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INTRODUCTION

The number of cows enrolled in artificial breeding
associations anproached the three million mark in 1949 which
indicates that one cow in nine in the United States probably
will be bred artificially in 1950, Compared with January,
1939, this is an increase of 372,322 or 576.3 percent in num-
ber of herds snd 2,819,991 or 2,651.6 percent in number of
cows. '

This rethod of mass imnrovement for dairy cattle has di-
rected attention toward the many factors affecting fertility.
Fundarental resesrch on artificial insemination procedures
end their practical avpliceations have increased the average
number of cows served by esch bull in the associations.

In artificial breeding, extending the use of older bulls
with creditable breeding records has increased the averége
service age and made it imperative that managexent practices
be evolved which will orolong the useful life of desirable
sires.

Up to the present, increased dilution rates probably
have contributed most to the wide spread use of good sires,
Thile the exverience of those concerned with the reproduc-
tive efficiency of bulls sugyests that exercise is beneficial
to their breeding abilities and fertility, the reports in the
literature give only lirmited quantitative data on the guan-
tity and quality of seren ond on fertility.

Various investigators have indicated that proover exercise



contributes to the physical well-being of the bull and in-
creases spermatogenic activity., Bartlett and Perry (19)
exercised three bulls at the rate of two and one-half miles
per hour for one hour each day for one month. The volume of
semen increased 51 percent as compared to the nrevious month,
Woodward (160) reported that exercise at two and one-quarter
miles per hour for 30 minutes daily greatly diminished the
time of service with a slow bull.- It was found that exercise
increased motility and longevity of the spermatozoa. Hamilton
and Symington (65) ovserved that daily exercise increased the
volume of the ejaculate, sperm concentration and motility.
The lower quality of semen obtained during February and lerch
by TWeatherby and associates (151) was believed to be due to
lack of exercise during these months, Lepard and co-workers
(87) noted no significant differences between exercised and
non-exercised sires in the factors of morphology, concentra-
tion of the sperm, and viability of the sperm at 4,5° ¢,
The volume of seren showed a slicht but insignificant advan-
tage to bulls receiving exercise., Conception rstes of the
two grouns followed the same general trend. This study only
shows the value of exercise on the amount and quality of
semen as deterrined by semen characteristics for a sixteen
weeks! trial,

l'ost of the above mentioned workers measured the effect
of exercise on bulls only by laboratory tests presumably de-
signed to indicate the quality of semen. In spite of the

findings favorable to exercise, rany of the larger bull studs



have operated over a period of years in which the bulls have
received limited exercise (moverent in stalls). This ques=-
tion of the value of exercise for bulls to prbduce good quan-
tities of semen of accentable quality has become one of wide-
spread interest,

The concevption rates messured as "non-returns" for 60-90
days have been increasing due to improvement in collection,
orocessing, storage and shioment of semen., Therefore, any
procedure that will further increase the rates are diligently
oursued. An experiment was desizned to investigate the in-
fluence of forced exercise of dairy bulls on semen character-
istics, general well being of the animals, and primarily on

conception rates, "non-returns" for 60-90 days.



REVIEW OF LITERATURE

The reproductive processes of the dairy bull are intric-
ate functions affected by many interrelated forces. To en-
tirely separate and discuss them as separate entities is im-
possible, However, in this thesis, the review has been
limited to spermatogenesis and related factors from an arti-
ficial insemination viewpoint.

Unless otherwise indicated, this review of literature
pertains to the reproduction of the dairy bull., Herman and
Swanson (69) end Anderson (13) have made extensive reviews
concerning the variations in dairy bull semen with respect to

its use in artificial insemination,

Characteristics of Snermatozoa

Normal i‘orphology

The normal spermatozoon of the bull is a slender motile
flagellate cell having a head, neck, body and tail. %hen
stained, it is found to consist mainly of a comvact structure-
less mass of deeply staining chroretin carrying the hereditary
factors.

Anderson (14) gave the following measurements for the
various parts of bull spermatozoon: head length -- 5 u,, head
width == 2 u.,. and tail length == 32 u,. He states that it

contzins litile or no cytoplasm., The head of the svermatozoon



of the bull, which is somewhat sirilar to the snerm of most
domestic aniwals, is oblong or broadly ellintical and
annears blunt at the end.

Reed and Reed (113) confirmed the work done by Clark on
the observations of bull spermatozoa made by the electron
microscone, These workers found the existence of a proto-
plasuic cap and & brush-~branched tail tip., In addition, a
certain number of organisms found in every field revealed
heavy granulation throughout the protoplasmic cap. The gran-
ules were approximately 0,25 u,. in diameter and when photo-
graphed, gave the apnnearance of enlarged micro-photographs
of intestinal villi. Since the granules apneared to encroach
on the spermatozoon head, these authors believed this was due
to the cap overlylng the crescentic anterior border of the
head, They suzgested that these granules may reoresent age
changes in the cells,

Savage and associates (125) investigested the relation-
ship between the head length of bull spermatozoa and fertil-
ity. They found that in bulls of good fertility that the
head length showed normal or almost normal distribution, and
these workers maintained that the coefficient of variation
of head length provides a good indication of fertility. 1In
normal bulls, the coefficient should not exceed four accord-
ing to Lagerlof (84)., He considered bulls with a coefficient
of four and under as fertile, and those with a coefficient

L.5 and over as of reduced fertility.



Abnormal Yorvhology

Abnormel dairy bull svermatozoa have been placed into
various claesifications by investigators in this field,

Addis (1) recognized the following types of abnormal sperma-—
tozoa, (1) those differing from normal in size, that is,
giant and dwarf forms, (2) those with two heads or two tails,
(3) those with abnormally shaped heads, such es general
tapering of the head, (4) those with loose heads, (5) those
with abnormalities in the middle pieces and (6) those with
disturbed staining capacity (staining too strongly or too
faintly).

Herman and Swanson (69) classified abnormal dairy bull
snermatozoa into the following groups in the descending order
of their occurrence: (1) coiled tails, (2) tailless, (3)
pyriform heads, (4) other head abnormalities such as damaged
heads, tepering or pointed heads, emall and larze heads, and
phantom heads, and (5) body abnormalities including damsged,
enlarged, filiform, beaded or shrunken middle pieces, double
tails, broken necks, and protoplasmic drops in the neck.,
Bulls with poor breeding records had a relatively grester num-
ber of coiled tails and tailless spermatozoa than bulls hav-
ing a high conception rate, The percentage of abnormal eper-
matozoa varied widely within and between bulls at each fer-
tility level., The secmen of dairy bulls of good, cuestionable
and poor fertility averaged 1l4.2, 24.0 and 45.8 percent re-

gnectively. No particular type of ebnorrality seemed to be






associated with reduced fertility. These authors indicated
that the unper limit of vpercentage of abnorral spermatozoa
comnatitle with good fertility is a»ooroximately 30 percent,

Salisbury and associates (123) classified spermatozoa
into the followinz grouns: (1) morphologically normal, (2)
true ebnormals, which included such types 2s those possess—
ing any abnormality with resvect to the shape or size of the
head, those with enlarged, abaxiel, beaded or filiform
middle pieces, and those with thickened or double tails, (3)
tailless spermatozoa, (4) spermatozoa with broken necks, and
(5) svermatozoa with coiled tails. Lagerlof (84) studied
the semen of good fertility bulls, He found that the percen-
tage of abnormal spermatozoa did not exceed 18 percent (aver-
age 10 to 12 percent)., One-hundred and fifty bulls of
lessened or arrested fertility showed 20 percent 6r rore ab-
normal spermatozoa.

Addis (1) reported that three sterile bulls which he ex-
amined were normal as far as volume, apnearance, concentration
and motility of the semen were concerned, but that 40 to 50
percent of the spermatozoa were abnormal, Generales (55)
stated that good fertility could be exvected if the percentage
of abnormal spermatozoa was not over 25 percent. "hen it
reached 60 percent, the animal was sterile. Similar results
were reported by Sciuchetti (127).

Anderson (11) found ebnormal spermatozoa averages of 8.1,
13.1 end 17.6 percent respectively in fertile bulls, bulls of

reduced fertility, and in sterile bulls. In a further study,



Anderson (13) showed that six bulls of high fertility gave
an.average of 10,5 percent. Norphological characteristics
of 24 dairy bulls of the Holstein, Guernsey, Jersey, and
Ayrshire breeds used in the University of Nebraska's Dairy
Herd were observed monthly for é period of years by
Trimberger end Davis (143). They found that the bulls aver-
aged 790.5 normal sperm cells ver 1,000, with a range from
276 to 968 for individual sarples, and from 373 to 904.4 from
the lowest to the highest everage for a bull, The breeding
efficiency was 57.76 percent concepntion in the 483 cows bred.
Bulls with 900 normal sperm cells per 1,000 spermatozoa had
significantly better breeding records. Thereas, bulls with
less than 500 normal spverm cells ner 1,000 spermatozoa had
very poor breeding records,

Davis et al., (40) found that the percentage of a-
typical sverm in the semen from 11 fertile bulls was rela-
tively constant, averaze 18 percent or less. Erb and assoc-
iates (51) observed that bulls produced a greater number of
abnormal sperm during the summer months than during any other
season, Swanson and Herman (137) showed that for some bulls,
good fertilitywes maintained in spite of concentrations of
abnormal spermatozoa as high as 30 percent. They concluded
that some pathological condition must be present when the per-
centage of abnormal sperm approaches 50 percent,

In conclusion, the percentage of abnormal spermatozoa
that appears to be compatible with good fertility in the dairy

bull varies between 10 to 30 percent. However, it is not



always possible to determine the exact fertility level of

the dairy bull by using the percentage of abnormal snermato-

2048.

Characteristics of Semen

Andereon (13) defines the ejaculete of a norwal bull of
good fertility as an ovacue, whitish yellow fluid of nilky
or nilky-creamy coneistency. The meesurements of semen which
characterize it are empirical and cannot be discussed as
separate entities, An attempt will be made to treat ezch
characteristic, but to do so means tnat these measureaents

will be reletive to associated factors of semen on its »nroduc-

tion.

Volume

The volume varies considerably in the same bull a2nd in
different tulls from time to time. Herman znd Swanson (69)
noted that in one series of 334 ejaculates collected from 50
bulls, the volume ranged from 2.5 to 5.5 ml. with a mean of
4,38 : 1.02 ml. Anderson (13) gave the everage volume of the
ejaculate as 4 ml., with a range‘of 5 ml, to 12 ml,

It was early cbserved by Anderson (11), that the volume
of semen collected from sterile bulls is less than that ob-
tained from bulls of high fertility. He indiceted that the

volure is usually smaller in young bulls than in adult bulls,
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However, Swanson and Herman (69) found that the volume of
semen did not vary directly with the age of the bulls., 1In
general, the volume of the ejaculate varied as the size of
the bull within any one breed, A few 0ld bulls that were
small gave much less semen per ejaculete than younger, larger
bulls. Anderson (9) noted that the volume is maintained
fairly constaht over a period of five to six years, but it may
decrease as the bulls become older,

A second ejaculate collected shortly after the first is
usually larger as shown by Anderson (11), Davis and Williams
(41) and Mercier and Salisbury (94) noted a slight increase
in the volume of the second ejaculate, with little difference
between the second and third ejaculates, Lasley and Bogart
(86) observed that the volume of semen in range beef bulls
increased as the interval between collections increased.

There are indicetions of possible breed differences.
Anderson(9) observed that Holstein bulls gave larger ejacu-
lates than Ayrshires. Lewis (&88) found a highly significant
difference between bulls of the same breed, and also an indi-
cation that Guernsey bulls gave larger amounts of semen per

ejaculate than did Holstein bulls,

Concentration

The total number of spermatozoa in an ejaculate (volume
X concentration) is a highly important factor in determining

the usefulness of bulls in artificial insemination.
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A wide range of veriation in concentration occurs in
both bulls of low and high fertility. Erb and co-workers (51)
noted highly significant differences between bulls for con-
centration of spermatozoa per cu. mm., Anderson (13) gives
the average number of snermatozoa as 600,000 to 1,000,000 per
cu., mm, Davis and Williams (41) noted a range from &,000 to
nearly 2,000,000 with an average of 734,000/cu. mm,

malton and Edwards (146) showed by "exhaustion tests®
that the total nurber of spermatozoa for 10 collections from
14 bulls ranged from 2,880 million to 32,140 million with an
averagze of 14,000 million per collection. Herman and Swanson
(69) found that the concentrations of spermatozoa per cu. mm.
rank in order as follows: first ejaculate, &26,000; second
ejaculate, 635,000; third ejaculate, 357,000, Anderson (9)
reported that spermatozoa are few or absent in epididymites,
in atrophied cases and in hypoplasia of the testes,

It would be of considerable assistance to artificial
breeding stud managers to know the approximate number of sper-
matozoa required for conception in order to make maximum use
of semen, Herman and Swanson (69) found that the conception
rate was practically independent of the amount of semen used
in inseminations when 4 ml. or more of fresh semen was used
per insemination, Salisbury and associates (117) in coopera-
tion with the New York Artificial Breeder's Co-operative di-
luted semen at a rate varying from 1:2 to 1:14,. Comparable
rates of conception were obtained., Later, work by Salisbury

and Bratton (118) showed in an experiment involving 7,343



inseminations, that when sulfanilamide was added to yolk-
citrate diluter, there wes no difference in fertility level
for dilution rates of one part of semen to 100, 150, 200,

300 and 400 narts of the yolk-citrate-sulfanilamide diluter.
Branton and co-workers (32) found that diluting bull semen
with egg-yolk-citrate-sulfanilsmide containing 16, 12, 6, and
4L million svermatozoa per ml, resulted in 62.8, 64.0, 58.0
and 63.5 percent non-returns respectively on 30 - 60 day
basis., Statisticelly, these fertility levels were not sig-
nificantly different. ¥ot less than 0.3 ml. of diluted semen
should be used for insemination according to a study by Herrman
and Swanson (69).

