus, a gradual 

decline in water quality (decreased DO level, increased ammonia concentration, 

and higher bacterial regrowth) may negatively affect the survival and quality of 

live fish during transportation. 
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physicochemical parameters, the duration of transport, 

etc. [5]. In Bangladesh, live fish is transported usually 

by two systems viz., “open truck system” and “tank 

system” with or without aeration. In the “open truck 

system,” the truck bed is usually covered with a plastic/ 

tarpaulin so that it can hold water and here the water 

volume varies with the carrying capacity of the truck. 

In the case of the “tank system”, low-cost plastic tanks 

with a capacity of around 1 m3 are used, which are 

sometimes reinforced by an iron frame [6]. Typically, in 

Bangladesh mainly Taki, Pangus, Koi, Shing, Magur 

fish are transported by truck as live form by plastic 

drum from the production site. Each drum contains 35-

40 kg of fish with water [7].  

Water that is chemically and physically suitable for 

normal fish at the beginning of the transport operation 

can easily become contaminated with the organic toxin, 

resulting from the bacterial breakdown of fecal waste, 

that the carrying medium becomes harmful to the fish  

[8]. Water quality is a crucial factor in the 

transportation of live fish and can be affected by the 

condition and/or deterioration of the holding systems 

[9]. The number (or weight) of fish that can be 

successfully transported depends on water quality, the 

duration of the transport, water temperature, fish size, 

and the species [10]. Maintenance of water quality 

parameters like dissolved oxygen (DO), pH, 

temperature, carbon dioxide, ammonia at an optimal 

level is essential in the successful transportation of live 

fish [9]. The major water quality effects experienced by 

fish during live transportation were low DO levels due 

to oxygen consumption by respiration, accumulation of 

carbon dioxide from respiration, depression of pH 

caused by carbon dioxide accumulation, and increased 

ammonia levels resulting from ammonia excretion [11]. 

Long-transport episodes lead to more extreme values 

of pH and ammonia in the water [12]. Microorganisms 

introduced into a live fish distribution system, through 

the raw water, will change density and diversity due to 

the selective pressures of the system. The goal here is to 

better integrate these two approaches, relating 

physicochemical consequences to water quality 

deterioration and microbial changes especially 

considering oxygen deprivation and enrichment of 

ammonia after transport. Treatment of raw water with 

different chemicals will result in a decrease in microbial 

load, with many live fish distribution systems later 

experiencing an increase in bacterial numbers with a 

distance away from the point of treatment. This 

increase has been termed regrowth and is recognized 

as a major problem within many live fish distribution 

systems [13]. 

The regrowth of bacteria within any fish distribution 

system is of concern to fish traders for a variety of 

reasons. Many microorganisms found in live fish 

distribution systems also can behave as opportunistic 

pathogens [14, 15]. Poor water quality causes burn of 

the slime coat or stress the fish making it more 

susceptible to bacterial infection [16]. The slime 

produced by the fish is another substrate for bacterial 

growth that consumes O2 and releases toxic metabolites 

resulting in a decrease in the water oxygen content [17]. 

During the transportation of fish in live conditions, 

adverse changes of physicochemical parameters and 

bacterial loads in water are frequent which influence 

much in successful transportation. Fish is affected by 

bacteria and the degradation of fish is accelerated by 

microorganisms associated with aquatic environments 

as well as contaminants during post-harvest handling 

[18]. Changes in physicochemical parameters and 

viable bacterial count and the correlation of different 

factors with viable bacterial count during live 

transportation of A. testudineus are not well understood 

in Bangladesh. We hypothesized that the bacterial 

count will be increased with the distance and duration 

of the transportation, and the DO level will be reduced 

and reach a critical level; the ammonia concentration 

will be increased with time which will ultimately result 

in bacterial regrowth to occur. We also hypothesized 

that the bacterial viable count will be correlated with 

the concentration of ammonia and the DO level in the 

water. Thus, the objective of this study is to verify these 

hypotheses. Three supply channels of live A. testudineus 

transportation were selected and sub-samples were 

collected to follow the regrowth of bacteria and changes 

of physicochemical parameters from the beginning (at 

0 h of loading) of the supply channel to the end/ final 

destination (at point of unloading).  

