
AN ABSTRACT OF THE THESIS OF

James Robert Nielsen for the Master of Science
(Name) (Degree)

in Fisheries presented o ((171
(Major) (Date)

Title: REARING OF CHANNEL CATFISH, ICTALURUS PUNTA

(RAFINESQUE), AND BROWN BULLHEADS, L NEBULOSUS

(LESIJEUR), IN FLOATING CAGES IN A POND NEAR COR-

VALLIS, OREGON

Abstract approved:
br. CanE. Bni

A study designed to evaluate the use of floating cages for rear-

ing fingerling and subadult channel catfish (Ictalurus punctatus) and

fingerling brown bullheads (I. nebulosus) on a commercial basis in

Oregon's Willamette Valley was conducted at a pond seven miles

north of Corvallis, Oregon, from May Z3 to October 17, 1970. Fish

were stocked in 1.4 m3 floating cages at the rate of 150 fish/cage

(110 fish/rn3) and fed either a dry, floating feed (Purina Trout Chow)

or a moist, sinking feed (Oregon Moist Pellet). Channel catfish were

fed 3. 0% of body weight/day. Brown bullheads were fed either 3. 0 or

4. 5% of body weight/day.

Water temperature in the experimental pond was above 21 C

for approximately 90 days in 1970. A season of 160-210 days of

Redacted for privacy



water temperatures over 21 C is usually required to grow catfish from

fingerlings to a commercially-usable size of 340-570 g in one season.

The fingerling channel catfish had an average weight of 96. 4 g

and an average fork. length of 195. 3 mm at the termination of the ex-

periment. Yield at the end of the experiment averaged 11.8 kg/cage

and food conversion ratios averaged 1. 9:1. There were no differ-

ences among the cages of fingerlings in yield, conversion ratio, or

average weight and fork length. There were more small fish in cages

where the fingerlings were fed the sinking diet than in the cages where

the floating diet was fed. This was probably due to the restricted

feeding area required for the sinking diet (a metal tray with a surface

area of 0. 4 m2), which caused more competition among the fish fed

the sinking diet than probably occurred among the fish fed the floating

diet. Losses among the fingerling channel catfish averaged 17% of

the fish in each cage. Handling was considered to be the chief factor

of mortality.

Twenty percent of the subadult channel catfish were grown to a

commercially-usable size (340 g or more) by the end of their second

growing season in Oregon. Yields for the subadults were 31.4 kg for

the fish fed the sinking diet and 35. 8 kg for the fish fed the floating

diet. Conversion ratios were 1.5:1 for the floating diet and L8:l for

the sinking diet. Losses averaged 4% of the fish in each cage, all of

which were attributed to poisoning from tarichatoxin exuded from the



skin of the rough-skinned newt (Taricha granulos3 granulosa) that

was common in the pond. Apparently, the catfish were poisoned when

they attacked the newts and bit them.

Ninety-five percent of the brown bullhead fingerlings died as a

result of severe columnariasis outbreaks in May and June, following

handling. Growth data obtained from brown bullheads collected from

lakes and reservoirs in central and western Oregon showed that growth

under natural conditions in these areas may be sufficient to enable

this species of catfish to be used in low-intensity cultural operations.

Yields resulting from the use of floating cages for rearing

fingerling channel catfish were greater than those observed in previous

experiments at the same ponds:in which fingerling channel catfish were

raised free in the ponds, both with and without artificial feeding.

High-intensity culture of channel catfish in ponds in Oregon's

Willamette Valley does not appear to be economically feasible. The

factor limiting the growth of catfish in this area appears to be low

water temperatures.
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REARING OF CHANNEL CATFISH, ICTALURUS PUNCTATUS
(RAFINESQUE), AND BROWN BULLHEADS, I. NEBULOSUS

(LESUEUR), IN FLOATING CAGES INA POND
NEAR CORVALLIS, OREGON

INTRODUCTION

This study was part of an Agricultural Experiment Stationre-

search project conducted by the Department of Fisheries and Wildlife,

Oregon State University, to investigate the feasibility of rearing cat-,

fish on a commercial basis in Oregon. The objectives of the study

were:

1. Evaluate the use of floating cages withartificial feeding as a

means of raising fingerling channel catfish (Ictalurus punctatus)

and brown bullheads (I. nebulosus) to a marketable size in one

growing season in Oregon' s Willamette Valley

Z. Compare the growth of channel catfish and brown bullhead

fingerlings fed a complete (i. e. , satisfying all known dietary

requirements), dry, floating ration with growth attained with a

complete, moist, sinking ration.

3. Compare the growth of brown bullhead fingerlings fed at two

different rates (3. 0 and 4. 5% of body weight per day at tempera-

tures above 21 C) for each type of ration.

4. Compare the growth of cage-reared brown bullheads with the

growth of wild brown bullheads from various areas of Oregon.
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5. Determine whether channel catfish can be growa from finger-

lings to commercial size in the Willamette Valley in two grow-

ing seasons using artificial feeding.

In the past decade, commercial catfish farming. has become the

largest form of commercial fish culture in the United States. As of

April 1969, approximately 32,000 acres of privately-owned ponds

were being used to produce an estimated 40, 000, 000 lb. of catfish

(Dillon, 1970). The annual yield by 1975 is anticipated to be in excess

of ZOO, 000, 000 lb. /year (Hatton, 1970). Most of the activity in com-

mercial catfish culture has been concentrated in the south-central

United States, Approximately 80% of the total poundage is grown in

the central Mississippi Delta region of Arkansas, Mississippi, and

Louisiana (Greenfield, 1970). Recently, California has become a

large producer of commercially-grown catfish. Much interest in

catfish farming has been aroused in other areas, including Oregon,

through newspaper and magazine publicity.

Two general types of farming operations are used to culture cat-

fish. One type maintains a. brood stock and raises fingerlings for sale.

The other type of operation involves raising fingerlings to a commer-

cially-usable size (340-570 g), using artificial feeding. Large farms

often combine the two types of operations, raising their own finger-

lings, selling the surplus, and then growing the rest to commercial

size and selling them either to operators of fee-fishing ponds or to
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processors who prepare the fish for sale to restaurants and super-

markets. At present, the fee-fishing operations are purchasing the

majority of the catfish produced because they can, afford to pay higher

prices than the processors because of low overhead costs. As a re-

suit, processing plants are being forced to operate at as little as 11%

of capacity, leaving little or no profit margin. The undependability

of the supply of processed catfish to retail outlets and restaurants has

been a major hindrance to expansion of the market for catfish (Green-

field, 1970).

The channel catfish is the species most commonly cultured by

catfish farmers because it grows quickly and is resistant to disease.

The blue catfish (Ictalurus furcatus) and the white catfish (I.catus)

are also widely-used species (Byford, 1970). The brown bullhead,

the first species of catfish experimented with by fish farmers in the

United States, proved undesirable because of poor disease resistance,

low food conversion efficiency, slow growth, and a high percentage

of waste when dressed out (Swingle, 1957; Fielding, 1968; Grizzell,

Dillon, and Sullivan, 1969). -

Brown bullheads and channel catfish were introducedinto Oregon

waters in the late 19th century. The brown bullhead is found in most

areas of the state and Lampman (1947) reported that there was a

commercial fishery for them in the Portland area around the turn of

the century. The channel catfish is found primarily in the Snake and
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Columbia rivers and has been established in the Willamette River and

tributaries relatively recently (Campbell, 1963).

Bowman (1969) states that channel catfish are in "semihiberna-

tionu at water temperatures below 60 F (15. 6 C) andthat growth is

negligible under these conditions. Simco and Cross (1966) recommend

feeding only a maintenance ration to channel catfish when water tern-

peratures are below 20 C. Swingle (1959) reports that feeding re-

sponse in channel catfish is best at temperatures above 70 F (21. 1 C).

Shrable, Tiemeier and Deyoe (1969) found that channel catfish exhibit

maximum growth from 84. 2-86. 0 F (29. 0-30.0 C),. Other sources

(Grizzell, etal., 1969; Schumacher, 1969; Ralston Purina Company,

n. d.; Byford, 1970) vary in their recommended feeding procedures,

but all agree that channel catfish do not grow well at temperatures

below 55-60 F (12. 8-15. 6 C) and only a maintenance ration should be

fed; also, maximum food conversion efficiency is attained by channel

catfish between 70 and 90 F. (21. 1 and 32. 2 C).

