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ABSTRACT 

A fully pedigreed population based on th.e sixth generation of GIFT (Genetically 
Improved Farrned Tilapia) was established in Malaysia in 2002. Progeny were gener
ated in two spawning seasons, 2002 and 2003. A number of statistical models were fit
ted to the data collected throughout the study, either to estimate breeding values 
(EBYs), variance components, or response to selection. Parents used in the spawning 
season of 2003 were either selected as having high estimated breeding values for live 
weight (LW) at approx. 7 months of age, oras having EBYs as close as possible to the 
average. In this way a Selection anda Control line were created, respectively. Two pro
duction environments were used to grow-out the progeny. At approx. 7 months of age 
females' live weight was 84 per cent that of males, whereas live weight in cages was 
83 per cent of that in ponds. The heritability estimated from the animal variance com
ponent was 0.31 (s.e. 0.069), whereas the maternal and common environment effect 
estimated from the dam variance component was 0.15 (s.e. 0.031 ). Response to selec
tion was estimated by three methods. Expressed as a percentage of the overall Jeast 
squares mean for LW in the population, the response was about 10 per cent. The results 
are discussed in relation to other work. It was concluded that there was still additive 
genetic variance in the GlFT population established in MaJaysia, and that it was capa
ble of funher response to selection. The issue of genotype by environment interaction 
is briefly discussed, and it was concluded that there was no justificalion for the con
duct of separate genetic improvement programs in cage and in pond environments. 
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lntroduction 

In Tilapia the focus of selection programs 
has been almost exclusively restricted to 
growth rate. Severa! estimates of heritabili
ty, in particular for live weight and growth 
rate, can be found in the Jiterature (e.g. 
KRONERT et al., 1989; ÜLDORF et al. , 1989; 
GALL and BAKAR, 2002; Bo uvAR and 

NEWKIRK, 2002). In a strict sense, such 

genetic parameters are only applicable to the 

population and the environment wbere they 

were obtained. Furthermore, individual esti

mares are subject to sampling problems and 
the parameters can change over time. Hence, 

the desirabili ty of having parameter esti

mares that are directly relevant to the po pu

lation one is working with. In this paper we 
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present estimates of heritability for Live 
weight (at approx. seven months of age) for 
fish of the GIFf (Genetically Improved 
Farmed Tilapia) strain (EKNATH et al., 1993; 
BENTSEN et al., 1998; EKNATH and ACOSTA, 
1998), grown out in two environments (cage 
and pond). We also estimate the response to 
selection in harvest weight by three different 
methods. The issue of possible genotype 
(individual's genetic merit) by grow-out 
environment (cages or ponds) interaction is 
briefly examined. The results are presented 
in greater detail in two papers submitted for 
publication (PONZONI et al. , 2004a, b). 

Materials and methods 

The environment 

The work was conducted at the 
Aquaculture Extension Center, Department 
of Fisheries, Jitra, Kedah State, Malaysia 
(latitude 6° N, longitude 100º E, altitude 23 
m). The daily average temperature is 27º C, 
with little variation throughout the year. 
The annual rainfall is 2057 mm, occurring 
during the whole year but not in a uniform 
way. Rainfall in December, January and 
February (the driest months) is one half or 
less than in September and October (the 
wettest months). 

The fish 

The GIFT Foundation International Jnc., 
Philippines, provided 63 full sib groups of35 
fish each, which were progeny from single 
pair mated parents (i.e. 63 males each mated 
to a different female). These fish belonged to 
the sixth generation of actual selection of 
GIFf (without counting the generations over 

which the composite base population was 
created), and were received at Jitra in batch
es towards the end of 2000 and during the 
beginning of 2001. They were mated and 
produced a seventh generation in the spawn
ing season of 2002, which in turn produced 
an eighth generation in 2003. No selection 
took place among the fish transferred from 
the GIFT Foundation, since they were 
received in batches and there were uncertain
ties regarding environmental factors that 
could be influencing their performance. Two 
lines were created with the 2002 progeny, 
one se!ected on high breeding value for live 
weight (Selection Jine, S), and another ooe 
selected for average breeding values 
(Control line, C). The number of sires and 
dams from which progeny was harvested in 
both spawning seasons and fines, as well as 
the number of progeny, are shown in table 1. 
The numbers were less than planned, mainly 
due to tag losses, but also partly dueto mor
tality and elirnination from the final data set 
of sorne individuals considered outliers. 
None of the parents used in the 2002 spawn
ing season were used in 2003 (i .e. genera
tions were discrete). Note that we consider 
the progeny produced in the 2002 spawning 
season our Base Population, and in our 
analyses we treat itas part of the established 
Control fine. 