 

MATERIALS AND METHODS 

Supply channels details  

The study was conducted in three different A. 

testudineus supply channels of Bangladesh. The 

loading/stating point was a major fish producing 

division, Mymensingh (Muktagacha, 24°44′01″N 

90°20′36″E) and unloading point was three important 

divisions such as Dhaka (Showarighat, 23°42′25″N 

90°24′34″E; channel 1), Sylhet (Poschim Kazir Bazar, 

24°.88′80″N 91°.86′40″E; channel 2) and Rajshahi 

(Shaheb Bazar, 24°21'53″N 88°35'66″E; channel 3) 

http://www.bsmiab.org/jabet
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respectively (Figure 1). The samples were collected 

from July to September 2019. 

 

Figure 1. Map showing location of sampling supply channels of live 

transportation of Climbing perch (Anabas testudineus) in Bangladesh 

(channel 1: Muktagacha, Mymensingh to Showarighat, Dhaka; 

channel 2: Muktagacha, Mymensingh to Poschim kazir Bazar, Sylhet; 

channel 3: Muktagacha, Mymensingh to Saheb Bazar, Rajshahi). 

Images were extracted from DIVA-GIS using Geographical 

Information System (GIS). The map was developed by using ArcMap 

version 10.7. 

 

Sampling techniques  

Thoroughly washed and sterilized sampling materials 

like beakers, volumetric flasks, tips, plastic containers, 

physiological saline, test tube, L-shaped glass rod, 

micropipette, hand gloves, cotton, etc. were carried 

within the iceboxes and traveled by the same carrying 

vehicle  

(commercial truck) to carry out works during 

transportation. Previously prepared agar plates and 

necessary reagents for physicochemical parameters 

were also carried. For the viable count of bacteria and 

physicochemical parameters, water samples were 

collected randomly in triplicate from different sites of 

the plastic barrels in previously sterile plastic bottles 

(250 ml) from 0 hr and at every 2 hrs interval 

throughout the transportation. In this experiment after 

the collection of water from the plastic barrels, 

subsequent analyses and plating for viable counting 

were carried out immediately.  

Determination of physicochemical parameters 

Water temperature was recorded using a glass 

thermometer (Saraan Scientific Industries, Haryana, 

India) by sticking the bulb end into the water, waiting 

for a few minutes until the liquid in the glass stops 

moving. Finally, the temperature was measured as °C.  

The DO was measured as mg/L by using Biosol 

dissolved oxygen kit (Biosol AE DO8 Dissolved 

Oxygen Kit, A.A. Biotech Private Limited, Chennai, 

India). The DO test bottle was filled with sample water 

till it overflew and then stoppered the bottle and 

ensured that no air bubbles were trapped inside. Then, 

10 drops of DO-1 followed by 10 drops of DO-2 were 

added and waited for a minute. Brown precipitation 

was formed and started to settling. The bottle was kept 

in a safe place for a minimum of 20 min. Then 10-20 

drops of DO-3 were added and shook the bottle till the 

precipitate dissolved. In the test jar, 10 ml of sample 

was taken, 4 drops of DO-4 were added and mixed well, 

and then DO-5 was added drop-wise until the blue 

colors disappeared. At last dissolved oxygen was 

calculated by using the following formulae: Dissolved 

oxygen (mg/l) = 0.65× (No. of drops of DO-5). 

Water pH was measured by using a pH test kit 

(Charoen Pokphand Feed Company, Thailand). A color 

cell was washed with the sample water. Then 5 ml of 

sample was taken in the color cell. Two drops of pH 

reagent were added and mixed well. Lastly, pH was 

determined by comparing it with the standard color 

gradation.      

The ammonia concentration (mg/l) was measured by 

using an ammonia test kit (Charoen Pokphand Feed 

Company, Thailand). At first, the measuring vessel of 

the kit was rinsed with the test sample and filled to the 

5 ml mark. Two drops of the reagent AMMONIA-1 

were added and mixed. Two drops of reagent 

AMMONIA-2 were added and mixed. Then two drops 

of reagent AMMONIA-3 were added and mixed 

thoroughly. At last four drops of the reagent 

AMMONIA-4 were added and mixed. After 20 minutes, 

the color on the top view of the measuring vessel was 

compared with the color band. 

