
Early embryonic mortality and chromosome abnormalities were studied in three goose lines: Grey
Landes (line 7), White Polish (line 4) and their synthetic line (line 9). Eggs laid at the beginning, in the
middle and at the end of the laying season were set. At candling at 5th day after egg set, all eggs (2847)
were examined and those showing no normal embryonic development were opened 2847. Dead embryos
were classified phenotypically and karyotyped. The mean ratio of embryonic mortality (EM) among fer-
tile eggs was 9.4%, 5.2%, 7.3% in the lines 4, 7 and 9, respectively. The mean ratio of embryos with chro-
mosomal abnormalities (CA) among the dead embryos was 8.0%, 14.8% and 13.1% in the lines 4, 7 and
9, respectively. Gander effect and layer within gander effect on embryo mortality were significant, indi-
cating genetic factors. Father and mother of the layer effects were also significant, showing family
effects. Animals producing dead embryos and embryos with chromosome abnormalities in high propor-
tion were selected. In the selected groups the mean EM was 17.7–22.9%, and the mean CA was
11.7–34.7% among the three lines. The repetition of CA was not observed in the reproductive season of
following year, while animals repeated the high EM (repeatability coefficient of 0.54). This shows that
some part of EM may be resulted from other genetic factors. Ganders and layers progeny of these select-
ed animals showed also high EM. It was concluded that culling pairs giving high EM value in their
embryos could increase the average level of embryo viability and that the study of genetic determinism
of that trait should be continued in geese.

Keywords: goose – chromosome abnormalities – early embryonic mortality

INTRODUCTION

Goose is a poultry species with a relatively poor reproductive performance.
Hatchability of goose eggs – being one of the most important traits in poultry breed-
ing – is about 60%, compared to 80–90% in chicken. During the first seven days of
incubation, many eggs do not produce viable embryos because of infertility and early
death. In chickens it has been shown that the latter was often due to genetic abnor-
malities, autosomal or sex linked recessive lethal genes and chromosome aberrations
originating from genetically predisposed abnormal meiosis, fertilization or early
cleavage [21, 22, 24, 28].

Acta Biologica Hungarica 56 (1–2), pp. 53–65 (2005)

0236-5383/$ 20.00 © 2005 Akadémiai Kiadó, Budapest

INVESTIGATION OF CHROMOSOME
ABNORMALITIES AND EARLY EMBRYONIC

MORTALITY IN GOOSE LINES
KRISZTINA LIPTÓI,1* A. HIDAS1 and R. ROUVIER2

1Institute for Small Animal Research, P. O. Box 417, H-2100 Gödöll�, Hungary
2INRA – Station d’Amélioration Génétique des Animaux, P. O. Box 27,

31326 Castanet-Tolosan Cédex, France

(Received: August 6, 2003; accepted: March 8, 2004)

*Corresponding author; e-mail: liptoi@katki.hu



54 KRISZTINA LIPTÓI et al.

Acta Biologica Hungarica 56, 2005

Cytogenetic investigations of avian embryos at an early stage of development
began in the late 1960s, mainly in chicken [7, 10]. In phenotypically abnormal
embryos, haploid, polyploid and aneuploid chromosome abnormalities were mostly
found [5, 17]. A possible connection between embryonic mortality and chromosome
abnormalities in different poultry species was also proved [6]. In chickens, karyotype
studies of dead embryos and undifferentiated tissues (without embryo formation)
may reveal embryonic deaths, which are due to chromosome abnormalities [3, 12].
The predisposition for producing these anomalies is known to be inheritable in poul-
try [26, 28]. Parents selected for that trait have normal phenotype and karyotype. In
the “pedigree” reproduction process of geese, parents of each embryo are known and
therefore ganders and layers producing abnormal embryos and/or chromosome
abnormalities in higher proportion than the population mean can be selected [25].