The reproduction and management 
schedules for 2002 and 2003 are shown in 
table 2. The methodology used is described 
in the publication WorldFish Center (2004). 
Following the grow-out period the fish were 
harvested in the dates indicated in table 2. 

The grow-out system 

After tagging the fish were grown out 
either in cages or in earthen ponds. The 
cages were located in flowing water in an 
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Table l. Number of sires, dams and progeny, by spawning season and line 

Spawning season Line Si res Dams Progeny 

2002 Base population 52 54 1684 
2003 Selection 35 65 2560 

Control 19 19 1150 
Total 106 l38 5394 

Table 2. Schedule of reproduction and management 

Activities Spawning season 
2002 2003 

Mating 
Nursing hapas 
Rearing hapas 
Tagging 
Grow-out 

February and March 
February to April 

March to May 

January and February 
January to March 
February to April 

Marc h to April 
Ponds: April to August 

Cages: April to September 
Ponds: 18 to 25 August 

Cages: 2 to J 7 September 
Harvest 

April to May 
Ponds: June to October 

Cages: July to November'' 

Ponds: 28 to 3 1 October 
Cages: 9 to J 3 November 

*Delayed stock.ing in cages because of the small size of fry in June. 

irrigation canal at Kodiang, Kedah, 22 km 
away from Jitra. Four 3m long by 3m wide 

by 2.1 m deep cages adjacent to each other 
were estab lished, and the fish were assigned 
at random to them. The initia l stocking den

s ity was 55 fish per m2 of surface water. The 
fish were fed an amount equivalent to 3 to 5 

per cent of their live weight per day. A com
mercial dry pelleted feed with 32 per cent 
protein content was fed twice a day (i.e. at 

8.30a.m and 5.00p.m.). The O. l ha earthen 
pond was 0.1 located at the Aquaculture 

Extension Center, Jitra. The initial density 
in the pond was three to four fish per m2 of 

surface water. The same feeding rate and 
frequency was used as for the cages. Ali the 
fish were harvested after (approx.) 120 days 

of grow out in either (cages or pond) of the 
environments . 

Records 

Data recording of a li the tagged fish was 

done at harvest, when individual live we ight 

(LW), total length, width and depth were 

measured. Width and depth were measured 

at the mid-side of the fish, where they were 

greatest. Sex of the fi sh was also recorded, 

and a subjective visual assessment was 

made o f female sexual activi ty using the 

categorization described in WORLDFISH 

CENTER (2004). From the harvesting and 

spawning dates we are able to compute the 

age (in days) of each individual fish . In this 

paper we only report on the results for LW. 

T hose for the other traits will be reported 

elsewhere. 
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Data analysis 

The data were first examined using SAS 
(l 990) to calculare simple statistics, remove 
anomalies and conduct a preliminary selec
tion of the statistical models to be fitted. In a 
second phase, the computer program 
ASReml was used (GILMOUR et al., 2002). 
The models fitted included the fixed effects 
of spawnjng season (2002 and 2003), selec
tion line (S and C), environment (cage and 
pond), sex, and two-way interactions among 
them. Animal and darn (the non-genetic 
component) were fitted as random effects, 
whereas age of the fish was used as a covari
ate. The sub-set of these effects that was fit
ted varied, depending on the purpose of the 
particular analysis. Non-sigruficant two-way 
interactions among the fixed effects were 
deleted from the model. On further examina
tion we noted that the remaining interactions 
between fixed effects were unimportant and 
never i nvol ved re versal of rarrkings for le veis 
of one effect in levels of another one. For that 
reason, and because they negligibly con
tributed to the goodness of fít of the model, 
ali two-way interactions among fixed effects 
were finally discarded. 

The analyses enabled the estimation of 
(animal model) breeding values for ali fish , 
and these were used in making selection 
decisions in the Selection and Control lines, 
and in estimating the genetic trend. They also 

enabled the estimation of variance compo
nents, from which phenotypic and genetic 
parameters were calculated. 

