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Fish growth and feed conversion
The feed conversion rates of the hybrid cat�sh cultured in the IPRS ranged from 1.50 to 1.64 (Table 1,
part 1), compared to values generally above 2.0 reported by most cat�sh farmers. This is thought to be
a consequence of better control of feeding by personnel, adequate oxygen levels maintained inside the
raceways, preventive baths to control gill parasites, no bird predation, improved overall survival of �sh,
and �sh being kept at a continuous, slow swimming rate.

The average weight of �sh in all raceways nearly equaled or surpassed the desired average weight of
680 grams (1.5 pounds) in a growing period of nine months. Overall, 95 to 99 percent of the �sh in the
raceways were above the minimum weight of 450 grams required by cat�sh processors, and 63 to 82
percent were above the 680-gram target weight (Fig. 5). The hybrid cat�sh can certainly grow faster and
attain a larger size than they did in this trial if the �sh are fed more frequently. IPRS systems could be
�tted with automatic or demand feeders, reducing labor compared to manual feeding of �sh just once
or twice daily. This is an issue that will receive attention in further trials with IPRS.

The In-Pond Raceway System used in a study at Auburn University
produced very satisfactory results in terms of cat�sh production,
yield, survival, and economic return. Photo by Fernando Kubitza.
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Fish survival and control of disease outbreaks
In IPRS, �sh are con�ned in the raceways at high densities, and disease outbreaks can occur very
rapidly. However, in IPRS, farmers can promptly detect the signs of the onset of a disease outbreak
(such as reduced feeding response and presence of moribund or dead �sh) and act more rapidly to
contain the progression of the disease than in larger, commercial ponds. It is easy to collect and remove
moribund and dead �sh from the culture unit, reducing the source of infection. Fish can also be
effectively fed with medicated feed (provided they have not already gone off feed).

Applying feed to an IPRS unit – the feed conversion rates in the study
were signi�cantly better than those reported by commercial cat�sh
farmers. Photo by Fernando Kubitza.

Fig. 5: Percentage of hybrid cat�sh above each weight class. Overall,
more than 95 percent of the �sh were above 450 grams, minimum
weight required by cat�sh processors. At harvest, 63 to 82 percent of
the �sh were above 680 grams, the target mean weight for this trial.
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In this particular production study, �sh in all raceways were treated with formalin baths at 120 ppm for
40 minutes to prevent and control skin and gill parasites. Treatments were initiated two days after the
�sh were stocked in the raceways, and were repeated at biweekly intervals until water temperature
stabilized in early summer at around 26 degrees-C (July).

Despite these preventive treatments, �sh in all raceways went through two acute bacterial infections.
The �rst caused by Flavobacterium columnare (with classical signs of “�n rot” and “cigar mouth”), and
the second a septicemia caused by Edwardsiella ictalurii. By applying potassium permanganate baths
(at 6 ppm for 30 minutes) to control the �n rot and by suspending feeding after the onset of
Edwardsiella infection, a major loss of �sh was prevented. Nonetheless, 25 percent of the �sh were lost
in the IPRS in pond B2, the one most affected during the Flavobacterium and Edwardsiella outbreaks.

Fish survival ranged from 75 to 95.7 percent. Fortunately, as �sh were still small during the bacterial
outbreaks, the loss of �sh biomass did not cause too much impact on overall yield and feed
conversion. Also noteworthy is the much-reduced cost of these treatments in smaller raceways
compared to treating entire ponds.

Economic results
Although this was not a full commercial scale trial, the results and economic analyses are promising.
Production costs were calculated using current feed, �ngerling, energy, labor, chemicals, maintenance
services, harvest and other costs paid by cat�sh farmers in West Alabama (January 2017). The sale
price of $2.53 per kilogram ($1.15 per pound) was the price effectively paid by the processor after
receiving the �sh at the plant. An investment of $63,300 (not including land and pond construction)
was necessary to install the IPRS in the four 0.4-hectare ponds (equivalent to $39,562/ha for raceways,
air blowers, diffuser grids, water mover units, electrical wiring and control boxes, propane gas generator
and other equipment).

Fixed costs (depreciation and provision for equipment maintenance) were estimated based on this
investment. Overall production cost combined for the four ponds was $2.03/kg of �sh (Table 2). Feed,
labor (feeding, water quality monitoring, maintenance, harvest, others) and �ngerlings together
comprised 68 percent of the total production cost.

