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Summary. Semen from low-fecundity cocks, characterized by relatively
large numbers of spermatozoa with abnormal morphology, poor
motility and sluggish metabolism, fertilized very few eggs when in-
seminated mid-vaginally, but produced moderate fertility when
deposited in the uterus.

The percentage of pre-ovipositally dead embryos was also increased
in eggs fertilized by spermatozoa from low-fecundity cocks when these
were deposited directly in the uterus.

Few spermatozoa from low-fecundity cocks entered and/or survived in
oviducal glands, especially in those of the uterovaginal junction.

INTRODUCTION

Sterility in the male domestic fowl, although common, has not been studied
extensively; its various causes were reviewed by Lorenz (1959). The role of
semen quality in at least some instances of male infertility has been demon¬
strated, but little is known of the mechanisms involved. Shaffner & Andrews
(1948) demonstrated that semen quality was affected adversely by feeding a

goitrogen to cocks but semen quantity was little affected. Fertility following
artificial insemination (a.i.) was significantly correlated with motility, methy-
lene-blue-reduction time (mbrt), and sperm survival at 4° C. Cooper &
Rowell (1958) confirmed the correlations of fertility with motility of sperma¬
tozoa and with their metabolic activity (here measured with resazurin) but
found that the parameter most highly correlated with fertility was the per¬
centage of spermatozoa stainable with eosin; by multiple correlation they
were able to account for 77% of the variation in fertility among their experi¬
mental cocks. Previously, Sampson & Warren (1939) had described semen
from a sterile cock containing large numbers of spermatozoa with abnormal
morphology.

The presence in the Poultry Department flock of a full-sib pair of persis¬
tently infertile males that also proved to have measurable semen quality
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deficiencies, afforded an opportunity to investigate the nature of a case of
male infertility. Several experiments with the semen of these males are de¬
scribed, including observations on the behaviour of spermatozoa in the oviduct
after insemination by various routes.

MATERIAL AND METHODS
The two low-fecundity cocks were S.C. White Leghorns from the production
line; the male chosen as a control was a cock with demonstrated high fecundity.
He was from the same line, as were all the hens used as semen recipients. New
Hampshire cocks were used as control males for the last experiment because the
high-fecundity Leghorn was lost and others were unavailable. All birds had
been maintained in individual cages throughout their productive lives and
remained in these cages during the experiments.
Tests of semen quality in vitro

Semen was collected by the abdominal massage method of Burrows & Quinn
(1937), usually on alternate days. Eight replicated semen quality measure¬
ments were made over a period of 12 weeks, including estimates of motility
(Allen & Champion, 1955), ejaculate volume, spermatozoan density (Carson,
Lorenz & Asmundson, 1955), methylene-blue-reduction time (Beck & Salisbury,
1943), and the numbers of stained and unstained spermatozoa in a smear
from a nigrosin-eosin suspension (the so-called 'live-dead' stain; Blom, 1950).
In these smears the numbers of unstained spermatozoa with abnormal mor¬

phology were counted separately. Following convention, unstained spermatozoa
were recorded as 'alive', and spermatozoa either partially or completely
stained were recorded as 'dead' (Table 1).
Effects on fertility of different methods of insemination of low- and high-fecundity semen

In the three experiments described below inseminations were made according
to availability of semen; each hen was used a maximum of three times and, to
avoid carry-over fertility, was not re-used until after at least five consecutive
infertile eggs had been laid. Mid-vaginal a.i. was performed by the method
of Burrows & Quinn (1937), and intra-uterine a.i. by the method of Bobr,
Lake, Lorenz, Ogasawara & Krzanowska (1965). Semen doses were 0-03 ml
in the first experiment and 0-05 to 0-10 ml in later experiments, with the larger
amounts usually from the low-fecundity cocks (to compensate for the lower
concentration of this semen).

Fertility was determined either by gross observation of blastodisks after
incubation of the eggs for 24 hr, or else unincubated eggs were opened for
examination and all questionable disks were subjected to the Kosin test (Kosin,
1944).

