
Introduction

Over the last decades, breeders have recognized
the need for genetic evaluation and nowadays the
animal model methodology has become the most
widely accepted approach to genetic parameter es-
timation and prediction of genetic effects.
The methodology has many advantages, e.g. all
known relationships between individuals can be
included. Genetic evaluation in geese is usually
based on classical selection indexes described by
Hazel (1943) with some modifications
(e.g. Rosiñski 2000). Thus genetic parameters

have been estimated via the sire-dam model by
Henderson's methods.

In the selection of waterfowl, the main objec-

tive is an improvement of meat production.

For a few decades a substantial increase in goose

production has been observed (Rosiñski 2002).

Goose meat accounts for only 2.8% of the total

world meat production, but its production has re-

cently been enhanced due to diversification of

poultry products, especially in Central Europe.
Commercial geese are the results of a cross

of paternal strains and maternal strains. The sire
strains are usually selected according to muscling,
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whereas selection within dam strains is addition-
ally performed on reproduction traits. Therefore
selection intensities in both strains are different.
Direct and correlated response of many traits in
strains W11 and W33 has been investigated by
Rosiñski (2000). His report was based on classical
methods, including the sire-dam model for vari-
ance component estimation. He concluded that
long-term selection had led to considerable differ-
entiations of both strains.

In general, intensive selection performed in

pedigree flocks results in reduction of genetic vari-

ability as well as increase in inbreeding rate.

A number of studies concerning inbreeding effects

in poultry have been reported in literature

(Sewalem et al. 1999; Szwaczkowski et al. 2004),

indicating different effects depending on the popu-

lation analysed.

From the breeder's point of view, body weight

is one of most important traits in any genetic im-

provement program in geese for at least 2 reasons.

First, measurements of the trait are very easy. Sec-

ond, body weight is correlated with a number of

other meat performance traits. However, the ge-

netic background of body weight shows consider-

able complexity. It is well known that body weight

is determined by both direct genetic effects and

maternal effects (Le Bihan-Duval et al. 2001;

Koerhuis and Thompson 1997; Velleman et al.

2003) as well as environmental factors. The devel-

opment of a chicken embryo depends on egg envi-

ronment during incubation, which is the vehicle of

maternal effects on body weight (Koerhuis et al.

1997; Hartmann et al. 2003). Moreover, direct and

maternal genetic effects can be negatively corre-

lated, which leads to some selection consequences

(Robinson 1996). To our knowledge, no estimates

of maternal additive genetic and permanent envi-

ronmental variance of body weight in geese have

been reported in literature.

The objective of this study was to estimate di-

rect and maternal heritabilities of body weight in

weeks 8 and 11 in geese of 2 strains. Ratios of

covariance between direct and maternal genetic

effects were also estimated. Genetic and

phenotypic trends were derived as well.

Materials and methods

Two goose strains (denoted as W11 and W33)

were analysed. Selection in strain W11 is aimed at

body weight, fertility and hatchability. Strain W33

has been improved mainly for increase in meat

performance traits. From a further crossbreeding

perspective, strain W11 has been considered as

maternal whereas strain W33 as paternal. The ori-

gin of these strains was described by Rosiñski

(2000). The studied populations have a typical hi-

erarchical structure - within each strain and each

generation (in 1996–2003), a each sire was mated

with 6 dams. The classical selection index,

so-called SELEKT system (Wê¿yk 1978; Wê¿yk

and Szwaczkowski 1997) was applied. The birds

used in this study were reared under similar man-

agement conditions, including a standard diet.

Two measurements of body weight (in kilograms)

were analysed: in weeks 8 and 11 after birth, de-

noted as BW8 and BW11, respectively. Records

of 3076 individuals of strain W11 and 2656 indi-

viduals of strain W33 were analysed. Brief statisti-

cal characteristics of these data sets are given in

Table 1. The birds hatched in 6 consecutive years

across 3 hatching periods per year.

In general, the inbreeding levels in both popu-

lations were relatively low (0.14% and 0.02% for

W11 and W33, respectively) under complete pedi-

gree information. Maximum inbreeding coeffi-

cients were 2.22% (for W11) and 1.56%

(for W33). Therefore, the inbreeding effects have

not been included in linear models to estimate the

genetic parameters.

Models

The following 3 linear models were employed to

estimate genetic parameters within strains.