In geese few studies concern early embryo mortality that occurs up to 5th day of
incubation. The aim of this study was therefore to investigate the variability and the
inheritance of chromosome and embryonic abnormalities at the 5th day of incubation
in three goose lines. In addition, it was to select individuals of a goose breeding stock
having possible responsibility for the accumulation of chromosome and embryonic
abnormalities, and to reveal the role of selected ganders and layers in the formation
and inheritance of the different types of abnormalities.

The application of cytogenetic methods and embryonic studies is an important tool
in determining the inheritance of embryonic and chromosome abnormalities in geese.
Explanation of the genetic background may be promising in the improvement of
reproduction traits in a species in which relevant data are sporadic.

MATERIAL AND METHODS

Animals and experimental design

Three experimental goose lines of Institut National de la Recherche Agronomique
(INRA), Unité Expérimentale des Palmipèdes à Foie Gras, Benquet, Artiguères,
France, were studied: Strain INRA 7 of Grey Landes geese used for fatty liver pro-
duction (line 7), White Polish (line 4) and their synthetic line 9 from crossbreeding
of lines 4 and 7. In line 4, five layers and one gander, in line 7 and 9, four layers and
one gander were placed in each pedigree pen in open air and natural photoperiod, the
reproduction being by natural mating. In 1997, first year of the experiment, layers in
line 4 and line 9 were in the first laying cycle, in line 7 in the second one. Individual
eggs collected by trapnest were recorded with line number, pen number and layer
identity using Palmi software [2]. The egg samples of breeding animals in 25, 33 and
24 pedigree pens, respectively, for the lines 4, 7 and 9 were collected, stored for one
week maximum and set to incubation. These egg samples were collected at the
beginning (February), in the middle (April) and at the end (June) of the laying peri-
od. Egg fertility was determined by candling at 5th day after egg set. Apparent clear
eggs and eggs with abnormal embryos were opened and examined: 913, 822 and



1112 eggs from 95, 131 and 94 layers, respectively, in the lines 4, 7 and 9. The lay-
ers, which did not produce any fertile eggs were excluded from the analysis. The
numbers of studied layers were 70, 119 and 89, respectively, in the lines 4, 7 and 9.
Animals with high embryonic mortality (ratio of dead embryos to fertile eggs high-
er than 12%) were selected for mating in the following year to assess the repeatabil-
ity and inheritance of the studied characteristics. In 1998 different matings were
formed with selected individuals from line 7 supposed to be carrier parents (cP) of
high EM (more than 12%) and with their progeny (F1). One male and four females
were kept in each pen. Natural mating and trapnest were used throughout this study.
Matings were performed as follows: original pairs (cPxcP), fathers with their daugh-
ters (cPxF1) and with non-related one year old layers (cPxnrF1), sons with their sis-
ters (F1xF1) and with non-related one year old layers (F1xnrF1). The F1 males were
not related to each other.

In line 4, selected animals were mated on the same way like in the year before
(cPxcP).

Embryo analysis

Eggs showing no normal embryo development at candling on the 5th day of incuba-
tion were opened. Eggs detected as apparently infertile at candling, sometimes con-
tained very early dead embryos or embryonic tissue. Early dead embryos or embry-
onic tissues were removed and put into 0.9% NaCl solution for phenotype classifi-
cation under a dissecting microscope (Olympus). They were classified according to
Abbot and Yee (1975) [1] modified by Szalay (1989) [25], while very early embry-
onic death (which occurred before laying) stages were classified according to Eyal-
Giladi and Kochav (1976) [9]. The latter was identified only occasionally and its
results are not presented. The following phenotype categories were determined:

• Positive development – (pd): The sheets of membranes consist of ectodermal
and endodermal tissue only. Blood vessels are not developed.

• Blastoderm without embryo – (bwe): Ectodermal, endodermal and also meso-
dermal tissue can be observed. Blood islets are formed.

• Dead embryo – (d1-5): The embryos died at various stages of development dur-
ing the five-day incubation period.

• Abnormal embryo – (ae): Living embryos showing any malformations or retard-
ed growth.