Four controlled experiments were conducted by Willett
(153) to study dilution levels above 1:100, A total of 11,372
services from 69 collections from bulls selected for high fer-
tility showed a downward trend with an increase in dilution
level, but none of the differences were significant. As the
number of spermatozoa decreased from approxirately 12 million
to six million spermatozoa per ml,, there wae a droo of about
2.6 percent in non-returns per million of snermatozoa used
per insemination. There was a marked decrease in livability
of svermatozoa with increased dilution rates. Cheng et al.
(36) studied the effect of dilution upon motility of bull
svermatozoa on six semen samples from each of five bulls., The
gemen was diluted 1:10 and also successively in eight differ-
ent dilutions from 1:100 to 1:12,800, Two different diluents

were used, 0.9 percent sodium chloride and 0.08 ¥. sodium
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citrate, The percentage of motile svermatozoa decreased
markedly in the higher dilutions,

It avpears to the author that further investigations are
needed to determine the optimum dilution rate for fertile

bull semen to insure the highest vossible conception rates,

Motility

¥otility of spermatozoa varies considerably. However,
in general, high motility ratings signifies good conception
rate, It is not an infallible index, but it has been the one
criterion most coxmonly used by successful artificial breed-
ing associations,

The motility of svwermatozoa from normal, fertile bulls is
usually 70 percent and above as reported by Anderson (9). He
noted that in one series of 456 ejaculstes, only three percent
had a motility of less than 70 vercent., In another series cf
254 ejaculates, 11 percent had motility of less than 70 per-
cent,

Herman and Swanson (137) examined 256 ejaculates from 10
bulls., They noted that initial rotility varied less than any
other semen characteristic., There were striking differences
in motility ratings between bulls of high and low fertility.
Bulls with questionable breeding records were occasionally ob-=
served to give high motility ratings, but on the other hand,
not all bulls which produced semen of good initial motility
were of high fertility. These workers stated that semen very

high in abnormal spermatozoa usually does not have good
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motility or viability, but if it does have good motility and
viability, 1t will probably give good breeding efficiency.
They concluded that semen used for insemination should show

an initial motility rating of three (75 - 85 motile sperma-
tozoa). Although semen with a low motility rating was of
lower fertility, they indicated that semen showing a progress—
ive motion of 45 percent gave nearly es high a conception rate
es semen with a higher motility rating. These data showed
that a curvilineer relationship existed between conception
rate and motility rating of the semen at time of insemination.

A study by Anderson (12) of 1,049 ejaculates during a
27 month experiment showed highly significant individual bull
and monthly differences in motility of spermatozoa. Lewis
(88) found that the average semen motility was least in July,
August and September, Anderson (13) states that occasionally
motility in the first ejaculation is poorer than in the second
or'third ejaculates., Davis and Williams (41) found that in
motility, the ejaculates ranked as follows: first, with a
mean of 73 percent; second, with a mean of 75 percent; and
third, with a mean of 69 percent, Iercier and Salisbury (94)
found that in general, the second ejaculate contained more
motile sperm than the first ejaculate,

In a study of some factors affecting spermatogenesis and
fertility of dairy bulls, Lewis (88) observed a breed differ-
ence in initial motility, the Holstein breed showing a higher
initial motility than the Guernsey breed, This was especially

true in the winter and s»nring, but not as pronounced in the
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fall eand surmer,

Several workers have tried to classify the various
types of spermatozoa motility. Walton (147) recognized three
types of motilitys (1) vnrogressive, (2) rotary, and (3)
oscillatory. In addition to this classification, other
workers have used different terms to describe various other
types of movements. Rao and Hart (111) classified the motil-
ity of bovine sverm into three main tynes, denending on the
vigor and direction of movement, (1) maximal motility, (2)
circular motility, and (3) convulsive motility. They stated
that under routine artificial insemination, maximal motility
is desired.

In sumrmary, one may say that a motility of 70 percent or
wore is necessary for practical use in artificial insemination.
However, semen relatively low in motility may be effective in

producing concention,

Hydrogen-Ion Concentration

The hydrogen-ion concentration of seren would anneer to
be of general value for the apnraisal of fertility in the
dairy bull according to Anderson (13). One of the earlier
estimations of the pHd of bull seren was rmade by “ebster (150)
who found that almost all specimens ranged between 7.0 and 7.5.
Davis (39) found that the pH varied widely between semen col-
lected by message of the seminal vesicles, the ampullae of the
vasa deferentia and by the artificial vagina. Seren obtained

by the forrer method yielded a relatively greater amount of
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accessory secretions and a pH of 7.5 to 8.0 was not uncommon,
while for the latter method, the pH wese ordinarily below 7.0.

Davis and Williams (41) using & gquinhydrone gold elec-
trode, obtained a pH which rangced from 6.18 to &.31 with a
mean of 6.99. Anderson (10) found a pH of 6.73 - ,020 for 221
ejaculates from clinically normal bulls., Herman and Swanson
(69) ovserved 1little difference between the pH values of the
semen of bulls of good and poor fertility. The pH was prac-
tically the same for the more fertile bulls (pH of 6.47) and
the questionable bulls pH of 6.50 but was slightly higher for
the poorer breeders; this being mainly due to two bulls which
produced poor quality semen, They noted that the pH of bull
semen showed the least absolute variation next to the initial
motility,

Erb and co-workers (51) secured highly significant dif=-
ferences between bulls and between months for all sexen char-
acteristics except the pH. The pH of the semen of abnormal
bulls was investigated by Anderson (13). An alkaline reaction
was characteristic in typicael cases of epididymitis and bulls
with small testes., The alkalinity was associated with a de-
crease in concentration or ebsence of spermatozoa.

Anderson (10) noted that when two ejaculates are collec-
ted, one after the other, from fertile bulls, the second ejac-
ulate usually has more acid then the first. In general, this
change in reaction is associated with greater concentration
and higher motility of the second ejaculate., Swanson and

Herman (135) in their study of the correlation between some
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characteristics of dairy bull semen and conceontion rate found
little practical value in making routine pH determinations.
The correlation between conception rate and vH of the semen
was not significant. The pH of the semen wes significantly
lover in the sumrer than in the fall, as revorted by Swanson
end Herman (136).

Seren characteristics presented by the foregoing authors

are surmarized in Table I.

Hyaluronidase

Spermatozoa moverents have been credited with partially
erroding the cumulus oophorous and penetrating the corona
radiata, zona pellucida and the vitelline membrane of the ovum,
Recent work has indicazted that an enzyme, hyaluronidase, pres-
ent in sperm 2ids the process of fertilization by liocuefying
the gel, thus helping to dispnerse the cumulus cells surround-
ing the ovunm,

It has been shown by lecClean (90) that some species of
pathogenic bacteria produce a soreading factor which markedly
increases the permeability of the skin to injected fluids.

A similar action is accomplished by a heat labile extract of
mammalian testes, McClean (91) and Pincus and Enzmann (110).
Swyer (138) found a close correlation between hyaluronidase
content of the semen and number of svermatozoa in rabbits,
bulle, boars and men, lo correlation was evident in the case

of dogs and fowls. The fact that semen from cryptochids con-
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tains no hyaluronidase indicates that it is secreted by the
seminiferous epitheliunr rather than by the accessory glands.

A study by McClean (91) and Rowlands (116) showed that the
hyaluronidase content of the semen was related to the total
number of spermatozoa in the sample. Thus, these authors sug-
gest that it is reasonable to assume that some cases of ster-
ility or low breeding efficiency could be due to insufficient
spermatogenesis, with the result that the hyaluronidase present
wes reduced to such an extent that the cumulus cells surround-
ing the ovum were not disopersed and the relatively few sperm
vresent were unable to penetrate to the ovum,

In line with this suggestion, Rowlands (116) conducted an
experiment in which hyaluronidase was added to various concen-
trations of rabbit spermatozoa. In these studies the treated
semen required only one sixth as many spermatozoa to produce a
50 percent response when compared to the semen to which no
hyeluronidase was added. Cheng (37) has also studied the ef-
fect of adding hyaluronidase to rabbit semen containing the
minimal number of sperm necessary for fertilization. Under
his conditions, the addition of the hyaluronidase did not in-
crease the fertilizing capacity of the sperm. Xurzrok (8&2)
found that in normal human semen the hyaluronidase content in-
creases with sperm concentration up to 100 million sperm cells
ver ¢0., The hyluronidase content did not apnear to be related
to the morphology, motility or vercent motility of the sperm
in this study.,

The source of hyaluronidase in semen has been studied by
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several investigators. Bergenstal and Scott (23) have reported
that hyaluronidase is »nrobably derived from the sverm cell
itself or is very closely associated with them. No hyaluroni-
dase was found in prostatic and seminal fluids of humans and
dogs although it wes recovered from the testes. The hyalur-
onidase content of homogenized semen was at its peak at or
shortly after ejaculation. However, in whole semen, the con-
tent gradually increzses with time,

The Question of whether hyaluronidase 1s released into
the semen by live sperm or is diffused only by moribund sperma-
tozoa has been studied by Swyer (138), Kurzrok and associates
(83) and Johnston and co-workers (75). The evidence apoears
to indicate that hyaluronidase is released into the seminal
fluid by dead spermatozoa. Swyer (138) observed that freezing
or otherwise mistreating soerm increased the amount of hyalur-
onidase present in the seminal fluid. Johnston and associates
(75) found the concentration of hyaluronidase increased at a
slower rate when the semen was stored at 5'C, then under stor-
aze at 37'C. The concentration of hyaluronidase in spermatic
fluid is in direct proportion to the number of spermatozoa
found in the perticular svecimen as reported by Greenburg and
Gargill (60).

Kurzrok (82) and Johnston and associates (75) have re-
ported a lack of correlation between hyaluronidase titre and
one or more of the following: morphology, motility, concen-
tration, total sperm and volume. Johnston et al. (75) have

reported significant negative correlation between hyaluronidase
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content, the initial percentage of live spmerm and the per-
centage of live sperm surviving cold shock.

Sallmen and Berkelend (124) were the first workers to
study the relation of hyaluronidase to bull fertility. The
percent of fertile services increased with increasing amounts
of hyaluronidase up to a certain voint beyond which fertility
decreased., From these findings, the authors suggest that in
some cases marked by oligospermia the addition of hyaluroni-
dase might increase the concention rate., On the other hend,
the fertilizing capacity of some semen, in which the hyalur-
onidase titre is high, might be improved by removing some of
the hyaluronidase, |

Tobin and associates (142) have reported that the hyalur-
onidase activity of testicular homogenate is decreased in rats
by a protein deficient diet, Johnston and Mixner (76) secured
no statistical correlations between the hyaluronidase content
and fertility levels of semen from bulls of relatively high
fertility when the semen is diluted at a rate of 1:100 or less,

Preservation of Semen

Storage of Semeg

Many investigators working on artificial insemination
problems have shown that a satisfactory rate of conception can
be obtained when semen is stored for varying lengths of tire,

Herran and Ragsdale (70) noted that one-third more ser-

vices per conception was recuired when fresh semen was used four
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to five hours after collection than when used one to two hours
after collection., Using an egg-yolk phosphate buffer as a
diluter, Phillips (106) and Phillips and Lardy (107) noted that
diluted semen which had been stored for 100 hours at 10° ¢
mainteined ite fertilizing canacity.

Breeding results obtained from 13 ertificial breeding as-
sociations receiving semen from the University of Nebraska
bull stud was analyzed by Schultze et al, (128) to determine
the effect of day to day storage on semen fertility. They
found that fertility declines an average of 4,61 percentage
units with each day of storage up to four days. Other inves-
tigators, Anderson (13) and Willett and associates (154), have
reported that no significant decrease in fertility occurred in
semen stored up to four days when the semen was of good qual-
ity, proverly diluted, and quickly cooled.

Patrick (102) found in his study of factors affecting
semen storage and handling, that the quality of the semen is
lowered slightly by shipment. This slight reduction in the
quality of semen was believed to result from the lack of a low
uniform temperature in transit,

Anderson (7) studied the keeping qualities of bull semen
by determining the amount of time recuired to collect semen,
length of time before dilution, and time required to cool the
gsemen, He compared the results by diluting immediately and
cooling as soon as possible after collection, diluting immed-
iately and delaying cooling for 45 minutes, and delaying dilut-

ing and cooling for U5 minutes after collection. The differences
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found in motility ratings 72 hours after collection, in in-
cubation tests 72 hours after collection, end in methylene

blue reduction time 24 hours after collection, proved that

significant differences existed, and immediate dilution and

quick cooling was the best procedure,

Foote and Bratton (52) found that based on 60 to 90 daye
non-returns from 8,513 first and second service cows, the fer-
tility level of semén cooled in extender was 59.3 percent and
that cooled without extender was 52,8, The difference between
treatments of 6.5 percentage units was highly significant sta-
tistically., Votility estimates made after 3, 24, Ug, 72 and
96 hours of storage indicated that the samples cooled without
extender had a definitely lower percentaze of motile sperma-

to Z02,

Diluters

Considerable difference of opinion exists as to the rela-
tive merits of the available diluents for bovine semen used in
artificial breeding. Since the development in this country of
the phosphate-egg-yolk diluents by Phillips (106) and Phillips
and Lardy (107) and the citrate-yolk formula by Szlisbury et al.
(120) various diluents have been used to preserve the semen of
the dairy bull,

Phillips and Lardy (107) found that egg-yolk buffered
with monobasic potassium phosphate and dibasic sodium phosphate

to a pH of 6.75 preserved motility of dairy bull semen for
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periods in excess of 100 hours stored at 10° ¢, Salisbury
and associates (120) observed that an ¥/7.5 solution of
sodium'citrate dihydrate mixed in equal amounts with fresh
egg-yolk produced a diluent which was superior to the yolk-
phosphate diluent for the preservation of motility when semen
wag stored for six days or more, Later work by this author
and associates (121) showed that 2.9 percent of the sodium
citrate dihydrate per 100 ml, of distilled water gave an 1iso-

tonic diluter,

By means of a 6 x 6 latin square design, Bratton and co-
workers (33) compared six bovine semen diluents. Based on the
percent non-returns, the mean fertility level for each diluent
was as follows: phosphate-yolk, 50.5; 3.6 percent citrate-
yolk, 50.5; 3.6 percent citrate-sulfanilamide-yolk, 55.3; 2.9
percent citrate-sulfanilamide-yolk, 56.5; ortho tablet-yolk,
56.4; and ortho liquid, 55.0. The average non-returns for the
sulfanilamide-containing diluents was 5 percentage units higher
than for those diluents not containing sulfanilamides. This
difference was significant at the one percent level of proba-
bility.