Channel catfish require a growing period of 160 to 210 days in

water 70 F (21. 1 C) or warmer in order to reach a marketable size

in their second year of life (Lewis, 1969; Ralston Purina Company,

n. dj. Increasing the required growing season greatly increases pro-

ductión costs (Greenfield, 1970). Oregon's Willamette Valley has an

average summer air temperature of 64. 4 F (18. 0 C) and ai average

winter air temperature of 40. 8 F (10.4 C), giving an average annual
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air temperature of 52. 7 F (11.5 C) (USDA, 1941). Suraswadi (1970)

reported that the average water temperature in the Willamette Valley

farm ponds used in his study was above 70 F (21, 1 C) from May to

August in 1969, about 100 days.

There has been little work done in Oregon on rearing of catfish.

Young (1964) stocked fertilized Willamette Valley farm ponds with

fingerling channel catfish, mosquitofish (Gambusia affinis), and blue-

gill sunfish (Lepomis macrochirus). The catfish in Young's study

yielded about 68 lb. /acre (76. 4 kg/ha) over the course of one growing

season, at a stocking rate of 500 catfish/acre (1200 catfish/ha) without

artificial feeding. Surasw3di (1970) fed Oregon Moist Pellet and

Purina Trout Chow at several different rates to fingerling channel

catfish in fertilized Willamette Valley farm ponds (the same ponds

used in Young's study and the present study) and obtained an average

yield of 146 lb. /acre (164 kg/ha) over the course of cne growing sea-

son. He found no differences in the growth of the catfish between the

two diets or among the feeding rates within the two diets. Because

Suraswadi's stocking rate was about 1200 catfish/acre (2970 catfish/ha),

the average weight of the fish in his study was similar to that reported

by Young in 1964, In neither study were the fish grown to a commer-

cially-usable size and both authors indicated that temperature was

probably the factor that limited the growth of the fish in their experi-

ments. As a comparison, Swingle (1957) reported a yield of 773



lb. /acre (868 kg/ha) over the course of one season for fingerling

channel catfish stocked in fertilized Alabama farm ponds at the rate

of 1000 fish/acre (2570 fish/ha) and fed an artificial diet,

In California, where catfish are not native, &narket research

by the National Marine Fisheries Service has shown that commer-

cially-grown catfish are being purchased primarily by blacks or by

whites who have recently moved to California from the Midwest or

South (Hatton, 1970). For this reason, the market for catfish may be

restricted in areas where the public is not well acquainted with the

product. In the Pacific Northwest, many people regard catfish as an

undesirable species. This would indicate poor prospects for fee fish-

ing for catfish in the Pacific Northwest, not only because the area's

residents prefer salmonid fishes, but also because there are numerous

opportunities for fishing impublic waters in the area, Likewise, pro-

cessed catfish sold in the area's restaurants and stores would have to

compete with such regional favorites as salmon, trout, and halibut.

The Portland Fish Company, Portland, Oregon, hasindicated

that they would be willing to pay 40-45 cents/lb. for catfish delivered

in the round in Portland (Mr. Dudley Turnacliff, personal communica-

tion). This compares favorably with the average price of 41 cents/lb.

paid to growers in traditional catfish-producing areas in 1969, as re-

ported by Greenfield (1970). The average cost of production fdr cat-

fish was 26-27 cents/lb. in 1969, assuming an initial cost of about
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5 cents/fingerling; harvesting and transportation add an average of

5 cents/lb. to the cost of production (Greenfield, 1970; Byford, 1970).

Thus, if catfish can be grown in Oregon as efficiently as in other

areas, producers may be able to show a profit.

As production is increased and the market becomes saturated,

the price for catfish will probably decline. This will mean that grow-

ers will have to reduce their production costs to remain competitive.

One possible solution mentioned by Greenfield (1970) would be to move

the center of catfish production from its present location in the Mis-

sissippi Delta southward to the Gulf Coast or even Central and South

America to take advantage of the longer growing seasons in these

areas. A similar trend has occurredin the cattle and poultry indus-

tries. Greenfield also believes that more efficient methods of produc-

tion may be utilized to reduce costs, Rearing of catfish in ponds is

the most commonly used method of catfish production at present, but

the use of heated effluents to maintain optimum growing temperatures

and the use of raceways and floating cages are techniques that are

being applied to catfish production with encouraging results (Green-

field, 1970; Byford, 1970; Osborn, 1970).

The use of raceways for rearing catfish, as in trout culture,

requires large amounts of water to carry off metabolites, but allows

stocking rates and yields far exceeding those in conventional catfish

culture, using ponds and artificial feeding. Several systems have



been tested and may reduce production costs 3 0-40% over conventional

pond culture (Greenfield, 1970). Development of an efficient closed-

system form of raceway culture, wherein the same water could be

reused after filtering, would reduce costs even further. To date,

however, a filtration system compact enough to be practicable has not

been developed (Osborn, 1970).

The use of heated effluents to maintain optimum growing tem-

peratures is very promising, but limited in its application because

the rearing station must be near a source of these heated effluents.

Cages have been utilized in the Orient for many years to rear

various speciesof fishes (Kuronurna, 1968; Osborn, 1970). Theuse

of cages for rearing catfish has been investigated in the United States

and found practicable (Lewis, 1969, Osborn, 1970, Byford, 1970)

Production per pond unit area is the same with either cage culture or

conventional pond culture, but cage culture has the advantages of con-

fining the fish and making harvesting easier. Also, the fish are kept

in the upper, warmer part of the water column. Because water

temperature was considered to be the factor limiting the growth of

the channel catfish in the studies in the Willamette Valley by Young

(1964) and Suraswadi (1970), the fish in the present study were raised

in floating cages in order to subject them to the highest possible water

temperatures.



METHODS AND MATERIALS

Experimental Pond

The pond used in the experiment was pond 4 of the Department

of Fisheries and Wildlife's Soap Creek complex, located approxi..

mately seven miles north of Corvallis, Oregon. Pond 4 is rectangu-

lar in outline, with the long axis running east and west, and the

greatest depth at the east end. Its physical characteristics are given

in Table 1. The pond was filled by watershed runoff in the spring and

with water pumped from Soap Creek in the summer and early fall.

Table 1. Physical characteristics of pond 4.

Length 64.Om
Width 30. 5 m
Average depth 1.5 m
Surface area 0. 2 ha
Volume 2930.0m3

Cages

The experimental fish were raised. infloating cages in order to

confine them to the warmer water near the surface of the pond and to

allow closer control over the experiment than would be possible with

the fish free in the pond. Cages were constructed of frames of two-

by-four inch lumber over which half-inch mesh aviary netting was

stapled to enclose the sides and bottom (Figure 1 and Table 2). Two
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flotation boxes were attached along opposite sides near the top of each

cage. These boxes were filled with water-tight glass or plastic con.-

tainers and provided sufficient buoyancy to keep the top of the cage

20-25 cm above the water surface. Each cage was covered by a ply-

wood lid with a screened hole. in the center through which the fish

could be fed. In cages where the sinking ration was fed, a rectangular

metal tray (0. 5 x 0. 9 m) was suspended partway between the bottom

of the cage and the water surface to catch the pellets as they sank. In

cages where the floating rationwas fed, boards were placed around

the cage at the waterline to prevent the floating pellets from drifting

out of the cage.

Table 2. Cage dimensions.

Length 1.2m
Width 1.2m
Height 1,Zm
Effective volume (in the 1.4 m3

water)

The cages were arrangedin three rows of five cages each

across the width of the pond, starting at the east end, the deepest

part of the pond (Figure 2). The cages in each row were held in posi-

tion by means of two parallel wires anchored to posts driven into the

bank along both sides of the pond. The cages were attached to these

wires.by means of fencing staples. The first row of cages was 10 m

from the east bank of the pond, the second row 10 m west of the first,
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Figure 1. Front view of an experimental cage.

Figure 2. View of the first row of cages in position in pond 4
(rows two and three removed).
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and the third row 10 m west of the second. Each cage was approxi-.

mately 3 m from the adjacent cages in that row and in water deep

enough to ensure that the bottom of the cage was at least 0. 3 m above

the pond bottom.

