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Summary 

In finfish aquaculture, body shape is a major component of fish quality, especially in species 

which are marketed as a whole. In this study, the variance of body-shape trajectories of Gilthead 

seabream was analyzed during the on-growing period, on 959 pit-tagged juveniles, by means of 

geometric morphometry. Pedigree structure and data on body shape and its rate of change 

during ontogeny were used to estimate the heritabilities and phenotypic correlations. Results 

demonstrated a significant size-effect on seabream body shape during the on-growing period, 

with a clear inflection point at 202 mm standard length (SL). A substantial genetic component of 

the variation of body-shape trajectories was observed, in respect to the rate of approaching to 

the final phenotype, as well as to the final phenotype itself. Results suggest that body-shape 

trajectories can be used by the industry to monitor and control fish phenotype by selective 

breeding programs.    
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1 Introduction 

In finfish aquaculture, body shape is a major component of fish quality, especially in species 

which are marketed as a whole (e.g. Gilthead seabream, European seabass, red porgy) 

(Fragkoulis et al. 2017). As a phenotypic trait, body shape depends on both the genotype of the 

individuals and the environment, which was experienced by them (e.g. Costa et al. 2010). As 

body shape follows significant ontogenetic changes during fish growth (e.g. Russo et al. 2007, 

Fragkoulis et al. 2017), body-shape evaluation in breeding programs is currently performed at 

the end of the production process, where phenotype has attained its “final” value.   

The objective of Task 1.2.4.2 in PerformFISH was to analyze the variance of the 

morphometric trajectories, to validate the opportunity to perform early selection on 

morphology, reduce cost of breeding programs and to evaluate if the estimated genetic 

parameters and breeding values obtained from a random regression model are equivalent, and 

in certain instances identical to those obtained from multivariate models.  

 

2 Methodology 
2.1 Fish origin and body shape data 

119 individuals (59 females, 60 males) formed the broodstock population originating from 

Andromeda’s breeding program. The broodstock population was split into 4 factorial mass 

spawning crossings. The fertilized eggs were collected from each tank for 3 consecutive days. 

The offspring population was reared according to Andromeda’s hatchery protocols. On-growing 

phase was performed in sea cages, under natural temperature fluctuation (Fig. 1). Pit-tagging 

and rearing methodology are given in detail in Fragkoulis et al. (2008). 

Figure 1. Evolution of water temperature and fish Standard Length (SL) during the time course 

of on-growing period. (Fragkoulis, PhD thesis) 

 

During on-growing, 959 juveniles were pit-tagged (86±7 mm SL), digitally photographed 
and analyzed following Geometric Morphometric Analysis techniques, on 13 landmark 
measurements (Fig. 2) (Fragkoulis et al. 2018). Following the results of Task 2.2.3 (deliverable 
D2.2) on the change of seabream body-shape during the on-growing period, body-shape data 
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were categorized into twelve SL classes of 20 mm each, and consensus allometric trajectories 
were plotted on the 5, 25, 50, 75 and 95 % percentiles of each SL class (Fig. 3). For the genetic 
analysis, a dataset with 35 morphometric variables for 959 fish was prepared. Dataset included 
size (SL, centroid size, weight), relative warp scores (RWs) and Procrustes distances (PD) (body-
shape parameters) of each individual at all the sampling ages (1, 77, 282, 371 and 434 dpt, days 
post-tagging, Fig. 1). In addition, the rate of body shape change of each individual during fish 
growth was estimated. 