Gravers and associates (58) found thet the following
treatments of fresh semen had no significant effect upon con-
ception rates (1) no treatment (control), (2) diluted with
fresh egg-yolk buffer, (3) diluted with stored egg-yolk buffer,
and (4) diluted with autoclaved milk,

Weeth and Hermen (151) found that a synthetic pabulum

(Phillips) maintained a grade one motility in dairy bull semen
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significantly longer than did egg-yolk citrate diluent, how-
ever, conception rate in the field with pahulum was signifi-
cantly less., Bayley and co-workers (20) furthered the work

of Weeth and Herman (151) by studying a synthetic pabulum vs.
yolk-citrate buffer as diluter of bull semen, In a trisl in-
volving 1,284 field inseminations, the fertility was 15 per-
cent higher with semen of 19 bulls diluted with egg-yolk cit-
rate buffer than with other portions of the same semen diluted

with a synthetic pabulum,

Anti-Biotics

Practically all workers in the rapidly expanding field of
artificial insemination have stressed the bacteriological con-
trol of semen., Gunsalus et al, (63) first discussed the un-
desirable effect of large numbers of certain bacteria in semen,
They collected 43 ejaculates from 19 bulls using &an artificial
vagina. The bacterial count of these ejaculates ranged from
1,000 to 22,000 per cc. Gunsalus and associates (62) observed
that when sanitary precautions were practiced, the number of
bacteria found in freshly drawn semen or freshly prepared yolk-
citrate diluent was not sufficient to interfere with the methy-
lene blue reduction test for semen quality.

In a8 study of the genital trzct of bulls insnected shortly
after slaughter, Gilman (56) remorted finding Pseudomonas pyro-
cyaneus along with unidentified rods, micrococci, streptococeci

and coliform organisms, In revroductive tracts of normal bulls,

his findings on bacterial content agreed with those of Williams
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and Kingsbury (155) as to normal bulls being relatively free
of bacteria, whereas impotent bulls harbor large numbers of
bacteria., These authors renorted finding micrococci, hemoly-
tic and non-hemolytic streptococci, coliform and Brucella
abortus in semen reccvered from the vazina of cows immediately

L

after service,

Gunsalus et al. (63) recorded plate counts of semen from
bulls with unclean sheaths from 10 to 100 fold higher than
those which previously had been cieaned. They found pseudo-
monas, coliform, diptheroids, bacilli, staphylococci and, in
one case, hemolytic diptheroids present in the semen. A high
percentage of the bulls diminished in fertility within six
months after the isolation of Pseudomonas pyocyaneus from the
semen., Edmondson and co-workers (46) have furthered the work
of the above workers, They isolated the following organisms,
listed in order of their predominance, from the semen of 36
dairy bulls used in artificial breeding work: bacilli, micro-
cocci, coliform, hemolytic, streptococci, non-hemolytic strep-
tococcl, pseudomonas, actinomyces, proteus and yeasts, Five
€ires from which Pseudomonas pyocyaneus orzanisms were isolated
were low in fertility, and eventually, all five becane sterile,
There was no aovparent relationship between the fertility of the
sires, livability of spermatozoa, and the total plate count of
the semen, These workers observed that the addition of micro-
coccl, yeast end non-hermolytic streptococci to fresh diluted

semen caused a substantial increase in the storagze time,
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The control of certain bacteria by use of the bacterio-
static compounds is advocated and reco-mended by many inves-
tigators in the artificial insemination of dairy cattle.
Shettles (121) observed that the survival and activity of
humen spermatozoa was not reduced by the addition of sulfa-
pyridine or sulfanilamide in concentrations up to and includ-
ing 160 mg. ver 100 ml. of diluent.

Knodt and Salisbury (81), working at the Cornell station,
were the first investigators to study the feasibility of using
certain bacteriostatic compounds to control bacterial growth
in bull semen. They found that the zddition of 200 mg. or more
gsulfanilamide per 100 ml. of yolk-citrate diluter controlled
the growth of bacteria in stored diluted semen for 20 days at
5° C. Later, these workers (122) observed that the use of 200
mg., of sulfanilamide per 100 ml, of diluter increased the fer-
tility of bull semen used routinely in the breeding of dairy
cattle,

The effects of penicillin added to bull seren were first
renorted by Almguist and co-workers (6). They found no sig-
nificant decrease in the motility of diluted stored semren when
concentrations of penicillin ranzing from O to 1,000 units per
ml, were added. However, levels of penicillin ranging from
1,000 to 2,000 units per ml. brought about a significant de-
crease in the motility during storzge. Phillips and Spitzer
(108) recorrended that .03 percent sulfathalidine, sulfasuxi-
dine or streptomycin be added to their L.G.B. (lipid, glucose,

buffergum) diluter for the control of bacterial contamination,
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They also mentioned that penicillin, used in proper amounts,
was not toxic to the sperm., Later work by Almquist eand
associates (5) demonstrated that streptomycin will inhibit the
growth of bacteria in diluted bull semen, The additions of
100, 250, 500, 750 end 1,000 gamra per ml, of diluted semen
did not significantly affect the livability of bull spermato-
zoa during a 20-day storage period, but levels of 1,250, 1,500
and 2,000 gamma per ml, of diluted semen brought about a sig-
nificant decrease in spermatozoan livability during a storage
period of 20 days. Eaeterbrooks and co-workers (4U4) studied
the effect of streptomycin uoon the fertility of 16 dairy
bulls., They found thet the addition of streptomycin to di-
luted semen increased the percent non-returns of 14 of the 16
bulls. This increase in percent of non-returns was 14,4 units
over the untreated semen,

Foote and Salisbury (54) studied the effects of several
sulfonamides upon the livability of spermatozoa and upon the
control of bacteria in diluted bull semen. Twelve sulfona-
mides were added to bull semen diluted with citrate-phosphate
and stored at 20'C, Vhen the optimum level for each sulfa
drug was determined for spermatozoan survival, nine of the 12
comnounds increased the livability of the spermatozoa over
that observed when no sulfonamide was added to the diluent,

Of these nine drugs that increased livability of the spermato-
zoa, only two sulfonamides, sodium sulfamethazine and car-
boxysulfathiazole were significantly superior to sulfenilamide

in maintaining motility of the sverm cells; they were inferior
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in controlling bacterial growth, Sulfanilamide slightly de-
creased the rate of motility; and N-benzoylsulfanilamide ex-
erted a similar but more pronounced effect.

Foote and Salisbury (53),in studying the effects of a
number of compounds, chemically unrelated to the sulfonamides,
found that these effectively controlled becterial growth,
Furacin and phenoxethal proved to be highly bactericidal and
at the same time were svermicidal at most of the levels tested.
Pyridium was limited to its usefulness by its low solubility,.
Two commercial penicillins were equally effective in controll-
ing bacterial growth and were slightly sunerior to sulfenila-
mide in this resvect,

Various workers, Almquist and associates (4) and Mixner
(98), have studied the effect of a combination of penicillin
and streptomycin upon the livability end bacterial content of
bovine semen, Almquist et al, found that a combination of
renicillin and streptomycin in levels ranging from 100 to
1,000 units of each per ml, of diluted semen did not eignifi-
cantly decrease the livability of bull spermatozoa during a
20-day storage period. The latter authors conducted two ex-—
periments, The first experiment was run on a split sample in-
volving a total of 13 bulls of two breeds, 51 semen samples,
and 2,389 first and second services. The second experiment
was a two treatment reversal trial with forced collection
periods involving a total of 12 bulls, 48 semen samples and 801
first and second service breedings. For experiment one, the

control fertility level was 64,8 percent while that of the
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treated was 64,7 percent based on 60-90 day non-returns.
For experiment two, the corresponding fertility levels were
68,4 percent and 70.4 percent. 4n aneslysis of variance in-
dicated thet there were no significent differences in these
contrasted mean fertility levels,

Almquist (2) compared the effects of penicillin, strep-
tomycin,and sulfanilamide upon the fertility of dairy bulls.
He found that treatment of yolk-citrate diluted semen with
1,000 units penicillin per ml.,, 1,000 units of streptomycin,
1,000 units of each penicillin and streptomycin, and 300 mg.
percent of sulfénilamide increased the fertility 21.7 percent-
age units by penicillin, 25.9 percentage units by strepto-
mycin, end 21.3 percgntage units by streptomycin plus peni-
cillin. Sulfanilamide gave a slight decrease of 2.9 percent-
sge units. Further studies by Almquist (3) showed that the
adéition of penicillin to semen of certain bulls of lomwered
fertility had a more beneficial effect while failing to be of
significant value when added to the semen of other bulls,
¥ixner (99) substantiated the work of Almquist's by showing
there were no significant differehces in fertility levels of
relatively high fertile bulls when 1,000 units of penicillin,
3 mg. of sulfanilamide, and 1,000 units of penicillin plus
2 mg. of sulfanilamide were added per ml., of diluter,

Kyers and associates (100) and Sykes and Kixner (139)
studied the influence of aureomycin upon the livability and
bacterial content of bull semen., These authors found that the

anti-bacterial activity of 1,000 ug. of aureomycin ver ml,
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compared fevorably with the combination of 1,000 units each

of penicillin and streptomycin per ml., of diluted semen,
However, the addition of aureomycin ranging from 50 to 1,000
ug. per ml, of diluted semen caused toxic effects on

motility when comvared with portions c¢f the same semen samples
containing no aureomycin or 1,000 units each per ml., of peni-
cillin a2nd streptomycin. The latter workers 2lso studied the
toxicity of chloromycetin upon tull semen. It was noted that
chloromycetin had a relatively low level of toxicity as the
initial toxic levels seemed to be between one and two mg. per

ml, of diluted semen.

Factors Affecting quality of Semen

Season 2nd Temverature

The well estzblished fact that there is a seasonal ef-
fect on reproduction of domesticated animals suggests that
climatic factors such as light and temnerature may be resmons-
ivle,

A number of workers have studied seasonal variation in
semen quality end fertility of dairy bulls. Miller and Graves
(97) observed that the Beltsville herd required more services
ver conception in July, August and September than during the
rest of the year., Dawson (42) studying the fertility of aged
bulls, used at various locations in the United States, found

that the relative fertility of sires used at Southern stations
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was 36 percent as compared to 49 percent for sires used at
Northern and Vestern stations. He concluded that the lesser
variation in length of daylight may account for the rela-
tively good winter results revnorted at low latitudes,

A study by Erb and associates (51) of the breeding effic-
iency in the Purdue University dairy herd for a 20 year period
revealed considerable seasonal variations. The month of }ay
with 74.3 percent had the highest averege efficiency, and the
month of August with 53.2 percent the lowest average effic-
iency for the year., Seath and Staples (130) studied an 11 year
history of the North Louisiana State Experimental Herd and the
Louisiana State University Herd., Seasonal differences in rate
of conception were found in both herds. In each case the
sunmer months required more services per conception. The best
rate of conception in the Experimental herd was during the wvin-
ter months followed by the fall period. The University herd
had a reverse in this order with the fall months first and the
winter months second.

Semen quality examinations by Erb and associates (48)
showed it to be of superior quality in the spring and low in
quality during the summer, The average semen volume and in-
itial motility was least in July, August and September., The
length of sperm survival was least in August and lower in
July, Sevtember and November than during the other months.
July, August and Sepnterber were also months of high percent-
age of abnormal spermatozoa. Snermatozoa concentration and

total spermatozoa per ejaculate were at high levels during



33

April, lay and June.

Cbservations were made by Phillips and co-workers (103)
on volume, motility, number of spermatozos ver c. c., total
abnormal spermatozoa, and proportions of abnormal heads,
necks, middle pieces and tails of semen collected from beef
and milking shorthorn bulls., Significant or highly signifi-
cant seasonal differences were fcund in volume, concentration,
total sperm, and vnronortions of abnormal heads, necks, middle
pieces and tails. Of 1,135 matings, 59.6 percent resulted in
infertile matings in April and 40.& percent in August.

Swanson and Herman (136) studied monthly variations in
rmotility, volume, concentration, livebility in storage, pH and
morphology of semen from bulls used in the University of
Missouri dairy herd. The pH of the semen was significantly
lower in the summer than in the fall. Initial motility and
viability in storage were lowest in the winter,

An analysis of 51,587 breeding months in the Cornell
University herd by Clapp (38) showed an average of 2.11 ser-
vices per conception.‘ There apveared to be a trend toward
greater efficiency from ¥arch through July. Breeding effic-
iency dropped sharply in August and continued at low level
through February; July required 1,90 services per conception
and February 2.29 services per conception,

Mercier and Salisbury (96) found that the lowest percent
of successful services was obtained during the winter and
soring and the highest during the summer and fall, The differ-

ence in fertility level between herds was not significant
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statistically, but those between seasons were significant at
the five percent level of probasbility. The average monthly
conception rate of the three herds studied in Eastern Canada
was significantly correlated with the monthly average length
of daylight. Temperature changes had no measurable effect on
fertility level,

Lewis (83) found that monthly veriation in semen quality
was not significant in the dairy bull, but the quality was
higher in the spring and suzmer than during the fall and
winter., Light and temperature were both positively correlated
with svermatogenesis, Light aooeared to exert the greater
effect,

A study of the seazsonal effects showed a highly signifi-
cant decrease in percentage of motile spermatozoa during the
early snring months and a highly significant difference be-
tween months in spermatozoa counts, Salisbury (119). The low-
est average counts was found in August, but there was no sig-
nificant difference in fertility of the bulls from month to
month,

An analysis of the breeding records at the Bureau of Dairy
Industry, Hilder and associates (71) showed that a relatively
large nuuber of services were required for concepntion during
midsummer followed by & sharp decrease in the fall,

¥ercier and Salisbury (95) investigated on the seasonal
variations in fertility of about 25,000 cows and 71 bulls of
various ages bred artificially in lew York. Winter was found

o be the poorest breeding season of the year., The fertility
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level of the bulls was found to be significantly correlated
with the length of daylight, there being a lag of one or two
months before the effect of daylicht reached its maximum.
They concluded that young bulls probably are more subject to
changes in licht and temmerature than are those bulls from

six to ten years of =age.

