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Abstract 

A multiple regression analysis of growth in juvenile tilapia 
Oreochromis niloticus and 0. aureus (Cichlidac) is presented 
based on experiments conducted from 1984 to 1987 in  
recirculating systems a t  the Tilapia Genetics Laboratory of the 
University College of Swansea. Wales, UK. One regression 
model was derived for 0. niloticus, one for 0. aureua and one 
for both species jointly. Overall fit, although not high, was sig- 
nificant (R2 = 0.500, 0.493 and 0.423, respectively for n = 2,446, 
3,631 and 6,077, respectively). A surprisingly high number of 
variables were found to correlate with growth rate; of 19 hy- 
pothesized variables (17 of which were dummies, coded 0 or 1). 
only 4 were not signilicant in the 0. niloticus model, 2 in the 0. 
aureus model and 4 in the joint modcl (a = 1%). 

The discussion emphasizes the usefulness of dummy vari- 
ables for decomposing into primary factors the impacts on fish 
growth of complexly integrated brecding experiments and rear- 
ing systems. 

Introduction 

This study presents an attempt to apply a 
multiple regression method for analysis of fish 
growth to data initially assembled for a completely 
different purpose, i.e., elucidating the genetics of 
sex determination of the commercially important 
tilapia (Oreochromis niloticus and 0. aureus) (Mair 
1988; Mair et  al. 1991a, 1991b). 

*ICLARM Contribution No. 733 

Thus, this study may be considered as  a con- 
tribution toward assessing the utility of a method 
for extracting information on growth from data 
collected for other purposes. 

Another aim is to demonstrate how dummy 
variables (i.e., variables coded either 0 or 1) can 
be defined such that complex systems - illustrated 
here by a recirculating system providing the fish 
with a large number of qualitatively different 
microenvironments - can be decomposed, for the 
purpose of multiple regression analysis, into a 
number of factors (i.e., dummy variables) permit- 
ting quantitative analysis. It should be noted that, 
in contrast to other applications of multiple regres- 
sion analysis presented in this volume, the present 
approach is strictly for the purpose of hypothesis- 
testing. This is regarded here as  a complementary 
approach to the methods usually applied to these 
questions such as, for example, analysis of vari- 
ance. 

Materials and Methods 

Identity of Fish Stocks 
The stocks of 0. niloticus (Linnaeus) and 0. 

aureus (Steindachner) used in this study were ob- 
tained as  laboratory strains from the Institute of 
Aquaculture, University of Stirling, UK, in 1982- 
83. Both originate from Lake Manzala, Egypt, 
where they occur sympatrically. Electrophoretic 
and  morphometric analyses (McAndrew and 
Majumdar 1983; Mair 1988) provided no evidence 
to suggest that these strains are introgressed with 
each other or with any other species of tilapia. It  
is assumed therefore that these strains are "pure". 
Note, however, that  they have been through a 
number of genetic bottlenecks and are somewhat 
inbred (Mair 1988). 

Breeding and Growth Experiments 
The experiments analyzed here were con- 

ducted from October 1984 to September 1987 in 
closed recirculating systems a t  the Tilapia Genetics 
Laboratory of the University College of Swansea, 
Wales, UK. They were primarily directed toward 
elucidating the genetics of sex determination in 
the two species mentioned. The study utilized a 
number of techniques of hormonal and genetic 
manipulation (Mair 1988) and included a study of 
temperature effects on progeny sex ratio (Mair et 
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al. 1990). The data analyzed here were gathered 
a t  the termination of experiments when progeny 
from test crosses were sacrificed in order to deter- 
mine accurately their sex using the gonad squash 
technique of Guerrero and Shelton (1974). Prior to 
sacrifice all fish were held, for a t  least part of the 
growout period, i n  plastic bins i n  one of four 
closed recirculating systems. 

Definition of Continuous Variables 
For each sacrificed fish, the following data  

were recorded: 

(i) AGE : age a t  sacrifice, in  days 
(AGE = 0 refers to f i rs t  
feeding fry); 

(ii) SL : standard length a t  sacrifice, 
in cm; and 

(iii) W : wet weight a t  sacrifice, in 
g . 

