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Abstract
Monthly egg production in laying hens was studied under fixed regression models. The data of 37071 birds from
three strains under long term selection were analysed. The covariates from four production curves were included
in nested and non-nested form. From linearized functions the model of Ali and Schaeffer most adequately
described the egg production. Akaike Information Criterion favoured models with nested covariates. The
following genetic parameters were estimated: heritability 0.02-0.2, 0.03-0.06, 0.03-0.20 repeatability 0.11-0.23,
0.21-0.30, 0.34-0.43 for A22, A88 and K66 lines, respectively. In conclusion, regression models could be
considered in genetic evaluation of laying hens.
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Zusammenfassung
Titel der Arbeit: Zuchtwertschätzung bei Legehennen mit fixen Regressionstiermodellen
Es wurden die monatlichen Legeleistungen von 37071 Hennen aus drei Langzeitselektionslinien mit Hilfe fixer
Regressionsmodelle untersucht. Die Kovariablen von vier Leistungskurven wurden als hierarchische und nicht
hierarchische Form einbezogen. Von den linearen Regressionsfunktionen wurde die Eiproduktion am besten von
dem Modell nach Ali und Schaeffer (polynominale Regression) beschrieben. Akaike Informationskriterien
bevorzugten Modelle mit hierarchischen Kovariablen. Folgende genetischen Parameter konnten bei den Tieren
der drei Linien A22, A88 und K66 für die monatliche Eiproduktion geschätzt werden: h2 0,02-0,2, 0,03-0,06,
0,03-0,20 bzw. Wiederholbarkeit 0,11-0,23, 0,21-0,30, 0,34-0,43. Der Vergleich fixer Regressionsmodelle
konnte für eine genetische Einschätzung von Legehennen genutzt werden.
Schlüsselwörter: Eiproduktion, fixe Regressionsmodelle, Legehennen

Introduction
In XXth century genetic evaluation of laying hens on egg production was usually based
on single measurement-cumulative production. Such an approach was recommended
due to simplicity and relatively small computing demands. However, egg production is
a trait that is expressed over a long trajectory of time and as such undergoes both
genetic and environmental effects. Knowledge about the patterns of egg-laying might
contribute to more accurate prediction of genetic effects. There are several studies on
monthly egg production reporting genetic parameters (ZIĘBA, 1990; PREISINGER
and SAVAS, 1997; SAVAS et al., 1998; ANANG et al., 2000;
NURGIARTININGSIH et al., 2002, 2005). In the last years the rapid development of
regression methodology is observed. It provides a tool to analyse longitudinal records
in animal breeding that reveal specific patterns of change over a trajectory. Regression
models have already been implemented in dairy cattle breeding programs
(SCHAEFFER et al., 2000, AMIN 2001), but their possible advantages, like higher
accuracy of selection, the use of information on course of traits, and the possibility to
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change course of trait through selection have been also suggested for other farm
animals like pigs (HUISMAN, 2002) and sheep (HORSTICK and DISTL, 2002). It is
well known, that although it is not steady process over time, egg production in poultry
shows a regularity, that is generally denoted as the egg production curve, especially
when summarised on a weekly or monthly basis in a group of hens (YANG et. al.,
1989). To describe trajectory of production curves over time many regression models
have been suggested (JAMROZIK et al, 1997). An average egg production curve can
be included as the fixed or random part of the model. In second case, the individual
genetic curve is estimated for each bird. Using such approach the birds with most
desired laying trace can be selected. The biologically meaningful curve parameters like
persistency or decreasing slope can be directly selected for.
The objective of this study was to estimate genetic parameters of monthly egg
production under fixed regression model. Goodness of fit of some egg production
curves was examined as well.
Material and methods
The laying performance data of three lines (denoted as A22, A88 and K66) from
Poultry Research Branch at Zakrzewo were analyzed. Birds were kept in single cages
with environmental factors e.g. light, temperature, humidity, and feeding automatically
controlled according to standard schedules. Altogether 37071 hens (13770 of A22,
13950 of A88 and 9351 of K66) were recorded in six generations. From crossbreeding
perspective two of the lines (A22 and A88) are maternal - Rhode Island White lines
selected on egg production and shell colour. The third line (K66) is a paternal Rhode
Island Red line selected on egg weight and shell colour. Brief statistical description of
the analyzed populations was given on Figure 1.
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Fig. 1: Average egg production of the studied populations within generations (Durchschnittliche Eiproduktion
der untersuchten Populationen innerhalb der Generationen)
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As the lines were purebreds the data was analyzed within lines. The daily records were
cumulated into monthly production from fixed day of minimum 5% egg production in
given line.
The analysis was performed based on two classes of fixed regression animal models.
First group models can be noted as follow:
yijkl = HYi + f(x)j + ak + pk + eijkl
where: yijkl is a number of eggs per month within hatch period – generation (year)
group for the k-th layer, HYi is a fixed effect of hatch period – year group, f(x)i –fixed
effect of consecutive month (included as respective egg production curve – see below);
ak is a random additive genetic effect; pk is a random permanent environmental effect,
eijkl is a residual effect connected with ijkl-th observation.
Second class of models included covariates nested within hatch period – year groups.
Thus:
yijkl = HY[f(x)j]i + ak + pk + eijkl
where: HY[f(x)j]i is the fixed effect of covariate nested within hatch period – year
group, yijkl, ak, pk and eijkl – as above.
Goodness of fit of the models was checked by Akaike Information Criterion
(AKAIKE, 1977). Variance components were estimated by the use of the Average
Information Restricted Maximum Likelihood algorithm (JOHNSON and
THOMPSON, 1995). The DFREML package program (MEYER, 2001) was
employed. The following models were used to describe average production curves:
exponential model:

