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GROWTH OF CHANNEL CATFISH, ICTHALURUS
PUNCTATUS (RAFINESQUE),, FED ARTIFICIAL

DIETS IN PONDS NEAR CORVALLIS,
OREGON

I. INTRODUCTION

Channel catfish are very desirable for both commercial and

recreation purposes. In recent years, the channel catfish has

enjoyed a great demand and now probably commands the highest

price paid for any fresh-water fish for which there is a bulk mar-

ket. It is widely distributed in warm water lakes and streams and

can be raised very successfully in several states, particularly in

the Midwest and the South. Recently the fish have been trans-

planted into the western states, especially to Southern California.

Because the water temperatures of the southwest are similar to those

of the native habitat of channel catfish, pond production is very suc-

cessful. However, in the Northwest, where the summer tempera-

ture is quite low, profitable production of the species is still in

doubt.

Campbell (1963) studied the growth and the management of

channel catfish (Ictalurus punctatus) which had been planted into

the open waters of Oregon. Young (1964) conducted a study on the

production of channel catfish reared in combination with gambusia

(Gambusia affinis) and bluegill (Lepomis macrochirus) in
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fertilized farm ponds without supplemental feeding. This was the

first research in the Willamette Valley. It is known from this

experiment that it is feasible to grow channel catfish in this low

temperature area but the growth rate and production were rather

low.

In the present experiment two diets, Oregon Moist Pellet and

Purina Trout Chow, were employed in an attempt to achieve an

increase in the growth rate and productivity of the fish, so that an

assessment could be made of the possibility of channel catfish

farming in the Willamette Valley.
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II. LITERATURE REVIEW

A. Taxonomy and description

The channel catfish, Ictalurus punctatus (Rafinesque), is the

member of the family Ictaluridae. In Hubbs and Lag ler (1958)

the channel catfish is described as elongate and scaleless with a

spinous first ray in the dorsal and each pectoral fin. It has prom-

inent whisker-like barbels, which are sensory in function. These

are arranged in two pairs below and one nasal pair above the

mouth plus large ones on the maxillary. It has 24-29 anal rays,

including rudiments, and 10 soft rays which follow the pectoral

spine. The channel catfish has a rather slender compressed body

and deeply forked caudal fin. The color is usually a light olive on

the back, slightly lighter on the side and more or less covered

with small spots of a bluish 'color. The eyes are situated in the

dorsal half of the head. The upper jaw is slightly longer than the

lower jaw. The air bladder consists of two chambers arranged

side by side.

B. Life history and distribution

Hubbs and Lag ler (1958) reported that the channel catfish is

typically found in large rivers and lowland lakes. Its native range

extends from the southern part of the Hudson Bay drainage
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southward through the Great Lakes, through the St. Lawrence

basin to the Ottawa River and throughout most of the Mississippi

Valley as far west as eastern Colorado. The channel catfish is

not native to rivers west of the Rocky Mountains.

The channel catfish has been introduced into Pacific and

Atlantic drainages and is an important game fish in the Midwest,

South, and Southwest. Channel catfish were first introduced to

California in 1874 (Shebley, 1917) and more recently they have

been introduced into many Southern California reservoirs where

they have created a good fishery (Miller, 1966). Campbell (1963)

reported that in 1892 channel catfish were planted in Clear Lake,

Washington, and in the same year various waters in Oregon were

planted. In 1893 a few channel catfish were released in the

Willamette River near Salem (Lampman, 1946). Campbell (1963)

reported that in October, 1962, the Oregon Game Commission had

released 50, 000 channel catfish in California and throughout the

Willamette Valley. These fish were distributed in groups of

10, 000 each in the Willamette River at Harrisburg, Peoria,

Corvallis, Albany, and Buena Vista. In July, 1962, twenty-five

hundred fry were released in the Willamette River in the Indepen-

dence area after being flown from Montana.

From releases in 1893 to 1962 the channel catfish has spread

through the entire middle Snake River drainage from approximately
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Swan Falls, Idaho, through the main Columbia River. On the

Columbia River, the channel catfish is occasionally taken from

the vicinity of Mc Nary Dam down to the Sauvies Island area at

the mouth of the Willamette River, and as far down as the Ka lama

River. Campbell (1963) stated that the temperature requirement

of at least 70°F F n summer would limit the distribution of channel

catfish in many Oregon streams and lakes which might otherwise

be suitable. He found that the channel catfish are most abundant

in the area of the Snake River where the temperatures were con-

sistently over 70°F in the summer. He has applied the work of

McCommon and La Faunce, concerning the low tolerance of

brackish condition by channel catfish at the lower delta region of

the Sacramento River, to explain the negative records of channel

catfish west of Kalama in the lower Columbia River, nearly 50

miles from the sea.

C. Channel catfish as a cultivated pond species.

Since 1960, a complete new industry, catfish farming, has

developed in American aquaculture. Greenfield (1969) reported

that there is some commercial catfish production in about 15 states,

but 80% of total U. S. production of pond raised catfish come from

a concentrated production area in the central Mississippi Delta

region embracing parts of Arkansas, Mississippi, and Louisiana.
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The acres devoted to, and production of, channel catfish in the

United States are shown in Table 1. Dillon (1969) estimated that

in the year 1968 the catfish farmers produced approximately 40

million pounds of channel catfish and over about 32, 000 acres of land

have been converted to this use. These fish farmers contribute

much to the economy of their states, employing labor, machinery,

transportation, feeds and chemicals. The net profit from success-

ful fish farming is generally higher than that from conventional

agricultural crops.

Table 1. Acres devoted to the production of commercial grown
channel catfish in the United States (Dillon, 1969).

State Acres Pounds Fingerling produc-
tion acres

Alabama 2, 350 2, 820, 000 310
Arkansas 7, 540 9, 048, 000 1, 030
California 500 600, 000
Florida 140 168, 000 10
Georgia 3, 720 4, 464, 000 250
Kansas 530 636, 000
Kentucky 24 28, 000
Louisiana 2, 740 2, 964, 000 200
Mississippi 10, 798 12, 948, 000 1, 810
Missouri 600 720, 000
Oklahoma 250 300, 000 80
South Carolina 150 180, 000 20
Tennessee 360 432, 000 50
Texas 2, 590 3, 108, 000 100

Total 32, 014 38, 416, 800 3, 860

Greenfield (1969) estimated that in the Midwest the typical
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cost of production at the farm level in 1968 was approximately 28

cents per pound. Adding an average charge of 3 cents per

pound for harvesting and subtracting the sume from the average

price of 38 cents per pound, the residual margin to the producer

was about 7 cents per pound. He also estimated that when the

production passes the marketing process, processor, wholesaler,

and retailer, the price to the consumer will be about $1.29 per

pound.

Dillon (1969) reported that the production of channel catfish

in raceways is well developed in many areas, such as Tennessee

and Georgia. Production is estimated to be about 2, 000 pounds of

fish per 100 feet of raceways. It is believed that the production

may go as high as 3, 000 pounds per 100 feet as operators gain more

experience. Considerable research is being done at the present

time on the growth of channel catfish in baskets. This method makes

possible the use of water areas such as gravel pits, large lakes,

pools behind floodwater-retarding structures, or other bodies of

water where harvesting fish is otherwise difficult or impossible.

The Fish Farming Experimental Station in Stuttgart, Arkansas

(U. S. Dept. of Interior, 1969), reported that the channel catfish

fingerling production has almost doubled in one year. The estimate

for 1969 was 30, 000 acres and about 100 millions of fingerlings.

Also, channel catfish are the leading consumers of fish feed.
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With 32,000 acres of channel catfish and an annual production of

1,200 pounds per acre, 38.4 million pounds of fish would be pro-

duced. Using a realistic food conversion ratio of 2.0 pounds of

feed for each pound of fish, then catfish consume 76.8 million

pounds of feed each year. At the current price of $100 per ton,

annual feed sales then would about to $3. 84 million.

The heart of the catfish farming market is in the cities and

towns located along the river systems of the Midwest and South.

Until recently the catfish farming industry was based almost

entirely upon the market for live fish for stocking pay-lake fishing,

farm ponds, reservoirs, and other fish farming operations. Im-

provement in quantity, continuity of supply and ability to deliver

the product to individual large customer's specifications will expand

the market substantially.

D. Propagation of channel catfish

1. Pond sites, designs, and construction

According to Grizzell (1967) ponds should be located

when possible where topography is flat or nearly flat. On flat

land rectangular ponds with the water supply located at the highest

elevation and drainage located toward the lower elevation are most

practical. On sloping lands the ponds should be designed to fit the
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contour of the land and make maximum use of the water supply.

