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Introduction:-

Biological processes such as growth and production of a given fish population can be estimated by various methods
which have been described by different authors (Abdel-Raheam et al., 2017; De Graaf et al., 2005). One of such
methods is the use of simple mathematical models described by equations which depict relationship between growth
parameters (Jopp et al., 2011). Growth models provide crucial information required for the management and general
understanding of fisheries (Juan-Jorda et al., 2015), and for predicting the adaptability of a given species to the
culture environment (Okomoda et al., 2018). For instance, the von Bertalanffy growth model which is widely
applied in fisheries (Von Bartalanffy, 1938; Cailliet et al., 2006), describes a scenario in which the fish approaches a
theoretical maximum (asymptotic) size if allowed to grow indefinitely. Many authors have documented the species
whose growth will be better described by this model to provide an excellent fit (Froese and Pauly , 2017; Smart et
al., 2016; Koch et al., 2015). However, the overall maturity size of fish depends on many factors related to the
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culture environment, species and even strains within the same species (Duponchelle and Legendre, 2000). Most
recent studies in culture fisheries have mainly focused in explaining the effect of stocking densities, crude protein
levels and feeding regimes on growth and the physiological wellbeing of Tilapia which is cultured in many parts of
the world (Yakubu et al., 2013; Abdel-Tawwab, 2012). Nonetheless, the water quality variables also play a very
important role as intervening variables which regulate the fish metabolic rates (Shackleton, 2012; Bystréom et al.,
2006), and the deviations above or below the lethal limits have been reported to be detrimental to fish growth and
survival. For instance, the optimum growth and survival in Tilapia has been reported to occur at a temperature range
of between 20 °C and 31°C, dissolved oxygen range and pH level of 4.20 to 5.90mg/I and 6.5-9.0 respectively
(Mirea, 2013; Nehemia et al., 2012; Mjoun et al., 2010). Conversely, the massive mortalities occur in the pH levels
above 9.0 due to increased concentration of unionized ammonia to more than 0.2mg/L, which is detrimental to fish
growth and survival (Nehemia et al., 2012). The interaction between water variables and fish weight can be
explained using the linear models given by the equation, Y= X +¢, which relates independent variables to the mean
of the response variable (Fox, 2016). Consequently, log-transformed weight-length regressions have been used to
assess the influence of water quality variables on the condition factor of different fish species (Mansor et al., 2012;
Abdel-Raheam and El-Bassir, 2017). These estimate parameters and the error term of predicting the population
regression are conviniently estimated by the regression modeling functions using matrix algebra (Faraway, 2005;
Rawlings et al., 1998). Therefore, more independent variables apart from body length can be included in the model
to determine their effect on fish growth using single factor regression and multiple regression models. Despite the
crucial importance of this method, only few studies have applied regression modeling to simulate growth of cultured
fishes. Therefore the study aims at comparing the growth of Nile tilapia, Oreochromis niloticus and Jipe tilapia,
Oreochromis niloticus to provide baseline information to researchers and graduate students who would like to
conduct a future related study.

Modeling Procedure:

Theoretical framework:

The study compared growth and the condition of Nile tilapia and Jipe tilapia under the same aquaculture conditions.
Data used in the present study has been published by Omweno et al. (2020), in which the study design and data
collection procedures have been discussed. The data was organized into two data frames, each containing six
variables were considered from the growth data of both species collected over a period of three months. The
interaction between selected variables used for fish growth modeling is illustrated in the figure 2 below:

Independent variables Intervening variables Dependent variables

/I?mp. s

Species I Growth |
I

| . |

Weight

Nile tilapia - | 8 |

D.O |

| Length |

Jipe tilapia \L\ O - _ ]
]

EXPERIMENTOR MODELING

Figure 1:- Thetheoretical framework for modeling the fish growth variables.
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The independent variable, species, has two levels of treatment, Nile tilapia and Jipe tilapia. The baseline comparison
of growth presumed that species is the only independent variable responsible for change in fish growth and survival,
whereas regression modeling compared the interactive effects among the intervening variables on the growth of both
species. Each variable was initially assumed to change during the study but there was no control for the independent
variable. The first, second and third intervening variables were temperature (Temp.), dissolved oxygen (D.O) and
pH respectively as shown in figure 1.

