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INTRODUCTION 
Mule ducks are hybrids resulting from the intergeneric crossing of female common ducks 
(Anas Platyrhynchos) with Muscovy drakes (Cairina Moshata). They have been raised for 
meat and for fatty liver production. The efficiency of mule duck production depends on several 
parameters which are specifically related to female characteristics (egg production) or to 
crossbreeding (egg fertilization, hatchability of fertile eggs). So far, no estimation of the 
genetic parameters of these reproductive traits for mule duck production is available (Rouvier 
et al., 2000). The genetic context of hybridisation raises original scientific questions: any 
reproductive trait can be expressed in two reproduction systems, purebreeding and 
hybridisation, and the question is whether the same genes are involved in both performances. 
The genetic correlation between both would indicate the extent of their common genetic basis. 
The purpose of this study was to investigate the relationship between reproductive traits of the 
common female duck when expressed in purebreeding or in intergeneric crossbreeding. The 
relationship of these traits with laying traits and with body weight traits was also investigated. 
 
MATERIALS AND METHODS 
Animals and management. The data were collected over 3 generations on 989 female 
common ducks as well as on 4025 purebred offspring and 4125 male mule offspring. The 
female ducks began to lay at about 21 weeks. At the age of about 33 weeks, mule ducks were 
produced during 5 weeks according to a fixed mating plan and were born from two hatches. 
When the dams were 45-50 weeks old, inseminations were performed in purebreeding, with 2 
inseminations per week. The egg collection spanned over a period from 14 to 18 days 
according to the generation. Fertility was assessed by candling at 6 days of incubation. 
Traits studied. The laying traits studied were the age at first egg (AFE) and the total number 
of eggs until the age of 48 weeks (NE). The fertility rate in purebreeding (Fp) and in 
crossbreeding (Fc) were calculated as the percentage of fertile eggs to eggs set. Hatchability in 
purebreeding (Hp) and in crossbreeding (Hc) were calculated as the percentage of live hatched 
ducklings to fertile eggs. These rates were calculated only for numbers of eggs set or fertile 
greater than 4. The number of live mule ducklings (NHc) was also analysed. The weight traits 
considered were the 30-wk female body weight (W30), the average egg weight at 30 weeks 
(WE), the 6-wk body weight of the male mule offspring (W6c) and that of the purebred 
offspring of both sexes (W6p). 
Statistical methods. The Box-Cox transformation was applied to the total number of eggs to 
the age of 48 weeks as recommended by Ibe and Hill (1988) for laying traits. The fertility and 
hatchability rates were transformed by the (arcsin(x))0.5. Variance components were estimated 
using a restricted maximum likelihood applied to a multiple-trait individual animal model 
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(VCE 4.2 computer package, Neumaier and Groenveld, 1998). The models included the fixed 
effect of the generation (for NE and all reproductive traits i.e. Fp, Hp, Fc, Hc and NHc) or of 
the hatching batch (for all the other traits) and the random effect of the ‘Animal’. ‘Animal’ 
refers to the female duck except for W6p where it refers to the purebred duckling. For 
reproductive traits and W6c the fixed effect of the sire was included. For W6c, a ‘repeat’ 
random effect was included.  
 
RESULTS AND DISCUSSION 
The elementary statistics of the traits are given in Table 1. All genetic parameters are shown on 
Table 2. 
 
Table 1. Elementary statistics of the traits studied 
 

TraitsA Record number Average Standard dev. 
NE 

AFE (days) 
Fp % 
Hp % 
Fc % 
Hc % 
NHc 

WE (g) 
W6p (g) 
W6c (g) 
W30 (g) 

989 
989 
752 
751 
932 
928 
954 
922 

4026 
4135 
986 

74.2 
139.0 
85.5 
70.6 
66.3 
71.6 
12.0 
72.2 

1686.9 
2210.2 
2730.2 

31.4 
12.8 
16.8 
25.6 
23.4 
21.8 
7.0 
4.5 

222.9 
246.1 
260.2 

Afor abbreviations, see legend of Table 2. Rates given in this table are the untransformed values.  
 