Table II shows the sezsonal variation found bv the authors
reviewed in the foregoing as well as data concerning other
species, Table III presents a suumary of the seasonal effects

upon the characteristics of semen,

Ace and Frequency of Ejaculation

L difference in breeding efficiency between young and old
bulls was found by Killer and Graves (97) in a study of the
Beltsville herd. Young bulls apneared to be more fertile than
mature bulls when bred to fertile cows. Tanabe and Salisbury
(140) found that bulls between the ages of one to three years
inclusive, hed the highest breeding efficiency of 8ll age
grouns,

An enalysis of 2,636 dairy bulls by Winters (157) indi-
cated their average useful age to be 10.63 years., Sixty-one
percent of the 2,636 bulls were in active service when they
reached 10 years old, and 4,3 percent of the bulls were still
fertile at 15 years of age., Baker and Queensberry (18) were
unable to find any fertility differences between 0ld and young

range beef bulls, Since the older bulls had been selected for
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SEASCNAL VARIATION IL FERTILITY
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High Low
Author Species Fertility Fertility
Parker (101) Fowl Soring Fall
Late S»nring

Aedell (17) Goat Fall Early Suwmer
Turner (145) Goat Fall Spring-Surrer
Piesonnette (24) Goat Fall 9oring-Surrer
Green (59) Rem Late Fall Summer
YcKenzie (92) Ram Fall Summer
Yeetes (159) Ram Late Fall Surrer-Ezrly Fall
¥iller (97) Eull Surmer

Late Vinter
Dawson (U42) Bull Sarly Soring
Erb (B1) Bull May August
Seath (132) Bull Fall-Vinter
Phillins (103) Bull Anril
Clapo (38) Bull Soring Late Suumer-Fall
Yercier (95) Bull Surmer-Fall Vinter-Spring
Lewis (&%) Bull Spring-Fall Fall-Winter

Late Winter
Hilder 1 Bull Summer
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high fertility, it is likely that any differences were ob-
scured. Vverner and associastes (152) and Dawson (42) showed
that young bulls showed the highest level of conceptions in
natural breeding.

Bowling and associates (28),in studying breedinz records
over a period of 18 years found that bulls 13 years of age or
over were significantly less sure breeders than bulls of six
years of age. The breedin: efficiency of bulls as they in-
creased in age did not becowe significent until the bulls
reached an average age of six years, Hilder and co-workers
(71) usinz data from &,919 natural services renorted that the
number of services per conception for bulls of all ages was
2.67. Bulls seven to 10 years of age required 3.14 services
per conception, while bulls under five years of age 1.52 ser-
vices per conception,

An age difference in response to seasonal variastion in
fertility was observed by Mercier and Salisbury (95). The cor-
relation between fertility level and average length of daylight
for the same period wes not significant for bulls under six
vears of age., These young bulls were relatively high in fer-
tility in winter, gradually decreasing to a low in the hot
temperatures of sumrer. The relationship wes high for bulls
of six to eizht and eizht to 10 years of age, low for bulls
over 10 years of age, and high for all bulls,

T'eatherby et al, (149) showed a marked decresse in sperma-
to2oan concentration of the semen of the bull used once each

day for a 57 day period. Lasley and Eogart (86) nave renorted
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that semen volume, total number of spermatozoa per ejaculate,
vercentage of morphologically abnormal spmermatozoa, and fer-
tility increassed in range bulls as the interval between ejacu-
lations increased from one uo to 10 days. ¥hile statistically
significant, the correlation coefficients which they obtained
were quite small., lercier and associates (93), working at the
Cornell Stsztion, concluded that a six day interval between
ejeculations is not detrimental to spermatogenic activity.
Three groups of four bulls each were ejaculated according to
the following schedule during a period of 216 consecutive days;
one ejaculate every six days; two ejaculates taken within e

few minutes of each other at 12 day intervals; and three ejacu-
lates teaken within a few minutes of each other at 18 day inter-
vals. The volume of semen ver ejaculate average 7.9, 6.6, and

5.3 ml, for the six, 12 and 18 day intervals respectively,.

Libido

The problem of improving the 1libido of bulls is rarely
mentiéned in the studies of sterility in the male bovine,

McKenzie and Berliner (92) revorted that 1libido is rela-
tively independent of spermatogenesis in the ram. They found
that sterile rams micht exhibit normal sex drive and fecund
rares might show very little., Hart and associates (67) noted
that semen quality for artificial insemination from three
bulls was reduced due to a leck of sexual drive, Hellstrom

(68) found that in five cases when bulls were allowed to serve
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irrediately, no semen was ejaculated,sand in 12 others only
1-3 ml, (average 1.7) was produced. Vhen the bulls were re-
strained for 1-6 minutee, the semen volume was increased to
4,9 ml. and after a longer wait the volume increased to 5.3

ml,

The Role of the Endocrine System in Fertility

Endocrine Interactions

Knowledge of the interactions of the hormones affecting
gsexual activity is meager, The internal rhythm of reproduc-
tion in our higher enimals is brought into relation with
seasonal changes and other external environmental phenomena,

In particular, there is now general agreement as to the dom-
inating role played by the anterior vituitary gland, which

is recognized as being the organ directly stimulated, while
activation of the gonads is brought about indirectly through
the pituitary. The thyroid gland also exerts an effect upon
the gonads through its effect on cell metabolism. The anter-
lor pituitary gland secretes a thyrotrophic hormone which regu-
lates the amount of thyroxine secreted by the thyroid gland.
Thyroxine, in turn, depresses the rate of secretion of the thy-
rotrophic hormone by the anterior pituitary. Gonadotrophic
hormones from the anterior pituitary affects the activity of
the gonads, In turn, the gonads secrete hormones which depress

the rate of secretion of gonadotrophic hormones from the anterior
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pituitary gland. It is logicsl to expect, therefore, that
these changes may condition the metabolic processes, but in
part, at any rate, act exteroceptively through the nervous
system and probably thrcuch the hymothalamus unon the anterior

pituitary and then uvon the testes and ovaries, Turner (144),

Effect of the Anterior Pituitary

It eonears that the most widely supvorted and likely
mechanism of pitultary stimulation by licht ie thet involving
the eye a8 & receptor. The transmission of impulses or
stimuli to the pituitary is affected through a neural pathway
as well as possible by humeral means.

A good deal of work has been done on the use of various
hormones upon sterility and sexual inactivity in dairy bulls,
but very little data on this condition has been reported in
the literature., The interest of research workers in Dairy
Husbandry is doubtlees centered on the possible use of the
gonad-stimulating hormones as having influence in correcting
breeding troubles in the dairy bull, Those breeding diffi-
culties in which infection ie not the primary cause and in
which abnormal testicular function impairs fertility would ap-
pear to offer some possibility of resvonding to treatment with
spermatogenic stimuleting hormones.

Although the chorionic gonadotrophin is assured generally
to activate chiefly the interstitial cells of the testes,

favorable reports concerning its therapeutic employment in di-

vergse grades of seminal failure have been shown. Pighine (109)
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treated eigcht sterile bulls with anterior pituitary tissue

and six becare active again. The treatment of three bulls
which produced semen with low sperm motility with chorionic
gonadotrophin improved the quelity of the sperm as reported
by Bottomley and associates (27). Though the existence of
seminal failure due to inadequate gonadotrophic activation
from the pituitary has been presumed from both the experimen-
tal and clinical observations, factual proof that pituitary
deficiency may induce seminal failure without androgenic fail-
ure 1s lacking,

The androgen content of the testes increases at a uniform
rate during the first two years of 1life, from two to five
years 1t increases sharpvly, and thence forward it decreases,
This may be one of the meny reasons why young sires require
fewer breeding services per conception, There are no striking
changes in Leydig cells or in the androgen content of the
testes at puberty as reported by Asdell (15). Bottomley et al.
(27) reported injection of 2 cc. of human pregnancy urine ex-
tract., The results of these experiments indicate that chori-
onic gonadotrophin may be of great value in treating sterility
in the bull when endocrine deficiencies are suspected,

Erb and Andrews (49) noted that the injection of 2,250 R,
U, of gonadotrophin into a dairy bull caused a decrease in ven-
ous blood plasma ascorbic acid of 42 to 67 percent during the
first 24 hours. The recovery of ascorbic acid to approximate
per injection levels required longer than eight to 10 days.

Durrell (43) treated four bulls, with low ability to mount,
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with 300 mg. of testosterone propionate. All of the bulls
responded favorably, but in one, the increased resnonse wes
only temporary. Hert (66) renorted that a valuable Hereford
sire injured uis nenis in service and would not meke any
effort to breed. One year after the injury, 1,500 I.U. of
gonadotrophin in oregnant meres! serum were injected. This
stimulation brought about by the injection of the pregnant
mares! serum overcare the inhibition, and in two days he bred
a cow normally.

The injection of large quantities of sheep pituitary ex-
tract and of nregnant mares' serum into bull calves one to
four months of age, by Casida (35), did not produce any mature
soerm, The size of the testicles was increased, but it was
not definitely determined whether this was due to increased
interstitial tissue or size of seminiferous tubules, The sem-
inal vesicles of these calves were definitely stimulated which
indicaeted &n increased activity of the interstitial cells. 1In
no case was there definite evidence of develovment of sexual
desire even with extreme developrent of the gonads. Asdell
and associates (16), however, were unable to note any results
from administering gonadotrophic hormones to sterile cows,

The latter workers caution that the high rate of swontaneous

recoverings often encountered render it difficult to give cor-

rect interpretation to findings.
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Effect of the Thyroid Gland

A good deal of work has been done on the use of various
hormones upon sterility and sexual inactivity in meales, but
judging from the literature on this work with various species
most of the work with our domestic animals has been with thy-
roxine. This hormone, secreted by the thyroid gland, controls
the basal metabolism and this is essential for the efficient
function of every cell of the body. There is evidence avail-
able that hypothyroidism often is associated with infertility,
so this hormone must be considered in any acount of hormonal
therapy for spermatogenesis,

“hen there are lowered basal metabolic levels, thyroid
substances often prove to be effective in therapy of seminal
feilure, An extensive review of the physiology of thyro-active
substances has been made by Reineke (115). Out of é total of
14 bulls that received thyro-pnrotein treatment by Reineke (114),
10 were observed to show definite improvement in vigor and
libido. There was no change in the other fcur bulls receiving
the thyro-protein treatment. The time noted for an observable
effect to occur averaged 16 days. Definite evidence of improve-
rent in the conception rate was inadequate, but the limited
records were suggestive of an improverent in spermatogenesis.
Definite improvement of libido of bulls with some indications
of improved fertility were observed on a dosage of apvnroximately

0.5 to 1.0 grem of thyro-protein daily per 100 1bs. of bedy

weight,
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Schultze and Pavis (129) fedl.0 to 1l.24 gms. of thyro-
protein per hundred pounds body weight daily to seven bulls
for 30 days. Initial motility of the group showed definite
improvement., The percent of abnormal spermatozoa changed
little except in one bull where it decreased markedly. Con-
ception rates of five of tne bulls increased from an average
of 51.7 percent to 55.0 nercent within the first 10 days.
After 10 deys, the concention rate increased to 58,6 percent,
and during the 10 days after feeding stopped, the conceotion
rate further increased to 60.4 percent. Seven other bulls,
used as controls, exhibited no changzes in breeding efficiency
during this tirme,

Spielman and associates (133) reported that a thyroidecto-
mized bull produced visible spermatozoa, but libido was com-
pletely absent., The administration of thyroid, dinitrophenol,
and testosterone propionate temporarily restored normal breed-
ing behavior,

Eaton and associates (45) observed the effects of feeding
thyroprotein on semen characteristics of rams. Conmparison was
made between groups of rams fed 2 gm., 1 gm. and no thyropro-
tein, These results indicated that the feeding of thyrooro-
tein to rams was not beneficial since neither fed croup was as
good es the unfed group in spermatozoa concentration, percent-

age of normal sverm, and motility score. However, the volume
of the ejaculate wes somewhat higher in the lot fed 2 gms. of
thyroprotein in the daily ration for a period of 15 weeks,

Bogart and liayer (25) showed that thyroxine or thyroid active
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nrotein, administered orally by injection, alleviated syup-
toms of summer sterility in rams resulting from impaired
spermatogenic activity.

Warwick and co-workers (142) substantiated the work of
Ezton and associates (45) by showing that treatment of rams
with thyro-orotein in the months of April and Yay had an
apvarent deleterious effect on semen quality as measured ty
initial fertility, livability, density, and ability to re-
duce a solution of methylene blue, These workers also fur-
thered the work of Eogart and Mayer by presenting data to
show that treatment of rams with thyronrotein during the sum-
mer ronths nroduced semen which was either equal or slizhtly
above the semen produced by the controlled group.

Y¥artinez (89) revorted that thyroprotein fed as 0.0
percent of the ration cezused a definite stimulation of
spermatogenesis in the domestic fowl., Jaap (74) noted that
doses of 0.25 to 1.0 gms., of desiccated thyroid gave an in-
crease in the size of the testes of drakes during late win-

ter and early spring months,

Nutritional Factors

Vitamin A

The importance of vitamin A in developing and rmainteain-
ing the normal germinal epithelium, and the breeding ability
of young bulls has been arply demonstrated by Sutton et al,(134)
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Hodgson et al., (72) and Erb et al. (50).

Pnillips (150) revorted that cellular slouching is noted
in vitamin A deficiency, but spermretogenesis continues., The
condition could 2lso be renaired after 60 to 90 days of vita-
min A, administration.