 

Determination of viable count of bacteria 

After the collection of the water sample, 1 ml was 

transferred with a micropipette to a test tube containing 

9 ml of physiological saline (0.85% w/v NaCl). The test 

tube was shaken thoroughly by a vortex mixture to get 

http://www.bsmiab.org/jabet
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10-1 dilution of the original sample solution. Using a 

similar process several dilutions of 10-2, 10-3 were made. 

Aliquots of 0.1 ml of the above dilutions were pipetted 

out and transferred aseptically to the previously 

prepared plate count agar plates (HiMedia 

Laboratories Private Limited, Kolkata, West Bengal, 

India) with maintaining replication of each, by raising 

the upper lids sufficient enough to admit the tip of the 

pipette. The samples pipetted were spread by L-shaped 

glass rods throughout the surface of the media until the 

samples were dried out. The plates were then wrapped 

by aluminum foil and kept in the zipper bag, where the 

temperature was around 28°C. All these activities were 

carried out aseptically in the cabinet of the truck and 

then plates were brought to the Fisheries Microbiology 

Laboratory, Dept. of Fisheries Technology, Bangladesh 

Agricultural University and put in the incubator at 

30°C. After 48 h of incubation, the developed colonies 

were counted using the Stuart Scientific colony counter 

(SC6PLUS-UK). The plates having a number of colonies 

in between 30 to 300 were considered for calculation as 

colony forming unit (cfu) per ml of samples using the 

following formulae: cfu/ml = no. of colonies on 

petridish × 10 × dilution factor 

After calculation, the mean logarithmic values (log10 

cfu/ml) were obtained for every subsample of water. 

 

Statistical analysis 

All the collected data for both physicochemical 

parameters and bacterial viable count were 

incorporated and analyzed using Microsoft Excel 2010. 

Statistical analysis was performed by SPSS software 

(SPSS-24.0) and Pearson’s correlation was done to 

evaluate the significant relationship between 

physicochemical parameters and bacterial viable count 

at 5% level (p<0.05). 

 

RESULTS 

Length and duration of the supply channels  

The distances between starting to the end of the supply 

channels are about 140 km, 305 km, and 230 km, 

respectively in the case of channel 1,  

channel 2, and channel 3. But the time duration was not 

completely relevant to the distance that was about 6 h, 

8 h, and 8 h for channel 1, channel 2, and channel 3, 

respectively due to traffic jams on the road. 

 

Fish harvesting and preparation for transportation  

At the fish loading point (commercial climbing perch 

farm), the capturing of fish was undertaken during the 

late afternoon for transportation the following night. 

The fishes are usually harvested using a large seine net. 

After catching, the fishes were kept in “hapas” (net 

made rectangular barriers) setting at the corner of the 

fishponds for acclamation usually for about 2 h before 

transportation. 

For transportation of fish in the live condition, a 

commercial truck Tata LPT-709 (5029.2 mm × 2286 mm 

× 2341 mm) maximum carrying capacity of 5.17 ton 

from (Tata Motors Limited, Mumbai, India) and to 

provide a life-support system (water) for the duration 

of transport plastic barrel (1000 L) was used. Plastic 

barrels were filled with 500 L of groundwater from the 

commercial water supplier before 3-4 h of 

transportation and carried on the truck bed to the 

targeted loading point. For road transportation, each 

barrel was filled with 35 kg of fish approximately (on 

average 3 fishes per kg weight) and a maximum of 40 

barrels was placed on the truck in every channel. Any 

kind of water additives, aeration facilities, and water 

exchange not practiced throughout the transportation 

in all supply channels. 

