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Abstract — The genetic parameters of sexual dimorphism of body weight were
estimated in samples of 16 190 chickens and 11 328 Muscovy ducks. A multivariate
animal model was used, and weights of males and females were treated as different
traits. Heritabilities were estimated for males and females, respectively, at 0.28 £ 0.04
and 0.43+£0.04 for body weight at 8 weeks in chickens (BWS), and in ducks at
0.40+0.04 and 0.51 £0.04 for body weight at 6 weeks (BW§6) and 0.33 +0.05 and
0.67 £ 0.05 for weight gain between 6 weeks and slaughter (WG). The estimated
genetic correlations between sexes were 0.84 for BWS& in chickens, and 0.85 and 0.73
for BW6 and WG in ducks, respectively. Maternal heritabilities were generally higher
in males than in females. Heritabilities of sexual dimorphism were estimated as 0.08
for BWS in chickens, and at 0.13 and 0.18 for BW6 and WG in Muscovy ducks,
respectively. Sexual dimorphism in both species was highly and positively correlated
with traits of males (between 0.65 and 0.84), and slightly and positively correlated
with growth potential of females (between 0.13 and 0.25). © Inra/Elsevier, Paris

sexual dimorphism/ Muscovy duck/ chicken/ body weight/ genetic parameters

Résumé — Estimation des parameétres génétiques du dimorphisme sexuel du
poids chez le poulet label et le canard de Barbarie. Les parameétres génétiques
du dimorphisme sexuel du poids ont été estimés chez le poulet label et le canard de
Barbarie respectivement sur 16 190 et 11 328 animaux. Un modeéle animal multicarac-
tére a été utilisé et les caracteéres males et femelles considérés comme différents. Les
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héritabilités des caracteres considérés ont été estimées pour les males et les femelles,
respectivement, & 0,28 + 0,04 et 0,43 £+ 0,04 pour le poids & 8 semaines (BWS$) chez le
poulet, 0,40 40,04 et 0,51 + 0,04 pour le poids & 6 semaines (BW6) chez le canard et
0,33 40,05 et 0,674 0,05 pour le gain de poids entre 6 semaines et 'abattage (WG)
chez le canard. Les corrélations génétiques estimées entre sexes étaient inférieures a 1
(respectivement 0,84 pour BWS, 0,85 pour BW6 et 0,73 pour WG). Les héritabilités
maternelles estimées étaient le plus souvent plus élevées chez les males que chez les
femelles. L’héritabilité du dimorphisme sexuel a été estimée a 0,08 pour BWS§, 0,13
pour BW6 et 0,18 pour WG. Pour les deux especes, le dimorphisme sexuel apparait
corrélé positivement et fortement au caractére male (avec des corrélations génétiques
variant entre 0,65 et 0,84) et positivement mais faiblement au caractére femelle (avec
des estimations comprises entre 0,13 et 0,25). © Inra/Elsevier, Paris

dimorphisme sexuel / canard de Barbarie / poulet / poids / paramétres
génétiques

1. INTRODUCTION

The difference in weight between males and females, hereafter called sexual
dimorphism (and denoted A), is particularly marked in poultry. For example,
male Muscovy ducks are 40 % heavier than females at slaughtering age, and
65 % heavier when adults [18]. In chickens, where the difference is smaller, males
are 15-20 % heavier than females [33, 36]. The body composition of males and
females also differs considerably [12, 18, 28].

This dimorphism poses several problems, as already noted by Pilla [26] for
Muscovy ducks. Breeding requirements differ with sex; male Muscovy ducks
are slaughtered and jointed at 12 weeks, whereas females are slaughtered at
10 weeks, and are not heavy enough to be jointed. However, slaughter of
females cannot be delayed because the breast, drumsticks and thighs approach
maximum size at this age, and thereafter females begin to deposit fat. It is
thus necessary to rear animals keeping the sexes separate. In chickens, outliers
are damaged during automated processing [17]. These losses are particularly
high for French label-type chickens, which are slaughtered from 81 days of age.
This high quality product accounted for 15 % of the consumption of chicken in
France in 1994. ‘Label’ chickens originate from crosses between slow growing
meat-type lines and are selected for increased egg number or breast angle
but not for increased body weight. This selection permits slaughtering at an
older age (from 81 d of age) at the same carcass weight as conventional birds
[8]. Carcasses exhibit a high meat yield and a moderate degree of fatness.
The specifications for this type of production include access to open air, feed
based mainly on grain, low density of rearing (< 11 animals/m?), and distance
between the farm and the slaughterhouse (< 100 km or < 2 h of transport).

