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SOME FACTCRS AFFECTING SPERMATOGENESIS AND FERTILITY OF DAIRY BULLS
INTRODUCTION

The development of artificial bdreeding associations has directed in-
creased attention toward factors affecting dairy dull fertility. The exten-
sive use of older bulls with creditable breeding records has increased the
average service age and made it imperative that management practices be —
evolved which will prolong the useful 1life of desirable sires.

Before one can successfully promulgate recommendations for maintain-
ing high fertility standards, there must be a clear understanding of the
factors affecting fertility. Furthermore, accurate critera for measuring
fertility must be developed.

Although number of services per conception is the most useful measure

—

of fertility at presgent, it hag the disadvantage of requiring considerable
?},g,!br record accumulation. Various investigators, therefore, have cor-
related semen characteristics with breeding resulte and semen quality is
routinely used for determining probable fertility in artificial insemination
work. Resgults reported from the various laboratories have differed somewhat,
however, and it is evident that some of the semen characteristics have little
correlation with actual fertility of the dull.

Seasonal variation in semen quality and bull fertility have also been
rqportod';ithough the literature is not entirely in agreement. There are

also some differences of opinion as to the causes of these variations.

This study was undertaken in an effort to determine the correlation
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between semen characteristics routinely examined sand fertility of bulls used
commercielly for artificial insemination. It was also thought worth while

to investigate some of the climatic factors which may affect dairy bull fer-

t1lity under Michigan conditions.



REVIEW OF LITERATURE

Reproductive processes of domestic animals are camplex functions
undoubtedly affected by many interrelated forces. To entirely separate and
discuss them one by one is impossible. However, in this thesis an effort
hag been made to separate these factors in so far as is practiceble.

Anderson (4) has reviewed much of the available literature concerning

artificial ingeminetion of all classes of livestock.,

Semen Cheracterigtics

The need for rapid measures of semen gquality highly correlated with
fertility is self evident. Many workere heve studied this problem with vary-
ing results.

Anderson (2) early observed that the volume of semen collected from
sterile bulls is lees than that obtained from bulls of high fertility. The
coeg:gffgg;on and initial motility of spermatoszoa was lower in semen from
the sterile bulls., Observations of the percent of abnormal spermatozoa show
that sterile bulls averaged 17.5 percent abnormals while fertile bulls
averaged 8.1 percent.

Conflicting results were obtained by Dougherty and Ewalt (28) who were
unable, with limited data, to establish any correlation between motility, per-
cent of abnormal spermatozoa, concentration and actual fertility as determined
by breeding results. Swaneson and Herman (79) substantiated and furthered the
work of Dougherty and Ewalt. The Missouri workers were also unable to cor-
relate concentration, initial motility, percent of abnormal spermatogoa,

volume, or pH with fertility. The property most nearly correlated with fer-

tility wes the length of spermatozoa survival with vigorous motility when the
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semen was stored at 40° F. When separate ejaculates from the same bull were
considered, initial motility was rovghly correlated with viability in storage.

These workers found, as had Donham and assoclates (27) ten years before,
that separate ejaculates from the seme bull mey vary considerably in their i
characteristics.

lasley and Bogart (41) obtained somewhat different results in a study
of Missouri renge bulle unged for artificisl breeding. In thig study volume,
concentration and total spermatozoa per ejaculate were positively correlated
with fertility. Resietance of the spermatozoa when stored in egg yolk buffer
was also correlated with fertility; These workers &gresd, however, that
initial motility and percent of abnormal spermatozoa were not significantly
correlated with breeding results., They further observed that the percent of
spermatozoa surviving & cold shock in non-diluted semen is not correlated
with fertility. A later study by Lasley (42) indicated that semen rated at
40 percent motility is not as fertile as semen rated 61 - 70 percent motility.

Considerable variation was found between semen samples taken from the
same bull and between dulls in this trial. One of the important factors cems-
ing semen variation was the frequency of collection. Semen volume, number of
spermatozoa per ejaculate, percentage of abnormal spermatozoa and fertility
of the bull increased as the interval between collections lengthened.

