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Abstract

Meagre is a relatively new aquaculture species with great potential in large scale
European aquaculture. The primary objective of the study was to describe, for the first
time, parentage allocation and assign offspring to their parents for an industrial scale
production system. A total of 800 meagre fish were sampled from two large cages in
January and May 2016, both part of a commercial farm site in Valencia, Spain. All
fish originated from the same spawning event obtained from a broodstock of 6
females and 13 males. However, due to differential growth during the juvenile stage
the fish were graded into two groups, a group of larger juveniles that was transferred
to one cage (batch 1) and a group of smaller juveniles that were transferred to the
second cage (batch 2). Total length and weight was measured for all fish that were
genotyped with a 10 microsatellite loci multiplex to infer parentage based on parental
genotypes. Parentage assignment rate was high (87.5% for batch 1 and 95% for batch
2) and provided evidence that offspring belonged to 20 families. Half of the
broodstock was identified as probable parents of the offspring (five females and seven
males).Between the two sea-cages, a slight differential composition for the same
families was encountered. The fifteen shared families that the offspring were assigned
to, were analyzed for statistical significant differences concerning body weight and
total body length, differences which were observed in 3 families for both batches. We
estimated the heritability for body weight and total body length, as well as the genetic
and phenotypic correlations for these two traits. Batch 1 showed higher heritability
estimates than batch 2 with the genetic and phenotypic correlation estimates being
almost the same for both batches. Certain parents contributed more offspring and
exhibited dominance in spawning. Similarly, the growth related traits of body weight
and total body length of the dominant parents correlate, putatively, with the statistical
important differences that are observed in these three families.

Keywords: Argyrosomus regius - parentage assignment - microsatellites - growth - -

heritability - production
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Introduction

Over the last decades, significant improvements have been made for established
groups in aquaculture such as tilapias, carps, shrimps and salmonids. Improvements
that increase production performance with prominent disease resistance are essential
to reduce costs to achieve a competitive product. Meagre (Argyrosomus regius) is a
species of the Sciaenidae family that is currently being studied as it has high potential
for intensive farming. It is distributed in the Mediterranean and Black Sea and along
the Atlantic coasts of Europe and Africa (Poli et al. 2003). The species attributes that
demonstrate the good potential for large scale aquaculture are the good feed
conversion ratio (FCR) ratio and the growth rate (Fountoulaki et al. 2017) and has
emerged as a species for Mediterranean aquaculture (Duncan et al. 2013) with an
annual production exceeding 23.000 tonnes (FAO 2016). Meagre production started
in the 1990°s in France and has expanded to most of the Mediterranean. The species is
characterized by a tolerance to wide ranges of salinity (5-39%.) as well as temperature
(13-28°C). For the market, meagre have an attractive body shape as a whole fish
commodity, low fillet fat and good processing yield. Additional benefits of meagre
aquaculture are the relatively easy broodstock management for good quality eggs
(Duncan et al., 2012; 2013; 2018; Mylonas et al., 2013; 2015; 2016; Fernandez-
Palacios et al., 2014) and larvae rearing as well as standard industry live feeds and
formulated diets (Duncan et al., 2013; Vallés and Estévez, 2013). Microsatellite
makers have been reported to be very useful for pedigree description in aquaculture
species (Herbinger et al., 1995; Moore et al., 1999). Results from many studies
suggest that the pedigree of mixed populations could be determined through the use of
microsatellite markers (O’Reilly et al., 1995; Perez-Enriquez et al., 1999; Waldbieser
and Wolters, 1999; Dong et al., 2008). The primary aim of this study was to
successfully assign the offspring to their putative parents, and then having the two
meristic counts to investigate the genetic makeup of the length and weight attributes
in meagre as two important production characteristics. Having followed the standard
industrial practices of grading, i.e. the sorting of same-sized fish, the two batches we
assigned showed different growth rates. We examine the possible impact of the
differential growth between these two batches on body weight and total length. The
differences in weight and length as well as the heritability and genetic correlation
estimates, were examined in this paper as a secondary focus that can potentially shed



98
99

100

101

102

103
104
105
106
107
108
109
110
111
112
113
114
115

116

117

118
119
120
121
122
123

124
125
126
127
128

light on our future research concerning QTL identification for the weight and length

attributes in meagre.