Model I: y = X1ß1 + X2ß2 + X3ß3 + Z1a + e

where y is n × 1 vector of observations, ß1 is p1×1

vector of fixed year effects, ß2 is p2×1 vector of

hatch period effects, ß3 is p3×1 vector of sex ef-

fects, a is q×1 vector of random direct additive ge-

netic effects, e is n × 1 vector of random errors,

and X1, X2, X3 and Z1 are n × p1, n × p2, n × p3 and

n×q design matrices, respectively.

Model II: y = X1ß1 + X2ß2 + X3ß3 + Z1a + Z2m + e

where m is q×1 vector of random maternal addi-

tive genetic effects, Z2 is n×q design matrix .
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Table 1. Statistical characteristics of data sets for goose

body weight in weeks 8 (BW8) and 11 (BW11)

Goose
strain/ trait

Number of
observations

Average
(kg)

Standard de-
viation (kg)

W11
BW8
BW11

3076
3076

4.01
4.51

0.33
0.39

W33
BW8
BW11

2656
2656

4.10
4.60

0.35
0.37



Model III: y = X1ß1 + X2ß2 + X3ß3 + Z1a

+ Z2m + Z3c + e

where c is r × 1 vector of random maternal perma-

nent environmental effects, and Z3 is n × r design

matrix .

The first and second moments were assumed to

be as follows:

where: A is the q×q additive relationship matrix,

� a

2 is the direct additive genetic variance, � m

2 is the

maternal additive genetic variance, � am is

the covariance between direct and maternal addi-

tive genetic effects, � c

2 is the permanent environ-

mental maternal variance, and � e

2 is the error

variance.

Hence,

y~N(X1ß1+X2ß2+X3ß3, Z1AZ'1 � a

2 +Z1AZ'2 � am

+Z2AZ'1 � am +Z2AZ'2 � m

2 +I� c

2 +I � e

2 ).

The following genetic parameters were esti-

mated:

– direct additive heritability (ha

2 = � a

2 / � p

2 ),

– maternal additive heritability (hm

2 = � m

2 / � p

2 ),

– covariance between direct and maternal effects as

proportion to phenotypic variance (dam = � am / � p

2 ),

– ratio of permanent environmental maternal vari-

ance to phenotypic variance (c = � c

2 / � p

2 ),

– total heritability ((h
T

2 =ha

2 +0.5� m

2 +1.5� am )/� p

2 ),

where� p

2 is phenotypic variance (Willham 1972).

Furthermore, the genetic (defined as annually

averaged best linear unbiased direct genetic pre-

dictors) and phenotypic trends within the strains

were derived as well.

The computations were performed by

WOMBAT software (Meyer 2006), which is

based on the general concept of the restricted max-

imum likelihood algorithm (Meyer 1989).

The value of 10–8 was used as the convergence cri-

terion in all analyses.

Comparison criteria

Two criteria were used to check the goodness of fit

of the models. The first one is the Akaike Informa-

tion Criterion, AIC (Akaike 1974):

AIC = 2k – 2lnL,

where k is the number of parameters, and L is the

value of likelihood function.

The goodness of fit of these models was also

checked by the Bayesian Information Criterion

(BIC), which penalizes free parameters more

strongly than does the AIC (Schwarz 1978):

BIC = –2lnL + kln(n),

where n is the number of observations, while k and

L are as above.

Results and discussion

Genetic parameter estimates

Estimates of direct, maternal and total heritability
as well as participation of covariance between di-
rect and maternal effects in phenotypic variance
for both of the studied traits of 2 strains are given
in Figures 1–4. Approximated standard errors of
these estimates ranged from 0.02 to 0.05. It should
be noted that estimates of ratios of the permanent
environmental maternal variance to phenotypic
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Figure 1. Estimates of genetic parameters for goose body weight in week 8 in strain W11
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variance for each trait have been close to zero,
therefore they are not presented in those Figures.

The genetic parameter estimates varied across

the traits, models and strains studied. Direct addi-

tive heritability estimates ranged from 0.0001

(for BW11 of W33) to 0.55 (for BW8 of W33).

As expected, the body weight of paternal strain in-

dividuals was higher, as compared to maternal

ones. Larger differences between these strains

were registered for BW11. For these strains,

Rosiñski (2000) found heritability estimates

(based on the sire-dam model) for BW11 from

0.380 to 0.508. However, it should be stressed that

the magnitude of sire-dam estimates is biased by

many genetic and environmental effects. Diversi-

fication of heritability estimates of body weight

was reported for layers and broilers of other spe-

cies of poultry by many authors (Danbaro et al.