Model fitting:

Modeling was done using the 64-bit R software version 3.6.2 (R-core team, 2019). The models were generated by
submitting two data frames imported into the R environment to modeling arguments, which specify the predictors
and response variables. In linear models, a set of operators were used to combine low order and influential terms to
bring about the intended effects (Lindsey, 1997), and to nullify the interpretation of operators, allowing the use of a
combination of linear parameters (Horton and Kleinman, 2015). Regression diagnostics were performed using the
Imtest and car packages (Fox and Weisberg, 2019; Zeileis and Hothorn, 2002). Outliers in the models were
generated according to Cook and Weisberg (1982) and residual plots were obtained by submitting the saved objects
to the plot( ) and hist( ) arguments.

Linear modeling functions:

Nearly all linear modeling functions in the R sofiware (R-core team, 2019) were provided by the inbuilt Stats
package.The Im( ) function was used to perform regression and fit the regression models. Details of the model
information were generated by summary function, while slope and intercept coefficients were extracted from model
objects saved in R environment using coef( ) function. These coefficients were submitted to plot function which was
used to graphically represent different regression models on the same plot. The residual( ) and fitted( ) functions
were used to obtain residual plots which were used to check residual distributions, while confint( ) function was
used to construct the 95% confidence intervals for parameter estimates in the fitted linear regression models. Finally,
the predict( ) function was used to predict future observations on the response variable.

Model assessment using hypothesis:

The bivariate regression models were assessed based on the default null hypothesis which presumed that all
predictors of fish weight were significantly different from zero; Ho;: B;= = f3=0. The second null hypothesis in
multiple regressions tested a pair of predictors, Ho,: p1+p2#1, where the 1() function was used in the argument to
inhibit the interpretation of operators as being part of the model formula (Horton and Kleinman, 2015). Two nested
models were generated, one having a combination of linear parameters, X; and X, using the I( ) function and the two
nested models were compared using anova.

In a multiple regression, more significant predictors were selected for the final model, so that the model’s prediction
accuracy can be improved by minimizing the errors attributed to variance unexplained by the model. Different
assessment criteria were used to arrive at the final models: adjusted R* which estimates the % variance explained by
the model using the linear combination of predictors (Palmer and O’Connell, 2009), the Akaike information criteria
(Akaike, 1974), was which was auto performed using stepAIC function in the package MASS (Venables and Ripley,
2002) and statistical significance of the linear predictors using model p-values. The relative importance of the
physicochemical parameters on fish growth was assessed using the standardized parameter estimates (-coefficients)
which were computed on selected models according to Gardener (2011). The nested models were compared using
analysis of variance.

Model predictions and confidence intervals:

The models' predictive capabilitiecs were performed by assigning the differences between the predicted and actual
results to the vector delta, and the distribution mean of delta estimated using the data-splitting method according to
Lilja (2016). Outliers and potentially influential observations were generated using parameter estimate coefficients
(dfbetas) and their standardized distance from the mean of predictors.

Results:-

Bivariate regression:

Figure 2 shows the results of the bivariate regressions between body weight and total length log-transformed data
of Oreochromis jipe and Oreochromis niloticus species. The overlay of scatter in both models portrays a positive
and statistically significant (p<0.05) relationship between the body weight and total length growth variables, which
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predict an increase of 0.019g and 0.023g body weight in O. jipe and O. niloticus per every total length increase in
fish during the culture period respectively.

In addition, the coefficient of determination (adjusted R?) of the log-transformed regression models showed a strong

linear relationship between total length and body weight of both species. The slope, regression intercepts and
coefficients of differentiation of both models are shown in the figure below:

Regression model : O. niloticus and O. jipe compared
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Figure 2:- Bivariate regression models of Oreochromis jipe and Oreochromis niloticus using log-transformed data.
Residual analysis:
In the bivariate regressions, the standardized residuals and studentized residuals of the response variable had a near

random distribution with less than 2% of values above and below two standard deviations from the mean of zero,
although ordinary residuals had a wider distribution which appeared to be non-symmetrical (figure3).
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Figure 3:- Residual histograms and density distributions of body weight in Oreochromis jipe and O. niloticus.