⎛ 1 ⎞
f ( x) = a + bx + c exp⎜ − x ⎟
⎝ 2 ⎠

mixed log model

f ( x) = a + bx 0.5 + c ln x

polynomial regression

⎛ x⎞ ⎛ x⎞
⎛ n ⎞ ⎛ ⎛ n ⎞⎞
f ( x) = a + b⎜ ⎟ + c⎜ ⎟ + d ln⎜ ⎟ + e⎜⎜ ln⎜ ⎟ ⎟⎟
⎝ n⎠ ⎝ n⎠
⎝ x ⎠ ⎝ ⎝ x ⎠⎠
2

(WILMINK, 1987),
(GUO and SWALVE, 1995),
2

(ALI

and

SCHAEFFER,

1987),
Yang model

f ( x) =

a exp−bt
(YANG et al., 1989),
1 + exp− c (t − d )

fourth order polynomial f(x) = a + bx + cx2 + dx3 + ex4
where y is the production in time x, a, b, c, d, e are the parameters estimated in the
models.
Curves were compared based on the adjusted coefficient of multiple determination
(Ra2), which indicates which part of sum of squares can be eliminated by using
multiple regression equation with adjustment for the number of parameters in the
model (SHERROD, 1998) and Durbin-Watson statistics (D-W), which is used to test
for the presence of the first-order autocorrelation in the residuals of a regression
equation (JENSEN, 2005). The NLREG program (SHERROD, 1998) was used to
asses goodness of fit of the curves.
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Results
Average egg production curves were shown on Figure 2. K66 line showed the most
desired shape of the egg production curve with the peak production of 91.2% achieved
already in the second month of lay and the highest persistency (both defined as number
of weeks in which the highest production is maintained or as the decreasing slope after
the peak).
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Fig. 2: Average egg production curves within lines (Kurven der monatlichen Eierleistung nach Selektionslinien)
Table 1
Adequacy of chosen mathematical models to describe egg production in the studied populations (Güte der
verglichenen mathematischen Modelle hinsichtlich der dargestellten Eierleistungen)
line
model
Goodness of fit criterion
A22
A88
K66
2
Ra
0.97
0.98
0.89
Ali and Schaeffer
D-W
2.70
2.28
2.15
2
Ra
0.95
0.94
0.87
Guo and Swalve
D-W
2.07
1.83
2.03
Ra2
0.87
0.84
0.75
Wilmink
D-W
1.96
1.86
2.05
Ra2
0.94
0.94
0.90
4th order Polynomial
D-W
2.53
2.49
2.72
Ra2
0.97
0.98
0.99
Yang
D-W
1.85
1.50
1.37

The highest peak production 92% was recorded in A22 line in the third month of lay
however due to faster decrease after the peak this line showed lower overall
production. The egg production curve of A88 line was similar to the other Road Island
White line with slightly lower production level. Goodness of fit criteria for the chosen
mathematical models were included in Table 1. Except for the Wilmink’s function the
adjusted coefficient of multiple determination was about 0.9.

