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Abstract 
 
Inbreeding, which is the mating of related individuals, increases homozygosity and 
leads to depression, especially in traits with low heritability. In this study, parent-
offspring, full-sibling and half-sibling mating groups were formed and their effects on 
embryo loss and hatch weight were investigated. In the study, a total of 2130 fertile 
Japanese quail eggs were used. Embryo losses were divided into three periods; early 
period (first 5-day), middle period (6-12th days) and late period (13-17th days). It was 
observed that mating groups affect all traits subject of this study (P≤0.0001). The 
lowest hatchability of fertile eggs was observed in dam-male offspring mating (DM), 
while the highest was observed in half-sibling (HS) and control (C) matings (P≤0.05). 
However, the highest hatch-weight were found in eggs of DM matings (P≤0.05). DM 
has also the highest embryo losses for all periods (P≤0.05). Most of the embryo losses, 
except the half-sibling group, occurred in the early period. 
 

Introduction 
 

In populations, negative effects of inbreeding can 
be seen in many traits, especially in traits with low 
heritability, such as viability and reproduction (Cahaner 
et al., 1980; Falconer, 1984; Sewalem et al., 1999; 
Spielman et al., 2004; Calleri et al. 2006). Although most 
reports point out that inbreeding depression is more 
pronounced in traits with low heritability, there are also 
reports that inbreeding has similar effects on other traits 
(Doekes et al. 2021). Inbreeding increases the rate of 
homozygosity and leads to genetic impoverishment. 
Furthermore, there are negative effects due to the 
coincidence of recessive semi-lethal or lethal alleles 
(Monson and Sadler 2010; Doekes et al. 2021). However, 
in rare cases called pursing, survivability and 
reproductive characteristics can be improved as a result 
of the elimination of negative affecting alleles in the 
inbred population (Gulisija ve Crow 2007; Savaş, 2008). 

Furthermore, the positive and negative effects of 
inbreeding can coexist in the population (Barczak et al. 
2009). Inbreeding depression is generally expressed as a 
regression of the inbreeding coefficients on trait value 
(Doekes, et al., 2021). However, it must also be 
considered that the inbreeding effect does not always 
have to be linear (Sittmann et al., 1966; Kulenkamp et 
al., 1973). The inbreeding coefficient is estimated from 
the genetic relatedness of the individual's parents. The 
genetic relatedness coefficient between two individuals 
predicts or determines the proportion of genes of 
common origin among relatives. Whether the 
relatedness coefficient is an estimate or absolute 
depends on the kind of relatedness. While the 
relatedness coefficient between parents and their 
offspring is absolute, it corresponds to the average 
genetic relatedness between other kindreds.  
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Accordingly, the effects of mating between 
different kindreds on inbreeding depression may be 
different. In this study, the effect of different kinship 
matings on embryo loss and hatch weight in quail eggs 
was investigated. 

 

Materials and Methods 
 
This study were conducted in Çanakkale Onsekiz 

Mart University Experimental Research Application and 
Research Center Poultry Unit. Male and female 
Japanese quails were obtained from 5 different regions 
(Çanakkale, Bandırma, Biga, Ezine, Lapseki) to ensure 
that the quails used in the study are not related. The 
base population was established by mating breeding 
birds in one region with another region. Mating was 
performed in individual cages. 29, 27, 25, 22 and 60 
female quails were used in dam-male offspring (DM), 
sire-female offspring (SF), full sibling (FS), half-sibling 
(HS) and non-kin matings (C), respectively. A total of 
2130 fertilized quail eggs were obtained; 368 from DM, 
376 from SF, 389 from FS, 342 from HS, and 655 from C, 
to investigate embryonic mortality (EM), hatch rate of 
fertilized eggs (HR) and hatch weight (HW). The sex ratio 
was 1:1, except C; it was 1:2 for them. The eggs were 
incubated for 15 days at 37.7 °C and 55% humidity. 
Then, the eggs were taken into the hatching basket at 
37.5 °C and 65 % humidity, and hatching occurred on the 
17th day. Embryo losses were divided into three periods 
(early period (EP) =first 5-incubation days, middle period 
(MP) = 6-12th incubation days; late period (LP)=13-17th 
incubation days). The number of non-fertile eggs was 41, 
41, 41, 30 and 129 for DM, SF, FS, HS and C respectively. 
After hatching, dried chicks were weighed. 