These data were used to compute derived vari- 
ables, i.e., 

(iv) GR : instantaneous growth rate, 
as given by 

where W and AGE are a s  given above, In indi- 
cates natural logarithms and 0.06 g is the mean 
initial weight of the first feeding fry as  used for 
the experiments. Note that GR serves as depend- 
ent variable in  all models presented below. Also 
computed was 

(v) CF : condition factor, defined by 

CF is hypothesized to display a positive (par- 
tial) correlation with GR. The number of fish 
stocked (N,) and the number recovered (N,) from 
each experiment were also used to define: 

(vi) MORTALITY : fraction of fish dying per 
day in  a given bin, a s  de- 
fined by 

MORTALITY = (l/AGE).(- In (Nfl,)) ... 3) 

We hypothesized tha t  MORTALITY is nega- 
tively correlated with GR. 

The continuous variables SL, W and AGE, 
were used to derive other variables but were not 
included in the model. In  addition, the variable 
DENSITY (NdN,) was dropped from the model 
due to its collinearity with MORTALITY (see Table 
1). 

Definition of Dummy Variables 
A number of variables are defined below which 

take only the values 0 or 1 ;  these "dummy vari- 
ables" can obviously be used to code inherently 
dichotomous characteristics such a s  sex, but also 
to decompose a complex series of experiments and 
rearing systems into a number of quantifiable fac- 
tors. In  the case of the experiments and systems 
mentioned above, this approach led to the follow- 
ing dummy variables pertaining to each of the ex- 
perimental fish (with "DEFAULT' indicating cases 
when a dummy variable was set a t  zero): 

(vii) SPECIES 

(viii) SEX 

(ix) ALLMALES : 

Oreochromis aureus = 1 (n 
= 3,631); 0. niloticus = 0 (n 
= 2,446). This variable is 
used only for the two-spe- 
cies model defined below; 
for t h i s  case, a negative 
sign is hypothesized for the 
corresponding partial  re- 
gression coefficient or 
"slope" because 0. niloticus 
is  known to have a higher 
growth performance than  
0. aureus (Pauly e t  al. 
1988); 
Sex of individual fish, with 
9 = 1 and d =  0; slope hy- 
pothesized to have a nega- 
tive sign because ti lapia 
males  generally have a 
higher growth performance 
t h a n  females (Wohlfarth 
and Hulata 1983); 
Variable indicating sex of 
brood; 1 = fish were part of 
an  all-male brood, 0 = fish 
were not p a r t  of such 
brood. Slope hypothesized to 
have a positive sign due to 
t he  absence of complex 
behavioral interactions be- 
tween sexes in  monosex 
broods; 



Table 1. Pearson correlation coefficients for all variables used in the analysis of JOINT.DAT 

SL W AGE GR CF SEX DENS MORT SPEC SYSl SYS2 SYS3 WINT 

SL 1.00 0.93 
W 0.93 1.00 
AGE 0.67 0.61 
GR -0.44 -0.38 
CF -0.04 -0.01 
SEX -0.03 -0.06 
DENS -0.13 -0.13 
MORT -0.20 -0.16 
SPEC -0.03 -0.02 
SYSl 0.04 0.07 
SYS2 -0.09 -0.11 
SYS3 -0.14 -0.14 
WINT -0.01 0.01 
SPRG -0.01 -0.02 
SUMM -0.06 -0.04 
REAR 0.12 0.14 
PARl -0.01 -0.04 
PAR2 -0.03 -0.03 
PAR3 0.15 0.16 
SPAWN -0.13 -0.15 
ALLM 0.05 0.07 
ALLF -0.05 -0.05 
GYNO -0.03 -0.06 
LOTEMP 0.01 -0.03 
HITEMP 0.00 -0.04 

SPRG 

SL -0.01 
W -0.02 
AGE 0.06 
GR -0.06 
CF -0.02 
SEX 0.06 
DENS -0.05 
MORT -0.04 
SPEC 0.03 
SYSl -0.18 
SYS2 -0.01 
SYS3 -0.11 
WINT -0.31 
SPRG 1.00 
SUMM -0.45 
REAR -0.02 
PARl -0.11 
PAR2 -0.08 
PAR3 -0.03 
SPAWN 0.09 
ALLM -0.17 
ALLF -0.12 
GYNO 0.03 
LOTEMP -0.17 
HITEMP 0.09 

