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ABSTRACT
Channel centfish, Ietabuns punctatus, and blue citfish, [ furcatus, were overwintered in coges. Fish were

fed (1% of body weight) every other day, when watel

r teinperatures were greater than 3°C. Fish of Loth

species lost weight during the study. Weight Joss in hlue cutfish (25.9%) was significunthy (P < 0.03) greater
than in channel cutfish (85%). Percentage survival of channel catfish (97%) was significantly (P < 0.05)

grenler thun survival of blue catfish (44%). The large
induced mortality in blue catfish. Clunvel catfish can

» differences in sunvdval may be related 10 pamsite-
be successfully averwintered in cages; however, bhe

catfish may be prone to high mortality and can lose up to 25% of their body weight,

INTHODUCTION

Channel catfish, Ictalurus punctatus, nos-
mally require 14-20 months to reach market-
able size (450 g). Thus, fish must be overwin-
tered during their first year of fife (1, 2, 3).
Cliannel catfish consume less food in winter
than in summer months (I, 4). If water tem-
peratures fall helow 7°C, fish may not feed at
all (2, 5). However, withholding food from fish
when water temperature is ahove 7°C often
results in weight loss (1, 2).

Blue catfish, I furcatus, possess several at-
tributes that may make them a desimble eul-
ture species in temperate regions of the Unil-
ed States. They have a higher dressing
percentage than channel catfish (), are casier
to seine (7), and may have a lower optimum
growing temperature than channel catfish (8).
However, like channel catfish, they require
overwintering during their firsl year of life in
arder to reach marketable size.

Cage culture offers some advantages over
open Fond culture in that it allows fish to be
reared in ponds that would be difficult to har-
vest hy seine, and permits casy observation of
the condition and feeding habits of the fish
(9). It wonld be adviantageous to fanners whu
use cage-culture methods to be able to over-
winter fish in cages. There is little information
on rearing channel catfish, and no data on
rearing blue catfish, in cages during the winter
{4, 10). The purpose of this study was to com-

To whom correspoadence shoukd be directed.
12

are growth and survival of channel catfish
and blue catfish overwintered in cages.

MATERIALS AND METHODS

Channel eatfish and blue catfish fingerlings
were rundomly stocked on 9 Octoher 1892
into eight 1.25-m* floating cages moared over
the deepest area (4 m) of a 1.0-hectare powd
{mean depth, 2.0 m) on the Agricultural Re-
search Furm, Kentncky State Univorsity,
Frankfort, Kentucky. Cages were constructed
by attuching 1-em polvethylene mesh to a
wooden lrame. Cage lids were removable, To
prevent loss of sinking feed. polycthylene net
(2-mm mesh) was installed on the sides near
the bottom (8 cm high) and covering the hot-
tom of cach cuge. Cages were anchored to a
Noating dnck and spaced at 2-m intervals.

Cages were stocked with either 300 channel
catfish (average individual weight, 26.5 = 1.9
g) or 300 blue catfish (average individual
weight, 16.6 = 0.4 g). Channel catfish were
of the Red River strain and were obtained as
cggs from the Delta Branch Experimental Sta-
tion in Stoneville, Mississippi. The eggs were
hatched at the Aquaculture Rescarch Center,
Kentucky State University, in late May 1992,
The blue catfish were spawned from broad-
stock collected [rom the Kentucky River and
hatched in late June 1992. The differcnces in
stocking size may reflect the differences in
hatching dates or early growth between the 2
species, but would be indicative of the size of
fish available for overwintering. Fry of hath
species were stocked in ponds and fed a crum-
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Tante 1. Composition of an experimental diet fed to
channcl catfish and blue catfish overwintered in cages

Menhaden fish meal (67%) 15.00
Sovbean meal (44%) 25.00
Wheat Hour 13.00
Meat and bone mend 5.00
Ground com 2995
Mineral mix 0.10
Yitamin mix* 0.1u
Choline 005
CMCs 5.00
Lienosullonate 5.00
Chemical analysis