Binary data (HR and EM) were analyzed using a 
generalized estimating equation with mating type as a 
fixed factor (SAS, 2002). Odds ratios (Ψ=be) were 
calculated using the estimated parameters (b) and the 
Euler number (e). HWs were analyzed using a factorial 
analysis of variance in which mating groups, sex and 
their interaction were fixed factors. The Wald chi-square 
test was performed for the post hoc analysis of binary 
traits. For the post hoc analysis for HW, the HW Tukey 
test was used. 

 

Results 
 
Table 1 shows that there are significant 

differences between mating groups relating to the HR 
and HW (P≤0.0001). Lower HR was observed in the 
eggs from DM, SF, FS groups than in the C group. 
According to odds ratios, the HR probabilities in DM, 
SF, and FS are 54%, 38%, and 27% below C, 
respectively. However, the HS group has a light higher 
(1.15 times), but not significant HR probability than C 
(P>0.05). Although the DM group eggs had the lowest 
HR probability, they had the highest mean hatch 
weight (P=0.0001). While the hatch weights of the 

eggs of SF, HS and C groups were similar, the FS group 
had the lowest hatch weight. 

Table 2 summarized the results of the embryo 
losses in eggs by mating types. In EP, the probability of 
embryo losses of eggs of DM, SF and FS did not differ 
significantly (P>0.05). The lowest probability of 
embryo losses was in the HS group. The probability of 
embryo loss in EP occurred mostly in DM and SF eggs 
(1.77 times and 1.73 times higher than C, respectively). 
The HS and C groups have similar EP probabilities. In 
MP, only the DM group differs significantly from the C 
group (P≤0.05). No differences were found between 
DM, SF, FS eggs in LP (P>0.05). However, the LP of the 
eggs of DM and SF differed significantly from the C 
eggs (P≤0.05). As seen in Table 2, middle period 
embryo losses are less than in other periods, except 
for the DM group. 

 
Discussion 
 

A high ratio of shared genes between parents can 
increase homozygosity (Edly-wright et al., 2007). The 
increasing genetic similarity in the population, in other 
words, increasing homozygosity reduces the success of 
hatching (Daniels and Walters, 2000; Spottiswoode and 
Møller, 2004; Hemmings et al. 2012;). Sato et al. (1984) 
and Hemmings et al. (2012) reported that hatchability 
and viability were lower in full-sibling mating than 
random mating quails. In a study with Zebra fish, the 
difference between full-sibling and half-sibling mating 
was not significant in terms of the hatchability of fertile 
eggs (Mrakovcic and Haley, 1979). However, according 
to the authors, the number of fertile eggs and 
survivability of fry is lower in full-sibling matings than in 
half-sibling matings, while the rate of crippled fry is 
higher. Since half-siblings have different gene pools 
based on different dams, the likelihood of homozygosity 
and lethal genes in the offspring from half-sibling 
matings is comparatively lower than in parent-offspring 
or full-sibling matings. The DM group has the lowest HR, 
but the highest HW. The hatching chicks had a higher 
average hatch weight, as the higher embryo loss may 
have led to the elimination of the low hatch weight, low 
viability chicks. 

Hatching success depends on a highly complex 
process that includes parental age, feeding, storage 
condition and storage time of hatching eggs, and genetic 
factors (Liptói and Hidas, 2006). Most of the embryo 
losses that occur during the incubation period are seen 
in the early and late periods (Romanof, 1949). Schmidt 
et al. (2009) reported that early (first 6 days) and late (18 
to 21 days) embryo losses in broilers were higher than in 
other periods. Genetic abnormalities, the combination 
of recessive lethal genes, abnormalities during meiosis 
are some of the factors leading to early embryo losses 
(Liptói and Hidas, 2006). Sittmann et al. (1966) reported 
that embryo losses increased with the increase  
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Table 1. Estimated values (b) and its standard errors (SE), odds raito (Ψ) for hatchability of fertile eggs, and least-square means (�̅�) 
and standard errors (SE) for hatch-weight  
 

        Hatchability of fertile eggs Hatch-weight 
     b    SE  Ψ % �̅� SE 

DM -0.79a 0.137 0.46 58 8.70a 0.066 
SF -0.48b 0.139 0.62 63 8.54ac 0.065 
FS -0.32b 0.139 0.73 69 8.30b 0.059 
HS 0.14c 0.155 1.15 76 8.49c 0.060 
C    0c     0    1 73 8.50c 0.041 

DM: Dam-male offspring; SF: Sire- female offspring, FS: Full sibling, HS: Half sibling, C: Non-kin mating.  