SUMM 

-0.06 
-0.04 
-0.03 
-0.01 
0.02 
0.01 
0.06 
0.00 

-0.14 
0.09 

-0.03 
0.01 
-0.30 
-0.45 
1.00 

-0.06 
-0.1 8 
0.06 
0.15 

-0.04 
0.07 
0.14 
0.01 
-0.02 
0.06 

0.67 
0.61 
1.00 

-0.86 
-0.01 
0.03 

-0.21 
-0.27 
0.06 

-0.21 
-0.04 
-0.03 
-0.02 
0.06 

-0.03 
-0.20 
0.07 
0.01 

-0.06 
0.02 

-0.02 
-0.06 
-0.06 
0.06 
0.07 

REAR 

0.12 
0.14 

-0.20 
0.29 

-0.03 
-0.01 
-0.02 
0.10 

-0.24 
0.13 

-0.33 
-0.19 
-0.09 
-0.02 
-0.06 
1.00 

-0.07 
-0.06 
0.01 

-0.47 
0.02 

-0.03 
-0.02 
0.01 

-0.27 

-0.44 
-0.38 
-0.86 
1.00 
0.00 

-0.02 
0.13 
0.38 
0.02 
0.27 
0.04 
0.02 
0.09 
-0.06 
-0.01 
0.29 

-0.07 
-0.06 
0.1 1 
-0.09 
0.02 
0.07 
0.05 

-0.12 
-0.10 

PARl 

-0.01 
-0.04 
0.07 

-0.07 
0.03 

-0.35 
0.07 

-0.06 
0.47 
0.11 
0.01 
0.07 
0.03 

-0.1 1 
-0.18 
-0.07 
1.00 
-0.07 
-0.1 6 
0.14 
0.50 

-0.1 2 
-0.08 
-0.16 
0.02 

PAR3 SPAWN 

0.15 -0.13 
0.16 -0.15 

-0.06 0.02 
0.11 -0.09 

-0.01 0.03 
-0.20 -0.07 
0.12 0.04 
0.00 0.02 

-0.30 0.49 
0.19 -0.13 

-0.01 0.39 
0.01 e.01 
-0.08 -0.08 
-0.03 0.09 
0.15 -0.04 

-0.01 -0.47 
-0.16 0.14 
-0.03 -0.07 
1.00 -0.15 

-0.15 1 .OO 
0.29 -0.03 

-0.05 -0.12 
-0.04 -0.08 
-0.06 0.00 
-0.04 0.29 

ALLM ALLF 

0.05 -0.05 
0.07 -0.05 

-0.02 -0.06 
0.02 0.07 
0.04 -0.01 

-0.38 0.24 
0.02 -0.08 
0.04 0.13 
0.19 -0.07 
0.13 0.06 
0.01 0.01 
-0.07 -0.05 
-0.03 -0.05 
-0.17 -0.12 
0.07 0.14 
0.02 -0.03 
0.50 -0.12 
-0.05 0.40 
0.29 0.05 

-0.03 -0.12 
1.00 -0.09 

-0.09 1.00 
-0.07 0.38 
-0.11 -0.05 
0.00 -0.03 

GYNO LOTEMP HITEMP 

-0.03 0.01 0.00 
-0.06 -0.03 -0.04 
-0.06 0.06 0.07 
0.05 -0.12 -0.10 

-0.01 0.01 -0.01 
0.16 0.03 0.01 

-0.10 -0.16 -0.04 
0.10 0.05 -0.04 

-0.12 -0.17 0.14 
0.09 -0.13 -0.09 

-0.09 -0.04 0.24 
-0.02 0.04 -0.06 
-0.02 0.37 -0.08 
0.03 -0.17 0.09 
0.01 -0.02 0.06 

-0.02 0.01 -0.27 
-0.08 -0.16 0.02 
-0.02 -0.03 -0.02 
-0.04 -0.06 -0.04 
-0.08 0.00 0.29 
-0.07 -0.11 -0.00 
0.38 -0.05 -0.03 
1.00 -0.04 -0.03 
-0.04 1.00 -0.04 
-0.03 -0.04 1.00 