For cytogenetic studies, embryonic tissues were transferred into 0.56% KCl solu-
tion containing a few drops of 0.1% colchicine for mitotic arrest and they were incu-
bated for 20 minutes in 37.5 °C. Finally they were fixed with several changes of fix-
ative (acetic acid : absolute ethanol – 1 : 3). Slides were prepared from fixed tissues
suspended in 50% acetic acid. Karyotypes were analysed after Giemsa staining.
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Data handling

The numbers of egg set, fertile eggs, dead and abnormal embryos, chromosome
abnormalities in dead embryos were recorded individually for each layer. The fol-
lowing traits were defined: 

IE: Number of eggs set for incubation.
FE: Fertility rate %, defined as the ratio (multiplied by 100) of the number of fer-

tile eggs at candling at 5th day of incubation (including the early dead embryos
detected by opening the eggs) to the number of egg set.

EM: Early embryonic mortality rate % defined as the ratio (multiplied by 100) of
the number of dead and abnormal embryos detected by candling and opening appar-
ently clear eggs at 5th day of incubation to the number of fertile eggs.

CA: Chromosomal abnormality in dead embryos, calculated as the ratio (multi-
plied by 100) of embryos with detected chromosomal abnormalities to the number of
embryos with early embryonic mortality.

Statistical analysis

The fertility, early embryonic mortality, and chromosomal abnormality rates were
analysed as proportions in binomial samples. 

The significance of differences in FE, EM and CA between lines or mating types
was tested by a classical χ2 [23] for a contingency table, the question being whether
the change in proportion was related to the line or mating type.

To reveal gander and layer within gander effects on EM the χ2 test was used, with
the following biological model: Fertile egg might be considered as an embryo, male
and female offspring, which was living or dead. For example, if the proportion of
dead embryos of gander number i is pi= ai/ni where ai and ni – ai are the total num-
bers of dead and living embryo offspring of the gander, respectively, the objective is
to examine whether the true values of the pi are varying between the ganders. This
hypothesis can be tested with χ2 = Σ ni (pi – p)2/p(1 – p), where Σ is the sum for all
the ganders, and p is the mean proportion calculated on all the gander progenies. It
is easy to show that χ2 = [Σ ai

2/ni – (Σ ai)2/Σ ni]/p(1 – p), the number of degree of
freedom being the number of ganders minus one. An interesting particularity of that
model is that χ2 is related to the heritability of the all or none trait of the embryo
(dead or living) analysed [18].

The same method was used to test the father and mother (within father) of the
layer effects on EM. Owing to statistical particularities of proportions, the layers with
less than 5 fertile eggs were excluded of the analysis. It was not possible to do that
kind of analysis for CA because of the small number of chromosomal abnormalities.

The mean values of FE, EM and CA in the selected layers with highest values of
EM were compared to the population means by the test of a t-value [23]. Under
approximation of binomial law by normal law, t was considered as a centered
reduced normal deviate of mean 0 and standard deviation of 1.



The repeatability coefficient of EM in the selected animals between second and
third laying cycle was calculated with the following model:

Ykm = μ + αk + ekm

where Ykm is the m-th measurement of the performance of k-th individual, μ is the
common mean, αk is the effect of the k-th individual with expectation equal to 0 and
variance Var α, ekm is the environmental deviation of m-th measurement with expec-
tations equal to zero and variance Var e.

The repeatability is the intra-class correlation Var α/Var α + Var e.
The repeatability can be measured also by the linear correlation coefficient

between performances in the two laying cycles. As the animals were selected, the
repeatability was underestimated.

RESULTS

Only the data of geese giving at least one fertile egg were analysed, because objec-
tive was to analyse EM and CA.

The three lines differed greatly for the fertility rate and the embryonic mortality
rate and not for chromosomal abnormality rate (Table 1). FE was the highest in line
7 (78.3%), the lowest in lines 4 (56.4%) and 9 (57.3%). The average incidence of EM
was moderate. It was the greatest in line 4 (9.4%), the lowest in line 7 (5.2%) and
intermediary for line 9 (7.3%). The detected incidence of CA was low, the mean val-
ues being 8.0%, 14.8% and 13.1%, respectively, for lines 4, 7 and 9. All the chro-
mosomal abnormalities were numerical alterations: haploid, triploid and mosaic or
chimeric haploid/diploid, diploid/triploid, diploid/polyploid karyotypes were identi-
fied. Figure 1 shows the distribution of different abnormal karyotypes in the three
lines. Diploid/polyploid was the most frequent.