In Experiment 1, semen was introduced by mid-vaginal a.i. and fertility
was determined on incubated eggs. Experiment 2 was suggested by the results
of Allen & Bobr (1955) who had reported that a.i. into the uterus increased
the probability of fertilization with handicapped spermatozoa. Separate
groups of hens received semen, either from the high-fecundity cock or from the
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two low-fecundity cocks, by mid-vaginal or by intra-uterine a.i., and eggs laid
subsequently by parallel subgroups of hens were tested for fertility by the
two methods (above) in order to evaluate the contribution of pre-oviposital
embryonic mortality to the presumptive infertility resulting from the use of
low-fecundity semen.

An examination of the distribution ofspermatozoa in oviduct glands after mid-vaginal and
intra-uterine insemination of high- and low-fecundity semen

The third experiment was performed in an attempt to relate the fertility
patterns produced by semen from these cocks to the capacity of the spermatozoa
to enter and survive in the oviduct glands. Two groups of eight hens each
received semen from the low-fecundity males and two from the high-fecundity
male, one of each by mid-vaginal a.i. and one by intra-uterine a.i. Two hens
from each group were killed for oviduct examination 2, 5, 7 and 12 days after
A.I.

In order to estimate the numbers of spermatozoa in the infundibular glands
(Van Drimmelen, 1946) and in the uterovaginal glands (Bobr, Lorenz &
Ogasawara, 1964a; Bobr, Ogasawara & Lorenz, 1964b) at various intervals
after a.i., a new method of fixation was devised to establish orientation of the
sections examined, thereby simplifying and improving the accuracy of the
microscopic examination. A piece of oviduct, containing at least the anterior
centimetre of vagina and a posterior segment of the uterus, was isolated, slit
longitudinally and laid flat, lumen-side up, on a plastic screen mounted on a

2 x 3 in. frame of glass rod. The tissue was fastened in place with two rubber
bands, and the whole was immersed in Bouin's fixative. Similarly, the entire
infundibulum with a short segment of anterior magnum was slit longitudinally,
fastened to a screen and immersed. After fixation, these tissues were trimmed
and embedded and longitudinal sections 10 µ thick were cut normal to the
lumenal surface. Thus, the entire uterovaginal region was readily spanned on a

single section; since it was difficult to cut sections more than 5 cm long, the
infundibulum was halved before embedding and thus two sections were made
to examine its length. The sections were stained with the modification of
Mallory's trichrome described by Bobr et al. (1964a). Such longitudinal
sections were adopted routinely for oviduct examination here since the prin¬
cipal variations of glandular structure are along the longitudinal axis.

Distributions of spermatozoa were estimated by examining a single section
from each appropriate region (i.e. one from the uterovaginal junction and two,
end to end, spanning the infundibulum) and counting accumulations of
spermatozoa in the glandular lumina. Distributions in uterovaginal glands were

expressed as percentages of glands containing spermatozoa, whereas distri¬
butions in infundibular glands were expressed as numbers containing spermatozoa
in a 10 µ section along the entire length of the infundibulum. Glands capable of
harbouring spermatozoa in the uterovaginal region are present in the coria of
deep folds in a narrowly restricted zone surmounting the sphincter (Bobr et al.,
1964a). A longitudinal section cut through the sphincter contained an average
of sixty-six glands, but the number varied considerably from slide to slide, so
that percentages were required to make the figures comparable. In the
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infundibulum the situation is entirely different. Glands capable of harbouring
spermatozoa are present in a region 2 or 3 cm long, and in much of this region
are closely packed; estimates exceeded a thousand in a single long section.
Thus, only the glands containing spermatozoa were actually counted.