1995; Le Bihan-Duval et al. 1997; Mignon-

Grasteau et al. 1998; Tufvensson et al. 1999).

Therefore, generalisation of results across popula-

tions seems difficult, since genetic variability of

a given strain is determined both by selection pres-

sure and specific gene pools. There are several sin-

gle genes that affect the body weight of birds

(see, e.g., Merat 1990). From the economic per-

spective, their identification in particular popula-

tions is not always well-founded. On the other

hand, segregation of genes with relatively large ef-

fects can lead to biased estimates of genetic pa-
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Figure 3. Estimates of genetic parameters for goose body weight in week 8 in strain W33

Figure 4. Estimates of genetic parameters for goose body weight in week 11 in strain W33

Figure 2. Estimates of genetic parameters for goose body weight in week 11 in strain W11



rameters. From the physiological perspective,

body weight and its changes over time are affected

by many processes and determined by various ef-

fects of genes depending on the age of individuals.

Therefore, longitudinal models are the most fa-

vourable for analysing body weight data. Fixed

and random regression models were recom-

mended for body weight data by Schaeffer (2004).

Unfortunately, only 2 measurements per individ-

ual are available in this study. For this reason, his

approach cannot be employed to our data.

As already mentioned, maternal influences ac-

count for considerable effects in the description of

body weight in birds (Saatci and Ap Dewi 2004).

It should be noted that maternal effects in poultry

are different from those of mammals, because any

maternal influence on chicks incubated artificially

must be the same as the residual effects of dam re-

flected in egg traits at laying period. Values of ob-

tained in this study varied. For BW8 of strain

W11, the maternal genetic heritabilities were very

low (less than 0.002) whereas for strain W33 they

ranged from 0.015 (model II) to 0.21 (model III).

Similar tendencies for the parameters were re-

ported for the second measurement of body

weight. Generally, the estimates were higher for

model III than the ones obtained via model II.

The obtained relationships between direct and

maternal genetic effects were both positive and

negative. However, they were close to zero. It is

well known that negative correlation between

these effects has considerable consequences for

breeding improvement programs (Robinson

1996). Fortunately, desirable values of these

covariances were observed. They were positive

for BW11 of both strains. The results obtained by

other authors are diversified (Koerhuis and

Thompson 1997; Saatci et al. 2006). It seems that

the covariance between the effects can be omitted

in further routine genetic evaluation in the popula-

tions studied. Of course, negligible values of dam

influenced the magnitude of total heritabilities,

which can be expressed as the sum of 2 compo-

nents only.

As already mentioned, the estimates of the ratio

of maternal permanent environmental variance in

total variance were very low. In contrast to mam-

mals, this type of variance in poultry is usually

small. Bijma (2006) suggested that fitting more

detailed fixed effects may reduce the variance

component estimate. It probably results from a dif-

ferent source of maternal influences in birds.

Genetic and phenotypic trends

Genetic and phenotypic trends are shown in Fig-

ures 5–6, respectively. In general, average pre-

dicted breeding values across years were

similar. Negligible positive trends were ob-

served for both traits of W11, whereas a small

decrease in annual averaged breeding values

was registered for the second strain. These de-

rived trends should be interpreted in relation to

the number of traits included in the genetic im-

provement program as well as selection inten-

sity. Body weight was included in selection

index for both strains. As already mentioned, the

genetic improvement program of strain W11

also covered some reproductive traits, whereas

selection of strain W33 was mainly focused on

meat production traits. This accounts for differ-

ences between these strains.
An analysis of the phenotypic trends (Fig-

ure 6) indicates larger body weight of strain
W33, as compared to W11. Although changes of
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Figure 5. Genetic trends for goose body weight in weeks 8 (BW8) and 11 (BW11) in strains W11 and W33



annual phenotypic averages were nonlinear,
the final comparisons of first and last averages
indicate positive trends for both measurements
of body weight in both strains.

Which model is adequate?

As stated in the above section, the obtained esti-

mates of genetic parameters varied across the

models employed. Similar observations have been

made by some authors (Larsson 1993; Koerhuis

and Thompson 1997). Unlike classical experimen-

tal designs, the number of statistical tests for eval-

uation of significance of effects and, in

consequence, for assessing the adequacy of mod-

els, cannot be applied to the so-called animal

model with a complex structure of vari-

ance-covariance matrices for genetic effects.