According to the results of L'Hospitalier et al. [19] in meat-type poultry
lines, sexual dimorphism at 42 d increased markedly with selection from 249 g
in 1972 to 318 g in 1985, while the ratio of male to female body weight (R)
remained almost unchanged, from 1.207 to 1.182. These differences suggest a
genetic influence on sexual dimorphism.

The aim of this study was therefore to estimate genetic parameters of sexual
dimorphism and to investigate the possibility of modifying it by selection.



Genetic parameters of sexual dimorphism 483

This involved estimation of genetic parameters of growth traits in both sexes,
to evaluate whether the same genes were expressed in males and females.
The results of this analysis were used to calculate genetic parameters of A
and of the ratio of the trait expressed in males to the trait expressed in
females. Finally, genetic correlations between sexual dimorphism and certain
economically important traits were estimated to predict how they might change
following selection for sexual dimorphism. This study was performed in two
species whose sexual dimorphism is very different, i.e. the Muscovy duck and
the chicken. For the latter, a line dedicated to the production of ‘label’ chickens
was chosen. In fact, even if selection for decreased sexual dimorphism was
detrimental to body weight, it could be performed in these lines. No valid
estimates of genetic parameters for sexual dimorphism are currently available
for label chickens or Muscovy ducks.

2. MATERIALS AND METHODS
2.1. Animals and description of traits

A total of 16 190 chickens from 385 sires and 1766 dams of a slow growing
meat-type line were studied, comprising six generations of a line measured
for body weight at 8 weeks (BWS8) and selected for number of eggs laid
over 22 weeks (EN). Breast angle at 8 weeks (BA) and body weight at 1d
(BWI) were also recorded in the last generation on 2236 and 2 243 animals,
respectively.

A total of 11 328 Muscovy ducks from 204 sires and 772 dams were included
in the analysis. They had been produced from the last three generations of
a line that had been selected for 11 generations for increased body weight at
6 weeks (BW6) and weight gain between 6 weeks and slaughter (WG) (12 weeks
for males and 10 weeks for females) as well as for the weight of the fatty liver
of males after 13 d of cramming (LW). Body weight at 1 d of age (BW1I) was
also measured in the last generation on 4 138 animals.

Body weight was considered as a sex-limited trait so that male and female
traits were distinguished in the analysis, as suggested by Falconer [11]. For
example, four traits were analysed in ducks: BW6,,, BW6;, WG,,, WGy where
the subscripts ‘m’ and ‘f’ stand for male and female, respectively.

2.2. Analysis model
The analysis model was:
Yijk = h; + aj + mg + ek with cov(a, m) # 0

where y;;i is the performance of the jth animal from the kth dam, reared in
the ith hatch, a; the direct genetic effect of the jth animal, m; the maternal
genetic effect from the kth dam, e;;i the residual of the jth animal from the
kth dam, reared in the ith hatch and cov(a,m) the covariance matrix between
the vector of direct genetic effects (a) and the vector of maternal genetic effects
(m). The vectors a,m and e were considered to be normally distributed.
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The (co)variances were estimated by REML using VCE3.2 software [13, 24]
using finite difference procedures.

In the first analysis, the genetic parameters of the selected traits were
estimated, i.e. BW6,,, BW6;, WG,,, WGy and LW for ducks and BWS,,,
BWS&¢ and EN for chickens. All the traits were included in the analysis, in order
to avoid bias due to selection. A second analysis was performed to determine the
genetic correlations between sexual dimorphism and other traits of economic
importance. It included all the aforementioned traits and BW1 in ducks, BW1
or BA in chickens. Because of lack of convergence, cov (a, m) had to be set at
0 for this analysis.

2.3. Estimation of genetic parameters

The genetic parameters of sexual dimorphism were estimated in the second
step. Heritability was calculated using the classic formula of (co)variance for
difference, as already used by Chapuis et al. [7]. The genetic correlations
between sexual dimorphism and the other traits were computed in a similar
way.

