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Hens were artificially inseminated at 8:00 a. m. , 4:00 p. m. 

and 11:50 p. m. Fertility was found to be significantly lower after 

8:00 a. m. inseminations than after 4 :00 p. m. or 11:50 p. m. insemin- 

ations for 2 to 6 days, 2 to 9 days and 10 to 17 days following insem- 

inations. Slightly higher fertility resulted after inseminations at 

4:00 p.m. than after 11:50 p. m. inseminations for 2 to 6 days and 

2 to 9 days following inseminations; however, the differences were 

not statistically significant. Fertility for 10 to 17 days following 

insemination was significantly higher when inseminations were made 

at 11:50 p. m. than at 8:00 a. m. or 4:00 p. m. Duration of fertility 

was longest after the 11:50 p. m. inseminations. Only after the 8:00 

a. m. inseminations were there hens with zero fertility. 



Fertility as influenced by time of oviposition following insem- 

ination was also studied. Reduced fertility resulted when hens were 

inseminated 1 to 4 and 23 to 28 hours prior to oviposition. The 

incidence of hens with zero fertility also was greater when hens were 

inseminated 1 to 4 hours before oviposition. Those hens laying within 

four hours after insemination had a hard - shelled egg in the uterus at 

the time of insemination; and many of those laying within 23 to 28 

hours after insemination had an egg in the magnum, were ovulating 

or approaching ovulation. 

Decreased fertility associated with the last four hours of shell 

secretion, with the approximate time of ovulation, and with the pre- 

sence of an ovum in the magnum appears to account for much, if 

not all, of the difference in fertility following morning inseminations 

and following afternoon or evening inseminations. 

The procedure of artificial insemination was not more diffi- 

cult when a hard - shelled egg was in the uterus than at other times, 

since no relationship was found between the difficulty of everting the 

vagina or inserting the inseminating syringe and the presence of a 

hard - shelled egg in the uterus. 
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TIME OF INSEMINATION AND OVIPOSITION AS RELATED 

TO FERTILITY OF FEMALE DOMESTIC FOWL 

INTRODUCTION 

Like many other important advancements in science, arti- 

ficial insemination of domestic fowl had an unspectacular almost 

unnoticed beginning. Three obscure lines in a 1914 journal announce 

the ushering in of this event (Summary, 1914, p. 34). 

"E. Ivanov has effected artificial insemination 
of hens and pheasants, and reports that a 
small percentage of hens laid fertile eggs 
which developed." 

From this seemingly unimportant origin, artificial insemination of 

domestic fowl has blossomed into one of the major tools of experi- 

mental and commercial breeding. It is estimated that 85 to 90 per- 

cent of the United States commercial turkey breeders are mated 

artificially (J. A. Harper, 1967). Artificial insemination is a 

geneticist's tool in developing more productive meat and egg laying 

strains or breeds of fowl. Also, it is useful in research with chick- 

ens, turkeys and other fowl, especially that in which fertility and 

hatchability are criteria. 

Time of day is a limiting factor to the success of artificial 

matings. Artificially inseminating chickens in the morning has 

proven impractical. Fertility of hens resulting from such insemina- 

tions is substantially lower than that resulting from afternoon or 
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evening inseminations. Generally this reduction of fertility is attrib- 

uted to a higher percentage of hens having a hard - shelled egg in the 

uterus at the time of insemination. 

The objectives of this study are two fold. Firstly, to gain 

further knowledge as to the time of day when artificial insemination 

of chickens will give the highest fertility; and secondly, to determine 

the effect on fertility resulting from the time a hen lays her first egg 

following artificial insemination. 
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REVIEW OF LITERATURE 

Fertility of hens following artificial insemination may be 

affected by many conditions. In the following review, many, of these 

conditions are examined. Each area of review is listed by either a 

heading or a subheading. 

Egg Formation and Fertility 

Egg formation in the hen's oviduct has been linked to the suc- 

cess of artificial insemination (Moore and Byerly, 1942; Malmstrom, 

1943; Parker, 1945; Bornstein et al. , 1960). Resulting fertility has 

been found to fluctuate according to the stage of egg development at 

the time of insemination. Results of artificial inseminations per- 

formed at various stages of egg development are given in Table 1. 

To appreciate this problem it is important to know the steps in the 

formation of the egg which are given in the book, The Avian Egg 

(Romanoff and Romanoff, 1949). Listed below are the oviducal 

regions and the time spent in each and a diagrammatic sketch is 

given in Figure 1. 

Region of the Oviduct Duration of Stay 

Hours Minute s 

Infundibulum 20 
Magnum 3 0 

Isthmus 1 10 

Uterus 19 0 

Vagina Very brief 



Table 1. Fertility as related to stage of egg formation at the time of insemination. 

Fertility in Days Following Insemination 
Stage of Egg Formation 2 -6 2 -10 2 -14 Hens 

No. 
Eggs 

No. 
Workers 

Hard shell egg 39.0 40 ** Moore and Byerly 1942 
Hard shell egg 45.4 30 249 Parker 1945 
Hard shell egg 32. 6 33 178 Malmstrom 1943 
Hard shell egg 62. 8 770 Bornstein et al. 1960 
Hard shell egg 85.7* 162 593 Schindler et al. 1958 
No hard shell egg 89.4* 94 339 Schindler et al. 1958 
Soft egg 78. 8 28 241 Parke r 1945 
Soft egg 54. 0 2 13 Malmstrom 1943 
Other than hard shell egg 84. 3 1311 Bornstein et al. 1960 
Membranous egg in uterus 70. 0 51 2 53 Malmstrom 1943 
Membranous egg in isthmus 52. 2 13 67 Malmstrom 1943 
Egg in magnum 49.0 37 ** Moore and Byerly 1942 
Egg in magnum 48. 4 44 246 Malmstrom 1943 
No egg in oviduct 51. 0 43 ** Moore and Byerly 1942 
No egg in oviduct 64. 3 32 237 Malmstrom 1943 
No egg in oviduct 72.8 49 379 Parker 1945 
Egg just laid 59. 0 30 Moore and Byerly 1942 

Does not include completely infertile hens. 
Not given. 

% 

00 
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Ovary 

Infundibulum 

Cloaca and 
Anus 

Figure 1. Oviduct of the domestic fowl. 
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There is an interval of approximately 24 to 26 hours between 

the time the ovum is ovulated and the fully developed egg is laid. 

After ovulation, the egg first passes to the infundibulum. Here, fer- 

tilization, the union of the ovum and spermatozoon, takes place 

(Patterson, 1910). Then the yolk takes on an albuminous cover in 

the magnum. As the egg travels posteriorily, it passes through 

the isthmus where shell membranes are formed and then on to the 

uterus for the finishing stages. In the uterus, the calcareous shell 

is secreted about the egg with the majority of the deposition taking 

place during the last 15 hours of the egg's 19 -hour sojourn in the 

shell gland (Bradfield, 1951). The phenomenon of egg formation in 

chickens also has been investigated and reviewed by Warren (1949) 

and in turkeys by Asmundson (1939) . 

Hard -Shelled Egg and Fertility 

A considerable amount of evidence has been presented by H. 

Mimura (as cited by Moore and Byerly, 1942) showing that an egg 

in an oviducal region posterior to the magnum tends to retard the 

forward progress of sperm in domestic fowl. Hindrance appears 

to be greatest when a hard - shelled egg is in the uterus. Artificial 

insemination results confirm that the environment concurrent with 

ßµíís stage of egg development is less conducive to the fertility of 

chicken hens than that of any other stage of egg formation (Moore and 
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Byerly, 1942; Malmstrom, 1943; Parker, 1945). Table 1 illustrates 

the great decrease of fertility resulting when hens are inseminated 

while a hard - shelled egg is in the uterus. Results of Parker (1945) 

give a vivid example of this decreased fertility. A difference in 

fertility of 39. 8 percent existed between hens inseminated with a 

soft - shelled egg and a hard - shelled egg in the oviduct at the time of 

artificial insemination. 

When hens are artificially inseminated with a hard- shelled 

egg in the uterus a high percentage of them are completely infertile 

(Moore and Byerly, 1942; Bornstein et al. , 1960). 

Percentage of hens having zero fertility accord- 
ing to the position of the egg in the oviduct at the 
time of insemination (Moore and Byerly, 1942). 

Position of the Egg Percent with Zero Fertility 

Egg in the uterus 30% 
No egg in the oviduct 18% 
Egg in the magnum 17% 
Egg just ovulated 13% 

Some observers consider the hard - shelled egg to have an 

all or none effect" on inseminated sperm and when infertile hens 

are excluded, percent fertility from hard - shelled -egg inseminations 

approximate that of inseminations made without a solid obstruction 

in the oviduct (Bornstein et al. , 1960). 