Results 

Descriptive statistics 

Table 3 shows (for both seasons com
bined) the number of observations, simple 
mean, minimum and maximum, standard 
deviation and coefficient of variation vaJues 
for LW in the two environments, and for 
age at harvest. The coefficient of variation 
was strikingly high. Plotting of residuals 
during preliminary analyses indicated that 
greater means were associated with greater 
variances. The square root transformation 
of LW irnproved the distribution of residu
als and was used in a l.1 later ana \yses. Over 
the two spawning seasons the range in age 
at harvest was greater than within any one 
of the seasons dueto harvesting atan ear]i 
er age in 2003 relative to 2002 (see table 2) 

Estimates of sex and environmental etTects 

In the preliminary analysis the ti xed 
effects of spawning season, line, sex and 
environment were fitted as fixed effects 

Table 3. Number of observations (N), simple mean, minimum and maximum, standard 
deviation and coefficient of variation of LW (g) and age (days) at harvesting 

Variable N Mean Minimum Maxi mum Standard Coefficient 
Deviation Yariation(%) 

LW (Cages) 3197 l66 13 59 1 80.4 48 
LW (Pond) 2197 192 7 617 116.1 60 
Age at harvesting 5394 227 125 280 29.7 13 
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us ing PROC MIXED (SAS, 1997), as well 

as ali possible two-way interactions. The 

latter were deleted frorn the model as earli

er stated. Age of the fish was fitted as a 1 in

ear covariate within spawning season, sex 

and environment. Sire (nested within 

spawning season and line) and dam (nested 

within sire, spawning season and line) were 

fitted as random effects. Ali the earlier rnen-
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tioned fixed effects and the covariate were 

statistically significant (P < 0.0001 ). Table 

4 shows the least squares means for LW in 

females and males, for cages and ponds. 

The differences between the sexes and 

between the environrnents were statistically 

significant. They were consistent with other 

reports in the case of sex, and with our 

observations in relation to growth rates in 

Table 4 . Live weight least squares means for environment by sex combinations 

Environment Sex Least Sguares Means (g) 

Ca ges Fema le 191 a (8.2)* 

Mal e 22\ (8 . 1) 
Pond Fema le 228h (6.4) 

Mal e 272c (6.3) 

• Analysis conducted on LW, the significance levels were the same as far LWº·5. Means with the same 
subsc1ipt do not differ significantly from each other. Standard errors in brackets. 

cages and pond. In both env ironments, 
females' LW was 84 per cent that of males, 
whereas, averaged over both sexes, LW in 
cages was 83 per cent of that in ponds . 

Phenotypic and genetic parameters 
estimated with ASReml 

Because in the preliminary analyses 
interactions were e ither statistically non
significant or deemed unimportant (due to 
scale and not to reversa! of rank.ings) , for 
variance component estimation we fitted 
'spawning season, line, sex, environment ' 
classes (altogether 12 combinations). Age at 
harvest was used as a covariate, with the 
'spline' option avail able in ASReml. The 
availability of a complete pedig ree in the 
population enabled fitting an animal (ran
dom) modeJ. Dam was fitted as another ran

dom effect, but solely accounting for the 

environmental effect on the progeny, with

out a genetic structure. The dam variance 

component (o2
0 ) is in this case a combina

tion of the maternal effect and the common 

environment (so 0 2
0 = o 2M_Ec) to which full 

sibs are exposed early in life (i.e. while 

being hatched and while in the nursing and 

rearing hapas). The animal variance compo

nent provided the estimare of the additive 

genetic variance ( o 2 A), whereas the pheno

typic variance ( o 2 p) was estimated from the 

sum of al! variance components . The heri

tabili ty (h2) was computed in the usual way, 

as the ratio between the additive genetic and 

the phenotypic variances. The maternal and 

common environmental effect (c2) was cal

culated as the ratio between the dam vari 

ance component and the phenotypic vari

ance. The REML estimates of variance 

components, he1itability and maternal. com

mon environmental effect are shown in 

table 5. 
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Table 5. Yariance components, heritability and maternal common environment effect for 
LWº 5 

Parameter REML Estimate 

Additíve genetíc varíance (o2A) 

Maternal and common environment variance ( o 2 
0 = oM E/) 

Phenotypic variance (o2 p) 

2.682 1 
1.2012 
7.9559 

Heritability (stancillrd error) [h2 (s.e.)] 
Maternal common environment (standard error) [c2 (s.e.)] 