Swanson and Herman (80) in 1944 repsated their earlier study with
similar results except for finding a significant curvilinear relationship be-
tween motility and conception rate. Although semen with a low motility rating
wag of lowered fertility, that containing 45 percent or more motile spermatozoa
gave nearly as high conception rates as semen with a higher motility rating‘.' |

Mercier (46) and Mercier and Salisbury (47) obtained positive correla-
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tions between concentration and fertility and negative correlations between
methylene blue reduction time, percent of abnormal spermatosoa and fertility.
Not only were there significant differences between the semen charactsristics
of first and second ejaculates of the same bull and between bullg/bnt a
strong b:gg§“§iffergggp in fertility was observed. Ths study involved bulls
of the Hollﬁein and Guernsey breeds., The Holstein sires were muperior in
many of the semen characteristics examined and were of higher fertility ees
determined by breeding records,

That the semen from sterile bulle is characteristically alkaline has
been ghown by Anderson (3) and confirmed by Raps and Cannon (60). The in-
creased alkalinity of stsrile dbull semen is agsociated with lowsred volume,
concentration and decreased motility according to Anderson. He also gtates
that the second ejaculate is normally more acid than the first and is higher
{Eﬁqpermatozoa‘concentration and motility. Reps and Cannon have also pre-
sented evidence indicating lowered fertility at high pH. As would De ex-
pected, the pH varied between bulls but tended to remain constant in the
same bull.

Reid and coworkers (62) have recently conducted an extensive investiga-
tion into the correlation of the drop in pH of incubated semen to other semen
cheracteristics. Highly significant correlations were found between the drop
in pH and concentration, initisl motility, viability, and percent of morpho-
logically abnormal spermatogoa,

Laing (39) suggested that, although fertility appears to be impaired
at low levels of semen quality, other factors operate to vary breeding re-
sults wvhen semen of high quality is used, Mercier and Salisbury had the same
opinion regarding Holstein and Guernssy fertility differences. The latter

workers state their belief that the breed differences found are more than



-6-

would be expected from the differences in gemen characteristics alone.

Table I summarizes the correlations between semen characteristics ead
fertility as reported in the literature reviewed.

It 1s obvioue that, although there is agreement on the relationship of
some semen characteristics to fertility, the situation isnot clear regarding
the correlation between all semen qualities and breeding results. Apparently
other factors operate to influence the results of studies of this kind, Addi-
tional investigzations are necessary if uniform methods of semen examination

which will consistently indicate its fertility are to be developed.

Seasonal Variation

Liveatock breeders have long been aware that some classes of farm live-
stock are seasonal breeders. Although they may not be completely sterile
during periods outeide the mating season, thehjwferti.lity is much impaired.

Parker and McSpadden (53) have found seagonal differences in semen
quality and fertility of Rhode Island Hed males. The volume and density of
the semen and the total number of gpermatozoa were at peak levels during April
and May, Tertility levels were higher from December to May than from June to
November.

A survey of conception records of milk goats in Great Britain hag been
made by Asdell (6). Oonception rates graduslly increased from August to
October and then declined to a minimum during May, Very few conceptione
occurred during the late spring and early summer months.

Turner (87) made & similar study of milking goats in the United Statee.
The results of this survey are very similar to those obtained by Asdell who

found that in favorable seasons, does may breed in August, regular estrus

cycles occurring from September to Fedbruary or March and an anestrus period
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SEMEN CHARACTERISTICS CORRELATED WITH FERTILITY

TABLE I.
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from April through July.

Shropshire rams underwent thres periods of spermatogenic activity
according to McKenszie and Berliner (45). Fertility was high from October
to January, medium during the spring and very low in the summer months.
Hampshire rams were of h igh fertility from Auguet to January and were not
as severely depressed in semen quality during the summer as the Shropshire
rems.

Green (33) found the quality of ram gemen decreasges slightly but
constantly from Januery to May. During June and July numbers of abnormal
forms increased markedly. Density decreased from May to August. Semen
quality improved during the fall reaching a peak in December.

Rem semen studied by Phillips snd coworkers (56) showed significant
seasonal differences in motility, number of spermatozoa per cc., total
spermatozoa, and abnormal forms. Semen volume did not vary significantly.
Karakul sheep bred during the fall with few conceptions occurring from late
winter to early summer according to another study by Phillips and associates
(57).