Experimental Fish

Three groups of fish were used in the experiment. Fingerling

channel catfish were purchased from a commercial source in Cali-

fornia at a cost of 18 cents each and shipped by air toPort1and, and

then transported by automobile to the pond north of Corvallis. Sub-

adult channel catfish (fish beginning their third year of life) from

Suraswadi's experiment in1969 were included in the present experi-

ment to determine if they could be grown to a commercially-usable

size after a second season of feeding. Fingerling brown bullheads

that were seined from ponds near Corvallis were included in the ex-

periment to determine the commercial potential of a species that has

apparently adapted to the environmental conditions in the Willamette

Valley. Average weight and fork length at the beginning of the experi-

ment for each group of fish are given in Table 3.

I-
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Table 3. Mean weight and fork length of the fish at the beginning
of the experiment.

Mean weight Mean fork length
Group ingrams in millimeters

Fingerling channel catfish 13.9 103.4

Subadult channel catfish 59. 3 167. 5

Fingerling brown bullheads 21. 1, 124.8

Stocking Rates

Lewis (1969) gives a maximum stocking rate of 150 fish/yd3

(196 fish/rn3) for channel catfish grown in cages and cites a minimum

stocking rate of 75 fish/yd3 (98 fish/rn3). Below this minimum stock-

ing rate, Lewis states that the fish will fight among themselves to

establish a social order and losses due to injury may result. Schmit-

tou (1969) recommends a maximum stocking rate of 500 fish/rn3 for

catfish grown in cages, but states that the fish grow faster at stock'-

ing rates lower than this maximum.

In the present experiment, the catfish were stocked at the rate

of 150fish/cage because there was a limited number of fish available.

This gives a stocking rate of about 110 fish/rn3, well below the maxi-

mum suggested by either Lewis or Schmittou.
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Feeds and Feedg

Purina Trout Chow (PT C) and Oregon Moist Pellet (OMP), de-.

signed as complete (i, e. , satisfying all the known dietary require-a

ments) diets for salmonid fishes, were used in the experiment. OMP

is a moist, rapidly-sinking feed, while PTC is a dry, floating feed.

Both contain similar levels of protein (Table 4), but OMP costs about

30% more delivered in Corvallis (Bioproducts Company, Warrenton,

Oregon, personal communication) than does FTC and unlike PTC,

OMP must be kept under refrigeration until used. Catfish require

complete, artificial diets when confined in cages because natural

food is not sufficient to support rapid growth under these conditions.

The nutritional requirements of catfish have not been fully investi-

gated, but are considered to be similar to those of salmonid fishes

(Grau, 1970).

Recommended feeding rates for catfish vary widely, but most

authors (Swingle, 1957; Simco and Cross, 1966; Bowman, 1969;

Grizzell etaL, 1969) recommend feeding rates between 3.0 and

4. 5% of body weight/day, with 3. 0% of body weight/day being the

general recommendation. Tiemeier and Deyoe (1967) found that cat-

fish that were fed when water temperatures were less than 21 C had
I

food in their digestive tractsbut were apparently unable to digest it

because of the low water temperatures. For this reason, it was
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Table 4. Analysis of the feeds used in the experiment,

4a. Oregon Moist Pellet, Formula 1. (Oregon State University
Seafoods Laboratory analysis, Dr. DavidL. Crawford, per-
sonal communication).

Component Percent by Weight
(as fed)

Moisture 35. 00
Ash 6.44
Fat 6. 02
Protein 37.82
Carbohydrate 14.72

4b. Purina Trout Chow (Ralston Purina Company analysis)

Component Percent by weight
(as fed)

Crude protein (not less than) 40. 0
Crude fat (not less than) 2. 5
Crude fiber (not more than) 5. 2
Ash (not more than) 13. 0
Added minerals (not more than) 3. 0

Unspecified 36. 3
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concluded that catfish should not be given full rations when water

temperatures are below 2l C. Most of the authors cited above sug-

gest that feedingrates be reduced by 1.0% of body weight per day at

water temperatures below 21 C and when temperatures are below

15. 6 C, they recommend that the fish be given only a maintenance

ration. Tiemeier and Deyoe (1967) also suggest that catfish not be

fed on days they are handled. This is because handling excites the

fish and increases their oxygen consumption because of increased

metabolic activity. Moss and Scott (1961) found that channel catfish

had unusually high metabolic rates for as long as 24 hours after being

handled. If the fish had been digesting food at the same time, their

oxygen requirements would have been further increased, possibly

to a dangerous level.

In the present study, fingerling and subadult channel catfish were

fed either PTC or OMP at 3. 0% of body weight/day There were

duplicate cages of each feed for the fingerlings, making a total of four

cages. There were two cages of subadults, one cage for each feed.

Thefingerling brown bullheads were fed either PTC or OMP at 3, 0

or 4. 5% of body weight/day.. There were duplications of each feed-

feeding rate combination for a total of eight cages of artificially-fed

brown bullheads, and a ninth cage of unfed bullheads was included as

a control to determine the growth from natural food. The higher feed-

ing rate (4. 5% of body weight/day) was included to determine if this
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had any effect on the growth of the bullheads. Table 5 shows the type

of feed, the feeding rate, and the species of fish for each of the 15

cages in the experiment. Feeding was done six days a week, but not

on days that the fish were handled. When water temperatures were

below Z1 C, daily feeding rates were reduced by 1. 0% of body weight

and the experiment was terminated when the water temperature in the

pond dropped below 15.6 C.

Table 5. Species of fish, type of feed, and feeding rate for each cage.

Feeding rate
Cage Species1 Feed (percent of

body weight per day)
1 Brown bullheads Purina Trout Chow 4. 5
1-A Brown bullheads Purina Trout Chow 4 5
2 Brown bullheads Oregon Moist Pellet 3. 0
2-A Brown bullheads Oregon Moist Pellet 3. 0
3 Channel catfish Oregon Moist Pellet 3. 0

fingerlings
4 Brown bullheads Oregon Moist Pellet 4, 5
4-A Brown bullheads Oregon Moist Pellet 4, 5
5 Channel catfish OregonMoist Pellet 3. 0

fingerlings
6 Channel catfish Purina Trout Chow 3, 0

fingerlings
7 Channel catfish Purina Trout Chow 3. 0

fingerlings
8 Brown bullheads Unfed control 3. 0
9 Channel catfish Oregon Moist Pellet 3. 0

fingerlings
10 Brown bullheads Purina Trout Chow 3. 0
10-A Brown bullheads Purina Trout Chow 3, 0
11 Channel catfish Purina Trout Chow 3. 0

subadults1.. .Initial stocking rate: 150 fish/cage



The fish were stocked over a period of 1Z days, from May Z3

to June 3, 1970. Each fish was anesthetized in a 15mg/i solution of

quinaidine prior to handling and each fish handled was immersed for

ZO seconds in a 1:15, 000 soLution of zinc-free malachite green as a

prophylactic measure before being returned to its cage.

Within two days after the brown bullheads were planted, col-

umnariasis outbreaks occurred. Losses were replaced on June 4

from available stocks, but further columnariasis outbreaks reduced

bullhead numbers toabout 50 fish per cage, so the fish from duplicate

cages were combined on June23 and the unfed control was discon-

tinued (Table 6).

Table 6. Adjusted stocking rates for the brown bullheads after
combining duplicate cages

Feeding Adjusted stocking
Cage Feed rate rate

1 (+ 1-A) PurIna Trout Chow 4.5% 103

2 (+ 2-A) Oregon Moist Pellet 3.0% 117

4 (+ 4-A) Oregon Moist Pellet 4.5% 117

10 (+ 10-A) Purina Trout Chow 3. 0% 105

Sampling

Samples of fish were removed from each cage at biweekly inter-

vals after June 1 0, and 30 of these fish were weighed and measured.
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These data were used to estimate growth and to adjust the rations to

reflect the increase in biomass in each cage. The samples were re-

moved from the cages by means of a long-handled dip net. A small

boat was used to gain access to the cages. The fish were taken ashore

and anesthetized with quinaldine, weighed and measured, and then

dipped in a solution of zinc-free malachite green as described above

before they were returned to their cages. To obtain data for evalua-

ting the sampling technique for possible bias, a sample of 30 fish was

taken from a given cage and weighed and measured in the usual manner

when the experiment was terminated in October; then, the cage was

taken ashore and the remaining fish were weighed and measured.