The heritability of the ratio of the male trait to the female trait (R) was
approximated using Sutherland’s formula [34]:

_ h?nC’fn + h?C} — 2rg(m, f)Cme hom hf
B CZL +CF—2rp(m, f)CinCs

h?(R) (1)

where hfn( 5) Was the heritability of the male (female) trait, r4(m, f) and
rp(m, f) the genetic and phenotypic correlations between traits in males and
females, and Cy, ) the phenotypic coefficient of variation for the male (female)
trait.

Using Pearson’s formula [25], the genetic correlation between the trait
expressed in one sex, e.g. males, and the ratio was approximated as:

hm C7n - ’rg(ma f) hf Cf

BW,,,R) =
rg( R) h2C%2+h2 C2 —2r,(m, f)hs by Cr Crp)1/2
f f m ~m g f f

(2)

3. RESULTS

The elementary statistics are summarized in table I. There was no dimor-
phism at 1 d of age in either species, and sexual dimorphism increased with
age. This increase was proportionally much more pronounced for A than for R.

3.1. Genetic parameters of analysed traits

Estimated heritabilities of growth traits were moderate or high in both
species, as shown in table Ila for ducks and ITb for chickens. For all traits,
the estimates were higher for females than for males by 53.6, 27.5 and 103.0 %
for BWS in chickens, BW6 and WG in ducks, respectively. According to the
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Table I. Elementary statistics of analysed traits.

Species Traits Males Females A R
Mean+S.D. Mean+S.D. (in % of the
female trait)

Muscovy duck BW1I (g)* 48.8+4.9 48.6 +4.7 0.00 1.00
BWE6 (g)* 1834 + 304 1269 + 203 44.44 1.44
WG (g)? 2663 + 317 1086 + 153 145.21 2.45
LW (g)° 462 + 96 - - -

Chicken BW1I (g)* 46.7 + 40 46.0 +3.8 0.01 1.02
BWS (g)’ 1468 + 260 1235+ 181 18.87 1.10
BA (grade)*  85.1+6.2 84.745.2 0.00 1.00
ENS - 92.0425.0 - -

1 BW,: body weight at age x; 2 we weight gain between 6 weeks and slaughtering
age; 3 LW liver weight; 4 BA: breast angle; 5 EN- egg number.

estimated standard errors, and assuming the asymptotic normal distribution
reached, these differences appeared to be highly significant. Estimated maternal
heritabilities were low and decreased with age.

Estimated genetic correlations between sexes were high and decreased with
age in both species. The correlations between sexes were lower for maternal
genetic effects than for direct genetic effects. The estimated correlation between
direct and maternal genetic effects was negative for all traits.

3.2. Genetic parameters of sexual dimorphism

In ducks, there was little difference in the heritabilities of sexual dimorphism
and ratio. They were estimated as 0.13 and 0.11 for BW6 and 0.18 and 0.27
for WG. In chickens, both estimates were equal to 0.08.

Dimorphism appeared to be highly and positively correlated with body
weight of males, and positively but moderately correlated with body weight of
females in both species (table Ila, b). In ducks, this trend was more pronounced
for WG, the trait showing the greatest sexual dimorphism. For ratios, estimates
of genetic correlation with body weight at the same age were positive in
males and negative in females, except for WG,, which was slightly negatively
correlated with the ratio for WG.

The estimate of the genetic correlation between sexual dimorphism at
6 weeks and sexual dimorphism for weight gain was very low (— 0.02). Moreover,
in ducks the genetic correlation between ABW6 and WG and the genetic
correlation between AWG and BW6 were moderate, ranging from —0.15
to 0.15.

Genetic correlations between A and LW or BWI, and R and LW or BW1
were moderate in ducks. In chickens, BA was the trait most positively correlated
with both sexual dimorphism and the ratio.
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Table IIa. Genetic parameters of traits analysed in Muscovy ducks.

Traits BW6m BW6; WGm WGy LW
BW6y  0.40£0.04
(0.11%0.08) 0.85 ~0.23 ~0.17 ~0.25
0.5140.04
BWE6; 034  (0.09%0.02) 0.04 0.12 0.05
. 0.330.05
WGrm ~0.44 ~0.33 (0.05% 0.03) 0.73 ~0.26
0.67+0.05
WGy ~0.27 ~0.41 054  (0.09£0.05)  —0.24
0.39£0.10
Lw 0.32 0.31 0.02 017  (0.080.06)

Heritabilities are on the diagonal (maternal heritabilities in italics), genetic correla-
tions above the diagonal, correlations for maternal effects below the diagonal.