% Molsture 11.20

% Protein? 3370

% Fat! 6.30

* Mincral mix contained: Mir, 100% Jas MaSOLE Zn, 100% s ZuS0,)
Fe. TR (as FeSO0): Cu 0.7% (a5 CoS0% 1 024% 1z Caly, Co, 0.10%
g CoS(r

*Vilamin miv contalired: thiomin (B,). LOLE. nhelflavin (B0 1525, pyoi-
chriine {B,). 0.9% . nhvtinie acil. B A25; fulic acid, 0.239; evanocnhalamine
(B .}, 0.001%: puntithente seid 3539 menmbone (K. 2%, uxurbiy wid
{20 B2.1%: retinalpalenltate (A) 4409 ke chwleualciferul (D)), 2,204 A0
1Uskg. alpha wocopheral (F), 68.2 JUe ellonyquin, 066%

YEMC = enrhoxymethyloeTinlose

4 1ry mutter busis

bled high-protein trout diet (Purina, St. Louis,
Missouri) until stocked into cages.

During the present study, fish were fed (ra-
tion of 1% body weight) every other day, when
temperatures were greater than 3°C. The
amount fed was adjusted every 4 weeks, based
on an estimated 3: 1 feed conversion ratio (2},
All fish were offered food more often than
would be recommended for channe] catfish
(2) due to the lack of growth data for blue
catfish during winter and so that feed would
not be a limiting factor during the study. The
study lasted for 182 d, of which fish conld pos-
sibly be fed 91 d. During the study, fish were
fed 60 days and not fed 31 d due to low tem-
peratures. Fish were fed a diet formulated to
contain 32% protein (Table 1). Dietary ingre-
dients were processed into 3-mm sinking pel-
lets by a commercial feed mill (Farmers Feed
Mill, Lexington, Kentucky). Dictury protein
level was determined using macro-Kjeldahl,
dietary fat by acid hydrolysis, and moisture by
drying to constant weight in a convection oven
at 100°C (11).

Temperature and dissolved oxygen were
wonitored twice daily (0800 and 1630 hr) out-
side the cages at a depth of 0.75 m with a YSI
model 57 oxygen meter (Yellow Springs In-
strument Co., Yellow Springs, Ohin). Dis-
solved oxygen did not decline below 6.0 mg/
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liter during the study and no aeration was re-
quired. Total ammonia nitrogen, phosphorus,
nitrite and nitrate were measured once per
week with a DR 700 Colorimeter (Hach Co.,
Loveland, Colorado), and pH was measured
weekly using an Accumet 800 pH meter (Fish-
er Scientific, Cincinnati, Ohia).

Fish were harvested on 9 Aprl 1993 and
were nat fed for 24 hr prior to harvest, Total
number and weight of fish in each cage were
determined at harvest. Twenty five fish were
randomly sampled from each cage and indi-
vidually weighed (g) and measured (total
length, em). Ten fish from each cage were ho-
mogenized separately in a blender and ana-
lyzed for protein, fat, and moisture. Protein
was determined using macro-Kjeldahl, fat was
determined using ether extraction, and mois-
ture was determined by drying a 10 g sample
in a convection oven (100°C} until constant
weight (11).

Data (percentage weight gain and survival)
were analyzed using the SAS f Test procedure
(12) for significant differences between chan-
nel catfish and blue catfish. All percentages
and ratio data were transforined to arc sine
values before analysis (13).

ResuLTs anp Discussion

Water quality characters for the duration of
the study averaged (£SD): moming wuter
temperature, 6.1 + 3.8°C; afternoon water
temperature, 6.3 & 4.0°C; morning dissolved
oxygen, 11.9 x 2.5 myfliter; aftemoon dis-
sc:fved oxygen measured 12.3 + 2.2 mg/liter;
total ammonia nitrogen, 0.34 + 0.05 mg/liter;
phosphorus, 5.15 % 6.53 mg/liter; nitrite, 0.00
* 0.00 mg/liter; nitrate, 0.14 = 0.08 mg/liter;
pH, 802 + 0.44. All water quality characters
were within accepted values for growth (14).