Different letters indicate significant differences between the “b” and “�̅�" in the same column (P<0.05). 
 
 

Table 2. Estimated values (b) and its standard error (SE), odds ratios (Ψ) for embryo losses by period 
 

DM: Dam-male offspring; SF: Sire- female offspring, FS: Full sibling, HS: Half sibling, C: Non-kin mating,  
Different letters in the    same column indicate significance (P<0.05). 

 

Period 
 

                         Early                       Middle                             Late 
b SE Ψ % b SE Ψ % b SE Ψ % 

DM 0.57a 0.188 1.77 17 1.34a 0.225 3.80 16 0.56a 0.223 1.75 11 
SF 0.55a 0.181 1.73 19 0.39b 0.265 1.48 7 0.44ab 0.220 1.55 11 
FS 0.27ac 0.188 1.31 15 0.30b 0.265 1.35 7 0.39abc 0.216 1.48 11 
HS -0.36b 0.225 0.70 9 0.00b 0.288 1.00 6 0.04bc 0.237 1.04 9 
C 0.00bc 0.000 1.00 13 0.00b 0.000 1.00 6 0.00c 0.000 1.00 8 

in inbreeding coefficient and most of the embryo losses 
were in the first 8 days. In this study, it was observed 
that DM, SF, and FS matings caused high early period 
embryo losses compared to HS and C matings. In the 
study, it is seen that middle period embryo losses are 
higher in DM mating compared to other matings. 
Considering that all groups are exposed to the same 
environmental conditions, it is possible to think that 
middle period embryo losses in DM are caused by some 
genetic factors. As it is known, there is an absolute 50% 
genetic similarity between the parent and the offspring. 
Therefore, the probability of combining gens originated 
from the common ancestor and also recessive lethal or 
sublethal genes in parent-offspring matings is higher 
than in other matings. In addition, this possible situation 
is seen considering the early and late period embryo 
losses. It is seen that embryo loss occurring in these 
periods is higher in parent-offspring matings than in C 
and/or HS mating. 
 

Conclusion 

 
The results clearly point to differences between 

kinship matings in terms of HR, HW, and embryo losses. 
However, while the influence of kin mating (except HS) 
on HR and embryo losses is negative, a clearly positive 
influence on HW, especially in DM, can be observed. 
Whether this result is indicative of purging needs to be 
proofing, which is beyond the scope of this study  
 

Although they have the same inbreeding 
coefficient, it can be seen that parent-offspring pairings 
have lower HR and more embryo losses than full-sibling 
pairings. This shows that in addition to the average 
coefficient of inbreeding, which related individuals 
contribute to inbreeding is also important. 

 

Funding Information 
 

This work was supported by the Scientific Research 
Coordination Unit of Çanakkale Onsekiz Mart University 
under project number FBA-2019-2922. 

 

References 
 
Barzcak, E., Wolc, A., Wójtowski, J., Ślósarz, P., Szwaczkowski, 

T. (2009). Inbreeding and Inbreeding Depression on Body 
Weight in Sheep. Journal of Animal and Feed Sciences, 
18, 2009, 42–50. doi: 
https://doi.org/10.22358/jafs/66366/2009  

Cahaner, A., Abplanalp, H., Shultz, F. T. (1980). Effects of 
Inbreeding on Production Traits İn Turkeys. Poultry 
Science, 29, 1353-1362. https://doi.org 
/10.3382/ps.0591353 

Calleri, D. V., Reid E. M., Rosengaus, R. B., Vargo, E., L, Traniello, 
J. F. A. (2006). Inbreeding and Disease Resistance in a 
Social Insect: Effects of Heterozygosity on 
Immunocompetence in The Termite Zootermopsis 
angusticollis. Proceedings of the Royal Society B., 273, 
2633–2640. https://doi.org/10.1098/rspb.2006.3622 

 



 

Poultry Studies, 19(1), 7-10                                                                                                                                              10 

 

 

Christine, E., Schwagmeyer, P. L., Parker P. G., Mock D. W. 
(2007). Genetic Similarity of Mates, Offspring Health and 
Extrapair Fertilization in House Sparrows. Animal 
Behaviour, 73(2), 367–378. doi: 
10.1016/j.anbehav.2006.08.008 

Daniels S. J., Walters, J. R. (2000). Inbreeding Depression and 
Its Effects on Natal Dispersal in Red-Cockaded 
Woodpeckers. The Condor, 102(3), 482–491. 
https://doi.org/10.1093/condor/102.3.482 

