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Summary. Gonadal and extra-gonadal sperm reserves were deter¬
mined for nine 36-month-old Holstein bulls 23 weeks after unilateral
vasectomy. The postoperative treatment groups, of three bulls each,
were subjected to the following regimen: sexual rest, two ejaculates
per week, and eight ejaculates per week for the last 20 weeks before
slaughter. The correlation between gonadal reserves and testis weight
was highly significant, +0-70. Gonadal reserves averaged 15-2 ±
0-8  109 and were not affected by either unilateral vasectomy or

pre-slaughter ejaculation frequency. Sperm reserves in the caput and
corpus epididymis also were unaffected by treatments. Sperm reserves
in the cauda epididymis on the intact side were similar in the sexually-
rested and twice-weekly-ejaculated bulls. In bulls ejaculated eight
times weekly, the cauda on the intact side contained 24% fewer sperma¬
tozoa just prior to ejaculation than if the bulls had been sexually rested.
In eight of the nine bulls, sperm reserves in the cauda epididymis on

the vasectomized side averaged 22-0  IO9 spermatozoa as compared
to 11-4  109 in the contralateral cauda; an average of 17-8  IO9
spermatozoa accumulated in the ductus deferens just proximal to the
site of vasectomy. In the other bull, the cauda epididymis on the
vasectomized side contained 77-4  109 spermatozoa but there was

no accumulation in the ductus deferens. After 23 weeks, some spermat¬
ozoa were found distal to the site of ligation in all nine bulls.

There appears to be a reciprocal relationship between sperm ré¬

sorption and the total number ofspermatozoa removed by collection and
masturbation. The apparent rate of sperm résorption in the epididymis
on the intact side of three bulls collected eight times weekly was 57%.
In the vasectomized sides of nine bulls, it was greater than 96%. The
rate of sperm résorption was postulated to be dependent upon the
number of spermatozoa present in the cauda epididymis.

* Authorized for publication on 19th June 1961, as Paper No. 2569 in the journal series of the
Pennsylvania Agricultural Experiment Station.

t A portion of the data contained in this paper is from a thesis submitted by the senior author
to the Graduate School of The Pennsylvania State University in partial fulfillment of the requirements
for the degree of Doctor of Philosophy.
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Reproductive capacity of dairy bulls VI 261
INTRODUCTION

The recent report by Almquist & Amann (1961) showed that the extra-

gonadal sperm reserves (egr) of mature bulls averaged 73  IO9. In sexually
rested bulls, about 54% of these spermatozoa were in the cauda epididymis.
These workers found that sperm reserves were altered by ejaculation. In mature
bulls, regular collection at six or seven ejaculates per week resulted in a 25%
reduction of the sperm content of the cauda epididymis just prior to ejaculation.
Following a twenty-ejaculate depletion of previously sexually rested bulls the
total egr was reduced by 53%. The effect of vasectomy on egr is unknown.
Literature on egr was reviewed by Almquist & Amann (1961).

Simeone & Young (1931) discussed the various means by which non-

ejaculated spermatozoa might be eliminated. They concluded that death,
liquefaction, and résorption of guinea-pig spermatozoa occurred primarily
in the ductus deferens. Since then, many workers have suggested that sperma¬
tozoa are resorbed in the ductus deferens or epididymis (Bayle & Gouygou,
1951; Glover, 1959, 1960; Grant, 1958; Kennelly, 1960; Macmillan, 1954;
Reid & Cleland, 1957). Neither the magnitude of sperm résorption nor its
relation to sperm production and epididymal reserves has been elucidated. For
bulls, Amann (1962) recently demonstrated that sexual rest, collection of
semen at low or high frequencies, and unilateral vasectomy did not affect
spermatogenesis. Consequently, non-ejaculated spermatozoa must be removed
from the reproductive system by masturbation, passage in the urine, or ré¬

sorption in the excurrent ducts. In vasectomized bulls, only the latter mode
could be operative. Thus, in such bulls, the egr at slaughter should equal the
total number of spermatozoa produced postoperatively less any spermatozoa
resorbed proximal to the site of ligation.