Fish of both species lost weight during the
study. Weight loss in blue catfish (25.9%) was
significantly (P < 0.05) greater than in channel
catfish (8.5%) (Table 2). Since fish lost weight
during the study, it was pot possible to cal-
culate specific growth rates (SGR) and feed
conversion ratios (FCR) for channel catfish or
blue catfish. Percentage survival ol channel
catfish (97%) was significantly (P < 0.03)
greater than survival of blue catfish (44%).

All fish species are poikilotherms and are
thus profoundly alfected by water tempera-
ture. Channel catfish have a reduced meta-
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bolic activity and, consequently, reduced food
consumption during colder water tempera-
tures. Tlhe weight loss of the fed channel cat-
fish reported in the present study is similar to
values reported in Lovell and Sirikul (1), 9%,
and Robinette et al. (2), 3-8%, for weight loss
of non-fed channel catfish overwintered in
ponds. This would indicate that the channel
catfish in the present study did not consume
much food during the study. Burtle and New-
ton (10) stated that cooler water temperatures
contributed to weight loss of channel catfish
when reared in cages compared lo warmer
water temperatures. The waler temperatures
reported in the present study averaged 6.22°C.
This is colder than temperatures reported in
studies conducted in more southerly states (1,
2, 10} and mast likely contributed to the great-
er weight loss of our fed fish.

Conflicting results have heen reported re-
garding the growth of blue catfish. [luner and
Dupree (10) suggested that blue catfish may
be inferior to the channel catfish as a cultured
species due to slower growth at sizes less than
1 lh. In contrast, it lias been stated that Llue
catfish may have a lower optimum-growth
temperature than channel catfish (8), and thus
pertorin better in cooler climates. Results of
the present study indicate that cage-reared
blue catfish do not have higher weight gains
than channel catfish during winter. This is in
agreement with Grant and Robinette (15),
who reported that growth of channel catfish
was greater than that for blue catfish during
the winter when reared in ponds.

The survival of channel catfish in cages was
comparable to the survival of channel catfish
overwintered in pouds (1, 3, 15). In April, all
blue catfish were infested with an external
fungus und with Trichedina sp.. Channel cat-
fish showed no sign of cither purasite. The
parasite inlestation is suspected of being re-
sponsible for the majority of deaths of blue
catfish and thus. lower survival percentage
compared to channel catfish. Pamasite-induced
mortality of cage-reared blue cutfish during
winter may preclude farmers from attempting
this culture practice.

Whole body analysis indicated that blue cat-
fish had significantly (P < 0.05) higher per-
centages of moisture (77%) and [at (29%)
eompared to channel catfish (75 and 21%, re-
spectively); however, percentage protein was

129

Taue 2. Growth and body composition of blue and
¢hannel catfish overwintered in cages. Means in rows hav-
ing different letters ure significantly different (P < 0.05).
Perventage protein and fat are expressed on a dov-matter
brasis.

Hlue Channel

Initinl stockine

size (g) 166 = 04 B3=19
Harvest weight {g) 126 + 046 240 = 094
Harvest length iom) 124 = 006 145 + 0.19
Weight gain (%}  -250 + LI9a -85 + 053b
Survival {%) 438 + 12621 972 = 2.09b
Body composition

Muisture (%} Tid = 0302 749 = 042h

Protein (%} N3 x 1370 574 = 135,

Fat {%) 2586 = 0.3% 2).4 * 0.96h

not significantly different between species (P
> 0.03) (Table 2). Lovell and Sirikul (1) re-
ported that non-fed fish hud more body [at
than fish fed during the winter, indicating that
pratein was degraded for energy needs. Grant
and Robinette (15) reported no difference in
percentage protein between the 2 species
when ovenwintered in ponds.