Materials and methods
Biological material

Fin clips from nineteen broodstock fish (Tank M7) were sampled in December 2012;
all fish had more than 6-years old and all (6) females and 7 out of 13 broodstock
males were injected with GnRHa to induce spawning in April 2013. Juveniles coming
from eggs hatched on April 17th were graded twice, approximately forty and seventy
days after hatch following company's protocols. The first batch of bigger juveniles
was put in a cage on August 2nd 2013 and the second batch with smaller juveniles on
August 14th 2013, both at a commercial farm site off the Spanish coast in the
community of Valencia, ie. the two batches entered the cages with 12 days difference.
On January 20th 2016, 400 meagre fish (Batch 1) were sampled at the market size
(~2kg), fin-clipped and total length and weight was measured for all fish in the
company's processing plant. On May 5th 2016, the same procedure was performed for
another 400 meagre fish from the second batch sea-cage held on the same commercial
farm site (Batch 2).

DNA techniques / PCR

DNA was extracted from all fish using standard protocols (Miller et al.,1988) and
DNA quality and quantity was evaluated using a NanoDrop ND 1000
spectrophotometer (Thermo Fisher Scientific; wwwthermofisher.com). All fish were
genotyped using a 10 microsatellite loci multiplex (Soula et al., 2011) (Casmic14,
UBAO005, UBA006, UBA050, UBA054, Socll, Soc405, Soc431, Soc35, Soc428)
(see Table 1) using the Qiagen multiplex PCR kit.

The PCR reactions were performed in a 10ul reaction mix with concentration of 10
umol/1 for each primer and 5ng/ul template DNA. The thermal profile included a pre-
denaturation step at 95 °C for 15 mins followed by 30 cycles of denaturation-
annealing-extension at 94°C for 30 secs, 57 °C for 1.3 mins and 72 °C for 1 min and

one final elongation steps of 60 °C for 30 mins. Amplicons were resolved by
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capillary electrophoresis on an ABI 3730 sequencers (Applied Biosystems, Foster
City, CA) using L1Z500 size standard marker. The fragment size analysis software

STRand (http://www.vgl.ucdavis.edu/informatics/STRand) was used for genotyping.

Parentage assignment

Assignment of the offspring to their parents was done via Vitassign software
(Vandeputte et al. 2006). Thirteen sires and six dams were crossed and since there
was no previous information about pedigree, full-sibs, half-sibs and unrelated pairs
were the only possible relationships for any couple of fish. Vitassign uses the
exclusion-based computation method based on the Mendelian segregation of alleles as

its sole hypothesis. Analyses were run allowing for one allele mismatch in total.

Data analysis

Weight (kg) and total length (cm) were measured, in all 800 fish of the two batches,
constituting the phenotypic data set. In the two batches, the mean values for length
were 61.92 cm for batch 1 and 62.17 cm in batch 2 and for weight were 2,289 kg for
batch 1 and 2,317 kg for batch 2. Levene’s test was used to examine the heterogeneity
of variance for weight and length traits between the two batches. The differences in
weight and length for each family that had assigned progeny in both of the batches
(15 families), were tested for statistical significant differences. We conducted two t-
tests for each family, one for the weight attribute and one for the length attribute using
the two-sample t-test assuming unequal variances using SPSS v24.0 (IBM Corp.).
Last, we calculated the effective population size of the population (Falconer and
McKay, 1998) using:

a) the formula of the unequal contribution of males and females,

Np=(4NmNg)/ Neyt Ni) (1)

where Ny, and Nt are the number of male and female parents, respectively, and
b) the formula that takes into account the variation of family size,

Ny=8N/(Vn+V+4) (2).
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where V, and Vs are the variances in family sizes for males and females, respectively
(Hill, 1979). In the calculation of N, we used the values of V, and Vs calculated from
the data (Ny1), and also the variance values corresponding to a Poisson distribution of
family size for N;.

