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Food size catfish 0.68 to 1.36 kg are transported and sold live to processing plants or to live fish markets.   Direct sales of catfish to U.S. processors accounted for 94 percent of the large, farm raised catfish, 0.68 to 1.36 kg, sold in 2004.  Recreational, live haulers, retail, government and other uses accounted for the remaining sales (NASS 2005).  Catfish sold to processors are delivered by truck and are off-loaded into concrete holding vats.  Fish are made available from the holding vats to the processing line of the plant as needed.   Catfish sold elsewhere are frequently distributed to ethnic, live fish markets, fee fishing operations or stocked into recreational fishing ponds.   Some catfish producers transport fish themselves, while others sell their fish to live fish transporters commonly known as “live haulers.”  Often, these fish may be transported for longer distances than those sold to processors.  
Regardless of where catfish are sold, they should first be taste tested to prevent the sale of off-flavored fish.  Feed is withheld from fish 3 to 5 days, depending on water temperature, prior to harvest. This prevents excessive deterioration of water quality, due to the build up of nitrogenous wastes during transport.  Fish are harvested by seining and are graded through one or more mesh “live-car or sock” device(s) that is attached to the throat of the seine.  After grading, harvestable fish remain in the live car and are dipped out by the seining crew into a loading net.  The loading net is attached to a crane scale that is hooked to the cable of a boom truck. When the water is drained out of the loading net, the fish weight is recorded and the net is positioned over the transport truck’s hauling tank.  A door is opened in the bottom of the loading net that releases the fish through a top door in the tank.  Optimally, catfish are transported in clean, oxygenated well water at a temperature of 10 - 16o C.  Transport water quality parameters provided by Jensen 1990b are listed in Table 1.

   Before loading, the weight of fish to be transported must be known in order to determine the water volume required for the duration of the trip.  One kg of fish displaces approximately 1L of water inside the hauling tank compartment (Jensen 1990c).   Care must be taken not to overload the transport tanks with fish.   This decreases the water volume of the tank below the amount required by the fish, which could potentially increase stress or cause mortality.  Live tank loading rates are influenced by many factors, such as the duration of transport, the size and condition of the fish, water temperature and the outside air temperature.   Diseased fish should not be harvested or transported inasmuch as excessive mortality may occur.  Fish recently treated with antibiotics must be held in the pond for the proper withdrawal time before they are sold for human consumption. Fish health records should be made available to customers before the fish are transported from the farm.  Table 2 provides loading rates for catfish of different sizes.
In some instances, the weight of fry and small fingerling catfish, in addition to other fish species, may be determined by volumetric water displacement using calibrated hauling tanks during loading.   However, this practice does not appear to be widely used in the commercial catfish industry when transporting large catfish.  
Transport Tank Aeration Systems
Catfish processing plants are located near larger fish production operations.  Close proximity to catfish farms reduces travel time and expense when delivering fish from the ponds to the processing plant.  Commercial production ponds and the  holding vat facilities of the plant are typically designed to accommodate large, live fish transport trucks.  
Depending on the capacity of the processing plant, the trucks may range from 1.36 t to a tractor trailer weighing over 20 t.   Catfish are delivered to processing plants at high densities (0.7 to 1.0 kg/L) to lower transport costs.  Trip durations of 1 to 4 hours are typical.  Fish in the transport tanks are supplied with air provided by diesel powered regenerative blowers (Bosworth et al. 2004).  Ambient air delivered form the blower is distributed to the tanks by air hoses or plastic tubing.  Air flow meters mounted on the outside wall of the transport tank monitors air flow into each compartment. Tubing enters the container through a port and is connected to a weighted, medium to course pore air diffuser device located on the tank bottom.  
Use of Liquid Oxygen 
Liquid oxygenation systems are typically used when hauling catfish longer distances, or when stocking lakes and ponds for recreational fishing.  Liquid oxygen is stored in a dewar and is released by a low pressure regulator into the transport water as oxygen gas.   Side mounted flow meters located on each tank are used to determine the proper flow rate of oxygen into each tank.  Oxygen is released from the bottom of the tank by fine pore diffuser hose configured into a weighted grid, or by diffuser rods or stones made of ceramic, plastic, bonded glass, carbon or other material.  Care must be taken not to supersaturate the transport water with oxygen.  This could result in excessive oxygen use, and dead or injured fish.  A dissolved oxygen meter is used to determine that each tank has the proper dissolved oxygen concentration.  Oxygen flow rates must be adjusted for each load of fish, however 1 to 2 L per 125 L of hauling water/minute may serve as a general guideline (Wurts 1990).  A dewar may weigh 354 kg and hold 127 m3 or 127,426 L of liquid oxygen (Jensen 1990a).  One or more dewars are typically fastened to the center, or the rear of the truck bed.  Liquid oxygen is more expensive than aeration provided by regenerative blowers and may cost $0.19 or more per m3.  Water temperatures remain cooler longer with liquid oxygen as opposed to regenerative blowers because there is limited contact with the air outside the tank.  Lower water temperatures help maintain higher levels of dissolved oxygen, slow fish metabolism and will lower the percentage of toxic un-ionized ammonia present.  Liquid oxygen cannot be stored indefinitely inasmuch as approximately 2 percent of liquid oxygen is vented and released from the dewar daily.
Carbon dioxide in the hauling water should be monitored when using liquid oxygen and, if possible, kept at concentrations less than 20 mg/L.  Fish appear to be able to tolerate gradual increases in carbon dioxide concentrations (Piper et al. 1989). Although carbon dioxide acidifies and reduces the percentage of un-ionized ammonia in the transport water, it may interfere with the ability of the blood of the fish to carry oxygen.  The release of fine oxygen bubbles from the diffusers does not agitate the water sufficiently to drive carbon dioxide gas out of solution.  Tank vent funnels and electric (12V) agitators mounted through ports located on the top of transport tanks have been used to help drive off carbon dioxide (Jensen 1990a).
Transport Tanks
Fish hauling trucks may range from a pick up truck weighing 2,722 kg  that can transport 379 L of water, weighing approximately 378 kg, to a tractor trailer that can haul 18,927 L weighing  20,412 kg.  Table 3 provides truck size and recommended hauling tank capacities (Jensen 1990a).