 

  
Figure 2. Landmarks collected in the present study. (Fragkoulis, PhD thesis) 

 

2.2 Genotyping and Parentage assignment 

DNA of the breeders was extracted with Nucleospin 96 Tissue kit (Machery-Nagel, 

Germany), according to the manufacturer. DNA of the offspring was extracted using the Chelex-

100 resin (according to González et al., 2004). According to that, the tissue sample (of 

approximately 1 mm2) was added to a 96-well plate and mixed with 100 μl of 10% Chelex-100 

resin solution and 15 μl of proteinase K (10 mg/ml,  Boehringer Mannheim). The plate was then 

incubated at 55° C for one hour (shaken from time to time) followed by a 30 min incubation at 

100°C to deactivate the proteinase K and extent of protein denaturation. The DNA extracts were 

stored at 4° C or at -20° C. Before every use, the mixture was vortexed and centrifuged at 10,000 

rpm for 10 minutes to separate the surface layer in which the DNA can be found and the lower 

layer which contains the Chelex- 100 resin, the denatured proteins and other elements. 1-2 μl 

of supernatant are used for each 10 μl of final volume of the PCR reaction mixture. 

All parents and offspring were genotyped using a multiplex-PCR of nine microsatellite 

markers derived from Batargias et al (1999), Franch et al., (2006), Sarropoulou et al., (2006) and 

Loukovitis et al. (2011). 10 μl volumes containing 0.4 unit of Taq polymerase (KAPA Biosystems), 

1× Taq buffer, 0.2 mM dNTPs mix, 1.5 mM MgCl2, 0.35 μM of forward and 5′-fluorescently 

labelled reverse primer and approximately 20 ng of template DNA were used to perform the 

multiplex PCRs. An initial three minute 95 °C denaturation step was followed by 34 cycles of 30 

s at 95 °C, 30 s at 53 °C, and 30 s at 72 °C, with a final extension at 72 °C for 20 min.  An ABI 

PRISM 3500 DNA Analyzer (Applied Biosystems,), was used to separate fluorescently labeled PCR 

products, with a GeneScanTM- 500 LIZ Size Standard (ABI) internal size standard. GeneMapper 

(Applied Biosystems) software was used to size alleles and genotype individuals. Parentage 

assignment was performed by VITASSIGN software allowing two alleles’ mismatch (Vandeputte 

et al., 2006). 

 



D1.5: Genetic parameters for several morphometric traits 

7 
 

2.3 Data analysis 

Heritabilities and phenotypic correlations were calculated using phenotypic data 

collected on 959 animals. Heritabilities, non genetic maternal effect and dominance were 

analyzed for all data using Wombat (Meyer, 2007). An animal model with maternal, paternal 

and dominance effect (model 1) was used. Following the full model, a reduced model was 

applied each time either without the paternal or the maternal or the dominance or a 

combination of them. The significance of each model was checked with the Likelihood Ratio (LR) 

which expresses the goodness of fit for the augmented and reduced model to determine which 

offers a better fit for the dataset.  

Y = Xβ + Z1u + Z2m + Z3p + Z4fs + e  (model 1) 

where Y is the vector of observations, β is the vector of fixed effects (overall mean), u is the 

vector of random additive genetic effects, m is the vector of random maternal effects, p is the 

vector of random paternal effects, fs is the random vector of full-sib family effect i.e. accounts 

for dominance and e is the vector of random residual effects. X, Z1, Z2, Z3, and Z4 are known 

incidence matrices. Maternal, paternal and dominance effect was very low and was removed 

for further analyses. The genetic correlations were estimated for the traits applying a 

multivariate model with neither maternal effects. 

 

3 Results  

3.1 Body shape trajectories 

As it was demonstrated by the graph of RW1 on SL, there was a significant size-effect on 

seabream body shape during the on-growing period (Fig. 4). In the SL range between ca 70 and 

202±1.7 mm SL (±SE) PDs increased with the growth of the fish, whereas in the following 

ontogenetic period it was independent of SL (Fig. 4). Ontogenetic shape variation between 

juvenile and adult samples mainly concerned the anterior body parts. The transition from the 

juvenile to adult phenotype was characterised by posterior shift of the snout and the anterior 

margin of the eye, as well as by an anterior transposition of the gill-cover, pelvic and pectoral-

fin bases (Fig. 4A). 

