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Abstract

Broodstock evaluations are often measured by vari-
ables such as spawning success, fecundity, fertiliza-
tion and hatching rates, usually expressed as
percentage values. Outcomes are generally analysed
as continuous random variables, assuming that they
follow a normal distribution. Ordinary linear regres-
sion models (e.g. analysis of variance) as well as w2

analysis are typically applied. However, these models
may not be the most appropriate as a number of test
criteria may not be met. For example, spawning suc-
cess outcomes are inherently discrete and non-nega-
tive data and hence their distribution is not likely to
be normal. As these models may not be the most ap-
propriate, a case study using logit analysis as an al-
ternative method for the evaluation of this type of
data is presented by considering the response as bin-
ary data (spawned versus did not spawn). An exact
version of logit analysis was performed due to the
sparseness of the data. The results demonstrate that
appropriate statistical models provide better insight
into the cause^e¡ect relationships that exist between
control variables and the dependent variable (likeli-
hood of spawning in this case). As would be expected,
each strain of ¢sh responded somewhat di¡erently to
the test variables. Changing the protein level of the
diet from 32% to 42% or increasing the feeding fre-
quency from three to six times per week either did
not in£uence spawning or negativelya¡ected spawn-
ing respectively. Additionally, older ¢sh performed
better than younger ¢sh and the early spawning per-
iod was better than the later spawning period, re-
gardless of strain. These responses, however, were
only detected using logit analysis, which is a more
sensitive test and would thus be recommended for
this type of data.

Keywords: logistic regression, cat¢sh broodstock,
spawning analysis

Introduction

Aquaculture development has been feasible due to a
combination of factors, such as the application of
controlled reproduction, which often rely on induced
spawning or hypophysation, environmental manipu-
lations and cryopreservation (Bromage1995; Donald-
son 1996). Multiple interrelated factors are involved
in reproduction success including the type and doses
of hormones used in hypophysation, the size and age
of broodstock, condition factor, the nutritional status
of brood¢sh and environmental conditions. Knowl-
edge of these factors is useful in improving fry pro-
duction. Spawning success is one of the primary
outcomes of this process and it has typically been
evaluated using two approaches. The ¢rst approach
is to consider it as a continuous variable and to
further assume that it is normally distributed. In this
case, ordinary linear regression models are applied,
such as analysis of variance (ANOVA), following some
transformation such as an arcsine transformation
(Lambert 1998; Celada, Antolin, Carral, Pe¤ rez &
SaŁ ez-Royuela 2006; Peck & Holste 2006; Rodr|¤ guez-
GonzaŁ lez, Garc|¤a-Ulloa, HernaŁ ndez-Llamas & Villareal
2006). The second approach is to use the Pearson w2

test for association ina cross-tabulationwhere the in-
dependent variable is expressed as the number of
successes in the spawning process (Bondari, Ware,
Mullinix Jr & Joyce 1985). However, the use of
ordinary linear regression techniques for a dichoto-
mous-dependent variable could be considered
inappropriate from a theoretical standpoint (Allison
1999) and interpretation of the results is not
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straightforward due to the transformation applied on
the response variable. Pearson’s w2 analysis tests for
association betweenvariables but is unable to give es-
timates of parameters (Stokes, Davis & Koch 2000).
Spawning success can be considered a discrete ran-

domvariable instead of a continuous randomvariable as
the possible measured or assigned values consist of a
discrete set of categories i.e. organisms that spawned
successfully versus those that did not spawn. The
analysis of continuous outcome data using linear
regression models requires ¢ve assumptions: (1) the
response is a linear function of the independent vari-
ables plus a random disturbance term or random er-
ror, (2) the independent variables and random error
are independent, (3) variance of the random error is
the same for all observations, (4) the random error for
one observation is uncorrelated with the random
error for any other observation and (5) the errors are
normally distributed with a mean of 0 (Allison1999).
Many statistical models make a distinction between
response (or dependent) variables and explanatory
(or independent) variables. In the classical linear
models for regression and ANOVA, one of the variables
is treated as the response variable to be explained by
the other explanatory variables (Friendly 2000). In
this case, the explanatory variables may be quantita-
tive or categorical but the response variable must be
quantitative. As spawning success would be a re-
sponse variable, and it is categorical in nature, the
normality assumption imposed on the model resi-
duals is violated. This invalidates the direct applica-
tion of ordinary linear regression. Additionally,
transformations (e.g. arcsine) often do not yield nor-
mally distributed data and may make the interpreta-
tion of regression coe⁄cients di⁄cult because they
are not estimated on the original scale (Byers, Allore,
Gill & Peduzzi 2003).
For a dichotomous response variable, such as

