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The quantity and quality of ejaculate of the cock is primarily influenced by the sper-
matogenetic activity of testes or the volume and density of the semen ejaculated from the
vas deferens (the semen is called vas deferens semen in following sentence). However,
it must be born in mind that the quantity and quality are secondarily influenced by the
amount of the “transparent fluid” added to the vas deferens semen, since the ejaculate of
the cock is the mixture of both the vas deferens semen and transparent fluid®,

1. Relation between the amount of the transparent fluid ejected and the quantity and
quality of ejaculate.

The accessory reproductive fluid or the so-called transparent fluid is of blood origin,
and it contains aldose, presumably blood glucose, at approximately the same level as blood
serum®. The vas deferens semen lacks the aldose and has a lower pH than the trans-
parent fluid®. Hence, if a larger volume of the transparent fluid is ejected, the ejaculate
will increase in volume, pH, and glucose content, and decrease in density, if it is assum-
ed that the volume and density of the semen ejected from the vasa deferentia are con-
stant. On the other hand, in the case where the volume of the transparent fluid ejected
is constant, more ejection of the vas deferens semen will result in a larger volume of eja-
culate, higher sperm concentration, lower level of glucose, and a pH close to neutrality.

In brief, the quantity and quality of ejaculate are influenced by three variables ; the
amount of the transparent fluid ejected, the quality and quantity of the semen ejaculated
from the vas deferens. For example, assuming that the density of the vas deferens semen
is 8 millions, the quality and quantity of ejaculate have to change in accordance with the
amounts of the transparent fluid and the vas deferens semen ejected, as shown in Table 1.

Thus, volume, density, and glucose level of ejaculate are expressed as follows ;

Vc = Vv + Vc
 DyxVy

D=y iy,
2y,

Ge= 7y,

where
V.=Volume of ejaculate in ml.
Vy=Volume of semen ejected from the vas deferens in ml.
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V,—~Volume of transparent fluid ejected in ml.

D.=Density of ejaculate, in number of sperm per cubic millimeter.

D, Density of semen ejected from the vasa deferentia in number of sperm per cubic
millimeter.

G --Glucose level of ejaculate in mg. per ml.

In this formula, the glucose content of transparent fluid is assumed as 2 mg. per ml,

because the aldose reaction of transparent fluid is similar to blood serum (score 3)® and
the level of glucose in blood serum is considered as about 2 mg.” To be exact, it is “glu-
cose content in mg. per ml. of the transparent fluid” in place of 2.

The example and the formula help clarify why the ejaculates have a tendency to be-
come more dilute, when large amounts of semen are ejaculated, although a larger ejaculate
is not necessarily a dilute semen®, They also help explain the tendency for a dilute semen
to be higher in pH and glucose content?.

It has been reported by some authors®:#*>&7 that when successive collections were
performed, the density of ejaculate tended to decrease with succeeding ejaculations. The
cause of this tendency is presumably the increase in proportion of the transparent fluid in
the succeeding ejaculates. Because, according to Nishiyama (1955)®, the amount of the
vas deferens semen ejected was very large at Ist ejaculation and thereafter underwent mark-
ed reduction, while the amount of transparent fluid suffered a little reduction even if the
semen collections were successively performed. Hence, the proportion of the transparent
fluid increased with succeeding ejaculations.

This assumption may also account for the tendencies for glucose level to be higher in
the succeeding ejaculates®, and for the pH of semen to increase with the frequency of
collection®?, since the increase in proportion of the transparent fluid is accompanied by
an increase of pH and glucose content of the ejaculate.

2. Differences in volume and density among the semens ejaculated during natural copu-
lation, abdominal massage and electrical stimulation.