A number of workers have studied seasonal variation in semen quality
and fertility of bulls. Miller and Graves (50) observed that the Beltsville
herd required more services per conception in July, Angust and September then
during the rest of the year. The late winter and early spring months werse
periods of high fertility in Dewson's report (25). Morgan and Davie (51)
found fertility to be highest from October to Jamumery and low in February,
March, August and September under Nebraska conditions. Sires used for arti-

ficial insemination in New Jersey were of lowest fertility in Fedbruary and
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and Ilaréh acocording to Weatherby and associates (90). Breeding records of
the Purdue University herd were examined by Erb and coworkers (30): May,
vith an average of 74.3 percent, was the month of highest efficiency and
August, with 58.2 percent, had the lowest breeding efficlency. Seath and
Staples (74) determined that Louisiana dairy herds required more services
per conception in the summer than during the other seasons. In & later
study of Louigiana dairy herds, Seath and associates (75) found breeding
efficlency to be highest in the fall and winter and lowest during the sepring
and summer.

Elliott, Salisbury and Brownell (29) presented evidence which con-
flicted with the previous studies on seasonal variation in bull fertility.
These workers found fertility of bulls used for artificial insemination in
New York State to de low in midwinter and spring but high in August and
September. Hilder and associates (36) also found February and March to de
months of low fertility but disagreed with Elliott and oovorknfl in finding
July, August and September to be months of lowest fertility. Mercier and
Salisbury (48) (49) have recently made an extensive analysis of seansonal
variation in fertility of bulls used in New York State and Eastern Canada.
The percent of successful services was significantly lower in winter and
spring and higher during the summer and fall.

An analysis of 51,587 breeding months in the Cornell University herd
by Clapp (24) showed an average of 2.11 services per conception. There
appeared to de a trend toward greater efficiency from March through July.
irooding efficiency dropped sharply in August and continued at a low level
through February. July required 1.90 services per conception and February

2.29 services per conception.
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Semen quality examinations by Erb amnd associstes (31) showed it to
be of superior quality in the spring and low in quality during the summer.
The average semen volume and initial motility was least in July, August
and September. The length of sperm survival was least in August and lower
in July, September and November than during the other months. July, Aungust
snd September were also months of high percentages of abnormal spermatosoa.
Spermatosoa concentration and total spermatosoca per ejaculate were at high
levels furing April, May and Junse.

Obgervations were made by Phillips and coworkers (55) on volume,
motility, mumber of spermatosca per cc., total abnormal spermatosoa and
proportions of abnormal heads, mecks, middle pieces and tails of semen
oollected from beef and milking Shorthorn bdbulls. Sigiificant or highly
significant seasonmal d.ifferenc_:n were found in concentration, total sperm,
and proportions of abnormal heads, necks, middle pleces and tails. Of 1,135
matings, 59.6 percent reculted infertile matings in April and 40.8 percent
in August.

Swvangon and Herman (81) studied monthly variations in initial motility,
volume, concentration, livability in storage, pH and morphology of semen from
bulls used in the University of Nissouri dairy herd. %The pE of the semen was
significantly lower im the summer thaa in the f2ll., Initial mobility and
viability in storage were lowest in the winter.

Salistury (71) found a highly significant dscrease in ths percentage of
motile spermatosos during early spring and highly significant differences be-
tveen months in total spermatozoa per ejaculate. The lowest spermatosoa

count was in Aucust. There were, however, no significent fertility differences

from month to month,






Significant individual and monthly differences in density, motility,
pH and percent of successful collection at'célptn have been indicated dy
Anderson (5). He also noted marked sessonal variation in semen quality dut
cautiong that there is considerabls variation between bulls, farms and years.

Table II gshows the seasonal varistion in fertility found by the
authors reviewed in the foregoing and Table III presents a summary of the

seasonal effects upon semen quelity.

Indocrine Relationship to Fertility
The well establighed fact that there is & seagsonal effect on semen

quality and fertility of domestic animals suggests that climatic factors
such as l_ight and ten?e_ratnro may be responsidle. If such is the case, a
logical mode of action is through diatnrpapcos of the endocrine qst;en which
is knowmn to control development and functioning of the primary and secondary

sex organs.

Indocrine Interactions
Knowledge of the interactions of the hormones affecting sexual activity

is mesger. Some facts, however, have been well establighed. ’That the anterior
pituitary gland must be present for reproduction to take place is accepted. It
vhich control the development and action of the gonads.