While the preponderance of evidence indicates a hard - shelled 
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egg in the uterus impairs fertility, it should be pointed out that one 

group of workers reported that inseminating while a hen has a hard - 

shelled egg in the uterus does not lower fertility (Schindler et al. , 

1958). Based on three experiments, a claim is made that fertility 

is not affected by the location of the developing egg in the oviduct. 

They reported that the incidence of zero fertility is greater in hens 

without a hard - shelled -egg in the oviduct. Also they observed that 

fertility in the hard - shelled egg group is slightly higher over a 2 -6 

day period; and more eggs are fertilized by a single dose of semen. 

The following results give a clue as to perhaps why hard - 

shelled eggs impair fertility. Allen and Grigg (1957) found that move- 

ment of sperm is restricted by the junction of the uterus and vagina. 

Sperm inseminated intravaginally are less likely than those of intra- 

uterine- inseminations to be found anterior to the uterus. Many of 

the intravaginally inseminated sperm were defecated soon after 

insemination. Perhaps the presence of a hard - shelled egg makes 

the sperm- retarding effect of the uterovaginal junction more acute. 

A shell egg is known to restrict the passage of sperm (Bobr, Lorenz 

and Ogasawara, 1964b). Then perhaps the egg being lodged in or near 

the junction makes the continued progress of sperm more difficult. 

Unable to circumvent the hard - shelled egg, sperm might remain in 

the vagina, only to be defecated as a result of reflex contractions 

moments after insemination. Also, the mechanics of artificial 
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insemination might be more difficult when a hard - shelled egg is in 

the uterus. An opinion has been expressed that the shell- egg -in- 

uterus condition makes eversion of the vagina more difficult (Lake, 

1967). 

Membranous Egg and Fertility 

Fertility appears to be beneficially affected when a mem- 

branous egg is in the oviduct at the time of insemination (Malmstrom, 

1943; Parker, 1945). At this stage, the egg has progressed beyond 

the magnum to the isthmian or uterine regions of the oviduct where 

its presence, as already pointed out, may impede the progress of 

spermatozoa. If an impediment does occur at this point, it does not 

have a detrimental effect on the future fertilizing capacity of the 

sperm. Information indicates that fertility is higher from insemina- 

tions at this stage of egg development than when any other environ- 

ment persists in the oviduct (Malmstrom, 1943; Parker, 1945). 

This high fertility might be attributed to a favorable environment 

for the survival of sperm destined for future embryonic development 

(Parker, 1945). Sperm remain motile longer in the isthmus, where 

shell membranes are formed, than in any of the other oviducal 

regions (Schindler and Hurwitz, 1966). 



10 

Egg in the Magnum and Fertility 

Fertility from inseminations made while an egg is in the 

magnum appears to be intermediate to fertility from inseminations 

with a shell egg and with a membranous egg in the oviduct 

(Malmstrom, 1943). Why fertility might be lower at this stage than 

at the membranous stage is not known, but some apparently relevant 

observations have been reported. An egg forming in the magnum 

totally blocks the passage of sperm (Bobr, Lorenz and Ogasawara, 

1964b). Also motility of fowl sperm at 105°F is zero in magnum 

juice (Munro, 1938b). Interestingly, secretions of the magnum 

stimulate respiration of fowl spermatozoa in vitro (Ogasawara and 

Lorenz, 1964) and in vivo (Hamner and Williams, 1963). Increased 

respiration may or may not be consistent with reduced fertility when 

artificial insemination is performed at this time, since a high respir- 

atory rate is usually associated with a short life span (Gray, 1928). 

Short livability perhaps explains the reduced duration of fertility of 

eggs saved over a period of time from inseminations made while 

the developing egg is in the magnum. 

No Egg in the Oviduct and Fertility 

Some information indicates the most favorable time to insem- 

inate is immediately after oviposition (Moore and Byerly, 1942). At 
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this time, the oviduct is considered free from an ovum in the albumen 

secreting region or any other oviducal region (Romanoff and Romanoff, 

1949) . High fertility would, therefore, be anticipated because the 

sperm can make rapid progress through the oviduct to the site of fer- 

tilization. Environment within the oviduct could change if it remains 

free from an egg for a few hours. Both immediately after laying an 

egg and when a hen fails to ovulate, the oviduct is free from the 

impedance of an egg, yet fertility appears to be higher if a hen is 

inseminated immediately after ovulation (59% vs. 51 %) (Moore and 

Byerly, 1942) . 

Time of the Day of Insemination 

Is there a time of the day when insemination of chickens will 

yield the highest fertility? Many workers have sought to answer 

this question (Parker, 1945; Schindler et al. , 1959; Bornstein et al. , 

1960; Parker and Arscott, 1965). Artificial inseminations have been 

made from as early as 6:30 a. m. (Parker, 1945) to as late as 9:00 

p. m. (Parker and Arscott, 1965). Fertility results of hens insemin- 

ated at various times of the day are found in Table 2. Without excep- 

tion, afternoon and evening inseminations have given higher fertility 

than morning inseminations. 

Why are morning inseminations less productive than those 

made at other times of the day? From present knowledge, it appears 



Table 2. Fertility as related to time of day of artificial insemination. 

Fertility According to Days Following Insemination 
Time of Day 2 -6 2 -9 2 -10 2 -14 Hens 

No. 
Eggs 
No. 

Worker 

6:30-7:00 a. m. 49.0 35 293 Parker 1945 

8:00-9:00 a. m. 76.5 800 1264 Bornstein et al. 1960 

8:00 a. m. 78.0 75 418 Parker and Arscott 1965 

12:00 a. m. 78.8 36 297 Parker 1945 

12:00 a. m. 54.5 175 894 Malmstrom 1943 

12:00 a. m. 91.0 75 460 Parker and Arscott 1965 

2:30-3:30 p.m. 86. 9 800 1328 Bornstein et al. 1960 

3:00 p. m. 88.9* 247 708 Schindler et al. 1959 

3:30 p. m. 94.3 77 422 Parker and Arscott 1965 

4:00 p. m. 96.0 75 400 Parker and Arscott 1965 

5:30-6:00 p. m. 88.6 36 279 Parker 1945 

8:00 p. m. 92.3* 249 707 Schindler et al. 1959 

9:00 p. m. 96.0 75 396 Parker and Arscott 1965 

9:00 p. m. 96.4 77 391 Parker and Arscott 1965 

Does not include infertile hens. 

% % % % 

O 
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that morning inseminations are detrimentally affected by the pres- 

ence of a hard - shelled egg in the oviduct. At this time of day, hens 

are more apt to be actively depositing shell about the soon- to -be- 

finished product (Warren and Gish, 1943; Parker, 1945). This is 

especially the case with chicken hens. 

Percentage of hens having a shell egg in the oviduct 
at varying hours during the day (Warren and Gish, 
1943) . 

Birds with Shell Egg 

a. m. p. m. 

7 :00 9:00 11:00 1:00 3:00 5:00 

61% 49% 35% 22% 9% 19% 

Oviducal examination by palpation (Parker, 1945). 

Time Hens Examination of Oviduct 
Insemination Inseminated No Egg Soft Egg Hard -Shelled Egg 

Morning 35 12 0 23 
Noon 36 22 10 4 

Afternoon 36 15 18 3 

At 7:00 a. m. as many as 61 -66 percent of the hens will have a hard - 

shelled egg in the uterus. This percentage decreases gradually until 

the midafternoon when as few as 9 percent of the hens have eggs 

receiving a shell. 

So pronounced is the reduction in fertility that over a 13 -day 
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period a difference of 30 percent fertility was found between hens 

of an early- morning insemination (6:00 - 7:00 a. m. ) and a late- after- 

noon (5:30 - 6 :00 p. m. ) insemination (Parker, 1945). Bornstein et al. 

(1960) reported that by eliminating the completely infertile hens from 

their data, the results in the fertility of morning and afternoon in- 

seminations approach one another; however, a slight difference still 

exists in favor of afternoon inseminations. 

Lower fertility from morning inseminations could conceivably 

be due to diurnal changes in spermatozoal concentration (Bornstein 

et al., 1960). Late afternoon ejaculations yield greater semen 

volume and total number of spermatozoa than do morning ejacula- 

tions (Lake and Wood -Gush, 1956). Assuming concentrations of 

semen as presented by Parker, McKenzie and Kempster (1942), 0. 1 

cc of semen would contain 344, 000, 000 sperm which is far greater 

than the 100, 000, 000 sperm required for normal fertility (Munro, 

1938a). Sperm concentrations would have to be more than 

250, 000, 000 lower in morning inseminations to affect fertility. 

