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The present study investigated the effects of timing and intervals between repeated inseminations by different
rooster breeds on the fathering of chicks. The semen from Barred Plymouth Rock (BP), Japanese Silkie White (JS),
and White Plymouth Rock (WP) males were used. Eighteen hens (7-month-old BP) were divided into four Groups
(A-D). In all groups, the hens were first inseminated with the semen from BP males at 3 pm on day 0. The hens in
Group A (n=3) were inseminated with the semen from JS and WP males at 3 pm on days 5 and 10, respectively.
Those in Group B (n=3) were inseminated with the semen from JS and WP males at 3 pm on days 5 and 15,
respectively. The hens in Group C (n=06) were inseminated with the semen from JS and WP males at 6 am on days 5
and 10, respectively. Lastly, those in Group D (n=06) were inseminated with the semen from JS and WP males at 6
am on days 10 and 20, respectively. The chicks obtained were classified on the basis of their phenotype matching
with the breeding male phenotype. The majority of chicks (82.4% to 100% in Groups A and B) were fathered by the
sperm from the subsequent insemination when repeated insemination was performed in the afternoon. Moreover, the
chicks produced by the most recent insemination in the groups that were subjected to morning insemination could be
obtained the next day after insemination (Groups C and D). The percentage of chicks fathered by the sperm from the
subsequent insemination was 95.2% to 100% when the inter-insemination interval was 10 days (Groups B and D);
these percentages decreased when the duration of the interval between inseminations was decreased to 5 days in

Groups A, B, and C.
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Introduction

In poultry, fertilization usually occurs 1 to 3 days after in-
semination, and it is maintained for several weeks (Johnson,
1986a). Sperm transit through the sperm storage tubules
(SSTs) located in the uterovaginal junctions and infundibu-
lums of hens, and are gradually used for fertilization
(Brillard, 1993; Bakst, 1994). However, fertility is reduced
by 1 week after insemination, particularly when the artificial
insemination (AI) method is used (Johnson, 1986a). There-
fore, repeated inseminations are necessary to maintain
fertility. Consequently, the sperm populations from different
inseminations compete to access the SSTs, and the sperm
from the last insemination are predominantly responsible for
fathering chicks (Compton et al., 1978; Bakst, 1994). Sev-
eral studies have explained the mechanism of sperm competi-
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tion in the SSTs during tandem inseminations; however, the
information obtained has been inconsistent. Compton et al.
(1978) and Christensen (1981) suggested that the precedence
of sperm from the previous insemination was due to the
stratification or displacement of sperm in the SSTs. In con-
trast, Birkhead and Parker (1997) reported that the sperm
from tandem insemination were mixed in the SSTs, and loss
of sperm from the previous insemination by the time of the
subsequent insemination resulted in fertilization dominance
of the most recent sperm. This contradiction between studies
may be the result of inconsistent experimental factors, such
as timing and intervals between inseminations. In the pre-
sent study, we examined the effects of the timing of repeated
insemination with respect to oviposition or ovulation (early
morning versus afternoon) on the proportion of chicks pro-
duced from each insemination. We also investigated the
effects of different intervals (5 days versus 10 days) between
inseminations on the timing of the day of appearance of the
chicks from each insemination.
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Materials and Methods

Animals

Semen was collected for Al from the males of three breed
phenotypes: 7-month-old Barred Plymouth Rock (BP), 2-
year-old White Plymouth Rock (WP), and 1-year-old Japa-
nese Silkie White (JS). The semen was used to inseminate 7-
month-old BP hens. The roosters and hens of the BP breed
had both black and white plumage, yellow legs, and four
toes. The WP roosters had white plumage, yellow legs, and
single combs. The JS roosters had white plumage, black
legs, and five toes. All of the birds were caged individually
and maintained in environmentally controlled houses on a 14
h light: 10h dark photoperiod. Feed and water were pro-
vided ad libitum. All animals used in the present study were
handled in accordance with the regulations of the Animal
Experiment Committee of Hiroshima University.
Semen Collection and AI

Semen samples were collected using the abdominal mas-
sage method of Burrows and Quinn (1937). Semen from at
least two roosters of each breed were pooled to avoid the
effects of individual males on fertilizing ability. After semen
collection, 1004/ of pooled semen was immediately placed
into the vaginal orifice of each hen at a depth of 2 cm fol-
lowing a previously described method (Quinn and Burrows,
1936). The number of sperm per Al in each group was
measured using a hemocytometer after insemination to con-
firm whether enough sperm had been deposited.
Experimental Design

In the domestic hen, oviposition and ovulation usually
occur in the morning (Johnson, 1986b). It has been reported
that fertility following inseminations in the afternoon is
higher than that observed after morning insemination
(Bornstein et al., 1960). One of objectives of the present
study was to elucidate whether repeated inseminations with
sperm could result in fertilization within several hours.
Therefore, insemination timing was set for the early morning
(6 am) or the afternoon (3 pm). The insemination interval
was also designed as 5 or 10 days, because it has been stated
that hen remain fertile for as long as 5-6 days after insemi-
nation, and then fertility declines rapidly (Johnson, 1986a).