Table 2 gives the levels of significance tests on EM differences between ganders
and layers within ganders. Significance levels of differences are also shown between
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Table 1
Mean values and standard deviation of fertility rate % (FE), early embryonic mortality rate % (EM),

chromosomal abnormality in dead embryos rate % (CA), for lines 4, 7, 9

Line
No. Laying

IE
FE EM CA

of layers cycle χ
_

± s χ
_

± s χ
_

± s

4 70 1st 964 56.4 ± 1.6 9.4 ± 1.2 8.0 ± 3.8
7 119 2nd 2578 78.3 ± 1.8 5.2 ± 0.5 14.8 ± 3.5
9 89 1st 2047 57.3 ± 1.1 7.3 ± 0.7 13.1 ± 3.6

χ2 test: The differences between the three lines are highly significant for FE and EM, not significant
for CA.

IE: number of egg set.
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Fig. 1. Distribution of different karyotypes in the three lines

Table 2
Number of degree of the freedom (D.F.) and probablity (p) of a greater value of χ2 of the tests

of ganders, layers within gander, father and mother (within father) of the layers effects on embryonic
mortality rates (EM) in the three lines

Line 4 Line 7 Line 9

D.F. p D.F. p D.F. p

Gander 24 p < 0.001 32 p < 0.005 23 p < 0.05
Layer 25 p < 0.05 73 p < 0.05 49 p < 0.05
Father of the layer 9 p > 0.05 38 p < 0.05 28 p < 0.05
Mother of the layer 42 p < 0.01 81 p < 0.05 46 p < 0.05

Table 3
Mean values and standard deviation of fertility rate % (FE),

early embryonic mortality rate % (EM), chromosomal abnormality in dead
embryos rate % (CA), for selected layers used in the study

Line
Number

IE
FE EM CA

of layers χ
_

± s χ
_

± s χ
_

± s

4 6 100 74.0 ± 4.3 22.9 ± 4.8 11.7 ± 7.8
7 10 244 71.7 ± 2.8 17.7 ± 2.8 25.8 ± 7.8
9 7 184 55.9 ± 3.6 22.3 ± 4.1 34.7 ± 9.9

IE: number of egg set.
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fathers and mothers (within fathers) of the layers. They were all significant, except
for fathers of the layers in line 4. Figure 2 and Figure 3 show the distribution of mean
embryonic mortality rates in progeny of ganders and layers respectively. Large vari-
ability can be seen.

Table 3 shows the means and standard deviation of FE, EM and CA for the select-
ed layers in the three lines. Table 4 shows the t-values for comparing the FE, EM and
CA means of the selected layers with the population averages of these traits in the
three lines: EM was significantly higher in all of the selected groups, FE was signif-
icantly higher in the selected layers from line 4 and lower in the selected layers of
line 7, and CA did not show significant difference from the population averages in
lines 4 and 7.

Table 5 gives mean values and standard deviation of FE, EM and CA in 6 pairs of
breeders of the selected sample from line 4 in their second laying season in 1998.
High value of EM (12.7%) occurred again but not the high value of CA.
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Fig. 2. Distribution of the embryonic mortality rate among offspring of ganders in the three lines

0

5

10

15

20

25

30

0-
0.02

0.02-
0.04

0.04-
0.06

0.06-
0.08

0.08-
0.1

0.1-
0.12

0.12-
0.14

0.14-
0.16

0.16-
0.18

0.18-
0.2

0.2-
0.28

classes of EM

line 4

line 7

line 9

Table 4
Values of t-probe comparing mean values of fertility rate %
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of the selected layers with the population average
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Table 6 shows mean values and standard deviations of FE, EM and CA for 5 mat-
ing types of selected animals and their progeny (line 7). Fertility rates were lower in
the F1×nrF1 and F1×F1 matings of one-year-old geese. The supposed carrier parents
and progeny repeated higher EM values than population mean. There was a tenden-
cy for increased EM in the mating of related animals but it was not significant due to
the small sample sizes. The CA mean was on average for the five mating types of
9.5%.

