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Summary

The objective of the current study was to estimate genetic and phenotypic parameters for age
at first egg (AFE), egg number (EN), as well as clutch, lay pause and broodiness traits in
turkeys. Clutch length (CL), maximum clutch length, pause length (PL), maximum pause
length, and broodiness data for 5,671 hens in a commercial breeding program were analysed
in this study. A broody period was defined as the average number of consecutive pause days
between clutches that were higher than of the mean pause length for each hen (BR) and total
mean of pause length. A multivariate animal model implementing restricted maximum
likelihood methodology was applied to estimate heritability and genetic and phenotypic
correlations for traits using DMU software. Heritability for AFE was estimated at 0.62 ± 0.03
and that for other traits analysed ranged from 0.14 to 0.29. Genetic correlations between AFE
and EN and CL traits were negative (-0.52 ± 0.06 and -0.46 ± 0.08, respectively). However,
our results show positive correlations between AFE and PL and BR traits; EN and CL
increased and BR decreased with decreasing AFE. In addition, selection for EN is likely to
increase CL substantially due to the positive genetic correlation while decreasing PL and BR.
The correlation between BR and other selected traits is substantially different from unity.
Therefore, our results suggest that inclusion of broodiness traits in turkey breeding programs
could have a positive effect on overall production efficiency.
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Introduction

Broodiness and correlated traits, such as pauses in lay, are economically important traits due
to their effect on egg production. Broodiness not only decreases the number of eggs produced,
but can also result in increased management costs for controlling and preventing broody
behaviour. Genetic selection for increased egg production has resulted in less broodiness due
to its genetic correlation with egg production (Nestor et al., 1996). Management strategies can
also be used to limit broody behaviour. Despite management, broodiness is still observed in
some turkey populations, and genetics may provide a more permanent solution.

Estimation of genetic parameters for production and correlated traits offers an indication
of a traits value in a selection program with regards to increased egg production. Moderate
heritability was reported for the length of the broody pause (0.33), and high estimates for
average clutch length (0.91±0.11) based on daughter-dam regressions (Nestor et al., 1972).
Selection against broodiness and for increased egg production requires up-to-date estimates of
genetic parameters using mixed model methodologies, and may more appropriately model the
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variance/covariance structure necessary for accurate estimation. In addition, there is limited
information regarding broodiness, pauses in lay, and lay persistency in turkeys. The purpose
of this study was to estimate the heritabilities of broodiness, clutch and pause traits in turkeys,
and to estimate phenotypic and genetic correlations of these traits with total egg production.

Material and methods

Traits Measured

Age at first egg was defined as the age of the hen on the day of the first egg laid. Egg
production traits were recorded for a 180-d production period. To describe the cyclical laying
process, clutch and pause traits were defined. These traits were mean of clutch length,
maximum clutch length (MCL), mean of pause length between clutches, and maximum pause
length (MPL). Broodiness was determined individually with the broody period considered as
the average number of consecutive pause days between clutches that were higher than the
mean pause length per hen and the total mean of the pause length in the population (MBR).

Genetic Analyses

The fixed effect of hatch-week was tested for significance (P<0.05), and significant effects for
each trait were included in the model

Yij=µ+ ai+ hwj+ eij (1)

where Yij= the average performance of the ith hen in the jth hatch-week, µ= mean of the
population, ai= the random direct genetic effect of hen i, hwj= the fixed effect of hatch-week j
and eij= the random residual error. Variance-covariance components were estimated using a
bivariate animal model with restricted maximum likelihood. The same model was used for all
traits. Univariate analyses were used to estimate heritabilities, while bivariate analyses were
used to estimate genetic and phenotypic correlations between traits. Parameter estimates were
obtained using the DMU statistical software (Madsen and Jensen, 2010).

Results and Discussion

Estimates of genetic and phenotypic parameters of the studied traits are shown in Table 1.
Generally, the heritability for regular traits included in the current selection index (such as
AFE and EN) were considerably higher than those for clutch, pauses and broodiness traits.

AFE had higher heritability estimates (0.62). Egg number was moderately heritable
(0.23±0.03). Heritability estimates by Kranis et al. (2006) were also similar to the present
study. However, current estimates were lower than those estimated by Chapuis et al. (1996)
with transformed data.

The heritability of the average clutch length was estimated to be 0.17±0.03. Heritability
for maximal clutch length was higher (0.20) than that found for CL. Similar results were
found in laying hens (Wolc et al., 2010). Variation in heritability estimates in the literature is
likely due to differences in species, populations and statistical models used. Moderate
heritability of CL and MCL make them likely candidates for inclusion in a selection index, as
they are highly positively correlated with EN and negatively correlated with AFE.
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Table 1. Heritabilities (diagonal, bold), genetic (above diagonal) and phenotypic (below
diagonal) correlations with their standard errors of egg production traits1.