The data in this report are from the same bulls used by Amann (1962)
for quantitative studies on spermatogenesis. The daily sperm output and semen
characteristics before and after unilateral vasectomy of these bulls were

reported by Amann & Almquist (1961b). The present report concerns egr
and sperm résorption in vasectomized bulls collected at various ejaculation
frequencies.

MATERIALS AND METHODS
Gonadal and extra-gonadal sperm reserves of nine unilaterally vasectomized
Holstein bulls were determined 23 weeks after surgery with the technique of
Amann & Almquist (1961a). The pre- and postoperative treatment of these
bulls has been described (Amann, 1962; Amann & Almquist, 1961b). In
brief, they were collected at six ejaculates per week (6x) for 5 weeks before
surgery. At the time of vasectomy, about 1 cm of ductus deferens was removed
and both exposed ends were ligated with nylon suture material. The site of
vasectomy was about 25 cm from the cauda epididymis-ductus deferens
junction. Following a 3-week recuperation, the bulls were placed in one of three
treatment groups. Three bulls were sexually rested (sr), two for 23 weeks and
one for 11 weeks prior to slaughter. Three bulls were ejaculated twice per week
(2 x ) and three were ejaculated eight times per week (8  ). During this 20-week
experimental collection period, daily sperm output averaged 1-43 X 109
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262 R. P. Amann andj. 0. Almquist
for 2x bulls and 2-17 X IO9 for 8x bulls (Amann & Almquist, 96lb). One
ejaculate was collected from the 2 X bulls and two ejaculates from the 8  
bulls about 60 to 90 min before slaughter.

RESULTS AND INTERPRETATION
At slaughter, the testis on the intact side of the reproductive system was

heavier in five bulls, but the difference for all nine bulls averaged only 7 g. The
largest difference in testicular weight was 15% for an sr bull. Although all
nine bulls were similar in age (36 months), testis weight ranged from 250 to
356 g. Paired-testes weight also was not significantly correlated with body
weight. Certain gross changes in the excurrent ducts were evident. The testes
and epididymides from a typical bull (on 2 X ) are shown in PI. 1, Figs. 1 and 2;
the cauda epididymis was slightly enlarged. A marked dilation of the ductus
deferens just proximal to the site of vasectomy, accompanied by proliferation
of connective tissue, was found in seven of the nine bulls. This area contained
large numbers of spermatozoa. Of the other two bulls, one (Bull 169 on 8x)
had a very large cauda epididymis (PL 1, Fig. 3), but no accumulation of
spermatozoa at the site of vasectomy. The other bull (on 2 x ) had only a small
sperm accumulation near the ligation, although there appeared to be an

accumulation of spermatozoa in the ductus deferens near its junction with
the cauda epididymis (PI. 1, Fig. 4). The epididymides on the vasectomized
side averaged 10-7 g heavier (37%) than those on the intact side (Table 1).
With the exception of Bull 169 (see above), this difference ranged from 0-5
to 13-3 g. In Bull 169, the epididymis on the vasectomized side weighed 64-0 g
as compared to 26-4 g on the intact side.

Individual testis sperm counts ranged from 9-4 to 19-6 X 109 (Table 1)
and were highly significantly correlated to testis weight (+0-70). The sixteen
testes (counts were not made for one sr bull) averaged 15-2 ± 0-8  109
spermatozoa or 52-1 ±2 x 10e spermatozoa per gramme of testis. Testes
of 8x bulls averaged 5-7  106 spermatozoa per gramme less than those of sr

and 2x bulls. However, based on testis sperm counts it appeared that ejacula¬
tion frequency and unilateral vasectomy did not affect spermatogenesis. This
conclusion was verified by histological studies (Amann, 1962).