Analysis of the Data

Means and variances of weight and fork length were calculated

for all samples and for the fish in each cage at the end of the experi-

ment. Ninety-five percent confidence intervals for weight and fork

length were calculated for all 30-fish samples for the fingerling and

subadult channel catfish. Differences in the means and variances, of

weight and fork length among the cages of fingerling channel catfish

and between the cages of subadult channel catfish were tested with the

t-test for the means of two .iudependent samples and with the F-test

of the equality of two variances. These computations and tests are

discussed in Steel and Torrie (1960) and Snedecor and Cochran (1967).
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Fertilization

To increase the algal bloom in pond 4 and thus shade out rooted

aquatic vegetation, the pond was fertilized every two weeks with 29. 2

kg of superphosphate (0-20-0) and 18. 0 kg of urea (46-0-0) per hec-

tare. This treatment began in early May when the water temperature

began to rise and ended in late September when the water temperature

dropped below 21 C. The pond was fertilized more frequently than

every two weeks when the algal bloom was depressed by cool, cloudy

weather.

Dissolved Oxygen and pH Determinations

Dissolved oxygen andpH determinations were made inpond 4

each week beginning in late May when the fish were planted. Water

samples were taken from three different depths near the center of

the pond: at the pond surface inside one of the cages, at the bottom

of that same cage, and at the pond bottom below the cage. Sub-sur-

face water samples were taken by means of a suction bottle and a

length of rubber tubing. Dissolved oxygen was measured by the un-

modified Winkler method, and pH readings were made with Hach

color comparators (phenol red, pH 6. 5-8. 5; thymol blue, pH 7. 8-

10. 0). Generally, the samples were taken in the early afternoon,

but on some days samples were also taken in the early morning to
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evaluate the diel variation in dissolved oxygen and pH.

Temperature

Temperature was recorded during the experiment with a three-

pen recording thermograph which provided a continuous record of air

temperature, pond surface temperature, and the water temperature

at the level of the bottom of the cages. Weekly averages for each

temperature category were calculated using the high and low readings

for each day.

Age Determination of Wild Brown Bullheads

Samples of wild brown bullheads were collected from several

western and central Oregon reservoirs and lakes in the late summer

and early fall of 1969 to obtain information on the growth of this spe.

cies under natural conditions in Oregon. Fork length to the nearest

millimeter and weight to the nearest gram were recorded for each

fish when it was collected, and both pectoral spines were removed

and placed in a marked scale envelope to be used for age determina-

tiori. The annuli on the spines of each fish were later counted from

a thin cross-section of spine cleared in glycerin or water and viewed

through a binocular dissecting microscope, using reflected light. The

spines were sectioned with a small, fine-toothed circular saw, pow

ered by an electric motor. Similar techniques were described by



Sneed (1950) and Campbell (1963) for age determination of channel

catfish.
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RESULTS AND DISCUSSION

Temperature

The average weekly air temperature at the Soap Creek ponds

and the average weekly watertemperature for the surface and cage-

bottom level of pond 4 from April 15 to November 31, 1970, are

shown in Figure 3 and Appendix Table 1. During the experiment, the

pond surface temperature varied froma high of 25.9 C the week of

July 8-14 to a low of 10. 9 C for the week that the experiment was

terminated, October 14-20. The mean water temperature at the

cage-bottom level of pond 4 varied from 24. 8 C (July 8-14) to 12. 9 C

(April 29-May 5) over the course of the study. The average weekly

air temperature during the experiment ranged from a low of 9. 9 C

during the week of May 6-12 to highs of 22.6 C during the weeks of

July 1-7 and July 15-21. The average air temperature from June 1

through September 15 was 20. 2 C, which is somewhat higher than

the average summer air temperature of 64. 4 F (18. 0 C) reported

for the Willamette Valley in the Agricultural Yearbook (USDA, 1941).

The mean monthly temperature of the water between the surface

and cage-bottom level of pond 4 from April through November was

above 21 C from mid-June to the end of August in 1970, about 90 days

(Table 7). Suraswadi (1970) reported that the mean water tempera-

ture of the Soap Creek ponds was above 21 C from May to August in
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1969, which is similar to the conditions observed in 1970. The grow-

ing seasons in both 1969 and 1970 were thus less than the 160-210

days (with water temperatures above 21 C) already cited as necessary

for growing catfish from fingerlings to a commercially-usable size

in one season. Use of floating cages in the present experiment to

confine the fish to the upper meter of the pond did not expose them to

a longer growing season than Suraswadi's experiment in 1969 when the

fish were reared free in the pond.

Table 7. Mean monthly water temperature for pond 4at Soap Creek,
April throughNovember, 1970.

Month Mean water temperature
in degrees Centigrade

April 12.7
May 17.6
June 22.2
July 23, 9
August 22, 6
September 18. 1
October 12.8
November 8. 5

Dissolved Oxygen

Dissolved oxygen concentrations at the surface of pond 4 (Fig-

ure 4 and Appendix Table 2) ranged from a low of 3. 5 mg/i on the

morning of July 22 to a high of 18. 9 mg/i on the afternoon of July 2.

On July 2, when the high surface reading was taken, the weather was

bright and sunny and there was a dense algal bloom in the pond. The
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low reading on the morning of July 22 was associated with a die-off

of the algae that was caused by cool, cloudy weather.

Dissolved oxygen concentrations in pond 4 at the level of the

bottom of the cages were usually somewhat lower than the dissolved

oxygen concentrations observed at the surface, but fluctuated corres-

pondingly. The lowest reading observed at cage-bottom level was

2. 8 mg/i on the morning of July 22, the day of the lowest surface

reading. The highest reading observed at cage-bottom level was

17. 7 mg/i on the afternoon of August 13.

Tiemeier and Deyoe (1967) state the channel catfish grow well

at dissolved oxygen concentrations of 4-5 mg/i or higher and that con-

centrations below 3 mg/i may be harmful or even fatal to these fish.

Grizzeli etal. (1969) also state that 3 mg/i is the minimum safe dis-

solved oxygen concentration for catfish. However, Simco and Cross

(1966) state that the critical level of dissolved oxygen needed to

sustain the normal activity that is associated with rapid growth

is not known, but seems low in. channel catfish. They found no im-

pairment of growth rate for channel catfish fingerlings exposed to di.s-

solved oxygen concentrations as low as 2 mg/i in Kansas ponds. Tern-

perature affects the dissolved oxygen requirements of fishes by its

effect on their metabolic activity. Water temperature also affects the

solubility of oxygen, photosynthetic activity, decomposition of organic

materials, and other chemical reactions determining the dissolved



oxygen concentration in any body of water, but none of the authors

cited above state at what temperatures their recommendations are

applicable. Moss and Scott (1961) found that channel catfish accilma-

ted to temperatures of 25, 30, and 35 C showed little change in oxygen

uptake vkien exposed to dissolved oxygen concentrations ranging from

8 mg/i down to 1 mg/i over a 15-day period. The lethal level of dis-

solved oxygen was found to be approximately 1 mg/i at these tempera-

tures. The authors state that their findings may not be applicable to

situations found under natural conditions because the fish in their

study were subjected to a highly artificial environment. One must

therefore agree with Simco and Cross (1961) when they state that the

dissolved oxygen requirements for catfish under natural conditions

are poorly understood.

At no time during the present experiment did the fish appear to

be under stress from a shortage of dissolved oxygen, and if we may

assume that the low readings on the morning of July 22 represent the

approximate minimal concentratLons of dissolved oxygen to which the

catfish in pond 4 were exposed during the 1970 growing season, then

dissolved oxygen was not a limiting factor in their growth.

