
SA-ANIM SCI 2007, vol 8: http://www.sasas.co.za/Popular/Popular.html 
 

35

Investigation of fertility as the possible cause of differential hatchability in 
breeder flocks of different strains 

 
N.C. Tyler# and H.A. Bekker 

Animal and Poultry Science, University of KwaZulu-Natal, P/Bag X01, Scottsville 3209, 
 Pietermaritzburg, South Africa 

 
_______________________________________________________________________________________ 
Abstract 

Hatchability differences between breeds could be due to a number of reasons; however, egg fertility 
from a natural mating flock can be measured by assessing the number of sperm laid down in the outer 
perivitelline membrane of oviposited eggs. Although eggs have to be sacrificed, a minimum number of 
sperms are associated with a fertile egg and can give an indication of flock fertility. Differences in 
hatchability between two laying hen strains were reported by a breeder and egg fertility was investigated as a 
possible cause. No differences between number of sperms found in the perivitelline membrane were 
observed between strains, and the differences in hatchability could not be attributed to fertility. By 
eliminating fertility, other areas of investigation are opened to determine the causes of differences in 
hatchability. 
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Introduction 

Hatchability is the end result of a complex process, and the cause of differential hatchability could be 
due to a number of factors. One of these factors is fertility, of which both the male and the female play a role. 
The avian female is capable of storing sperm after mating or insemination, which may fulfil a number of 
functions, such as allowing fertilisation for a period of time after mating (Lake, 1975), eliminating the need 
for re-mating after the loss of a clutch (Hatch, 1983), adaptation to long-distance foraging (Hatch, 1983), and 
controlling the sire of offspring to a certain extent, as after copulation with multiple males the semen from 
the last copulation is placed in a better position to achieve successfully fertilisation (Briskie, 1996). 

Bobr et al. (1964) found no sperm in the oviduct (except the infundibular region) the day after 
insemination, implying that sperm had taken up residence in uterovaginal or infundibular glands, the 
uterovaginal glands being the usual sites of residence of sperm (Bobr et al., 1964; Bakst et al., 1994). The 
mucosal tissue of the uterovaginal junction undergoes invagination to form sperm storage tubules (SST) with 
transition of the surface epithelium (Yoshimura et al., 2000). These SSTs allow the production of fertile eggs 
over a period of time due to sequential release of spermatozoa immediately after oviposition in association 
with the next ovulation (Bobr et al., 1964).  

Wishart (1987) found a strong positive correlation between the number of sperm trapped in the outer 
perivitelline membrane (OPVL) surrounding the yolk and the number of sperm recovered from the SSTs. 
Brillard & Bakst (1990) concluded that these observations provide a reliable biological assay for the 
evaluation of semen quality and oviductal sperm storage capacity, which in turn can be used to predict egg 
fertility. Wishart (1987) reported that 96 out of 97 eggs were categorised as fertile using the method 
described by Kosin (1945) if two or more sperm were trapped in 1 mm2 of the OPVL, and later concluded 
that more than three OPVL sperm mm-2 predicted a fertile egg with 94% certainty (Wishart, 1997). Brillard 
& Antoine (1990), who counted OPVL sperm after initiation of incubation to determine fertility, reported 
that 0.44 sperm mm-2 were necessary for a 100% probability of fertility. 

Two types of laying strains (A and B) in South Africa were reported to have differences in 
hatchability, with hatchability of eggs from B being compromised. On further investigation, after egg break-
outs, it could not be distinguished whether the eggs were infertile or had undergone early embryonic death. 
The objective of this experiment was to use the method first described by Wishart (1987) to quantify the 
sperm in the OPVL and thus determine whether differences observed in hatchability could be attributed to 
differences in fertility or early embryonic death. 
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Materials and Methods 
Four hundred and eighty fertile eggs were collected from different breeder layer flocks of strain A and 

B that were managed and fed in the same manner. They were refrigerated and analysed within two weeks of 
oviposition. Eggs were cracked open, and the yolk and albumen separated. The yolk was rolled on paper 
towel to remove excess albumen and a square piece of membrane (± 1 cm2) containing the germinal disc was 
cut and washed in phosphate-buffered saline solution. The piece of membrane was then stretched out on a 
microscope slide and stained with 1 µ/mL diamidinophenylindole and covered with a cover slip. The slides 
were placed in a light-proof container and sperm were visualised by fluorescence microscopy within three 
hours. Numbers of sperm in 20 randomly-chosen fields of view (total 3.53 mm2) were counted and totalled, 
and then the numbers/mm2 of membrane calculated. After losses 299A and 170B eggs were visualised. Two 
predictions of fertility were used, one according to Wishart (1997) which requires >3 sperm/mm for an egg 
to be considered fertile (W) and the other according to Brillard & Antoine (1990) which requires 0.44 
sperm/mm for an egg to be considered fertile (BA).  

The frequency of eggs considered fertile/breed according to both methods were subjected to Chi 
Square to determine if there were any differences in fertile eggs between the two breeds.  
 
Results and Discussion 

The mean numbers of sperm/mm2 for A and B were 5.99 ± 0.59 and 5.83 ± 0.51 respectively, with a 
range of 0 to 54.87 (A) and 0 to 99.89 (B). This highlights the large variation observed in sperm numbers 
trapped in the OVPL. While only a few sperm trapped in the OVPL are associated with a fertile egg, the 
length of the fertile period appears to be a function of the numbers of sperm initially stored in the SSTs 
(Wishart, 1987), and the number of sperm trapped in the OVPL is dependent on the number of sperm in the 
SSTs (Brillard & Bakst, 1990). Therefore, it is assumed that control of sperm acceptance into the SSTs is 
highly regulated and quite select (Bakst et al., 1994), and is reflected in the number of sperm trapped in the 
OVPL. This is also in concurrence with Compton & Van Krey (1979) who found no difference in the 
number of SSTs containing sperm after small or large doses of insemination 

There was no significant difference between counts of fertile and non-fertile eggs between strains for 
either method W or BA. This implies that there are no differences in fertility between A and B, and that 
differences in hatchability are due to possible genetic factor(s) influencing early embryonic death, and not 
environmental factors such as management, nutrition, egg storage or incubation conditions, although there 
could be genetic-environmental interactions.  

The heritability of early embryonic death has been found to be higher than that for middle and late 
embryonic death (Beaumont et al., 1997). It was also found that the dam component for this figure was much 
higher than the sire component (0.25 ± 0.02 compared to 0.09 ± 0.01), and therefore the impact of reverse 
crosses may cause differences in early embryonic death between strains. 

One of the strain influences on hatchability could be genetic differences in egg-shell quality, as thin-
shelled eggs have been found to reduce hatchability, due to dehydration of the embryo during incubation 
(Bennett, 1992); however, this is not likely to be the cause of early embryonic death. 

 

Conclusions 
Fertility was discounted as the cause of reported differences between two laying strains in hatchability, 

as there were no significant differences between strains in counts of sperm trapped in the OPVL. Therefore 
early embryonic death, probably due to genetic factors, is most likely to be the cause of compromised 
hatchability in eggs from strain B. 
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