The estimates of heritabilities and genetic correlations were obtained from the
assigned 728 progeny of both batches using an animal model utilizing Maximum
Likelihood method with VCE4.0 (Kovac¢ et al., 2002) with the batch being the sole
fixed effect, in order to take into account any differences due to placements in the
cage and growth period. Two additional runs were performed to obtain heritability,
genetic and phenotypic correlation estimates for each batch separately, with no fixed

effect included in the analysis.
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Results

Parentage assignment

Batch 1 offspring were genotyped successfully and the parentage assignment was
successful at 87.5%, allowing for one mismatch. In total, 348 offspring were assigned
to their putative parents. The offspring, were attributed to 18 families, out of the 78
theoretically expected. Only 5 out of the 6 females were identified as probable parents
of the offspring; females 4F and 3F participated the most in spawning, and to a
smaller extend females 1F and 5F. Likewise, 7 out of the 13 males were identified as
probable parents of the offspring; Male 6M seems to be responsible for nearly half of
the offspring followed by males 2M, 1M and 5M (see Table 3). For batch 2 fish,
parentage was based on the same 10 loci multiplex, with the final assignment rate
being 95%, or 380 assigned offspring out of 400. The 17 families of the batch 2
offspring followed a similar distribution especially in relation to the males (Table 4).
In overall, parentage assignment rate is calculated at 91.1% in both batches.

Chi-square tests show that the distribution of the family sizes between batches is not
independent (P=0.044); consequently the variation in family composition between the
two batches is not significantly different and the batches are homogenous in terms of
family size (see also Figure 1). In both batches, three females, 1F, 3F and 4F,
participated the most (26.9, 28.4 and 29.3%, respectively), and to a much smaller
extend female 5F (0.7%); female 2F is identified as the parent in only one offspring.
Likewise, seven out of the 13 males were identified as probable parents of the
offspring; Male No 6M seems to be responsible for nearly half of the offspring
(49.9%) followed by males 2M, 1M, 5M and 4M (25.3, 12.4, 8.1 and 3.3%,
respectively). From the six females injected with GnRHa, only one of them did not
give any offspring (6F). From the seven males that were injected with GnRHa, only
7M and 11M had no putative offspring assigned; on the contrary, male 1M that was
not injected, participated highly in the putative families with a percentage of 11.2%
and 13.4%, respectively (Tables 3 and 4).

Effective population size

The variation of an idealized population, with unequal number of males and females

is given by the equation Ny=8N/(V,+V¢+4), where V,=Vi=pn (mean family size). In
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Table 2, we show the calculations of Nyi, Ny and N,. The ratios we obtained Nyi/N,
Nv2/N and Ny/N were 0.02, 0.08 and 0.02, respectively. Our values of N, were
significantly lower than N (the nineteen fish of the broodstock), with Vamily size =
2,351 and the mean average family size p=42.6.

Heterogeneity of variances for weight and length

Due to the fact that we are conducting a bivariate analysis on a combined dataset, we
assess the assumption that the variances of weight and length which are drawn from
two different samples (batches) are not equal. Results are shown in Table 3 for the
weight trait and for the length trait. Length values do not have equal variances
between the two batches; this is expected due to the application of grading. On the
contrary, weight values show equal variances and homogeneity criteria are met. A
significant result with p<0.05 indicates heterogeneity of variances and the null
hypothesis is confirmed (data not shown). Consequently, the origin of the fish (Batchl
or 2) was fitted as a fixed effect in the genetic analysis, in order to take into account
differences in the variability of length.