Traits AFE EN CL MCL PL MPL BR MBR

AFE
0.62
±0.03

-0.52
±0.06

-0.46
±0.08

-0.53
±0.07

0.65
±0.05

0.05
±0.09

0.24
±0.14

0.48
±0.08

EN
-0.27
±0.04

0.23
±0.03

0.56
±0.09

0.71
±0.07

-0.72
±0.05

-0.74
±0.07

-0.77
±0.13

-0.77
±0.07

CL
-0.15
±0.04

0.32
±0.02

0.17
±0.03

0.98
±0.01

-0.28
±0.11

-0.29
±0.13

-0.10
±0.20

-0.19
±0.14

MCL
-0.18
±0.04

0.48
±0.03

0.92
±0.01

0.20
±0.03

-0.44
±0.09

-0.38
±0.12

-0.34
±0.18

-0.32
±0.13

PL
0.25
±0.05

-0.64
±0.02

-0.12
±0.03

-0.25
±0.04

0.29
±0.04

0.48
±0.06

0.98
±0.02

0.92
±0.02

MPL
0.05
±0.04

-0.53
±0.02

-0.09
±0.02

-0.18
±0.03

0.67
±0.01

0.15
±0.03

0.93
±0.04

0.92
±0.02

BR
0.09
±0.04

-0.51
±0.02

-0.05
±0.02

-0.13
±0.02

0.80
±0.02

0.85
±0.007

0.17
±0.03

0.97
±0.03

MBR
0.16
±0.04

-0.60
±0.01

-0.08
±0.03

-0.18
±0.03

0.87
±0.001

0.87
±0.01

0.89
±0.01

0.14
±0.03

1 AFE= age at first egg; EN: egg number; CL: clutch length, MCL: maximum clutch length; PL: pause length;
MPL: maximum pause length; BR: average number of consecutive pause days between clutches that were
higher than of pause length mean per each hen; MBR: average number of consecutive pause days between
clutches that were higher than of total mean of pause length.

There is limited information regarding pause traits in turkeys, however, low heritability
in laying hens was reported (Akbas et al., 2002). Heritability estimates for PL and PLM were
0.29 and 0.15. The study of broodiness traits shows at least moderately heritable (0.14 and
0.17 for BR and MBR, respectively). As egg production is affected by broodiness, selection
against broodiness with simultaneous selection for egg production is suggested.

The genetic correlations were determined between AFE, egg production and
broodiness traits. Negative correlation between AFE and clutch traits and positive correlation
between EN and clutch traits were determined. In contrast, positive correlations between AFE
and pause traits (PL and MPL) and negative correlation between EN and pause traits shows
that egg production increases when AFE decreases. A negative correlation between AFE and
EN in the present study (-0.52) is in agreement with estimates reported by Harper (1949),
who state that selection for early sexual maturity naturally resulted in fewer pauses and
increased egg production.

In addition, positive and negative genetic correlation between AFE and EN with
broodiness traits, respectively, shows that selection for early sexual maturity in turkeys results
in decreased broody periods and increased egg production. Negative correlations were found
between clutch traits and pauses and broodiness traits. The result shows that pause length and
broody periods decrease when clutch size increased.

Conclusion

This study provides genetic parameters for AFE, EN, as well as clutch, pause and broodiness
traits in turkey. Studied traits displayed moderate to high heritability, thus allowing
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improvement through genetic selection. Knowledge of the laying rhythm in turkey seems to
be promising, however more research is necessary to include clutch, lay pause and broodiness
traits in a turkey breeding program.

Acknowledgments

The authors gratefully acknowledge the Hendrix Genetics, Hybrid Turkeys, Ontario
Genomics, and Genome Canada.

List of References

Akbas, Y., Y. Unver, I. Oguz & O. Altan, 2002. Comparison of different variance component
estimation methods for genetic parameters of clutch pattern in laying hens. European
Poult. Sci. 66:232-236.

Chapuis, H., M. Tixier-Boichard, Y. Delabrosse & V. Ducrocq, 1996. Multivariate restricted
maximum likelihood estimation of genetic parameters for production traits in three
selected turkey strains, Genet. Sel. Evol. 28:299–317.

Harper, J.A, 1949. The rate of response of turkey hens to artificial light as related to
reproduction. Poult. Sci. 28:312-314.

Kranis, A., P.M. Hocking, W.G. Hill & J.A. Woolliams, 2006. Genetic parameters for a heavy
female turkey line: impact of simultaneous selection for body weight and total egg number.
Br. Poult. Sci. 47:685–693.

Madsen, P & J. Jensen, 2010. A User’s Guide to DMU. Danish Inst. Agric. Sci., Res. Centre,
Centre, Foulum, Denmark.

Nestor, K.E, 1972. Broodiness, intensity of lay and total egg production of turkeys. Poult. Sci.
51: 86-92.

Nestor, K.E., D.O. Noble, J. Zhu & Y. Moritsu, 1996. Direct and correlated responses to long-
term selection for increased body weight and egg production in turkeys. Poult. Sci.
75:1180– 1191.

Wolc, A., M. Bednarczyk, M. Lisowski & T. Szwaczkowski, 2010. Genetic relationships
among time of egg formation, clutch traits and traditional selection traits in laying hens. J.
Anim. Feed Sci. 19:452–459.