Where maximum production is desired, all timber should be cleared

from pond sites before construction starts.

Grizzell (1967) reviewed the construction of catfish ponds.

Dams should be high enough to maintain a minimum of three feet

of water. Top width should usually be 12 feet and levee slope

should be 2 to 1 on the outside and 3 to 1 on the inside as the mini-

mum. Pond bottoms should be sloped so that water will drain

evenly toward a harvesting basin. A fall of 0.2 of a foot for each

100 feet is desirable. Klussmann (1967) stated that three kinds

of ponds are needed for the propagation of channel catfish: (1)

holding troughts for conditioning the fish before spawning, with

size approximately 12 to 18 feet long, 3 feet wide and 3 feet deep;

(2) wintering ponds used to hold the fry from the time of hatching

until the following spring; (3) rearing ponds for growing the

fingerlings to marketable size. The size of the ponds can vary

from 1 to 5 surface acres and as fish farmers gain knowledge and

experience they might build bigger ponds such as 10 to 40 acres.

The basic idea is that larger ponds receive better wind action

than small ponds and thus have fewer oxygen problems. Contrasted

to large ponds, small ponds provide better flexibility for harvesting,

overcoming oxygen shortages, and treating diseases and parasites.

Small ponds can be drained and refilled quickly.
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2. Selection and stocking of broodstock

Large channel catfish usually spawn earlier and have

more eggs. Culturists prefer breeders of 2 to 10 pounds, although

catfish may mature when they weigh as little as three fourths of

a pound. Fish larger than 10 pounds require a larger spawning

keg, are more difficult to hand, and are not always dependable

spawners. To select broodstock properly, the fish need to be

sexed so a workable sex ratio can be introduced into a pond for

breeding, or a pair can be placed in an aquarium or pen. Sneed

and Clemens (1960) stated that the male catfish can be distinguished

from the female by the tubular nature of the genitalia. In the

female channel catfish, during the breeding season, folds of skin

on each side of the urinary and genital opening are raised and

divided by the groove. The best character indicating spawning

condition in a female is a well rounded abdomen, the fullness of

which should extend posteriorly past the pelvics to the genital

orifice. The ovaries should be palpable and soft, the genitals

raised and reddish. Males should have prominent secondary

sexual characteristics, a head wider than the body, dark pigment

under jaw and body, and a large protruded genital papilla as

described by Martin (1967).

Pairing the fish is an essential part of pen and aquarium

spawning but it is less important in the pond method. Channel
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Channel catfish fight during the spawning period and can bit deep

enough to scrape off skin. For this reason special care must be

taken to pair fish properly. If the female in particular is not

ready to spawn, the male will fight with her, and may inflict

enough injury in an aquarium in 15 or 20 minutes so that she may

die. Most culturists concluded that male of comparable size to

female should be used. While a considerably larger male would

successfully spawn with a smaller female, the reverse situation

usually resulted in the female attacking the male. Canfield (1947)

pointed out that the feeding of brookstock is of utmost importance

since the quality and quantity of the diet largely governs the number

and size of the eggs, time of spawning, the condition of health of

the fish as well as the fighting. It is practical for the brooders

to be stocked at the rate of 300 to 400 pounds for 2 to 3 pound

brooders where growth is desired. For larger fish where growth

is not expected, they can be stocked at the rate of 800 pounds per

acre. They should be fed at 2 to 3% of their body weight 3 to 4

days a week when the temperature is above 55 oF. During colder

weather they should be fed only on warmer days. When it is very

cold, it is believed that catfish feed on and utilize meat diets or

food high in animal protein, rather than the usual feeds.
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3. Spawning and spawning methods

Early attempts to spawn these fish occurred as far back

as 1914 (Clapp, 1929) although there were reports of channel cat-

fish spawning in ponds as early as 1895. Other early works were

Shira (1917) and Doze (1925). The channel catfish does not lend

itself readily to artificial propagation and for years resisted all

attempts of fish-culturists to propagate it in appreciable numbers.

After repeated attempts, however, a successful method of propa-

gation was developed at the biological station of the U. S. Bureau

of Fisheries at Fairport, Iowa, which is now used with some modi-

fications in several Midwestern states (Davis, 1961).

The channel catfish is a spring spawner, typically choosing

the rapid waters of streams as a breeding site. Davis (1961) re-

ported that the spawning season in the south begins in April, but

in the northern states the channel catfish does not spawn until

May or June. Clemens and Sneed (1957) stated that females

weighing from 1 to 4 pounds produce about 3, 000 eggs per pound of

body weight. Channel catfish eggs are adhesive. Each deposition

of eggs sticks to a pile of previously laid eggs, and the completed

spawn is a small mound which varies in diameter and depth from

female to female.

It is a well established fact that the female channel catfish
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cares for the eggs from the standpoint of aeration during the period

of spawning and that the male does not assume his position over

the eggs until spawning is finished. When the male assumes a

position over the eggs, his pelvic fins beat continuously. The male

may vigorously wiggle his body and press and pack the eggs with

the flat side of his pelvic fins, in a manner that shakes the entire

egg mass. Martin (1967) described this activity as scouring to

aerate the developing eggs, especially those deep in the mass.

It might also serve to move the embryo in the shell. This idea

is supported by the fact that good incubation and hatching is obtained

at some hatcheries by the paddle wheel method which simulates to

some degree the agitation of the eggs by the male. When the eggs

hatch, the fry accumulate on the bottom and remain in this position

for about two days. Then they begin to come to the surface. At

this time the yolk is greatly reduced, and the skin pigment is

visible. By the third day, they start to feed and move about

(Clemens and Sneed, 1957). There are many methods to propagate

channel catfish, but only three of them, namely, pond method, pen

method, and aquarium method are very popular and practical.

(1) Pond method. It is the most popular among the fish

farmers in the south central United States, because it is inexpen-

sive, requiring only a pond and spawning containers as minimal

facilities, and does not place demands on the farmer of critically
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selecting, sexing and paring his broodstock. The fish in

the pond pair themselves, and if they are not ready for spawning

they will continue to feed and develop gonads. It has been reported

that many fish-culturists were successful in spawning channel cat-

fish in the pond as far back as 1914 (Clapp, 1929; Shira, 1917,

Doze, 1925). The first attempt to be published stated that old tile,

beer kegs, nail kegs, boxes, etc., were imbedded in a bank of a

pond through which water entering the hatchery flowed. Success

was achieved when the breeding fish were placed in such a pond

and allowed to pair themselves. Later, according to Clapp (1929),

the spawn was removed and hatched artificially by the use of five

galvanized paddles driven by water wheel. The paddles agitated

the water and eggs. This system for hatching catfish eggs is used

today, some 36 years later, in many fish hatcheries. The ponds

are usually shallow, ranging in depth up to about seven feet.

According to Martin (1967) the equal number of males and females

are placed in the pond at a stocking rate of 24 to 150 fish per acre.

Nail kegs were used as spawning receptacles and placed in water

ranging from six inches to five feet in depth. It is more conven-

ient to the culturists if the receptacles are placed no deeper than

arm's length, so they can be checked easily. The checking of kegs,

however, depends on the number of broodstock in the pond, number

of spawners, and number of fry or eggs to be removed. Caution
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should be used since culturists can be bitten severely by an

attacking male in checking the keg. A rubber hose or a gloved

hand is recommended to be used to insert into the keg, and when

the male bites he may be pulled out or closed off. The fish farmer

may remove the eggs and fry or may leave them in the spawning

receptacle. The advantage of removing the eggs is that it mini-

mizes the spread of diseases and parasites from adults to young

and also protects them from predation. But its main purpose is

to help the culturists to control stocking rate better.

(2) Pen method. Mobley (1931) stated that better control of

spawning was achieved with this method. The method is used

commonly by federal, state, and private hatcheries. It has

several advantages such as to provide greater control of spawning,

protect the spawning pair from fish that might intrude and allows

the use of hormones, etc. According to Martin (1967) the pens

are small, about 5 by 10 feet, constructed of wood, concrete

blocks or wire fencing. They can be enclosed on four sides or

the bank of the pond can be used as the fourth side. Pen should

extend at least 12 to 24 inches above the surface of water to prevent

the fish from jumping over the side. The water in pen is about

three feet deep. Ten-gallon milk cans, 100-pound grease drums,

and earthenware crocks are popular spawning receptacles. After

spawning, the eggs and the parent are removed and a new pair is
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placed in the pen. Often the female is removed from the pen as

soon as eggs are found and the male is allowed to hatch the eggs.

To succeed with the pen method, the culturists must know his fish

well enough to be able to pair at the right time.