Doekes, H. P., Bijma, P, Windig, J. J. (2021). How Depressing Is 
Inbreeding? A Meta-Analysis of 30 Years of Research on 
the Effects of Inbreeding in Livestock. Genes, 12(6), 926. 
https://doi.org/10.3390/genes12060926 

Falconer, D. S. (1984). Einführung in die Quantitative Genetik. 
Ulmer Verlag, Stuttgart. ISBN 3-8001-2532-3 

Gulisija, D., Crow, J. F., 2007. Inferring Purging from Pedigree 
Data. Evolution, 61, 1043-1051. 
https://doi.org/10.1111/j.1558-5646.2007.00088.x  

Hemmings, N. L., Slate, J., Birkhead, T. R. (2012). Inbreeding 
causes early death in a passerine bird. Nature 
Communications, 3(1), 1-4. 
https://doi.org/10.1038/ncomms1870 

Kulenkamp, A. W., Kulenkamp, C. M., Coleman, T. H. (1973). 
The effects of Intensive Inbreeding (brother×sister) on 
Various Traits in Japanese Quail. Poultry Science, 
52(4):1240-1246. https://doi.org/10.3382/ps.0521240 

Liptói, K., Hidas, A. (2006). Investigation of Possible Genetic 
Background of Early Embryonic Mortality in Poultry. 
World's Poultry Science Journal, 62(2), 326–337. 
https://doi.org/10.1079/WPS2005101. 

Monson, C. A., Sadler, K. C. (2010). Inbreeding Depression and 
Outbreeding Depression Are Evident in Wild-Type 
Zebrafish Lines. Zebrafish, 7(2), 189–197. 
https://doi.org/10.1089/zeb.2009.0648  

Mrakovčič, M., & Haley, L. E. (1979). Inbreeding depression in 
the Zebra fish Brachydanio rerio (Hamilton 
Buchanan). Journal of Fish Biology, 15(3), 323-327. 
https://doi.org/10.1111/j.1095-8649.1979.tb03612.x 

Romanoff, A. L. (1949). Critical Periods and Causes of Death in 
Avian Embryonic Development. The Auk, 66(3), 264–
270. https://doi.org/4080357 

SAS Institute (2002). Statistical Analysis System SAS/STAT 
Software Version 9.0. SAS Institute, Cary, NC. 

Sato, K., Yamamoto, T., Ito, S., Kobayashı, H., Ino, T. (1984). The 
effect of inbreeding on fertility, hatchability and viability 
in Japanese quail. Jpn. J. Zootech. Sci, 55(5), 315-321. 

Savaş, T. (2008). Keçilerde Doğum Ağırlığı Üzerine Doğum Tipi 
X Cinsiyet Etkileşimi ve Akrabalı Yetişmenin Etkisi. Tarım 
Bilimleri Dergisi, 15, 96-103. 
https://doi.org/10.1501/Tarimbil_0000001078 

Schmidt, G. S., Figueiredo, E. A. P., Saatkamp, M. G., Bomm, E. 
R. (2009). Effect of Storage Period and Egg Weight on 
Embryo Development and Incubation Results. Revista 
Brasileira de Ciência Avícola, 11(1), 1–5.  

https://doi.org/10.1590/s1516-635x2009000100001 
Sewalem, A., Johansson K., Wılhelmson M., Lıllpers, K. (1999). 

Inbreeding and İnbreeding Depression on Reproduction 
and Production Traits of White Leghorn Lines Selected 
for Egg Production Traits. British Poultry Science, 40:2, 
203-208. https://doi.org/10.1080/00071669987601 

Sittmann, K., Abplanalp, H., Fraser, R. A. (1966). Inbreeding 
Depression in Japanese quail. Genetics, 54 (2): 371. 
https://doi.org/10.1093/genetics/54.2.371. 

Spielman, D., Brook, B. W., Briscoe, D. A., Frankham, R. (2004). 
Does Inbreeding and Loss of Genetic Diversity Decrease 
Disease Resistance? Conservation Genetics, 5(4):439-448. 
https://doi.org/10.1023/B:COGE.0000041030.76598.cd  

Spottiswoode, C., Møller, A. P. (2004). Genetic similarity and 
hatching success in birds. Proceedings of the Royal 
Society of London. Series B: Biological 
Sciences, 271(1536), 267-272. https://doi.org/ 
10.1098/rspb.2003.  

 

 

https://doi.org/10.3390/genes12060926
https://doi.org/10.1023/B:COGE.0000041030.76598.cd