ALLFEMALES : 

DEFAULT : 

X) PARENTl : 

Other variable indicating 
sex of brood; 1 = fish were 
part of an all-female brood; 
0 = fish were not par t  of 
such brood. Slope hypoth- 
esized to  have a positive 
sign; 
mixed sex, i.e., fish were 
part of a mixed brood. 
Variable referring to par- 
en t s  of fish i n  question 
with 1 = A? x N , i.e., delta 
female by normal male; 0 = 
not as above, and where a 

A? i s  a genetic male 
hormonally sex reversed to 
female; 

PARENT2 : Same as above but 1 = N x 
A # ,  0 = not as  above, and 
where a Ad'is a genetic fe- 
male hormonally sex re-  
versed to male; 

: 1 = Sup x N, i.e., one par- 
ent was a super-female or a 
super-male, and 0 = not as 
above; super  females or 
males  a r e  novel 
homogametic genotypes, 



DEFAULT 

(xi) GYNOGEN 

(xii) SPAWNING 

WW female in 0. aweus or 
YY male  in  0. niloticus 
(Mair et al. 1991a, 1991b). 
parents were normal female 
and normal male (i.e., PAR- 
ENTS 1 ,  2 and 3 = 0) 
1 = Fish was gynogenetic 
(i.e., having only maternal 
inheritance); or 0 = fish re- 
ceived genes from both par- 
ents.  Gynogens were pro- 
duced by suppress ion of 
meiosis or mitosis in eggs 
fertilized with ultra-violet 
irradiated sperm according 
to Mair e t  al. (1987). The 
slope i s  hypothesized to  
have a negative sign due to 
manifestation of inbreeding 
depression. 
1 = "natural" spawning (in 
aquaria); 0 = stripping, ar- 
tificial fertilization and in- 
cubation. We hypothesized 
t h a t  artificial incubation 
may reduce subsequen t  
growth due to t h e  poten- 
tially poorer condition of fry 
compared to  those incu-  
bated by the female parent. 

The following dummy variables were devised 
to describe the  major characteristics of the four 
recirculating systems and the conditions under 
which the experimental fish were keut: 

SYSTEM 2 

SYSTEM 3 

DEFAULT 

Variable set a t  1 when the 
fish have been all the time 
in  a recirculating system, 
and  a t  0 when they have 
spent some time in aquaria 
(usually the initial period). 
The corresponding slope is 
hypothesized to have  a 
positive sign due to reduced 
growth of fish in aquaria. 
variable set a t  1 when fish 
were kept in first (of four) 
recirculating systems, oth- 
erwise a t  0; 
second system = 1, other- 
wise 0; 
third system = 1, otherwise 
0; 
fourth recirculating system 

(XV) WINTER 

SPRING 

SUMMER 

DEFAULT 
(xvi)LOTEMP 

HIGHTEMP 

DEFAULT 

(i.e., SYSTEM 1 ,  2 and 3 = 
0). 
Recirculating systems 1 ,2  
a n d  3 consisted of 22-28 
plastic bins (27-1 capacity) 
which were initially stocked 
a t  1.4-1.9 fish.]-l. System 4 
h a d  l a r g e r  b ins  (47 1) 
stocked a t  1.6 - 2.3 fish.]-l. 
One of four seasons during 
which midpoint of growth 
period occurred. S e t  a t  1 
when season i s  winter  
(Jan. ,  Feb., Mar.), other- 
wise 0; 
s e t  a t  1 when  season i s  
spr ing (Apr., May, Jun.) ,  
otherwise 0; 
s e t  a t  1 when  season i s  
summer (Jul., Aug., Sep.), 
otherwise 0; 
autumn (Oct., Nov., Dec.). 
1 = f ish  grew ( a t  some 
point, usually a t  the begin- 
ning) below 26°C; 0 = fish 
always grew above 26°C. 
The  slopes of these  vari- 
ables a r e  hypothesized to 
h a v e  a negat ive  sign a s  
these temperatures are out- 
side t h e  opt imum for 
growth of these tilapia; 
1 = f i sh  grew ( a t  some 
point, usually a t  the begin- 
ning) above 30°C; 0 = fish 
always grew below 30°C. 
Slope hypothesized to have 
a negative sign; 
fish grew a t  all t imes be- 
tween 26°C and 30°C. 