(3) Aquarium method. The method was first reported by

Clemens and Sneed (1957) followed by a more detailed account,

Sneed and. Clemens (1960). The advantage of this method is that

the spawn can be obtained at a time convenient and desirable to

the fish-culturist. The injection of hormones eliminates to a great

degree the variables in the environment such as spawning areas,

temperature, light and other climatic conditions. The spawning

period can be altered within reasonable limits and culture ponds

can be stocked with fry that are uniform in age and size. In this

method the fish are induced to spawn in glass aquaria with capa-

cities ranging from 5 to 50 gallons. Each facility is supplied with

flowing water. Sneed and Clemens (1960) reported on spawning,

following pituitary injections, of 74 pairs of channel catfish in

glass aquaria. Spawning was induced by injecting pituitary material

from carp, buffalo fish, flathead catfish, channel catfish and gar into

the female. Little difference was apparent in the potency of the

pituitary from the different species. The total amount of acetone-

dried pituitary material required to induce spawning channel

catfish varied from 3 to 32 milligrams per pound of body weight
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of fish. Sneed and Clemens (1959) recommended the use of human

chorionic gonadotropin at 800 IU per pound.

4. Hatching methods

Canfield (1947) reported on the use of jars for hatching

catfish eggs. But today hatching trough is a much more commonly

used device. There are several descriptions of hatching troughs

(Clapp, 1929; Morries, 1939; and Geibel and Murray, 1961).

According to Martin (1967) a typical hatching trough is constructed

from a sheet of 14-gauge metal, 42 inches wide and 10 feet long.

A division is placed in the trough to reinforce the trough and to

give an opportunity to hold the eggs in separated compartments

while hatching. Bearings for paddle shafts are placed at either

end and at the central divider and the gravity flow with a 3-foot

head is directed into each section. The paddles, made of hardware

cloth, are hung by a wire from the side of the trough, with the

water line just below the basket top. Paddles should be long eough

to reach below the depth of the baskets, thus giving sufficient surge

to the water.

Once the devices are set the egg masses are moved from the

keg nests and placed in wire baskets similar to those used for

incubating salmon eggs. After hatching the fry drops through the

bottom of the baskets onto the bottom of the trough. Great care
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should be taken to prevent the fry from becoming crowded closely

together, since the sharp spines easily penetrate the skin of

others. After two days at the bottom they begin to come to the

surface. By the third day they start to feed and move about.

Klussmann (1967) fed fry once a day, six days a week, using about

two pounds of ground meat scraps per spawn. Ordinarily, within

20 to 25 days the young catfish should begin to feed at the surface

when food is cast on the water.

5. Rearing method

The fry are removed from the spawning receptacle in the

pond by first removing the male and then lifting the spawning

receptacle to the surface, and carefully pouring out part of the

water. The remaining water with the fry is then emptied into a

floating wash tub which contains an inch or two of water. These

fry are counted and either moved to a feeding trough or to a pond.

In the case of removing the fry to the pond the fry may be released

directly into the pond or sometimes in a wooden box with a finely

screened bottom that is floated in the pond (Martin, 1967).

Fry are stocked at the rate of 50, 000 to 250, 000 per acre

where the fish are fed and the fingerlings harvested (Martin, 1967).

According to Klussmann (1967), the maximum stocking rate in an

intensive operation is around 2, 500 fish per surface area. At the
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Fish Farming Experiment Station in Stuttgart, Arkansas (U. S.

Dept. of Interior, 1969), one-ounce yearling catfish stocked

at the rate of 15, 000 per surface acre would grow to about 19, 000

ounces average when they were fed six days a week throughout one

growing season, 210 days.

In recent years there have been many kinds of pellets used

for catfish feeding, some on a commercial basis and some only

for research. The pelleted form of food is desirable to feed

channel catfish as the fish consume more of feed in this form,

water pollution is reduced and the amount of food and hatchery

labor can be reduced (Swingle, 1958; Tiemeier, 1962; and

Hublou. (1963). Klussmann (1967) fed channel catfish with pellets

that contained approximately 46% protein, 25% carbohydrate and

5% fat. The Warmwater Fisheries Laboratories in Marion,

Alabama, and at Stuttgart, Arkansas (U.S. Dept. of Interior, 1969),

have recommended that catfish food should meet the following

general requirements: 32% protein, 5% fat; 1% calcium; 1%

phosphorus; 0. 5% vitamins. The feeding area should be carefully

checked periodically to make sure that the feed is totally consumed

and does not spoil. This is extremely important. One should

feed along the long axis of the ponds and not place the feed in just

one locality, especially in large ponds. The feed should be placed

in the same general area daily.
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The amount of feed utilized by the fish depends primarily on

water temperature and size of fish. However, the rate should not

exceed 25 pounds per surface acre of water regardless of number

of weight of fish. Fish grow best when the water temperature is

above 70 oF. Tiemeier and Deyoe (1967) have outlined a guide table

for feeding catfish with regard to the water temperature. At

water temperatures about 70oF channel catfish use 3% of estimated

total weight of fish, from 60°F to 70°F use 2%, from 45°F to 60°F

use 1%, and below 45°F stop feeding. Fish in their third year of

life were fed 2% of their weight rather than 3% as fed to fish in

their second year of life.
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III. GROWTH BY ARTIFICIAL FEEDS

The experiment was designed to study the possibility of

rearing channel catfish by artificial diets in the Willamette Valley.

Two artificial pelleted feeds were used, Oregon Moist Pellet and a

dry commercial feed (Purina Trout Chow).

A. Preparation and procedure

1. Location and description of ponds

Three rectangular ponds, located near Soap Creek at

a point about seven miles north of Corvallis, Oregon, were used.

The ponds are part of a series of eight and are numbered, 2, 3,

and 4. These ponds are about 200 feet long and 100 feet wide.

The morphological characteristics of each pond are shown in

Table 2. The ponds were longitudinally sectioned into two parts

by a bamboo fence and the suffixes A and B were used to designate the

south and north sections. The west ends of the ponds are shallow and

the bottom of each pond slopes gently toward the deeper east end.

The ponds were filled by pumping water from Soap Creek and from

run-off from a small watershed.

2. Fertilization and weed treatment

In an attempt to reduce rooted vegetation, the ponds
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were treated twice with a combination of commercial urea (46-0-0)

and super-phosphate (0-20-0) at the rates of 33 pounds of the former

and 50 pounds of the latter per surface acre. The first treatment

Table 2. Characteristics of the ponds.

Pond number Average depth Surface area Water volume

(feet) (acre) (acre-feet)

2 3.75 0.61 2.3
3 3.53 0.50 1.8
4 4.90 0.51 2.5

was in May and the second in August. Following fertilization

dense blooms of planktonic algae were evident. To remove un-

wanted vegetation and make seining easier the ponds were treated

with Aquathol at the rate of one quarter per acre-foot (0. 5 ppm. )

a week before the first seining. Pond 2 was treated a second time

before the second sampling.

3. Stocking

Fingerling channel catfish about eight months old were

obtained as a gift from the Wehah Farms, Richvale, California.

The fish were transferred by plane from California to Portland

and then transferred to Corvallis by automobile. The fish were

stocked in tanks and sampled for an estimate of the average length

and weight. On May 22, 1969, the fish were released in each pond
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at the rate of 300 fish per section. The mean length and weight

of these fish before release was 9. 06 cm. and 7.89 gm. Two

weeks later fingerlings from the stocking tanks were added to

substitute for the dead fish, that were recorded daily.

4. Fish food and feeding

Channel catfish under intensive culture are usually fed

on floating dry pelletized food, either compounded especially for

catfish or for trout (Geibel and Murray, 1961; Bryan and Allen,

1969). In this experiment floating pellets and Oregon Moist Pellets

were compared. The Oregon Moist Pellet is used normally for

salmonoid fished (Hub lou, et al., 1959; Law, et al., 1961; and

Sinnhuber, et al., 1961, and Hublou, 1963) but Snow (1968) used

this food successfully for largemouth bass. No information on the

response of channel catfish to the Oregon Moist Pellet was avail-

able at the start of the experiment.

The feeding rates, 1. 5, 3. 0, and 4. 5% of body weight, were

based on several published studies (Swingle, 1958; Tiemeier and

Deyoe, 1969; and fish station Stuttgart, Arkansas, U. S. Dept. of

Interior, 1969) were weighted and feeding rates adjusted three

times. Because of response to temperature as reported by Bullow

(1967) and Swingle(1958) the amount of food at each was reduced

10% when the water temperatures fellow below 70°F. No food was

given at water temperatures less than 50°F. Fish were fed every
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day except Sundays and the three sampling days.