However, the reduction of fertility from morning inseminations 

might be due to a combination of two or more factors. Lowered 

morning sperm concentrations and impedance of sperm passage due 

to the presence of a hard - shelled egg in the uterus may result in too 

few sperm reaching the site of destination. 

Higher fertility from late afternoon and evening inseminations 
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may be due to more hens having a membranous egg or no egg in the 

oviduct at the time of insemination. Both of these conditions have 

been associated with a high percentage of fertilized eggs (Parker, 

1945; Malmstrom, 1943; Moore and Byerly, 1942). 

Duration of Fertility 

Fertility of morning inseminations declines more rapidly 

than afternoon and evening inseminations (Bornstein et al. , 1960; 

Parker and Arscott, 1965). Israeli workers found that by the 7th 

to 8th day following insemination this difference in rate of decline 

of fertility becomes evident (Bornstein et al. , 1960). Fertility at 

this time had dropped 10. 9 and 5. 4 percent for the morning and 

afternoon groups, respectively. This greater rate of decline in 

fertility is apparently due to the presence of a hard - shelled egg in 

the uterus at the time of. insemination. Schindler et al. (1958) ob- 

served that of hens inseminated at 8:00 a. m. those with a hard - 

shelled egg in the uterus declined 15. 1 percent the 7th to 8th day 

following insemination whereas those without a hard - shelled egg 

declined 7. 3 percent. 

Uterine Secretions and Fertility 

Is the success of spermatozoa in reaching the site of fertiliza- 

tion adversely affected by the nature of uterine secretions? Because 
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fertility is lower from inseminations made with a hard - shelled egg in 

the oviduct as opposed to a membranous egg, it seems possible that 

the secretions of the uterus at these two stages of egg development 

might determine the destination and fertilizing capacity of sperma- 

tozoa. 

A membranous egg is said to be "plumped" as it passes from 

the isthmus to the uterus (Burmester, 1940). During the first five 

hours in the uterus, the egg receives aqueous salts through its thin 

membrane (Warren, 1949). For the next 14 hours, shell is deposited 

on the surface (Bradfield, 1951). Analyses have been made of the 

principal inorganic ions of "plumping" fluid and of the shell- secre- 

tion or "oviposition" fluid two hours prior to oviposition (El Jack and 

Lake, 1967) . 

The content of principal inorganic ions in the plumping 
and oviposition fluids from the uterus of Brown Leghorn 
hens (El Jack and Lake, 1967). 

Inorganic ions 

Plumping Fluid Oviposition Fluid 

m- moles /liter m- moles /liter 
Cations 

Sodium 139. 10 42. 80 
Potassium 15. 91 75. 03 
Calcium 14. 10 25. 80 
Magnesium 1. 36 10. 03 

Total 170. 47 153. 66 

Anions 
Chloride 79. 90 63.42 
Carbon dioxide 82. 47 91.26 

Total 162. 37 154. 68 
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Sodium is the most prevalent cation of plumping fluid. Carbon 

dioxide and chloride ion are practically equal in concentration in both 

fluids. Potassium is the predominant cation of oviposition fluid. 

Also magnesium and calcium are found in greater concentration than 

in plumping fluid. Carbon dioxide is more concentrated and chloride 

ion is less concentrated in oviposition fluid than in plumping fluid. 

Potassium, magnesium and chloride ions each increase the 

viability of avian spermatozoa in vitro (Wales and White, 1958). 

Potasium synergizes with magnesium or calcium in increasing 

motility of spermatozoa. A depression in motility is noted when 

magnesium and calcium ions are together (Wales and White, 1958). 

All three beneficial ions are present both in plumping and oviposition 

fluids. Concentrations of these three ions vary considerably in the 

two uterine secretions. Because of this variation and the fact that 

all are present, it is extremely difficult to ascertain whether their 

concentrations are beneficial or detrimental to sperm motility and 

survival. It should be noted that calcium in concentrations greater 

than 0. 3 mM causes agglutination of spermatozoa in vitro (Wales 

and White, 1958), This concentration is exceeded in both fluids but 

is greater in oviposition fluid. These experiments on the effect of 

ions on sperm motility were conducted in vitro. Perhaps, in vivo 

the environment is such that spermatozoa can withstand higher con- 

centrations of calcium without being hampered. If such a high 
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tolerance exists, it might fall between the calcium concentrations of 

plumping and oviposition fluid. If so, the higher calcium concentra- 

tion in oviposition fluid might cause agglutination of spermatozoa and 

account in part for the decrease in fertility for hens inseminated with 

a hard - shelled egg in the uterus. 

Effect of Sperm Storage on Fertility 

It has been shown that fertility may be affected by the stage 

of egg formation at the time of artificial insemination. The question 

then arises as to whether or not the developing egg hinders sperma- 

tozoa of adequate numbers in reaching their place of storage. The 

normal sperm storage site has been identified as being one of two 

oviducal regions. Sperm- containing crypts or "sperm nests" were 

observed in the chalaziferous region of the infundibulum (Van 

Drimmelen, 1946). Recently tubular sperm -containing glands have 

been located on the vaginal side of the uterovaginal junction (Bobr, 

Lorenz, and Ogasawara, 1962). Both areas have a number of char- 

acteristics in common. Both have tubular glands (Bobr, Lorenz and 

Ogasawara, 1964a). Sperm are stored in either over long periods 

of time (Van Krey, Ogasawara and Lorenz, 1964), In both, sperma- 

tozoa lay in parallel bundles with tails directed toward the lumen of 

the oviducal glands and the spermatozoa are completely normal in 

appearance (Bobr, Ogasawara and Lorenz, 1964a). Spermatozoa 
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are released from the two areas at about the time of ovulation (Bohr, 

Ogasawara and Lorenz, 1964b) . 

Because the uterovaginal glands are located on the vaginal 

side of the junction, it appears unlikely that spermatozoa would be 

obstructed by any stage of egg formation, except the few minutes 

required for oviposition, in reaching this storage area. If the 

infundibulum is a main storage area, then the egg would present a 

definite obstacle to sperm in reaching it. Bobr, Ogasawara 

and Lorenz (1964a) tested by intrauterine insemination the degree 

of obstruction created by an oviducal egg to sperm in reaching the 

infundibulum. A membranous egg in the uterus offered much less 

resistance than a hard - shelled egg and an egg in the magnum was a 

complete block to sperm passage. Concurring with these findings, 

low fertility has resulted when inseminations were made with a hard - 

shelled egg in the uterus (Moore and Byerly, 1942; Malmstrom, 1943; 

Parker, 1945; Bornstein et al. , 1960) and an egg in the magnum 

(Malmstrom, 1943). 
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EXPERIMENTAL PROCEDURE 

General Procedure 

Many procedural steps of the four experiments were similar. 

To avoid repetition of these steps, the following general information 

is given. 

Only individually caged White Leghorn hens and Delaware 

cockerels were used in the following experiments. Where the experi- 

ments involved more than one trial, the same males were ejaculated 

each time. Hens and males were housed in the same building and 

were subjected to 14 hours of artificial light daily from 5:00 a. m. 

to 7:00 p. m. 

A modified form of the Quinn and Burrows (1936) method was 

used for artificial inseminations and ejaculations. 

Eggs were saved and incubated in groups of 1 to 11 days and 

12 to 17 days following insemination. On the 18th day of incubation 

eggs were candled. Fertile eggs were then transferred to hatching 

trays. All other eggs were broken out and observed macroscopically 

to determine any signs of embryonic growth. Trays were drawn from 

the incubators on the 22nd day. Chicks were counted and unhatched 

eggs were removed from the trays and broken out to check their 

fertility. 

Different methods have been used to calculate fertility in 
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previous experiments. Some have determined it as the percent of 

fertile eggs laid (Schindler et al. , 1958; Bornstein et al. , 1960). 

Others have presented their results as the average fertility of the 

hens (Parker, 1945; Parker and Arscott, 1965). So that results can 

be compared to the previous findings both methods are used in these 

experiments. 

Fertility also has been presented for many different intervals. 

Recent work in the United States has used 2 to 9 days following in- 

semination as the period for determining results (Parker and 

Arscott, 1965). Much work performed in Israel has been reported 

on a 2 to 6 day basis (Schindler et al. , 1960). To establish a basis 

of comparison, both of these intervals are used. 