Sutton et al. (134) noted the following changes in the
young male bovine from a ration low in vitamin A: degeneration
of the germinal epithelium of the testes, absence of svermato-
zoa in the epididymis, and an eccumuletion of fluid in the
cleft between the anterior and posterior loves of the pitui-
tary glend. Regeneration of the germinal epithelium following
vitamin A and carotene theravy has been observed by Hodgson
and associates (72) and Erb et al, (50). These latter workers
reported that a bull fed a low vitemin A ration for four
months became blind, had staggers, and gostric intestinal dis-
turbances. By using testiculer biopsy, they found severe de-
generation of the seminiferous tubules and nearly complete dis-
ascnearance of sperm from the lumen of the tubules. Feeding of
60,000 to 150,000 units of vitamin A ver day resulted in re-
covery within two to five months,

Six dairy bulls were fed dry roughages low in carotene and
& concentrate deficient in carotene and vitamin A for a2 period
of 16 months by Bratton and associates (34) without inducing
clinical manifestations of the deficiency. “hen the roughage
Component of the ration was changed from hay and/or straw to
dried beet pulp, development of incoordination, edema of the

eXtremities and pepillary hemorrhage resulted. They elso noticed
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a decrease in tne percent of motile svermetozoa and a gradual

increase in the percent of abrnormal snermratozoa,

Vitemin C,

Phillins and associates (105) reported that bulls having
8 low ascorcic acid value for semen (two m<. OT less) were
brought back to normalcy in a larpe majority of caces within
five weexs by the subcutaneous injection of Vitamin C.

Phillios also nointed out that semen escorbic acid values
above eight rg., nmercrnt were toxic and the ocuality of the seren
mey be as poor as wnen ascorbic acid va2lues are low,

The mechanism of how vitarin C improves spermatogenesis
is not definitely known. Rerg and co-workers (21) found that
the ascorbic acid is concentrated in the seminal vesicle,

These authors assune that the swermatozoa are keopt viable after
sperratogenesis is corpleted by the ascorbic acid in the semin-
al vesicles until they are ejaculated.

Pnillios and co-workers (105) showed that blood plasma
escorbic acid declines with the develonment of vitamin A defic-
iency. Twenty cc. of cod liver oil per day was required to
maintein nor~al &@scorbic acid values in Guernsey bulls., Thet
there is a difference between breeds,with the Holsteins lower
than the Guernseys, has vteen renorted by Phillips and aesoci-
ates (1O4),

Bortree et al. (26) siowed tnet the feeding of chlorobu-
tanol to cattle resulted in & msrked incr-ase in plasma ascor-

bic scid. Recent work has shown that the feeding of chlorobu-
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tanol to the bovine results in a marked increase in the level
of ascorbic acid in the blood rlasma. Fifteen 8slow breeding
bulls were fed chlorobutanol orally by Scheidenhelm (126).

The 1ibido of the bulls imvroved in 76.6 vercent of the cases.
The average time recuired to serve a cow was reduced from 45
rinuted to 3.7 minutes, Only two sires were able to withstand
doses of 20 grams of chlorobutanol per day for more than a

three week period without developing muscular incoordination.

Vitamin E

Somewhat contredictory claims ere precented in the liter-
ature in regard to the value of vitamin E for nornal renroduc-
tion of deairy cattle.

That vitemin E has no value in improving snermatogenesis
in the dairy bull, has been shown by Gullickson and co-workers
(61). These workers fed seven bulls on a ration devoid of
vitarin E and found that growth, vhysical, and sexual develon-
ment were normal in every resmect, The feeding of one ounce
daily of solvent, process wheat germ oil, in addition to the
norral ration, by Selisbury (119), did not incresse the volune,
concentration, motility, or shorten the time required for ser-
vice,

On the contrary, Timin and Perelurian (141) reported de-
cidedly favorable results from the feeding of vitamin E in the
form of wheat germ concentrate. A corpsrison between the bulls
fed the concentrate and those used 2s controls snowed a 31.5

percent increase in volume, 63.0 percent increase in sperm
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viability, and a %2 vercent increesse in sperm concentration
in favor of the wheat germ concentrate., These beneficieal
effects were noted 25 to 30 deys efter feeding sterted. They
recomrend 800 to 1,000 gme. ver bull ver day.

Kafka (79), studying the case hietory of 126 non-breed-
ing cows, found that treatuent —ith wheat germ oil geve 65
vercent positive concevntions, seven percent nezgeative concep-
tions, and 28 nercent non-conclusive results. Jones end
Ewalt (78) injected wheat germ oil in 49 females at the Orecon
State College Dairy Herd. The dosage varied from 10 cc. to
20 cc. per injection. Forty of the cows injected, calved,
three were disnosed of as sterile, and no records were avail-
able for the remainder of the cows. They concluded that
vitarin E had a favorable influence in the case of 15, indef-

inite results in the case of 23, and negative results with

five ferales,

Arnino Acids

The optimum amount of dietary protein that is needed for
producing high cuality semen in the dairy bull has been under
investigation for somre tine,

Holt and co-workers (73) working with humans found that
a diet deficient in arginine over a ten day period caused a
reduction in the number of svermatozca to one-tenth of the
normal values., They concluded that atrophy of the spermato-

cenic tissue took plece. Guterman (64) studied five ren pa-

tients before, during and after awino-scid therapy. Cne
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rronth prior to the amino acid theraony the average sperm count
was 11.2 million per cc.; after eicht months of trestment, the
average concentration had increased to 47.0 million per cc.
The amino-scids were then discontinued, end eight months later
the sperm averaged 21.8 million ner cc. Thais worker also
treated 13 infertile men with oligospermia in which they re-
ceived 1.8 - 2.7 grams of erginine and minimal amounts of
lysine, tryotophane, and pyridoxine in tablet form for eight
ronths, The tendency for sperm concentration to increase was
es great in the untreated group as in the treated croups.. It
aomears that amino-acid therany for oligosmermia should be
reserved for those »natients who exhibit or give the history

of inadequate oprotein in-take. Rerg and Rohse (22) found

that a pveriod of uncomplicated trytophene deficiency in young
male rats, lesting as long as 20 days, does not induce subse-
quent sterility,

Jones and associates (77) using two groups of bLull calves,
starting at five to seven months of age and continuingz to 32
to 41 months of age, compared the effect of two suvplemented
alfalfa hay rations upon fertility. The basal ration consis-
ted of alfalfa heay, disodium phosphate, salt, oandé potassium
iodide and the sunpnlemented basal ration consigsted of the
basal ration vlus one pound each of skim milk powder and ost
croats, Bulls fed the basal ration oroduced good quelity
semen 2fter 18 months of aze and were fertile on service be-
tween two =2nd 3.5 yeers of age., Bulls fed the supnlemented

basal ration orcduced good ocuslity semen efter 12 months of ece,
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end were fertile on service., The averace initizl =otility
vasg rated 52 percent of the semples on the basal ration =s
comnared with 72 percent of the samples on the suvnle~ented
basal ration. The authors believed that the earlier maturity
and better condition of the bulls fed the surnlevent was cdue
to the greater energy intake,

Eranton and co-workers (30) studied the measurable semen
characteristics and relative fertility of 1% bulls vihen they
wvere fed the nrotein suomlerent end tirothy hay es the only
rouchege, DBased on 60 to 90-day non-returns to first service
cows, the average fertility levels of the semen oroduced wvhen
the bulls were fed corn gluten feed, skim milk vowder, end
soytean oil meal were 63.5, 61.6 and 5.7 percent resmectively.
The results shcwed thet corn gluten feed, skim rilk znd soy-
been o0il mezl were annroximately eouwal in value as nrctein
sunnlevents in the concentrate mixture. It is doubtful whether
any reel advantace lies with the soytrean oil meel because the
difference is relatively small.

Reid ané associstes (112) indicated that the ingestion of
e. simple and/or complex concentrete ceve similer characterist-
ics of good cuality semen. Eranton and co-workers (31) found
corparable results in seren cheracteristics, reletive fertility
end tody weiuht changes vihen the T. D. N. intake levels varied
from 100, 120 snd 140 percent of reco:rended maintenance rTe-
cuirenents for dry dairy cows of eguivalent weighte fed simul-
taneously with concentrate wixturecs containing 12, 16 and 20

percent totsl protein.
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Lardy and associates (£5) studied the effect of a low
manganese ration of corn, corn gluter, timothy hay, and min-
erals upon semen nroduction. They found that ejaculates from
the three bulls reered on the low menganese diet nroduced a
small volume, low concentration, noor snermatozoa motility,
and a2 short storing neriod. In contrast, the ejaculates from
taree tulls receivings the same ration »nlus a sudnlerent of
manganese sulfate nroduced a norwal volume, high concentra-
tion, excellent motility, and the spermatozoa maintained motil-
ity for a lonz storaze neriod. These authors indicated that
an adequate amount of manganese is essential for sverm precduc-
tion in the bull, Illarked improvements in semen cuelity wos
observed by Knoszp (80) in seven of the 11 problem sires who
daily received 50 mg. potassium iodide olus &€ vound of skim
milk ovowder for a neriod of two to six months., Improved sperm-—
atogenesis wes indiceted by one or 2ll of the following fac-
tors: libido, ouantity of sewen, output of sperm cells, »er-
centace of living smerm cells, and the motility activity rat-
ing of the cells.

Boyer and associates (29) found that a manganese defic-
iency in male rats did not result in lowered ascorbic acid
content of the various tiscues. However, the rats on the def=-

icient diet showed complete lack of smermatozoa.
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SUNMARY OF T:E REVIEW OF LITERATURE

The factor of exercise in manegement of deiry bulls
hes not received adequate study. Various investigators
(19, 65, 87, 151 and 150) have indicated that exercise may
give favorabvle effects on fertility; however, the data pre-
sented is sorewhat contradictory. Xxercise may increese
semen quality and libido in the bull. If exercise affects
svermatogenesis in the dairy bull, the physiology involved
is not well defined,

Sermen characteristics have been shown to be influenced
by various factors. That the seasonal variation affects
semen quality end fertility of bulls is evident (38, 51, 96
103 2nd 130). 3everal investigators (42, 51, 88, 95, 96, 103
and 130) have demonstrated that fertility is affected by
season., These autnhors concluded thet light and temnerature
were two of the factors involved. The cuzlity of the semen
avpears to be lower during the sumazer and fell months.

The age of the bull zovears to have an affect uvon breed-
ing efficiency (28, U2, 71, 97, 140 and 152), It annears that
bulls six years of aze and younger produce hi:her cuality of
semen tnan older bulle, That tihe frequency of ejaculetion may
affect the breeding abilities and fertility of the bull hes
been shown by (86, 93 and 149), From these data, it is reason-
aole to conclude that a six-day interval between ejaculations
is not detrimental to spermatogenic activity.

The factors affecting 1ibido in bulls is not definitely
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known., Two workers (67 end 68) indicate that libido is rela-
tively dependent of spermatogenesis in the vull. The data
showing the effect of the ration on libido is contradictory.
Several workers (26, 105 and 126) showed that a ration which
improves vitamin C synthesis or the injection of ascorbvic

acid will eid in meintaining sex drive, Improvements in semen
cuality was obtained by menganese sulfate and potassium iodide
therapy as indiceted by (&0 and 85), The feeding of mangenese
deficient diets to male rats by (29) resulted in sterility.
The experirent work conducted in the United States (61, 78 and
119) indicates that the feeding of wheat germ oil as a source
of vitarin E is of no value in maintaining semen quality. The
importance of vitamin A in developing and waintaining breeding
efficiency of young bulls has been demonstrated (34, 50, 72 and
134).

There is evidence in the date (114, 129 and 133) that thy-
roid substznces often nrove to be effective in therspy of semin-
el failure. Hypothyroidism is essociated with imveired sex in-
ter~st, Goned-stimulating hormones (27, 43, 66 and 109) may
have an influence in correcting breeding troubles.

Data on the relationship of semen cuality to breeding ef-
ficiency have varied (20, 46, 94, 135 end 137). Investigetions
(9, 41, 62 and 70) to date, indicate thet initial motility of
the spermatozoa is the best laboratory measure of semen fertil-
ity.

values (13, 51, 69 end 70) for good quality of semen varied

sorewhat, but it apnnears that semen to be insemineted should
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have the following characteristics: (1) normal volure —- 4
ml,, (2) concentration —- £00,000 permatozoa per cu. mu.,

(3) motility rating —- 70 percent progressively motile sperma-
tozoa, (4) abnormal svermatozoa -- less than 30 nercent, (5)
hydrocen-ion concentration -- 6,3,

Various authors’(75, 76, 124 and 1U42) have studied the
Telationship of hyalurcnidase titre to fertility levels. Io
conclusive evidence has been presented.

Yany investigators have studied the storage of sermen
(7, 13, 52, 70, 102, 106, 107, 128 and 154). lost workers
are of the opinion that a storage temperature of 5° C is opti-
rum, and thet semen, if used for insemination, should not be
stored over four days. Verious diluents (20, 33, 106, 107,
120, 121 and 151) have been used in the United States to pre-
serve genxen, PRest results in maintaining the fertility of
semen nave been ootained with the buffered ezz-yolk-citrate
and the buffered egg-yolk-phosvhete diluents. Iany workers
(5, 6, 54, 81, 98, 100, 108 and 139) heve studied bacterio-
logical control of semen. A corbination cf nenicillin and
strentomycin added to the avove accented diluents has more de-
sirable =anti-biotic vpronerties than any other bacteriostatic

compound.,
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OBJECT

The object of this exneriment wos to obeerve the effects
of forced exercigce of dairy bulls upon their semen character-
istics (volume, concentration, motility and percent atnormals),
and the fertilizing capacity of their seven by computing the
nercentage non-returns on first and second service covs besed
on 60-90 days. Taese cows were owned by patrons of the

Michipan Artificial Breeders Coonerative Incorporated,.

EXPERIIENTAL FRCCEDURE

Selection of Animels

Thirty-two bulls of the lichigan Artificial Breeders Co-
operative Incorporated varyinz frem four to 15 years of age
were divided into eight groups accordinzy to breed and to high

or lor fertility as shown by Table IV,

Feeding and l‘ansgemrent

Aoproximately one-half of the bulls in this experiment
were housed in 9' by 11! box stalls and the other one-half in
5' by &' tie stalls., All bulls received a 15 percent protien
concentrate, (Table V), and an average cuality alfalfa-brome-
graes hay. In addition, grase silege was fed for the first
122 days, followed by corn silage for the last 59 days. The

analysis of the grass eil2ze and corn silege is shown in Table VI,



TAELE IV

SUI:MARY OF BREEDING EFFICIENCY FOR THE INDIVIDUAL BULLS
FROM OCTOBER, 1948 THROUGH SEPTEMBER 30, 1949
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TABLE V
CONSTITUELTS OF GRAIN RATION

Feed Pounds
- ——————————————  ————  —  ———— ——— —————————————— — ——— — - —— - §
Oats 1,200 *D, P, = 15.8%
Do Mo - 23.01b8.
T.Do bro - 81.71b8.
Corn 300
Wheat bran 600
“heat middlings 300
Meat scraps 200
Linseed 0il meal 100
Soybeen 0il meal 120

¥, V., P, poultry con-

centrate 100
Salt 1.5%
Cobalt 3.0 oz,
M. S Oy 1.0 1b.