Nishiyama (1955)® summarized the mechanism of ejection of the transparent fluid as
follows : When the cock is sexually excited, lymph is generated in the tissue of the vas-
cular body and flows into the lymph-folds and copulatory organ through the lymph sinu-
ses, causing erection of the copulatory organ and temporary swelling of the lymph-folds.
The lymph is in turn expelled from the lymph-folds and this expelled lymph composes the
main part of the transparent fluid or the accessory reproductive fluid which is added to
the semen ejaculated from the vasa deferentia. When ejaclation is completed, the lymph
remaining in the copulatory organ and lymph-folds returns through the same passages to
the vascular bodies and finally runs into the lymphatic vessels. The copulatory organ,
then, retracts to its original condition and the ejection of the transparent fluid ceases.
Hence, the ejection of the transparent fluid is always accompanied with the erection of

% Glucose level of blood serum was reviewed by Sturkie (1954)® as 2.8 mg. (Horvath) and 1.7 mg,
(Hermann) per 1 ml. of serum. For convenience, it was assumed arbitrarily that gulcose level of

serum was 2 mg. per ml.
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the copulatory organ and lasts as long as the erection continues. The intensity of the
ejection of transparent fluid or its amount which will be ejected in a unit of time, may
be proportional to the degree of pressure of lymph in the lymph sinuses of the copulatory
organ and lymph-folds, i. e., to the degree of erection.

In the massage method, both sides of cloaca are pressed for milking the semen con-
tained in the ampulla ductus deferentis. By this milking process, the vascular bodies are
also pressed automatically, because the ampulla ductus deferentis adjoins inside the vascular
body (Fig. 1). When the vascular bodies are pressed by the milking process, the lymph
generated in them by sexual excitement will be forced into the copulatory organ and lymph-
folds, resulting in higher pressure of lymph in these organs, so a greater erection and more
rapid ejection of the transparent fluid are caused. Besides, the pressure on the vascular
bodies by the milking process may block the return of lymph at retraction in some degree,
persisting the erection and ejection of the transparent fluid longer. Consequently, it may
be said that the milking process used in the massage method increases the degree and dura-
tion of erection of the copulatory organ and also increases the volume of the transparent
fluid ejected. On the other hand, the milking process may also increase the amount of
the semen ejected from the vasa deferentia, since the semen stored in the ampulla ductus
deferentis are milked out by this process. Thus, a larger amount of moderate density
semen may be obtained by the massage method.

Fig. 1. Diagram to illustratc the ejection of the transparent fluid and vas deferens sc-
men. ¢, cloaca; g, vascular body; 1, swelled lymph-fold which is ejecting the
transparent fluid ; p, erected copulatory organ; v, ampulla ductus deferentis; 1,
+ ., denotes the ejection of the transparent fluid and vas deferens semen.

(From Nishiyama 1955, modified)

Successive collections were often performed in the massage method and the total
amount of the semen obtained is regarded as an ejaculate of a cock. In this case, a very
large amount of low density semen may be obtained as reported by Nishiyama (1955)™)]
since the density of ejaculate tends to decrease with succeeding ejaculations as described
before. Sexually active cocks can eject the transparent fluid 4 to 10 times or more in
succession”, so the quality and quantity of the semen obtained will be strongly influenced
by the number of collections.

The collection of semen without milking"” or with only slight milking®"'® may result
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in a lower degree and instantaneous erection and ejection of a smaller amount of the trans-
parent fluid. Hence, a small amount of dense semen may be obtained.

Under natural copulation, there is no milking process but sexual excitement may be
greater than abdominal massage, then the semen ejaculated by natural copulation or obtain-
ed with a semen collector may be similar to that obtained by the massage method, but
the volume may be smaller.