Oregon Moist Pellets were spread on the shallow end at

the side of the pond, and the Purina Trout Chow was put in a

floating wooden frame to prevent the food from floating away from

the feeding area. Feeding began on May 22, 1969, and ceased on

October 15, 1969, with the total of 128 feeding days. After

September 17, the water temperature was lower than 70°F and

the rate of feeding was decreased by 10%.

5. Temperature, pH. and dissolved oxygen

Temperature was continuously recorded from the

surface and bottom of pond 2B by a Taylor three-pen recording

thermograph. Maximum and minimum temperatures from the

three levels, surface, mid-water, and bottom, of ponds 3 and 4

were recorded by maximum and minimum thermometer suspended

near the middle of these ponds.

A Hach Color Comparator was used to measure the hydrogen-

ion concentration. The dissolved oxygen from bottom and surface

of the ponds were analyzed by the Winkler method. At the middle

of the pond the surface water was collected and water from the

bottom was sucked up by a vacuum pump into the bottle. Dissolved

oxygen and pH were measured weekly and temperature from the

maximum and minimum thermometers were recorded at three-day

intervals.
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Table 3. Analysis of foods used in experimental feeding.

3.1 Oregon Moist Pellet: Sea Food Lab. Analysis

Ingredients Percent

Moisture 35.00
Ash 6.44
Fat 6.02
Protein 37.82
Carbohydrate 14.72

3.2 Purina Trout Chow size No. I: Company analysis.

Ingredients Percent

Protein 40.00
Fat 2.5
Fiber 5.5
Ash 13.0
Mineral 3.0

Table 4. Food and feeding rate for each pond section.

Percent feed ofPond Foodfish weight

2A 1.5 Oregon Moist Pellet
2B 1.5 Purina Trout Chow
3A 3..0 Purina Trout Chow
3B 4.5 Purina Trout Chow
4A 3.0 Oregon Moist Pellet
4B 4.5 Oregon Moist Pellet
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6. Sampling

Samples of channel catfish for length and weight data

collected by seining. The ponds were sampled three times:

August 4, September 11, and October 16. The samples from each

section were measured for length and weight and the rate of feeding

for the next period was adjusted thereafter. Equipment used in-

cluded two bag seines, one measuring 155 by 10 feet, and the other

55 by 6 feet. On October 24 the ponds were drained until almost

empty and the smaller bag seine was employed repeatedly until

no fish were taken. The lengths and weights of all fish from each

section were recorded.

B. Method of statistical analysis

One way analysis of variance, the completely random design,

and Fisher's least significant differences (L. S. D.) tests of the

means were employed in this experiment. There were six treat-

ments: two foods at three rates each. The assigned treatments to

the corresponding ponds are shown in Table 5.

To complete the analysis of variance for the completely

random design the formulas as depicted by Stell and Torrie (1960)

were employed. These formulas are:
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Table 5. Experimental design, channel catfish feeding experiment

Food Oregon Moist Pellet Purina Trout Chow

Percent feed 1. 5 3. 0 4. 5 1. 5 3. 0 4. 5
Treatment No. 1 3 5 2 4 6

Pond 2A 4A 4B 2B 3A 3B

Total SS =

ij

Treatment SS = X2 + + Xt
2 - C

r
1

as C = correction term

(
.

2
X. )

r t

when (r) = number of samples; (=30)

(t) = number of treatments; (=6)

Error SS = Total SS Treatment SS

L. S. D. to 2s2

2 y r

For more detail, the widely used statistical analyses such

as standard deviation, 95% confidence interval, and skewness were

used in analyzing data.
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7. Results

At the first seining, on August 4, the mean length of

fish in pond 4B, fed 4. 5% of body weight of Oregon Moist Pellet,

was the highest (15. 19 cm. ). The mean weight of fish in pond 3B,

fed Trout Chow at 4. 5% of body weight, was the highest (64. 6gm. ).

The standard deviations of mean weights were greater than those of

mean lengths (Tables 6 and 7). Mean lengths were not significantly

different at the 0.05 or 0.01 levels, but the mean length in ponds

that fed with the highest rate of food were slightly greater than

those that fed at lower rates. Mean weights were significantly

different on both the 0.05 and 0.01 levels (Table 9). Also the

mean weight of fish in pond 3B, fed Trout Chow at the 4. 5% rate,

was significantly greater than those fed with the same food but at

lower rate on Oregon Moist Pellets.

Table 6. Maximum, minimum, mean, standard deviation and 95%
confidence interval of lengths from the first sampling
(n=30 for each section).

Pond Maximum
cm.

Minimum
cm.

Mean
cm.

Standard 95% confidence
deviation interval

2A 18.5 9.5 14.92 2.5 14.0.3 X...15.82
2B 18.0 9.5 13.69 2.2 12.91;,X04.48
3A 20.5 11.5 14.40 2.2 13.62X15.18
3B 19.5 10.5 14.70 2.2 13.92X<15.48
4A 19.6 10.3 15.19 2.7 14.24 X16.16
4B 19.0 11.5 14.91 2.2 14.15X15.69
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Table 7. Maximum, minimum, mean, standard deviation, and 95%
confidence interval for weights from the first sampling
(n=30 for each section).

Pond Maximum Minimum Mean Standard 95% confidence
gm. gm. gm. deviation interval

2A 81 12 45.09 18.3 38.631751.55
2B 98 22 52.44 19.5 45.46Y59.42
3A 144 18 38.00 28.4 27.81,<Y48.19
3B 113 26 64.60 21.2 56.86 Ir 72.44
4A 84 14 47.35 21.5 38.49Y<55.21
4B 92 16 43.97 23.5 35.54< )(' 52.40

Table 8. Analysis of variance of lengths from the first sampling.

Source of Degree of freedom Sum of squares Mean square F
variation

Among feed
Within feed

5

174
33.9

1011.5
6.78 1.1669
5.81

Table 9. Analysis of variance of weights from the first sampling.

Source of Degree of freedom Sum of squares Mean square
variation

Among feed 5 10424.30 2084.86 3.9431
Within feed 174 91999.34 528.73

*Statistical significance at the 0.05 and 0.01 levels.
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Table 10. Least significant difference for weight.

and Feed Rank Mean weight Difference

3B 4.5% Trout Chow 1 64. 60
12. 16*

2B 1.5% Trout Chow 2 52.44
5. 09

4B 4. 5% Oregon Moist Pellet 3 47. 35
2. 26

2A 1.5% Oregon Moist Pellet 4 45.09
1. 12

4A 3. 0% Oregon Moist Pellet 5 43. 97
5. 97

3A 3. 0% Purina Trout Chow 6 38. 00

*LSD = 11. 6424 at 0. 05 level and 9. 7416 at 0. 01 level.

On September 11, 1969, the second samples were seined.

The mean length of fish from pond 3B, fed Trout Chow at the 4. 5%

rate, was the highest (17. 5 c m.) (Table 11). Fish from 3A, fed

Trout Chow at the 3. 0% rate, had the highest mean weight (74. 0 gm.)

followed by those from pond 3B with 72.5 c m. The standard devi-

ation from mean weight was still high (Table 12). There were

significant differences among mean lengths at both 0. 05 and 0. 01

levels, but not on mean weights (Tables 13 and 14). Only the

mean length of fish from pond 4B, fed Oregon Moist Pellet at the

4. 5% rate was significantly smaller than the others on the LSD

test on both 0. 05 and 0. 01 levels (Table 15). Both length and

weight of fish declined proportionally as the rate of feeding was

reduced.
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Table 11. Maximum, minimum, mean, standard deviation and 95%
confidence interval of length from the second sampling
(n=30 for each section).

Pond Maximum
cm.

Minimum
cm.

Mean
cm.

Standard
deviation

95% confidence
interval

2A 22.0 12.0 17.0 2.8 16.000C. 18.00
2B 21.0 12.5 16.9 2.4 16.04< X< 17.76
3A 22.8 12.0 17.2 2.6 16.28 X< 18.12
3B 22.0 11.0 17.5 2.9 16.46<X<18.64
4A 23.5 13.0 17.1 2.5 16.32< X417.88
4B 23.0 10.5. 15.5 2.2 14.92< X< 16.28

Table 12. Maximum, minimum, mean, standard deviation and 95%
confidence interval of weight from the second sampling
(n=30 for each section).

Pond Maximum
gm.

Minimum
gm.

Mean
gm.

Standard
deviation

95% confidence
interval

2A 138 30 68.0 33.3 57.05Y< 79.95
2B 120 35 68.5 28.5 58.31<Y< 78.69
3A 157 37 74.0 29.4 63.42<Y<85.58
3B 150 15 72.5 34.9 60.08 Y.84.92
4A 172 30 72.3 33.4 60.46Y 84.14
4B 150 30 59.0 23.1 50.77Y<67.23
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Table 13. Analysis of variance of lengths from the second sampling.