Statistical inferences in this study were made by comparing 

two probabilities, p1 and p2. The following test statistic was used 

(Mendenhall, 1965). 

z = 

xl x2 

n1 n2 

Vpq 1 1 
n1 

n2 

First Experiment 

Time of Day and Time of' Oviposition and Fertility 

The first experiment involving two trials was designed to 

2 

+ ) 
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answer two objectives. First, to determine the percentage of fertile 

eggs and fertility of hens artificially inseminated at three different 

times of the day; and second, to determine the percent of fertile eggs 

and fertility of hens as related to the time after insemination when 

they laid their first egg. Hens on 14 hours of light and ten hours of 

darkness per day, as were those on these experiments, do not lay 

throughout the day. So that there would be groups of hens repre- 

senting 24 or more consecutive hours, the artificial inseminations 

were made at eight -hour intervals, namely: 8:00 a. m. and 4:00 p.m. 

and 11:50 p. m. , PST. Information was gained to as late as 47 hours 

subsequent to insemination. 

Two trials were conducted and the experimental design is 

noted in Table 3. 

At each time of the day in both trials approximately 70 indi- 

vidually caged hens were inseminated with 0.05 cc of undiluted 

pooled semen from 17 males. Hens were inseminated as soon after 

the semen was collected as was possible. The times required to 

ejaculate and inseminate were 7 to 12 minutes and 20 to 25 minutes, 

respectively. No birds were inseminated prior to the first trial and 

21 days elapsed before the second -trial inseminations. The hens 

were rotated so that no time -of -day group was represented by the 

same hens twice. 

The time when hens laid prior to insemination was noted 
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Table 3. Experimental design of first experiment. 

Time of Insemination Date Hens 
No. 

Hours Following Insemina- 
tion Eggs Were Saved 

1st Trial 

8:00 a. m. 

11:50 p. m. 

4:00 p. m. 

2nd Trial 

4:00 p. m. 

8:00 a. m. 

11:50 p. m. 

3-04-67 

3-22-67 

3-31-67 

4-14-67 

4-19-67 

4-21-67 

76 

71 

68 

75 

68 

69 

1-7, 22-28, 30 

5-15, 31-34 

15-25, 40-47 

14-24, 34-47 

1-8, 22-28, 30, 

6-16, 31-34 

31 

before the 8:00 a. m. insemination of the first trial and before both 

the 8:00 a. m. and 4:00 p.m. inseminations of the second trial. 

Second Experiment 

Possible Effect of Ovulation on Fertility 

Results from the first experiment indicated that ovulation 

might play a role in the reduced fertility of morning inseminations. 

It was important, therefore, to ascertain the fertility of hens ovu- 

lating at or about the time of insemination. At 9:00 a. m. , many of 

the hens have laid and will be ovulating; therefore, this was desig- 

nated as the time of insemination. 
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On May 6, 1967, 35 hens were inseminated with 0.05 cc of 

undiluted pooled semen from 17 cocks. The same cocks were used 

in this experiment as in the first, so that results could be compared 

with corresponding times of the first experiment. Records were 

kept as to when hens laid their last egg before insemination and 

their first egg after insemination. 

Table 4. Experimental design of second experiment. 

Time of Insemination Date Hens Hours Eggs Were Recorded 
No. in Relation to Time of In- 

semination 
Prior After 

9:00 a. m. 5 -6 -67 35 1/2 -2 1 -4, 21 -26 

Third Experiment 

Effect of Uterine Inorganic Ions on Fertility 

A third experiment was conducted to attempt to determine 

the effect of inorganic ions of the uterus on the fertilizing capacity 

of spermatozoa. 

Solutions were made according to the analysis of inorganic 

ions of plumping and oviposition fluid. Plumping fluid is representa- 

tive of uterine secretions when the egg first enters the uterus and 



25 

oviposition fluid represents secretions two hours before lay (El Jack 

and Lake, 1967). The following tables present the compounds used 

and the ions formed in the solutions. 

Table 5. Compounds used in solutions to synthesize plumping and 
oviposition fluids. 

Compounds Plumping Fluid 
Amount Concentration 

Oviposition Fluid 
Amount Concentration 

grams mM grams mM 

NaC1 3.310 56.63 

NaHCO3 6.927 82.47 3. 595 42. 80 

KC1 1. 202 15. 91 4. 851 26. 57 

KHCO3 2. 007 48. 46 

MgC12 6H20 . 277 1. 36 3. 793 10. 03 

CaC12 2H20 2. 073 14. 10 2. 039 25.80 

Total 13. 789 170. 47 16. 285 153. 66 

In trying to use compounds that form only ions represented 

in the analysis, it was difficult to balance the chloride ion concen- 

tration in the two solutions. It is in nearly equal concentrations in 

both solutions. Distilled water was used as the solvent for both 

solutions. Calcium chloride would not dissolve. To disperse the 

calcium chloride, it was necessary to agitate the solutions briskly 

2 



26 

Table 6. Concentration of ions formed in solutions. 

Ions Plumping Fluid Oviposition Fluid 
Concentration Concentration 

mM mM 

Cations 

Na 139. 10 42. 80 

K 15. 91 75. 03 

Mg 14. 10 25. 80 

Ca I. 36 10. 03 

Total 170. 47 153. 66 

Anions 

CO2 82. 47 91.26 

Cl 103. 46 98.23 

Total 185.93 189.49 

before use. The hydrogen ion concentrations of plumping ion solu- 

tion and oviposition ion solution were 7. 5 and 7. 2, respectively. 

Four o'clock in the afternoon was chosen as the time of day 

for insemination. Previous results show that this is the time of day 

the highest fertility is obtained following artificial insemination 

(Parker and Arscott, 1965). Any possible additional adverse effects 

on fertility observed from morning inseminations would be avoided. 

Ninety hens were inseminated with 0. 025 cc of pooled semen from 
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25 males. This amount of semen was diluted with either a solution 

of plumping -fluid ions or oviposition -fluid ions at ratios of 1:1 or 

1:3. Two control.groups were used. One control was inseminated 

with 0. 025 cc of undiluted semen and the other with a similar amount 

of semen diluted at a ratio of 1: 1 with 0. 85 percent saline solution. 

Table 7. Experimental design of third experiment. 

Treatment Hens 
No. 

Time of A. I. 

. 025 cc Semen 13 4:00 a. m. 

. 025 cc Semen & . 025 cc saline sol. 15 4:00 a. m. 

. 025 cc Semen & . 025 cc plumping ions 14 4:00 a. m. 

. 025 cc Semen & . 025 cc oviposition ions 15 4:00 a. m. 

. 025 cc Semen & . 075 cc plumping ions 14 4:00 a. m. 

. 025 cc Semen & . 075 cc oviposition ions 15 4 :00 a. m. 

Fourth Experiment 

Effect of Mechanics of Artificial Insemination on Fertility 

According to a recent statement fertility is reduced when 

a hard - shelled egg is in the uterus because it is more difficult to 
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evert the vagina (Lake, 1967). However, no data were given to sup- 

port this statement. The fourth experiment was designed to test 

whether or not the presence of a hard - shelled egg in the uterus made 

the procedures of artificial insemination more difficult. 

Two basic steps of artificial insemination, eversion of the 

vagina and insertion of the syringe, were tested as to their difficulty 

when a hard - shelled egg was in the uterus of the hen. First, one 

worker evaluated whether eversion of the vagina was easy or diffi- 

cult, and then a similar evaluation was made by another worker as 

to the insertion of the inseminating syringe. 

One -hundred and twenty -two hens were used for the study. 

Testing began at 9:00 a. m. PST to insure that many hens would 

have a hard - shelled egg in the oviduct. 

A third study was undertaken to see if a correlation existed 

between the depth a syringe could be inserted without undue pressure 

and the time of oviposition. Thirty -two hens with a shell egg in the 

uterus were used to test this point. Hens were classified as being 

either "shallow" or "deep" according to the depth the syringe could 

be inserted. The depth was considered shallow if the syringe could 

be inserted from 1-1/2 to 2-1/2 cm, and deep from 3 to 4 cm with- 

out exerting pressure. 



29 

RESULTS 

Fertility as Related to Time of Day of Artificial Insemination 

The fertility results as related to the time of day of insemina- 

tion are presented in Table 8. Afternoon fertility was highest and 

evening fertility slightly lower, but not significantly, for eggs col- 

lected 2 to 6 and 2 to 9 days following insemination (a= . 01) . From 

10 to 17 days fertility of the evening inseminations was highest. In 

all three instances fertility was significantly lower for hens insem- 

inated in the morning (a = . 01) . 

Results of Parker and Arscott (1965) showed fertility for 

2 to 9 days to be 78. 0% and 96. 0% following insemination of hens at 

8:00 a. m. and 4:00 p. m. , respectively. Their results compare 

favorably to the 76. 0% and 95. 2% fertility resulting in this study. 