0.34 (0.069) 
O. 15 (0.031) 

Estimation of response to selection from 
ASReml analyses 

The progeny resulting from the 2002 
spawning season were selected as parents of 
the next generation in two different ways, to 
create the Selection Jine, and to continue the 
Base Population as the Control line. Animal 
model breeding values were calculated for 
all individuals fitting a statistical model like 
the one described above, except that it did 
not include spawning season. The parents 
for the Selection fine were seJected from 
among those with the greatest breeding val
ues for LW, imposing sorne restrictions with 
the aim of controlling inbreeding and main
taining a high effective population size. By 
contrast, the parents of the Control line were 
selected among those with breeding values 
for LW as close to the average as possible, 
and imposing the same sort of restrictions 
regarding inbreeding and population size as 
for the Selection line. We estimated the 
genetic change in LW in three ways: (i) 
Comparing the least squares means for the 
Selection and Control lines in tbe progeny of 
the 2003 spawning season; (ii) Comparing 
the estimated breeding values for LW 
between the progeny of the 2002 spawning 
season and those of the Selected line in the 
2003 spawning season, and (i ii) Comparing 
the estimated breeding values of the 

Selection and Control lines in progeny of the 
2003 spawning season. The results are 
shown in table 6 in which the model fitted in 
each case is also specified. Overall, there 
was good agreement among the methods, 
although the estímate from method (iii) was 
greater than for the other two methods. In ali 
cases the response was large enough to sug
gest that genetic change was being achieved, 
and in the intended direction. 

Discussion 

General 

The results reported in this paper are part 
of a long term project on the further genet
ic improvement of GIFf, and they represent 
an early stage in the development of 
improved Ni le Tilapia. As such, they shou ld 
not be viewed as definitive, but only as 
indicative of features that appear to begin 
emerging. 

Environmental effects 

We observed large variability in LW for 
both environments, cages and ponds. Note 
however, that thí s variabili ty was within 
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Table 6. Response to selection in LW estimated by different methods 

Method 

(i) Difference between the least squares means 
for LW for the Selection and the Control lines 
in the progeny of the 2003 spawning season 

(ii) Difference between the estimated breeding 
values for LW in the progeny of the 2002 
spawning season and the estimated breeding 
values of the Selected line in the 2003 
spawning season 

(iii) Difference between the estimated breeding 
values for LW of the Selection and the Control 
lines in the progeny of the 2003 spawning 
season. 

Model (effects) 

Flxed: SS,L,S,E, SSxS,LxS 
Covariate: age (SS, S, E) 

Fixed: SSxSxE 
Covariate: Age (SS, S, E) 

Random: animal, dam 

Fixed: SSxSxE 
Covariate: Age (SS, S, E) 

Random: animal, dam 

Selection Response 
(LWº 5 ) 

Percentage • 

8.4 

8.7 

l 1.4 

' Percentage refers to actual units, in relation to the least squares mean of LWº·5 for the whole 
population ( 14.7 g05); actual units are LWº·5 difference in mean values for method (i) and difference 
in mean breeding values for methods (ii) and (iii). 

the range reported in the literature for 
other aquatic species (GJEDREM, 2000; 
HALLERMAN, 2003), but it was greater than 
that reported for terrestrial domestic live
stock (Simm 1998, pp. 46-50). 

Males were always heavier than females 
by about 16 per cent (table 5). In ponds there 
was sorne evidence of female reproduction at 
harvest time. This finding is consistent with 
other reports (LORENZEN, 2000) and lends 
support to the interest displayed by many 
researchers in the production of 'ali male 
Tilapia' for grow-out operations (see review 
by PENMAN ANO MCANDREW, 2000). 

The greater weight in ponds than in 
cages is most likely, largely a reflection of 
the density of the fish in both environments 
and of the availabi lity of natural food. In 
either case the density was chosen after sur
veying producers' practices in the region 
where the research station is located. The 

results suggest that at such densities, and 
with the feeding regime and management 
adopted, the cage production system has the 
advantage of housing a large number of fish 
in a small area, but growth rates are likely to 
be lower than in ponds. 

Genetic parameters 

The history of the GfFT strain has been 
described by EKNATH and ACOSTA (1998) 
and by BENTSEN et al. (1998). At the time 
the fish were received in Malaysia the GIFT 
strain had undergone six generations of 
selection. Ask.ing whether there was evi
dence of diminishing additive genetic vari
ance and of a plateauing response to selec
tion in such a population would be legiti
mate questions. The results of our study 
indicated that there was still additive genet-
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ic variance for LW, the main focus of selec
tion in the GIFT strain. Our heritability esti
mate (Table 6) was greater than that of 
ÜALL and BAKAR (2002), but it was in good 
agreement with those reported by KRONERT 
et al. (1989), and with the 'field environ
ment' estimates of ÜLDORF et al. ( 1989). lt 
was lower than the 'laboratory environ
ment' estimates of the latter authors, and 
than those of BOLJVAR and NEWKJR.K (2002). 