RESULTS
CHARACTERISTICS OF SEMEN FROM LOW- AND HIGH-FECUNDITY COCKS

The 'low-fecundity' males were originally identified through failure of
repeated use of a.i. during routine flock replacement. Examination of
freshly shed ejaculates from both birds proved them to be consistently, though
only moderately, high in eosin-stainable ('dead') and in morphologically
abnormal spermatozoa, and to be low in motility as compared with semen from
a control male of proven high-fecundity (Table 1). Yet all ejaculates contained
over 50% live-normal spermatozoa. The most striking characteristic was slow

Table 1
semen characteristics of low- and high-fecundity cocks

Male Volume
{ml)

Sperma¬
tozoa

(  .   9
per ml)

Characteristics ofstained semen

Live

Normal
(%)

Abnormal
(%)

'Dead'
(%)

MBRT*
{sec)

Motility^
{index)

High-fecundity
Low-fecundity
Low-fecundity

0-44
0-37
0-37

2-8
2-6
1-9

830
66-0
59-0

15-0
180
32-0

2-0
16-0
90

91-8
414-4
232-0

4-7
1-0
1-5

Averages of eight collections over a 12-week period.
* Methylene-blue-reduction time.
f The motility index described by Allen & Champion (1955) varies from 0 = no discernible motility,

to 5 = 80 to 100% of spermatozoa in vigorous progressive movement with extremely rapid eddy
formation.

metabolism, as demonstrated by prolongation of the methylene-blue-reduction
time.

Since the observed semen characteristics were not unlike what might have
resulted from exceptionally rapid spermatozoan deterioration, possibly because
of an unknown substance in the seminal plasma (e.g. a toxin or an antibody),
an initial experiment was designed to test this possibility and at the same time
verify the lack of fertilizing ability of semen from these cocks. Five hens of
proved fertility received 0-03 ml pooled semen mid-vaginally from the low-
fecundity cocks, five received a similar volume from the high-fecundity cock
and five received 0-03 ml of a mixture ofsemen from the three cocks. The semen
was allowed to stand at room temperature for 12 to 14 min before insemination,
to allow any possible toxin in the low-fecundity semen to act on the spermatozoa
from the high-fecundity cock in the mixed semen.

The eggs laid during the subsequent 2 weeks (excluding the first day) were

opened after 24 hr of incubation. As expected, no fertile eggs were found
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among those laid by the hens that received semen from the low-fecundity
cocks (Table 2). Semen from these cocks, when mixed with high-fecundity
semen, did not reduce the fertility obtainable from the latter alone during the
first week; the difference observed during the second week (36-4% versus

50-0%) was well within the range of normal sampling variation but, even if

Table 2
fertility following mid-vaginal inseminations with mixed and unmixed

semen from low- and high-fecundity males

Semen source

Low-fecundity males
High-fecundity male
Mixed

First week

No.,
 

laid

27
24
25

Fertile t

0
83-4
96-0

Second week

No. eggs laid

24
26
22

Fertile eggs
(%)
0

50 0
36-4

Five hens/group; a.i. dose: 0-03 ml semen; all eggs incubated 24 hr before examination.

real, could be accounted for by the smaller numbers of spermatozoa from the
high-fecundity cock in the mixed semen. Thus, under the conditions of this
experiment, the semen from the low-fecundity male had no more apparent
effect on high-fecundity spermatozoa than would an inert diluent.

Table 3
fertility estimations by two test methods following mid-vaginal and intra-
uterine insemination with low- and high-fecundity semen (0-05 to 0-10 ml semen)

Semen source
A.i."
site

FertilityX
test

method

No.
hens

First week

No. eggs
laid

Fertile eggs
(%)

Second week

No. eggs
laid

Fertile eggs
(%)

Low-fecundity males

High-fecundity male

MV
MV
IU
IU

MV
IU
IU

Inc.
Kos.
Inc.
Kos.

Kos.
Inc.
Kos.

13
14
18
13

12
12
11

65
60
54
46

60
60
53

3-1
3-3

130
47-8

98-3
100-0
94-4

56
65
53

51
58
48

0
1-5

20-8

82-3
77-5
83-4

* Mv: mid-vaginal insemination; iu: intra-uterine insemination.
 f Inc. : eggs incubated 24 hr before examination for fertility; Kos. : eggs opened without incubation

and subjected to the Kosin test (Kosin, 1944).