Bornstein et al. (1960) observed fertility to be 76. 5% for 2 to 6 days 

following insemination at 8:00 a. m. Fertility for the same period 

in the present study was 81. 6 %. For 2 to 6 days following artificial 

insemination at 4:00 p. m. , the fertility was 97. 7 %. Schindler et al. 

(1959) inseminating hens at 3 :00 p. m. and excluding completely 

infertile hens observed fertility of only 88. 9 %. 

Hens with zero fertility resulted only after the morning 

inseminations. In all other studies reviewed incidence of zero 

fertility was common after artificial insemination of hens at any 



Table 8. Fertility as related to time of day of artificial insemination. 

Time of A. I. 

Hens 
No. 

2 -6 Days 
Fertility 

2 -9 Days 
Fertility 

2 -9 Days 
Fertility 

10 -17 Days 
Fertility 

Eggs 
No. 

Fertile Eggs Eggs 
% No. 

Ave. Fert. 
Hens % 

Fertile Eggs 
% 

Eggs 
No. 

Fertile Eggs 

1st Trial 

8:00 a. m. 76 265 83. 0 424 79. 1 77. 1 371 27. 0 

4:00 p. m. 68 230 98.7 377 96.3 96. 0 369 38. 8 

11: 50 p. m. 71 238 96.2 378 93.0 94.2 355 40. 6 

Znd Trial 

8:00 a. m. 68 229 77. 9 365 72. 5 74. 5 346 26. 6 

4:00 p. m. 75 252 96. 8 402 94. 0 93. 8 411 34. 8 

11: 50 p. m. 69 224 94. 2 356 92. 7 91. 6 354 44. 6 

Both Trials 

8:00 a. m. 144 494 81. 6 789 76. 0 75. 9 717 26. 8 

4:00 p. m. 143 482 97. 7 779 95. 2 94. 9 780 36. 7 

11: 50 p. m. 140 462 95. 2 734 93. 6 92.9 709 42.6 

% 
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time of the day. In this study, 8 of 144 hens inseminated at 8:00 

a. m. were completely infertile. This represents only 5. 6% of the 

hens. Results of Schindler et al. (1958) indicate that 10. 5% of the 

hens were infertile after insemination at 8:00 a. m. Schindler et al. 

(1959) found that after inseminating hens at 3 :00 p. m. and 8:00 p. m. 

8. 5% and 7. 9%, respectively, were completely infertile. 

Duration of Fertility as Related to Time of Day of 

Artificial Insemination 

Duration of fertility, as measured by the day the last fertile 

egg was laid, was longest for the evening group in both trials (Table 

9, Figure 2). Duration was only slightly shorter for the afternoon 

inseminations, but in both trials the duration for the morning insem- 

inations was noticeably shorter. Afternoon and evening groups 

followed, respectively. From the combined total of both trials, the 

evening group was observed to have an average duration of 0. 7 days 

longer than the afternoon group and 2. 5 days longer than the morn- 

ing group. In all cases, the second day following insemination was 

considered the first day of fertility. From the time of insemination 

to the second day is 0. 66 days and 0. 33 days shorter from 11:50 

p. m. and 4:00 p. m. than from 8:00 a. m. inseminations, respec- 

tively. Taking this time factor into consideration, the duration of 

fertility following 11:50 p. m. inseminations would be 1. 8 and 0. 37 
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Table 9. Duration of fertility according to time of artificial 
insemination. 

Time of A. I. ,. 

Hens 
No. 

Ave. Duration of 
Fertility 

Days 

1st Trial 
8:00 a. m. 76 10. 2 

4:00 p. m. 68 12. 0 

11:50 p. m. 71 12. 7 

2nd Trial 
8:00 a. m. 68 9. 8 

4:00 p. m. 75 11. 7 

11:50 p. m. 69 12. 2 

Both Trials 
8:00 a. m. 144 10. 0 

4:00 p. m. 143 11. 8 

11:50 p. m. 140 12. 5 

days longer than following 8:00 a. m. and 4:00 p. m. inseminations. 

A 2 to 6 vs. a 1 to 5 Day Period for Measuring 

Fertility from Morning Inseminations 

Bornstein et al. (1960) maintained that fertility was highest 

for 8:00 a. m. artificial inseminations if it was measured from 1 to 

5 days rather than 2 to 6 days following insemination. Results of 
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11: 50 p. m. A. T. 

Figure 2. Duration of fertility according to time of 
artificial insemination. 
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both trials of the present study are contrary to their findings (Table 

10). It was found that fertility for a 2 to 6 day period was 5.8 per- 

cent higher than for a 1 to 5 day period following insemination. This 

represents a statistically significant increase (a = 0.05), therefore, 

the second day following insemination was used as the initial day to 

commence saving eggs following the morning as well as the insemina- 

tions made later in the day. 

Table 10. A 2 to 6 vs. 1 to 5 day period for measuring fertility 
from 8:00 a. m. inseminations. 

Trial Hens Eggs 
No. No. 

1 -5 Days 
Fertility 

Fertile Eggs Eggs 
No. 

2 -6 Days 
Fertility 

Fertile Eggs 

1 76 266 78. 2 265 83. 0 

2 68 226 73. 0 229 79. 9 

Total 144 492 75. 8 494 81. 6 

The Effect of Removing the Completely Infertile Hens on Fertility 

By excluding the hens with zero fertility from their data, 

Bornstein et al. (1960) found that the fertility of morning and after- 

noon inseminations was approximately the same. In the present 

study, complete infertility was found only in the morning group. 

% 
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Removing the completely infertile hens raised the mean fertility for 

both trials from 81.6% to 85. 2% (Table 11, Figure 3). This is not 

a significant difference (a = 0. 05) and it is considerably below 97. 7% 

fertility resulting from the afternoon inseminations. Schindler et al. 

(1958) observed that the fertility of hens, excluding completely infer- 

tile hens, was approximately 86. 0% for 2 to 5 days following insemin- 

ation. 

Table 11. Effect of removal of completely infertile hens on the 
fertility from morning inseminations. 

Trial 

With Infertile Hens Without Infertile Hens 

Hens 
No. 

Eggs 
No. 

2 -6 Days 
Fertility* 

% 

Hens 
No. 

Eggs 
No. 

2 -6 Days 
Fertility* 

% 

1 

2 

76 

68 

265 

229 

83.0 

79.9 

72 

64 

250 

215 

88.0 

85. 1 

Both 
Trials 144 494 81.6 136 465 85.2 

Percent of fertile eggs. 

Fertility as Related to the Time of Day When the Hen 

Lays Her First Egg Following Insemination 

An interesting observation in this experiment was that hens 

that laid an egg within four hours following insemination have a 



36 

100. 0 

90. 0 

80. 0 

70. 0 

60.0 

i-i 

G 50.0 

0 
U 40. 0 
0 

01 

30. 0 

20. 0 

10. 0 

0.0 

1 

0- -a..10-.-o. :>. 

o 
- _o\ ' P \o----0 

`ó ̀ \`o'oa `c 
I b o 0 

I b\\ 

o\ 

r No 
( o o 

\ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

s Following Insemination 

8:00 a. m. A. I. 

8:00 a. m. A. I. (without infertile hens) -- 4:00 p. m. A. I. 

Figure 3. The effect of removing completely infertile 
hens on fertility. 

4.> 

t ... 

I 

0 
\ó I 

I 

o 
o 

( I I I l 1 11 I i T I I 1 T I I 



37 

noticeably lower level of fertility than did those hens that laid later 

on the day of insemination. Fertility of hens that laid one hour after 

insemination was 53. 8% (Table 12, Figure 4). After a drop the 

second hour to 44. 6%, fertility rose steadily to 93. 9% for hens that 

laid the fifth hour after insemination. Aside from hour 14 fertility 

ranged from 90 to 100% through the 22nd hour. Three of the 11 hens 

laying at hour 14 that were inseminated at 4:00 p. m. each had 100% 

fertility. The other 8 hens were inseminated at 11:50 p. m. Four- 

teen hours before oviposition is the approximate time when the hen 

starts secreting shell at a high rate. Some condition associated 

with the initiation of shell secretion may account for hens being lower 

in fertility when inseminated at this time. 

Hens laying their first egg 23 to 28 hours after insemination 

had noticeably lower fertility than hens laying their first egg 5 to 23 

hours post insemination. 

Fertility of hens was most severely impaired when they were 

inseminated 1 to 4 hours and 25 to 28 hours before oviposition. 

These hens would have been inseminated at approximately the last 

two hours of shell deposition and at the approximate time of ovulation. 

Complete Infertility as Related to Time of Oviposition 

The incidence of complete infertility was greater in females 

that laid their first egg during the first four hours after artificial 



38 

Table 12. Fertility as related to time of oviposition. 