spawning success coded as 0 for no spawn and1 for
spawn, it is convenient to construct a model relating
a function of the probability of successful spawning,
say p, to a linear combination of the explanatory vari-
ables. A model such as this is commonly known as a
generalized linear model (GLM). Our model is the
logit model, which is in the family of GLMs. Some of
the advantages of this method are that the estimated
probability of spawning is guaranteed to take
values between 0 and 1, regardless of the values
taken by the independent variables (Zelterman
1999, 2002), and that inference for the odds and
odds ratios are derived directly from the estimated
logit model. The odds of an event are the ratio of

probability that it will occur to the probability that it
will not occur. As the odds ratio is the ratio of two
odds, it provides a simple way of describing the
dependence of the factors on each other (Allison
1999; Zelterman 2002).
The probabilistic approach for spawning success

can also be achieved from a biological standpoint.
Spawning is a result of a maturation process (Heino,
Dieckmann & God� 2002) and typically maturation
has been evaluated as a deterministic process. This
means that sexual maturity is fully determined by
the age and size of an individual. However, matura-
tion is a complex process that is also in£uenced by
other factors such as resource availability and body
reserves (Bernardo 1993). As a result, there will be
some variability that cannot be explained by the size
of maturing individuals at a given age. This high-
lights the probabilistic nature of the maturation pro-
cess. Similarly, a spawning response would not occur
with certainty once a hormone injection is given.
There are other factors, such as water quality and
handling stress, which, if maintained properly, lead
to ovulation and successful stripping. On the other
hand, stress can cause egg retention in the body,
causing over-ripening, which indicates failure in the
process. In this paper, we investigate the factors that
signi¢cantly a¡ect successful spawning within a
probabilistic framework.
Logit analysis has previously been utilized in ecol-

ogy, ¢sheries and eco-toxicology studies, among
others. Kellogg, Ligotino and Jinks (1984) developed
a logistic regressionmodel to predict thermal mortal-
ity in striped bass, Morone saxatilis (Walbaum).
Munger,Wilde and Follis (1994) determined the rela-
tionship between size and age at sexual maturation
in £athead cat¢sh, Pylodictis olivaris (Ra¢nesque).
DeMartini and Lau (1999) used this analysis to classi-
fy ¢sh as either immature or mature, based on body
length, ovary weight and oocyte volume for two
snappers Etelis carbunculus (Cuvier) and Pristipo-
moides sieboldii (Bleeker). Recently, Keating and Cher-
ry (2004) have reviewed logistic regression use and
interpretation for wildlife habitat selection studies.
Finally, McHugh and Budy (2004) developed spawn-
ing habitat suitability models for Chinook salmon,
Oncorhyunchus tshawytscha (Walbaum), in Idaho. As
demonstrated with other species, logit analysis could
provide a valuable tool for understanding cat¢sh
spawning success. Consequently, this case study
was conducted to evaluate the applicability of logit
analysis as compared with ANOVA, ANCOVA and w2

analyses for the interpretation of spawning data.
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Methods

Data were obtained from a project performed to im-
prove reproductive e⁄ciency by producing hybrids
from female channel cat¢sh, Ictalurus punctatus (Ra-
¢nesque), withmale blue cat¢sh, I. furcatus (Lesueur),
through nutrient manipulations. This study evalu-
ated the in£uence/interaction of dietary protein level
and feeding rate on egg production of two separate
strains of cat¢sh (each onewith three ages).Two diets
containing 42% and 32% protein level (ARKAT
Feeds, Dumas, AK, USA) and two feed frequencies (6
and 3 times/week), were used, giving rise to four
treatment combinations (TC):TC1^42% protein level,
six feedings per week; TC 2^42% protein level, three
feedings per week; TC 3^32% protein level, six feed-
ings per week; and TC 4^32% protein level, three
feedings per week. Females were spawned during
three periods (early, middle and late season). Evalua-
tion of the dietary protein level and feeding rate treat-
ments were performed through spawning success,
total number of eggs and fertility (number of eggs/
kg female).