The semen collected by electrical stimulation will be affected by the number of stimu-
lations, since the vas deferens semen was ejected only in the first twice or thrice stimula-
tions and the transparent fluid could be ejected 10 times or more by successive electrical
stimulations®,

Thus, the volume and density of ejaculates differ with the different methods of semen
collection, and a similar evidence has also been recognized in animals. For example, the
quantity of the semen obtained by electrical stimulation from a bull is much greater than
that obtained with an artificial vagina, but the density is usually reduced!,

The above mentioned facts are a genenal tendency, but in all of collection methods,
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Fig. 2. Scatter diagram of mean volumes of semen. (Numbers refer to authors in the
list of references) M- Massage. MN- Massage, no milking. S- Semen collector.
V- Total volume of semen contained in the vas deferens. (10, 16, 17, 18, 19, 22,
25, 26, 27, 30, 31---the average of data).
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Fig. 3. Scatter diagram of mean densities of semen (Numbers refer to authors in the

list of references). M- Massage. MN- Massage, no milking. S- Semen collec-
tor. V- Vas deferens semen. (10, 18, 19, 25, 26, 31..-the average of data)

there are great variations in volumes of the transparent fluid and the vas deferens semen
ejected, hence, in the quality and quantity of the semen obtained, among individuals and
collections in the same individual. Some birds will eject large amount of wvas deferens
semen and others eject only small. A very excitable bird responds easily by a slight sti-
mulation and generates larger amounts of lymph in vascular bodies, hence will result in a
high and easy erection and ejection of a larger amount of the transparent fluid. Nishiyama
(1955) and Nishiyama and Fujishima (1961)® found such a variation during massage
and natural copulation. It has been also recognized that the volume and density of ejacu-
late differ with different breeds, lines and seasons.

The average volumes and densities of the semens reported by several authors are
shown in Figs. 2, 3 and Table 2. From these figures and the table, one can see the gene-
ral tendency and great variation. One cause of extreme variation in volume and density
of the semen obtained by abdominal massage may be due to the number of collections suc-
cessively performed,
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Table 2. Average volume and density of semen obtained by simple average of data
diagrammatized in Figs. 2 and 3.

. Volume per ejaculate : Sperm per mms3
Method of collection (ml) | (million)
Massage 0.59 | 2.63
Massage, no milking | 0.31 ; 5.14
Semen collector ! 0.32 | 2.34
(Vas deferens semen) ‘ 0.57 8.00

3. The proportion of the transparent fluid in an ejaculate.

Nishiyama (1955)% reported that the ejaculated semen obtained by the massage method
(four or more successive collections), contained 14 to 78 per cent transparent fluid, and
Takeda (1959)32 stated that the vas deferens semen was diluted with the transparent fluid
about 10-fold in the successively collected semen. It was also presumed that the semen
ejaculated during natural copulation contained the transparent fluid about 66 per cent on
the average®.

Calculating the proportion of the transparent fluid in ejaculates from the data of Mann
(1954)@ who reported the glucose level of ejaculates as 7.7 to 81 mg. per 100 ml., it may
be presumed to be 4 to 50 per cent. Because, no detectable amount of aldose was present
in the vas deferens semen and the aldose level of the transparent fluid was assumed to be
about 200 mg. per 100 ml. as described previously.

From these reporis and the difference between the densities of ejaculate and vas de-
ferens semen (Table 2), it is considered that the vas deferens semen may be diluted with
the transparent fluid 2- to 3-fold, in an ordinary cock’s semen of about 3 millions in den-
sity.

4. Semen suitable for use in artificial insemination.

It is well known that the accessory reproductive fluid of animals has an adverse effect
on the survival of spermatozoa when the fluid is added too much and the spermatozoa in
the dilute semen have the shorter survival time than those in the dense semen. In some
cases, separate collection of dense semen part in an ejaculation or removal of the accessory
reproductive fluid by centrifugation is resorted to. The same may be true for cock’s semen.
When adequate amounts of the transparent fiuid are added to the semen from the vas de-
ferens, the fluid may exert favorable effects, such as increasing the volume, activating the
sperm and supplying a nutrient (glucose) to the sperm. On the other hand, if added too
much, the fluid exerts deleterious effects such as severe clumping of sperm and shortening
of sperm longevity®, Hence, more dense semen may be suitable for artificial insemina-
tion and especially for semen storage.

Acknowledgement: The author wishes to express his sincere gratitudes to Dr. H. S. Weiss
of Rutgers University, for reading the original manuscript.
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