Hens were tandemly inseminated following different
schedules based on grouping. Eighteen hens were randomly
assigned to four groups: three hens each in Groups A and B,
and six hens each in Groups C and D. The experimental
design is shown in Figure 1. In all the groups, the hens were
first inseminated with the semen from BP males at 3 pm on
day 0. Those in Group A were inseminated with the semen
from JS and WP males at 3 pm on days 5 and 10, respec-
tively. The hens in Group B were inseminated with the
semen from JS and WP males at 3 pm on days 5 and 15,
respectively. Those in Group C were inseminated with the
semen from JS and WP males at 6 am on days 5 and 10,
respectively. Lastly, the hens in Group D were inseminated
with the semen from JS males and WP males at 6 am on days
10 and 20, respectively.
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Fig. 1. The artificial insemination schedule.

@ indicates insemination using semen from Barred Plym-
outh Rock males at 3 pm.

© indicates insemination using semen from Japanese Silkie
White males at 3 pm.

indicates insemination using semen from Japanese Silkie
White males at 6 am.

@ indicates insemination using semen from White Plym-
outh Rock males at 3 pm.

indicates insemination using semen from White Plym-
outh Rock males at 6 am.

Egg Collection and Incubation

The eggs from each group were collected daily until 21
days after the last insemination and were then preserved at
15°C and 60% humidity. The eggs from each 7-day egg
collection were hatched in a Zenkei incubator (Zenkeien
Factory, Miyakoda, Japan). The incubation conditions were
37.8C, 60% humidity, and an automatic 1-hour interval
rotation.
Distinction of the Origin of Progeny Based on the Pheno-
type of the Chicks

The chicks were classified based on the phenotypic char-
acteristics of the feathers, legs, and toes. The BP semen
generated chicks with both black and white feathers, yellow
legs, and four toes. The WP semen generated chicks with
white feathers and four toes. The JS semen generated chicks
with a mulberry crown, black legs and beaks, and five toes.
Evaluation

The day of appearance of chicks was assessed from the
insemination day (which was defined as day 0). The dura-
tion of the period till the appearance of the chicks was
defined as the first day after insemination to the day of ap-
pearance of the chick. Therefore, the periods in each group
were as follows: Group A: 2-6, 7-11, and 12-31 days;
Group B: 2-6, 7-16, and 17-36 days; Group C: 2-6, 7-11,
and 12-31 days; and Group D: 2-11, 12-21, and 22-41
days. The appearance rate of chicks was calculated as the
number of that type of chick obtained per total number of
hens inseminated. The percentage of chicks produced by
each male breed was evaluated using the following formula:

% of chicks=
total number of chicks of that male breed
total number of chicks obtained

X100
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Table 1. The chicks obtained from different male phenotypes, according to variations in the time of insemination and the

interval between inseminations

Hen Days after artificial insemination
Group
No. ¢ 1 2 3 4 5 6 7 8 9 o 11 12 13 14 15 16 17 18 19 20
=) L:) )
A 1 BP BP BP JS IS IS WP JS WP
BP BP BP IS IS JS IS WP WP WP WP WP
3 BP BP BP BP | JS JS IS JS WP JS WP wp —
B 8 BP BP BP | JS JS JS IS JS IS IS | X WP
BP IS IS IS IS BP JS WP WP
13 BP BP BP BP JS X BP IS BP JS X | WP WP
)
14 BP BP JS | BP BP IS JS | X WP WP WP WP X WP X
15 BP — BP BP BP JS JS WP WP WP WP WP WP WP WP
C 16 BP BP BP BP BP | BP JS BP JS WP WP WP X WP WP WP
17 BP IS WP IS WP
18 BP BP BP WP
19 BP BP BP BP | BP BP BP WP WP WP WP WP WP
o
4 BP BP BP BP BP JS IS JS JS IS JS IS
5 BP BP BP BP BP IS JS IS JS JS X
D 6 BP BP BP
7 BP BP BP BP BP BP BP JS IS JS IS IS IS
10 BP BP BP X X — JS X X IS
11 BP BP BP BP BP BP X IS
en Days after artificial insemination
Group
N 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
1 X - = = = —
A 2 WP WP WP — wp - — — —
3 _— _ — _— _— _— _
8 WP WP WP WP WP WP — — - -
B 9 WP WP WP WP - — - — —
13 WP WP WP WP WP - = - - = = — —
14 X WP — - -
15 WP WP — Wp — — WP —
C 16 WP — WP X WP — - -
17 BP — WP — - = =
18
19 — - — - = -
4 JS — — — - — - = - - — - —
5 IS WP WP X - = = = - = - - = = — =
D 6 WP WP WP WP — —
7 WP WP WP JS WP WP WP — WP - = - =
10 IS WP WP WP X WP wp — — — —
11 WP WP