Source of Degrees of Sum of squares Mean square
variation freedom

Among feed
Within feed

5

174
117.88

1226.54
23.576
7.049

3.3445*

*Statistical significance at the 0.05 and 0.01 levels.

Table 14. Analysis of variance of weight from the second sampling.

Source of Degrees of Sum of squares Mean square
variation freedom

Among feed 5 4484.31 896.862 0.9802
Within feed 174 159206.24 914.918

Table 15. Least significant difference for length.

Pond Feed Rank Mean length Difference

3B 4.5% Trout Chow 1 17.46
0. 36

3A 3. 0% Trout Chow 2 17.18
0.03

4A 3. 0% Oregon Moist Pellet 3 17.07
0.07

2A 1.5% Oregon Moist Pellet 4 17.00
0.10

2B 1.5% Trout Chow 5 16.90
1. 42*

4B 4. 5% Oregon Moist Pellet 6 15.48

*LSD = 1.3328 at 0.05 level and 1.1152 at 0. 01 level.
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The third samples were seined on October 16, 1969. Neither

mean lengths nor mean weights of fish were significantly different

at the 0. 05 or 0. 01 levels (Tables 18 and 19). The mean length of

fish in pond 4A, fed Trout Chow at the rate of 3. 0% of fish body

weight, was the highest (17. 96 cm.) but only slightly greater than

those in pond 3B and 4B that were fed with greater amounts of food.

The mean weight of fish from pond 4B, fed Oregon Moist Pellet at the

4. 5% rate, was the highest (77. 85 gm. ) followed by Pond 3B (76. 33

gm. ), that were fed on Trout Chow at the same rate of feeding.

Also the standard deviation of mean weight was still very high

(Tables 16 and 17). At this seining most mean lengths and weights

of fish that were fed with Oregon Moist Pellet appeared to be

superior to those that were fed with Trout Chow (Table 20).

From the last week of October to the second week of

November all ponds were drained until almost empty and a 55 by

6 foot sein was employed to recover all fish. All fish were counted

and individual lengths and weights were recorded. While pond 4

was being drained a break in the fence allowed fish to escape from

section 4B to 4A. After the fish were recovered from both sides

we found that there were too many fish in section 4A, 377, and too

few in 4B, 103, considering that only 321 had been planted in

section 4A and 315 in section 4B. This destroyed any valid com-

parisons between the two sections at the final sampling period,
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Table 16. Maximum, minimum, mean, standard deviation and 95%
confidence interval of lengths from the third sampling
(n=30 for each section).

Pond Maximum
cm.

Minimum
cm.

Mean
cm.

Standard 95% confidence
deviation interval

2A 23.8 13.0 17.7 2.85 16.68 X:18.72
2B 24.7 13.8 17.2 2.57 16.28 X18.12
3A 23.3 12.1 17.3 3.17 16.16< X18.44
3B 23.4 12.0 17.5 3.40 16.25 X18. 75
4A 23.1 13.3 17.9 2.45 17.02X18.78
4B 23.5 13.0 17.7 2.95 16.64X18.72

Table 17. Maximum, minimum, mean, standard deviation and 95%
confidence interval of weights from the third sampling
(n=30 for each section).

Pond.
Maximum

gm.
Minimum

gm.
Mean
gm.

Standard
deviation

95% confidence
interval

2A 156 30 74.8 35.89 61.94 Y07.66
2B 208 32 71.1 35.90 58.56Y<83.64
3A 146 30 75.7 29.98 64.92<Y86.48
3B 173 24 76.3 45.13 50.23,<Y<92.37
4A 156 26 74.7 32.40 63.15<Y86.26
4B 160 30 77.9 38.10 64.18<Y<91.62

Table 18. Analysis of variance of lengths from the third sampling.

Source of Degrees of Sum of squares Mean square
variation freedom

Among feed 5 10.64
Within feed 174 1488.64

2.128 0.249
8.556
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Table 19. Analysis of variance of weights from the third sampling.

Source of Degrees of Sum of squares Mean square
variation freedom

Among feed 5 562.69 112.538 0.0865
Within feed 174 226300.50 1300.578

Table 20. Comparison of mean length and weight of fish fed two
diets at different rates; data from the third sampling.

Percent of
weight fed

daily

Mean length Mean weight
Oregon Moist Trout Oregon Moist Trout

Pellet Chow Pellet Chow

4.5 17.71 17.45 77.90 76.33
3.0 17.96 17.33 74.77 76.67
1.5 17.7! 17.24 74.80 71.10

but an attempt was made to estimate how many fish survived in

each section before the pond was drained and the fish escaped

from one section to the other. With reference to the length and

weight frequency distribution of fish in the other ponds in this

period, which showed no significant difference, and the length and

weight frequency distribution in section 4A and 4B at the third

sampling, a reasonable and desirable adjustment on a number of

fish in Sections 4A and 4B was made (Figure 5).

Mean lengths and weights of fish in this period were slightly

different from the samples taken by seining two to three weeks

earlier. We found that fish lost weight due to the dropping of
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temperature and cessation of feeding. This may have been be-

cause of tissue loss due to maintenance requirements of individual

fish. Young (1964) also found that his channel catfish, reared in

ponds without additional food, lost weight during winter months.

Mean length, weight and number of recovered fish are shown in

Table 21.

Table 21. Mean length and weight, fish recovered, expected fish,
and total lost at the end of the experiment.

Fish Expected fish Fish Total Mean Mean
Pond planted (fish planted- re- lost length weight

observed
mortality)

covered gm. gm.

2A 399 287 271 68 17.43 70.37
2B 344 283 212 132 17.12 69.06
3A 346 274 274 72 17.49 74.31
3B 384 264 260 124 17.09 70.33
4A 321 294 257* 64 17.15 71.19
4B 315 293 223* 92 17.77 77.85
*Adjusted number (see Figure 5).

D. Discussion

The growth rates of fish in all experimental ponds, with

different diets and rates of feeding, were quite similar. This

similarity suggests that their growth rate was not dependent upon

the diet or the feeding rate but rather upon some factor such as

temperature. The growth rate of fish in this experiment was faster

than that reported by Young (1964), in an experiment conducted at
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Figure 1. Growth rate of channel catfish, Soap Creek Ponds, 1969.
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the same place and over a similar period of time, in which he reared

channel catfish in fertilized ponds without supplementary feeding in

combination with gambusia and bluegill. In neither this experiment

nor Young's were channel catfish reared to marketable size in their

second year of life, but the increase in growth shown by fish in

supplemental feeding shows promise (Figure 1).

The mean body weight of fish fed the 4. 5% level of diet was

the highest, but the difference between 1. 5% and 3. 0% feeding level

was not consistent. As reported by Swingle (1958) the most effi-

cient utilization of pelleted feed by channel catfish in Alabama ponds

was between the feeding rates of 2 to 4% of their body weight per day.

Also Tiemeier and Deyoe (1969) stated that the 2. 5% feeding rate in

Kansas ponds was more efficient but the increased yield at 3. 0%

level made the higher feeding rate more economical.

The standard deviations of fish body weights were extremely

high, ranging from 29. 98 to 45. 13 in the last sampling, which

indicates that only part of the fish utilized the food. This could be

because the fish did not learn to feed on artificial foods or because

the ponds might have been too large for them to locate the food.
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IV. LENGTH AND WEIGHT FREQUENCY DISTRIBUTION

The overall mean of the amount of the skewness for the

length frequency distribution ranged from -0.292 to +0.05 which

indicated the curves were more or less normal. The mean of the

amount of the skewness for the weight frequency distribution for

all three samples ranged from +0.37 to +0.446, which indicates

the curves skew to the right, showing that the majority of the fish

were small. The reason for this might be failure to locate the food

or to eat it so that only a minority of the fish utilized the pelletized

food. The length and weight frequency distribution for all three

samples and the final recovery are shown in Figures 2, 3, 4 and 5.

The degree of skewness is shown in Table 22.

Table 22. Degree of skewness in length and weight frequency
distribution of channel catfish from Soap Creek ponds.