The total egr on the vasectomized sides averaged 55-5  IO9 as contrasted
to 23-5  109 for the intact sides. Regardless of ejaculation frequency and
vasectomy, the numbers of spermatozoa in the caput (7-1 ±0-5  IO9) and in
the corpus (1-6 ± 0-2  109) of the eighteen epididymides were similar.
On the vasectomized side, however, the cauda epididymis in sr bulls contained
an average of 28-1 X 109 spermatozoa; about twice as many as in the contra-
lateral cauda. The magnitude of this build-up varied greatly among the nine
bulls. In one bull, there was a difference ofonly 0-8  IO9 spermatozoa between
the two cauda whereas in Bull 169 this difference was 68-8  IO9 spermatozoa.
When the latter bull was excluded, the eight cauda on the intact and vasec¬

tomized sides averaged 11-4 and 22  IO9 spermatozoa.
Disregarding Bull 169, which showed no accumulation of spermatozoa, the

number of spermatozoa just proximal to the site of vasectomy ranged from
5-4 to 42-7 X 109. Eight bulls averaged 17-8 ± 4-3  109 spermatozoa. The
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PLATE 1

Testes and epididymides of bulls slaughtered 23 weeks after unilateral vasectomy.
Fig. 1. Typical enlargement of ductus deferens (left) at the site of vasectomy associated
with sperm accumulation ( X ¿).
Fig. 2. Epididymides shown in Fig. 1 after dissection from the testes. Indicated are:

A, the site of vasectomy, A to B, accumulation of spermatozoa at the site of vasectomy
(X».
Fig. 3. Epididymides from Bull 169 showing enlarged cauda epididymis on the vasectom¬
ized side (right). Note absence of enlargement at the site of vasectomy (xi).
Fig. 4. Epididymides from a bull with essentially no enlargement of the ductus deferens
at the site of vasectomy (A to B). There was some enlargement associated with accumula¬
tion of spermatozoa in the proximal ductus deferens (C) ( X ¿).

[facing p. 262
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Reproductive capacity of dairy bulls VI 263
number of spermatozoa in this area was not correlated with the sperm content
of the cauda epididymis. Gross examination suggested that shortly after
vasectomy spermatozoa had accumulated at the proximal ligation forming a

spermatocoele which eventually was encapsulated with connective tissue. It
was impossible to ascertain if rupture of the ductus deferens and extravasation
of spermatozoa occurred. At the time of slaughter, spermatozoa isolated in this
region varied from a slightly viscous, normal sperm suspension to a firm
rubbery mass. The spermatozoa could be dispersed readily in 0-9% sodium-
chloride solution.

Table 1
sperm reserves 23 weeks after unilateral vasectomy

Portion of tract

Age at slaughter
(months)

Body weight (lb)
Testis

Weight (g)
Total spermatozoa
Spermatozoa/

gramme (  IO6)
Epididymis

Weight (g)
Caput
Corpus
Cauda
Total

SRfor
23 weeks

Intact

34
1,780

307
16-2*

53-2*

30-7
81
1-3

14-8
24-2

Vased.

296
16-8*

57-5*

36-5
7-3
1-9

28-1
37-2

2x for
last 20 weeks

Intact Vased.

35
1,810

287
15-6

53-6

27-6
7-1
1-3

10-8
19-2

286
15-6

53-6

36-6
6-5
11

20-4
28-0

8  for
last 20 weeks

Intact

36
1,850

294
14-5

49-4

28-4
7-0
2-6
7-8

17-4

Vased.
Average

Intact

35
1,810

286
13-6

47-7

45-5
6-8
1-3

36-Ot
44-1

296
15-3

51-9

28-9
7-4
1-7

11-1
20-3

Vased.

289
15-1

52-4

39-6
6-9
1-4

28-2
36-5

Ductus deferens
Proximal 25 cm
At site of vasect.
Distal
Total 0-4

30
12-6
002

15-6 0-3

4-1
24-4
001

28-6 0-3

1-9
10-3f
001

12-2 0-4

30
15-8
0-01

18-8

Ampulla
Ejaculated pre-

slaughter
Total extra-gonadal

0-8

none
25-4

0-2

53-1

0-6

2-9
23-1

0-4

57-0

1-3

3-2
22-2

01

56-4

0-9

2-0
23-5

0-3

Each value is the average number of spermatozoa  IO9 per side for three bulls.
* Average for two testes.
t One of the three bulls in this group had essentially no accumulation of sperm at site of vasectomy,
but had a larger accumulation of sperm in the cauda epididymis.