Multiple regressions:

In the multiple regression analysis (Table 1), we evaluated the influence of five independent variables (culture
period, body length, temperature, pH and dissolved oxygen) on fish body weight of the two species. All predictors
of body weight in fish were statistically significant (p<0.05), therefore parameter estimate coefficients because are
significantly different from zero at 95% significance level. In terms of model fit, the data is good to averagely well-
fitted and the the six independent variables used explain 64.7% and 81.4% of the total variance in the dependent
variable in O. jipe and O. niloticus respectively. The anova p-value (p>0.05) obtained from comparing nested
models indicated that no sufficient evidence to treat dissolved oxygen and pH level separately in the model, hence
the null hypothesis cannot be rejected. The regression coefficients and standardized beta coefficients of the multiple
regressions are shown in table 1.

Table 1:- Comparison between parameter coefficients and standardized parameter coefficients returned by multiple
regression models.

Parameter Oreochromis jipe Oreochromis niloticus

estimate pS.E Cls Bsta. B£S.E Cls Bota.
Culture period 0.10+0.01 0.09-0.12 0.73 0.18+0.02 0.14-0.22 0.46
Length 0.93+0.07 0.78-1.07 0.44 2.17+0.14 1.88-2.45 0.53
Temperature 0.87+0.13 0.62-1.11 0.28 0.69+0.42 -0.12-1.51 0.07
pH 2.46+0.48 1.52-3.40 0.24 2.04+0.65 0.77-3.31 0.07
Oxygen 2.49+0.52 1.46-3.51 0.21 2.524+0.65 1.24-3.79 0.06

p=Parameter estimate coefficient, Bsq = Standardized parameter estimate coefficient, CIs= Confidence Intervals and
S.E= Standard Error of the estimate

The confidence intervals for the distribution of delta values obtained from predictions using one factor regressions
are shown in the figure 4 below.
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Figure 4:- Standard distribution and confidence intervals for delta values predicted using bivariate regressions.

The prediction confidence limits of [3.48, 4.24], were obtained when predicting O. jipe using the split dataset
obtained from O. jipe in which several data points lie outside the mean of zero, indicating overestimation of
predicted weight values. However, only few data points lie outside the mean of zero when O. jipe weight is
predicted using using different O. niloticus dataset and [1.39, 1.86] confidence intervals were obtained when
predicting across the datasets.

Discussion:-

Regression modeling is an inferential statistics method used to study the relationship between one or more
independent variables and the response variable. Regression models can also be used to provide crucial information
on interaction between primary variables which influence the growth process, by statistically determining the
relationship between the growth response variable and one or more independent predictors (Palmer and O’Connell,
2009). Apart from being used for explanations, regression analysis is also useful for making predictions on future
observations (Pedhazur, 1997). In fisheries research, the log-transformed length-weight regression analysis is used
to determine the fish condition factor, whereby, the values of length-weight coefficient (b) indicate whether the fish
is growing isometrically or allometrically (Ighwela et al., 2011). In the present study, both O. jipe and O. niloticus
exhibited allometric growth, with the values of length-weight coefficient (b) of less than 3. The result corroborates
with the findings of Ighwela et al. (2011) and Gupta et al. (2012), which show that most fish species at the fingerling
stage exhibit negative allometric growth (b<3), but mature fish tend to show isometric growth and postive allometric
growth (b> or equal to 3). The overall model significance (p<0.05), showed that there was sufficient information to
conclude that all B-coefficients were significantly different from zero, hence, fish weight in both species was
influenced by all the independent variables under study. This is supported by the parameter t-values which were
greater than 1.96 indicating a lower probability Pr(>|t|) of getting p#0 by chance and confirmed by larger model F-
stat values.