The th;roid gland aleo exerts an effect upon the gonads through its
effect on cell metabolism, The thyroid gland also aids in regulating the rate
of secretion of the anterior pituitary hormones. The anterior pituitary gland

secretes & thyrotropic hormone which aide in controlling the amount of thyroxin
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TABLE II. SEASONAL VARIATION IN FERTILITY
Author 2 Species $ High fertility s __Low Fertility
H s H
Parker s Yowl ¢ Spring : Yall
: H : '
Asdell ¢ Goat : Fall ¢ Late spring
: H ¢ Early summer
: H H
Turner ¢ Goat : Fall ¢ Spring-summer
' 3 H H
McKengzie ¢ Ram ¢ Fall ¢ Summer
H 3 s
Green ¢ Ram ¢ Late fall ¢ Summer
H H H
Phillips ¢ Karekul sheep : Fall ¢ Late winter to
H H ! early summer
: $ H
Miller ¢ Bull : ! Summer
: H H
Dawgon : Bull ¢ Late winter :
: ¢ Early spring s
Morgan ¢ Bull s Fall ¢ Early epring
H 3 Early winter ¢ Summer
3 : H
Weatherby ¢ Bull H ¢ Late winter
: : H
Erd : Bull : May ¢ August
H 3 H
Seath ¢ Bull ¢ Fall-winter ! Spring-summer
H H H
Phillips ¢ Bull ¢ April ¢ August
¢ s :
Elliott ¢ Bull ! Late summer ¢ Mid-winter
: H ¢ Spring
H H :
Hilder ¢ Bull : ¢! Late winter
: s ¢ Summer
H : H
Clapp ¢ Bull : Spring ¢ Late summer
H H t Fall
: H :
Mercier ¢ Bull ¢ Summer-fall ¢ Winter-spring




SEMEN CHARACTERISTICS AFFECTED BY SEASON

TABLE III.
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secreted by ths thyroid gland end gonedotropic hormones which r egulate the
activity of the gonads.

The gonads secrete hormones which depress the rate of secretion of
gonadotropic hormones from the enterior pituitary.

It 1s logical to expect, therefore, that any factor whichaffects any

one of these glands may exert a secondary effect on any of the others.

Effect of the Thyroid Gland

An extensive review of the physiology of thyroactive substences has
been published by Reineke (65).

The exsct mechaniem by which thyroid functioning affectes spermatogenesis
and fertility is still a matter of conjecture.

The development of a relatively inexpensive synthetic compound having
thyroidal activity by Reineke and Turner (64) (88) and realization of the
value of thiourscil as & goitrogenic substance (9) has stimulated research into
the thyroidel relationship to fertility of domestic snimals.

Smelser (76) tested the effect of thyroidectomy of mele rats on the
gonadotropic activity of the anterior pituitary gland. No effect upon the
amount of gonadotropic hormone in the anterior pituitary was found although the
authors suggested that the release of the hormone into the blood stream is re-
duced. A definite depression of testicular function was observed and sperm
production was decreaged. The weight and morphology of the testes was not
affected although reduced weights of the accessory glands indicated a reduction
in testis hormone secretion. That the relationship between thyroidectomy and
gonedotropic activity of the anterior pitultary gland is not clear is indicated

by the fact that Reineke and associates (63) found decreased testes size and
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decreased gonadotropic hormone in the anterior pituitary of thyroidectomized
goats.

Reineke and Turner (64) pointed out that after domestic animals have
completed their growth the gecretion of the thyroid gland gradually decreases
lowering body metabolism and the animals begin to fatten; sluggishnegs, de-
creased gex drive and lowered fertility of bulls and irregular estrus cycles
of cows are often found. Administration of thyroactive material will aid in
returning these hypothyroid animals to normal sexual activity.

Many species of animals undergo a period of anestrue during the summer
months. Thyroxine or thyroprotein administration has been found to inhidit
this eummer sterility. Thiouracil administration or thyroidectomy has caused
spermatogenic effects similar to those normally found in summer sterility.
These observations have indicated an effect of temperature upon the action of
the thyroid gland and Dempsey and Astwood (26) have shown that the thyroid
secretes less hormone when the temperatures are h igh.

Wells and Zealesky (91) chamged ground squirrels from geasonal to con-
tinuous breeders by subjecting them to a low environmental temperature.

Jasp (37) fed dally doses of 0.25 to 1.0 gm. of dessicated thyroid to
Mallard drakes whose testes normally increase in size during late winter and
early spring. The testis size of thoge drekes receiving the thyroid prepare-
tion ranged from two to ten times the size of the controls. Increased
spermatogenesis in proportion to the increase in testis size was also observed.
The largest testes contzined large numbers of fully formed spermatozoa while
the smaller testes showed only divieion figures.