Necroscopy confirmed that it was impossible for the spermatozoa found
distal to the ligations to have come from the proximal ductus deferens. There¬
fore, an average of 10  IO6 spermatozoa in the distal portion of the ductus
deferens (about 60 cm) and 252  106 spermatozoa in the ampulla remained
after 23 weeks. Although unlikely, some of these spermatozoa may have been
forced back from the intact side of the tract via the pelvic urethra.

The egr of the intact sides appeared to be inversely related to ejaculation
frequency. However, the differences were small and individual values ranged
from 13-2 to 31-2  109 spermatozoa. The cauda epididymis on the intact
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264 R. P. Amann and J. 0. Almquist
side of the sr, 2x and 8x bulls contained an average of 14-8, 10-8 and 7-8  
IO9 spermatozoa, respectively. These values represent the low point in the
cyclic partial depletion of the cauda epididymis for 2 X and 8 X bulls that were

ejaculated before slaughter (Amann & Almquist, 1961b). Summation of the
number of spermatozoa contained in the ejaculated semen and the ampulla,
ductus deferens, and cauda epididymis should give an accurate estimate of the
high point in the cyclic pattern of sperm numbers in the distal part of the
excurrent ducts of ejaculated bulls. Calculated in this manner, the respective
values for the sr, 2 X and8x bulls were 16-0, 14-6 and 12-6  IO9 spermatozoa.
These values suggest a decrease of 22% in 8  bulls and 9% in 2 x bulls as

compared with the sr bulls.
Bull variation also must be considered for an accurate evaluation of the

effect of ejaculation frequency on the number of spermatozoa in the distal
portion of the excurrent duct. This correction can be accomplished by using
the number of spermatozoa in the caput and corpus epididymis as a base for
calculating the relative distribution in the remainder of the tract. The com¬

bined number of spermatozoa in the caput and corpus epididymis from the
intact side averaged 9-4, 8-4 and 9-6  IO9 for the sr, 2x and 8x bulls, res¬

pectively. The correction was made for each bull by dividing the total number
of spermatozoa in the caput and corpus epididymis into the total number of
spermatozoa contained in the cauda epididymis, ductus deferens, ampulla,
and ejaculated semen. For the sr, 2 X and 8 X bulls, the values obtained averaged
170, 174 and 131%, respectively. This indicates that there was a reduction
of 24% or 4-1  IO9 spermatozoa in the distal part of the excurrent duct
system of 8  bulls just prior to ejaculation as compared with its content if these
bulls had been sexually rested. Most of this difference was associated with a

reduction in the sperm content of the cauda epididymis (Table 1). Collection
at 2 X had no effect on the sperm content of the cauda epididymis.

DISCUSSION
The relative distribution of the extra-gonadal sperm reserves (egr) on the
intact sides of these 36-month-old bulls was similar to values previously re¬

ported (Almquist & Amann, 1961 ; Ortavant, 1959). In mature bulls, collection
of six to eight ejaculates weekly reduced the sperm content of the cauda
epididymis just prior to ejaculation by 25% (Almquist & Amann, 1961).
The present data for young bulls confirm this finding. They also show that
collection of one ejaculate each Monday and Friday (2 X ) does not alter sperm
numbers in the cauda epididymis prior to ejaculation as compared with its
content had the bulls been sexually rested. Ejaculation frequencies of 0, 2 X

and 8  per week did not affect the sperm content of the caput and corpus
epididymis. Thus, ejaculated spermatozoa probably do not come directly from
these latter areas.

Gonadal sperm reserves represent about 3-27 days' production of sperma¬
tozoa by a bull (Amann, 1961a). With the average of the two values calculated
for each testis from the sperm-count data and from histological data (Amann,
1962), it was estimated that the testicular production for the nine bulls in
the present study averaged 10-5  IO9 spermatozoa per day (Amann, 1961a).
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Reproductive capacity of dairy bulls VI 265

During pre-operative collection at 6 X, the daily sperm output for eight of the
nine bulls (one was not collected before vasectomy) averaged 4-85  109
(Amann & Almquist, 1961b). Thus, only 43% of the testicular production was
collected at this frequency. Limited data suggest that even by collection
of one, two or ten ejaculates daily, only about 50% of the testicular sperm
production can be collected (Amann, 1961a; Hale & Almquist, 1960). Since
relatively few spermatozoa appear to be lost in the urine (Koefoed-Johnsen,
1958; Simeone & Young, 1931), the remaining spermatozoa must be lost
during the collection process, eliminated by masturbation, or resorbed in
the excurrent ducts.