Hour After Insemina- 
tion of First Egg 

Hens 
No. 

Eggs 
No. 

Fertility 2 to 9 Days 
Ave. Fertility 

Hens 
Fertile 

Eggs 

1 10 54 53.8 55.6 
2 17 98 44.6 50.0 
3 7 37 72.4 70.3 
4 9 51 81.5 82. 0 

5 9 49 93.9 93.8 
6 10 56 91.7 90. 0 

7 12 72 97.2 94.3 
8 11 63 90.6 91. 9 

9 16 98 97.4 95.9 
10 12 64 91.6 89. 6 

11 18 94 92.3 92. 6 

12 10 54 93.8 94.3 
13 6 31 96.7 96. 8 

14 11 47 84.2 83. 0 

15 14 46 100.0 100. 0 

16 12 69 97.2 97.7 
17 21 119 97.4 96. 6 

18 17 98 96.7 96.9 
19 14 76 97.6 97.4 
20 9 55 96.5 96.4 
21 6 32 100.0 100. 0 

22 10 59 94.1 91. 5 

23 11 38 85.2 85.0 
24 17 102 88. 6 87. 3 

25 14 80 80.4 80.0 
26 7 32 64.4 59.4 
27 4 17 70.0 64. 7 

28 3 14 66.7 71. 4 

% % 



P
e
r
c
e
n
t
 
F
e
r
t
i
l
i
t
y
 
(
Z
 
t
o
 
9
 
D
a
y
s
)
 

(-a 

100 

90 

80 
Q 

70 

60 
.-- 

44 

ai 
u 

50 

40 

0 

o-o 

( I I 1 1 1 1 1 1 

3 4 5 6 7 8 9 10 

/o» 
1 0 

1 ri 
1 I I I i I 1 I I I I 1 I I ) I 

12 14 16 18 20 22 24 26 28 30 

Hour a: to insemination When First Egg Was Laid 

Figure 4. Fertility as related to the time of day when the hen lays her first egg following 
insemination. 

20 

1 2 

- 

- 
k 

- 

I 



40 

insemination. In the two groups of hens artificially inseminated at 

8:00 a. m. there were eight completely infertile hens, six of which 

laid their first egg 1 to 4 hours after insemination. Fertility was 

increased from 60. 7% to 71. 1% by removing the completely infertile 

hens (Table 13). This is far below the 93.4% fertility of hens laying 

their first eggs from 5 to 15 hours which is also a period of hard - 

shell-egg development in the uterus. Of the 125 inseminations 

performed with a hard - shelled egg in the uterus only 3. 9 percent 

of the hens had zero fertility. This is considerably lower than the 

9. 0% incidence of zero fertility encountered by Schindler et al. 

(1958) from hens inseminated with a hard - shelled egg in the uterus. 

Table 13. Incidence and effect of complete infertility on hens 
laying 1 to 15 hours following insemination. 

Time of Lay With Infertile Hens Without Infertile Hens 
Following 2 -9 Days 2 -9 Days 

Insemination Fertility Fertility 
Hens Eggs Fertile Eggs Hens Eggs Fertile Eggs 

Hours No. No. % No. No. % 

1-4 43 239 60.7 37 204 71. 1 

5 -15 125 702 93.4 125 702 93.4 
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Fertility of 8:00 a. m. Inseminations as Related to 

Time of Oviposition 

Figure 4 shows that fertility is below 90% between 1 -4 and 

23 -28 hours after insemination. Both of these periods represent the 

8:00 a. m. insemination. Morning inseminations have been shown 

to yield poor fertility (Parker, 1945; Bornstein et al. , 1960; Parker 

and Arscott, 1965). Generally this poor fertility has been attributed 

to the presence of a hard - shelled egg in the uterus at the time of 

insemination (Parker, 1945; Bornstein et al. , 1960). These results 

indicate that this is true only when the egg is laid during the first 

four hours after insemination. It appears that there is a linear 

relationship between the time of lay and fertility during the later 

stages of egg development. 

Aside from the hard - shelled egg, another factor must con- 

tribute to the reduced fertility of morning inseminations. Hens 

laying between 2328 hours after insemination had an average 

fertility of 78.0 percent. Though not as low as the first four hours, 

fertility is substantially lower than that of hens laying immediately 

before or after this time. Hens laying during this period probably 

either had an egg in the early stages of development, an egg ovu- 

lating, or no egg in the oviduct at the time of insemination. Table 

14 and Figure 5 illustrate the fertility of hens inseminated at 8:00 
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a. m. as related to the time of oviposition. 

Table 14. Fertility as related to time of oviposition following 
8:00 a. m. inseminations. 

Time of Oviposition 
after Insemination 

Hours 
Hens 
No. 

Eggs 
No. 

Fertility 2 to 9 Days 
Ave. Fert. Hens Fertile Eggs 

1 - 2 17 152 48.0 51. 3 

3 - 4 16 87 77. 5 77. 0 

5 - 6 15 82 92.6 92. 7 

7 - 8 11 66 100. 0 100. 0 

23 - 28 41 225 78.0 77.8 

Most Favorable Time to Inseminate 

Moore and Byerly (1942) presented evidence that the most 

favorable time to inseminate hens is immediately after oviposition. 

During this study five hens were inseminated immediately (1 to 5 

minutes) after they had laid. Fertility for those hens was 90. 0 

percent. Although it is high, it is not as high as fertility of all 

hens inseminated at 4:00 p. m. Thus, it would appear that there is 

definitely no advantage in inseminating hens immediately after 

laying an egg. This is fortunate, since the disadvantages in insem- 

inating hens at such a restricted time are obvious. 
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Figure 5. Duration of fertility as related to time of oviposition 
(8 :00 a. n--... inseminations). 
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Table 15. Percent fertility of hens that laid immediately before 
insemination. 

2 -9 Days 
Hens Eggs Ave. Fertility of Hens 
No. No. 

5 30 90. 5 

Ovulation as Related to Fertility 

As mentioned previously, a reduction of fertility was ob- 

served in those hens that laid their first egg 23 to 28 hours after 

insemination. This means that many of these "first eggs" were 

ovulated at about the time of artificial insemination. Records were 

kept of hens that laid their last egg 0 -3 hours prior to insemination 

(Table 16, Figures 6 and 7). Hens that laid during this three -hour 

pre- insemination period were classified as having or not having 

ovulated after oviposition; a hen was considered to have ovulated 

if she laid an egg the next day. Those hens inseminated immedi- 

ately after oviposition, and probably before ovulation could take 

place, had a fertility of 90. 5 percent. However, hens inseminated 

one -half hour after oviposition, about the time of ovulation, had a 

fertility of 64. 7 percent. Fertility of "ovulating hens" increased 

as time of oviposition prior to insemination increased. At three 

hours before insemination, it rose to 87. 5 percent. Fertility was 

% 



45 

90.0 percent or greater in every instance for "non - ovulating" hens 

that laid 0 -3 hours before insemination. These data, although 

limited, suggest that the phenomenon of ovulation itself or some 

process associated with it has a detrimental effect on fertilization 

in fowls. 

Table 16. Relation of ovulation at time of insemination on fertility 
of hens. 

Time of Last 
Egg Laid Before 

Insemination 

Ovulating Hens Non - Ovulating Hens 
2 -9 Days 

Ave. Fertility 
2 -9 Days 

Ave. Fertility 
Hens Eggs of Hens Hens Eggs of Hens 

Hours No. No. % No. No. % 

Briefly 5 30 90. 5 

1/2 5 33 64.7 2 12 91.6 

1 4 28 71.9 4 25 92.3 

2 2 11 73.7 6 36 94.4 

3 5 26 87.5 1 6 100.0 

Stage of Egg Formation as Related to Fertility 

As pointed out in the Review of Literature several investiga- 

tors including Moore and Byerly (1942), Malmstrom (1943), Parker 

(1945) and Bornstein et al. (1960) have linked the stage of egg forma- 

tion at the time of artificial insemination with fertility of hens. From 

the time each hen laid following insemination, it is possible to 
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determine the approximate stage of egg formation in that particular 

hen's oviduct. The time the egg spends in the uterus, isthmus, and 

magnum is taken from the Avian Egg (Romanoff and Romanoff, 1949). 

The classification as to hard - shelled egg or membranous egg in the 

uterus follows a report by El Jack and Lake (1967). Twenty -four 

to 27 hours prior to oviposition was designated as the time of ovula- 

tion. If a hen did not lay within 28 hours after insemination, she was 

considered not to have had an egg in the oviduct. 

