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Absiract.—Channcl catfish lctalurus punctatus arc
commonly spawned for rescarch purposes by pairing
of a hormonally treated female with a male in flow-
through aquaria. A technique that allows hormonal in-
duction of ovulation in femalcs without pairing would
accelerate genetic improvement and production of hy-
brid catfish. Over a 3-yr period (1994, 1995, and 1990)
we conducted a series of trials to demonstrate the po-
tential for artificial spawning in recirculating systems,
and in 1996 we included trials with grouped females
in addition to male-female pairs. Females were in-
duced to spawn with injection of synthctic leuteinizing
hormone-relcasing hormone, and those that ovulated
were stripped and the eggs were artificially fertilized.
During 1994 and 1995, all fish were spawned by pair
ing, and in 1996, half of the females were spawned by
pairing and half were grouped in tanks without males.
Spawning success (percent of females that produced
eggs), latency (time between injection and ovulation),
and percent fertilization were observed tor the paired
and grouped trials. Spawning success was 30% in 1994
(N = 36), 22% in 1995 (N = 54), 41% in 1996 (N =
27), and 58% for grouped females (N = 20). The la-
tency period was 113 = 69 h in 1994, 109 + 57 h in
1995, 44 = 8 h in 1996, and 50 = 9 h for grouped
females. Percent fertilization was 16 = 26% for eggs
stripped in 1994, 72 * 25% in 1995, 43 *+ 20% in
1996, and 16 * 37% for grouped females. In 1995,
water quality problems were associated with high mor-
tality of females (24 of 44 females; 4 of 44 males).
The metabolic demands of final oocyte maturation in
combination with methemoglobinemia caused by high
nitrite levels could account for the increased vulnera-
bility of females. These trials indicate that with ade-
quate biofiltration, artificial spawning is possible in re-
circulating systems and with females grouped rather
than paired. Further research on hormone dosage and
timing of egg stripping will increcase the utility of
grouped spawning of channel catfish.
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Channel catfish Ictalurus punctatus have
been cultured for more than 70 yr for food
production and recreational purposes (Hu-
ner and Dupree 1984). There are three
methods recognized for spawning of chan-
nel catfish: 1) natural (pond) spawning; 2)
pen spawning; and 3) aquarium or artificial
spawning (Busch 1985). The channel cat-
fish industry relies exclusively on pond
spawning to supply fry and fingerlings for
grow-out. Farmers provide containers (e.g.,
milk cans, wooden boxes, metal drums) in
ponds where spawning is desired (Steeby
1987) to simulate natural sites selected by
channel catfish (Clapp 1929). The male
chooses a spawning site, attracts a female,
and the pair spawns until completion of egg
laying by the female. The eggs form a mass
held together by a proteinaceous matrix
(Ringle et al. 1992). The male guards the
egg mass by driviug other fish away, in-
cluding the female, once spawning is com-
pleted.

Pen spawning involves providing suit-
able spawning containers within wire mesh
enclosures in ponds. The enclosures are of-
ten 120 cm X 180 cm minimum, with sides
extending =30 c¢m above water level. The
pens allow pairing and control of timing of
spawning (Dupree and Huner 1984). A
brood pair is selected, and the female can
be injected with hormone to induce ovula-
tion. The female is removed after spawning,
and egg masses can be collected and placed
in a hatchery or left with the male to hatch
in the pond (Huner and Dupree 1984).

Aquarium spawning allows control over
pairing and time of spawning, and allows
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collection of unfertilized eggs from fe-
males. This offers benefits including cross-
es with more than one male, production of
hybrids, and manipulation of ploidy. The
agquarium method is currently used only in
research because it is time-consuming,
complicated, and relatively expensive.
Channel catfish have been spawned in
aguaria as small as 38 L, although 120 to
200-L, aguaria or tanks are recommended
(Tucker and Robinson 1990). In this meth-
od, a brood pair is selected and the female
is injected with a suitable hormone to in-
duce ovulation. Occasionally male channel
catfish are also imjecied to induce or in-
crease spermiation. The pair is allowed to
begin spawning in the tank before eggs are
hand-stripped and artificially fertilized. Be-
cause sperm cannot be stripped from male
channel catfish (Bart and Dunham [990)
testes are removed surgically and crushed
in buffer (about 10 to 20 mL/g of testis) to
produce a sperm suspension (Tiersch et al.
1994). The buffer solution must have an os-
motic pressure of more than 275 mOsmol/
kg to ensure that sperm are not activated
prior to use for fertilization (Bates et al.
1996).