At the bottom of pond 4, dissolved oxygen concentrations were

1 mg/i or less from the first part of June to the middle of July (Fig-

ure 4 and Appendix Table 2). During this period, the algal bloom in

the pond was sufficiently dense that the quantity and quality of light
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that penetrated to the deepest part of the pond was such that little

photosynthesis occurred there. In addition, the pond was thermally

stratified, which reduced the exchange of the colder, oxygen-poor

bottom water with warmer, oxygenated water from the surface layer

of the pond. When the algal populations decreased in mid-July, light

penetration to the lower part of the pond permitted sufficient photo-

synthesis to occur to raise the pond-bottom dissolved oxygen concen-

tration to 6. 5 mg/i on the afternoon of July 30. Subsequently, the

algal bloom was re-established and the dissolved oxygen concentra-.

tions at the pond bottom again dropped to less than 1 mg/i for the first

three weeks of August. Then a second algal die-off occurred and

rooted aquatic vegetation began growing in the pond, utilizing nutrients

and making re-establishment of the algal bloom to its former density

impossible. From this time on, dissolved oxygen concentrations at

the pond bottom were rarely less than 5 m.g/l and paralleled the fluc-

tuations of the surface and cage-bottom level dissolved oxygen read-

ings more closely than before.

pH

The weekly pH values observed during the experiment at the

surface, cage-bottom level and pond bottom of pond 4 (Figure 5 and

Appendix Table 2) were correlated to the corresponding dissolved

oxygen values. Surface pH readings varied from 7. 1 to 9. 5 and the
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pH at the cage-bottom level of the pond varied from 7. 0 to 9. 4. Bot-

torn pH readings varied from 6.5 to 9. 0 during the season, but were

near neutral (7. 0) until the algal bloom died off in late July and light

penetration to the bottom increased. The resulting photosynthesis at

the bottom utilized the free CO2 and HCO3 (resulting from the ioniza-

tion of carbonic acid), making the bottom water more basic.

Swingle (1961) reports that waters having a pH between 6. 5 and

9. 0 before daybreak are generally the most desirable for pondfish

production. Grizzell etal. (1969) and Dillon (1970) state that a pH

range of 6. 5-8. 5 is desirable for fish ponds. Coates (n. d. ) states

that a pH range of 6. 3-7. 5 is optimal for catfish growth and that the

fish can withstand pH as high as 9. 0 with no adverse effects. Coates

concluded that a pH of 9. 5 or greater is fatal to catfish, None of the

above sources specify the levels of the accessory factors (temperature,

dissolved oxygen, etc.) associated with their recommendations.

Duijn (1956) considers a pH range of 6. 7-7. 2 ideal "for most fishes"

and states that very alkaline water has an adverse effect on the mucous

coating of the skin of fishes, rendering them susceptible to infections.

The observed pH values for pond 4 may be regarded as maximums

because most of them were taken in the afternoon when pH would tend

to be highest. As a result, the fishes in the experiment may have

been exposed to pH values at or above the maximum recommended

levels during much of the season. If the above recommendations are
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correct, the high pH in pond 4 may have adversely affected the growth

of the fish orbeen an important factor in the columnariasis outbreaks

that occurred among the brown bullheads.

Performance of the Fingerling Channel Catfish

Growth of the fingerling, channel catfish, as determined from

the biweekly samples, was similar from cage to cage. The change in

the average weight of the fish in cage 7 (Figure 6) at each sampling

period is representative of the growth of the fish in the other three

cages. Mean weight and fork length of the fingerlings in each cage for

each biweekly interval are given, in Appendix Table 3, along with 95%

confidence intervals.

Final data for all four ca.ge8 of fingerlings (Table 8) showed an

average yield per cage (bioi'nass remaining in the cage at the end of

the experiment) of 11.8 kg, Converted to the stocking rate of 2970

fish/ha used by Suraswadi for fingerling channel catfish at Soap Creek

in 1969, the average yield in the present experiment was 233.6 kg/ha

(11.8 kg/150 fish x 2970 fish/ha). Suraswadi reported an average

uproductionl (equivalent to yield as defined above) of 164 kg/ha with

conventional pond culture with artificial feeding. The use of cages

for rearing the fingerlings in the present experiment gave somewhat

higher yields than did conventional pond culture under similar condi-

tions. This was probably because the fish were able to ingest more

I -.
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Table 8. Summary of final data for the fingerling channel catfish.
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8.4
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10.1

233.8

204.7

255.8

242.8

1.9:1
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1.7:1

1.8:1

96.8

96.3

98.6

93.9

192.4

197.7
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'Yield = biomass remaining in the cage at the end of the experiment.

2Conversion ratio = increase in biomass during the experiment/amount of foot fed.

OMP = Oregon Moist Pellet

PTC = Purina Trout Chow
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of the artificial food when confined in the cages and expended less

energy in doing so. Food conversion ratios (Table 8) in the present

experiment averaged 1.9:1 (i.9 kg of food for each kilogram of fish

harvested). Suraswadi reported an average food conversion ratio of

2. 4:1 for the fingerling channeL catfish in his study, but felt that this

was misleading because the fish may not have used the artificial food.

Deyoe, Tiemeier, and Suppes (1968) reported food conversion ratios

ranging from 1.6:1 to 2. 1:1 for channel catfish fingerlings grown in

Kansas ponds and fed artificial diets.

The mean weight of the fish in each cage at the termination of

the experiment ranged from 93. 9 to 98. 6 g, still well below the corn-

mercially-usable minimum of 340 g. The mean fork lengths ranged

from 192. 4 to 198.8 mm. Analysis of the data showed no significant

differences (at the 0. 05 level of probability) in either mean weight or

mean fork length among the four cages of fingerlings (Table 9), mdi-

cating that there was no real difference between OMP and PTC in

average weight gain.

Frequency distributions of the weights and fork lengths of the

fish in each cage (Figure 7) showed that the weights and fork lengths

of the fish fed PTC (cages 6 and 7) were clustered more closely about

the mean than were the weights and fork lengths of the fish fed OMP

(c4ges 3 and 9). Analysis of the variances in weight and fork. length

for the population of fish in each cage (Table 9) showed no significant
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Table 9. Comparison of means and variances of weights and fork
lengths of fingerling channel catfish.

Number of fish Weight Fork Length
Cage in cage Mean (g) Variance Mean (mm) Variance

1006.403 (OMP) 122 96.8 2215.99 192.4

6(PTC) 113 96.3 1582.33 197.7 627.25

7 (PTC) 131 98.6 1648.66 198.8 615.52

9 (OMP) 131 93.9 2367.21 191.9 1015.70

Comparison Significance probability

3 (OMP) vs. 9 (OMP) n. s. n. s. n. s. n. s.

6 (PTC) vs. 7 (PTC) n. s. n. s. n. s. n. s.

3 (OMP) vs. 6 (PTC) n. s. n. s. n. s. **

3 (OMP) vs. 7 (PTC) n. s. n. s. n s.

9 (OMP) vs. 6 (PTC) n. s. * n. s. **

9 (OMP) vs. 7 (PTC) n. s. * n. s. *

n. s. - not significant at the 0. 05 level of probability
* - - significant at the 0. 05 level of probability

- - significant at the 0. 01 level of probability
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differences (at the 0. 05 level of probability) when the duplicate cages

for each feed were compared. However, significant differences in the

variances of weight or fork length were generally found when fish fed

OMP were compared with the fish fed FTC. The fish fed OMP gener-

ally had a significantly greater variance in weight and fork length than

did the fish fed PTC. The most Logical explanation for this is that.

competition for the food was greater in the cages where OMP was fed,

due to the restricted feeding area in these cages, a metal tray with a

surface area of 0. 4 mZ. The fish fed PTC had essentially the entire

volume of the cage in which to feed, because the FTC pellet. floats on

the surface or sinks slowly enough that the fish can feed on it easily..

Observations of the feeding Ush s.upport this hypothesis.

Losses among the fingerlings (Table 8) averaged 17% of the fish

in each cage, slightly less tha.n the 26% average loss reported by

Suraswadi (1970). Most of these losses resulted from handling.

Another mortality factor was tarichatoxin poisoning, contracted by the

catfish as a result of biting the. rough-skinned newts (Taricha granu-

losa granulosa) that were common. in the pond and occasionally got

into the cages. Several times during the experiment, dead catfish

were found together with dead newts that showed signs of having. been

bitten. One dead fingerling was found with a larval newt still lodged

in its mouth.
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Performance of the Subadult Channel Catfish

Growth of the subadult channel catfish (Appendix Table 4) was

similar to that of the fingerling channel catfish. As the experiment

progressed, it became evident that a few of the subadults were grow-

ing very rapidly, while the remaining fish were not. This was es-

pecially apparent in the cage where the fish were fed OMP, and was

ascribed to competition among the fish for the food, as discussed

above for the fingerling channel catfish. To allow the smaller fish

to utilize the food more effectively, the subadults were graded by re-

moving all fish over 230 g that were taken in the biweekly samples.