Fertility was 90 percent if no egg was forming in the ovi- 

duct at the time of insemination (Table 17). As already pointed 

out the period of ovulation corresponded with lower fertility. Hens 

inseminated at, or within two or three hours of, the time an ovum 

was being ovulated had a fertility of 79 percent. Fertility ranged 

91.0 percent or greater with each successive stage of egg develop- 

ment until the last four hours of shell deposition. In contrast to 93. 7 

percent fertility resulting from inseminations made at the time of 

the first 11 hours of shell deposition fertility dropped to 60.0 per- 

cent for those made during the last four hours. Thus the data indi- 

cate that, except for the last four hours the egg is in the oviduct 

and near the time of ovulation, high fertility resulted from insemina- 

tions made while an egg was being formed in the oviduct. In fact, 

inseminations made during about the first 20 hours of an egg's so- 

journ down the oviduct resulted in slightly higher fertility than if no 
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egg was in the oviduct. 

Table 17. Fertility according to approximate stage of egg formation 
(based on time of lay following insemination). 

Stage of Egg 
Formation 

Time of Lay 
after 

Insemination 
Hour s 

Hens 
No. 

Eggs 
No. 

Fertility 2 to 9 Days 
Fertile 
Eggs 

% 

Ave. Fertility 
Hens 

Hard - shelled egg 
in the uterus 

1 -4 43 239 60.7 59. 0 

5 -15 125 702 93.4 93. 7 
1 -15 168 941 85.2 85.0 

Membranous egg 
in the uterus 

16 -19 63 363 97.0 97.2 

Membranous egg 
in the isthmus 

20 9 55 96.4 96.5 

Egg in the magnum 21 -23 28 158 90.5 91. 8 

Egg ovulating 24 -27 44 229 79.0 80. 1 

No egg in the 
oviduct 

28+ 74 372 89. 5 89.7 

The Effect of Five Uterine Ions on Fertility 

Any of the diluents used reduced fertility as compared to the 

undiluted control (Table 18). There was a very slight difference, 

although not significant statistically, favoring oviposition ions to 

plumping ions when semen was diluted at a one to one ratio. 

% 
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Table 18. Ions of uterine fluids and their effect upon fertility. 

Treatment Fertility 2 to 9 Days 
Hens 
No. 

Eggs 
No. 

Fertile Eggs Ave. Fert. Eggs 

Control 
. 025 cc semen 13 78 70.5 70.8 

Control 
. 025 cc semen and 
. 025 cc saline sol. 15 75 57.3 60. 8 

. 025 cc semen and 

. 025 cc plumping ions 14 75 65. 3 62. 1 

. 025 cc semen and 
. 025 cc oviposition 

ions 15 89 60.7 62.9 

. 025 cc semen and 

. 075 cc plumping ions 14 77 45. 5 45. 2 

. 025 cc semen and 

. 075 cc oviposition 
ions 15 76 52.6 46. 1 

Vaginal Eversion and Syringe Insertion 

No relation was found between difficulty of everting the vagina 

and presence of a hard - shelled egg in the uterus as was mentioned by 

Lake (1967). In this study, hens were classified as being either 

"easy" or "with difficulty" according to the ease of eversion of their 

vagina (Table 19). A similar percentage of both classifications was 

% % 
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Table 19. Presence of hard - shelled egg and time of lay as related 
to difficulty of eversion of the vagina. 

Eversion 

Easy 

Hens 
No. 

75 

With dif. 47 

Hens with Hard -Shelled 
Egg in Uterus 

No. 

Hens with Hard -Shelled 
Egg that Laid 1 to 4 

Hours after Eversion 
No. % 

34 45.3 

22 46. 8 

19 55.9 

12 54.5 

found to have a hard - shelled egg in the uterus at the time of eversion. 

Of those hens with a hard - shelled egg in the uterus as many of both 

classifications laid during the critical first four hours following 

ever sion. 

The data indicated that some relationship exists between the 

insertion of the syringe and the presence of a hard - shelled egg in the 

uterus. Again hens were classified as being either "easy" or "with 

difficulty" as far as inserting the syringe was concerned (Table 20). 

Thirty -nine percent of the "easy" group had a hard - shelled egg in 

the uterus while 50.0 percent of the "with difficulty" group did. 

However, 51. 5 percent of the "easy" hens as compared to 31.6 per- 

cent of the "with difficulty" hens laid their first egg during the 1 to 

4 hour period after insertion. As has been shown, inseminations 

made during this period result in decreased fertility. 

% 
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Table 20. Presence of hard - shelled egg and time of lay as related 
to difficulty of inserting the inseminating syringe. 

Eversion 

Hens 
No. 

Hens with Hard -Shelled 
Egg in Uterus 

No. % 

Hens with Hard -Shelled 
Egg that Laid 1 to 4 

Hours after Eversion 
No. % 

Easy 84 

With dif. 38 

33 39. 3 

19 50. 0 

17 51. 5 

6 31.6 

Depth to which the syringe was inserted without undue pres- 

sure appears to have no relation to the time of lay. As indicated in 

Table 21, only five percent more of the "shallow" group (1 -1/2 - 

2-1/2 cm) laid in the first 4 hours than the "deep" group. 

Table 21. Depth syringe can be inserted without undue pressure as 
related to time of lay. 

Hours after Insemination 
Depth Hens 1 2 3 4 1 to 4 

cm No. % % % % % 

1 -1/2 - 2 -1/2 14 28.6 21.4 7.1 14.3 71.4 

3 - 4 18 22.2 33.3 5. 6 5. 6 66. 7 
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DISCUSSION 

There are fluctuations in the fertility of hens according to the 

time of day that they are inseminated. Results of this investigation, 

conforming with previous studies, indicate the fertility of hens sub- 

sequent to artificial insemination is lower after morning than follow- 

ing afternoon or evening inseminations. Fertility following artificial 

inseminations at 8:00 a. m. and 4:00 p.m. was 76.0% and 95.2% for 

2 to 9 days. These results are as high as any previously reported 

for the period. The fertility following the afternoon insemination for 

2 to 6 days was 97.7% which also is higher than for any previously 

reported afternoon results. Prior to this study, no fertility trials 

have been conducted at 11:50 p. m. There was no difference statistic- 

ally between the results of the 11:50 p. m. and 4:00 p. m. insemina- 

tions. From these results and from those of others, it appears as 

if inseminating hens at 4:00 p. m. will yield the highest fertility for 

a period of up to nine days following insemination. 

Duration of fertility was longer following artificial insemina- 

tion in the evening than in the morning or afternoon. From 10 to 17 

days following insemination, the fertility of the 11:50 p. m. group 

was significantly higher than at 4:00 p.m. or 8:00 a. m. Fertility 

was also slightly higher for the 11:50 p. m. inseminated hens over 

the entire 16 -day period. According to these findings, higher fertility 
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might be gained over periods longer than nine days if hens are arti- 

ficially inseminated late in the evenings. 

Is the stage of egg formation at the time of insemination re- 

sponsible for the high fertility resulting from the afternoon and eve- 

ning inseminations? Investigators previously have observed that 

highest fertility of hens followed inseminations with a membranous 

egg in the oviduct (Malmstrom, 1943; Parker, 1945). A membranous 

egg is forming about 16 to 20 hours prior to oviposition. Hens laying 

their first egg at this time were all inseminated at 4:00 p. m. After 

the 11:50 p. m. insemination, the first egg is laid within 6 to 15 hours 

after insemination. This corresponds to the first two thirds of the 

shell formation period. Apparently, oviducal conditions at this stage 

of egg development are beneficial in preserving fertility, duration of 

fertility being the longer after the 11:50 p. m. inseminations than 

after any other. 

One of the reasons accounting for the lower fertility following 

morning inseminations is the incidence of hens with zero fertility as 

it was only after the morning inseminations that any incidence of 

complete infertility occurred. This suggests that complete infertility 

observed by some other investigators following afternoon and evening 

inseminations was due to technique. However, complete infertility 

was not the only cause for impaired morning fertility. Removing 

from the data hens that were completely infertile did not increase 
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the fertility significantly and it was considerably below that following 

afternoon or evening inseminations. 

Results dealing with fertility as related to oviposition give 

additional understanding as to why fertility is lower following morning 

inseminations. In the morning hens are more apt to have a hard - 

shelled egg in the uterus than at any other time of the day. Lowest 

fertility occurred in hens inseminated while a hard - shelled egg was 

in the uterus. This fact has been known for sometime (Moore and 

Byerly, 1942; Malmstrom, 1945; Parker, 1945; Bornstein et al. , 

1960). However, the often -given statement that fertility is impaired 

while a hard - shelled egg is in the uterus is not necessarily true. 