Three files were created, using a n  IBM com- 
patible personal computer, with appropriate values 
for t h e  above var iables ;  one for 0. niloticus 
C'NILE.DAT"), one for 0. aureus ("AIJR.DAT") and 
one for both species ("JOINT.DAT").a 

Hypothesized Multiple Regression Models 
The approach in the present analysis is to for- 

mulate a hypothetical regression model for each 
dataset, based on biological reasoning, and to test 

"Scc Appendix 11, p. 201. 



th i s  i n  a single regression run  on the  entire 
amount of data available. I t  should be noted that 
this is strictly a hypothesis-testing approach, in 
contrast to other uses of multiple regression for 
exploratory da ta  analysis or predictive model 
building, as  in other presentations in this volume. 

For NILE.DAT and AUR.DAT, the hypoth- 
esized multiple regression models had the form 

GR = INTERCEPT + blCF + b,MORTALITY 
+ b,SEX + b,ALLMALES + b,ALLFEMALES 
+ b,,PARENTl-3 + b,GYNOGEN 
+ bl,REARING + bll SPAWNING 
+ b,,,,SYSTEMl-3 + b,,l,SEASON1-3 
+ b,,LOTEMP + bl,HITEMP 
+ ERROR TERM ... 4) 

For JOINT.DAT, the hypothesized model dif- 
fered from (4) only in that "SPECIES (see above) 
was added as  20th variable before the error term. 

Parameter estimates (intercepts, slopes and 
their related statistics) were obtained using the 
SASISTAT package (SAS 1988). 

The par t ia l  regression coefficients (bi, or 
slopes) were used to compute standardized slopes, 
or p coefficients according to 

sd (variable), 
p = b i .  ... 5) 

sd(GR) 

which allow comparison of effects on GR measured 
in different units (including comparisons between 
dummy and continuous variables; Blalock 1972). 

Results and Discussion 

Table 2 shows the means and standard devia- 
tions for all variables (including SL, W, AGE and 
DENSITY). These show tha t  growth rates were 
very low in comparison with those normally ob- 
served in pond culture situations, the fish growing 
to a mean weight of only 1 9  g by a mean age of 
185 days. Mortality rates were high at  0.002-0.004 
fish per day resulting in  a mean loss of 35% of 
stocked fish over the growout period. 

Points of interest regarding the frequency of 
occurrence of 0 and 1 values within the dummy 
variables are that 71% of fish were grown entirely 
i n  recirculating systems and  all 0. niloticus 
crosses were made using artificial fertilization. 
Variables PARENT 2 and  3, ALLFEMALE, 
GYNOGEN, LOTEMP, HITEMP and SYSTEM 3 
were all set a t  1 in less than 10% of observations. 

Table 2. Mean and standard deviation for all variables. 

Variable 
0. aureus 0. niloticus Both species 

Mean SD Mean SD Mean SD 

SL 
W 
AGE 
GR 
CF 
SEX 
DENSITY 
MORTALITY 
SPECIES 
SYSTEM 1 
SYSTEM 2 
SYSTEM 3 
WINTER 
SPRING 
SUMMER 
REARING 
PARENT 1 
PARENT 2 
PARENT 3 
SPAWNING 
ALLMALE 
ALLFEMALE 
GYNOGEN 
LOTEMP 
HITEMP 



Table 3 summarizes the parameter estimates son of the P coefficients of the most important 
of t he  models derived from the  NILE.DAT, variables shows t h a t  the  continuous variable 
AUR.DAT and JOINT.DAT files. The model de- MORTALITY also has a considerable effect on GR. 
rived from the NILE.DAT file, pertaining to 0. Ranking of the contributions of each variable 
niloticus explains half of the variance in  the to R2 in Table 4 shows that most of the variables 

Table 3. Variable estimates and significance levels for NILE-DAT, AURDAT and JOINT.DAT. 