However, various alternative criteria to compare

the goodness of fit of the models have been re-

ported in the literature (Szwaczkowski 2003). Un-

fortunately, a majority of them are not statistical

tests with controlled significance level. Recently,

2 approaches (AIC and BIC) have been particu-

larly recommended for finding the true genetic

model (see, e.g., Thaller et al. 1996). Values of the

AIC and the BIC are listed in Table 2. The values

clearly showed that model III (including, besides

direct genetic effects, also maternal genetic and

permanent environmental effects) can be consid-

ered the best. These values are given in bold type.

Furthermore, both criteria lead to the same conclu-

sions. In fact, BIC is an extended version of AIC,

but for a large number of estimated parameters for

a limited sample size, these criteria can lead to

other rankings of the evaluated models.
From the perspective of magnitudes of esti-

mated variances, these results seem surprising for
at least 2 reasons. Firstly, the ratio estimates of
maternal permanent environmental variance and
total variance were close to zero. Secondly, for
BW8 of strain W11 the maternal heritability esti-
mate was also close to zero. This corresponds with
the simulation study carried out by Clement et al.
(2001). They found that when maternal
heritability is low, exclusion of the dam effects
does not affect the estimates much. On the other
hand, model III considerably modified other ob-
tained direct and maternal variance estimates.
For instance, direct heritability estimated on the
basis of the model III was very small as opposed
to maternal heritabilities (for BW11), which
reached many times larger values than those for
a reduced model. It should be noted that for BW8
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Figure 6. Phenotypic trends for goose body weight in weeks 8 (BW8) and 11 (BW11) in strains W11 and W33

Table 2. Values of Akaike Information Criterion (AIC)

and Bayesian Information Criterion (BIC) for goose

body weight in weeks 8 (BW8) and 11 (BW11).

The best values are given in bold type.

Goose
strain/
trait

Model I Model II Model III

AIC BIC AIC BIC AIC BIC

W11
BW8
BW11

2269
2497

2263
2491

1877
2068

1865
2057

1875
2056

1861
2041

W33
BW8
BW11

775
855

771
850

572
650

562
641

300
297

289
285



the differences between respective values of AIC
and BIC for models II and III are very small,
whereas the ones obtained for later measurement
of body weight clearly indicate the model III as
the best one.

Acknowledgements. This study was supported by

a research grant from the Polish Ministry of Science

and Information Society Technologies (grant

No. 2PO 6Z05027). Anna Wolc acknowledges the

scholarship from Foundation for Polish Science

(contract 113/2007). We are grateful to Dr. Karin

Meyer for supplying us with WOBMAT software.

REFERENCES

Akaike K, 1974. A new look at the statistical model
identification. IEEP. Transactions on Automatic
Control 19:716–723.

Bijma P, 2006. Estimating maternal genetic effects in
livestock. J Anim Sci 84: 800–806.

Clement V, Bibe B, Verrier E, Elsen JM, Manfredi E,
Bouix J, Hanocq E, 2001. Simulation analysis to
test the influence of model adequacy and data struc-
ture on the estimation of genetic parameters for
traits with direct and maternal effects. Genet Sel
Evol 33: 369–395.

Danbaro G, Oyama K, Mukai F, Tsuji S, Tateishi T,
Mae M, 1995. Heritabilities and genetic correla-
tions from a selection experiment in broiler breed-
ers using Restricted Maximum Likelihood. Japan
Poultry Sci 32: 257–266.

Hartmann C, Johansson K, Strandberg E, Rydhmer L,
2003. Genetic correlations between the maternal
genetic effect on chick weight and the direct genetic
effects on egg composition traits in a White Leg-
horn Line. Poultry Sci 82: 1–8.

Hazel LN, 1943. The genetic basis for constructing se-
lection indexes. Genet 28: 476–490.

Koerhuis ANM, Thompson R, 1997. Models to esti-
mate maternal effects for juvenile body weight in
broiler chickens. Genet Sel Evol 29: 225–249.

Koerhuis ANM, McKay JC, Hill WG, Thompson R,
1997. A genetic analysis of egg quality traits and
their maternal influence on offspring-parental re-
gressions of juvenile body weight performance in
broiler chickens. Livest Prod Sci 49: 203–215.

Larsson K, 1993. Inheritance of body size in the Barna-
cle Goose under different environmental condi-
tions. J Evol Biol 6: 195–208.