Heritability and genetic correlation estimates

Heritability estimates for body weight ranged from 0.64 to 0.76, with batch 1 progeny
having 12% higher heritability estimates than batch 2 (Table 4). Heritability estimates
for the length trait ranged from 0.69 to 0.72 with batch 1 progeny showing 3% higher
estimates that batch 2. The estimates for both of the batches were 0.62 for the weight
trait and 0.64 for the length trait. Genetic correlation estimates between body weight
and length were 0.97 for batch 1, 0.94 for batch 2 and 0.96 for both of the batches.
Phenotypic correlation estimates between body weight and length were 0.78 for batch
1, 0.80 for batch 2 and 0.82 for both of the batches.

Statistical significant differences for growth related traits

Having two batches of progeny with differential growth rate originating from the
same broodstock, gives rise to the question of statistically significant differences in

body weight and length among the batches. For each shared family in the two batches,
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the progeny forms two distinct populations of unequal variance and sample sizes. We
performed two t-tests for each of the 15 shared families, one for the weight and one
for the length attribute. P-value threshold for statistical significance was set at P<
0.05. P value, was estimated for a two-tail test, i.e. the mean is considered
significantly different if it is in the top 2.5% or bottom 2.5% of its probability
distribution, resulting in a p-value less than 0.05. Three families showed statistical

significant differences in weight and two families in length (Tables 6 and 7).

Furthermore, we estimated heritabilities and genetic and phenotypic correlations of
the growth traits in a tetravariate context, i.e. body weight and length measurements
were considered as different traits in different batches. Results have shown that
heritability estimates had decreased drastically (data not shown) in the first batch
(0.27 and 0.26 for bodyweight and length, respectively) and at a lesser extend in the
second batch (0.46 and 0.52 for body weight and length, respectively). However, the
genetic correlations between the body weight and length traits were high between the
measurements of the two batches (0.90 and 0.88, respectively). Moreover, the ranking
correlations (i.e. Spearman’s) between the estimated breeding values of body weight
and of length in the two batches were very high (0.95 for both traits).
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Discussion

In this study, we assess for the first time in meagre (Argyrosomus regius) the relative
contribution of each broodstock used in the offspring composition. The assignment
rate differs slightly between two batches of 400 fish each examined, ranging from
87.5% to 95.0%, and calculated at 91.1% in both batches (728 fish successfully
assigned). The use of multilocus genotypes to ascertain parentage for genetic studies
is a widely used method (Milner et al., 2000; Garant and Kruuk, 2005). A major
disadvantage of the exclusion method is that a single mismatch is enough to exclude a
putative parent (Jones and Ardren, 2003). One crucial factor for obtaining high levels
of unique assignments is the assignment power of the marker set used. Microsatellite
markers due to their high number and variability allow efficient parentage assignment
(Perez-Enriquez et al., 1999; Waldbieser and Wolters, 1999; Boudry et al., 2002;
Brown et al., 2005; Fessehaye et al., 2006; Herlin et al., 2007; Wang et al., 2008).
The development of a marker set for parentage assignment, is of importance to
estimate the efficiency of the assignment from the initial data. Allele frequencies are
used to calculate the exclusion probabilities and the quantification of individual
markers. Vitassign uses simulation to determine the assignment power of the whole
marker set, with the parents genotyped, using the mating scheme declared. The output
given is the expected percentage of unique assignments in the absence of genotyping
errors. Current parentage assignment rate (91.1% for both batches) is comparable to
those already reported for members of the Sciaenidae family. In yellow croaker
offspring, Larimichthys crocea, the assignment using 6-7 microsatellite loci was
estimated at 99.6% (Liu et al., 2012), whereas in Argyrosomus japonicus offspring,
the correct assignment was at 84.7% using 14 microsatellite loci (Mirimin et al.,
2015).

The theoretical number of families is 78 with the families of the assigned offspring
being 20. In the two batches, the contribution of putative parents shows slight and non
significant variation. The distribution of families in batch 1 population of offspring
shows that certain parents have possibly an increased contribution in comparison with
the rest. From Figure 1, we see that 1F-1M crossing, 1F-5M, 1F-6M, 4F-1M and 4F-
6M show some variation. Among these parents, 1F and 3F from the female breeders
and 4M, 5M and 6M from the male breeders playing a possible dominant role in the
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mass spawning reproduction practice, usually followed by commercial companies in a

breeding program.