Experimental ¢sh

A total of 414 female channel cat¢sh were main-
tained at the North Auburn Experimental Station,
Auburn University. All broodstock were stocked in
16 ponds, using four ponds per treatment. The
females were divided into two strains on the basis of
prior spawning behaviour: high-spawning strain
(strain 1) and low-spawning strain (strain 2);
based on this characteristic, they were assigned pro-
portionally in a randomized manner to each pond
(Table 1). Female body weights ranged from 0.4 to
3.4 kg for strain 1 and 0.6 to 3.1kg for strain 2, with
a combined mean weight of 1.74 kg. The organisms
were stocked in February 2004, in 0.04 ha ponds at
a density of � 1130 kg ha�1, giving an acclimation

period of approximately 1 month. The trial period
was 70^90 days depending on the spawning period.
Feeding was carried out during the warmest part of
the day between 15:00 and 17:00 hours, at a rate of
1.7% of the total biomass of brood ¢sh stocked per
pond.Water quality parameters were taken daily for
dissolved oxygen and temperature; and twice weekly
for pH, ammonia^N and nitrite^N. Alkalinity and
hardness were recorded at the time of stocking and
just before harvesting.
For the ¢rst spawning period (early), two ponds of

each treatment were drained and 16 females (out of
32) were selected based on external characteristics
(abdominal fullness, softness and palpability of the
ovaries, redness or swollen appearance of the
genitals). The second spawning period (middle) was
performed using one pond of each treatment, select-
ing 16 females (out of 32). The last spawning period
(late) selected all the remaining females in all ponds.

Hormone injections

Selected females were transferred to holding tanks
(per treatment) supplied with continuous £ow-
through water and placed individually in soft mesh
bags. Total length, body weight and girth were re-
corded. The LHRHa from Sigma Chemical Co (St
Louis, MO, USA) was utilized. Hormone injections
were administered in two doses: a priming injection
of 20 mg kg�1LHRHa, followed12:00 hours later bya
resolving dose of100 mg kg�1.

Collection and fertilization of gametes

Twenty-four hours after the second injection,
females were monitored for ovulation. Females with
released eggs were removed from the holding tank
and anaesthetized in 250mg L�1 tricaine methane
sulphonate (MS-222) (Argent Chemical Laboratories,
Redmond,WA, USA). Females were then stripped and
eggs were collected in aluminium containers lubri-
cated previously with vegetable shortening.Those fe-
males that did not express eggs were returned and
rechecked later. Stripping of gametes ceased when
all females had been stripped or attempts to strip
them had been made. Females that spawned were
classi¢ed in three di¡erent ways: by the age of
the broodstock females, by the period of spawning
and strain either as a proportion (Table 2) or as a
frequency (Table 3).

Table 1 Number of female channel cat¢sh by strain per
treatment

Treatment
Protein
(%)

Feed
frequency

Strain

TotalHigh Low

1 42 6 44 55 99

2 42 3 55 57 112

3 32 6 44 56 100

4 32 3 44 59 103

Total 187 227 414
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Statistical analysis

Analysis of the spawningwas performed using (1) or-
dinary linear regression (ANOVA and ANCOVA) after the
response is arcsine transformed; (2) w2 analysis and
Fisher’s exact test after the response is converted to
percentages and (3) logit analysis and exact logit ana-
lysis using binary spawn^no spawn response. All the
models were constructed to include the e¡ect of treat-
ments (protein and frequency) on spawning success
for each strain and use the age of ¢sh and period of
spawning as covariates. The GLM, frequency and lo-
gistic procedures of SAS

s

version 9.1.3 were utilized
for the analysis.
Performing ANOVA requires data transformation as

percentages cannot be used directly in this type of
analysis. The percentage response is arcsine trans-
formed before proceeding with ANOVA. The statistical
model for this analysis is given by

yijk ¼ mþ ai þ bj þ ðabÞij þ eijk

where m represents the average response, ai, i51,2, re-
presents the e¡ect of the ith level of protein, bj, j51,2,
represents the e¡ect of the jth level of feeding fre-
quency, (ab)ij, i, j51,2, represents the interactive e¡ect
of the ith level of protein and the jth level of feeding
frequency and eijk represents the random error asso-
ciated with the arcsine-transformed response (yijk) of
the kth ¢sh that was treated with the ith level of pro-
tein and the jth level of feeding frequency.
An extension of the ANOVA approach is the ANCOVA