Legend w *According to the Morrieon Stendard

D. P, = Digestible protein
D. M. = Dry latter
T. Do No = Total Digzestible nutrients
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TABLE VI

AL ALYSIS CF 1EE
CORIN SILAGE ALD GRASS SILAGE

——e —_— e ——— et e ————————
Protein Protein
Moisture ‘et Fesis Dry RBesis
% % 9
i / /
Corn - 70.36 2.l 8.10
Grass 50.70 7.70 15.50

*Association of O0fficial Agricultural Cherists
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The average cdaily level of feeding the grain mixture, silage,
and hay wes 3.5 1lts., 12 1bs., and 15 lhs, respectively.

This ration conteined suflficient digestible nutrients to neet
the Yorrison St=zndard.

The original nlan called for weekly semen collection.
However, because of the fluctuations in demand cf semen, con-
dition of the bull, and the mansgement oractices, tihis time
schedule could not be strictly followed. In generzl, the in-
tervel between collections was lonzer depending on the indi-
vidual bull,

An artificial vagina was used for collection. In rost
caces the bulls were ejaculated twice at each collection time
with a short interval between the first and second ejaculates,
In no case was a third collection made, For each ejaculation
the bulls were restrained depending upon their habits and

livido.

Txercieing Procedure

During the first 35 days, one-=half the bulls were exer=-
cised for 1% minutes in the afternoon on & rechanical exer-
ciser with a speed of 1.24 mi. per hr. The amount of daily
exercise was increased to 23 minutes at the same rate of speed
for the following 14 days. For the remaining 119 days of the
experiment, these bulls were exercised daily for 30 minutes at
the rate mentioned above on the mechanical exerciser., Ilio

bulls were exercised on Sunday.,
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Method of Semen Hendling

Semen collections were made on ¥onday, ‘wednesday eand
Friday from 3 a.m. to 7 a.m. All bulls were ejaculated in
or near the breeding stable adjacent to the processing lab-
oratory. Immediately efter ezch collection the viel con-
taining the semen was taken into the laboratory. The follow-
ing procedures were used:

1. The seren samole was observed for any gross
sbnormalities,

2. The esemen volume was measured and recorded,

3. The spermatozoa concentration and motility was
determined by the following technique:

A, Al ml, T D, pipette was inserted into the
semen receptacle and .,2ml, of semen was
nipetted,

(a) .1 ml., of the pipetted semen was transferred
to a 3 ml. (10 x 75 mm,) test tube contain-
ing 1 ml., of sodium citrate dihydrate. This
tube, with the diluted semen, was inserted
into the photoelectric colorimeter and the
reading recorded as thouesands of spermatozoa
per cu., mm,

(b) .1 ml, of the pipetted semen wes placed on a
sterile microsoopic slide (body temperature)
and the spermatozoa concentrstion was estim-

ated objectively under the microscove,
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4, Semen which showed a conceantration of 800 sperma-
tozoa per cu. mm, or above and also had motility reting of
70 percent or ebove was further processed. The seren was
diluted with buffered egz-yolk citrate prenared by the
method of Salisbury and essociates (138). The range of di-
lution for the vrocessed semen varied from 1:30 to 1:40,
Sixty-days after the start of the experiment, a combination
of 1,000 international units each ¢f penicillin and strepto-
mycin wes added per ml., of diluted semen.

5. Semen was then gradually cooled to 5° C. at the
rate of 15° per hour,

6. The semen was then placed in & c¢c. c. vials, one-
fourth inch from the top. Peraffined corks were used as
stovvers, .

7. The tubes were packaged in speéial containers con-
taining ice for parcel post, snecial delivery and air ship-
éent‘to the inseminators that morning or afternoon. Thus,

the senmen used for insemination was never over three days

0ld when the cow was bred.

Procedure of laking Semen Smears for Morphologicel Studies

Smears were &ade of the fresh egemen from each bull to
deterrine the percentage of abnormal sperdatozoa. The semen
gmears were made immediately after recording the volume by
the following technique: (1) A small, sterile stiring rod wes

cautiously introduced into the calibrated seren receptacle to
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transfer a small drop of the semen to a small, twe-inch test
tube, 2 ml. capacity, containing .5 ml. of physiological
saline, (2) The contents of the test tube were then poured
on the entire flat surface of a sterile microscopic slide and
allowed to air-dry at leboratory temperature, The semen smears
were then taken to the nutritional laboratory for the stain-
ing technique., The following staining method was used to il-
lustrate the head, midsection, end tail of the svern,
Gradwohl (60).

A, Fixation in Schaudinn's eolution:

1, Immerse for one minute in 7 percent solution
of corrosive mercuric chloride, 2 parts, and
absolute alcohol, 1 part.

2. Immerse for a half-minute in 50 percent alco-
hol.

3. Immerse for a half-minute in 3 ounces of dis-
tilled water, and 2 drops of tincture of
iodine,

4, wash in tap water.

B. Staining Process:

l, Immerse for a half-minute in aqueous solution
of 5 percent eosin.

2. Immerse for one minute in 3 ounces of 50 per-
cent alcohol and two dronms of concentrated
hydrochloric acid.,

3. VWash in distilled water.

- Y4, Irmerse for two and one-half minutes in
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hematoxylin.

5. Immerse for one minute in 3 ounces of dis-
tilled water, and 2 drops of glaciel acetic
acid.

6. VWesh in distilled water.

7. Dry at laboratory temperature,.

Yethod of Counting Svermatozoa

Each stained slide was placed on a movable microscope
gtage and following a stendard technique of moving the slide
about, 250 individual spermatozoa were examined and classi-
fied as to rmorphological type,

Spermatozoa were classified into the following groups
sugrested by Selisbury end associates (39):

1, Yorphologically normal,

2. True abnormals, which included such types
as those nossessing eny ebnormality with re-
svect to the shape or size of the head,
sperratozoa with enlarged, absxial, beaded or
filiform middle-pieces, ard those with thick-
ened or double tails.

3. Tailless spermatozoa.

4, Snermetozoa with broken necks.

5. Svermatozoa with coil tails.

The number and types of normsl and ebnormsl spermatozoa

found were recorded and these figures multiolied by four to



66

give the nurber of a2bnormal spermatozoa per 1,000, The ex-
aminations were made at 430 X magnification with a high-dry
objective, In addition to noting the abnormal svermatozoa,
observations were made as to the presence of debris, epithe-
lial, and orimordial sverm cells in the semen. In recording
the ebnormel svermatozoa, the following system was followed:
using a bacterial counter, 62 snermatozoa were counted in
each corner of the microscone slide, in some cases, this
vrocedure could not be followed due to the absence of cells
on some 8lides., Eech swerm cell was recorded in its resnec-
tive clessification as it was counted, No svermatozon was
included in more than one group. Hence, a pyriform head that
w2g tailless or coil-tailed. For this reason the percentage
of each abnormality is not absolute but repres-nts only the
abnormal tynes that fall in their group after other forms
have been senarated out., Since many of the coil-tailed and
teilless spermatozoa possessed other defects, it can be seen
that the velues for these two forms will be somewhat high in

comnarison to the other two tyves of ebnormrals.

Weights of the Bulls

Weights of the individual bulls were taken aspproximately
at six-week intervals during the course of the experiment,
A1l bulls were weighed at the same time each day. The regu-
lar weighing time was 10:00 a.m. so as to eliminate the pos-

gsible error of feed consumption, upon body weight.
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Bvaluatins the Degree of Libido

The procedure used wes to note the length of time in
minutes or fractions of a minute that elapsed from the time
the tull was two to three feet from the teaser and the conm-
pletion of service to the artificial vagina. 1In a few cases
some bulls were retarded in their sex drive by the leader
forestalling the bull's mount. This tine that a bull was

hindered in libido was not recorded.,

Qbservatione on Annetite and General Activity

During the experimental period, close chservations were
made upon each bull to detect any noticeable changes in

apvetite and activity.
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EXPERILZEXTAL RESULTS

Preeding Efficiency

A summary of the nunmbers of cows bred ronthly and the
breeding results for treatments and breeds ere found in
Tebles VII and VIII,

The Holstein bulls had & considerably higher breeding
efficiency than the Guernseys. The percent of non-returns
for the Holstein breed was much higher on both exercise end
non-exerciee then those for the Guernseys. The Holsteins
not exercised exceeded the exercised groun by .8 percent in
total 60-90 day non-returns; wvhercas, the Guernseys that were
exercised showed 1.6 percent more total non-returns than the
non-exercised groun. Figure 1 shows graphically the monthly
percent of 60-90 day non-returns for treatmente and breeds.,

The data for breeding efficiency were analyzed on fer-
tility levels by analysis of variance and the results are
presented in Tables IX and X, A highly significant differ-
ence of the average of non-returns was found between breeds
and between months in the high fertile bulls, Io signifi-
cant differences were shown by the low fertile bulls, The
treatment interaction, exercise X breeds, was significant in
the fertile group, but not in the bulls of low fertility,
meaning that in the high fertile bulls, the Holstein did not
respond the same as Guernsey bulls for exercise ard non-ex-

ercise, As shown by the analysis of varience, there were not
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Holsteins -- Exsrcised
——== Holsteins -- Non-exercised
eese Guernseys —- Exercised
— e — — Guernseys -- Non-exercised
L d
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I
P ———

P ———
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Fig. 1. Percent of €0-30 Day Non-Keturns
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TABLE IX

AALYSIS CF VARIALCE CF PZECIIT NON-RETURITS
FOR HIGH FEZRXRTILE =2ULLS

Source of De;rees of I'ean

Variation Freedon Saueare F
Exercise 1 15.0 «39
Ereeds 1 1,073.0 28.01**
Yonths 5 150.5 4,19%e
Exercise x Vonths 5 Lg,6 1.27
Exercise X Rreeds 1 251.0 6.55%
Breeds x Months 5 46,2 . 1.21

Exercise x

Breeds x lonths 5 17.9 J7

Error 72 38.3 -

*Significant at the five percent level of probability
**Sicnificant at the one percent level of orobability
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TABLE X

ANALYSIS CF VARIAICE CF PERCE.UT LON-RETURLS
FOR LOW FERTILE BULL

I

|

Source of Degrees of l'ean
Variation Freedom Square F
Exercise 1 141.1 3.8
Breeds 1 1.2 .03
Yonths 5 144 <39
Exercise X lMonths 5 3.5 .09
Exercise x Breeds 1 D .01
Rreeds x NKonths 5 11.6 .31

Exercise x
Breeds x Months 5 12.3 33
Error 55 37.0 ——

e ———————————
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significant differences in percent non-returns, in breeds
and trestments between months regardless of fertility levels.

Tables XI and XII summarize the breeding efficiency of
the exercised and non-exercised, hizh and low fertility
Holstein and Guernsey bulls. 7Tiis data includes the average
percent non-returns during the cource of the exverirent, six
months vrior to the exveriment, and the corresvonding six
months, one year tefore the experiment. An analysis of vari-
ance of these data showed no eignificance between the percent
non-returns for the three periods. However, this enalysis
showed that there were highly significant differences between
the bulls for the three neriods, This was more pronounced
with the Guernseys than the Holsteins.

Statisticel analysis sikiowed significent differences be-
tween the Holstein bulls in percent non-returns. The veria-
tion between the Guernsey bulls was highly significant.,

Correlation coefficients between percent non-returns and
various factors were calculated in order to ascertain any reel
relations between them. A highly significant correlation
(0.536) was obtained between percent non-returns and abnormal
snermatozoa. The higher the percentase of non-returns the
lo—er the pereentage of abnormal spermatozoa, Significant
correlations were obtained between months in percentace of non-
returns for all bulls which means that non-returns for one
month gre closely associated with those of other months., A
correlation 0f-0.539, which is highly significent, was obtained

between percent non-returns and sge of the bulls. The younger,
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the bull (agze 4 - 15 years), the higher was the nercentace
of non-returrs.

The correlation was less between the monthly responses
of the exercised and non-exercised groupns of bulls, than
when all bulls were throwm together., Hence, it was though?
justifiable to do an analysis of variance for the exercised
and non-exercised gzrouvs senarately. In some cases there
was a slicht correlation between ronthly resnonses and in

others there wes no evidence of correletions,.

Seren Creracteristics

Vrlume

A monthly surmary of the average seren volume for exer-
cised and non-exercised, hizh and low fertile, Holstein and
Guerneey bulls is precented in Table XIII. This teble
snows that the non-exerciesed bulls nroduced .3 ml., rore
semen »ner ejesculate then the exercised group.

Fioure 2 shows the ronthly differences in volure be-
tween high and low fertile bulls exercised comnared to those
not exercised., The high fertile bulls on exercise slightly
excelled the high fertile group not on exercise; wherces,
the non-exercised low fertile groum was slishtly suverior
to the low fertile bulls receivinz exercise,

Exercised, high and low fertile Holsteins sihowed &

sraller average ejaculate than the corresponding zrouvs not
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Legend
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Fig. 2. Ml. Semen Per Ejaculate.
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exercised. Hich fertile Guernsey bulls exercised suowed 1.6
ml, more seren »er ejaculate as comnered to the non-exercised
Guernseys of high fertility., Trhis wes not true vith the low
fertile groups as the non-exercised, low fertile Guernsey
bulls exceeced the group of low fertility on exercise.