Overall the most dominant females were 4F with 37% in batch 1 and 1F with 35.53%
participation in batch 2, and male 6M is equally dominant in both batches with males
5M and 4M showing variation in participation in the spawning process. Only three of
the broodstock fish injected with GnRHa did not give any offspring, one female and
two males; this might be due to sampling bias since other fish, like the 13M and 2F,
appear to have a single offspring in the two batches analyzed. Surprisingly, a single
non-injected male was responsible for 11 and 13% of the offspring in the two batches.
The t-tests we performed among the shared families of the two batches showed that
there is some substantial variation within families, which was statistically important.
Three families, show variation for the weight attribute (Tables 5 and 6).These families
include females 1F, 3F, 4F and males 2M, 4M, 6M.

Nevertheless, size variability and growth in general, is very common among same-age
farmed fish in many species. This variability in growth can be a major hurdle in the
long-term viability of a commercial aquaculture farm. Fish grading optimizes
production by limiting cannibalism, decreasing size variability among harvested fish,
and improving feed conversion efficiency (Loughnan et al., 2013). Stocking non-
graded fish can result in under- or overstocking and may lead to poor feeding
practices (Ghozlan et al., 2018). Selection practices (i.e. breeding programs) could be
used to reduce variability in growth and improve in the long term growth, product

uniformity and decrease management costs.

Our study is the first effort to quantify in the species how much of the size and growth
variability is of genetic origin (i.e. genetic variation) which in turn can provide the
first indications for the feasibility of a breeding program. However, since the two
batches of meagre stock contain individuals, originating from one spawning event,
that were harvested from two cages on two different time points, the first on January
2016 and the second on May 2016, we introduced two time points in the combined
analysis of both batches as a fixed effect. As it was pinpointed, due to the grading
process, the two batches were not measured at the same time but when the individuals
reached their commercial weight. Taking this fact into consideration and the number
of progeny in our dataset, as far as heritability and genetic correlation estimates of

weight and length are concerned, it is likely that an overestimation of these values
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might occur. Nevertheless, the estimation and evaluation of these values cannot be
dramatically affected, thus providing useful indications. The heritability values for the
two traits of the two batches combined for weight and length (0.62 for weight and
0.64for length) indicate that there is high probability that the specific traits are tightly
correlated and that the environment plays, potentially, a less important role, especially
when the organisms were grown in essentially the same or very similar environments.
Moreover, the anticipated high genetic correlation (96%) between these two traits
implies that there is a link between weight and length attributes in meagre which is
also shown for other species (Chatziplis et al. 2007, Fernandes et al. 2017, Rutten et
al. 2005). Moreover, the separate estimation of the heritability values for weight and
length for the two batches independently, outlines differences in weight and length
heritability values between them. The batch 1 stock with the higher growth rate,
shows higher values for weight and length heritability (0.76 and 0.72) compared to
0.64 and 0.69, respectively, for batch 2. The population that showed highest growth
rate shows higher heritability values than the population of lower growth rate. The
circumstances under which selection is done may affect the response to that selection.
Commercial and non commercial environments are different; hence the range of GXE
interactions may differ among different environments(Lynch and Walch, 1998). In
tilapia, no significant differences were observed in heritability estimates between
commercial and test environment (Khaw et al., 2009) whereas, differences, albeit low,
were observed in a European sea bass study (Dupont-Nivet et al., 2009). When
grading is applied in bivariate or multivariate analyses, an option is to create classes
for the trait that the grading is based upon. The division in separate smaller groups
correlates with an underestimation in heritability values (Blonk et al., 2010). In our
study, the division in classes (i.e. batches) lead to a drastic decrease of the heritability
estimates (data not shown). However, the genetic correlations between the same traits
in different batches as well as the high ranking correlations (0.95) between the
estimated breeding values of the same traits indicate that we analyze the same trait.
On the other hand, the cage confounding effect, the heterogeneity of the length trait in
progeny, has potentially lead to the aforementioned could also lead to overestimation
of genetic parameter values which could be tackled by increasing the size of the
dataset. The relatively high standard errors that are observed (see Table 6) in relation