model given by

yijkl ¼ mþ ai þ bj þ ðabÞij þ gk þ Zxijkl þ eijkl

where gk, k51,2,3, is the e¡ect of period k and Z is an
unknown regression coe⁄cient to be estimated from

the data. Furthermore, yijkl, xijkl and eijkl represent the
response, age and random error, respectively, of the
lth ¢sh that was treated with the ith level of protein
and the jth level of feeding frequency in period k.
The w2 analysis tests whether the di¡erences be-

tween the observed count and the expected count
could have occurred by chance alone. Data are re-
ported in raw frequencies (not percentages) and are
assumed to be independent. Observed frequencies
cannot be too small; otherwise, the assumption of
normal distribution of sample frequencies will not be
met. When this happens, the remedial measure in-
volves performance of Fisher’s exact test, which is a
non-parametric test that does not depend on any
large-sample distribution assumption. The P-value of
Fisher’s exact test is just the proportion of tables that
are as extreme as or more extreme than the table gi-
ven by the observed sample in all possible permuta-
tions of the data (Hollander & Wolfe 1999). In our
case, we are testing for an association in a cross-
classi¢ed table for each strain, where female age and
period of spawning are independent variables
betweenTC and success (or failures) in the spawning
process (Table 3).
Logit analysis was performed by keeping the re-

sponse in its simplest form as binary datawhere a re-
sponse of 0 is recorded for a ¢sh that did not spawn
successfully and a response of 1 is recorded for a ¢sh
that spawned successfully. This enables one to con-
sider the binary response corresponding to the ¢sh
in the cell (i,j,k,l) as a random variable that follows a
Bernoulli’s distributionwith anunknown probability
of success pijkl. Logit analysis proceeds by linking
this probability of success to the explanatory
variables through a logit link function in the spirit

Table 2 Proportion of female channel cat¢sh spawned (%) by age and period of spawning (early, middle and late season)
after being maintained on the various dietary treatments

Treatment Protein (%) Feed frequency

Percentage spawned (%)

Age 3 Age 4 Age 5 Period1 Period 2 Period 3

Strain 1

1 42 6 59 33 78 79 100 39

2 42 3 35 47 72 93 67 28

3 32 6 44 29 90 79 67 54

4 32 3 41 75 100 92 67 52

Total 44 46 85 85 75 42

Strain 2

1 42 6 44 83 73 88 50 58

2 42 3 40 50 85 93 67 65

3 32 6 36 50 63 87 71 38

4 32 3 53 100 79 100 100 54

Total 43 71 75 92 74 54

Logit models for ¢sh spawning analysis H EQuintero et al. Aquaculture Research, 2007, 38, 635^643

r 2007 TheAuthors
638 Journal Compilationr 2007 Blackwell Publishing Ltd, Aquaculture Research, 38, 635^643



of GLMs (McCullagh & Nelder 1999). This is given
by

log
pijkl

1� pijkl

� �
¼ mþ ai þ bj þ abð Þijþgk þ Zxijkl

where all the model parameters are as de¢ned above.
The left-hand side of this equation is the natural loga-
rithm of the odds of successful spawning (the ratio of
the expected number of times of spawning success to
the expected number of times of spawning failure),
while the right-hand side of this equation is a
linear function composed of treatment e¡ects
and covariates. Solving for the probability of success-
ful spawning as a function of the treatment e¡ects
and covariates, we obtain the equivalent form
given by

pijkl ¼
emþaiþbjþ abð ÞijþgkþZxijkl

1þ emþaiþbjþ abð ÞijþgkþZxijkl

where e is the base of the natural log function.
Traditional inference for logit analysis uses

asymptotic distribution results based on the para-
meters estimated using the unconditional maximum
likelihood method. This method is asymptotic and
hence requires a large sample size to provide a reli-
able inference. Our data, however, were sparse in that
it had a number of cells with small observed fre-
quency counts. This was handled by implementing
the exact logistic regression procedure given by Cox
(1970), Hirji, Mehta and Patel (1987) and Mehta and
Patel (1995). Given n observations, the exact logistic
regression proceeds by determining how likely the

observed response is among the 2n possible response
permutations in a manner that mimics Fisher’s exact
test. Inference is based on the exact distribution of
parameters of interest conditional on the remaining
parameters. A direct enumeration of all the possible
permutations becomes infeasible quite quickly. For
instance, for our data set of 414 ¢sh there are
2414 54.23 � 10124 possible permutations. To make
this type of exact conditional inference computation-
ally practical, we used the multivariate shift
algorithm of Hirji et al. (1987).