Testis growth of ducks, which is stimulated by light, is inhibited for



- 16 -

a short time by thyroidectomy according to Benoit (12). Since the effect
gradually decreases, it is probable that the thyroid is only one of the factors
involved.

Bliveiss and Domm (16) observed that Brown Leghorn cockerels thyroidec-
tomized when 4 to 20 days 0ld exhibited only early stages of spermatogenesis
by the time they were 8 monthe o0ld.

When White leghorn cockerels were fed 100 mg. of dessicated thyroid
three times weekly, the usual seasonal decline in semen volume which occurs
during May, was increased according to Titus and Burrows (85). When the treat-
ment was discontinued semen volume temporarily increased indicating the dosage
level was probsbly too high.

Greenwood and Chu (34) found that feeding 20 mg. of deesicated thyroid
to a Brown Leghorn male completely prevented the regression in testis size and
cessation of spermatogenesis observed in thyrodectomized controls.

Martinez-Campos (44) found that when 0.04 percent of thyroprotein was
added to the ration of poultry marked increases in gemen volume and total
spermatozoa occur. Spermatozoa concentration also increases but to a lesser
degree. At 0.01 percent and 0.02 percent levels the thyroprotein caused only
slight increases in spermatogenesis. Thg-edata hagbeen confirmed by Wilwerth
(93) who also obtained marked increases at the 0,04 percent level, When fed
as 0.08 percent of the ration thyroprotein greatly depressed the semen volume,
concentration and total spermatozoa. These data would indicate therefore that
the optimum level is approximately 0.04 percent of the ration for male fowl.

Gunn (35) found that seminal degeneration and low fertility of rams was

associated with temperature. Berliner and Werbritton (13) have shown that
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temperature fluctu£t10n| affect the thyroid and, through it, the gonads
of sheep. Bogart and Mayer (17) (18) concluded that a lack of thyroxine,
inhibited by high summer temperatures, is a major cause of summer sterility
1n rems. Semen variations associated with summer sterility were decreased
or prevented by feeding or injecting thyro-active materials providing the
interstitial cells had not previously become degenerated. In the fall,
vhen rams are normally fertile, thiouracil administration produced changes
simlilar to those observed during the summer. Thyroxine éounteracted tﬁe
effects of tﬁiouracil. That the effect of heat is not always produced by
. direct action on the te??es is indicated by the fact that the temperatures
causing relative sterility may be below the normal body temperature of the
ram, i ’

Turner and coworkers (89) were able to improve the quality of semen
from a ram with good 1ibido but low guality semen by‘feeding tﬁyroprotein.
They also increased the 1libido of a Toggenburg buck by feeding one gm. of

thyroprotein daily.

-4

Petersen and agsociates (345 thyroidectomized a male Jersey celf and
observed its sexual development. Although his testes development was
spparently normal, there was a conpleto abeence of 1ibido. Semen samples \
obtained by massaging the ampulla wers feitile. Feeding 25 gm. of dessicated -
thyroid over a period of three days restored normal sexual behavior. These
findings led to the conclusion that although 1libido may be controlled by the
thyroid glend, spermatogenesis is apparently unaffected.

WVhen & Jersey heifer was thyroidectomized she failed to exhibit any
estrus cycles according to Brody and Frankenbach (21). Thyroprotein adminis-

tration resulted in several observed estrus cycles.
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Spielman and associates (78) also observed the lack of estrus in
thyroidectomized cattle but reported that regular ovulation does occur.
Artificial inesemination as long as 453 deys after thyroidectomy resulted
in conception and the birth of normal offspring.

In field trials, Reineke (66) improved vigor and libido in ten of
fourteen bulls with poor breeding records through feeding 0.5 to 1.0 gnm.
of thyroprotein per hundred pounds of body weight. Limited conception
records indicated improved spermatogenesis. Knoop (38) fed eleven problem
bulls & supplement of potassium iodide and skim milk., Semen of all the
bulls showed improvement in one or more of the following qualities: volume,
total spermatozoa, percent of living spermatozoa and initial motility. Im-
provement in libido was &lso evident.