The inheritance of chromosome aberrations was not detectable. CA occurred in
some pairs of animals but the occurrence was not repeated (Tables 5, 6).

Repeatability coefficient of EM was 0.54 in line 7 calculated for 8 pairs of layers
(average egg number per layer was 24 in the first year and 25 in the second) and it
was 0.47 in line 4 calculated for 6 pairs (average egg number per layer was 17 in the
first year and 21 in the second).
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Fig. 3. Distribution of the embryonic mortality rate among offspring of layers with more than
5 eggs in the three lines

Table 5
Mean values and standard deviations of fertility rate % (FE),

early embryonic mortality rate % (EM) chromosomal abnormality
in dead embryos rate % (CA), for the presumed carrier parents in line 4

in the second reproductive season

Mating types IE
FE EM CA

χ
_

± s χ
_

± s χ
_

± s

cPxcP (6) 107 81.3 ± 3.8 12.7 ± 3.6 5.0 ± 4.9

IE: number of egg set.
( ) number of layers.
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Four phenotypes of embryonic abnormalities were chosen for this study: positive
development (pd), blastoderm without embryo (bwe), abnormal embryo (ae) and
dead embryos (d1-5). Figure 4 gives the distribution of these phenotypes of embry-
onic mortality in the three lines. It appears that bwe was the most frequent.
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Fig. 4. Distribution of the phenotype of the embryonic mortality in the three lines

Table 6
Mean values and standard deviation of fertility rate % (FE),

early embryonic mortality rate % (EM), chromosomal abnormality
in dead embryos rate % (CA) for selected animals

in line 7 after mating in the second year

Mating types IE
FE EM CA

χ
_

± s χ
_

± s χ
_

± s

F1×nrF1 (4) 90 21.1 ± 4.3 36.8 ± 11.1 0
F1×rF1 (4) 88 18.2 ± 4.1 37.5 ± 12.1 33.3 ± 19.2
cP×cP (10) 236 49.2 ± 3.3 12.9 ± 3.1 6.7 ± 6.4
cP×rF1 (13) 262 56.9 ± 3.1 19.5 ± 3.2 10.3 ± 5.7
cP×nrF1 (3) 83 68.7 ± 5.1 10.5 ± 4.1 0

IE: number of egg set.
( ) number of layer.
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DISCUSSION

Our objective was to establish the incidence of early embryonic mortality and chro-
mosomal abnormalities and to investigate their genetic background in geese. For
these reasons only the data of layers with at least one fertile egg were analysed. It has
been observed that two or three years old geese demonstrate a higher egg fertility
than one year old birds [19]. Line 7 exhibited the highest fertility rate and the lowest
embryonic mortality rate, line 4 showed the highest embryonic mortality rate (almost
twice as in line 7). The three lines did not differ in the chromosomal abnormality
rates, incidence being low (8.0 to 14.8% of dead embryos, 0.76 to 0.95% of fertile
eggs). The early embryonic mortality rates (5.2 to 9.4%) were moderate. They were
similar to those found by Rosi�ski and Bednarczyk (1997) [19] in two selected
strains of White Italian breed. Their results showed that in WD-1 strain (selected for
reproductive performances) the percentage of early embryonic mortality determined
until the 6th day of incubation was lower (6.0–6.3%) than in WD-3 strain (7.6–7.7%)
selected for meat performances. The line 7 is a synthetic strain of two Landes strains,
which were selected for gosling and fatty liver productions [20]. That could explain
higher reproductive ability in comparison with the line 4, which was selected for
meat production [15].