 

Physicochemical parameters  

Physicochemical parameters as water temperature (°C), 

pH, ammonia (mg/l), and dissolved oxygen (mg/l) were 

measured from 0 h just before loading of the fish up to 

reach the desired unloading point from all the three 

supply channels every 2 h interval. It was found that 

the water temperature changed from 29-31 °C in 

channel 1, while 30-29 °C in channel 2 and 31-30 °C in 

channel 3. Dissolved oxygen (DO) decreased from 6.25 

to 2.05 mg/l in channel 1, while 7.35 to 1.95 mg/l in 

channel 2, and 6.75 to 1.65 mg/l in channel 3. The pH 

values of the water in all the supply channels were 

found to decrease slightly, reduced from 8.0 to 7.0 in 

channel 1, from 8.2 to 6.7 in channel 2, and from 7.6 to 

7.0 in channel 3. The ammonia level increased from 0.1 

to 5.0 mg/l in channel 1, while 0.5 to 5.0 mg/l in channel 

2, and 0.2 to 3.0 mg/l in channel 3, respectively (Figure 

2). 
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Figure 2. Changes of physicochemical parameters along the fish supply channels of live transportation of Climbing perch (Anabas testudineus) 

in Bangladesh. There were no statistically significant differences in the parameters from the studied supply channles (p= 0.97, two-factor 

ANOVA without replication). 

 

Viable count of bacteria 

In this study, the averages of the viable count of 

bacterial in water changed from about 0.64×104 cfu/ml 

at 0 h to 16.32×104 cfu/ml at 2 h, 28.85×104 cfu/ml at 4 h, 

and to 31.01×104 cfu/ml at 6 h (before unloading) of 

transportation in channel 1. While in channel 2, the 

averages of the viable count were about 0.56×104 cfu/ml 

at 0 h, about 18.27×104 cfu/ml at 2 h, about 24.55×104 

cfu/ml at 4 h to about 38.52×104 cfu/ml at 6 h, and 

47.52×104 cfu/ml at 8 h of transportation. In the case of 

channel 3, the averages of the viable counts of bacteria 

changed from about 0.69×104 cfu/ml at 0 h to about 

16.98×104 cfu/ml at 2 hrs, about 23.07×104 cfu/ml at 4 h 

to about 29.52×104 cfu/ml at 6 hrs, and finally about 

41.01×104 cfu/ml at 8 h of transportation (Figure 3). 

 

 

 

 

 

Figure 3. Changes in viable cell count of bacteria in water along the 

fish supply channels of live transportation of Climbing perch (Anabas 

testudineus) in Bangladesh. There were no statistically significant 

differences in the viable counts from the studied supply channels (p= 

0.4, two-factor ANOVA without replication). 
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Figure 4. Correlation between (A) viable cell count of bacteria and ammonia, (B) viable cell count of bacteria and dissolved 

oxygen in supply channel 1 during live transportation of Climbing perch (Anabas testudineus) in Bangladesh. 
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Figure 5. Correlation between (A) viable cell count of bacteria and ammonia, (B) viable cell count of bacteria and dissolved 

oxygen in supply channel 2 during live transportation of Climbing Perch (Anabas testudineus) in Bangladesh.
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Figure 6. Correlation between (A) viable cell count of bacteria and ammonia, (B) viable cell count of bacteria and dissolved 

oxygen in supply channel 3 during live transportation of Climbing perch (Anabas testudineus) in Bangladesh. 
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Relationship between viable count and 

physicochemical parameters 

Throughout the study, it was observed that the DO 

level decreased while NH3 concentration increased 

gradually. The viable count also increased gradually 

from the loading to the unloading points in all the three 

supply channels (Figure 4, 5, and 6). Pearson 

correlation analysis between the viable count of 

bacteria and physicochemical parameters was carried 

out and the relationship was considered for 

significance at p < 0.05. In the case of channel 1, between 

viable count and ammonia, a moderate 

positive correlation (r= 0.689) was observed, while 

between viable count and DO level, a strong negative 

correlation (r= -0.981) was assessed. In the case of 

channel 2 and channel 3, Pearson correlation analyses 

between viable count and ammonia showed a 

significant positive correlation (r= 0.879 and r= 0.916, 

respectively for channel 2 and channel 3). Similar to 

channel 1, a strong negative correlation (r= -0.994, and 

r= -0.984, respectively for channel 2 and channel 3) was 

assessed between viable count and dissolved oxygen 

level in channel 2 and channel 3. Moderate to strong 

negative correlations (r= -0.814, r= -0.838, and r= -0.909 

in channel 1, channel 2, and channel 3, respectively) 

were observed between ammonia concentration and 

DO level in all the studied channels (Table 1). 