Figure 3 is a granhical surmary of the monthly volure
differences hetween exerciced Holetein and Guernsey bulls te
that of the non-exercised, An exarmination of the monthly
everazes siows that the Holstein bulls on exercise vere, in
weneral, sli htly superior to the Guernsey bulls not exercised;
wnereas the non-exercised Guernseys were superior to the ex-
ercised Holsteins, The Holstein bulle vere sli:chtly higher in
semen volume,

As sno™n in Table XIV and Figure 4, the volume of the
gecond ejeculate was larger than thet of the first for both
the exercised and non-exercised bulls. The voluwme of the first
and second ejaculate of the bulls on exercise was somewhat
lower than those not receiving exercise,

Bulls of both breeds gave a greater volume of seren in the
second ejaculate than the first ejaculate, The Guernsey bulls
nroduced a greater volume of seren in the first (.5 rl, ver
ejaculate) and second (.7 ml. per ejaculate) ejaculates than
_the Holstein bulls. This was the only sexren characteristic in
vhich the Guernseys were superior to the Holsteine. These
data are swrrarized in Teble XIV a&nd oresented gravhically in

Figure 5,
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Since the data indicated a variation in volume of senen
between exercised and non-exercised, high and low fertile
Holsteins and Guerncseys, an anelysis of variance eccording
to the method of Snedecor (172) was made, Yo significant
differences in volume were obtained between exercised and
non-exercised, high and low fertile Holstein and Guernsey

bulls,

Tctal Snermatozos

Tacle XV nresents a8 monthly surtery of the average, total
snermatozoa per ejaculate for exercised and non-exercieed,
higan and low fertile, Holstein and Guernsey bulls, This table
shows that the exercised bulls were lower in total nuumber of
spermatozoa per ejaculate than the non-exercised groun,

Consicerable monthly variation in total svermatozoa per
ejaculate was fcund between treatwments and fertility levels as
indicated in Figure 6. The high fertile bulls that were ex-
ercised nroduced .15 billions xore snermatozoa per ejaculate
than low fertile exercised bulls,

' Non-exercieed, high and low fertile, Holsteins were super-
ior to the corresvonding groups exercised., High fertile, ex-
ercised Guernseys were slightly superior to the non-exerciced
low fertile group.

A monthly sumrary of total spermatozoa per ejaculate for

exercised end ncn-exercised Holstein and Guernsey bulls is

presented in Table XV and Figure 7.
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Fig. 6. Billions of Spermatozoa Per Ejaculate.
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In non-exercised groups, the Guernseys were superior to
the Holsteins in numbers of spermestozoa per ejaculate, Ex-
cent for the wonth of February, the seren from the exercised
Holsteins was consistently of higher snermatozoa concentra-
tion than that from the exercised Guernseys., Tne Holsteins
slightly excelled the Guernsey vulls in the total nuuber of
spermatozoa ver ejeculate,

The semen frcm the first ejaculates snowed a higher tot-
2l nurber of snermatozoa then that from the second ejaculates,
Thece data are nresented in Teble XVI and Figures & and 9,
Thege data show thet the first ejaculates of the exercised and
non-exercised bulls conteined a hicher nurber of s»ermatozoa
than did the second ejaculatee., The first ejaculates from the
bulls not exercised had s larger number of snermatozoa ner
ejaculate as corvared with tne ones from the exercised group.
The total nurber of spermatozoa ner second ejaculate was
higher for the bulls on exercise than those receiving no exer-
cise,

Both breeds gave a greater nuwoer of svermstozca in the
first ejaculates than in the second.

In total sperratozoa, the first ejaculates of the Holsteins
glichtly excelled the first ejaculates of the Guernseys; where-
as, the second ejaculates of the Guernseys hed .2 billions more
sperratozoa per ejaculate tnan the second ejaculate from tae

Holsteins,

An aralvsis of variance of the variation in total swnermatozoa
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per ejaculate, for the exercised and non-exercised, high
and low fertile, Holstein end Guernsey bulls, snowed no sig-

nificance between treatments, fertility levels and breeds,

Initial Motility

The percentage of initial motility showed less variation
than eny other semen characteristic, A monthly suurary of
initial motility for exercised and non-exercised, high and low
fertile Holetein and Guernsey bulls, is presented in Table
XVII. This table siiows that the non-exercised bulls exceeded
the exercised group by 1.7 percentage units in initial motility
of the sverratozoa,.

Fizure 10 presents granhically a swwiary of the monthly
variations in initial rotility for high end low fertile, ex-
ercised, and for the same group, not exercised., The high fer-
T tile group, exercised, was superior to the hich fertile group
not exercised; whereas, the low fertile group not exercised
was higher in initial motility than the exercised low fertile
bulls.

Both groups, the low fertile Holsteins and Guernseys non-
exercised, were supericr in initial motility as comnared to
the hich fertile Holsteins and Guernseys exercised; vheress,
the exercised, high and low fertile Holsteins and Guernseys
shiow a higher percentace of »rogressive motile snermatczoa
than the corresmonding zrouns not exercised,

A suvrary of the monthly differences in initiel motility
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between exercised Holsteins and Guernseys may be found in
Table XVII., Table XVII and Figure 11 indiccte that the in-
itial motility of exercised Holsteins was lower than that of
the Guernseys receiving exercise, In the non-exercised
groun, the Holsteins were higher than the Guernseys, The
Holstein bulls slizhtly exceeded the Guernseys in percent of
progreegsively mctile svermatozoa,

Teble XVIII shows that spermatozoa motility in the first
ejaculetion is noorer than in the second ejaculate excent for
bulls on exercise, The avera:e rmotility ratings of the first
end second ejaculates for the treatments are graphically pre-
esented in Figure 12, It can be seen that the motility from
the second ejaculates of the non-exercised bulls was 1.3 per-
centage units higher than the first ejaculates., However, a
cornarison of the exercised bulls suows that the first ejacu-
lations contained .8 percent more wotile smermatozoa than the
second ejaculates., In the two treotments, the motility of
the first and second ejaculates of the exercised bulls were
superior to those of the non-exercised hulls.

Figure 13 presents the nonthly and breed variations in
percent of motile spermatozoa per firet and second ejaculates,
As shovn by tiis Fizure and Tetle XVIII, the motility of the
first and eecond ejaculates did not show a striking difference
between the Holsteins and Guernseys.

Ag with the volume and total number cf sperratozoa, &an
enalysis of variance of average motility ratings for the ex-

ercised and non-exercised, high and low fertile Holstein and
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Guernsey bulls, showed no siznificance in treatments, fertil-

ity levels and treeds.

Abnormal Snermatozoa

A monthly surzary of abnormal spermatozoa for exercised
and non-exercised, high end low fertile hHolsteins and Guernsey
bulls is given in Table XIX, Thies table indicates that the
non-exercised bulls vroduced 1.4 percent more avnormal soerma-
tozoa per ejaculate then the exercised tulls,

The exercieed nigh fertile bulls, chowed 3,9 vercent less
svermatozoa abnecrmalities as coirpared to the high fertility
group not exsrcised; whereas, the low fertile exercised bulls
reproduced 1.0 percent more than the low fertile non-exercised
£TOUDe

The montnly veriations of the treatrents by breeds accord-
ing to the percentare of abnormal spermatozoa in tneir seren
ere saown in Figure 14, Toese varistions are rarkedly vro-
nounced, The Guernsey bulls exceecded the Holeteins in percent
of abnorzal spermatozoa. The sesen fronm exercised Holsteins

nowed en average of 5.9 percent lese abnormalities than those
not exercisced; wnercas, the sermen from the exercised Guernseys
hed en esveresce of .2 percent more abnormel spera:atozoa than
those not receiving exercise,

A corparison of the non-exercis~d grouos indicated that
bulle of hich fertility »roduced .1 nercent rore abnormal sveri-

atozoa thsn the low fertile bulls, and the exercised bulls of
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hich fertility conteired 9.8 vercent less abnormalities then
the low fertile groun. These data are nrecented monthly in
Figure 15,

Txercised high fertile Holsteins conteined 3.9 perdent
less spermatozoa abnorralities per ejaculate than the non-
exercised group. This was also true with the low fertile ex-
ercised Holstein bulls which had 2.0 percent less ebnormal
snernatozoa ver ejaculate as comnered with the non-exercised
groun,

The data shown in Table XX indic=tes that the first ejec-
ulation contazined nore abnormal spermatozoa than the second
ejaculates, It is evident that the first and second ejacul-
ztes of the exerciced groun vere decidecdly lower in abnormal-
ities as comoered to the group not receiving exercise, Figure
16..

A surmary of the monthly verietion in percent sbnormal
enermatozoa for first and eecond ejaculates of the Holstein
and Guerncey breeds is gravhically presented in Figure XVII,
These data show that the first and second ejaculates of the
Guernsey bulls wer=z higher in vercent sbnormal spermatozoa
than those of the Holsteins,

According to an enalyeis of variance, there were no sig-
nificant differences in the percent abnormal svermatozoa te-

tween treatments, fertility levels, and breeds.
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%4 — Legend
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Fig. 16. Percent Abnormal Spermatozoa Per
First and Second Ejaculates.
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Fig. 17. Percent Abnormal Spermatozoa Per
First and Second Ejaculates.
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Tynes of Atnormal 8permatozca

A surrary of the abnormal types of spermatozoa for the
treatments and fertility levels, regardless of breeds, is
presented in Table XXI. There seened to be no one particuler
type of abnormality assnciated with exercised or non-exer—
cised bulls., This was also true with fertility levels. The
main dietinguishing charecteristic between spermetozoa of
bulls of hign fertility end those of low fertility were the
nercentage of total abnormal snerrmetozoa. There were excep-
tions to the avbove staterent in that eore bulls with seren of
abnorral morvhology were high in nercentage of non-returns,
and that oth=r tunlls of low fertility had seren with few mor-
phologicel defects.

The abnor:al tynes of swerwmatozoa for exerciced and non-
exercised Holstein and Cuernsey bulls, regardlecg of fertil-
ity level, is surmarized in Table XXII, This teble shows that
the non-exercised Holsteins and Guernseys exceeded the exer-—
cised grouv in nercentage of coiled tailed, taillescs, and true
abnorrmel snermatozoa; whereas, the broken neck enermatozoa
were slightly higher in the exercised Holcstein and Guernsey
bulls than in the non-exercised groups.

The most comion abnormal form encountered was coiled
teiled spermatozoa followed closely by the tailless, The next
rost common abnormzal type was true abnormal including such
forms as those nosseseing aay ebnormelity with resmect to the

shepe or size of the head, spermatozoa with enlarged, abaxial,




gTomIouUge anay, ‘v L
805U US8}OJI3 ‘N *g
8SSTTTRL *L
PaTiey} PSTTCh *L °0
asejuooxed UT POSSOIGXHe = PUSSIT]

114

6°1 £°g £°9 m 0°TT 6°1 o'2 L°¢ g°¢ sceIaAyY
0L 62 <G m c'L O1 c'T ob°'c 5 1 Uoasn
AR 5 m LT G'e AL A1 o' h EEE
$*'c S h 6°9 m 0'eT +f°'¢ $'2 1'% o' ‘uep
C'ie 1 9°¢ 19 A m T°iL  5'1 0t 1'% 1'% MEEL
&°  1'f 94 m o'ttt 1'¢ P (941 (3] TI0]
0'1T 0°0T 0°9 m T°cT 9'1 o' T°9 1 *350
"I '& "1 "I 'C__T104 'Y 1L T 4 "I T 0
KyTl1329d MOT] : K3iTTi326ed UWIH U3 uoy

IS IDYEX T

«SJEREd 40 €CRTIQUYORY
VOZOLYV Mt EdS TV.HO7'EY A0 SHJIAL

IXX R71avi






‘lla!-o:lln"
s TewIougs anIy = °¥ °IL
808U ULY0Ig "™ °§ °g
ES9TITRL = °J
Pa1iR} PSTTOD = L °0
97BqUs0109d UT POSSOIUXHe = PUSIST
T Ht S ¢ 9T 6t LG :&&al ne T e Gt GTg  e.uioiy
Ozt g'c T'c L&t 9h T CHL B¢ 6t Z'c ) TIea
0Ll 22 T ¢ 2'g T 5T G'e ¢  9¢C 89 TR
L°cT G2 LT 6°2 9°G ¢ ['LT &°¢ | 0'f 1°G ‘uep
2T 2*e c'L 1°% 0'G ¢+ L'GL 3'¢ °e [ 541 6°G *09(Q
A g7t 2 1 1°9 5’9 {C'ST 079 21 T°h [*9 TAON
oot 3% 5 gH &9 6Ll O g1 o't 0's *350
“I-’OLIL d.&ﬂ Q.H. dm om d.H. '.H .O ”J_H.O_H. t< dH_ d.—ﬂ im da .B 1-0
K3 Tltaaod MOT : KyTiT3aed USTH Y3 uox

ESIDHIXAT-HNONX

«SQHEYA 40 €CETCUVYTR

YOZOLYV. BEABS TV.HCHEY 40 SEJIAL

(PeNUTIUOD)IXX TGV,



95B83130I0Q UT POSBOIUXE 4

116

8°T 0°c 6°1 L1 8¢ 2°¢ 1°h 9°¢ 83BI3AY
—_— - —
w1 2’1 12 L* 1°2 1°¢ T°¢ 0°¢ *Iui
€1 8°1 2°1 L2 72 L2 0°¢ T°¢ *qad
L2 2°2 8°2 ge2 6°G 2°¢ 0°4H €4 ‘uep
8°1T 2°2 6°¢ 9°2 LG g°< 0°3 T°% *08(Q
9°2 6°2 6° L G°¢ L*¢ 2°§ 0°G *a0y
0°T 9°1 8° 0°'1 0°¢ 2 ¢ 2°¢ 1°2 *300
R) H B) H D — H D H
8TgwIouqy enday 3.c0.] UaqOdyg SSoTLtel 8LLB] PaL10)D yauoq

I8 IDdY¥YIXIT

e STHATT ATLITILERS 40 ERLT.QYYTRY
0

STakdd ¥04 YOZOLVEECS 1Tv.HO 18V JA0 SHJAAL

IIXX 19Vl



- - v. . - . -




117

orequsoxad UT PoSsSsIdXia

P— —_—
1°¢ 0°¢ 6°1 8°1T 2 Ge¢ 1°. £°g e3e194Ay
—_—
G*2 g°2 6° 3°1 0*Hh L2 gL 0°4 *xej
2*2 Ge2 [ L1 L*2 G°¢ 1°. Ly *qod
22 K2 Gt 9°2 2°¢ 8¢ 9°G £°G ‘uep
9°2 f°2 8°¢ g*2 B¢ 9°2 L*9 ¢4 *08Q
8°G 8¢ LT 3° 9°. 0+ Gl 8°G *a0f
w°g 2 6° 2°1 T4 T 9°8 1°9 *190
mm.m‘mE.HoCQ& m.smm_ wuﬁomz Gmxo.HM. J@ SSeTITR 2 w._“._.”m.w Um.m.ﬂow J3uoy