Table 2
Genetic parameters of monthly egg production in the studied populations (Genetische Parameter der monatlichen Eiproduktion bei den drei Selektionslinien)
A22
A88
K66
Egg production
Model
2
2
2
curve
r ± SE
h ± SE
r ± SE
h ± SE
r ± SE
h ± SE
Ali and Schaeffer
Polynomial
without hatch- Guo and Swalve
year effect
Wilmink
Ali and Schaeffer
with regression Polynomial
non-nested in Guo and Swalve
hatch-year
Wilmink
models with Ali and Schaeffer
Polynomial
regresion
nested within Guo and Swalve
hatch-year
Wilmink

0.0969 ± 0.0050
0.1016 ± 0.0063
0.1013 ± 0.0063
0.0840 ± 0.0053
0.0243 ± 0.0032
0.0239 ± 0.0032
0.0238 ± 0.0032
0.0196 ± 0.0026
0.0306 ± 0.0041
0.0299 ± 0.0039
0.0290 ± 0.0038
0.0234 ± 0.0031

0.2124 ± 0.0037
0.2027 ± 0.0035
0.2016 ± 0.0035
0.1459 ± 0.0031
0.1651 ± 0.0028
0.1608 ± 0.0028
0.1597 ± 0.0028
0.1091 ± 0.0024
0.2412 ± 0.0032
0.2319 ± 0.0032
0.2211 ± 0.0031
0.1535 ± 0.0027

0.0591 ± 0.0094
0.0583 ± 0.0093
0.0586 ± 0.0093
0.0590 ± 0.0094
0.0265 ± 0.0060
0.0261 ± 0.0059
0.0263 ± 0.0060
0.0253 ± 0.0057
0.0311 ± 0.0070
0.0305 ± 0.0069
0.0302 ± 0.0068
0.0291 ± 0.0066

0.2674 ± 0.0054
0.2616 ± 0.0054
0.2641 ± 0.0054
0.2666 ± 0.0054
0.2349 ± 0.0049
0.2294 ± 0.0048
0.2318 ± 0.0049
0.2188 ± 0.0048
0.2972 ± 0.0053
0.2882 ± 0.0052
0.2847 ± 0.0052
0.2693 ± 0.0051

0.2010 ± 0.0148
0.1979 ± 0.0146
0.1950 ± 0.0144
0.1887 ± 0.0139
0.0297 ± 0.0064
0.0291 ± 0.0063
0.0286 ± 0.0061
0.0275 ± 0.0059
0.0310 ± 0.0067
0.0302 ± 0.0065
0.0296 ± 0.0064
0.0284 ± 0.0061

0.4336 ± 0.0056
0.4230 ± 0.0056
0.4131 ± 0.0056
0.3942 ± 0.0056
0.3805 ± 0.0044
0.3699 ± 0.0044
0.3600 ± 0.0044
0.3413 ± 0.0043
0.4099 ± 0.0045
0.3938 ± 0.0044
0.3813 ± 0.0044
0.3605 ± 0.0044