Date

Mean skewness for Mean skewness for
length frequency weight frequency

distribution distribution
Direction Amount Direction Amount

May 22-August 3 0.292 + 0.446
August 4-September 12 + 0.001 + 0.581
September 13-October 15 + 0.050 + 0.370
*October 16-November 7 + 0.50 + 0.70

*Feeding discontinued October 15.
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V. FOOD CONVERSION

To compare the efficiency of diets and feeding rate the so-

called food conversion or conversion factor is used. This factor

is obtained by dividing the total number of kilograms of food fed

by the total gain in weight of fish during the period. In other words

the conversion factor is simply the amount of food required to

produce one kilogram of fish. Because the fish in this experiment

did not rely completely on the artificial diets, the conversion figures

are of little value from the nutritional standpoint. They are of

economic interest because they indicate the difficulty encountered

in rearing channel catfish at the relatively low summer tempera-

ture in the Willamette Valley. In this experiment the food conver-

sion ranged from 0.28 to 0.98 in the first period of sampling and

increased slightly in the second period, ranging from 1.40 to 13.4,

as fish grew bigger and the water temperature began to drop.

Apparently as the mean water temperature dropped below 66oF,

in September and October, the food conversion increased sharply

which suggested that the food, both natural and supplemental, was

not utilized well (Table 23).

The mean conversion factors for both diets were very

similar. The conversion factors at higher levels of feeding

(3. 0% and 4. 0%) are two to three times larger than that at 1. 5%
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Table 23. Food conversion in each period.

May 22 - August 3

Pond '2B 3A 3B 4A 4B

Weight gained (kg. )
Weight of food (kg. )
Conversion

10. 1
2. 86
0.28

9. 62
2.86
0.30

8. 25
5.72
0.69

14.8
8.58
0.58

9.27
5. 72
0.62

8.80
8. 58
0.98

August 4 - September 12

Weight gained (kg. )
Weight of food (kg. )
Conversion

6. 21
8.67
1.40

3.47
9. 99
2.88

9.87
14. 26

1.45

2. 04
27.33
13.4

7. 28
17. 16
2.36

2.60
25. 7
9.88

September 13-October 15

Weight gained (kg. ) 1.84 0.56 0. 36 1. 01 0. 64 3.83
Weight of food (kg. ) 8. 94 8. 13 17. 03 25.42 18.61 21, 25
Conversion 4.86 14.52 47. 31 25. 17 29.07 5.55

level, which indicates that the fish did not respond well to an

increase in the amount of food available. The conversion factors

in the experiment were quite high compared to that in the Midwest-

ern areas probably because of low temperature. The conversion

factors for each diet at different rates of feeding are shown in

Table 24. As reported by Bryan and Allen (1969), the average

conversion factor of channel catfish fed a floating pellet was 0. 9.

Deyoe et al. (1968) stated that the conversion factor ranged from
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Table 24. Conversion factor for each diet at different feeding rates.

Pond Diet and feeding rate Total fish Total food
gained (kg. ) fed (kg. )

Conver-
sion
factor*

2A 1.5% Oregon Moist Pellet 18.13 20.91 1.15
2B 1.5% Purina Trout Chow 13.66 20.97 1.54
3A 3.0% Purina Trout Chow 18.48 35.51 2.14
3B 4.5% Purina Trout Chow 17.80 61.33 3.45
4A 3. 0% Oregon Moist Pellet 17.69 41.51 2.35
4B 4.5% Oregon Moist Pellet 15.23 55.51 3.64
*Mean conversion factor for Oregon Moist Pellet = 2.35.
Mean conversion factor for Purina Trout Chow = 2.34.

1.57 to 2.05 for channel catfish stocked in Kansas ponds at the

rate of 4178 per surface acre and fed dry pellets at the level of

3. 0% to 4. 0% of their body weight.
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VI. PRODUCTION

Ricker (1958) described the production as "the total elaboration

of new body substance in a stock in a unit of time, irrespective of

whether or not it survives to the end of that time". Because popu-

lation size was not estimated at the three sampling periods in this

experiment, the production in the ponds was calculated on the basis

of planted fish minus recovered dead fish multiplied by average

weight. Production of fish fed Oregon Moist Pellet was 66.2 kg.

per surface acre, and was 65.42 kg. per surface acre for fish fed

Purina Trout Chow. The better gains were made during the months

when water temperature was high. The total net production and

the net production in each period are shown in Tables 25 and 26.

Young (1964) reported that the production of channel catfish reared

in these ponds in combination with gambusia and bluegill without

additional food from May to November, 1963, ranged from 44 to

47 kg. per surface acre. This indicates that rearing channel catfish

with supplemental feeding in the Willamette Valley might hold

promise, but more research is needed to learn how to make the fish

utilize the food more effectively.

The production of channel catfish in Kansas ponds as reported

by Tiemeier (1962) was 736.4 kg. per surface acre for fish stocked

at the rate of 14,000 per surface acre and fed 5 to 8% of their body
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weight with dry pellet for a period of 128 days. Simco and Cross

(1966) stated that with supplemental feeding of pellet ration at

2 to 3% levels the yield of 249.7 to 1005.1 kg. per surface acre

were obtained in one growing season.

Table 25. Production* of channel catfish fed 128 days over a
period of 151 days in Soap Creek Ponds.

Pond Actual net Production in one
production (kg. ) surface acre (kg. )

2A 18.67 62.23
2B 14.66 48.86
3A 19.05 76.20
3B 18.78 75.12
4A 18.19 72.36
4B 16.00 64.00
*Mean production for fish fed Oregon Moist Pellet = 66.20.
Mean production for fish fed Purina Trout Chow = 65.45.



Table 26. Production in each period.

Pond Ma 22-Au US t3 Au ust 4-Se t. 12 Se t. 13-Oct. 15 *Oct. 16 -Nov.. 7

Temp. of Gained
gm.

Temp. of Gained
gm.

Temp .
of Gained

gm.
Temp of Gained

gm.

2A 10.08 6.21 1.84 -1.20
71.79 68.18 60.61 50.0

2B 9.63 3.47 0. 56 -0.44

3A 8.25 9.87 0.36 -0.28
71.98 68.40 60.60 50.0

3B 14.75 2.04 1.01 -1.56

4A 9.27 7.28 0.64 -0.92
71.80 67.70 60.20 50.0

4B 8.80 2.60 3.83 0.37
*Feeding discontinued October 15.
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VII. TEMPERATURE AND ITS EFFECT

(1) Pond temperatures

According to the Agricultural Yearbook (1941) the Willa-

mette Valley has an annual temperature of 52. 72oF, and average

winter temperature of 40. 8oF, and an average summer tempera-

ture of 64. 4°F. There is an average of 189 frost-free days each

year in the area.

In the experimental ponds the mean monthly temperature

at the surface ranged from 56.1 to 74.9° and 54.1 to 70. 7°F at

the bottom (Table 27). The mean water temperature was above

70
oF in the months of May to August, then dropped below 70oF

in September and below 60°F F n October.

(2) Growth as effected by temperature

Shrable et al., (1969) reported that the optimum temperature

for maximum growth by channel catfish was 84. 2oF to 86. 0oF,

and maximum food conversion efficiency occurred at 85. 82oF.

And from the reports of Dupree and Sneed (1966) and Simco and Cross

(1966) the production of channel catfish was low when the water

temperature fell below 70o F.

In the experiment the growth rate of fish increased
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Table 27. Temperature in Soap Creek Ponds, May to October, 1969.

Date Pond Mean water temperature (°F)

Surface Bottom Pond's mean

May

June

July

2 72.1 67.9 70.0
3 72.3 68.1 70.2
4 72.4 67.8 70.1

2 72.8 68.8 70.8
3 73.0 68.9 71.1
4 72.9 68.5 70.7

2 74.7 70.6 72.7
3 74.9 70.7 72.8
4 74.8 70.4 72.6

August 2 72.8 68.2 70.4
3 72.6 69.0 70.8
4 72.1 68.0 70.1

September 2 66.9 64.8 65.8
3 66.8 65.4 66.1
4 66.6 64.0 65.3

October 2 56.2 54.6 55.5
3 56.1 54.1 55.1

56.3 54.3 55.3

exponentially as the mean water temperature was above 70°F F n the

warm months of May to August. The mean net production of fish fed

Oregon Moist Pellet was 4.7 kg. per month, and 5.4 kg. per month

for fish Purina Trout Chow. The conversion factors for both diets

ranged from 0.28 to 0.98 in this period which almost equaled the

experiment in the Midwest that was conducted by Bryan and Allen
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(1969). In the second period, August to September, the growth

rate of fish increased at the diminishing rate as the mean water

temperature fell below 70 oF. The net production was still close

to the first period, ranging from 2.6 to 7.28 kg. per month for

fish fed Oregon Moist Pellet and 2.04 to 9. 04 kg. per month for

fish fed Purina Trout Chow. The conversion factors for both diets

increased more than five times over the first period of rearing.