Similar procedures are carried out in hatcheries to maintain a con-

sistent size among the fish. A total of 61 subadults, 20% of the fish

in both cages, was removed in this manner, 30 from cage 5 (OMP)

and 31 from cage 11 (PTC). The fish removed from cage 5 had an

average weight of 316. 7 g and a mean fork length of 283 mm, while

the fish removed from cage 11 averaged 302. 4 g and 278. 7 mm

(Table 10). The growth measurements in Appendix Table 4 were

affected by the removal of the large fish, and must be interpreted

with this in mind.

Yield per cage (includingthe fish removed in grading) was

31.4 kg for the fish in cage 5 and 35.8 kg for the fish in cage 11

(Table 10). Converted to the stocking rate of 2970 fish/ha used by



Table 10. Summary of final data for the subadult channel catfish.
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Suraswadi (1970), the yields in the present experiment were 621. 7

kg/ha and 707. 9 kg/ha, respectively. The fish remaining in cage S

at the end of the experiment averaged 112.8 g and 201.6 mm, while

the fish remaining in cage 11 weighed an average of 147.3 g and had

an average fork length of 220. 1 mm (Table 10). These mean weights

and lengths were significantly different at the 0. 01 level of probability

(Table 11). Thus, the subadults fed FTC grew to a significantly larger

average size and gave a greater yield because they may have utilized

the food more efficiently, having a food conversion ratio of 1. 5:1, as

compared to the food conversion ratio of 1. 8:1 for the subadults fed

OMP (Table 10). This difference in food conversion ratios may not

have been meaningful, however, because these were single observa-

tions. There was no significant difference (at the 0. 05 level of proba-

bility) between the two cages of subadults in the variation in weight and

fork length of the fish remaining at the end of the experiment (Table

lI), but this was due to the removal of the large fish as described

above. There were, however, more small fish in the cage where the

subadults were fed OMP than in the cage where they were fed PTC

(Figure 8). The floating ration thus gave better overall results with

the subadults than did the sinking ration. This was probably due to the

difference in the size of the feeding areas, as described above for the

fingerling channel catfish. Neither diet was successful in growing the

subadults to a commercially-usable average size after two growing
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seasons in the Willamette Valley.

Table 11. Comparison of means and variances of weights and fork
lengths of subadult channel catfish.

Number of fish Weight Fork length
Cage in cane Mean (g) Variance Mean (mm) Variance
5 (OMP) 113 112.8 6921.31 201.6 1921.76

11 (PTC) 115 147.3 7816.76 220.1 2063.28

Comparison Significance probability

5 (OMP) vs. 11 (PTC) ** n. s. ** n. S.

n. s. - - not significant at the 0. 05 level of probability.
* - - significant at the 0, 05 level of probability

** - - significant at the 0. 01 level of probability

Only 4% of the subadult channel catfish were lost during the

experiment. All of these losses were attributed to tarichatoxinpoi-

Soning.

Evaluation of the Feeds and Cages

A floating feed sucha,s PTC is a better artificial feed for catfish

confined in cages than a sinking feed like OMP because the greater

feeding area available with the floating feed causes less competition

among the fish and as a result, the fish are more uniform in size.

Despite the fact that there was no difference between OMP and PTC

in average food conversion efficiency or average weight gain with the

fingerling channel catfish, OMP costs more than PTC and requires

refrigeration until it is used.
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The fingerling channel catfish were the only group of fishes in

the experiment that was observed to feed on the floating feed at the

water surface. Apparently, they had been reared onfloating feed and

were accustomed to feeding at the surface. The subadult channel cat-

fish and the brown bullheads fed on the PTC as the pellets became

waterlogged and sank. All fish fed the sinking feed fed avidly upon it

as soon as it was placed in the metal trays.

Among the larger subadult channel catfish, there were several

individuals with raw, open wounds on the tip of the snout and along the

leading edge of the lower jaw. These lesions may have resulted from

rubbing against the wire netting of the cages. None of the dead fish

observed had such lesions, however, so they were not a mortality

factor.

Evaluation of Bias in the Sampling Technique

The sampling technique used to estimate growth and to adjust the

rations at biweekly intervals was apparently biased for large fish. In

all four cages of fingerling channel catfish and both cages of subadults,

the mean weight and fork length of the 30-fish samples taken from a

given cage at the end of the experiment in October overestimated the

corresponding mean for all the fish in that cage (Table lZ). Also, the

variance in weight and fork length for these 30-fish samples was gen-

erally lower than the corresponding variance for all the fish in a given
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cage except in cages 3 and 11 (Table 12). This indicates a general

tendency in these samples to select fish that are larger and more alike

in size than the corresponding population of fish from a given cage.

Whether the samples taken during the season were similarly biased

can only be surmised, but the consistency with which the 30-fish sam-

pies overestimated the mean weights and fork lengths of all fish in the

corresponding cages at the e.nd of the experiment would indicate that

they were. This bias could have been due to the netting operation, but

it is more likely that there was bias on the part of the person doing the

sampling. This may have occurred because it was impractical to count

out 30 fish from each cage while; standing in the boat, so a sample of

at least 30 fish was taken and then 30 of these weighed and measured

ashore. Thus, there may have been a tendency to pick the large fish

for weighing and measuring.

One effect of the bias in the sampling program was that the fish

may have been fed more than the intended percentage of body weight

per day because the mean weight of the sample was used to adjust the

rations. In a large commercial operation, excessive feeding would

significantly increase production costs and create possible oxygen de-

pletion problems. Also, overestimating the mean weight of a group of

fish could prompt premature harvesting, meaning that a large propor-

tion of the fish harvested would be too small to sell.
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Table 12. Evaluation of bias in the sampling technique.

Weight(g) Fork length (mm)
Cage Group Mean Variance Mean Variance

3 30-fish sample 102.6 1976.27 195.7 809.53

all fish 96.8 2215.99 192.4 1006.40

6 30-fish sample 105. 5 2089. 77 202. 5 700. 53

all fish 96.3 1582.33 197.7 627.25

7 30-fish sample 113.1 1624.37 a07.8 462.37

all fish 98. 6 1648.66 198.8 615.52

9 30-fish sample 102. 7 2012.48 198. 1 838. 05

all fish 93.9 2367.21 191.9 1015.70

5 30-fish sample 148.5 14499.71 214.7 3255.72

alifish 112.8 6921.31 201.6 1921.76

11 30-fish sample 160.3 7545.06 227.2 1878,25

all fish 147.3 7816.76 220.1 2063.28

Performance of the Fingerling Brown Bullheads

Ninety-five percent of the fingerling brown bullheads died as a

result of columnariasis outbreaks following handling in May and June.

Prophylactic dips in a 1:15, 000.solution of zinc-free malachite green

had no effect on the disease. Of 1517 brown bullheads planted in the

cages, only 64 survived to the end of the experiment, so there was no

attempt to compare the growth of the brown bullhead fingerlings with
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the growth of the channel catfish fingerlings or to analyze the data

for the bullheads.

Fielding (1968) and Grizzelletal. (1969) consider the brown

bullhead to be a poor species for commercial culture because of its

susceptibility to disease. Byford (1970) states that cage rearing ren-

ders fish more susceptible to several bacterial diseases, columnari-

asis among them, because the fish are crowded together. Such severe

and uncontrollable outbreaks of columnaziasis as observed in the pre-

sent experiment indicate that the brown bullhead has no promise as a

commercial species for cage rearing in Oregon.

The average weight and fork length for the surviving brown bull-

heads at the end of the experiment are shown in Table 13. Table 14

shows the average weight and fork length for each age class of brown

bullheads sampled from lakes and reservoirs in central and western

Oregon. Because these samples were small, sexes were combined

in each age class. Some age classes were not represented because

the methods used to take the samples were biased. At Siltcoos Lake,

for example, age class 0 and I fish were not captured because the gill

net used to take the sample had mesh too large to catch these small

bullheads.