Production of polyploid and hybrid fish
requires collection of unfertilized eggs. In
addition, unfertilized eggs are desirable for
production of transgenic channel catfish be-
cause they are not adhesive which allows
easier handling and counting. The greatest
disadvantages of the aquarium spawning
method are that it is difficult to predict
when fish will spawn or how many injec-
tions will be required, necessitating con-
stant monitoring of broodfish. Another
method of artificial spawning, hormonal in-
duction of grouped (unpaired) females, is
commonly used in fishes (Piper et al. 1983)
including other species of catfish. In this
method, several females are injected with
hormone and grouped in a common tank
until ovulation occurs. The Indian catfish
Heteropneustes fossilis has been spawned
using this method within 14 to 18 h after
injection of salmon gonadotropin-releasing
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hormone analog (Gn-RHa; 25 pg/kg of
body weight) (Alok et al. 1993). The Asian
catfish Clarias macrocephalus has also
been spawned in groups by hormonal in-
duction, with eggs remaining viable for as
long as 10 h after ovulation when hand-
stripped (Mollah and Tan 1983). Although
previously studied (R. Dunham, Aubum
University, personal communication), there
are no published reports on the use of
grouped spawning with channel catfish.

Genetic improvement of channel catfish
and commercial production of catfish hy-
brids would be aided by a hormonal induc-
tion technique that could reliably trigger
synchronized ovulation of high-quality eggs
from multiple females (Nwadukwe 1995).
In our study, the aquarium method was used
during the 1994 and 1995 spawning seasons
to produce eggs for genetic experiments. In
1996, approximately half of our female
brood fish were spawned by the aquarium
method and half were spawned by grouping
of unpaired females. Our objectives were to
evaluate: 1) spawning success (percent of
females producing eggs); 2) latency (iime
between hormone injection and spawning
or stripping of eggs); and 3) percent fertil-
ization for the 3 yr of the study and for
paired and grouped trials from the 1996
season. In addition to the main objectives,
percent fertilization data were plotied
against time and temperature to make in-
ferences about spawning success at differ-
ent stages (early, middle, late) of the spawn-
ing season. Problems encountered with
spawning fish in recirculating systems were
identified.

Materials and Methods
Fish Collection and Hormone Injection

Pond temperature was measured 4 to 5 d
per wk from a reference 0.1-ha earthen
pond located at the LSU Ben Hur Aqua-
culture Research Station (ARS). On days
that pond temperature was not measured,
temperature was estimated from ambient air
temperature taken at the Ben Hur farm by
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the Southern Regional Climate Center
(Louisiana State University, Baton Rouge,
Louisiana). Comparison revealed that pond
temperatures for the 1995 spawning season
(mid-May to mid-June) were always 2 to 6
degrees (average of 4.5 C) lower than the
daily high temperatures. Therefore, a cor-
rection factor of 4.5 C was used for days
when pond temperature was not measured.
In spring, when pond temperatures stabi-
lized above 21 C for at least 3 d, mature
(=3 yr old) broodfish were collected. Males
were selected based on secondary sexual
characteristics (Tucker and Robinson 1990),
and females were selected if they possessed
a soft distended abdomen and red swollen
urogenital area. Broodfish were moved to
the hatchery in a hauling tank within 30
min of capture. Fish were segregated by sex
and placed in a recirculating system for
temporary holding. All fish were anesthe-
tized with tricaine methanesulfonate (MS-
222; Argent Chemical Laboratories, Red-
mond, Washington), weighed, and mea-
sured before pairing or grouping in tanks
for spawning. Females were injected inira-
muscularly (inferior to the dorsal fin) with
synthetic leuteinizing-hormone releasing-
hormone (I.H-RHa, Peninsula Laboratories,
Belmont, California) at a dosage of 50 or
100 pg/kg of body weight (Busch and Stee-
by 1990). Males were not injected in this
study. Broodfish of similar size were paired
to limit injury from aggressive spawning
behavior.