From mid-September to mid-October the mean monthly tempera-

ture was around 55o to 63 oF. This had a great effect on the growth

rate and the productivity of fish (Figures 6 and 7). The production

was very low, ranging from 0.36 to 3.83 kg. per month and the

conversion factor increased as high as 29.07 in pond 4A and 47.31

in pond 3A. The net production of fish in each section compared

with the mean water temperature in that period has been shown in

Table 26. Because of a short growing season and the low tempera-

ture in summer in this area, successful production can hardly be

accomplished unless the feeding procedure and rearing methods

are improved.
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VIII. HYDROGEN-ION AND DISSOLVED
OXYGEN CONCENTRATION

The pH value ranged from a low value of 7. 9 to a high of

9. 7 in pond 2, and 8.0 to 8.7 in pond 3, and from 8.0 to 8.7 in

pond 4. The high value occurred during clear and bright periods

when photosynthetic activity was high.

The dissolved oxygen in each pond was quite similar. At the

surface it ranged from 6.0 in October to 12.2 in July, and 4.1 in

October to 9. 1 in August at the bottom of the ponds. The dis-

solved oxygen was high on the bright and sunny days and quite low

on the rainy or cloudy days. The variation in the amount of dis-

solved oxygen was caused by the balance in the degree of photo-

synthesis, respiration and fermentation of the living and nonliving

organic materials in the ponds. The amount of dissolved oxygen

and hydrogen-ion concentration from each pond are shown in

Table 28.

The effect of hydrogen-ion concentration and amount of dis-

solved oxygen on the growth of channel catfish in this experiment

was not clear enough to discuss or give more detail. According

to Moss and Scott (1961) and Simco and Cross (1966), channel

catfish are more tolerant of low dissolved oxygen than either

largemouth bass or bluegill. Also growth rate and condition
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Table 28. Dissolved oxygen and hydrogen-ion concentration from
Soap Creek Ponds, May-October, 1969.

Month Pond Dissolved oxygen (ppm. ) pH
Surface Bottom

May

June

July

2 9.5 6.5
3 9.3 6.3
4 8.8 6.3

2 10.5 6. 8
3 7.7 5.2
4 10.0 6.0

2 12.2 5.5 9. 7
3 11.8 8.3 8.7
4 10.6 6.9 8.5

August 2 8.0 7.1 9. 1
3 10.1 9. 1 8.8
4 10.2 8.8 8.7

September 2 6.4 4.8 8.1
3 10.4 8. 9 8. 5
4 10.1 8.5 8.5

October 2 6. 0 4.1 7. 9
3 8. 7 6. 3 8.0
4 8.8 6.0 8.0

index of channel catfish declined when the daily values of dissolved

oxygen and hydrogen-ion concentration were most variable.



57

IX. MORTALITY

Mortality began soon after stocking and was very heavy in

the first two weeks. It then declined generally until there was

no report of mortality in the fourth week. There was no report of

mortality along the route from California to Corvallis. The sur-

vival rate of fish fed Oregon Moist Pellet was 77. 0% and 69.83%

for fish that were fed Purina Trout Chow. Survival of fish in

individual ponds ranged from 62. 72% in pond 2B to 80. 17% in

pond 2A. This low survival rate indicated the unfavorable environ-

mental condition in this area. In Kansas ponds,as reported by

Deyoe et al., (1968) and Tiemeier (1962), the mean percentage

of survival of channel catfish was well above 90. 0% even though

the fish were stocked at the very heavy rate, as high as 15, 000

per surface acre. The percentage of survival, the number of

the recovered fish, and the mean final weight are shown in

Table 29.



Table 29. Mortality of channel catfish in diet experiments.

Pond Diet Fish
stocked

Fish
recovered

Survival*
(%)

Weight
(gm. )

2A 1.5% Oregon Moist Pellet 339 271 80.17 74.8
2B 1.5% Purina Trout Chow 344 216 62.70 71.1
3A 3.0% Purina Trout Chow 346 274 79.19 75.3
3B 4. 5% Purina Trout Chow 384 260 67.71 76.33
4A 3. 0% Oregon Moist Pellet 321 257** 80.06 74.77
4B 4. 5% Oregon Moist Pellet 315 223** 70.79 76.20

* Mean survival rate of fish fed Oregon Moist Pellet = 77.03.
Mean survival rate of fish fed Purina Trout Chow = 69.83.

** Adjusted figures.
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X. SUMMARY

This experiment was designed to study the growth rate and

the productivity of the channel catfish fed on two diets: Oregon

Moist Pellet and Purina Trout Chow, at three different rates of

feeding--1. 5%, 3. 0%, and 4.5% of body weight--in order to pro-

vide information for better management of this species and to

improve the commercial fisheries in this area. The effects of

the low temperature in this area on the rate of growth, production,

food conversion, and mortality were observed and discussed.

Channel catfish were planted at the rate of 300 fish per

one-quarter acre section in the farm ponds near Soap Creek, seven

miles north of Corvallis, on May 22, 1969. The fish were fed six

days a week; a total of 128 days. Samples at 10% of the number

planted were taken at three separate times and the lengths and

weights measured. One way analysis of variance, the completely

random design, and Fisher's least significant differences tests of

the means were employed to compare the growth of fish in each

treatment. The amount of skewness was calculated to describe

the length and weight frequency distribution of fish in each sample.

(1) In the first sample, the mean weights were significantly

different on both 0.05 and 0.01 levels, but mean lengths were not.

The mean weight of fish in pond 3B (64.6 gm. ) , fed Purina Trout
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Chow at the 4. 5% level, was significantly greater than others.

In the second sample, there were significant differences

among mean lengths on both 0.05 and 0.01 levels but not mean

weights. Only mean length of fish in pond 4B (15.48 cm. ), fed

Oregon Moist Pellet at 4. 5% rate, was significantly smaller than

the others.

In the third sample, neither mean lengths nor mean weights

of fish were significantly different at either the 0.05 or 0.01 levels.

Fish in pond 4B, fed Oregon Moist Pellet a5 4. 5% rate, had the

highest mean weight (77. 5 %) and followed by fish in pond 3B

(76. 33 %), fed Purina Trout Chow at 4. 5% rate.

(2) The differences of the mean weights of fish in each sample

were not consistent and the growth rates from all treatments were

quite similar, which indicated that the growth rate of fish was not

dependent upon the diets or rate of feeding but rather on some other

factor such as temperature.

(3) The standard deviations of fish body weights were ex-

tremely high which suggested that not all fish relied upon the

supplemental feeding.

(4) From the three samples, the frequency distribution for

lengths were more or less normal and the amount of skewness

ranged from -0.292 to +0.05. For the frequency distribution of

weights the curve skewed to the right, ranged from +0.07 to +0.446,
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which indicated that the majority of fish were small.

(5) The food conversion factors were quite favorable, ranging

from 0.28 to 0.98, in the first period of rearing while the water

temperature was well above 70 °F. These factors reflect the avail-

ability of natural food in the ponds. The conversion factors in-

creased sharply as the water temperature dropped below 66°F

which suggested that the food was not utilized well. The mean

conversion factors for both diets with different rates of feeding

were quite similar which indicated that the fish did not respond

well to an increase in the amount of food available.

(6) Production over the growing season of fish fed Oregon

Moist Pellet was 66.2 kg. per surface acre, and 65.4 kg. per

surface acre for fish fed Purina Trout Chow. Because these

rates are higher than rates reported by Young (1964) the produc-

tion of channel catfish with supplemental feeding appears to hold

promise.

(7) There was no reported mortality during shipment of

the channel catfish from California to Corvallis. The mortality was

quite heavy in the first two weeks after stocking. The survival of

fish fed Oregon Moist Pellet was 77. 0% compared to 69.8% for

the fish fed Purina Trout Chow.
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XL GENERAL COMMENT

The author suggests that rearing channel catfish in a small

space with intensive supplemental feeding should be conducted so

that the utilization of food will be more efficient and should com-

pensate for the rate of growth that is depressed by the low tem-

perature in this area.
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Appendix Table 1. Lengths and weights of fish from the first
sample (August 4, 1969).