   Fish transport tank capacities may range from 283 to 9,464 L.   Most tanks hold between 379 and 1,136 L.    Transport tanks are rectangular and are equipped with insulated top doors for loading.  Most tanks are constructed of either aluminum or plywood covered with fiberglass.   Aluminum is more durable than fiberglass and these tanks may better withstand the wear and tear of frequent loading and off-loading large fish.  However, fiberglass tanks tend to remain cooler during hot weather and may be more appropriate for transporting fish over long distances.  Inside the outer shell of the tank, two inches of pour–in polyurethane, or other material encases the inner compartment liner to insulate it from outside temperatures.   The use of insulated tanks is particularly crucial for transporting fish over long distances in hot weather. Non-insulated tanks made of steel, wood or fiberglass may be used for transporting fish for very short distances, often to fish processing facilities.   

A protective mat made of rubber or insulation is placed between the bottom of the transport tank and the deck of the truck to prevent wear from road vibrations.   Larger transport tanks should contain baffles to help reduce water surge inside the tank.  Excessive water surge must be limited inasmuch as it decreases braking ability by increasing the stopping distance of the vehicle due to the sudden forward movement of the water.  Overflow ports may be installed in tanks where agitators are used to drive off I really don’t want to use these terms, how about using something like “used to maintain acceptable levels of ” ?carbon dioxide.  These ports prevent the filling of tanks to full capacity, which would eliminate the air space that agitators need to allow gas exchange at the surface of the water.  Tank drains must be at least 30 cm wide to allow the discharge of large catfish.  Slide gates are installed in front off the tank drains to hold back the fish and water when the drain gate is removed during unloading.   Installing drains on one end of the tank allows fish to be released from the same side without having to reposition the truck.  Tank floors should slope towards the drains to help facilitate the discharge of water and prevent stranding fish (Jensen 1990a).  An aluminum chute or large diameter PVC pipe is attached to the tank drain and is used to discharge the fish and water into a holding vat or pond.  A 25-50 mm, 12 V submersible pump, or portable gasoline pump should be carried on the transport truck to replace tank water and acclimate the fish to temperature when needed.  

Non-chlorinated ice may be added to the tanks during hot weather to keep the transport water cool.   This reduces fish metabolism and increases the amount of dissolved oxygen the water can hold.  Non-chlorinated ice may be added at a rate of 1 kg per 16.6 L of transport water, which will reduce water temperature by approximately 5.5 o C (Jensen 1990b).   Rock salt may be added at a rate of 8 g/L (0.8 percent solution) or 3 kg per 379 L of hauling water to reduce fish stress (Wurts 1995).  When stocking catfish into ponds, approximately one half of the hauling water should be replaced with receiving water if the difference in water temperature is more than 5o C, or more than one unit in pH.   Allow approximately 30 minutes for the fish to acclimate in the tank for each 5o C difference in water temperature, or for one unit difference in pH.
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