Because the bullheads in the samples were taken in the late sum-

mer and early fall of 1969, annulus formation for that year had al-

ready occurred. Campbell (1963) observed annulus formation in
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March, April, and May in channel catfish in the Hell!s Canyon section

of the Snake River and annalus formation in brown bullheads may be

assumed to occur at approximately the same time. Thus, a bullhead

showing one annulus in the 1969 samples would be classified an age-

class I fish and would have completed its second season of growth,

having hatched out in the spring of 1968. The bullheads used in the

experiment at the Soap Creek ponds in 1970 were taken from Cabell

Marsh in 1969 and were assumed-to be age-class I fish at that time.

The average weight and fork length of the cultured fish at planting

(Table 3) are close to the averages for the age-class I fish collected

from Cabell Marsh in 1969 (Table 14a). Final weight and fork length

of the bullheads reared in the floating cages were much higher than

the average weight and fork length of the age-class II fish from Cabell

Marsh, indicating that rearing, the fish in the floating cages and giving

them artificial food was of some benefit.

The data presented in Tables 13 and 14 indicate that the brown

bullhead may be a useful species for low-intensity stocking of ponds

in Oregon, especially in the coastal area, as suggested by the growth

of the age-class I and II fish from Siltcoos and Sunset lakes (Table

14b and 14c).



49

Table 13. Mean weight and fork length of the brown bullheads at the
termination of the experiment.

Mean weight Mean fork length Nirniber of fish
Cage in grams in millimeters surviving

1 105.9 200.1 28

2 92.7 193.8 12

4

10

Mean:

94.5

102.5
100. 5

193.3

200.4
Mean: 197.6

13

11

Total: 64

Table 14. Mean weight and fork length for each age class of wild
brown bullheads from variouslocations in central and
western Oregon.

14a. Cabell Marsh (8 miles southwest of Corvallis, Oregon)
Mean weight Mean fork length Number of fish

Age Class in grams in millimeters in agclass
0 -- -- --

I 24.7 120.8 13

II 33.7 142.3 7

III 47.8 171. 3 4

IV 35.0 148.0 1

V 110.0 225.0 1

14b. Sunset Lake (9 miles north of Seaside, Oregon)

0 -- -- --

r 161.0 233.7 7

II 192.2 246.8 28

Ill 211.4 254.2 5

IV 276. 5 275. 5 2

V 534.0 350.0 1
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Table 14c. Siltcoos Lake (8 miles south of Florence, Oregon)
Mean weight Mean fork length Number of fish

ge class in g in millimeters in age class
0 -- --

I-- -- --

II 287.2 269.4 9

III 350.0 a87.6 15

IV 418. 5 298. 8 6

V 459.5 310.3 7

14d. Canyonville Millpond (2 miles east of Sutherlin, Oregon)

0 30.8 133.8 18

I 146.4 216.2 16

14e. Ford Millpond (3 miles west of Sutherlin, Oregon)

0 -- -- --

I 51.9 159.8 12

II 204.2 244. 1 13

LII 258.0 271.0 1

IV 272.2 274.2 9

V 307.4 275.5 12

14f. Haystack Reservoir (12 miles south of Madras, Oregon)

I 137.8 197.4 9

II 176,8 209.9 15

III 249.8 255.6 5



51

l4g. Gilchrist Millpond (1 mile north of Gilchrist, Oregon)

Mean weight Mean fork length Number of fish
Age class in grams in millimeters in age class

0 --

I--

II 61.1 166.4 5

III 148.0 223. 0 1
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SUMMARY AND CONCLUSIONS

1. At the end of the experiment, the fingerling channel catfish

weighed an average of 96. 4 g and had an average fork length

of 195.3 mm. Yield per cage averaged 11.8 kg and food con-.

version ratios averaged 1.9:1 for both feeds.

2. There were no statistically significant differences (at the 0. 05

level of probability) in mean weight or fork. length among the

cages of fingerling channel catfish or in the variance in weight

or fork length between cages in which the fish were fed the same

feed. Variance in weight and fork length was generally signifi-

cantly higher in cages where the fish were fed OMP than in

cages where the fish were fed PTC, indicating that there was

a greater number of small fish in the OMP cages. This was

probably due to the restrictedfeeding area in cages where OMP

was fed (a metal tray with a surface area of 0. 4 m2), which

caused more competition among the fish for the food than was

present in the cages where FTC was fed.

3. Losses among the fingerling channel catfish averaged 17% in

each cage. Handling was probably the chief mortality factor.

4. About 20% of the subadult channel catfish in each cage were

harvested during the season to allow the small fish to utilize

the food. The average weight of the fish fed PTC was 147. 3 g
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at the end of the experiment and their average fork length was

210. 1 mm. Yield of the fish in the PTC cage was 35. 75 kg (in-

cluding fish harvested) and the conversion ratio was 1. 5:1 for

these fish. The fish remaining in the OMP cage at the end of the

season weighed an average of 112.8 g and had an average fork

length of 201. 6 mm. The yield of the OMP-fed fish was 31.4 kg

and the conversion ratio for OMP was 1.8:1.

5. The differences in mean weight and fork length between the OMP-

fed subadult channel catfish and those fed PTC were statistically

significant at the 0. 01 level of probability. This may have re-

suited from the PTC-fed fish utilizing their food more efficiently

because there was probably less competition among them for the

food than among the OMP-fed fish. There was no significant

difference (at the 0. 05 level of probability) in the variance in

weight or fork length betwe-en the PTC-fed fish and the OMP-fed

fish, but this was because the large fish in each cage had been

removed by grading. There were more small fish in the cage

where OMP was fed

6. Losses among the subadult channel catfish averaged 4% of the

fish in each cage over the course of the experiment (this does

not include those fish removed by grading). The chief mortality

factor among the subadults was tarichatoxin poisoning.



54

7. Ninety-five percent of the fingerling brown bullheads were lost

during the experiment as a result of columnariasis. This spe-

cies shows little promise at present for commercial rearing in

Oregon, but growth under natural conditions in various parts of

the state indicates that brown bullheads may be useful in low-

intensity pond culture.

8. The sampling technique used to estimate growth and to adjust

the rations was found to be biased toward large fish at the end

of the experiment, so the fish may have been fed more than the

intended percentage of body weight per day during the experi-

ment. This bias was attributed to a tendency on the part of the

person taking the samples to select large fish.

9. The use of floating cages gave a higher average yield with

fingerling channel catfish (on a per-fish basis) at the ponds near

Soap Creek than did conventional pond culture with or without

artificial feeding. However, the use of cages in the present

experiment was not effective in growing channel catfish from

fingerlings to a commercially-usable size in one season, and

only ZO% of the subadult channel catfish were of a commercially-

usable size after their second growing season in Oregon. Tern-

perature was probably the limiting factor in the growth of the

fish in the present experiment.
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10. The floating ration (PTC) gave average weight gains and yields

similar to those obtained with the sinking ration (aMP), but the

variation in the size of the fish was greater with the sinking ra-

tion. This was apparently related to the restricted feeding area

required with the sinking ration, which caused excessive corn-

petition among the fish for the food.

11. High-intensity culture of channel catfish in Oregon does not

appear to be economically feasible. The factor limiting the

growth of these fish in this area appears to be low water tern-

peratures. The growing season for catfish in the Willamette

Valley is about 100 days, well below the 160-Z10 days (with

water temperatures Zi C or higher) required to grow catfish

fingerlings to a commercially-usable size in one season.

12. Further research on the effects of pH, dissolved oxygen concen-

tration, and temperature on the growth of catfish is needed.
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Appendix Table 1. Weekly averages for air temperature at the Soap

Creek ponds and water temperature at the surface
and cage-bottom level of pond 4, April 15-Novem-
ber 31, 1970.