INTRA-UTERINE INSEMINATION OF SEMEN FROM LOW-FECUNDITY COCKS

The results of Experiment 2 are recorded in Table 3. As before, the low-
fecundity semen produced negligible fertility by mid-vaginal a.i., although here,
where semen doses up to 0-10 ml were used, slightly over 3% of the eggs laid
during the first week were classified as fertile. Employment of the Kosin test
uncovered no greater fertility. When low-fecundity semen was deposited
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in the uterus, however, the results were entirely different: 13-0% of eggs laid
the first week, and a single egg laid during the second, were classified as fertile
after incubation. That even these figures were a gross underestimate of the true

fertility was shown by parallel use of the Kosin test: 47-8% and 20-8% fertility
during the first and second weeks. Thus, an appreciable level of fertility was
obtainable with low-fecundity semen by intra-uterine a.i., but a calculated
73% and 93% of the zygotes, respectively, produced during the first and second
weeks, died prior to oviposition.

THE DISTRIBUTION OF SPERMATOZOA FROM LOW- AND HIGH-FECUNDITY COCKS
IN OVIDUCT GLANDS

Whether because of a spontaneous improvement in semen quality or for some
other reason, the fertility obtained from the low-fecundity males was consider¬
ably better in Experiment 3 than in previous experiments. Also the validity of
fertility percentages was reduced by the experimental design, which skewed the
egg distribution towards short intervals after a.i. However, the results were

unquestionably different: approximately 50% and 90% fertility during the
experimental period, respectively, from low- and high-fecundity semen. The
last fertile egg from low-fecundity semen was laid 6 and 9 days after mid-vaginal
and intra-uterine insemination, respectively, while all four birds that received
high-fecundity semen and that were held for the full 12 days laid fertile eggs
on the last day of the experiment. Among the few eggs obtained in this experi¬
ment there were no significant differences in numbers of pre-ovipositally dead
embryos. The distributions of spermatozoa in oviduct glands are summarized
in Table 4.

Semen quality was unquestionably important in filling the uterovaginal
glands; with a single exception, in one bird killed at 7 days, these glands of
birds inseminated with good semen contained spermatozoa, at least a few of
which persisted for the full 12 days, as shown in Table 4; 38% of the glands
containing spermatozoa contained more than ten. In birds inseminated with
poor semen, by contrast, the uterovaginal glands containing spermatozoa were

few, and only 11 % of these had more than ten.
The above figures are probably underestimates, since the technique tended

to prevent counting any spermatozoa more than once and since some tubules
containing spermatozoa were doubtless cut through empty segments. Also,
since it was possible to estimate the numbers of spermatozoa in a tubule only if
relatively few were present, tubules were recorded in Table 4 simply as con¬

taining spermatozoa, whether the number seen was one or many, which resulted
in understating the difference in behaviour of spermatozoa from high- and
low-fecundity semen in respect to the uterovaginal glands.

The patterns of distribution of spermatozoa in infundibular glands were

different. All distributions were sparse, and few glands contained more than
very few spermatozoa regardless of the quality of the semen. Semen quality
was still important, however, and the insemination site was important. Sper¬
matozoa from good semen deposited in the uterus were present regularly in the
infundibulum. When deposited in the vagina they were found in infundibular
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glands in half the birds. Spermatozoa from poor semen deposited in the vagina
were never found in infundibular glands and only three of the eight hens
showed spermatozoa in the glands when the poor semen was deposited in the
uterus.

The strikingly inferior ability of spermatozoa from the low-fecundity semen
to enter and survive in oviduct glands may explain the poor fertility obtained
from its use. Indeed, the data in Table 4 suggest that differences in the ability

Table 4
presence of spermatozoa in oviduct glands following a.i. with low- and

high-fecundity semen

Interval
a.i. to
autopsy
{days)

Low-fecundity semen

Glands with spermatozoa
Utero¬
vaginal
(%)

Infundi¬
bular
{No.)

Fertility
last egg

High-fecundity semen

Glands with spermatozoa
Utero¬
vaginal
(%)

Infundi¬
bular
{No.)