This study indicates that first-year channel
catfish can be successfully overwintered in
cages with a high percentage of survival and
minimal weight loss. However, first-year hlue
catfish may he prone to high parasite-induced
mortality when reared in cages during winter
and can lose up to 25% of tﬁeir body weight.
Further research which examines winter feed-
ing regimes for cage-reared channel catfish
should be conducted.

ACKNOWLEDGMENTS

We thank Keenan Bishop, Jackie Lamb,
Hank Schweickart, Mac Stone, and Louis We-
ber for their technical assistance. and Karla
Richardson for typing this munuscript. This
research was partially funded by a USDA/
CSRS grant to Kentucky State University un-
der agreement KYX-580-92-03A.

Lirerareus CITED

L. Lovell, R. T. and B. Sirikul. 1874, Winter feeding
of channel catfish. Proc. Snutheast. Assue. Game and Fish
Comm. 25:208-216.

2, RNobivette, H. K., R. L. Busch, $. H. Newton, ¢ J
Heskins, 5. Davis, and R. R. Stickney. 1962, Winter feed-
ing of channel catfish in Mississippi, Arkansas, and Texns.
Proc. Southeast. Assoc. Fish and Wildlife Agencies 36:
162-171.



130

3. Mims. 5. 3. and [. H. Tidwell. 1999, Winter feed-
ing of fingerling channel catfish in Kentucky. Trans. Ken-
tucky Acad. Sci. 50:174-176.

4. Huner, . V. and H. K. Dupree. 1954. Nutrition.
feeds, and feeding practices. Pp. 141-157. In H. K. Du-
pree and ). V. Huner (eds.) Third report to the fish farm-
ors. U.S. Fish and Wildl. Ser., Washington, N.C,

3. Webster, C. D., |. §. Tidwell. L. §. Goodgame, ].
A. Clark, and D. H. Yancey. 1892, Winter feeding und
growth of channel catfish fed diets cuntaining varying per-
centages of distillers grains with solubles 4« a total replace-
ment of fish meal. J. Appl. Aquacul. 1:1-14.

6. Dunham, R. A, M. Benchakan, R, Q. Smitherman,
and J. A. Chappell. 1983, Correlations among morpho-
metric traits of fingerling catfishes and the: relutionship to
dressing percentage at harvest, . World Marieul, Soc. 14:
668-675.

7. Chappel. }. A, 1979. An evaluation of twelve genetic
groups of catfish for suitability in commercial production.
Unpublished Ph.D. Dissertation. Auburn University, Av-
burn, Alubama.

8. Tidwell, J. H. and S. 13, Mims. 1990. A comparison

Trans. KENTUCKY ACADEMY OF ScieNcE 33{3—4)

of second-year growth of blue catlish and channel catfish
in Kentucky. Prog. Fish-Cul. 52:203-204,

9. Schmitton, H. R. 1970. The culture of channel cat-
fish, Jetalurus punciatus, in cuges swspended in ponds.
Proe. Ann. Con. Southeast. Assoc. Game and Fish Comm,
23{1969}:226-244,

10. Burlle, C. I and G. L. Newton. 1993 Winter
Feeding Frequency for Channel Catfish in Cnges. Prog,
Fish-Cult, 55:137-139.

11 ACAC. 1990, Officlal methnds of analysis of the
Association of Assnciation of Official Anahtical Chemists,
Tnc., Arlingion, Virgini,

12, Statistical Analysis System. 1958, SAS/STAT user's
guide. Release 6.03 Edlition. SAS Institute, Inc., Cury,
North Cprolina.

13. Zar, J. H. 1954. Blustatistical anahsis. Prentice-
Hall, Inc., Englewood Cliffs, New Jersey.

14. Bovd, C. E. 1979. Water quality in warmwater fish
ponds. Alabama Agricultural Experiment Station, Auburn
Unlversity.

15. Grant, J. C. and H. R. Robinette. 1992. Commer-
tdally impuriant trits of blue and channe) catfish as re
lated to second summer, winter, and thind summer
growth. Aquacult. 105:37-45.