© indicates insemination using semen from Barred Plymouth Rock (BP) males at 3 pm.

® indicates insemination using semen from Japanese Silkie White (JS) males at 3 pm.

@ indicates insemination using semen from White Plymouth Rock (WP) males at 3 pm.

indicates insemination using semen from Japanese Silkie White males at 6 am.
indicates insemination using semen from White Plymouth Rock males at 6 am.
(—): Unfertilized egg (X): Dead embryo
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Table 2. The appearance of the offspring obtained after artificial insemination
Group A B C D
Breed BP JS WP BP IS WP BP JS WP BP IS WP
nterval between 5 5 5 10 5 5 10 10
inseminations (days)
Earliest appearance day’ 2 2 3 2 2 2 2 1 1 2 1 3
Last appearance day1 6 12 17 13 11 13 22 13 19 12 18 14
Period of appearance” 5 11 15 12 10 12 21 13 19 11 18 12

! The day of appearance of chicks was assessed from the day of insemination, which was designated as Day 0.

2 The period of appearance of chicks (days) was calculated from the earliest to the last day of the appearance of that type of chick.
BP: Barred Plymouth Rock; JS: Japanese Silkie White; WP: White Plymouth Rock.

Groups A, B, C, and D comprised 7-month-old BP hens (n=3, 3, 6, and 6 in Groups A, B, C, and D, respectively).

Results

The number of sperm per insemination was greater than 80
million. The timings of the appearances of the chicks ob-
tained after Al with semen from the three male breeds are
shown in Tables 1 and 2. The earliest appearance of fer-
tilized eggs was most commonly 2 days after insemination in
all experimental groups for both the first and repeated in-
seminations. However, in the groups that underwent re-
peated insemination in the morning (Groups C and D), the
fertilized eggs occasionally appeared 1 day after the second
and third inseminations. The last day of appearance of
chicks generated by BP males was 6, 13, 22, and 12 days
after the insemination day in Group A, B, C, and D, re-
spectively. The chicks from each male breed phenotype
appeared for at least 5 days after the insemination day. The
longest period of appearance was 21 days in Group C (BP
chicks).

Figure 2 shows the changing rate of chicks obtained from
different males after repeat insemination at different times of
the day and with different intervals between inseminations.
The chicks generated from the previous insemination con-
tinued to appear after the subsequent insemination. The per-
centages of chicks generated from the most recent insemi-
nation were 100% and 82.4% in Group A, 83.3% in Group B
(second insemination performed in the afternoon with an
interval of 5 days between inseminations), and 41.2% and
94.7% in Group C (hens inseminated in the morning with an
interval of 5 days between inseminations). In addition, the
percentage of chicks generated by the sperm from the most
recent insemination was increased both when the interval
between inseminations was 10 days in Group D (95.8% and
95.2%), and when there was a 10-day interval between the
second and third inseminations in Group B (100%).

Discussion

It has been reported that insemination with 80-90 million
spermatozoa per insemination is generally considered ade-
quate to ensure high fertility in fowl (Johnson, 1986a). In
the present study, the number of sperm per insemination was
greater than 80 million. Good fertility was observed for as

long as 1 week after insemination. Therefore, it was con-
sidered that all Al in the present study was performed ap-
propriately.