Schultze end Davis (73) fed 1.0 to 1.24 gn. of thyroprotein per hundred
pounds body weight daily to seven bulls for thirty days. Initisl motility of
the group showed definite improvement. The percent of abnormal spermatozoa
changed little except in one bull where it decreased markedly. This partic-
ular bull formerly had a very high percentage of abnormal spermatozoa, Con-
ception rates of five of the bulls increased from an average of 51.7 percent
to 55.7 percent within the first ten days. After ten days the conception
rate increased to 58,6 percent and during the ten days after feeding stopped
the conception rate further increased to 60.4 percent. Seven other bulls
used as controls exhibited no changes in breeding efficlency during this time.

The low sgummer breeding efficiency found among Louisiana dairy bulls by
Seath and Staples (74) was attributed to the high temperatures found in that
area. Clapp (24) made a similar sugzestion regarding the lowered efficiency

of the Cornell University herd during the month of August.
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Effect of the Anterior Pituitary Glend

It has previously been indicated Eng it is probable that the effects
of temperature and thyroid activity upon spermatogenesis are largely a
matter of stimulation or inhibition of the activity of the anterior pitui-
tary gland. There is evidence, however, that in some cases c}}gfp}gmfac-
tors may act directly upon the anterior pituitary.

L;g&f has been found to stimulate spermatogenesis, presumably by acting
directly upon the anterior pituitary glagé,,fﬁowan (68) has reviewed the
literature regarding the effects of light upon spermatogenesis in some fifty
species of animals, birds and fish. He has suggested that the effect of
light on birds may simply be one of keeping them awake and active. This
activity in itself stimulates the anterior pituitary gland to produce in-
creased amounts of the gonadotropic hormones (67).

Bigsonnette (14) however, has presented rather convincing evidence that
the effect of light is through the eye and along nerve channels to0 the pitui-
tary. There are species differences in response to light stimuli, Some
species increase in sexual activity as the days grow longer and others de-
crease in activity. The response in either case appesars to be in direct pro-
portion to the amount of stimulus.

Fiske (32) demonstrated that the anterior pituitaries of female rats
kept in the dark were low in follicle stimmlating hormone and high in
leutiniging hormone. As would be expected, the esturs cycles were abnormal.
The pituitaries, gonads and vesicles of male rats kept in the dark were
smaller than those kept im the light.

Through increasing periods of illumination from October 10 onward,



Bissonnette and Csech (15) were able to change the breeding season of
raccoons from Febriary to December.

When Southdown sheep were transported across the equator they changed
their breeding season to correspond with the hours of daylight even though
it meant two breeding seasons in one year according to Marshall (43).

“Y1s0n (52) has shown that exposure to direct sunlight is mot
necessary for normal reproduction of cattle.

A decrease in the number of services per conception when cattle were
exposed to unrestricted sunlight was found by Quinlen and Roux (59). Anderson
(1) has presented evidence of a correlation between periodicity and duration
of estrum in cattle and hours of sunshins. Clapp (24) attriduted the varia-
tions noted in breeding efficiency of the Cornell University dairy herd to
be largely due to changes im the length of day. Mercier and Salisbury (48)
(49) have extensively studied the effect of light upon breeding efficiency
of dairy cattle kept under New York and eastern Canadien conditions. In both
cases light and brecding efficiency were significantly correlated.

Variable results have been obtained when gonadotropie hormomes were used
to treat sterility in eattle. Bottomley ama coworkers (19) were able to re-
store fertility to three bulls and several cows through injecting varying
smounts of humsn pregnency urine extract. Asdell and associates (7), however,
were unable to note any recsults from administering gonadotropic hormones to
sterile cows. The latter workers cauntion that the high rate of spontaneous
recoveries often encountered render it difficult to give correct interpreta-

tion to the findings.



Other Factors Affecting Fertility

Effoct of Age

A difference in breeding e)fﬁciency betwveen young and 0ld bulls was
piL e o e .
found by Miller and Graves (50) .in ‘a study of the Beltsville herd. Young

- bulls sppeared to be more fertile than mature bulls when bred to fertile

cows, -

PEE.
P

Tanabe and Salisbury (84) found cows increase in conception rate up
to four years. Between five and seven years they remsin at a high level
of fertility and then gradually decline with advancing age. Young bulls,
however, gave greater dreeding efficiency than older bulls. The peak con-
ception rate was for two year old bulls although those from one to three
years 0ld were of higher fertility than those of other ages.