to other studies (Gjedrem, 2000) underline these facts.
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One of the problems in the fish breeding programs utilizing mass spawning in their
matings' designs is the unequal gamete contribution and the non-random distribution
of family sizes. Unfortunately, the unequal distribution in family sizes coming from a
given broodstock has negative effects on effective population size (Ne). In an
idealized population, each breeding individual has the same probability with the
others to contribute genes, or progeny, and this contribution is randomly distributed
among the parents with the subsequent variation in family sizes (Falconer and
McKay, 1998). However, in reality, parents (broodstock) do not have an equal chance
of contribution due to differences in fertility, survival of the progeny etc. The
variation among parents leads to variation of family size and this leads to a next
generation originating from a smaller number of parents. The ratios we obtained
(Table 2) show that the values of N, were significantly lower than the actual number
of fis hin the broodstock (19) which might be attributed to the increased variation in
family size (Vsamily size = 2,351 and u=42.6), as well as to the reduced contribution of

males relative to their female counterparts.

Our study is a preliminary analysis which concentrated to quantify the magnitude of
the genetic origin of differences in growth traits in meagre and also to provide the first
indications concerning the feasibility of a selection program. To our best
understanding, these estimates of heritabilities would be the lower and upper bound of
heritabilities for growth traits in meagre. However, much bigger data sets will be
needed in order to estimate with sufficient accuracy genetic parameters for growth
traits in meagre in order to be used for selection purposes in a future well-structured
breeding program. Finally, having examined, several aspects of both batches, the
results of this research will provide useful indications of our future approach

concerning QTL research for growth related traits in meagre.
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551
552 Figure Captions
553  Figure 1: Differential parental assignment in two meagre batches; all fish were taken

554  out of the sea at an average weight of 2 kg and some 100 days of difference. Families

555  are depicted on X axis, and their percentage on the Y axis.
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Table Legends

Table 1. Name of locus, (M) motif of repetition, (F) fluorescent tag, forward and reverse sequences of the primers.

Meagre M F Forward sequences (5'-3’) Reverse sequences (5’ -3') Reference

STR loci

Casmic 14 (CT)1, 5'6-FAM  TGTCCTCACTCCTCTTTTTCTTTC GTTTAAGGCGCATCTCCAGTCTC Farias et al. 2006
UBAOO5 (CT)16 5'NED CATCAGGATTGGCAACTAGC GTTTCCTCCAGGTTTATTCTTCATTGAC Archangi et al. 2009
UBAOO6 (CA) 5'PET AGCACACGTAATCACACACAGAT GTTTCCACTAGTGCAAAACGGTGGT Archangi et al. 2009
UBAO50 (GT)»6/(GT)s 5 6-FAM  GCACAACTGCATCCCTTAGAT GTTTAGAAGTGAAGACTGCGGACTG Archangi et al. 2009
UBAO54 (CA)y7 5 6-FAM  CCTTGTGAGAACATTAATTTGGATG GTTTCCAAACCCTGATAGATGGATAGTT Archangi et al. 2009
SOC11 (GA) 14 5'6-FAM  GCCGAGTCACGAAGGAACAGAGAA TGTCGTCTCATCTATCTCCATCTC Saillant et al. 2004
SOC405 (CA)1, 5'PET AGGCTTTTGTTTAGTTTCCCTCAT GGGGTGTAGCAGAACCACAC O’Malley et al. 2003
S0OC431 (TG)30 5 HEX GTGGTAGATGAAAACGTATAAAAGGAG GTTTCATATATATAGTGTACAGCTCCAGCT O’Malley et al. 2003
SOC35 (CT)s (GA)y  5'PET GAGGGTGACGCTAACAGTTGA CTCTACCTCACACTCCTCAAAGT Saillant et al. 2004
SOC428 (TG)3g 5'NED GACATCGCATTTGTCTACAGAGTC AACTCCCAGTCATAATATCCCTT Saillant et al. 2004
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Table 2.Effective population sizes accounting for variance in family sizes. C,C,
represent average contribution of females and males, Vs, V, stand for variance of
contribution of females and males. N is the number of assigned progeny, N, is the
effective population number according to Np=(4NmNs)/ Nm+ N¢), Ny1 and Ny, are the
values for the two batches according to Ny=8N/(Vn+V¢+4) with Vi, =Vi=p (mean