In opposite to RW1, no abrupt changes during fish growth were observed in the case of RW2 

(12.4% of the total variance explained, Fig. 4B). Shape variation across RW2 axis mainly 

concerned the proximal shift of the dorsal profile (landmark 13), of the pectoral-fin bases 

(landmark 8) and of the anterior anal-fin base (landmark 7), as well as the ventral shift of the 

snoot (Fig. 4B). Similarly, no size-effects were evident in the case of the rest four relative warps 

(RW3-RW6) that cumulatively explained 24.3% of the total body-shape variance. 
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Figure 3. Body-shape (PD, arbitrary units) trajectories between 5 and 95% percentiles of the 

twelve SL classes. Colored lines represent typical examples of different individual body-shape 

trajectories. (Fragkoulis, PhD thesis) 

 

 

Figure 4. Relationship of (A) the first relative warp (RW1) and (B) the second relative warp 

(RW2) to standard length (SL) throughout the on-growing period. Vector diagrams 

demonstrate the components of shape change relative to the extreme values of Y-axis (on the 

observed scale). (Fragkoulis, PhD thesis) 
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3.2 Heritabilities 

The heritability estimates of Body Weight (BW4 which is the BW at sampling D) is 

0.27±0.07 whereas the estimates of Standard Length (SL) across samplings were ranging from 

0.16 to 0.27 (Fig. 5) and they were all statistically significant that is different than zero (p<0.05). 

As mentioned earlier, maternal, paternal and dominance effect was very low and was removed 

for further analyses. 

Both heritability estimates of the slope and the intercept were low. The slope of the RW1 

for the first three samplings (A-C) had the only nonsignificant heritability estimate (p>0.05) 

which was 0.024. Despite that the intercept of the RWs slope had a marginally significant 

estimate (0.105±0.049) (Fig. 5). The heritability estimates of the Relative Warps (RWs) among 

the different sampling points were significant (p<0.05). They ranged between 0.14 to 0.556 with 

a mode value of 0.24 and a median of 0.271 (Fig. 5). However, it is obvious that all of them 

ranged between 0.14 to 0.37 except for RW2-D and RW2-E which were 0.556 and 0.477, 

respectively. Looking at the estimates for each sampling point we can notice that the 

heritabilities of RW1 and RW3 are of the same magnitude whereas the heritability of RW2 is 

constantly higher than the other two (Fig. 5).  

The estimates of heritability for every recorded trait exhibited an upward trend tendency 

in relation to the age of recording the trait (Fig. 5). This can be partially explained by the fact 

that as the fish grow older they depart from the first stages of life that non genetic influences 

might be larger and create environmental noise (e.g. non genetic maternal effects). 

Figure 5. Heritabilities ± S.E. of Body Weight and Standard Length in the different samplings 

(A to E) together with the heritabilities of the Relative Warps (RWs) in the different sampling 

periods (A to E, 1-434 dpt respectively). 

 

3.3 Genetic and Phenotypic Correlations (rA, rP) 
The genetic correlations of RWs with the Body Weight are of small to medium magnitude 

but almost all are nonsignificant except for the RW1-C (Table 1). The RW1 is positively correlated 

whereas the RW2 and RW3 are negatively correlated to the BW in all three sampling ages (Table 

1). The genetic (rA) and phenotypic (rP) correlations are of the same magnitude and of the same 
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sign (indicating that there are not genetic and environmental factors counteracting in the 

formation of these correlations (Fig. 6). 

The RWs of the same order are highly and significantly genetically correlated to each other 

among different samplings (Table 2). That is RW1 is highly correlated to RW1 of the other 

samplings, the RW2 is highly correlated to RW2 of the other samplings and the RW3 is highly 

correlated to RW3 of the other samplings meaning that the same pool of genes act 

pleiotropically during the different ages/lengths to form each trait. Interestingly, the RW1 is also 

genetically correlated to the RW3 among different samplings. This needs to be analyzed further 

to establish the biological and/or genetic cause of these correlations. However, the RW2 is not 

genetically correlated to any of the other two RWs (RW1 and RW3) except of the RW1 but only 

for the first sampling. 