Spawning Systems

Paired spawning trials were conducted in
a system consisting of eight, rectangular,
120-L fiberglass tanks. Each tank was con-
structed with a plexiglass viewing window
to allow monitoring of broodfish for spawn-
ing behavior and egg release. The system
was equipped with a 0.30-m® upwelling
biofiliter (Armant Aquaculture Inc., Vach-
erie, L.ouisiana) for function as a recircu-
lating system. The system could also be
used for flow-through (with dechlorinaied
city water) when water quality variables
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were outside of the desired range (described
below).

Grouped female trials were conducied in
a system consisting of four, round, fiber-
glass tanks (three 1,000 L. and one 2,500
L), equipped with a 0.60-m? upwelling bio-
filter (Water Garden Gems Inc., Marion,
Texas). Females were grouped in one of the
1,000-L. tanks after injection. A mature,
male channel catfish was placed in a sepa-
rate iank within the system, although the
contribution to female reproduction of wa-
terborne factors from males is unknown.
Desired water quality parameters for both
systems were: =0.5 mg/l. ammonia-nitro-
gen (NH4-N); =0.5 mg/L nitrite-nitrogen
(NO,-N); 100-400 mg/L. alkalinity as
CaCQO,; 50-100 mg/l. hardness as CaCOq;
and 7.5-8.0 pH. Water quality was moni-
tored daily with a freshwater test kit (Model
No. FF-1, Hach Co., Loveland, Colorado).

Sperm Storage Solutions

Mature channel catfish males were killed
by overdose with MS-222, and tesies were
removed surgically. Testes were dissociated
to yield a homogenate of tissue and sperm
cells which was filtered through a 100-pm
tissue sieve. The sperm were suspended in
Hanks’ balanced salt solution (HBSS) at a
ratio of 20 mlL of HBSS for each g of testis
(Christensen and Tiersch 1996). Solutions
were stored at 4 C, and sperm quality was
evaluated by motility estimates: 2 pl. of
sperm suspension were diluted with 20 pl
of deionized water to activate the sperin
cells (Bates et al. 1996). Percent motility
was estimated using darkfield microscopy
(200 X magnification) and suspensions with
motility =25% (typically > 75%) were re-
tained for use in artificial fertilization.
Sperm suspensions were monitored daily
and were discarded when estimated motility
was <25%, or when bacterial contamina-
tion was evident (Jenkins and Tiersch
1997).

Hand-Stripping of Eggs
When a female was spawning readily
(frequent release of eggs), she was removed
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from the tank, anesthetized with MS-222,
and dried thoroughly with paper towels to
ensure that eggs would not come in contact
with water. The female was cradled in one
arm while sufficient pressure was applied to
the abdominal area to strip eggs (Tiersch et
al. 1994).

Grouped females were checked for ovu-
lation by netting and applying gentle pres-
sure to the abdominal and urogenital re-
gion; if eggs were released, the female was
removed for stripping. Eggs were stripped
into food-grade plastic bowls that contained
HBSS and were coated with silicone grease
(Dow Corning, Midland, Michigan) to pre-
vent eggs from adhering to the bowl (Gou-
die et al. 1992). When stripping was com-
plete, blood clots (if present) were removed
by pipetting and the eggs were poured into
a graduated comical flask to measure vol-
ume.

Artificial Fertilization

Fggs were divided into ~ 10-mL aliquots
(200300 eggs) for fertilization. The eggs
were placed into 400-ml. plastic beakers
(Tri-pour, Oxford Labware, 5t. Louis, Mis-
souri) coated with silicone grease, and ex-
cess HBSS was decanted. For fertilization,
0.5 mL of sperm suspension and 50 ml of
tank water were added to activate the ga-
metes, and the beaker was swirled to facil-
itate mixing. An additional 75 mlL. of water
was added to the beaker after 2 to 3 min to
facilitate water hardening and adhesion of
eggs. After fertilization, the eggs formed
gelatinous masses which were transferred to
screened containers and placed in a hatch-
ing trough for incubation. Females were
considered successtul spawners if they pro-
duced eggs thai appeared normal in color
(yellow) and size (about 5 mm) (Markmann
and Doroshov 1983) and formed a single
cohesive mass following fertilization. De-
velopment to the neurulation stage (~24 h
at 28 ) was used as the criteria for fertil-
ization success.
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1994 Spawning Season

During the 1994 spawning season (16
May to 18 June) mature broodfish were se-
lected from earthen ponds at the LSU ARS.
Males used in 1994 weighed 2.8 = 1.1 kg
(mean * SD) and females weighed 2.9 =
1.0 kg (W = 36 for each sex). Females were
injected with 100 pg LH-RHa/kg of body
weight at the time of pairing.