Table 1. Correlations between viable count of bacteria and physicochemical parameters (DO level and ammonia 

concentration) in different supply channels during live transportation of Climbing perch (Anabas testudineus) in 

Bangladesh. 
                        Channel 1 Channel 2 Channel 3 

   Viable 
count 

Ammonia Dissolved 
Oxygen 

Viable 
count 

Ammonia Dissolved 
Oxygen 

Viable 
count 

Ammoni
a 

Dissolved 
Oxygen 

           

 
Viable 

count 

 
 

Pearson 
Correlation 

1 0.689 -0.981(*) 1 0.879(*) -0.994(*) 1 0.916(*) -0.989(*) 

Sig. (2-tailed)  0.311 0.019  0.050 0.001  0.029 0.001 

N 4 4 4 5 5 5 5 5 5 

 

Ammonia 
  

  

Pearson 

Correlation 

0.689 1 -0.814 0.879(*) 1 -0.838 0.916(*) 1 -0.909(*) 

Sig. (2-tailed) 0.311  0.186 0.050  0.076 0.029  0.033 

N 4 4 4 5 5 5 5 5 5 

 

Dissolved 
Oxygen 

  

  

Pearson 

Correlation 

-0.981(*) -0.814 1 -0.994(*) -0.838 1 -

0.989(*) 

-0.909(*) 1 

Sig. (2-tailed) 0.019 0.186  0.001 0.076  0.001 0.033  

N 4 4 4 5 5 5 5 5 5 

*Correlation is significant at the 0.05 level (2-tailed); N= number of cases used. 

DISCUSSION          

This study was conducted to assess the changing 

pattern of bacterial count and water quality parameters 

during live transportation of climbing perch, A. 

testudineus. We hypothesized that the viable count of 

bacteria will be increased with the distance and 

duration of the transportation, and the DO level will be 

reduced and reach a critical level; the ammonia 

concentration would be increased with time which will 

ultimately result in bacterial regrowth. We also 

hypothesized that the bacterial viable count will be 

correlated with the concentration of ammonia and the 

DO level in the water.  

Results of this study indicated the occurrence of 

bacterial regrowth within the live  

A. testudineus transportation system with relation to the 

changes of physicochemical parameters and they are 

significantly correlated. The greatest challenge with 

any live fish transportation is to keep the water quality 

parameter near the optimum range to minimize stress 

and mortality since a remarkable percentage of fish die 

before reaching the desired market. Among the 

physicochemical parameters assessed in this study, 

temperature and pH are the most important that 

control behavioral characteristics of organisms, the 

solubility of gases and salts in water as well as chemical 

and physical characteristics of water [19]. The results of 

water temperature were almost stable at around 30 °C 

in all the three supply channels (Figure 2) which is 

comparable with the findings of  [20, 21] as they were 

observed temperature fluctuation during 

transportation of fish in live conditions was negligible. 

The water pH is an important water quality parameter 

for aquatic organisms to survive since most of the 

http://www.bsmiab.org/jabet


158 

 

www.bsmiab.org/jabet 

 

Hossain et al., J Adv Biotechnol Exp Ther. 2021 May; 4(2): 149-160 

chemical reactions in the aquatic environment are 

controlled by any change in its value. A decreasing 

trend of water pH during fish transportation was 

reported by [12, 22]. In the current study, pH values 

were decreased from the initial values with time 

intervals in all of the three studied supply channels, 

and the averages were from 8.0 to 7.0 (Figure 2). 

However, the pH range was within the optimum level 

as it was reported that pH levels 6.90 to 7.43 are 

tolerable to climbing perch [23]. 