An age difference in response to seacsonal variation was observed by
Mercier and Salisbury (48). Young and old cattle appeared to be more
readily influenced by climatic conditions tham mature cattle, Bulls uader
nix‘ iea:rs'of age did not respond to light variations as well ag older bulls.
The anthors suggest these younger bulls may be more subject to other in-
fluences than older bulls.

Baker and Qneensberry (10) were unable to find any fertility differences
between 0ld and young range beef bulls. However, since the older bulls had
been selected for high fertility it ies likely that any differences were odb-
scured.

Heifers required more services for their first conception than for
later concepﬁons in a study by Bowling and associates (20). A higher fer-

tility level among young bulls wes apparent since the heifers required fewer



services per conception when bred to them than when mated to older bulls.
There was a gradual decrezse im dreeding efficiency of bulls as they grew
older. This decrease weg significant with six year old bulls.

Studies smong human femsles by Ashley (8) indicated that many of them
are sterile for up to several years after puberty due to lack of ovulation.
This same sterility of immature females has been claimed for the mouse, rat
and ocow. Thege findinge may indicate one of the reasons for a lower con-

ception rate among heifers bred for the first time.

Effect of Exercise
That proper exercise contributes to the physical well-being of the
bull and increases spermatogenic activity has been indicated by some workers.
Bartlett and Perrylzfgg found reguler exercise of the bull increases the
t?l‘!‘—°f ths .eneey/;igbd;;¥a‘(Qﬁ)jlnc?easoa motility and longevity of the
spethatogoa by daily exercise. Service time was also decreased in the case
of-slow dulls. The lower quality of semen obtained during Februery and
March by Weatherby and associates (90) wae believed to be due to lack of
exercise during these months.
N
Effect of Time of Breeding <.

1912
Trimberger (86) has found the duration of estrum to range from 2.5 to

-

with an average of 10.5 hours after the end of estrum, Breeding results
indicated a trend toward higher conception rates if cows were bred six to 24
hours before ovulation. Conception rates were low among cows bred within 12

hours after ovulation.
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These results indicate tnat cows first observed to be in heat in
the morning should be bred that afternoon, and those in heat in the after-
noon should be bred the following morning.

The findings of Trimberger confirmed earlisr data presented by Wermer
and coworkers (92) which ghowed that moet cows ovulete by the end of the
second half day following estrus. In this study 56 of 113 cows were in
heat for only one-half day.

Laing (40) has reported similar findinge in England. Estrus varied in
length from gix hours in December to 30 hours in July. The yearly average
was 16.1 hours which is very close to that reported by Trimberger (86).

Except for the Winter months Laing found hand breedinz to be less
efficient than free service of the cows. A suggested explanation is that
often, when breeding time 1s controlled, the cows are bred early in the
heat period and the spermatozoa die before ovulation takes place. No preg-
nancieg resulted in this trial when cows were bred more than 16 hours before

ovulation.

Effect of Ascorbic Acid

Of 29 bulls which Phillipe and coworkers (58) treated with ascorbic
acid, improved fertility occurred in all but four. One of these rapidly
improved when vitemin A was edministered. One bull which failed to respond
to ascorbic acid treatment had atrophied testicles. Eleven of the bulls
were returned to active service after treatment although they were to have
been discarded prior to administration of the ascorbic acid.

Scheidenhelm (72) recently tested the effect of feeding chlorobutanol

to problem dbulls and cows. An increase in 1ibido was evident and the number
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of services per conception was reduced. Young sires were more readily
affected than older bulls. Chlorobutanol administration also aided in
settling some Aifficult cows.

Reid and Sykes (61) presented evidence which indicated that ascorbie
acid acts in the guinea pig by stimmlating the production of gonadotropie

hormones by the anterior pituitary gland.

Bffect of Hyaluronidase
Hyaluronidagse has been shown to disperse the cumulus cells surround-

ing an ovum in vitro but its role ia actual fertilisation is uncertain.
Swyer (82) found a close correlation between hyaluronidase content of
the semen and mumbers of spermatozoa in rabbits, dulle, boars, and mea.
¥o correlation was evident in the case of dogs and fowl. The fact that
semen from cryptorchids contains no hyalurenidase indicates that it is
secreted by the seminiferous epithelium rather than by the accessory glands.
In a later study Swyer (83) found at least three-quarters of the
hyaluronidagse in semen is agsociated with the spermatosoa. The spermatoszoa
appear to act as liberators rather thaa producers of the hyaluronidass.
Recent studies by Chang (23) have led him to conclude that the seminal
fluild rather thn'hnluroniuu really increases the fertiliging capacity

of spermatosoa.