1995 Spawning Season

During the 1995 spawning season (12
May to 17 June) three groups of channel
catfish were spawned: LSU channel catfish;
channel catfish collected from Lake Mau-
repas (LM) (Manchac, Louisiana) that were
held in earthen ponds at the ARS for 1 to
2 yr; and channel catfish collected from
[Lake Maurepas and placed into spawning
trials within a week of collection. Forty-
four pairs of LSU channel catfish were col-
lected for spawning; the males weighed 2.7
+ 0.8 kg and the females weighed 2.4 *
0.9 kg. Six pairs of pond-held LM channel
caifish were used for spawning; the males
weighed 1.0 *= 0.3 kg and the females
weighed 0.8 * 0.4 kg. Four pairs of newly
captured LM channel catfish were used for
spawning; the males weighed 0.1 *= 0.1 kg
and the females weighed 0.2 * 0.2 kg. All
females were injected with a priming dose
of 100 pg LH-RHa/kg body weight at the
time of pairing, followed by a resolving
dose of 50 pg LH-RHa/kg body weight 24
h later.

1996 Spawning Season

During the 1996 spawning season (17
April to 15 July) 27 sets of L.SU channel
catfish were paired for spawning; males
weighed 2.3 * 0.6 kg (N = 25) and females
weighed 2.4 + 0.5 kg (N = 27, two males
were mated twice). Females were injected
with a single dose of 100 pg LH-RHa/kg
of body weight at the time of painng. Fe-
males used in grouped spawning experi-
ments weighed 2.6 *= 1.1 kg (N = 20).
These females were injected with a single
dose of 100 pg LHRHa/kg of body weight
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Sumnary for females spawned during the 1994, 1995, and 1996 spawning seasons. Number injected

is the total number of females injected with synthetic leuteinizing-hormone releasing-hormone (LHRHa). Numn-
ber spawned is the number of fish that produced eggs. Number stripped is the number of fish that were
siripped by hand. Latency is the time (in h) between injection with LHRHa and observed release of eggs.
Percent fertilization is the percent of eggs that reached the neurulation stage.

Percent fertilization

Number Number Number Latency (h)

Treatment injected spawned stripped (mean * SD)! (mean = SD)!
1994 paired 36 13 10 113 = 69 16 = 26¢
1995 paired 30 12 8 109 + 57+ 72 £ 250
1996 paired? 27 11 11 *44 + 8P *43 + 200
1996 grouped? 26 15 15 x50 = 9 16 = 37

Total 143 51 44 — —

! Means for paired spawns within a column followed by a common superscript letter were not significantly
different (P > 0.05) as determined by a Fisher’s least significant difference (LSD) means separation test.
21996 means within a column preceded by a common superseript lefter were not significantly different (P 2>

0.05) as determined by Student’s t-Test.

and placed in tanks in groups of two to sev-
en.

Statistical Analyses

We performed statistical analyses for the
purposes of data organization and presen-
tation only. Because of potential weakness
in statistical power, results of these analyses
were not used for the purpose of testing hy-
potheses. Spawning success data for paired
spawning i 1994, 1995 and 1996 were
tested by chi-square analysis using a 3 X 2
contingency table, and differences between
the paired and grouped data (1996 only)
were tested using a 2 X 2 contingency ta-
ble. For paired females that were hand-
stripped, latency (time in h between hor-
mone injection and ovulation) and percent
fertilization were analyzed with a multivar-
iate analysis of variance (MANOVA) with
yr as the factor, and latency and percent fer-
tilization as dependent variables. The Fish-
er’s protected least significant difference
(LLSD) test was used for means separation.
For paired and grouped females that were
hand-stripped in 1996, latency and percent
fertilization were compared with a t-Test.
Percent fertilization values were arcsine-
square-root-transformed for analysis. The
level of statistical significance was set at P
< 0.05. Analyses were performed with the
Data Desk statistical analysis program (ver-

sion 4.2, Data Description, Inc. Ithaca, New
York).

