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ABSTRACT: An indirect genetic effect (IGE) is a herita-
ble effect of an individual on the trait values of other indi-
viduals it interacts with. A bivariate analysis of harvest 
weight and survival was conducted by fitting an animal IGE 
model in ASReml to data from the GIFT strain. The esti-
mated total heritable variation was 0.32±0.09. We observed 
substantial contribution by IGEs to the total heritable varia-
tion. The negative direct-indirect genetic correlation, -
0.38±0.19, indicated low competitive phenomena in GIFT 
population. The results obtained in this study, coupled with 
the evidence from livestock, suggest that the inclusion of 
IGEs in selection decisions will help increase aquaculture 
production and at the same time promote fish welfare due to 
less competition in the population. 
Keywords: indirect genetic effect; harvest weight; competi-
tion; Nile tilapia 
 
 

Introduction 
 

Competition is a type of social interaction that is 
very common in aquaculture environments (Ashley, 2007). 
Empirical evidence shows that fish selected for high growth 
rate may be more aggressive and competitive for resources 
(Ødegård and Olesen, 2011). With social interactions, the 
genotype of an individual may affect the trait values of oth-
er individuals it interacts with (Griffing, 1967; Muir, 1996). 
This heritable effect is known as indirect genetic effect 
(IGE). Because of their genetic basis, IGEs may affect the 
direction and magnitude of selection response and the 
amount of heritable variation available for response to se-
lection (Griffing 1967; Bijma, 2011). 
 

GIFT (Genetically Improved Farmed Tilapia) is an 
improved Nile tilapia strain that until now has undergone 
12 generations of selection for growth rate in Malaysia. The 
coefficient of variation (CV) for harvest weight in GIFT 
and Nile tilapia in general is around 40-60% (Ponzoni et al., 
2005; Nguyen et al., 2007; Khaw et al., 2010). Generally, 
an increase in the CV indicates inter-individual competition 
and dominance hierarchy (Jobling, 1985; Adams et al., 
2000). In order to reduce the competition and size variation 
in harvest weight of Nile tilapia and other aquaculture spe-
cies in general, we need to quantify the IGEs on socially 
affected traits in those populations. The main objective of 
this study is to quantify the heritable variation for growth 
rate of GIFT by taking into account IGEs. 

 
 
 

Materials and Methods 
 

The environment and fish.	  The experiment was 
conducted at the Jitra Aquaculture Extension Center, Ked-
ah, Malaysia. The first batch of experimental fish was pro-
duced from generation seven of the GIFT selection line in 
2009. The other three batches were produced in the follow-
ing years, with fish from subsequent generations of GIFT. 
The batches were named after the year in which the fish 
were stocked in the experimental ponds. Table 1 shows the 
management schedule and number of fish involved in the 
experiments. Refer to Ponzoni et al. (2005) for further de-
tails on selection and mating process in the GIFT breeding 
program.   

 
Table 1. Management schedule and number of fish 
(fish#) involved in for the four batches of experiments. 
Batch Groups 

stocked 
Stocking Harvesting 

Date Fish# Date Fish# 
2009 212 1-3 Sep, 

30 Sep-1 
Oct 

3350 25-29 
Apr 

2565 

2010 45 5 Jul 720 8 Dec 509 
2011 248 27-28 

Jun 
3958 21-23 

Nov 
3256 

2012 196 11-12 
Jul 

3130 6-7 Jan 655 

Total 701  11158  6985 
 
 
Experimental design. From spawning until size 

of 2 to 5 grams, the fish were kept in nursing hapas in their 
full-sib groups.  They were then individually identified with 
PIT (Passive Integrated Transponder) tags. For grow-out, 
the fish were assigned and placed in groups consisting of 
two families.  This is the optimal design for estimating the 
indirect genetic variance (Bijma et al., 2010). We imple-
mented a block design with blocks composed of 11 full-sib 
families to allocate the families in groups. For better statis-
tical power of parameter estimation, the combination of two 
paternal half-sib families within the same block was avoid-
ed. Each family was combined precisely once within the 
block, yielding 55 different family-combinations per block. 
Each group consisted of 16 fish, with both families each 
contributing eight randomly selected progeny. Two earthen 
ponds of size 0.1 ha were used in this experiment, except 
Batch 2010 where due to high mortality during nursing, 
there were not enough fry to fill two ponds. During grow-
out, the fish were fed twice a day with an amount of 3 to 