Results

ANOVA and ANCOVA

For the ANOVA model, the protein level, feed frequency
and the interaction between the twowere found to be
non-signi¢cant (Table 4), with the exception of strain
2 (low spawning) where feed frequency was sugges-
tive (P50.0562). The ANCOVA showed that both cov-
ariates (age of ¢sh and period of spawning) have a
highly signi¢cant e¡ect on the proportion of females
that spawned successfully for both strains. Regard-
ing the e¡ects of the protein level, feed frequency
and their interactions in the ANCOVA model, no signi¢-
cant e¡ect (Table 5) on the proportion of females that
spawned successfully was found, with the exception
of strain 2 (low spawning) ¢sh, where the feed
frequency was found to have a signi¢cant e¡ect
(P50.0408).

Table 3 Total number of broodstock spawned on the various dietary treatments, by strain, age and period (Per.) of spawning
(1, early; 2, middle;3, late season)

Treatment Protein (%) Feed frequency

Age 3 Age 4 Age 5

Per.1 Per. 2 Per. 3 Per.1 Per. 2 Per. 3 Per.1 Per. 2 Per. 3

Strain 1

1 42 6 3 (4) 3 (3) 4 (10) 0 (1) 3 (3) 0 (5) 8 (9) 1 (1) 5 (8)

2 42 3 6 (6) 0 (1) 1 (13) 4 (5) 2 (3) 2 (9) 3 (3) 4 (5) 6 (10)

3 32 6 3 (6) 1 (2) 3 (8) 2 (2) 0 (1) 0 (4) 6 (6) 3 (3) 10 (12)

4 32 3 5 (5) 1 (2) 3 (15) 1 (2) 1 (2) 4 (4) 6 (6) 2 (2) 6 (6)

Total 17 (21) 5 (8) 11 (46) 7 (10) 6 (9) 6 (22) 23 (24) 10 (11) 27 (36)

Strain 2

1 42 6 5 (5) 0 (2) 2 (9) 2 (2) 0 3 (4) 7 (9) 3 (4) 14 (20)

2 42 3 2 (3) 0 (1) 4 (11) 1 (1) 0 0 (1) 10 (10) 4 (5) 20 (25)

3 32 6 2 (3) 0 3 (11) 1 (1) 0 1 (3) 10 (11) 5 (7) 9 (20)

4 32 3 6 (6) 2 (2) 0 (7) 0 1 (1) 1 (1) 10 (10) 5 (5) 18 (27)

Total 15 (17) 2 (5) 9 (38) 4 (4) 1 (1) 5 (9) 37 (40) 17 (21) 61 (92)

The total number of females that were evaluated on the various dietary treatment is in parentheses.
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Pearson’s v2 and Fisher’s exact test

We were unable to use the Pearson w2 analysis due to
low-frequency counts in the cells (¢ve or less). Fisher’s
exact test was used as a remedial measure. Analysis re-
vealed that theTC had a signi¢cant e¡ect (P50.0041)
on spawning success only for strain 1, 4-year-old ¢sh
that were spawned in period 3 (late) (Table 6).

Logit analysis and exact logit analysis

Once again, the low-frequency counts make the per-
formance of the traditional logistic regression analy-
sis unsatisfactory. Thus, we performed the exact
logistic analysis and the results obtained with this
analysis are presented in Table 7. For strain 1, we
found no signi¢cant e¡ect of protein level, feed fre-
quency or their interaction on the probability of suc-
cessful spawning. For strain 2, only feed frequency

had a signi¢cant e¡ect (P50.0427) on the probabil-
ity of successful spawning. Considering the covari-
ates, the age of the ¢sh had a highly signi¢cant e¡ect
(Po0.0001in both strains), period1 (early) had a sig-
ni¢cant e¡ect (P50.0022 for strain1and Po0.0001
for strain 2), and period 2 had no signi¢cant e¡ect
(P50.9533 for strain 1 and P50.7776 for strain 2)
on the probability of successful spawning.
For strain 2, the odds of successful spawning of ¢sh