It was shown in chickens that the cause of the embryonic death may have genetic
reasons [21, 22, 24, 28]. It was suggested for chicken that the majority of abortive
embryonic development occurs due to chromosomal abnormalities during the first
few days of incubation [1, 27]. On the basis of present results however, this cannot
be stated for goose (12.77% in the total of dead embryos, 30/235 eggs). Unlike in
chickens, only a small part of dead embryos were chromosomally abnormal. A pro-
portion of the samples were impossible to evaluate because of technical problems in
preparation of undifferentiated, poor quality degraded embryonic tissues. The
diploid/polyploid karyotype was the most frequent in all three lines. This abnormal-
ity can be formed in aging tissues like in dying embryos [12]. Our experiments were
performed after five days incubation, so this karyotype can be not only the cause the
EM but also the consequence. The repetition of CA was not discernible. We have
limited data on the occurrence of chromosome abnormalities in goose embryos.
Szalay (1989) [25] found 3.37% abnormal karyotypes in Rhenish goose breeding
stock. In Grey Landes and Hungarian White goose, the ratio of the chromosomal
abnormalities among dead embryos was 16% [16]. Klein and Saar (1992) [14] iden-
tified 18% chromosomal abnormalities in dead meat type goose embryos. It is pre-
sumable that most part of the early embryonic mortality might be caused by other
genetic factors than chromosomal.

It is known that early embryonic mortality is influenced by environmental factors
like egg disinfections, storage and incubation conditions. With the same environ-
mental conditions for all eggs, differences of embryonic mortality between families
might reveal some genetic effects of recessive deleterious genes. In our investigation
some families of full or half sisters were more likely to produce embryonic mortali-
ty than others. For example in line 7 the highest EM was 20.69% among the half sis-



ter families and 24% among the full sister families. In all three lines some layers pro-
duced outstanding high EM. In line 4, 23.4% of all embryonic mortalities were pro-
duced by three layers. In line 7, only one layer produced very high embryonic mor-
tality (5 malformed embryos, which means 31.25% EM). In line 9, two females
showed outstanding EM of 22.22% and 38.46%. Investigation of the effects of the
ganders and the layers on EM showed that they both could transmit genetic effects
on mortality of their embryos. This can explain a part of the variability between gan-
ders and layers (Figures 2 and 3).

Layers and ganders previously presumed to be carriers for early embryonic death,
mated to each other again, repeated high EM values (in the line 7, 12.93% in the third
laying cycle versus 5.2% for the population mean). Daughters mated with their own
fathers showed high EM. It seems that female progeny of carrier parents may carry
the ability to produce embryonic mortalities. One-year-old layers mated with ganders
of the same age showed low FE (19.7%) with high EM (37.1%). It may mean that
the FE of male progeny of presumed high EM carrier parents is hereditary low. The
low FE might be in fact very early embryonic death (occurring before oviposition).
Early embryonic mortality before egg setting was reported by Dupuy (1996) [8] in
Pekin duck and Hu et al. (1997) [13] in Mulard duck. Investigation on one-year-old
male progeny of carrier parents should be repeated in order to prove the role of car-
rier parents of high EM in the production of high EM and low FE in the progeny and
to study the possibility that low “fertility” is actually EM at a very early stage.

Thorne et al. (1985) [27] reported that chromosomal abnormalities account for a
significant proportion of early embryonic deaths in the categories pd (about 50%)
and bwe (about 30%) in Australian chicken lines. Hu et al. (1997) [13] found the d4,
d5 categories the most frequent in duck. In the present experiment bwe proved to be
the most frequent in all three lines without considerably high chromosomal abnor-
mality level.

Based on the present results, it is suggested that ganders and layers may be respon-
sible for the formation of early embryonic mortalities in their offspring. It means that
the study of the parent pairs (both the females and the males) and removing ganders
and layers producing dead embryos, may increase the hatchability in goose lines.
Further determination of the genetic background of these abnormalities, other meth-
ods such as DNA marker investigations could help in the selection work of goose
breeding stocks to increase fertility and hatchability.
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