Response to selection 

Estimates of genetic gain per generation 
for aquatic animal species range from 10 
to 20 per cent (ÜJEDREM, 2000). In our 
case we may conclude that response to 
selection in LW between the 2002 and 
2003 spawning seasons was of the order of 
1 O per cent. This falls at the lower limit of 
the range reported by GJEDREM (2000). It 
is also slightly lower than the response 
estimated by GALL and BAKAR (2002), of 
40 per cent in three generations. Our per
ception is that we could have achieved a 
greater response to selection if we had not 
suffered high (approx. 40 per cent) tag 
losses around harvest time. Tag Josses 
caused a lower selection inte nsity and loss 
of the identity of many potentially valu
able fish. 

With regards to methodology, CHEN and 
BOICHARD (2003) and PILES and BLASCO 
(2003), working with poultry and rabbit data 
respectively, used an approach similar to 
ours in the estimation of response to selec
tion. Overall , they found good agreement 
between the methods. In our case. the three 
methods used to estimare response to selec
tion were also in reasonable agreement, and 
gave encouraging results. The agreement 
between methods (i) and (ii) was very good. 
Method (ii) gave a lower response than 

method (iii) because the average estimated 
breeding value in the progeny resulting from 
the 2002 spawning season was greater by 
about three percent than that in the Control 
line in the 2003 spawning season. This sug
gests that there may have been a mild inad
vertent selection for lower LW in the Control 
line. The lack of perfect agreement among 
different methods of estimation of selection 
response highlights the need to use altema
tive approaches to better interpret the results. 

Conclusion 

GIFT is an improved strain with proveo 
growth potential (DEY et al., 2000). Our 
results indicated that despite having under
gone severa] generations of selection, the 
population still has additive genetic vari
ance to eoable further improvement. This 
contention is supported by the selection 
response observed ( 10 per cent) after one 
round of selection in Malaysia. The 
response could be greater if tag retention to 
the point of harvesting could be improved . 

In the initial exploratory analyses we 
found a statistically significant sire by envi
ronment interaction. This finding was a rea
son for sorne concern but, as is well known, 
such findings are not informative in terms 
of explaining the reason for the resu lt 
(ROBERTSON, 1959). In analyses conducted 
in addition to those reported here, we treat
ed LW expressed in cage and in pond as dif
ferent traits, examining the genotype by 
environment interaction with the genetic 
correlation approach, as indicated by 
RoBERTSON (1959). The variance compo
nent dueto interaction (oGE2) can be parti
tioned into its contributing factors as: 
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where ro is the genetic correlatioo between 
the exp~essions in both environments, and 
ºe and Op are the between animal standard 
deviations of breeding values in cage and 
pond environment, respectively. The equa
tion shows that the two contributing factors 
to the variance component due to interac
tion are the difference between the genetic 
standard deviations between the environ
ments (scale effect) aod a non-unity genetic 
correlation. A non-unity genetic con·elation 
always results in a variance component due 
to interaction, but the opposite is not true. A 
variance component due to ínteraction may 
exist in the presence of a unity genetic cor
relation between the expressions of the trait 
in both environments, due to a scale effect. 
fn our case, the non-unity genetic correla
tíon was the almost sole contributor to the 
variance component due to interaction . 

FALCONER's (1952) approach of treating 
the ex pression of the trait in different envi
ronments as if they were different traits is 
helpful in understanding and drawing prac
tica! condusions from the results. In our 
case, the genetic correlation between LWC 
and LWP was 0 .58, indicating that if selec
tion were conducted in one of the environ
ments, about 60 per cent of the gain that 
could be achieved in the other environment 
would be captured. Our estímate of the 
genetic correlation had a relatively large 
standard error, resulting in 95 per cent con
fident limits ranging from 0.32 to 0.84. We 
also found that selectioo response separate
ly calculated in cage and in pond environ
ments was of the same magnitude as when 
LW was treated as a single trait. We will 
again estimare the geoetic correlation and 
selection responses after adding the data of 
another generation, currently being reared. 
In the meantime, we tentatively conclude 
that, despite findin g a significant 'genotype 
by environment' interaction , there is not 
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enough ev idence to justify the conduct of 
separare genetic improvement programs for 
cage and pond environments in Tilapia. 
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