0. niloticus 0. aureus Both species 
Variable Estimate a(%) P Estimate a(%) P Estimate 4%) $ 

INTERCEPT 
CF 
MORTALITY 
SEX 
ALLMALE 
ALLFEMALE 
PARENT1 
PARENT2 
PARENT3 
GYNOGEN 
REARING 
SPAWNING 
SYSTEM1 
SYSTEM2 
SYSTEM3 
WINTER 
SPRING 
SUMMER 
HITEMP 
LOTEMP 
SPECIES 

Dashes (-) refer to variables for which there was an insufficient number of 0 and 1 cases. 

dataset, (R2 = 0.500) and all but four of the vari- 
ables included in the model were found to be sig- 
nificant (a = 1%). The model based on the  
AUR.DAT file, pertaining to 0. aureus also ex- 
plained approximately half of the variance (R2 = 
0.4931, and only two of the variables were not sig- 
nificant (a = 1%). 

The resul ts  for both species based on the 
JOINT.DAT file explained a slightly smaller 
amount of variance (R2 = 0.4231, but only four 
variables were nonsignificant (a = 1%): 
ALLMALE, PARENTS, GYNOGEN and SPECIES. 

From the estimates of slopes in JOINT.DAT, it 
can be seen that the MORTALITY variable has a 
large effect on GR. However the nature of this 
analysis prohibits the comparison of the magnitude 
of this effect with that of any of the dummy vari- 
ables. Direct comparison of the effects of the 
dummy variables shows that REARING, LOTEMP 
and the SEASON and SYSTEM variables have the 
greatest effect on GR with GYNOGEN, ALLMALE 
and SPECIES having the smallest effect. Compari- 

having the greatest effect on GR (MORTALITY, 
REARING, SYSTEM1-3, WINTER and LOTEMP) 
also account for 94% of R2. 

From the  above it can be concluded t h a t  
MORTALITY, REARING and the SYSTEM vari- 
ables have the strongest, and statistically most 
reliably estimated, effect on growth rate. Mortality 
exerts its effect through a reduction in stocking 
density in bins. This strong positive correlation of 
mortality with growth disproves our hypothesis 
which was based on the assumption that mortality 
was indicative of suboptimal rearing environment 
which would also adversely affect growth rate. The 
high relative importance of the rearing environ- 
ment confirms our hypothesis tha t  growing fish 
initially in  aquaria suppresses growth which is 
then not compensated when fish are moved to bins 
in recirculating systems*. The importance of the 

*Similarly the effect of initial rearing of fry at low temperature 
prior to transfer to recirculating systems had a predictable effect 
of suppression of growth. 



Table 4. Ranked contribution to R ~ ,  sign of correlations and agreement with 
hypothesis of variables in JOINT.DAT file. 

Agreement 
Contribution Significance Sign of with 

Variables to R~ (%) of estimate correlation hypotheses 

MORTALITY 
REARING 
SYSTEM2 
SYSTEM1 
SYSTEM3 
WINTER 
LOTEMP 
PARENT3 
PARENTl 
PARENT2 
SPRING 
HITEMP 
ALLFEMALE 
SEX 
SPECIES 
SUMMER 
SPAWNING 
CF 
GYNOGEN 
ALLMALE 

*** 
*** 
*** 
*** 
*** 
*** 
*** 

N.S. 
*** 
** 
*** 
*** 
*** 
*** 

N.S. 
*** 
** 
** 

N.S. 
N.S. 

+ No 
+ Yes 
+ N/A 
+ N/A 
+ N/A 
+ N/A 

Yes 
+ N/A 

N/A 
N/A 

+ N/A 
Yes 

+ Yes 
Yes 
Yes 

+ N/A 
+ Yes 
+ Yes 
+ No 

No 

** a < 1%; *** a < 0.1%; N.S. = not significant; N/A = not applicable. 

SYSTEM variables indicates there are large differ- 
ences between growth of fish in  the  different 
recirculating systems. Since the design of these 
systems are similar, i t  is likely that these effects 
are brought about by water quality differences due 
to variable effectivity of biofilters. The importance 
of the season variable, especially WINTER, is 
harder to interpret as  the water temperature and 
light variables were kept  relatively constant 
throughout the year. However, these variables ex- 
plain a relatively small amount of the total varia- 
tion and should not be used to formulate strong 
hypotheses regarding their effect on growth. 