Residuals are the differences between the actual values and the values predicted by the regression model. The
randomness in residual distributions is assumed for the predicted response variable, which in this study was was the
fish body weight, whose standardized and studentized residual values exhibited a standard normal distribution with
two standard devitions away from the mean of zero. In addition, the standard error of each of the parameter
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estimates of body weight was less than times smaller than the corresponding parameter estimate coefficient which
showed that our regression models were best-fitting for the datasets (Lilija, 2016). This is because a large coefficient
to standard error ratio indicates high variability in the parameter estimate, hence uncertainty in the model
predictions. Graphically, the residuals in the normal probability (q-q) plots followed a straight line and were
randomly scattered without homoscesdascity except for few outliers which were less than 2% of the data. These
outliers might have been caused by missing or omitted values, variance heterogeneity or unconverging algorithm
which failed to capture the complexity of the aquaculture system in order to make a perfect prediction on the two
fish populations under study. Consequently, the raw residuals were widely scattered with 5-20 standard deviations
around the mean of zero (figure 3). The assumption of normality in the response variable body weight was also
tested using Shapiro-Wilk test (Shapiro and Wilk, 1965) and residual distributions in order to assess the model
quality. Since (W=0.975, p>0.05), there was insufficient evidence to reject the null hypothesis that residuals were
not normally distributed although we detected non-normality in residual histograms (figure 3) due to a small sample
used in modeling. Despite the datasets meeting the normality assumption, it is worthy to note that the assumption of
normality is only obeyed by extremely large samples which underlie the use of F- and t-tests where data is likely to
be normally distributed. However, the independent variables do not necessarily have to meet this assumption
because they are fixed. A wide non-symmetric distribution of raw residuals exhibited by O. jipe regression models
may have been caused by a small number of shooters which gained weight faster than the rest of mixed-sex
fingerlings. Apart from the residual standard error and distribution of the standard residuals, the adjusted coefficient
of determination (adjusted R-squared), which estimates the percentage of total variance of the predicted response
variable explained by the linear regression, also provides a relative measure of goodness of fit (Zar, 1984).
According to Fox (2016), the higher the adjusted R value, the better the model in making predictions. The bivariate
regression models accounted for 64.5% and 81.2% of the variance explained in the response variable in O. jipe and
O. niloticus respectively. The higher adjusted R* value in O. niloticus log-transformed model indicates that a greater
proportion of weight in this species can be explained from the regression model compared to O. jipe.

The parameter estimate coefficients (betas) shown in table 1 determines how much the mean of the response
variable increases with each increase in the independent variable, while the sign of the coefficient shows whether the
change caused by the independent variable is postive or negative. In this study, a change in each of the independent
variables caused a corresponding positive change in fish weight. It is however difficult to compare the parameter
estimate coefficients unless they are standardized to the same scale. The standardized parameter (beta) estimate
coefficients provide a standardized way of comparing all the estimate parameters associated with the growth
response variable weight, which were quantified using different metric units. These coefficients were computed
using the programmed algorithm published by gardener (2011). The comparison of standardized beta coefficients
found that temperature (°C) was the most important parameter in the growth of both species of Oreochromis,
followed by dissolved oxygen and pH respectively. However, in O. jipe, weight and culture period provided the
strongest linear relationship with the largest standardized beta coefficient in the multiple regression. The overall
dominance effect of each of the physicochemical parameters in the growth of both species corroborates with the
standardized rank of beta (slope) coefficients as shown in table 1.

The parameter estimates obtained by this study are not just precise values but more often, regression models give a
range of uncertainty within which the true values of prediction lie, defined by 100(1-a)% outside which any point in
the model will be rejected based on the null hypothesis. This region is called confidence interval or simply
confidence limits. The Confidence Intervals (CIs) provide an alternative way of testing the multiple hypothesis
concerning uncertainty in prediction of the response variable. For reliable predictions , the mean delta (Ai) values at
95 percent confidence interval should close to zero and the delta values uniformly distributed on both sides of the
mean zero (Lilja, 2016). However, our prediction confidence limits of [3.48, 4.24], when predicting the same dataset
and [1.39, 1.86] when predicting across the datasets lie outside the mean of zero, which could be due to
overestimation of predicted values. Therefore, the mean weight of O. jipe but can be most reliably predicted using
the weight-length regression performed on the data drawn from O. niloticus because the confidence interval contains
very small delta values distributed around the mean of zero as shown in figure 4 above. This further predicts the
stability of O. niloticus species in the captive environment compared to O. jipe.

Conclusion And Recommedations:-

In conclusion, the fingerlings O. niloticus and O. jipe cultured in wooden backyard ponds were in good condition.
The weight gain in O. jipe had high dependance on the number of culture days but showed greater uncertainity in
captivity. In addition, a large number of shooters in O. jipe data could necessitate multiple cropping of cultured fish
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before final harvest. The study recommends further trials using mono-sex fingerlings under controlled culture
conditions.
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