family size) as a Poissonian distribution.

N N p Nvl N\/2 Cf Cm Vf Vm

Batchl&Batch2 728 16.42 1492 64.95 120.83 55 8364 10555
assigned progeny
Ne/N - 002 0.02 0.08 - - - i

Table 3. The distribution of 18 families in batch 1 of meagre stock. Families 5F-1M
2F-6M and 1F-13M were present only in batch 1 (bold).

Batch 1 Males
1M 2M 3M 4M 5M 6M 13M Sum
1F 2.87%  1.44% 1.15% 2.01% 2.87% 6.90% (299 | 17.53%
2F 0.29% 0.29%
Females 3F 22 41% 0.86%  6.90% 30.17%
4F 8.05% 1.72%  27.30% 37.07%
5F 0.29%  2.30% 0.86%  11.49% 14.94%
Sum  1121% 26.15% 1.15% 2.01% 6.32% 52.87% (.29%




580
581

582  Table 4. The distribution of 17 families in batch 2 of meagre stock. Families 4F-2M ,
583  3F-6M and 4F-13M are present only in batch 2 (bold).

Batch 2 Males
M 2M 3M 4M 5M 6M 13M Sum
1F 10.26% 2.63% 0.53% 4.47% 6.84% 10.79% 35.53%
2F 0
Females 3F 20.00% 158% 5.26% 26.84%
4F 3.16% 0.79% 0.26% 17.63% 0269 | 22.11%
5F 1.05% 1.05% 13.42% 15.53%
Sum  13.42% 24.47% 053% 4.47% 9.74% 47.11% 0.26%
584
585
586

587  Table 5. Heritability and genetic correlation estimates for both batches of meagre as
588  well as for each batch separately. Heritability estimates are shown in bold and

589  standard errors are in parentheses.

590
Meagre stock Weight Length Genetl_c Phenoty_p Ic
correlation correlation
Batch 1 0.769 (0.14)  0.725(0.14) 0.974 (0.01) 0.788 (0.09)
Batch 2 0.643 (0.13)  0.699 (0.14)  0.945(0.02)  0.809 (0.06)
Batch 1&Batch2  0.627 (0.12) 0.643 (0.12)  0.962 (0.01) 0.826 (0.04)
591
592
593
594

595



596 Table 6. t-test for three shared families of meagre stock among batches 1 and 2 that
597  showed statistical significant difference for the weight attribute. Observations

598  represent the number of progeny in each batch inside a family.

Weight

Family 3F/2M 4F/6M 1F/4AM

foffre Batch 1 Batch 2 Batch1 Batch 2 Batch 1 Batch 2
2.366 2.497 2.379 2.143 3.178 2.806

Mean

Observations 77 76 95 67 8 17

P 0.04998 0.00045 0.01386

599
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601  Table 7. t-test for two shared families of meagre stock that showed statistical

602  significant differences for the length attribute.

Length
Family 4F-6M 1F-4M
Meagre Batch 1 Batch 2 Batch 1 Batch 2
stock

63.01 61.44 70.06 65.97
Mean
Observations 95 67 8 17
P 0.01552 0.00448
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