Le Bihan-Duval E, Beaumont C, Colleau JJ, 1997. Esti-
mation of the genetic correlations between twisted
legs and growth or conformation traits in broiler
chickens. J Anim Breed Genet 114: 239–259.

Le Bihan-Duval E, Berri C, Baeza E, Millet N, Beau-
mont C, 2001. Estimation of the genetic parameters
of meat characteristics and of their genetic correla-
tionswithgrowthandbodycomposition inanexperi-
mental broiler line. Poultry Sci 80: 839–843.

Mignon-Grasteau S, Beaumont C, Poivey JP, Rocham-
beau H, 1998. Estimation of the genetic parameters of
sexual dimorphism of body weight in 'label' chickens
and Muscovy ducks. Genet Sel Evol 30: 481–491.

Merat P, 1990. Pleiotropic and associated effects of ma-
jor genes. In: Poultry Breeding and Genetics.
RD Cradford, ed. Elsevier, Amsterdam.

Meyer K, 1989. Restricted maximum likelihood to esti-
mate variance components for animal models with
several random effects using a derivative-free algo-
rithm. Genet Sel Evol 21: 317–340.

Meyer K, 2006. WOMBAT:a program for mixed
model analyses by restricted maximum likelihood.
http://agbu.une.edu.au/~kmeyer/wombat.html.

Robinson DL, 1996. Models which might explain nega-
tive correlations between direct and maternal ge-
netic effects. Livest Prod Sci 45: 111–122.

Rosiñski A, 2000. Analysis of direct and correlated ef-
fects of selection in two goose strains. Annales of
Agricultural University of Poznan, Poland: 309.

Rosiñski A, 2002. Goose production in Poland and
Eastern Europe. In: Buckland R, Guy G, eds. Goose
production. FAO Animal Production and Health
Paper 154: 123–137.

Saatci M, Ap Dewi I, 2004. Genetic and environmental
influences on liveweights of Japanese quail. Proc Br
Soc Anim Sci Annual Meeting, York (UK).
Penicuik (UK), Brit Soc Animal Sci: 218.

Saatci M, Omed H, Ap Dewi I, 2006. Genetic parame-
ters from univariate and bivariate analysis of egg
and weight traits in Japanese quail. Poultry Sci 85:
185–190.

Sewalem A, Johansson K, Wilhelmson M, Lippers K,
1999. Inbreeding and inbreeding depression on re-
production and production traits of White Leghorn
lines selected for egg production traits. Brit Poultry
Sci 40: 203–208.

Schaeffer LR, 2004. Application of random regression
models in animal breeding. Livest Prod Sci 86:
33–45.

Schwarz G, 1978. Estimating the dimension of a model.
Ann Stat 6: 461–464.

Szwaczkowski T, 2003. Use of mixed model methodol-
ogyinpoultrybreeding:estimationofgeneticparam-
eters. In: Muir WM, Aggrey S, eds. Poultry genetics,
breeding and biotechnology. CAB Intern 11:
165–201.

Szwaczkowski T, Cywa-Benko K, Wê¿yk S, 2004.
Curvilinear inbreeding effects on some performance
traits. J Appl Genet 45: 343–345.

Thaller G, Dempfle L, Hoeschele I, 1996. Maximum
likelihood analysis of rare binary traits under differ-
ent models of inheritance. Genetics 148:
1819–1829.

Tufvesson M, Tufvesson B, Schantz T, Johansson K,
Wilhelmson M, 1999. Selection for sexual male
characters and their effects on other fitness-related
traits in white leghorn chickens. J Anim Breed
Genet 116: 127–138.

Velleman SG, Anderson J, Nestor KE, 2003. Possible
maternal inheritance of breast muscle morphology in

Genetic variability in goose populations 259



Turkeys at sixteen weeks of age. Poultry Sci 82:
1479–1484.

Wê¿yk S,1978. System SELEKT dla stad zarodowych
drobiu [SELEKT system for poultry breeding
stocks]. Wyniki Prac Badawczych Zak³adu Hodowli
Drobiu Instytutu Zootechniki (Research Results of
the Poultry Production Department of the National
Research Institute of Animal Production) 7: 7–22.

Wê¿yk S, Szwaczkowski T, 1997. Application of
mixed model methodology in breeding strategies
for laying fowl. World's Poultry Sci J 53: 325–336.

Willham RL, 1972. The role of maternal effects in ani-
mal breeding: III Biometrical aspects of maternal
effects in animals. J Anim Sci 35: 1288–1293.

260 T. Szwaczkowski et al.