At a sales price of $2.53/kg, gross pro�tability was 24 cents for each dollar spent in production.
Production costs are expected to decrease signi�cantly with increases in production yield and larger
IPRS unit size, helping to dilute the costs related to labor and energy and expected to result in higher
pro�tability to the farmers.

Production results at the end of the IPRS study at Auburn University
were very promising. Photos by Fernando Kubitza (left) and David
Cline (right).
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Kubitza, IPRS, Table 2

Positive aspects and perspectives for the IPRS technology
Applying the IPRS, �sh are concentrated in a small space (less than 3 percent of pond surface area),
signi�cantly reducing the requirement of labor for feeding and harvest compared to other pond
production systems. Since they are small, the raceways can be easily covered at low cost with bird nets,
reducing avian predation to nearly zero. Fish can also be routinely given bath chemical treatments to
prevent parasites, fungi and bacterial infections.

For bath treatments, the water �ow through the raceway is temporarily shut off, the front and end
screens are blocked and aeration can be supplied inside the unit to keep adequate oxygen levels during
the treatment. In this manner �sh can be treated using small amount of chemicals, at a low cost, and at
effective concentrations and time regimes. Treating �sh frequently in conventional ponds would be
nearly impossible and highly expensive for most chemicals.

Feed conversion rate (FCR) for cat�sh in IPRS was improved (1.5 to 1.7) compared to FCRs reported in
commercial cat�sh farms (2.0 to 2.8). The IPRS also provides a constant and effective water
circulation in the pond, disrupting physical and chemical strati�cation of pond water. This IPRS aspect
improves dissolved oxygen levels throughout the water column and near the pond bottom, speeding up
the decomposition of organic wastes at a rate that makes it possible to maintain adequate water
quality even at an overall higher feeding rate. The same effect is thought to occur in highly aerated

  Total
US$ Percentage of total cost US$/kg

Sales (23,965 kg of cat�sh X US$2.53/kg) 60,631 – 2.53

Variable: Feed 14,835 30.4 0.62

Variable: Labor 11,037 22.6 0.46

Variable: Fingerling 7,358 15.1 0.31

Variable: Energy 2,984 6.1 0.12

Variable: Pond preparation 1,830 3.8 0.08

Variable: Chemicals, treatments 1,064 2.2 0.04

Variable: Disease diagnostics 518 1.1 0.02

Variable: Other operational costs 2,114 4.3 0.09

Total variable or operational cost 41,740 85.6 1.74

Total �xed cost 7,044 14.4 0.29

TOTAL COST 48,784 100 2.03

Net return (US) 11,847 – 0.50

Gross pro�tability index (%) – – 24.6

Table 2. Combined enterprise budget for the 2016 semi-commercial trial of IPRS at AU using four 0.4-ha ponds
(total area 1.6 ha).
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cat�sh ponds (at 25 to 35 HP/ha of aeration), a strategy some farmers have started adopting to
increase cat�sh production in static ponds producing from 14,000 to 19,000 kg/ha, compared to 4,500
to 9,000 kg/ha in conventional cat�sh ponds under 7 to 15 HP/ha of aeration.

Finally, the IPRS brings the possibility of reducing solid wastes (�sh fecal solids) entry into the pond
environment. AU researchers are testing devices designed to concentrate and remove solid waste from
the IPRS, and this will likely result in a signi�cant improvement in water quality and �sh yield in a
manner not possible with other pond production strategies. The collection of solid waste will also make
IPRS a viable alternative to cage technology in lakes and other aquatic environments where the load of
production waste, solid e�uent is a concern and may require regulation.

Perspectives
These positive aspects of IPRS have caught the attention of �sh farmers around the world, especially in
areas that are already experimenting with the new technology at commercial scale with carps, tilapia
and multiple local species that are cultured on manufactured feeds. However, in the southern United
States, where the IPRS technology has evolved, very few farmers have currently embraced it.

The IPRS could considerably change the way cat�sh is currently being farmed in the United States, but
it will require a higher initial investment compared to the alternative of investing in more aeration units
for a conventional pond. Nonetheless, a meaningful comparison between IPRS and high aerated ponds
would need to take into account the additional electricity costs from running more aeration units as
well. However, as more sound production and economic data are collected, management protocols are
re�ned and higher yields can be safely achieved, more cat�sh farmers are expected to use IPRS and the
bene�ts from this promising technology will positively affect the U.S. cat�sh industry’s competitiveness
and sustainability.
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