Temperature'
Week Air Surface Cebottom

April 15-21 84 12.8 13.4

22-28 8.3 11.7 13.3

29-May 5 10.9 12.4 12.9

6-12 9,9 14.9 15.8

13-19 14.2 19.1 18.2

20-26 16.3 20.3 19.8

27-June 2 18.2 21.6 20.9

3-9 18.6 22.3 22.7

10-16 16.4 19.1 19.7

17-23 223 25. 1 23.3

24-30 18.9 22.4 23.2

July 1-7 22.6 24. 1 23.3

8-14 21,7 25.9 24.8

15-21 22,6 23.8 24.4

22-28 22.1 21.7 23.5

29-August4 21.0 23.1 23.0

5-11 21.9 22.4 22.3

12-18 20,9 23.5 23.1

19-25 20.8 22.4 22. 5
'Temperature in degrees Centrigrade.
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Appendix Table 1. Weekly averages for air temperature at the Soap
Creek ponds and water temperature at the surface
and cage-bottom level of pond 4, April 15-Novem-
ber 31, 1970. (Cont.

Temperature1
Week Air Surface Cage bottom

August 26-Sept. 1 21. 1 21.6 21.9

2-8 17.8 18.7 19,3

9-15 16.2 18.4 18.4

16-22 17.4 17.7 17.9

23-29 166 17.3 16,9

30-Oct. 6 16.2 15.8 17.1

7-13 147 13.2 15.3

14-20 13.6 10. 9 13.9

21-27 8.5 9.3 11.6

28-Nov. 3 11.3 9.8 10.5

4-10 10.9 10.0 10.8

11-17 8.9 8.9 10.2

18-24 7.5 6.9 8.5

25-31 4.6 5.6 7.2
in degrees Centigrade.
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Appendix Table 2. Weekly pH and dissolved oxygen1 readings from
the surface, cage-bottom level, and bottom of
pond 4, May 28-October 7, 1970.

Surface Cage bottom Pondbottom
Week D. 0. pH D. 0. pH D. 0. pH

May 28 8.7 8.3 8,9 8.3 8.2 8.2

June 4 9. 3 8. 9 8. 3 8. 5 0. 0 6. 5

11 6.9 7.3 4.9 7.0 1.0 6.7

18 15.8 9.1 11.3 7,9 0.2 6.T

25 11.2 9.0 11.3 8.8 0.0 7.0
July 2 18.9 9.3 13.7 9. 1 0.2 7.2

9 10.8 9.1 9.7 8.9 0.0 7.0

15 11.8 9.3 7.9 9.1 0.1 7.7

22 3. 5 7. 1 2. 8 7. 1 2. 8 7. 1

30 16.2 9.2 13.5 9.0 6.5 7.8
Aug. 6 7.0 7.4 4,6 7.1 0.2 6.8

13 17.3 9,5 17,7 9.4 0.0 6.8

19 11.4 .3 12.8 9.2 0.2 7.0

27 12.4 9.3 13.2 9.3 10.7 9.0
Sept. 3 6. 9 8. 1 6. 8 7. 9 6. 6 7. 8

10 12.5 9.1 12.4 8.9 8.0 8.3

16 10.9 9 0 10.4 8.9 5. 5 8.0

24 7.1 7.4 6.0 7.3 4.9 7.2

Oct. 2 8. 0 7. 5 8. 5 7. 6 5. 2 7. 1

7 7.1 7.2 6.5 7.2 6.0 71
'Dis solved oxygen in milligrams /liter.
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Appendix Table 3. Ninety-five percent confidence limits for the

weight and fork length of the fingerling channel
catfish, from the biweekly samples (mean ± to. 05x standard error of the mean).

Weight in Fork length in Number::of
Date Cage crams millimeters fish

5/23/70 3 .

6 12.9 l.l 102.7±3.1 50

7 13.7 1.3 102.4 ±3.5 50

9 -.-. -- --

5/30/70 3 14.9 ± L3 104.1 ±3.1 50.

6 -- -- --

7 -- -- --

9 14.6±1.5 103.6±3.3 50

6/10/70 3 -- --

6 19.220 115.4±4.4 30

7 l8,92.7 113.4 ±49 30

9 -,, -- --

6/24/70 3 23.8 ± 3 0 122.6 ± 4.9 30

6 22.0 ±2.8 121. 1 ± 5. 1 30

7 24, 3 ± 3. 1 123. 8 ± 4. 9 30

9 25.3 ± 3. 1 129.5 ± 5. 5 30

7/7/70 3 34.5 ± 4. 1 137.2 ± 5.3 30

6 32.4± 4.8 135.5± 3.8 30

7 37 9 ± 4. 9 142. 2 ± 6. 1 30

9 35,1± 4,5 139.0± 5.2 30
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Appendix Table 3. Ninety-five percent confidence limits for the

weight and fork length of theiingerling channel
catfish, from the biweekly samples (mean 05
x standard error of the mean) (cont. ).

Weight in Fork length in Number of
Date Cge grams millimeters fish

7/21/70 3 45,2 ± 7.6 150.2 ± 8.3 30

6 45.4 ± 6.1 151,8 ± 6.2 30

7 44,9 ± 5.2 153.5 ± 5.8 30

9 50.6 ±7 3 157.8 ± 7. 5 30

8/4/70 3 57. 5 ± 7, 7 161. 7 ± 7. 3 30

6 58.8 ± 9. 1 162.8 ± 7.6 30

7 53.5±6.0 163.1 ±6.4 30

9 45,3 ± 6.2 153.8 ± 6.4 30

8/18/70 3 63. 0 ± 12.5 167.4 ± 10.6 30

6 71.0±10.1 177.3±8.1 30

7 67.3 ± 7.. 6 175. 5 ± 6. 5 30

9 67,8±12,1 174,5±9,7 30

9/1/70 3 84.0 ± 16,4 182.6 ± 11.7 30

6 98.5± 12,3 195.1 ±7.1 30

7 87.6 ± 14.4 186.7 ± 8.4 30

9 64.6±10,4 171.8±8.1 30

9/15/70 3 110.3 ±18.6 191.0± 15.5 30

6 106. 1 ± 14.4 198. 5 ± 7,7 30

7 106.5± 14.1 199.2 ±7.5 30

9 90.0± 16.6 186.4± 11.0 30
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Appendix Table 3. Ninety-.five.percent confidence limits for the
weight and fork length of the fingerling channel
catfish, from the biweekly samples (mean ± to. 05x standard error of the mean) (Cont.).

Weight in Fork length in Number of
Date Cage grams millimeters fish

9/29/70 3 115.3 ± 19.9 199. 1 ± 12.4 30

6 96. 1 ± 13.8 193.3 ± 8.2 30

7 102.5 ± 10.8 197,5 ± 6.5 30

9 12l.4 ± 22. 5 201.3 ± 13.3 30

10/14/70 3 102.7 ± 16. 5 195.7 ± 10.6 30

6 105.5±17,0 202.5±8.9 30

7 113. 1 ± 15. 0 207.8 ± 8.0 30

9 102.7 ± 16.7 198. 1 ± 10.8 30
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Ninety-five percent confidence limits for the
weight and fork length of the subadult channel cat-
fish, from the biweekly samples (mean ± to. 05 X
the standard error of the mean).

Weight in Fork length in Number of
Date Cage grams millimeters fish

6/3/70 5 61.3 ± 9.3 168. 5 ± 8.9 50

11 57.3 8.1 157.7 ± 8.7 50

6/24/70 5 74. 5 ± 20.6 176.6 ± 14.2 3.0

11 48.5 ± 10.2 155.1 ± 10.0 30

7/7/70 5 83.9 ± 31.7 177.2 ± 17.0 30

11 79.3 ± 2 177. 7 ± 13.7 30

7/21/70 5 97.8 ± Z6. 1 187.3 ± 16,5 30

11 97.5 ± 18.4 193.0 ± 11,8 30

8/4/70 5 108.9 ± 25.8 198. 0 ± 14.8 30

11 140.4 ± 28.7 217. 0 ± 15,2 30

8/18/70 5 142,7 ± 36. 0 212. 1 ± 19.6 30

11 158,2 ± 32.7 223.0 ± 16,8 30

9/1/70 5 167.2 ± 40.6 222.7 ± 18,7 3

11 146.3 ± 35.6 216.0 ±2.0.0 30

9/15/70 5 161,2 ± 40.5 217.7 ± 19, 1 30

.11 174.1 ±43,2 221.9± 19,0 30

9/29/70 5 147. 1 ± 50. 1 208.7 ± 21, 0 30

11 175.6 ± 43,3 224.6 ± 18.5 30

10/17/70 5 148.5 ± 45. 0 214.7 ± 21.3 30

160,3±32,4 227.2±16.2 30