284
WOLC et al.: Genetic evaluation of laying hens under fixed regression animal models

Slightly worse performance of Wilmik’s curve results from the fact that it has only
three parameters to describe the data. For K66 line the curves, except for Yang’s
model, did not follow the rapid increasing phase at the beginning of production.
Because the Yang’s function can not be linearized it was not used as a part of
regression models.
Heritability estimates were listed in Table 2. Generally, the heritability of egg
production in the studied populations was low. It ranged from 0.02 to 0.1, 0.02 to 0.06,
0.03 to 0.2 for A22, A88 and K66 lines, respectively.
From the groups of models Akaike Information Criterion favours the models with
covariates nested within hatch-year classes (see Table 3).
Table 3
Adequacy of the analysed regression models (Adäquanz der analysierten Regressionsmodelle)
Akaike information Criterion
Model
Egg production curve
A22
A88
K66
without hatch-year effect

with regression non-nested in
hatch-year

models with regresion nested
within hatch-year

Ali and Schaeffer
Polynomial
Guo and Swalve
Wilmink
Ali and Schaeffer
Polynomial
Guo and Swalve
Wilmink
Ali and Schaeffer
Polynomial
Guo and Swalve
Wilmink

599910
602120
602618
631486
598436
600784
601284
630152
561220
566078
570644
604484

263874
265012
264490
264022
263286
264428
263906
266500
251598
253456
253884
256770

358672
361550
364164
369158
358080
360958
363570
368564
350276
354890
357898
363448

The lowest error variance was also found in this class of models. In all classes of
models function of Ali and Schaeffer outperformed other models and resulted in the
highest heritability estimates. It can be noticed that for models ignoring hatch-year
effects the highest heritability was estimated however they were characterised by
lower adequacy. It can be explained by the fact that part of variance resulting from
differences between generations was in these models attributed to genetic progress.
The repeatability was relatively high comparing to heritability and reached the value of
0.43 in K66 line. Repeatability was stable between classes of models but it was
consistently lower for models using regression of Wilmink. It confirms worse fit of
Wilmink’s model to describe egg production. For models including hatch-year effect
similar heritability was obtained for the analyzed populations, whereas ignoring of this
effect resulted in higher estimates for K66 line. For all models repeatability was the
highest in K66 line and the lowest in A22 line.
Discussion
Fixed regression models with nested covariates have been suggested for evaluation of
test day yields in dairy cattle by PTAK and SCHAEFFER (1993) as they take into
account the differences in shape of production curve between groups of animals. They
have been successfully implemented in routine genetic evaluation of milk production
in Canada and Germany (SWALVE, 2000). In Canada they became a step towards
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implementation of random regression models for national evaluation. Fixed regression
models were proved to be efficient in exploiting the information from part-production
data (MRODE et al., 2002). The study continues the research obtained under
repeatability and cumulative models on the same data set (WOLC, 2006). Low
heritability (h2<0.2) was estimated. Low heritability of egg production under fixed
regression models was also reported by ANANG et al. (2001). The estimates for initial
egg production or longer periods vary across populations (SZWACZKOWSKI, 2003).
For instance, WEI and VAN DER WERF (1993) reported heritability exceeding 0.5
for one of the studied lines. Some authors (WEI and VAN DER WERF, 1993;
PRESSINGER and SAVAS, 1997) concluded that estimates of h2 decreased with
consecutive periods of egg production.
The study confirmed the results of ANANG et al. (2001) who found that monthly
models with nested covariates produced slightly higher estimates of heritability than
those obtained from the models with non-nested covariates and the model without
covariates. So far there are only a few publications reporting genetic parameters of egg
production based on the concept of test day record analysis in dairy cattle. However,
the achievements in statistical methodology could possibly improve the accuracy and
efficiency of selection in laying hens and might become next step in evolution of
poultry evaluation (BEAUMONT and CHAPUIS, 2004).
In general, all mathematical models (used for description of egg production over time)
lead to satisfactory approximation of real egg production for three studied lines.
However, it should be stressed that Ali-Schaeffer function is most adequate. It
corresponds with some studies on lactation curves (KISTEMAKER, 1997; PTAK,
2004). On the other hand, from numerical perspective (number of estimated
parameters), the function is more computationally demanding compared to other ones.
It was concluded the heritability and repeatability estimates were relatively low, except
for results obtained by model without hatch-year effect for K66. The models with
nested covariates were most adequate. Whereas the Ali-Schaeffer function better
described the egg production compared to other curves studied. In general, the
regression model methodology can be recommended for genetic evaluation in laying
hens.
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