In birds, fertilized eggs and chicks can reportedly be
obtained approximately 2 to 3 weeks after insemination due
to the existence of SSTs in the reproductive tract (Bakst,
1994). Similarly, our results showed that the period from
insemination to the appearance of chicks was 5 to 21 days.
After insemination, sperm can enter and survive in the SSTs,
after which sperm are gradually used for fertilization for
several weeks (Brillard, 1993; Bakst, 1994). Hence, when
repeated inseminations are performed, chicks produced by
the previous insemination are still observed (Cheng et al.,
1983). Consequently, the interval between inseminations in-
fluences both the sperm competition and the rate of progeny
obtained from the different males (Birkhead, 1998; Ma et al.,
2013). Our results showed that offspring from different
males could be obtained; however, the highest percentage of
progeny was fathered by sperm from the most recent in-
semination. In addition, the appearance of chicks generated
by the sperm from the previous and subsequent insemina-
tions was simultaneous and did not depend on the interval
between inseminations. Compton et al. (1978) suggested
that the sperm from the last insemination took precedence
due to the stratification or displacement of sperm in the SSTs
after repeat insemination. Thus, the offspring generated by
semen from previous inseminations would be absent or
would only appear after the sperm from the subsequent
insemination were depleted because of the stratification of
sperm (Christensen, 1981). However, the simultaneous ap-
pearance of the different types of chicks in the present study
might be due to the mixing of sperm from tandem in-
seminations in the SSTs (Birkhead and Parker, 1997). We
also found that the appearance of chicks generated by the
most recent insemination increased when the duration of the
interval between inseminations was increased. This might be
due to the renewed sperm in the SSTs by the subsequent
insemination fertilizing the majority of the egg dominantly.
Thus, when the interval between inseminations was in-
creased, there was a higher proportion of chicks generated by
the sperm from the most recent insemination (Birkhead,
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Fig. 2. The percentage of offspring obtained that were fathered by
each male breed, based on varying intervals between inseminations.
The duration of the period till the appearance of the chicks was defined
as the first day after insemination to the day of appearance of the chick.
BP: Barred Plymouth Rock; JS: Japanese Silkie White; WP: White

Plymouth Rock.

1998).

The timing of insemination reportedly affects the fertili-
zation rate in chickens (Mian ef al., 1991). Thus, this factor
may affect the timing of the appearance of chicks generated
by sperm from different males after repeated insemination
(Birkhead, 1998). In the present study, we examined the
effects of the time of insemination on the timing of the
appearance of offspring by performing repeated insemina-
tions in the early morning (6 am) or afternoon (3 pm) (Bhatti,
1987). Our results showed that eggs fertilized by the sub-

sequent insemination could be collected 1 day after insemi-
nation when hens were inseminated in the early morning,
whereas this period was 2 days after repeated insemination
performed in the afternoon. In poultry, the offspring can be
obtained generally 1 day (Cheng ef al., 1983) and 2 days (Ma
et al., 2013) after insemination, depending on the timing of
insemination. Ovulation reportedly occurs 15 minutes after
oviposition, and each ovum spends only 15-30 minutes in the
infundibulum for fertilization (Ogawa et al., 1996). In ad-
dition, the time required for sperm to move to the fertilization
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site is approximately 1 hour after insemination (Johnson,
1986a). Thus, when insemination is performed during ovi-
position, sperm can reach the infundibulum to fertilize the
ovum before or just after ovulation of the next ovum, even if
the female retained sperm from another insemination (Cheng
et al., 1983). In contrast, when hens are inseminated in the
afternoon, the next ovum has already been ovulated and
transferred out of the fertilization section of the reproductive
tract, and therefore sperm cannot fertilize that ovum (Bhatti,
1987). After insemination, chicken sperm reach and stay in
the SSTs for 1 to 3 days after insemination (Brillard, 1993),
and are then released to fertilize the ovum released the next
day. Ito et al. (2011) reported that progesterone is a sperm-
releasing factor from the SSTs in birds. Therefore, the sperm
stored in SSTs are released by progesterone and are then
fertilized. The fertilized eggs can be collected 2 days after
insemination.

In conclusion, we found that chicks can be obtained for
approximately 3 weeks after insemination due to the reten-
tion of sperm in the SSTs. In repeated insemination, chicks
produced by the sperm from tandem inseminations appeared
simultaneously due to the mixing of sperm in the SSTs. The
majority of obtained chicks were generated by sperm from
the most recent insemination due to the loss of sperm from
the previous insemination in the SSTs. As a result, the rate
of obtained chicks generated by sperm from the following
insemination increased when the interval time between in-
seminations was increased from 5 to 10 days. The day of
appearance of chicks generated by sperm from the most
recent insemination was 1 day after insemination when hens
were inseminated in the early morning.
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