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Hatcheries should aerate water before bringing it into facilities
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Catfish spawns are placed in mesh hatching baskets. Paddles
rotating between the baskets provide agitation.

Approximately 1.8 billion channel catfish fry are hatched each year in the United States, many of them in the state of
Mississippi. Both the hatch rates and survival through sac fry stage of these catfish fry can be highly variable. The
authors recently conducted studies to determine the effects of dissolved-oxygen concentration on the hatching and
survival of channel catfish to swim-up stage.

Hatchery operations

With hatch rates averaging near 80 percent, the designs of current U.S. catfish hatcheries are not much different from
those used when the industry first began. With proper management, up to half the females in commercial brood
ponds spawn each year.

Catfish brooders at least 3 years old are moved into newly prepared ponds prior to the spawning season. Spawning

cans are placed in the ponds and checked every few days during April through June in the southern United States.
Spawns are removed from the cans and taken to the hatchery for incubation.
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Incubation and hatching of the adhesive eggs is straightforward. Egg masses are suspended in hatchery troughs in
baskets made with mesh plastic or metal screen. Water is flushed through the troughs, and the eggs are agitated by
paddles that rotate on shafts suspended over the troughs. This agitation is intended to mimic the care normally
provided by the male catfish, which guard, aerate, and agitate the spawn in nature.

When the eggs hatch, individual sac fry fall through the basket mesh and sink to the bottom of the troughs. They are
siphoned up, measured volumetrically, and placed in rearing troughs until they reach swim-up stage and begin to
feed. After feeding for a few days, they are stocked into 2- to 4-hectare ponds, where they remain until they are sold as
fingerlings.

Oxygen treatment study

In the first study, several channel catfish spawns were split into two equal portions and incubated in tanks aerated
with either air (low-oxygen treatment) or liquid oxygen (high-oxygen treatment). Dissolved-oxygen (D.0.) levels
averaged 7.4 milligram per liter (94 percent saturation) and 18.4 milligram per liter (233 percent) through hatching in
the low- and high-oxygen treatments, respectively.

Eggs hatched six hours earlier with low-oxygen incubation, but reached swim-up stage 31 hours later. Survival to
swim-up stage in the low-oxygen treatment was reduced by 18.5 percent. Since most publications on catfish hatchery
water quality recommend a dissolved-oxygen concentration of 5-6 milligram per liter (62-75 percent saturation), these
results were difficult to explain until a second study was conducted.

Metabolism study

In the second study, routine metabolism (oxygen consumption) was determined on eggs, sac fry, and swim-up fry
using closed respirometry. Metabolism reached 200 mg oxygen per kilogram-hour (wet weight basis) on the last day
of egg incubation (Fig. 1), but sac and swim-up fry metabolism continued to increase to a maximum of 1,400 mg
oxygen per kilogram-hour by about the fifth day after swim-up. At this point, metabolism began to decrease because
an increasing portion of the fry was comprised of non- or low-metabolizing tissues, and growth as a percentage of
weight decreased.
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Fig. 1: Standard metabolic rate of channel catfish eggs and fry,
expressed as oxygen consumption.
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At higher oxygen concentrations, fish metabolism is generally independent of oxygen concentration. However, as
oxygen saturation decreases, a point is reached where metabolism is affected. As the oxygen concentration
decreases further, so does metabolism. This point is called the critical oxygen level or incipient limiting oxygen level,
which was also determined during routine metabolism measurements on eggs and fry.

Results

The critical oxygen levels increased during egg incubation and peaked during the last day of egg incubation at 96
percent saturation (Fig. 2). Immediately after hatching, when the diffusion barriers of the egg shell and the water
within it were lost, the critical oxygen levels for sac fry decreased to less than 50 percent saturation.
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Fig. 2: Critical oxygen levels for channel catfish eggs and fry below
which metabolism becomes oxygen-dependent.

Critical oxygen levels increased over time as sac and swim-up fry metabolism rapidly increased, but plateaued at 70-
80 percent saturation, much lower than that required for eggs near hatching. So although swim-up fry have a

metabolic rate seven times greater than eggs, they require a much lower environmental dissolved-oxygen
concentration to maintain it.

Premature hatching observed in the low-oxygen treatment in the first study was likely precipitated on the last day of
incubation, when the 94 percent oxygen concentration to which the eggs were exposed was less than the 96 percent
level required to maintain maximum egg metabolism. While this premature hatch apparently resulted in 18.5 percent
poorer survival to swim-up stage, this mechanism would be adaptive in nature, where hatching early, even with a
reduced survival, would be preferable to the potential total loss of the egg mass from low oxygen.

As further evidence, the authors observed spontaneous hatching of egg samples in the respirometer on the last day
of incubation, when the dissolved-oxygen concentration decreased. Catfish hatchery operators have also noted this
phenomenon when aeration/agitation of eggs in the hatchery ceased due to an electrical outage.

It is unlikely hatchery operators would detect premature hatching of some spawns. Eggs in a spawn normally hatch
over a period of several hours. In addition, spawns differing one to three days in age may be put in the same hatching
trough, since spawning cans are rarely checked daily. Thus, if some eggs hatched six to 12 hours prematurely, it

would likely go unnoticed, even if those fry had a 10-20 percent poorer survival to swim-up. Such losses would be
written off as normal variation.

Field survey
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While the laboratory studies took place, a field survey of 26 commercial catfish hatcheries in the Mississippi River
delta was also conducted. The hatcheries sampled represented approximately 40 percent of the annual hatching
capacity of the U.S. catfish industry.

Oxygen saturation in the hatching troughs sampled ranged 45.2-100.2 percent. Nearly half the hatcheries (12 of 26)
maintained dissolved oxygen at less than 90 percent saturation, while only seven held D.O. at over 96 percent
saturation.

Since the results of this study were presented to various industry groups, several hatchery managers have
commented on the highly variable but unexplained mortality seen during the sac fry stage. Some have also noted that
this problem is more severe during peak spawning periods, when the hatchery troughs are more crowded and more
likely to have lower dissolved oxygen as the eggs near hatching. The likely explanation is that premature hatching
may be precipitated by D.O. concentrations of 75-90 percent saturation, and fry hatching even a few hours early will
have poorer survival to swim-up.

Monitor oxygen saturation

The authors recommend that hatcheries aerate water before bringing it into the facilities by running it through a
packed column. This increases the initial oxygen saturation and helps remove any undesirable gases sometimes
found in well water. Many hatcheries also have blower systems that further aerate water with diffusers placed in the
troughs.

Managers should routinely monitor dissolved-oxygen levels throughout hatcheries and correct them if the oxygen
levels fall much below saturation as hatching nears. The addition of a second line supplying pure oxygen to even one
or two diffusers per trough could increase the D.O. to slightly above saturation. The cost of oxygen would be
insignificant, since this would be used only during the last day of egg incubation.

The authors believe it is possible the production of swim-up fry across the U.S. industry could be increased 200-400
million per year by maintaining higher oxygen saturation in hatchery troughs during the last day of incubation.

(Editor’s Note: This article was originally published in the June 2006 print edition of the Global Aquaculture
Advocate.)
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