that are fed three times per weekwere estimated to be
1.9 times that of ¢sh fed six times per week. Further-
more, for strain1, the odds of successful spawning of
female 5-year-old ¢sh were estimated to be 8.4 times
higher than female 3-year-old ¢sh and 2.9 times
higher than female 4-year-old ¢sh. For strain 2, the
odds of successful spawning of female 5-year-old ¢sh
were estimated to be 4.9 times higher than female 3-
year-old ¢sh and 2.2 times higher than female 4-
year-old ¢sh. Finally, the estimated odds of successful
spawning during period 1 (early) were 8.6 and 16.3
times higher than the odds in period 3 (late) for
strains 1 and 2 respectively, while no signi¢cant dif-
ference in the probabilities of spawning was detected
between period 2 (middle) and period 3 (late).

Discussion

Logit analysis was developed as an alternative
approach to ANOVA and ANCOVA. Conceptually, this

Table 4 Results of ANOVA evaluating di¡erences in spawn-
ing success from channel cat¢sh females, among two diet-
ary protein levels, and two feed frequencies, for each strain

Source d.f. F Pr4F

(a) Strain 1 (high spawning)

Protein 1 1.64 0.2024

Feed frequency 1 0.38 0.5719

Protein � feed frequency 1 0.78 0.3796

(b) Strain 2 (low spawning)

Protein 1 0.53 0.4820

Feed frequency 1 3.68 0.0562

Protein � feed frequency 1 0.78 0.3779

Table 5 Results of ANCOVA evaluating di¡erences in spawn-
ing success from channel cat¢sh females, among two diet-
ary protein levels, and two feed frequencies, for two strains
(high and low spawning) using age of ¢sh and period of
spawning as covariates

Source d.f. F Pr4F

(a) Strain 1 (high spawning)

Protein 1 2.14 0.1454

Feed frequency 1 0.02 0.8880

Protein � feed frequency 1 1.59 0.2094

Age of fish 1 28.01 o0.0001

Period of spawning 2 17.61 o0.0001

(b) Strain 2 (low spawning)

Protein 1 1.18 0.2786

Feed frequency 1 4.23 0.0408

Protein � feed frequency 1 0.88 0.3499

Age of fish 1 23.11 o0.0001

Period of spawning 2 17.62 o0.0001

Table 6 Results of Fisher’s exact test evaluating di¡erences
in spawning success from channel cat¢sh females, among
two dietary protein levels, and two feed frequencies, for two
strains (high and low spawning) using age of ¢sh and period
of spawning as variables

Strain 1 Strain 2

Table
probability Pr � P

Table
probability Pr � P

Age 3

Period 1 0.0134 0.0809 0.0662 0.1103

Period 2 0.0714 0.3571 0.1000 0.2000

Period 3 0.0052 0.2415 0.0120 0.3876

Age 4

Period 1 0.0833 0.5000 N/A N/A

Period 2 0.0714 0.4643 N/A N/A

Period 3 0.0005 0.0041 0.0952 0.5714

Age 5

Period 1 0.3750 1.0000 0.0401 0.1624

Period 2 0.4545 1.0000 0.0702 0.7953

Period 3 0.0082 0.2516 0.0005 0.1050

N/A, not applicable.
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analysis makes more sense and has better statistical
properties. It provides an optimal method for regres-
sion analysis of dichotomous-dependent variables
(Allison 1999). In addition to clear-cut violations of
assumptions, ANOVA and ANCOVAuse an arcsine trans-
formation that makes the interpretation of regression
coe⁄cients di⁄cult as they are not estimated on the
original scale (Byers et al. 2003). Logit analysis has
previously been e¡ectively utilized in ¢sheries to ana-
lyse ¢sh maturation among other things. These stu-
dies used asymptotic distributional results that do
not hold in our case due to small cell frequencies. Ex-
act logit analysis was used to provide correct infer-
ence as recommended by Stokes et al. (2000).
In our exact logit analysis, the e¡ect of protein on