5% of their average weight, using a commercial dry pellet 
feed containing 32% of protein. In order to observe the ef-
fect of competition, the fish were fed by placing the feed at 
a corner of the net-cage. Water quality parameters were 
monitored once a week. 

 
Records. A total of 6330 fish with phenotypic in-

formation (harvest weight) over the first three batches of 
the experiment was used in the statistical analysis. Batch 
2012 was excluded because of the high mortality during the 
last phase of grow-out. At harvest, body weight, sex, tag 
number, net-cage label, and pond number were recorded. 
Survival was estimated by presuming that individual that 
were tagged and stocked but not present at harvest time or 
without identification had died. The age at harvest of each 
fish was computed based on the recorded spawning date 
and harvesting date. The pedigree data for generation one to 
ten of GIFT were combined with the data collected in this 
study for (co)variance component estimation. The full pedi-
gree consisted of 37670 fish. 

 
Statistical analysis. ASReml (Gilmour et al., 

2009) was used to estimate the (co)variance components 
fitting an animal model with full pedigree information. A 
bivariate analysis of harvest weight and survival was con-
ducted. We fitted several models to investigate the presence 
of IGE and the final model we used was as follows:  
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where subscript 1 refers to harvest weight and subscript 2 to 
survival; y is the vector of phenotypic observations; b is the 
vector of fixed effects; aD and aS are the vectors of direct 
and indirect random genetic effects, respectively; g is the 
vector of random group effects; k is the vector of random 
non-genetic kin effects, and e is the vector of random resid-
uals. The X, ZD, ZS, V and W are the known design matri-
ces. To improve the distribution of residuals of harvest 
weight, we transformed it to natural logarithm. For survival, 
the variance of both IGEs and maternal common environ-
mental effects were fixed at the boundary of zero and were 
therefore left out of the model. The fixed effects fitted for 
harvest weight were batch (2009, 2010, 2011), sex, pond (1 
and 2) subclasses, linear covariate age at harvest within 
those subclasses, quadratic effect of age at harvest and the 
linear regression on social age at harvest. For survival, we 
fitted batch, pond subclasses and the linear covariate age at 
harvest within those subclasses.  Sex was not fitted for sur-
vival because it was not available for the dead fish. The 
quadratic effect of age at harvest and social age at harvest 
were deleted from the model for survival because they were 
not statistically significant. The total heritable variance for 
response to selection in harvest weight was calculated as, 

2222 )1()1(2
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DAσ and 2
SAσ de-

note the direct and indirect genetic variance; 
DSAσ the di-

rect-indirect genetic covariance, and n the group size 

(Bijma, 2011). The phenotypic variance was calculated 
as, 222222 )1( ekgAAP SD
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Results and Discussion 

 
Table 2 shows descriptive statistics for harvest 

weight and age at harvest over three batches of experi-
ments. The CV for harvest weight was relatively high, 36%. 
The average survival at harvest was about 79%, in agree-
ment with that observed in the GIFT population under se-
lection in Malaysia (80% on average; Khaw et al., 2010). 