Results
1994 Spawning Season

Of the 36 pairs, 13 (36%) successtully
spawned (Table 1). Three pairs spawned
completely in the spawning tanks, and these
females were not available for stripping.
The latency period (mean *= SD) for the
females that were hand-stripped was 113 *
69 h (minimum = 36 h; maximum = 200
h; N = 10). Fertilization of hand-stripped
eggs was attempted within 108 min after
stripping (mean = SD = 66 * 24 min; min-
imum = 42). Fertilization percentages were
16 + 26 (minimnum = O; maximum = 80;
N = 10). Pond water temperature dropped
below 21 C, the minimum temperature for
final gonadal maturation, several times dur-
ing the spawning season (Fig. la). Water
temperature in the hatchery spawning sys-
temn ranged from 23 to 28 C. Water quality
was maintained within desired parameters
throughout the season.

1995 Spawning Season

During the spawning season, we experi-
enced mortality of female broodfish. The
proportion of females that died (24/44) was
significantly higher (£ = 0.0001) than the
number of males that died (4/44) as deter-
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FIGURE 1.
eggs (triangles) and average pond temperatures
(solid line) during the spawning seasons of 1994 (a),
1995 (b), paired 1996 (¢), and grouped 1996 (d).
Closed circles represent actual pond temmperatures:

Percent fertilization of channel catfish

open circles represent estimuted pond temperatures
based on air temperatures. The dashed reference
line represents the minimum temperature (21 C) for
Sinal gonadal maturation and spawning of channel

catfish.

mined by chi-square analysis with a 2 X 2
contingency table. The cause of mortality
appeared to be related to water quality
problems. The spawning system biofilter
was not functioning adequately during the
spawning season which resulted in periodic
instances of high ammonia (1-5 mg/L.) and
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nitrite (1-3 mg/L) in the system. This re-
quired switching the system to flow-
through (dechlorinated city water) several
times each day for about 3 wk., Because
Baton Rouge city water has a low hardness
(~ 16 mg/L hardness as CaCQ,) tanks were
equipped with a drip system to deliver
Ca(l, to increase hardness, and NaCl to re-
duce stress.

Although formal necropsies were not
performed on dead fish, ovaries were ex-
amined. Females that died were close to
ovulation or had ovulated before dying
(eggs were 4-5 mm in diameter and yellow
in color). Females that died were eliminated
from statistical analysis. Of the 20 remain-
ing pairs of LSU channel catfish, seven
(35%) spawned successfully (Table 1). Of
the six pairs of pond-held LM channel cat-
fish, three (50%) spawned successfully.
Two of these pairs spawned completely in
the tanks and the females were not stripped.
Of the four pairs of LM channel catfish cap-
tured during spawning season, two (50%)
spawned successfully. These pairs spawned
completely in the tanks and females were
not stripped. The average latency period for
the stripped females was 109 + 57 h (min-
imum = 28; maximum = 162 h; NV = B).
Fertilization of hand-stripped eggs was ai-
tempted within 108 min after stripping
(mean = SD = 66 * 24 min; minimum =
42). Fertilization rates for the artificially
fertilized cggs were 72 * 26% (minimum
= 20%; maximum = 100%; N = 8). Pond
water temperature remained above 21 C
during the spawning season (Fig. 1b). Water
temperature in the hatchery spawning sys-
tem ranged from 26 to 30 C.

1996 Spawning Season

Of the 27 pairs of LSU channel catfish,
11 (41%) spawned successfully (Table 1).
The average latency period for paired fe-
males was 44 + 8 h (minimum = 32 h;
maximum = 51 h). Fertilization of hand-
stripped eggs was attempted within 90 min

minimum = 18), Fertilization rates for eggs
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from paired females were 43 * 37% (min-
imum = (; maximum = 95%).

