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INTRODUCTION 

Reliable estimates of heritability are indispensable when predicting genetic values and 
formulating breeding plans. Fertility and hatchability can be recorded for both layers 
(expressed as respective percentage of eggs per individual) and chicks  (recorded as binary 
traits). Thus, two different approaches to genetic analyses of the traits are employed (Sewalem, 
1998 ; Szwaczkowski et al., 2000). The objective of this study was to estimate heritabilities of 
fertility and hatchability in laying hens using linear and threshold animal models.  
 

MATERIAL AND METHODS 

Data. The records for four layer strains (denoted as : H77, N88, R33, S22) from 1989 to 1997 
were obtained from Pedigree Laying Hen Farm of Rujsca (West Poland). The percentage of 
fertilized eggs [PFE] and percentage of hatched of set eggs [PHC] for dams were observed. 
PFE was examined by candling on day 8 of incubation, and eggs that were clear when candled 
were classified as infertile. A brief description of the data sets is given in Table 1. To analyse 
binary data, thirty hatched eggs per layer were studied. A one-year generation interval was 
applied. Housing and management conditions did not vary considerably. 
 
Table 1. Number of individuals recorded (n), averages and standard deviations 

 
 Strain       Trait  
____________________________________________________________________________
            PFE                PHC  
                     __________________________________________________________________ 
        n  average       StdDev    n      average  StdDev 
____________________________________________________________________________ 
 
 H77  4522       87.6           17.1  5386        75.3              16.5 
 N88  3463       89.4           17.5             3441        78.6              15.3 
 R33  2040       87.3           17.7             2015        69.4              19.7 
 S22  4414       82.9           20.0            4333        66.9              20.3 
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Linear model. The following individual unitrait linear model was used : y = Xb + Za + e, 
where y is a vector of transformed observations (yi = arcsin( ), where:  is the i-th 
untransformed observation (percentage)), b is a vector of fixed effects of the generation and 
hatch periods, a is a vector of additive genetic effects, e is a vector of residual effects, X and Z  
are known incidence matrices. The respective variance components were obtained by the use of 
the DFREML algorithm (Meyer, 1993) 

5.0)iω ω i

Threshold model. It is assumed, that behind    there is un unobservable continuous 
variable w connected with individual eggs. The variable w has an unknown fixed threshold and 
for all fertilized/hatched eggs the value of w exceeds the threshold. The unknown variable is 
modelled in the same way as y. The estimation of variance components is realised by the Gibbs 
sampling procedure (Sorensen et al., 1995 ; Dobek et al., 2000). 

ω i

 
RESULTS AND DISCUSSION  
Estimates of heritabilities under linear (LM) and threshold (TM) models for both traits are 
listed in Table 2. In four strains, these estimates for fertility obtained with TM were larger than  
those obtained with LM. Generally, the heritability estimates (via threshold model) of this trait 
reported in literature ranged from 0.14 (Hartmann, 2001) to 0.27 (Besbes and Protais, 1997). It 
is also known from literature that the genetic parameters for various performance traits 
obtained with TM are larger compared to estimates from LM.  (Matos et al., 1997). 
Relatively similar heritability estimates for both models and statistical procedures were 
obtained for hatchability. Several authors (see e.g. Hartmann, 2001) reported that heritability of 
hatchability is smaller compared to fertility. Heritability decreases because environmental 
variation during incubation increases faster than genetic variation. It should be noted that 
differences between strains for the estimates studied (within applied approaches) have been 
registered. 
 
Table 2. Heritability estimates and standard deviations of  PFE and PHC obtained with 
linear and threshold model 
____________________________________________________________________________ 
Strain     PFE    PHC 
   _______________________________________________________ 
    LM  TM  LM  TM 
____________________________________________________________________________ 
H77             0.1327          0.4369    0.1335           0.2389 
         ( 0.0300)        (± 0.0213)            (± 0.0296)      (± 0.0093) ±
 
N88            0.1109          0.4640   0.2228           0.2224 
         ( 0.0358)        (± 0.0314)           ( 0.0444)        ( 0.0108) ± ± ±
 
R33            0.1493          0.4209   0.2881            0.2297 
         ( 0.0477)        (± 0.0319)           ( 0.0650)        ( 0.0132) ± ± ±
 
S22            0.1440          0.3819   0.2297            0.2445 
         ( 0.0288)        (± 0.0174)            (± 0.0417)      (± 0.0095) ±
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It is well known that the reproductive traits are lowly heritable. Several authors (e.g. Matos et 
al., 1997) concluded that the advantage of using threshold over linear methodology in breeding 
programs increases as the heritability of the trait decreases. This may be partly explained by the 
fact, that the linear model is not directly used for binary data in this study, so the threshold 
approach seems to be more appropriate.  
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