Of the hens inseminated with a hard - shelled egg in the uterus only 

those that laid within the first four hours after insemination had low 

fertility. Only after the morning inseminations did hens lay within 

four hours. Also, a decrease of fertility was noticed in hens that 

laid their first egg 23 to 28 hours after insemination. Nearly all 

hens laying at this time were inseminated at 8:00 a. m. At the time 

of insemination many of these hens had an egg developing in the an- 

terior end of the oviduct or the hen was ovulating. Conditions at 

the time of ovulation are further implicated in low fertility when 

considering those hens that laid within three hours before insemina- 

tion. Fertility of those hens that laid within this time and did not 

ovulate after oviposition was higher than 90 percent; whereas, the 
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fertility of those hens that did ovulate was below 80 percent. 

In addition to causing complete infertility, conditions that 

exist during the last four hours of shell deposition, the early stage 

of egg development and at the time of ovulation contribute to the 

impaired fertility of other females inseminated in the morning. 

Desirous of knowing what these conditions are, secretions of 

the uterus were investigated. It was thought that the inorganic ion 

concentrations prevailing a few hours prior to oviposition might be 

detrimental to the inseminated sperm. Synthesized ionic solutions 

similar to those of the uterus at the times of oviposition and plumping 

were diluted with semen and inseminated. Both solutions contained 

calcium in excess of 0. 3 mM which according to Wales and White 

(1958) causes agglutination of spermatozoa in vitro. However, no 

difference of fertility resulted between either of these solutions and 

a control group inseminated with sperm diluted in saline solution. 

This does not mean that uterine secretions are completely ruled out 

as being detrimental on spermatozoa since no attempt was made to 

duplicate the organic components. It is also difficult to estimate the 

actual ratio of sperm to uterine secretions as they exist in the ovi- 

duct. From this limited study, synthetic plumping or oviposition 

ion solutions shed little light on the fertility problem. 

Mechanics of insemination at the time a hard - shelled egg is 

in the uterus were suggested by Lake (1967) to be a cause of lowered 
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fertility. It was proposed that good eversion of the vagina was more 

difficult and regurgitation of sperm to be more likely. The present 

study revealed that a good eversion of the vagina and proper insertion 

of the syringe are no more difficult when a hard - shelled egg is in the 

uterus than at other times. From these results, it would appear that 

neither difficulty in eversion of the vagina or the insertion of the 

syringe contributes to the lowered fertility from morning insemina- 

tions. 

Conditions existing at the time of insemination contribute to 

the lowered fertility of hens artificially inseminated in the mornings. 

However, no additional knowledge has been given as to what these 

conditions are. In an effort to explain these happenings, the follow- 

ing information is given in speculation as to what does happen. 

Lower fertility from morning inseminations appears to involve 

at least the following three factors: (1) hard - shelled egg in the 

uterus; (2) site of sperm storage; and (3) environment of the oviduct 

at the time of ovulation. 

Many observers have found fertility to decrease when hens 

were inseminated with a hard- shelled egg in the uterus (Moore and 

Byerly, 1942, Malmstrom, 1943; Parker, 1945; Bornstein et al., 

1960). This statement now may be modified. Fertility is impaired 

only if inseminations are made during the last four hours that a hard - 

shelled egg is in the oviduct. 
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A recent report as to the site of sperm storage makes it hard 

to conceive that a hard - shelled egg would impede sperm in reaching 

that site. Bobr, Lorenz and Ogasawara (1964a) proposed that sperm 

destined for future fertilization are stored in glands on the vaginal 

side of the uterovaginal junction. Therefore, sperm inseminated in 

travaginally during the last four hours of egg shell formation would 

not have to confront and pass the egg before reaching the uterovaginal 

glands. Mechanical actions of the egg during these last four hours 

might be a key to the decreased fertility. Pressure of the egg on the 

oviduct might cause the storage glands to either dialate or contract, 

thereby reducing their ability to retain sperm. Whatever the cause, 

it becomes more acute as the time of oviposition approaches. 

For many years, some scientists have maintained that the 

glands of the chalaziferous region of the infundibulum are sites of 

sperm storage. The evidence appears to be very logical. "Sperm 

nests" have been observed in these areas (Van Drimmelin, 1946). 

The glandular structures appear to be histologically similar to the 

uterovaginal glands (Bobr, Lorenz and Ogasawara, 1964b). Sperm 

are stored in the infundibulum over long periods of time (Van Krey, 

Ogasawara and Lorenz, 1964). Within hours after insemination, 

sperm migrate to both the infundibulum or the uterovaginal junction 

(Boone, 1966). Spermatozoa capable of fertilization are released 

from the infundibulum at the time of ovulation (Bobr, Ogasawara 
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and Lorenz, 1964b). With these properties, it would appear that the 

infundibulum also is a main storage area of sperm. 

Results of this study and also those of Malmstrom (1943) indi- 

cate that fertility is impaired not only when a hard - shelled egg is in 

the uterus at the time of insemination but also during the early stages 

of egg development. Both of these periods of egg formation have been 

shown to impede the passage of sperm to the infundibulum (Bobr, 

Ogasawara and Lorenz, 1964b). We might infer from the results 

that the hard - shelled egg acts as a door. Progressively, during the 

last four hours, it closes the passage of sperm through the oviduct 

to the infundibular glands. As fewer sperm are allowed to pass to 

the infundibulum fertility inturn declines. This line of reasoning 

tempts one to conclude that the infundibulum, or perhaps some other 

region of the anterior oviduct, is the principal storage site of the 

sperm that fertilize eggs. 

Why a decrease in fertility at the time of ovulation? From 

the results of this study, it is difficult to answer this question. How- 

ever, a recent finding gives a clue. Van Krey, Ogasawara and 

Pangborn (1967) observed that the sperm storage glands are secre- 

tory. They proposed that this might be the means by which sperm 

are released into the lumen of the oviduct for passage to the infundi- 

bulum. At periodic intervals, logically at ovulation, fluid is flushed 

from the glands. It appears that it might be difficult for inseminated 
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sperm to gain entrance while the storage glands are flushing. Many 

sperm might then perish before they could gain access to the storage 

glands. 
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SUMMARY 

A series of experiments were conducted to answer questions 

concerning two objectives. Firstly, it was desired to gain further 

knowledge as to the time of day when artificial insemination of chick- 

ens will yield the highest fertility. Secondly, experimentation was 

conducted to determine the relation between fertility and the time of 

oviposition. 

The following information resulted from these experiments: 

1. Fertility is significantly lower after artificial insemination of 
hens at 8:00 a. m. than it is at 4:00 p. m. and 11:50 p. m. for 
2 to 6, 2 to 9 and 10 to 17 days following insemination. 

2. Fertility is higher, but not significantly so, after artificial 
insemination at 4 :00 p. m. than at 11:50 p. m. for 2 to 6 and 2 

to 9 days following insemination. 

3. Fertility is significantly higher after artificial insemination at 
11:50 p. m. than at 8:00 a. m. and 4:00 p. m. for 10 to 17 days 
following insemination. 

4. Duration of fertility following artificial insemination at 
11:50 p.m. is 2. 5 days and 0. 7 days longer than at 8:00 a.m. 
and 4:00 p. m., respectively. 

5. Incidence of zero fertility occurred only after the 8:00 a. m. 
artificial inseminations. 

6. Removing the hens with zero fertility from the two groups 
inseminated at 8:00 a. m. does not increase fertility signif- 
icantly. 

7. The majority of the hens with zero fertility laid their first 
egg within four hours after artificial insemination. 

8. Fertility is greatly reduced when inseminating the last four 
hours of the 15 hours that a hard - shelled egg is in the oviduct. 
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9. Fertility of hens inseminated within four hours before the time 
they laid their first egg declines progressively as the interval 
between insemination and oviposition decreases. 

10. Fertility of hens declines progressively if they lay their first 
egg within 23 to 28 hours after artificial insemination. 

11. Fertility is reduced when a hen is inseminated at the approxi- 
mate time an egg is in the magnum and at the approximate 
time of ovulation. 

12. Highest fertility results when hens are inseminated at the ap- 
proximate time a membranous egg is in the oviduct. 

13. No difference in fertility results when hens are inseminated 
with sperm diluted in inorganic -ion solutions synthesizing 
either plumping fluid or oviposition fluid at ratios of 1:1 and 1:3. 

14. No relationship exists between the difficulty in everting the 
vagina or inserting the inseminating syringe and the presence 
of a hard - shelled egg in the uterus. 

15. Decreased fertility associated with the last four hours of 
shell secretion, with approximate time of ovulation, and 
with the presence of an ovum in the magnum, appears to ac- 
count for much, if not all, of the difference in fertility from 
morning and afternoon or evening inseminations. 
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