Fertility
last egg

Mid-vaginal 2

5

7

12 23
0

I*
F*

K*
 

I
It
It
It

25
20

24
20

6
48

7
3

2
0

0
104

16
0

39
0

F
F

F
F

F
F

F
K

Intra-uterine 2

5

7

12

5
4

12
1

4
4

3
3

87
0

2
0

17
0

0
0

F
I

K
F

F
It
I
it

50
37

25
24

0
14

4
12

38
89

6
11

50
102

0
0

F
F

Fî
F

F
F

* F, Fertile; I, infertile; K, fertility detectable only by positive Kosin test, i.e. pre-ovipositally dead
embryo.

t Some preceding eggs were fertile.
X All preceding eggs were infertile.

to enter and survive in oviduct glands may be a primary cause of differences in
the fertilizing capacity of spermatozoa from different cocks. Among the
twenty-two hens that were fertile at necropsy, all but one had spermatozoa in
oviduct glands ; by contrast, of the eight hens that laid an infertile egg prior to
necropsy or were killed with one in utero, spermatozoa could be found in only
three hens, and of these, two had only one or two in very few glands. These
observations also support the conclusions of Bobr et al. (1964a) regarding
the relative importance of uterovaginal glands; ten of the fertile hens had
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spermatozoa in uterovaginal glands only, ten had spermatozoa in both regions,
and one had spermatozoa in the infundibulum only. Furthermore, the last laid
a single fertile egg only, following a series of infertiles.

DISCUSSION

Storage of spermatozoa in oviduct glands of hens was first suggested by Tauber
(1875), who described a 'pitted zone' in the infundibulum and spermatozoa
contained in the 'pits' or 'bags'. Van Drimmelen (1946, 1949) provided
detailed descriptions of the infundibular glands, in which he was able to
deposit large numbers of spermatozoa by intraperitoneal a.i. Both authors
speculated that these structures serve to nurture and preserve spermatozoa,
thereby prolonging fertility, but in this laboratory these structures have, more
often than not, been devoid of spermatozoa in hens fertilized by mid-vaginal
a.i.; occasional glands only have been found to contain one, or rarely a few,
spermatozoa. This paradox was resolved by the discovery of the uterovaginal
glands (Bobr, Lorenz & Ogasawara, 1962, 1964a; Fujii, 1963; Fujii & Tamura,
1963), which regularly contain spermatozoa after mating or a.i.

The separate roles of the two groups of glands have not been completely
elucidated, but the results of the present investigation may throw some light
on the problem. Collectively, the results in Tables 3 and 4 suggest that the
uterovaginal glands are selective, so that, together with the junction itself (as
described by Allen & Bobr, 1955, and Allen & Grigg, 1957), abnormal or

handicapped spermatozoa rarely reach the site of fertilization. Few spermatozoa
from the low-fecundity semen entered the uterovaginal glands and, when the
junction had to be traversed, none entered the infundibular glands, although a

very few reached the infundibulum, as demonstrated by the occasional fertile
egg produced. By contrast, when this semen was deposited in the uterus, con¬

siderably larger numbers entered the infundibular glands (as reported previously
for normal semen by Bobr et al., 1964a) and appreciable fertility resulted.
But, although the few fertile eggs obtained from mid-vaginal a.i. were mostly
normal, suggesting that only the few normal spermatozoa in the low-fecundity
semen were stored in the uterovaginal glands and were able to traverse the
junction, a high percentage of preoviposital dead embryos was obtained after
intra-uterine a.i., suggesting that spermatozoa deposited above the junctions
are taken up by the infundibular glands without selection, so that a number of
abnormal spermatozoa are preserved and are able to fertilize eggs.

Thus, apparently, the uterovaginal glands play an important role in the
maintenance of fertility, and the inability of spermatozoa to utilize them is
the basis of certain cases of male infertility. One might speculate that disorders
of the glands themselves may be the basis of certain cases of female infertility,
such, perhaps, as the case described by Grigg & Skaller (1958). A case in point
may be the hen examined 7 days after intra-uterine a.i. with high-fecundity
semen (Table 4) : whether through accident or disorder, no spermatozoa entered
her uterovaginal glands, although a few did reach the infundibular glands.
This hen laid a series of consecutive infertile eggs, but when killed had a fertile
egg in utero.
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