Laying, reproduction in pure breeding and reproduction in crossbreeding. All  traits  were    
of medium heritability (from 0.15 for Fp to 0.47 for AFE). The heritability value found for 
fertility rate in purebreeding was in accordance with the values found in the literature ranging 
from 0.03 to 0.14 (Delaunay, 2000). Concerning hatchability in purebreeding, our estimate of 
heritability was also in the range of the values found in the literature. In all the studies 
concerning geese, and in most studies in laying hens (Besbès, 1997), hatchability had a higher 
heritability than fertility, which was not our case.  
The heritability value for fertility rate as well as for hatchability of fertile eggs in crossbreeding 
was twice as high as in purebreeding. The superiority of crossbred heritabilities over purebred 
ones for both traits was in agreement with the finding that reproductive traits generally 
displayed higher heritabilities when expressed in crossbreeding, as if crossbreeding revealed a 
genetic variability which would be hidden in purebreeding (Brun, 1985). 
Purebred fertility was positively correlated to egg number while purebred hatchability was 
positively correlated to the age at first egg: hatchability was higher for female ducks which 
began to lay later. Fp and Hp were moderately correlated to each other. The correlation 
between purebred fertility and egg production was found to be positive, which differ from the 
results in geese (Wezyk and Sochocka, 1978: rg=-0.20; Puchajda, 1991: rg=-0.05). Concerning 
the relationship of hatchability with egg production, our low positive estimate was in 
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agreement with the estimates of Wezyk and Sochocka (1978) (rg=0.27) in geese. Our results 
are in agreement with several findings concerning the positive correlation with fertility (Wezyk 
and Sochocka, 1978 in geese). The correlation with egg weight, found to be near zero in our 
study, contrasted with the value -0.51 in Wezyk and Sochocka (1978) and several negative 
values reported in poultry (Sewalem et al., 1998). The present correlation with the female body 
weight is in accordance with that found by Puchajda (1991) in geese.  
Crossbred fertility was poorly correlated to the laying traits considered, NE and AFE, but 
crossbred hatchability was, as in pure breeding, positively correlated with the age at first egg. 
The correlation between Fc and Hc was null. The number of hatched mule ducklings (NHc) 
was moderately correlated with NE, highly correlated to crossbred fertility and also, 
surprisingly, to purebred fertility. Its correlation with the crossbred hatchability was lower than 
with the crossbred fertility. The purebred and crossbred fertility were moderately correlated to 
each other, suggesting that it is not the same set of genes of the female duck which determines 
the 2 traits. On the contrary the purebred and crossbred expressions of hatchability displayed a 
high genetic correlation. It can be concluded that most genes of the female duck which 
determine hatchability are not specific to the genetic type of the embryo, whether purebred or 
hybrid: they determine a general hatchability. Purebred and crossbred reproductive 
performances were recorded at different stages of the laying cycle. The effect of the age of the 
female duck on the genetic variability cannot be totally excluded and may be partly responsible 
for the low genetic correlation between Fp and Fc, although Beaumont (1992) reported a high 
genetic correlation between fertility criteria measured at different ages in the laying hens. 
 
Table 2. Estimates of genetic parametersA 

 
Traits NE AFE Fp Fc Hp Hc NHc 

NE 0.24±0.03       

AFE -0.52±0.06 0.47±0.04      

Fp 0.40±0.13 0.20±0.11 0.15±0.03     

Fc 0.16±0.07 -0.06±0.07 0.49±0.09 0.36±0.03    

Hp 0.11±0.11 0.59±0.09 0.37±0.16 -0.06±0.08 0.16±0.03   

Hc 0.16±0.10 0.44±0.08 0.53±0.13 0.01±0.06 0.88±0.04 0.32±0.04  

NHc 0.45±0.06 0.18±0.08 0.76±0.09 0.73±0.04 0.55±0.08 0.61±0.05 0.28±0.03 

WE 0.18±0.06 -0.07±0.04 -0.02±0.08 0.10 -0.02±0.09 -0.12 0.09 

W6p 0.36±0.08 -0.14±0.04 0.04±0.10 0.02 0.19±0.08 -0.02 0.17 

W6c 0.40±0.06 -0.07±0.03 0.21±0.07 0.00±0.06 0.33±0.06 0.36±0.07 0.29±0.06 

W30 0.03±0.06 0.08±0.04 -0.13±0.10 -0.04 0.34±0.09 0.04 0.04 
Aheritabilities (±s.e.) on the diagonal of the upper part of the table, genetic correlations below the diagonal  
BNE: total number of eggs, AFE: age at the first egg, Fp: fertility rate in purebreeding, Hp: hatchability in 
purebreeding, Fc: fertility rate in crossbreeding, Hc: hatchability in crossbreeding, NHc: number of hatched mule 
ducks, WE: average egg weight at 30 weeks; W6p: body weight at 6 weeks, W6c: body weight of male mule ducks at 6 
weeks, W30: female body weight at 30 weeks of age. 
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Reproduction (pure breeding and crossbreeding) and weight traits.  Heritability   estimates   
for weight traits were particularly high. Concerning weight at 6 weeks of age, heritability was 
lower for common ducks and crossbred offspring. NE was moderately correlated to W6p and 
W6c but not correlated to W30. AFE showed low correlations with all the weight traits 
considered. Fp was neither correlated with egg weight nor with 6-wk body weight or adult 
body weight but showed a slight positive correlation with W6c. Hp showed higher correlations 
than Fp with body weight traits, ranging from 0.19 to 0.34. In particular, the heavier the female 
was at the age of 30 weeks, the higher the hatchability of fertile eggs. Fc appeared to be 
genetically independent of all the weight traits considered. On the other hand, Hc showed a 
positive correlation with the 6-wk body weight of mule ducklings but not with those of 
purebred offspring or with the female body weight. The number of hatched mule ducklings 
showed low positive correlations with the weight traits considered, the highest one being with 
the 6-wk body weight of the mule ducklings. The similar pattern of relationship of Hp and Hc 
with the other traits was in agreement with the genetic similarity of both traits, as far as the 
dam component of these traits was concerned: both were correlated to AFE, Fp and W6c. It 
should be pointed out that crossbred fertility, which had a high heritability, proved to be 
correlated to none of the traits investigated, neither laying, nor weight traits. This suggests the 
possibility of specific genes, like the genes governing gametic compatibility of common duck 
gametes with Muscovy drake spermatozoa.  
 
CONCLUSION 
It has been shown that reproductive traits in common female ducks, in purebreeding or in 
crossbreeding, were inheritable. When considering genetic correlations, selection on crossbred 
traits, i.e. fertility rate, would be to both improve fertility in purebreeding and increase the 
number of hatched mule ducks, without affecting egg number or hatchability. It would not 
modify weight characteristics. Considering genetic parameters, selection on number of eggs 
would be less efficient in improving the number of hatched mule ducks. In this study, we did 
not consider the genetics of the Muscovy drake, considering it was part of the environment of 
the female duck. Further studies are needed to determine the genetic effect of the Muscovy 
drake on fertility and hatchability in crossbreeding.  
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