2A 2B 3A
Length

(cm. )
Weight
(gm. )

Length
(cm. )

Weight
(gm. )

Length
(cm. )

Weight
Igrn )

17.0 64 16.0 74 18.0 66
15.5 44 13.5 55 14.5 44
13.5 32 12.5 43 12.5 28
13.5 32 18.0 98 14.5 38
15.0 43 16.5 84 12.5 29
9.0 13 16.0 78 14.0 40

18.0 73 10.5 34 15.0 44
13.5 30 14.5 64 13.0 32
16.5 52 16.0 60 12.0 24
16.5 61 10.0 24 20.5 144
18.0 72 15.0 50 15.0 58
15.0 41 16.5 64 17.5 68
15.5 50 11.0 28 16.0 56
15.5 43 12.5 34 12.5 24
9.5 12 15.5 64 18.0 103

14.5 34 15.5 64 13.5 26

11.0 20 9.5 22 15.0 38

15.5 40 11.5 38 15.0 44
10.5 21 14.5 58 14.0 30
10.0 13 14.5 56 13.0 33
18.5 81 16.0 75 12.5 23
16.5 50 11.5 30 17.0 60
17.5 60 13.5 48 15.0 24
18.0 74 16.0 78 13.0 16

18.5 80 17.0 82 14.0 31

15.0 44 13.5 40 16.0 34
16.0 53 11.0 56 12.5 21

16.0 52 13.0 45 11.5 18

15.5 50 11.0 34 12.0 19
14.5 41 14.5 58 11.5 20
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Appendix Table 1 --Continued.

3B 4A 4B
Length Weight Length Weight Length Weight

(cm. ) (gm. ) (cm. ) (gm. ) (cm. ) (gm. )

15.5 64 13.9 42 16.5 55
13.5 42 13.5 48 17.1 70
18.0 95 19.0 82 11.7 20
14.5 62 15.5 44 11.2 19
14.5 60 12.0 15 15.2 55
12.5 46 13.0 20 14.4 39
14.0 62 19.0 94 11.7 27
12.0 40 13.5 22 11.4 18
16.0 74 16.0 44 13.0 30
12.0 72 13.5 20 12.9 28
14.5 58 19.0 92 17.2 62
13.0 57 15.5 92 19.0 71

13.0 46 19.0 90 18.5 65
17.0 82 15.0 42 11.5 19
12.5 48 12.0 14 12.5 20
15.0 62 11.5 18 17.5 68
16.0 77 14.0 42 17.3 68
15.5 73 13.5 22 14.0 41
18.0 93 14.0 42 15.4 45
19.5 113 16.0 44 16.2 58
16.5 82 14.5 42 18.4 82
14.7 59 14.5 32 19.6 84
16.0 73 13.0 28 15.5 45
19.5 113 16.0 44 18.7 77
13.0 43 11.5 14 15.0 40
12.0 42 17.0 50 10.3 16
10.5 26 16.0 92 17.0 68
12.5 45 12.5 20 17.9 64
16.5 81 16.0 46 14.0 34
13.5 48 17.5 58 15.2 44
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Appendix Table 2.. Lengths and weights of fish from the second
sample (September 11, 1969).

2A 2B 3A

Length
(cm. )

Weight
(gm. )

Length
(cm. 1

Weight
(gm. )

Length
(cm. )

Weight
(gm. )

21.5 138 15.5 50 21.0 144

20.0 125 17.5 70 17.4 67

19.0 80 21.0 120 20.2 108

13.5 38 17.5 69 15.0 57

12.0 30 20.0 109 19.4 98

16.0 58 20.0 100 17.4 73

15.8 52 12.5 25 18.0 89

14.5 37 13.5 40 13.7 39

14.8 31 12.5 28 15.7 58

16.0 51 15.0 50 14.4 48

15.5 50 19.5 90 16.4 67

20.5 108 18.0 70 15.2 49

13.5 32 18.0 80 12.0 37

12.5 30 14.5 46 16.0 59

15.0 50 20.0 110 20.8 110

18.5 80 19.0 95 22.8 157

18.5 82 18.7 90 21.7 128

17.0 60 16.5 60 15.4 49

15.0 40 13.5 32 17.0 69

22.0 135 19.7 102 17.4 68

15.4 42 14.0 40 19.4 98

21.5 130 18.5 88 16.2 65

19.0 90 19.0 92 19.2 91

21.5 94 15.0 44 18.2 81

17.0 60 18.0 74 13.5 37

20.0 100 16.5 70 17.0 75

14.5 42 14.7 50 19.4 97
18.0 70 16.5 52 14.2 41

17.0 60 17.2 62 15.7 51

15.0 45 15.5 47 15.7 51
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Appendix Table 2- -Continued.

3B 4A 4B

Length
(cm. )

Weight
(gm. )

Length
(cm. )

Weight
(gm. )

Length
(cm. )

Weight
(gm. )

21.5 120 15.2 45 10.5 30
19.5 100 23.5 172 13.5 40
22.0 130 19.0 92 17.5 70
16.5 65 15.0 50 16.0 55
19.5 98 20.0 102 15.5 55
20.0 108 21.0 110 17.2 68
19.7 100 16.5 58 15.0 50
16.5 60 13.3 37 13.0 45
14.5 40 19.5 97 14.0 48
11.0 15 16.0 55 15.7 60
19.5 90 17.2 75 15.8 54
19.0 95 18.5 88 15.0 50
19.0 85 15.5 50 15.8 58
15.0 35 21.5 130 16.0 62
16.5 50 17.0 71 14.5 52
21.5 110 21.0 128 23.0 150
22.0 150 13.5 40 18.5 90
15.5 45 20.0 100 17.5 70
14.5 38 15.0 55 16.2 66
13.5 30 18.2 84 15.5 62
14.5 46 13.5 35 19.5 105
16.0 48 16.0 52 14.5 48
15.0 23 15.8 54 13.0 34
13.0 31 16.5 47 14.4 42
14.0 35 16.5 60 16.0 64
18.5 80 19.0 90 15.0 54
18.5 95 13.0 30 13.5 42
19.5 90 13.5 38 15.0 56
19.5 97 15.0 44 14.0 40
18.5 75 17.0 80 14.0 50
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Appendix Table 3. Lengths and weights of fish from the third
sample (October 15, 1969)

2A 2B 3A
Length
(cm. )

Weight
(gm. )

Length
(cm. )

Weight
(gm. )

Length
(cm. )

Weight
(gm. )

23.3 162 24.7 208 15.5 56
20.0 111 19.3 93 23.3 146
21.8 128 16.8 72 20.8 102
16.2 48 16.8 68 18.4 86
20.4 96 19.3 98 14.5 46
18.0 62 16.2 56 21.8 120
16.2 53 15.8 54 19.5 95

14.8 52 17.8 67 18.5 88
13.0 30 16.4 55 13.5 40
14.3 55 16.4 54 17.0 72
16.0 46 22.5 132 12.1 30
14.4 42 20.4 108 13.1 40
21.0 125 19.7 100 17.5 70
20.8 106 16.5 54 11.7 28
20.5 114 15.2 42 15.4 55
18.5 92 17.8 74 19.6 94

14.2 38 14.8 50 19.2 91

15.6 54 18.5 72 20.5 109
19.0 86 17.8 75 20.9 108
17.0 58 17.4 64 18.9 90
16.6 54 18.5 87 15.0 53
19.2 78 15.3 46 17.5 74
14.2 34 13.8 32 16.3 66
15.5 46 13.8 35 14.7 51
23.8 156 14.3 44 17.5 73
17.8 66 16.8 56 14.7 48
18.0 78 15.2 48 12.5 32
19.0 80 14.2 38 20.6 108
16.8 62 14.2 40 20.6 109
15.2 44 21.0 110 19.2 90
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Appendix Table 3- -Continued.

3B 4A 4B
Length
(cm. )

Weight
(gm. )

Length
(cm. )

Weight
(gm. )

Length
(cm. )

Weight
(gm. )

23.0 160 16.4 58 23.5 160
16.5 54 20.2 108 18.8 84

14.8 46 19.2 82 17.6 70

16.8 60 17.2 60 14.8 30

13.7 30 20.1 104 22.3 154

13.5 32 18.6 80 18.4 71

23.0 145 18.5 84 23.0 166

15.0 42 23.0 152 14.9 40

13.0 68 21.0 116 15.2 43

18.4 80 16.8 56 23.2 153

18.5 80 17.2 66 14.4 36

20.0 84 16.8 56 15.6 50

12.5 34 19.2 92 18.6 76

21.5 124 18.5 76 17.1 68

23.3 164 23.1 156 20.0 101

20.0 104 17.0 64 17.0 65

21.0 116 16.5 70 19.1 89

19.0 90 18.3 70 16.6 56

17.2 64 17.0 50 17.3 63

19.4 88 22.2 118 18.1 75

16.0 56 13.3 26 13.0 37

16.0 54 14.0 34 18.2 73

12.0 24 19.3 84 13.8 40

23.4 173 16.4 52 17.5 62

15.2 58 15.8 48 21.5 124

17.8 66 16.5 54 14.1 40
14.5 36 16.6 56 17.5 68

18.5 76 18.2 72 15.0 46

16.5 56 13.5 28 14.0 37