I8IOHYIXIT~-~NON

«BTEATT ALILILERL JC SCSEIAEVYOEY
SU5xY¥E ¥0d YCZOLY<¥HdS V.- HCOHEY J0 SHJAL

(PONUTZUOD)TIXX FTICYI



CTEGETER S TRET A




113
beaded or filiform middile nieces, and those with thickened or
double tails., Spermatozoa withh troken necks were relatively

rare as compared to the coiled tailed and tailless,

Coiled Teils

Ficure 18 presents gravhically tae monthly variations in
coiled tailed epnermatcozoa for treatments and fertility levels.
A etudy of this graph indicatee that the semen of exercised
nigh fertile bulls contained decicedly less coiled tails then

ny of the other experimental groups. In the non-exerciced
crouns, the hizh fertile bulls vroduced .8 vercent more coiled
teils per ejeculate than the low fertile bulls. A comnarison
of the bulls of Jow fertility shows that the group on exercise
had .6 percent wore coiled tailed soermatozoa ner ejaculate

es the bulls not exercised,

Tevle XXIII s-ows the nercentage of the types of abnormal
soerriatozoa for treatments and ejaculates one eand two. A study
of this t2ble shows that firet znd second ejaculations of the
bulls on exercise contained a lower percentage ¢f coiled tailed
sverratozoa tnan those not receivinzs exercise. Of the non-ex-
ercised gzroup, the second ejaculation contained .5 percent more
coiled tailed spermatozoa per ejaculate than the first ejacu-
lates; vhereas, the first ejsculates of the bulls on exercise
showed .1 percent more ner ejaculate of this ébnormality then

the second ejaculation.
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Teilless S»nermatozoa

Figure 19 shows Lranhically the wide variation of tail-
less spermatozoa for the treatwrents and fertility levels. The
rnumber of epermatozoa without tails wes slizhtly hizher in the
non-exercised bulls, (Table XXII). Foth the low and hich
fertile bulls receiving exercise were higher in tailless sperm-
atozoa as compared to the corresnounding groups not exercised,
In both treatments, bulls of low fertility were hicher in per-
centage of tailless spermatozoa than the high fertile groups.

As was true with coiled tails, this tyne of spermatozoa
abnormality was sliphtly higher in the first and second ejacu-
lation of the non-exercised bulls as comnared to the exercised
group, (Table XXIII). In both grouos, the first ejaculate con-

tained a higner percentaze of tuis abnormality,

Broken liecks

Tnis abnormality wes not noticed in &ll ejaculates. PBulls
that received exercise showed .1 vercent fewer broken necks ner
ejaculate than those bulls not on exercise, (Table XXII)., Ex-
ercised bulls of high fertility had slightly more broken necks
than thoee of low fertility., This wes also true in the case of
the corresponding groups not on exercise, These data are pre-
sented graohically in Figure 20,

A comparison of the firet and second ejaculates in Table
XXIII indicates that the first ejaculates generally contained

nore of this type of abnormal spermatozoa than the second
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ejaculations, This fact was esoecially true of the exercised

bulls,

True Abnormel Snermatozoa

This type of abnorrality consists of forrs of spermatozoa,
Fioure 21 shows the wide variation between months, treatnents,
and fertility levels. The non-exercised grouns had a larger
nurber of true abnormal snermatozoa than the exercised bulls,
(Table XXI)., In the non-exercised group, the bulls of high
fertility ehowed .6 vercent nore true abnormals per ejaculate
than those of low fertility; whereas in the exercised xToups,
the low fertile bulls produced .6 percent more of the abnormal-
ity pner ejeculate than the high fertile bulls,

The Holstein bulls »nroduced inore true avnormals than the
Guernsey bulls (Table XXII). The non-exercised Holstein and
Guernseys had a larger nusber of tiis abnormality than those
breeds on exercise.

The first ejaculates were higcher in true ebnormels than
the second ejaculates for Loth exercised and non-exercised

bulls, (Table XXIII).

Pody “eirht of Fulls

Individual body weights of the bulls were taken at avprox-
imetely eix week intervals. The initiel and final weights of
the exercised and non-exercised groups are shown in Table XXIV,

Both groups of bulls gained in body wei:ht., The 16 bulls not
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on exercise only gained 95 nounds more than the exercised
group. Only three bulls not exercised lost vody weight;

viereas, only two bulls exercised lost body weignt,

De~ree of Livido

bull
The time required for each/to mount the teaser for each

collection was recorded., Ejaculeotion frequencies and the
mean mcunting times for the bullsare given in Table XXV, It

is evident fror these data, that no real differences existed.
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TASLE XXV

EJACULATICN FRIQUSICITYS A D LEAY MCOULTING TIVES
FOR THY IUDIVIDUAL RBULLS

EXE R_C I SE ; NOI-EXERC CIGSE
Ejeculations Time Ejaculations Tiwre
10, "urmter Yin, : Mo, urher in,
Hih Fertile Holecteins
1 =0 6 17 23 2.0
2 25 o1 L 1€ 22 .2
3 bl 1.3 19 25 1.8
n 27 1,0 1 20 52 2
Total 153 2,1 § 102 b.2
Low Fertile Holsteins
2 29 1.7 § 21 11 1.6
6 29 Y 16 3,8
7 25 1.4 ng 43 1.4
g 5 2,0 32k 19 .5
_Totsel g3 6.0 85 1.3




Oa

TAaBLE XXV(eontinued)

EJACULATION FRE4UTICIES AYD KIAN LOUUTIVG TILVES

FOR THY IwDIVIDUAL EULLS

EXERCISE ; NON-EXERCTISE
Ejaculaticns Tire : Ejaculations Time
o, Tumner 'in, ¢ lo, Tymbex Min,
Hi-h Fertile Guernsevs
2 L3 0 ; 25 25 .8
19 ol o1 § 26 29 1,5
11 29 1,2 § 27 19 .2
12 1 1, § 28 23 0
Total 114 2,2 : 96 2,
Low Fertile Cuernseyse
13 5 .0 L 23 29 .5
14 18 3 ; 30 16 !
15 10 4,1 § 31 18 1.5
_16 2l 1,3 . 72 11 5
Tetal 57 5,7 4; 74 2,8
Grand Tot. 416 17.0 § 381 16.8
Av, Sec. 2.4 ¢ 2.6

b ——
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DISCUS3ION

From the days of our forefethers, dairymen have been par-
ticularly concerned about the role of exercise in management
of bulls, and its relationehivn to meintainance and/or its im-
nproverent of renroductive efficiency,

A few nrevious workers have reported varying results.
Bartlett end Perry(19) found that rejular s stematic exercise
of three bulls for one nonth gave a 51 percent increcse in
volume, Voodward (160) repcrted that the exercising of bulls
for 30 minutes & dey increased the motility (with exercise 60
to 100 Qercent of the spermatozoa were motile, wiile with no
exercige there wes only 5 to U5 nercent notility) and longevity
cf the spermatozoa and greetly diminished the time of service
with a slow bull. Hemilton and Symington (65) observed that
deily exercise increased the volume, snerm concentration and
motility of the ejaculate. Levard and associates (&7) noted no
significant effect ol exercise on the wmorphology, concentration
and viability of the sverratozoa, The volume of the semen
shored 2 glight but insignificart increase in bulls receiving
exercise., They reported that the concention rate of the exer-
cised end non-exercised bulls followed the same general tend,
These resulte only show the value of exercise on the amount and
quality of semen for a sixteen weeke'! trial,

It is not unlikely that some of this variability of pre-
vious results stews from a multiplielty of fectores affecting the

votential fertility and characteristics of semen. No doutt, the
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methcd of selecting the animals and the veriod of time the
bulls were exercised was a mejor problem., Eowling (28) and
Dawson (42) have indicated that ase and nealth of the bulls
18y have an effect uvon breeding efficiency. Thet the fre-
guency ¢f ejaculation may effect the breeding avilities and
fertility of the bull hes been shown by “eatherby end assoc-
iates (149) and Lesley and Fogert (&). The sezson of the
year effects semen ocuality and fertility cf bulls as shown by
Lewis (9%2) Yercier and Selisbury (S6). The data showing the
effect of nutrition unon reonroduction ie limited and somewhat
contradictoery, but several investigzators, Erb end co-workers
(50) and Hodgson and asscciectes (72) have suggested that cer-
tain nutrients are concerned in normal breeding efficiency.

It is co-monly thought by many dairymen that exercise is
an important factor in maintaining the production of high
aquality seren in bulls over & long period. They believe that
exercise stirulstes the anpetite, influences the degree of
fleshing, and xey be responsible for normel blood circulation.

It is aonreciated that the vercentage of 60-90 day non-
returns is not as accurate in messuring bull fertility as 90-
120 day non-returns, however, the trends observed would have
probably remained the sane,

As shown by the anelysis of variance there were no eignif-
icant differences in the percenta e of non-returns between the
exercised and non-exercised bulls during the course of this
experirent, These results are in accord with those renorted by

Lenard and associates (&7).
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Highly significant differences between breeds end between
months were found in the bulls of high fertility, whereas, the
low fertile bulls shnowed no significant differences between
breeds and bvetween months., The interaction, breeds X exercise,
was significant in the high fertile bulls whican indicates that
the high fertile Holsteins did not respond to exercise the
sare way @s the high fertile Guernsey bulls,

Highly eignificant differences in fertility of individual
tulls we.e found during the experiwental ®riod. This wes
more pronounced in the Guernseys than the Holsteins, These data
are similar to tnose revmorted by Lewis (8%) and Salisbury (119).
The wmonthly variation in the percentage of non-returns wag sig-
nificent between sore months but not for all ronths, The Hol-
etein bulls snowed a consistently higher fertility than the
Guerneeys,

Statisticel enalyeis showed that there wes no significance
between the nercentage of non-returrs for the six months that
the bulle were exercised, the six months priocr to the exnerimen-
tal pveriod and the corresnonding eix wonths, one year before the
exerciged period.

Bowling end associates (80) and Dawson (42) heve indiceated
that the age of the bull mey heve an effect upon the breeding
efficiency., The results of tuis study incdicate that voung
bulls have a2 hicher percentage of non-returns than clder bulls.,

The findings of this study confirm the earlier renorts of
Erb and associates (51) end Anderson (13) that the hicher the

percentage of non-returns the lower the percente~e of sbrormal



snermatozoa, In view of the difference in fertility level
observed between the Holsteins and Guernseys, it wezs interest-
ing thet the seren of the Guernsey bulls contaired more abnor-
mal snermatozoa than the Holsteins. This may be one of the
factors reswonsitle for the lower fertility observed in the
Cuernsey hulls,

The bulls on exercise produced seren with lesg volume,
vith fewer total smermatozos, with lower initial motility, and
less abnornal sverma&tozoa than tnhe non-exercised bulls, but
the differ=snces were not significant. These data confirm the
work of Lepard and associztes (87)., The findings of this study
disagree with those of Woodward (160) wio found that exercise
creatly diminished the tine of service with a slow bull. The
results obtzined here showed that livido was not affected by
excrcise,

Thege data indicete thet the managerent prectice, exercise,
did not have an effect umon the body weiihts, apnetites and gen-
eral cctivities of dairy bulls for & six ronths veriod., If the
ezed theory, that exercise hes an effect unon the breeding ef-
ficiency is to be clarified, an exneriment involving & large
nurber of young and 014 bulls will have to be planned for a long

neriod,
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SULMARY

l., Tairty-two Holstein end Guernsey bulls, ovned by the
Michigan Artificiel Breeders! Association, varying from
four to 15 yeers of ace, were divided into ei:ht g¢roups
accoriing to their breed =2ié to high or low fertilitye.
A1l anivals were fed and ranazed similerly except for
exercise, During the firet 35 deys one-helf of the bulls
were exercised for 15 rinutes a day on a rechanical ex-
erciser with a specd of 1,24 mi, per hr. The amount of
daily exercise was increesed to 23 minutes 2t the sare
rate of sneed for the following 14 days. For the rexain-
inz 119 days of the exneriment thegse sezze bulls rere ex-
ercised daily for 30 minutes at the rate mentioned above
on the mechanical exerciser. The other 16 bulls rere
left in their stalls during the six wonthe ceriod., U52
semen collectians and 33,292 treeding records were tabu-
lated in this study.,.

2. lio eijmificant differences in tne vercenteze of non-returns
were found tetween the exercised and non-exercised bulls,

3, Hichly significent differences in percentace of non-returns
were found for individual bulls during the exoerirental
neriod,

4, Highly sisnificant differences in tihe percentage of non-
returns vetween breeds end betveen montiae were observed
in the hizh fertile bulls.

5. No mig¢nificent differences were found in the vnercentage
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c¢f non-returns vetween breeds ~,nd between months in the
1low fertile Dbulls,

O, A breed difference in resnonse to exercise was giznifi-

cant in the hich fertile bulls.

7. The monthly variation in the mnercentaie of non-returne wes
significant between some monthe, but not for all months,

2, The Holstein bulls showed a consistently hi~her fertility
than the Guernseys.

9, No sicnificent diflereuces were found in the vpercentage of
non-returns for the six montns tinat the bulls were exer-
cised, the six ronthe orior to the exmerimental neriod,
and the corresnonding six wonthe, one year vefore the ex-
ercised nericd. This wzs 2lso true with the non-exerciced
bulls.,

10. A hishly significant correleticn (<0.539) was obtained be-
tmeen the age and the percentage of non-returns,

11. A correlation 0f-0.536, waich is highly sicnificant, wes
cbtained between the vercentage of non-returns and the
percentége of abnormal sverratozoa.

12, Yo significant differences were noted between the exercised
and non-exercised bu’ls in the sewmen characteristics
(volume, total soermatozoa, initial motility and abnormal
eperratozoa),

13, A breed difference in percentace of abnormal snermatozoa wes
evident, cut not significant.

14. Litido wzs not affected by exercise,
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15, The body weichts between the exercised 2nd non-exercised-bulls

siow 1little variation,.
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