In this study, the DO was found to decline sharply from 

the initial loading to unloading period and reached a 

critical in all three supply channels (Figure 2). The fish 

transporters usually fill the plastic barrels with 

groundwater several hours before loading the fish and 

carried to the loading point by truck. In the meantime 

on the road, due to the interaction of air and water on 

the truck, the DO levels may increase slightly. As a 

result, we found an average DO level of about 6.70 mg/l 

initially in all three supply channels. In live fish 

transportation, the initial 30–60 min in the transport 

container is critical [10] and a drop from 20 to <5 mg/l 

DO during this time was noticed by [24]. A similar 

condition was also observed here may be due to the 

increased activity by the fish during the initial tank 

loading process. At the later stage of transportation, the 

DO level continued to decrease and reached a critical 

level (2.05 mg/l, 1.95 mg/l, and 1.65 mg/l in channel 1, 

channel 2, and channel 3, respectively).  

DO is a limiting factor at very high loading densities 

over an extended period. The decomposition and 

oxidation of organic matter reduce the solubility of 

oxygen in the water [25].In this study, although the DO 

level reduced to the critical limit, most of the 

transported fish was survived may be due to the 

following reasons. Firstly, the interaction between 

water and air added oxygen to the water during the 

running of the transport, especially at the surface. 

However, at the same time the DO was utilized by the 

fishes. Secondly, A. testudineus possesses accessory air-

breathing organs and can withstand harsh 

environmental conditions such as low DO, a wide 

range of temperature, and other poor water 

conditions.   

There was a noticeable increase in concentrations of 

ammonia (almost 5 mg/l) was found in all the studied 

channels with the progress of the transportation period 

(Figure 2). Ammonia accumulates in water during live 

fish transportation, mostly due to the catabolism of 

protein and excretion by the fishes. Besides, bacterial 

decomposition of organic matters such as uneaten feed, 

fecal materials, dead algae, and aquatic plants also 

enhances ammonia accumulation [19, 26].  Higher 

levels of NH4+ concentration are associated with low 

dissolved oxygen levels may lead to the death of fish 

[27]. Also, high NH4+ concentrations can strongly 

influence dissolved oxygen levels because around 4.3 

mg oxygen is necessary to oxidize 1.0 mg NH4+ [27, 28]. 

Both in nature and under typical culture conditions, 

excreted CO2 and NH3 tend not to accumulate because 

of their high solubility and the potential for extensive 

dissolution. In contrast, during live transportation of 

fish, significant accumulation of these potentially toxic 

waste products in the fixed volume of water available 

is possible. Fortunately, during dissolution, the 

majority of NH3 is converted to the nontoxic 

ammonium ion (NH4+) [2].  

Ammonia is toxic, and therefore, air-breathing fishes 

have special adaptations to defend against ammonia 

toxicity [29, 30]. Although the ammonia level was 

higher, the fishes were survived throughout the 

transportation period in all the supply channels. 

 In the present study, bacterial viable count in water 

increased several folds from the initial values and 

found positively related to the duration and distance of 

transport (Figure 3). Viable counts were also negatively 

correlated with the DO level and positively correlated 

with the ammonia concentration of the water during 

live transportation of climbing perch in all the supply 

channels (Table 1 and Figure 4, 5, 6).  

Although groundwater is used for the transportation of 

the fishes, bacterial numbers may be increased in the 

water as fish itself is a source of bacteria (it is well 

known that fish can harbor around 105 cfu/inch2 

bacteria in the skin, and 105 cfu/g in gill and intestine) 

that transferred a wide range of bacteria in water [31]. 

Further increase in bacterial number is due to their 

regrowth by utilization excretory organic matters of the 

transport water. The temperature of the water was 

almost around 30 °C in all the supply channels, which 

facilitated the metabolic activities of microbes and 

hence increased growth [32]. It was reported that there 

were usually negative correlations between viable 

bacterial count and dissolved oxygen [33, 34] and 

positive correlations between viable bacterial count and 

ammonia [34, 35] in water. So in this study, the higher 

the temperature, the higher was the growth rate of 

bacteria, and the decomposition of fecal organic 

matters resulted in the critical declined in DO level in 

the water during transportation.  Thus, the viable count 
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of bacteria was negatively correlated with the DO level 

and positively correlated with the ammonia 

concentration in the water during live transportation of 

climbing perch. The findings showed a gradual decline 

in water quality (decreased DO level, increased 

ammonia concentration, and higher bacterial growth) 

that may negatively affect the survival and quality of 

live fish during transportation. 
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