Table 1. Genetic correlation (rA) estimates of the Relative Warps (RWs) for the different 

samplings (A to E, 1-434 dpt respectively) with the Body Weight (BW4). The last column 

represents the statistical significance of the estimate. 

Trait rA S.E. Significance 

RW1-A 0.198 0.214 ns 

RW2-A -0.267 0.192 ns 

RW3-A -0.019 0.222 ns 

RW1-B 0.204 0.192 ns 

RW2-B -0.218 0.181 ns 

RW3-B -0.016 0.205 ns 

RW1-C 0.394 0.183 ** 

RW2-C -0.228 0.183 ns 

RW3-C -0.07 0.202 ns 

*: p<0.1, **: p<0.05, ***: p<0.01, n.s: non-significant 

 

Table 2. Genetic correlation (rA) estimates of the Relative Warps (RWs) 1-3 for the different 

samplings (A to E, 1-434 dpt respectively). Values in bold were statistically significant (p<0.05). 

Values in diagonal show heritabilities under multivariate model. 
  

  RW1     RW2     RW3   
 

Sample A B C D E A B C D E A B C D E 

RW1 

A 0.21 
              

B 0.85 0.27 
             

C 0.73 0.67 0.20 
            

D 0.84 0.77 0.75 0.20 
           

E 0.85 0.76 0.86 0.95 0.33 
          

RW2 

A 0.40 0.31 0.13 0.14 0.20 0.27 
         

B 0.51 0.26 0.25 0.14 0.21 0.84 0.37 
        

C 0.45 0.24 0.08 0.10 0.12 0.74 0.87 0.36 
       

D 0.52 0.20 0.21 0.18 0.24 0.73 0.92 0.93 0.53 
      

E 0.46 0.19 0.16 0.12 0.14 0.67 0.92 0.91 0.95 0.46 
     

RW3 

A -0.62 -0.56 -0.62 -0.43 -0.52 -0.43 -0.49 -0.35 -0.37 -0.39 0.19 
    

B -0.43 -0.47 -0.74 -0.37 -0.55 -0.18 -0.21 -0.10 -0.15 -0.11 0.78 0.27 
   

C -0.26 -0.13 -0.58 -0.27 -0.47 -0.07 -0.12 -0.01 -0.16 -0.03 0.68 0.82 0.26 
  

D -0.45 -0.57 -0.72 -0.57 -0.63 -0.02 0.02 0.06 0.10 0.12 0.71 0.85 0.67 0.30 
 

E -0.44 -0.49 -0.75 -0.55 -0.66 -0.02 -0.02 0.12 0.04 0.08 0.79 0.88 0.85 0.91 0.37 
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Figure 6. Genetic (rA) and phenotypic (rP) correlations of the three first Relative Warps (RW1-

3) with the Body Weight (BW4), grouped per different samplings (A to E, 1-434 dpt 

respectively). 

 
4 Conclusions – Future steps 

1. There is a substantial genetic component of the phenotypic variation of the shape in 

general.  

2. The heritability estimates for the RWs are moderate and statistically significant.  

3. The genetic component of the phenotypic variation of the Procrustes distances (PD) 

that represent the departure from a centralized/ideal shape is higher than that of 

RWs. 

4. The trajectories as a slope have less profound genetic component whereas the 

trajectories as a plateau are more significant. 

5. Each RW is genetically correlated to its similar among the different sampling periods. 

6. The RW2 is not correlated to the other two RW1 and RW3 and this needs to be 

explained. 

7. The shape analysis and the trajectories can be used by the industry to monitor and 

control fish phenotype.  

Papers published  

Fragkoulis S., Geladakis G., Printzi A., Sapounas A., P. Kolios, Batargias C., 

Koumoundouros G. Can juvenile body shape predict the fish phenotype at harvesting? 

Ontogenetic trajectories and their genetic variance component. In preparation / under 

submission. 
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