Table IIb. Genetic parameters of traits analysed in chickens.

Traits BW8m BWS; EN
0.28 +0.04
BW8m (0.14+0.02) 0.84 —0.17
0.43+£0.04
BWS; 0.60 (0.10+ 0.02) -0.30
0.37 £0.08
EN 0.14 0.35 (0.06+ 0.05)

Heritabilities are on the diagonal (maternal heritabilities in italics), genetic correla-
tions above the diagonal, correlations for maternal effects below the diagonal.

4. DISCUSSION
4.1. Choice of the model of analysis

The existence of maternal effects in poultry has been suspected for many
years (see reviews by Chambers [6] in fowls, Ricard et al. [27] in ducks) as
heritabilities were generally higher when based on dam than on sire compo-
nents. Koerhuis and Thompson [15] showed that their effects were significant
on body weight in broilers. Following the protocol described by Koerhuis and
Thompson [15], we found that fitting maternal effects and/or correlation be-
tween maternal genetic effect and direct genetic effect significantly increased
the log-likelihood in both species. A model including environmental maternal
effect was also fitted, leading to a slightly greater likelihood as in Koerhuis and
Thompson [15], but as it could lead to overparametrization [7], we preferred to
fit the model described above.
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Table IITa. Genetic correlations between sexual dimorphism (A) and male or fernale
BW6', WG? and LW? and between the ratio of male to female traits (R) and male
or female BW6, WG or LW in Muscovy ducks.

BWé;, B Wé”} WGm WGy Lw
BWE6 A 0.72 0.25 -0.10 -0.15 0.38
R 0.14 —0.40 -0.12 -0.07 0.01
WG A 0.10 0.15 0.84 0.23 -0.17
R 0.22 0.20 -0.19 —0.81 0.13

1 BWE: body weight at 6 weeks; 2 BW- weight gain between 6 weeks and slaughtering
age; 3 LW: liver weight. * m and f subscripts stand for male and female, respectively.

Table ITIb. Genetic correlations between sexual dimorphism (A) and male or female
BWS8', BW1?, EN3 and BA* and between the ratio of male to female traits (R) and
male or female BWS8, BWI1, EN and BA in chickens.

BW1 BWS;, B W832 EN BA
BWS§ A —0.09 0.65 0.13 0.11 0.40
R -0.13 0.23 0.34 0.24 0.35

L BWS: body weight at 8 weeks; 2 BWI: body weight at 1 day; 3 EN: egg number.
4 BA: breast angle. * m and f subscripts stand for male and female, respectively.

4.2. Genetic parameters of growth traits in both sexes

As observed by Merritt [23] and Ayoub et al. [2] in small groups of broilers
and by Chapuis et al. [7] in a large sample of data on turkeys, heritability
appears to be higher for female body weight than for male body weight. Higher
residual variance and lower additive genetic variance were observed for male
traits. The former could be related to competition between males, and to a
higher frequency of leg disorders, which affect growth. The latter may be due
to the more precocious growth of females [18]. At a given age, they are more
mature than males [12, 18] and their body composition, e.g. the percentage of
fat tissue, also differs. This could also contribute to increased heritability of
growth traits of females, as this trait is very heritable [3].

The means of estimates of heritability of maternal genetic effects for both
sexes were similar to those observed by Koerhuis and Thompson [15] when
analysing data of males and females together. These maternal effects most
probably originated from the genetic and environmental determinism of dam
size {(and consequently of egg size) and egg quality [1, 16]. Extrachromosomal
inheritance may also contribute to the genetic part of maternal effects [16]. It
is of note that maternal heritability tended to be lower in females for juvenile
body weight, as already suspected in Muscovy ducks by Ricard et al. [28] and
observed in quails by Aggrey and Cheng {1] and in turkeys by Chapuis et al. [7].
It might be explained by the greater precocity of females. Their growth might
depend on the maternal effects for a shorter time and be more dependent upon
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their own genes. This hypothesis is consistent with the decrease in maternal
effects with age that was observed between BW6 and WG.

Koerhuis and Thompson [15] have already reported that estimates of the
correlation between direct and maternal genetic effects were negative in poultry.
They showed that this result was not due to an environmental dam—offspring
covariance.