Of the 26 grouped (unpaired) females, 15
(58%) were successfully stripped of eggs.
The latency period for grouped females was
50 = 9 h (minimum = 38 h; maximum =
70 h). Fertilization of hand-stripped eggs
was attempted within 66 min after stripping
(mean * SD = 38 * 17 min; minimum =
18 min). Fertilization rates were 16 = 20%
(minimum = 0%; maximum = 60%). Pond
water temperature remained above 21 C
throughout the spawning season (Fig. lc,
1d). Water temperature in the hatchery
spawning system ranged from 26 to 33 C.
Water quality was maintained within de-
sired parameters throughout the season.

Statistical Analyses

Analysis by chi-square (3 X 2 contingen-
cy table) did not detect differences (P =
0.17) in the proportion of successful spawns
among the three data sets for male-female
pairings (1994, 1995 and 1996). Analysis
by chi-square (2 X 2 contingency table) did
not detect differences (P = 0.64) in the pro-
portion of successful spawns between
paired and grouped females. The latency
period for fish spawned in 1994 was not
significantly different (P = 0.88) from that
of fish spawned in 1995; however, the la-
tency period for 1996 females was signifi-
cantly shorter than those of 1994 (P =
0.004) and 1995 (F = 0.01). The latency
period for grouped 1996 females was not
significantly different (P = 0.10) from that
of paired 1996 females (Table 1). Percent
fertilization for eggs stripped in 1994 was
significantly lower than that of eggs
stripped in 1995 (P = 0.0005), but not sig-
nificantly different than that of eggs
stripped from 1996 females (P = 0.05).
Percent fertilization was not significantly
different (P = 0.05) for eggs stripped from
1995 and 1996 paired females. Percent fer-
tilization was significantly higher (P =
0.02) for eggs stripped from paired females
than for eggs stripped from grouped fe-
males (Table 1).
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Discussion

The variation in spawning success, laten-
cy and percent fertilization that we ob-
served is probably due to female variation
in reproductive readiness, differential re-
sponse to the hormone, stage of spawning
season (early, middle, late) when the fish
were injected, and water quality problems.
Nutritional state and health of females also
affect reproductive performance, egg qual-
ity, and larval survival. Burton (1994)
found in winter founder Pleuronectes
americanus that an increase in non-repro-
ductive females resulted from reduced ra-
tions during any part of the first half of the
normal 6-mo feeding cycle. When channel
catfish are produced using the natural or
pond method, only those fish physiologi-
cally prepared to spawn will enter spawning
containers (Huner and Dupree 1984). How-
ever, in artificial spawning, fish are selected
if they appear ready to spawn. Because
broodfish are commonly returned to ponds
after spawning in the hatchery and are not
seen again until the following spawning
season, their health and nutritional state can
go unmonitored. Therefore, it is possible
that some broodfish have not fed well dur-
ing the year or have been diseased during
important parts of the feeding cycle. Ac-
cordingly, broodstock will be at different
states of reproductive readiness when har-
vested.

Another important factor in reproductive
readiness of channel catfish is temperature.
Water temperatures must remain at or above
21 C long enough for females to undergo
final gonadal maturation. If water temper-
ature drops below 21 C or rises much above
30 C, egg quality will be reduced (Tucker
and Robinson 1990) and some channel cat-
fish may not spawn (Huner and Dupree
1984). Although not tested statistically, fish
collected more than 3 wk after pond tem-
peratures stabilized above 21 C seemed to
be more likely to produce eggs of low qual-
ity. Kelly and Kohler (1996) were able to
spawn small numbers of channel catfish out
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of the normal season by holding them at
cool temperatures (~17 C) and warming
when spawning was desired. A modifica-
tion of this technique might be used to
spawn broodfish in groups over an extended
period.