In the vasectomized side of the reproductive system, elimination of sperma¬
tozoa could occur only by résorption. During the 23 weeks between vasectomy
and slaughter, the testis on the vasectomized side produced approximately
845  109 spermatozoa. Only 55 X 109 spermatozoa were found proximal to
the ligation at the time of slaughter. Since about 25  IO9 of these spermatozoa
were present at the time of vasectomy, more than 96% of the spermatozoa
produced disappeared proximal to the ligation. Thus, depending upon col¬
lection frequency, it appears that between 50 and 100% of the spermatozoa
produced by the testes are resorbed in the excurrent ducts.

Data for the three unilaterally vasectomized bulls collected at 8  also suggest
a variable rate of sperm résorption. During the first week on 8  a total of 28-5
 109 spermatozoa were obtained. The next 19 weeks, an average of only
15-2  109 spermatozoa per week was collected. Part of this difference of 13-3
 109 spermatozoa can be attributed to spermatozoa from the egr. However,
the total reserves in the cauda epididymis at sexual rest were 14 to 15 X 109
spermatozoa. At slaughter (after ejaculation of 3-2  109 spermatozoa), the
cauda still contained 7-8  IO9 spermatozoa. Thus, although they initially
came from the cauda epididymis, it is apparent that most of these 13-3 X 109
spermatozoa were replaced by spermatozoa in excess to those ejaculated. Since
the daily sperm-production rate was not affected by ejaculation frequency
(Amann, 1962), it must be concluded that the rate of sperm résorption was

decreased during the first 8 to 10 days on 8 x.
For mature bulls with a testicular production of about 13  IO9 sperma¬

tozoa daily, Almquist & Amann (1961) found that 38  IO9 spermatozoa or

53% of the egr was removed in a twenty-ejaculate depletion trial. If sperm
résorption does not occur it should take about 3 days at sexual rest following
depletion to restore the egr to 73 X 109. However, replenishment requires
about 7 days (Boyd & VanDemark, 1957; Hale & Almquist, 1960). Apparently
a little less than 50% of the testicular sperm production contributes to restora¬
tion of egr. It is postulated that, following depletion, the net rate of replenish¬
ment of the egr (during sexual rest) is curvilinear. Because the rate of sperm
résorption apparently varies with the egr, the net increase in egr should be
greater the first 2 or 3 days on sexual rest following depletion than on sub¬
sequent days.

Simeone & Young (1931) suggested that résorption of non-ejaculated
guinea-pig spermatozoa occurred in the ductus deferens. The present data
suggests that the ductus deferens (exclusive of the ampulla) is not a major
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266 R. P. Amann and J. 0. Almquist
site of sperm résorption in bulls. Spermatozoa were found distal to the site of
vasectomy in all nine bulls. Although few in number, it is unlikely that these
spermatozoa would have remained 23 weeks in an area of active sperm dis¬
solution. Additional evidence is provided by unpublished data from this
Station for one ram and four bulls in which the entire length of one ductus
deferens was isolated in situ without disturbing the vascular network. At
slaughter 3 to 12 weeks later, counts showed no decrease in the sperm content
when compared with the contralateral ductus deferens. In two other rams,
there was a 50% decrease in sperm numbers but the vascular supply to the
ductus deferens may have been disturbed.