Our estimates of genetic correlations between growth traits in both sexes
show that the genes controlling body weight in both sexes differ. Lower
estimates were obtained on a small number of animals with Henderson’s
methods, i.e. 0.59 at 10 weeks by Buvanendran [5] in a meat-type chicken
line and 0.69 at 40 weeks by Singh et al. [32] in a layer-type chicken line.
Using REML in layer-type chicken lines, Hagger [14] and Tixier-Boichard et al.
[35] observed higher values for this correlation at 40 weeks (0.84 and 0.71,
respectively). However, the last two studies were performed on chickens of a
very different genetic background at an older age, i.e. after sexual maturity. The
genes involved are probably not the same as in our case. Using REML, Chapuis
et al. {7] also found that the genetic correlation between sexes decreased
with age. The mean values were 0.92 at 12 weeks and 0.87 at 16 weeks (i.e.
slaughtering age for females and males, respectively).

The differences between sexes in feed and water intake (as observed by
McCarthy and Siegel [20], Marks [21, 22]) and the hormonal regulation of
growth [4, 29, 37] contribute to the existence of sexual dimorphism.

As in our study, the genetic correlation between sexes was estimated at a
given age in all studies, i.e. probably at different physiological ages, as females
are more precocious than males. This could at least partly explain why this
correlation is lower than one. In ducks, we found that the correlation between
body weight of both sexes at 10 weeks was lower (0.72) than the correlation
between body weight of males at 12 weeks and body weight of females at
10 weeks (0.81).

As heritability of body weight varied with sex, and as the genetic correlation
between sexes differed from one, body weights of males and females should be
treated as different traits in ducks and chickens.

4.3. Genetic parameters of sexual dimorphism

Our results show that heritabilities of A and R were significantly higher than
zero, and that it should be possible to modify sexual dimorphism by selection. It
is of note that heritability is higher in ducks, where A is more important, than
in label chickens. In ducks, heritability of A increases with age as observed by
Chapuis et al. [7] in turkeys. Previous results performed on only a few animals
and considering differences between family means of body weights of males and
females lead to higher heritabilities of sexual dimorphism in chickens, between
0.17 and 0.27 at 4 and 8 weeks, respectively, for Buvanendran [5] and Singh
et al. [33] and between 0.42 and 0.95 in Muscovy ducks [26].

It is important to know whether sexual dimorphism results only from a scale
effect. If this was the case, heritabilities in both sexes would be equal and the
genetic correlation between sexes would be equal to one. Heritability of the
difference would not be equal to zero but heritability of the ratio would be.
All our estimates of heritability of the ratio are higher than zero, which shows
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that sexual dimorphism cannot be attributed solely to a scale effect. Some of
the genes controlling body weight in males and females differ. This difference is
more marked for older animals as sexual hormones most probably play a more
important role. The difference in precocity between the sexes may also interfere
both in the direct and the maternal effects. It should therefore be possible to
select for increased or decreased sexual dimorphism as performed in mice by
Eisen and Hanrahan [9] and Schmidt [30]. They observed that the increase was
more marked than the decrease and that body weight changed more for males
than for females, as suggested by our estimates. No such experiment has yet
been performed in poultry to our knowledge. For practical application both
increase and decrease in sexual dimorphism could be envisaged. For example,
in ducks, it might be useful to increase A in order to obtain lighter females
that could be more easily sold while keeping male body weight constant. On
the other hand, decreasing A could result in heavier females that could be
jointed. Moreover, these estimated correlations also show that selection for
increased body weight has most probably contributed to the augmentation in
sexual dimorphism already suspected by Shaklee et al. [31] in turkeys.

According to the estimated genetic correlations, selecting for other traits (BA
and EN in chickens and LW in ducks) must have resulted in a modification of
A and, to a smaller extent, R.

The correlation between the ratio of male to female body weight and sexual
dimorphism was very high in chickens (0.98) which suggested concomitant
evolution of both traits. In ducks, however, it was estimated at 0.78 and 0.38
for BW6 and WG, respectively. In this case, a change in the ratio would not
result in a similar evolution of A. Essl [10] also found through simulation that
selecting for a ratio would not necessarily result in a similar evolution of the
difference.

5. CONCLUSION

This study shows that genetics plays a role in sexual dimorphism which
cannot be attributed entirely to a scale effect. The heritability of sexual
dimorphism shows that selection for this trait should be effective. According to
the genetic correlations between sexual dimorphism and body weight of each
sex, such selection should lead to asymmetrical evolution of both sexes.
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