spawning success, high protein levels (42%) versus
low protein levels (32%), was not statistically signi¢-
cant for both strains (Table 7). Similar results were
found for rainbow trout, Salmo gairdneri (Richard-
son), where ¢sh fed at 27%, 37%, 47% and 56% pro-
tein levels did not showa signi¢cantly di¡erent e¡ect
on the success of spawning (Roley 1983). Feed fre-
quency had a signi¢cant e¡ect on spawning success
only in strain 2 (low spawning), where ¢sh fed every
other day (three times per week) had 1.9 times more
odds of spawning than those fed daily (six times per
week). Cat¢sh farmers seem to be aware of this situa-
tion according to Steeby andWagner (2005), who re-
ported that about 23.5% of broodstock breeding
operations feed their animals daily during spring/
early summer, while 68.8% feed every other day or
every third day (35.7% every other day and 33.1%

every third day). Hence, the results of the exact logit
analysis match the expected biological response and
would thus be considered a more appropriate test.
Age of ¢sh is often considered to be a determinant

factor in spawning performance. Santiago (1979) re-
ported a very low spawning success in channel cat-
¢sh 3-year-old females (12.7%), and our study shows
that using 5-year-old female ¢sh rather thanyounger
females is likely to produce a signi¢cantly higher rate
of successful spawning. A similar conclusion was
reached by Steeby and Wagner (2005) who wrote
‘considering the time and capital investment repre-
sented by brood¢sh and the fact that good egg output
is expected from ¢sh three years and older ^ produ-
cers should use brooders until the ¢sh are at least ¢ve
years old’. Although older ¢sh performed better,
producers must carefullyconsider other factors, such
as economic and genetic, along with the results
presented in this paper in making their decision.
Results of this case studydemonstrate that appropri-

ate statistical models provide better insight into the
cause^e¡ect relationships that exist between control
variables and the dependent variable (likelihood of
spawning in this case). For spawning success or even
other dichotomous variables (such as survival^mortal-
ityand infected^not infected), logistic and other binary
regressionmodels are generallyconsidered to be better
statistical tools as theyo¡er detailed descriptions of the
relationships among variables in addition to their the-
oretical optimality. Using exact logit analysis, channel
cat¢sh broodstock females from Auburn University,
classi¢ed as strain 1 (high spawning) and strain 2

Table 7 Results of logistic regression analysis evaluating di¡erences in spawning success from channel cat¢sh females,
among two dietary protein levels, and two feed frequencies, for two strains (high and low spawning) using age of ¢sh and
period of spawning as covariates

Variable� d.f. Parameter estimate Pr4chi-square Odds ratio

(a) Logistic regression analysis – strain 1

Protein 1 0.2595 0.1215

Feed frequency 1 0.0399 0.8619

Protein � feed frequency 1 0.2679 0.1184

Age 1 1.0268 o0.0001 2.8

Period 1 1 1.0449 0.0022 8.6

Period 2 1 0.1936 0.9533

(b) Logistic regression analysis – strain 2

Protein 1 � 0.1751 0.2707

Feed frequency 1 0.3150 0.0427 1.9

Protein � feed frequency 1 0.1213 0.4312

Age 1 0.7988 o0.0001 2.2

Period 1 1 1.3963 o0.0001 16.3

Period 2 1 � 0.2734 0.7776

�Period 1 and period 2 correspond to the logistic regression coe⁄cients where the levels of period are coded as period 1 (1,0)^period 2
(0,1)^period 3 (�1,1).
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(low spawning), were found to exhibit signi¢cantly dif-
ferent spawning success probabilities for di¡erent le-
vels of feed frequency but not for di¡erent levels of
protein. Strain 2 ¢sh fed six times per week had a sig-
ni¢cantly lower success in spawning as compared
with strain 2 ¢sh fed three times per week.Whereas
feeding frequency did not have a signi¢cant e¡ect on
the spawning success of strain 1 ¢sh, age of ¢sh and
period of spawning also had a signi¢cant e¡ect on the
probability of spawning success.
In summary, as would be expected, each strain of

¢sh responded somewhat di¡erently to the test vari-
ables. Changing the protein level of the diet from 32%
to 42% or increasing the feeding frequency from
three to six times per week either did not in£uence
spawning or negatively a¡ected spawning respec-
tively. Additionally, older ¢sh performed better than
younger ¢sh and the early spawning period was bet-
ter than the later spawning period, regardless of
strain. These responses were only detected using lo-
git analysis, which was a more sensitive test and
would thus be recommended for this type of data.
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