It is obvious that large numbers of spermatozoa are resorbed in the epididy¬
mis. However, studies by Glover (1959, 1960), Kirillov & Morozov (1936), and
Macmillan (1954) showed that following isolation of portions of the epididymis
the résorption of spermatozoa is not complete even after many weeks. Un¬
fortunately, these investigations were not quantitative. Preliminary data have
been obtained at this Station on sperm résorption in the corpus and cauda
epididymis after isolation of these areas by ligature or electrocautery. The
number of spermatozoa (based on post-slaughter counts) was reduced about
50% in the corpus and 50 to 75% in the cauda epididymis 3 to 12 weeks after
isolation. The sperm content of the caput epididymis increased up to 400%.
Based on testis sperm counts, even this increase represented only a small
fraction of the spermatozoa apparently produced. Although the caput epididy¬
mis appears capable of resorbing almost all of the testicular production under
certain conditions, it is unlikely that this is the major site of sperm résorption in
intact bulls.

The observation of peristaltic contractions of the caput and corpus epididy¬
mis (Risley, personal communication, 1959; Risley, 1960; Cross, 1959) and
data on the morphology ofspermatozoa in the epididymis (Almquist & Amann,
1962) suggest that spermatozoa are continually moving into the cauda epididy¬
mis. Thus, all of the sperm production is not resorbed in the caput and corpus.
For rats, Macmillan (1954) concluded that spermatozoa from the corpus
passed into the cauda epididymis where they were slowly resorbed.

The available data indicate that the cauda (and perhaps the corpus) epididy¬
mis is the major site of physiological sperm résorption. The mode of sperm
résorption in the epididymis remains unknown. The absence of partially
degenerate (other than tailless) spermatozoa in the excurrent ducts indicates
that disappearance of individual spermatozoa is very rapid. However, since the
overall rate of sperm résorption is variable and appears to be rather slow in the
isolated corpus or cauda epididymis, the rate of sperm résorption apparently
is directly related to the number of spermatozoa in the epididymis. If dis¬
appearance of spermatozoa resulted from an intrinsic factor or a substance
liberated into the tubule lumen, it is unlikely that the rate of sperm résorption
would vary in this manner.

Recognition of the high and variable rate of sperm résorption in the epididy¬
mis leads to consideration of the epididymis as a physiologically dynamic
organ even in its sperm-storage function. Although partially theoretical,
the kinetics of sperm production, storage, and résorption in mature bulls are
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illustrated in Text-fig. 1. Daily sperm production (Amann, 1961a), daily
sperm output at high ejaculation frequencies (Hale & Almquist, 1960),
and sperm reserves in the cauda epididymis at sexual rest and after high
frequency collection (Almquist & Amann, 1961) have been reported. Sperm
reserves in the cauda epididymis during the preliminary stabilization period
were extrapolated from known values while sperm-resorption values were
determined essentially by difference. Daily sperm production (13  IO9
constant. The high daily sperm output during the first 2 or 3 days of twice-
daily collection results in a drastic reduction in caudal sperm reserves and an

accompanying decrease in the rate of sperm résorption. For simplicity, sperm

as

^-Output f
Resorption

h-;
 

SR-
25

Text-fig. 1. Theoretical relationships among testicular sperm production, sperm
output, sperm résorption in the cauda epididymis, and sperm reserves in the cauda
epididymis during sexual rest (sr) and collection of two ejaculates (with three false
mounts prior to ejaculation) per day.

résorption has been depicted as occurring entirely in the cauda epididymis.
As sperm reserves in the cauda epididymis diminish, fewer spermatozoa are
available for ejaculation even though there is a partial restoration of reserves

during the 24 hr between twice-daily collections. Thus, daily sperm output
decreases. After 3 or 4 days, the rate of résorption has decreased to a point
where the total number of spermatozoa removed by résorption and ejaculation
is less than the 13 X 109 daily production. This leads to a gradual replenishment
of the caudal reserves. Since egr and sperm résorption appear to be directly
related, the increase in caudal reserves results in an increase in the rate of
sperm résorption. After 8 to 10 days, the rates of sperm production, sperm
résorption, and sperm output have become stabilized; caudal sperm reserves
are established at a new equilibrium level. This new equilibrium level of caudal
reserves is about 25% below the value at sexual rest. Following cessation of
twice-daily collections, the egr rapidly increases and the rate of sperm ré¬

sorption increases. After stabilization at sexual rest, essentially the entire
testicular sperm production is removed by résorption. Unfortunately, many
details of this working hypothesis must await verification.
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