The lack of significant correlation of 
GYNOGEN with growth rate is surprising as es- 
tablished genetic theory suggests that growth is 
likely to be affected adversely by the level of in- 
breeding induced by gynogenesis. There was a sig- 
nificant effect of GYNOGEN on GR i n  0. 
niloticus, but this had a positive sign, contrary to 
our hypothesis. The absence of the predicted nega- 
tive correlation of GYNOGEN with growth may be 
due to the fact that these laboratory strains have 
become highly inbred during domestication, limit- 
ing the deleterious effects of further inbreeding 
induced by gynogenesis. 

A more surprising observation was the low sig- 
nificance of the small effect of SEX on GR, this 

variable also explaining a very small pro- 
portion of R2. One possible explanation 
for the limited effect of sex on growth 
rate is that the majority of fish were sac- 
rificed a t  a small size, perhaps before the 
effect of sexual maturity exerted their 
differential influence on the growth of 
the respective sexes. However, the mean 
age of the fish was high and it  would be 
expected that many of these fish would 
be sexually mature by the time of sacri- 
fice. A more plausible explanation is that 
the environmental and physiological fac- 
tors that  play an  important role in the 
differential growth of the sexes (territo- 
rial and courtship behavior, gamete pro- 
duction, and egg incubation by females) 
are largely absent in recirculating sys- 
tems. Fish were confined a t  high densi- 
ties preventing dominant males from es- 
tablishing terri tories and preventing 
spawning in bins containing sexually ma- 
ture  fish of both sexes. The inference 
here is that environmental factors play a 
very important role in  the well estab- 

lished phenomenon of differential growth of the 
sexes in tilapia. A similar explanation could be 
applied to the result from the ALLMALE variable 
which, contrary to our hypothesis, produced a non- 
significant estimate and explains virtually none of 
the variance in GR. 

The hypotheses made regarding the remaining 
variables were confirmed by this analysis. No hy- 
potheses were made regarding the relative effects 
of the grouped variables of PARENT, SEASON 
and SYSTEM. The effect of PARENT variables are 
difficult to interpret as their effects should be felt 
chiefly through the sex of the progeny. Correla- 
tions between PARENTI, 2, and 3 with sex were 
fairly high but less than 0.5 (Table 1). Correlations 
between PARENTl with ALLMALE, PARENT2 
with ALLFEMALE, and  PARENT3 with 
ALLMALE and ALLFEMALE are  high. These 
variables should be analyzed further for each spe- 
cies separately as their effects differ between spe- 
cies (e.g., PARENTl usually gives 1:O (M:F) sex 
ratios in 0. aureus and 3:l ratios in 0. niloticus). 
Nevertheless the effect on GR of PARENTl in 0. 
niloticus is surprising given the limited influence 
of sex on GR. 

One problem with the use of series of dummy 
variables in this analysis is that i t  is difficult to 
make  inferences regarding DEFAULT. For 



example it is not obvious that the sign of the 
slope estimates for SYSTEMS 1, 2 and 3 indicate 
that an estimate for SYSTEM4 would have had a 
negative slope, and that the ranking of these four 
variables in their effect on GR would have re- 
mained the same had another default been used. 

This problem, along with other questions 
raised by this analysis will, however, have to be 
addressed in future contributions. Mosteller and 
Tukey (1977) suggest tha t  instead of using 
datasets with a large number of cases, only a ran- 
dom sample of approximately 200 cases should be 
used for predictive model building. Although the 
approach used in this analysis is strictly one of 
hypothesis-testing, a high number of cases caused 
an inflation of the significance levels for R2 and of 
the individual predictor variables. This may result 
in variables, whose significance in the present 
case is due only to the large number of cases, be- 
coming insignificant in a regression based on a 
smaller number of cases. Furthermore, the exten- 
sive use of dummy variables in replacement for 
unmeasured continuous variables may introduce 
artificial random effects such as  wrong 
significances, signs, slopes and intercorrelations. 
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