A variety of hormones have been used to
induce final maturation and ovulation of
eggs in channel catfish. Pituitary glands of
common carp Cyprinus carpio Of, more
commonly, carp pituitary extract (CPE) are
available in powdered form and delivered
in a dosage of 4.5 mg of pituitary/kg of
body weight at 24-h intervals for up to 10
d (usually requiring three to four injec-
tions). Huwmwan chorionic gonadotropin
(HCG) can be used at a dosage of 1,760
1U/kg of body weight in one or more injec-
tions administered until ovulation occurs
(Busch and Steeby 1990). Synthetic LHRH
and GnRH have gained popularity as reli-
able means to induce ovulation in teleost
fishes. Commonly, one or two injections of
50 to 100 pg LHRHa/kg of body weight
are required for channel catfish (Busch and
Steeby 1990). Hormone-induced ovulation
followed by stripping of eggs is widely
used in many species of finfish. However,
uncertainty surrounds the proper protocol to
reliably induce ovulation in channel catfish
(Busch and Steeby 1990), and to properly
time the stripping of eggs to prevent under-
ripeness or over-ripeness (Dunham 1993).

Some species of teleost [ishes have a
long period of time between ovulation and
over-ripening of eggs. Ovulated eggs re-
tained in vivo in rainbow trout Oncorhyn-
chus mykiss reared at temperatures of 10 C
or less, remained viable for 1 to 2 wk (Sa-
kai et al. 1975). Fertilization of eggs of the
Asian catfish Clarius macrocephalus was
not significantly affected until 12 h post
ovulation (Mollah and Tan 1983). However,
in cyprinids, the time between ovulation
and over-ripening at a rearing temperature
of 20 C can be as short as 30 min (Horvath
1978), and in striped bass Morone saxatilis,
eggs can be unfertilizable in as little as 15
min post-ovulation (Rottman et al. 1991).
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The time between ovulation and over-rip-
ening of eggs of channel catfish is undoc-
umented, although multiple hand-strippings
over a 10-h period from a single channel
catfish female induced to ovulate with CPE
vielded fertilization rates of 90 to 100%
(Dunham 1993).

Egg quality can vary throughout the
spawning season. During the 3 yr of this
study, channel catfish (LSU population)
were spawned as early as 1 May and as late
as 17 June. However, the period of greatest
likelihood of inducing ovulation and sirip-
ping eggs of high quality was a 4-wk period
from early May to early June. Ninety-three
percent of paired strip-spawns obtained in
this period exhibited percent fertilization
greater than or equal to 50%. In addition,
68% of the grouped female spawns oc-
curred within this same period (Fig. 2).
Therefore, to make best use of broodstock
and time, effort should be concentrated in
the early part of the spawning season (May
in southern Louisiana). Successful produc-
tion of desired numbers of fish early in the
season would also avoid problems (e.g.,
fungus) associated with the warmer tem-
peratures of late season.

Water quality was an issue particularly
during the 1995 spawning season. Ammo-
nia and nitrite in the spawning system ac-
cumulated to levels that were sublethal to
the males but were apparently lethal to the
ovulating females resulting in a selective
loss of the females most likely to provide
eggs. In flow-through systems, clean water
is added to the culture system at a constant
rate. Waste accumulation is not a factor be-
cause it is discharged continuously from the
system. The high nitrite levels in the recir-
culating system could have resulted in
brown blood disease or methemoglobine-
mia (Bowser et al. 1983; Wise et al. 1988)
which in combination with the metabolic
demand of final oocyte maturation caused a
reduction in blood levels of oxygen (fe-
males were injected with LLHRHa in this
study, which could have exacerbated the
oxygen deficit). Possible reasons for the
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poor water quality during the 1995 season
were: 1) insufficient colonization of the bio-
filter by nitrifying bacteria prior to stock-
ing; 2) reduced bacterial activity in the biof-
ilter due to seasonal increase in tempera-
ture; 3) overwhelming of the filtering ca-
pacity by large biomass at stocking (~48
kg when stocked); and 4) regurgitation of
stomach contents upon stocking. To reduce
water quality problems in recirculating
spawning systems we recommend: 1) main-
tenance of a biological load on the filter
year round; 2) maintenance of constant
temperature in the hatchery; 3) a gradual
increase of biomass when stocking; and 4)
purging of fish prior to stocking.

Artificial spawning of grouped channel
catfish females without pairing with males
appears to be a viable technique if further
research can optimize hormone dose and
the timing required to consistently strip
high-quality unfertilized eggs. If the chan-

nel catfish industry is to realize the degree
of genetic improvement enjoyed by the cat-
tle, pork, and pouliry industries, artificial
spawning must be developed into a reliable
tool for use at the commercial level.
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