 
Table 2. Number of observations (n), simple mean (µ), 
standard deviation (σ) and coefficient of variation (CV) 
of harvest weight and age at harvesting. 
Variable n µ σ CV 
Harvest weight 6330 166 58.97 36 
Age at harvest 349 58.21 17 

 
 
Table 3 shows the REML estimates for harvest 

weight and survival from the bivariate analysis. The results 
show the presence of IGEs on harvest weight (p<0.005, 
likelihood comparison not shown), and resulting in a mod-
erate competitive phenomena in this population, 2

fwSfwDAr
⌢ of	  -‐

0.38±0.19. Although the 2
SAσ was very small, its contribu-

tion was substantial, 48% of 2
TBVσ . However, the negative 

DSAσ (-55% of 2
TBVσ ) cancelled all of the contribution of 

IGEs. In other aquaculture species, researchers also found 
relatively small 2

SAσ and substantial contribution of IGEs to 

the total heritable variation (Brichette et al., 2001; Nielsen 
et al., 2014). In livestock, Muir (1996) and Ellen et al. 
(2008) showed that small value of 2

SAσ could have huge 

impact on the direction and magnitude of selection response 
on socially affected traits. 

 
Table 3. REML estimates for harvest weight (fw) and 
survival. 
Parameters REML estimates (s.e.) 

log(fw) survival 
2
DAσ⌢  0.036 (0.007) 0.004 (0.002) 
2
SAσ⌢  0.00007 (0.00003) - 

2
fwSfwDAr

⌢  -0.38 (0.19) - 

2
gσ⌢  0.016 (0.002) 0.025 (0.003) 
2
kσ⌢  0.010 (0.001) 0.015 (0.002) 
2
eσ⌢  0.040 (0.004) 0.108 (0.002) 
2
TBVσ⌢  0.033 (0.010) - 
2
Pσ⌢  0.103 (0.004) 0.153 (0.003) 



2T
⌢  or 2h

⌢  0.32 (0.09) 0.03 (0.01) 
2g⌢  0.16 (0.02) 0.17 (0.02) 
2k
⌢  0.09 (0.01) 0.10 (0.01) 

 
 
Besides the negative direct-indirect genetic corre-

lation observed in this population, we also observed a nega-
tive correlation between the direct genetic effect of survival 
and the indirect genetic effect of harvest weight, -
0.79±0.30. This indicates that genotypes that survive better 
reduce growth rate of their group mates. Empirical evidence 
from livestock indicates that selection on total breeding 
values could improve the productivity while also promoting 
the welfare of the animals (examples, Ellen et al., 2008; 
Camerlink et al., 2012; Peeters et al., 2012).  Further study 
need to be conducted to investigate the response to selec-
tion for growth in tilapia with IGEs taken into account.  

 
In fish breeding programs, it is common practice 

to include maternal common environmental effects as one 
of the random effects in the animal model (example, Pon-
zoni et al., 2005; Khaw et al., 2010). However, in this 
study, we could not estimate the genetic parameters precise-
ly when maternal common environmental effects were in-
cluded in the models for harvest weight. Our results, com-
paring different models (results not shown for other mod-
els), suggested that maternal common environmental effects 
may be confounded with the genetic effects.  The confound-
ing could be due to the fact that with the IGE model, it is 
more difficult to disentangle the maternal common envi-
ronmental effects from DGEs compared to the classical 
animal model. 

 
In aquaculture, fish are always communally reared 

and group size is always huge. As indicated by Bijma 
(2012), when the group size becomes large, it may be diffi-
cult to detect the IGEs or estimating the parameters. This 
constraint could be solved by having the selected families 
each separated into two groups. One group for IGE experi-
ment with many small groups setup (as in this study) and 
another group remaining in the communal ponds for grow-
out as in normal practice for the breeding program. Then, 
we could select the animals based on their sib information 
from the IGE experiment. To implement such a breeding 
program, however, extra costs would be incurred for tag-
ging the fish, manpower and infrastructure. It would be 
interesting to know whether a breeding program taking into 
account IGEs would be more cost effective than a tradition-
al breeding program. Thus, an economic appraisal may be 
required to investigate feasibility of a fish breeding program 
with IGEs taken into account. 

 
 
 
 
 
 

Conclusion 
 
Our results suggest that there were substantial and 

significant IGEs on harvest weight. The results we obtained 
in this study, coupled with the evidence from livestock, 
indicate that the inclusion of IGEs in the selection decisions 
will help in increasing the response of breeding schemes. 
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