fummary of Reviev of Literature
Reports of the relationship of semen quality to tmll fertility have

varied (2) (28) (1) (47) (79) (80). Recent investigations (60) (62) indi-

cate that initial semen pH or the fall in pH after incubation for one hour

it



- 25 -

nay be the best laboratory measure of semen fertility,

Many semen characteristics have been shown to be influenced by
climatic changes (5) (31) (55) (71) (81). That the seasonal varistion in
foertility ies not uniferm frem one geographical location to snother is evi-
dent (31) (49) (75). Several workers (17) (26) (35) have demenstrated
that fertility may be affected by temperature while others (15) (48) (49)
(77) have shown an effect of light variation upon spermatogensis and fer-
$ility.

Other factors such as age (84), amount of exercise (11) and time of
dreeding (86) may affect dreeding results. Ii;ircmd foertility hasg resulted
in some cases through agcorbic acid th;rq:y (58). The hyaluronidase content
of the semen may also bDe a factor ia determining male fertility (82) al-

thouzh its role in fertilisation is not known.



OBJECT

The purpose of this investigation is to study the relationship between
semen qualities routinely determined in an artificial breeding cooperative
and actual fertility of the bulls involved and to investizate the effect of
light and temperature upon spermatogenesis and fertility under southern

Nichigan conditions.

EXPERIMENTAL PROCEDURE

Source of Data
Records of the Michigan Artificial Breeders Association whose dull

stud is located at East Lansing, Nichigan were the source of data for this

study.

e of tu

Semen and breeding records of 24 fertile bdbulls of the Holstein and 17
bulls of the Guernsey breeds used by the associat ion dbetween June 1, 1944
and April 30,1547 are included. More than 4,000 semen collections and

over 107,000 dreeding records are represented.

Management of the Bullg
Until late in 1945 bulls of the two breeds were housed together in a

poorly lighted barn equipped with box stalls. The Guernseys were then moved
to another poorly lighted barn and were ®nfined in stanchioms.
Both groups received the same ration which consisted of a 15 percent

protein concentrate mix and average quality alfalfa-bromegrass hay. The

ration met all nutritional requirements so far as is known.
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None of the bulls received adequate exercise. During wamm weather in
1944 and 1945 they were tied out of doors much of the time but the amount
of exercise received was limited. Later the number of bulls became too
great to be staked out. A mechanicsl bull exerciser was obtained but hag
not worked satisfactorily. During cold weather the bulls have been given even
lese exercise.

It was planned that the bulls would be ejaculated into an artificial
vegina, wvith a cow chronically in heat as a teaser, at weekly intervals.
However, bDecause of fluctuations in demand and other reasons, the intervals
varied somevhat. Usually the variation was toward longer periods between
collections. - In most cases the bulls were sjaculated twice with a short
interval detween the first and second collections, In a few cases third

collections were made but these have been omitted from this study.

Method of Semen Handling
Semen collections wvere made on Monday, Wednesday and Friday mornings

of each week, At first all of the bulls were esjaculated in a dDreeding shed
ettached to the laboratory of the association and the semen taken into the
laboratory immediately after the collection was made. After the Guernsey
bulls were moved to the second dbarn, wvhich was located about an eighth of a
mile from the laboratory, they were ejaculated there. As soon as it was
collected, the test tube containing the semen was placed in a thermos dottle
containing water at 35-40° F. and then taken to the laboratory by automobile.
It normally was in the laboratory within five to ten minutes after the
collection.

In the laboratory, the gemen volume was first recorded and a sample



- 28 -

taken for concentration determination in a photoelectric colorimeter,
(8a1isbury and coworkers (70) ), and motility rating under the microscope.
The concentration is reported as thousands of spermatoszoa per 3 . and
initial motility as percent of progressively motile spermatosoa. If the
concentration and motility were adequate, the semen was diluted with
buffered egg-yolk citrate prepared by the method of Salisbury sad associates
(69) and placed in & room refrigerated to 40° F.

The diluted semen was them packaged in special containers containing.
ice for parcel post shipment to the inseminators. The semen was dispatched
the same morning in which it wag collected and received by the inseminators
that afternoon or the next morning. Thus the semen used was never more than

three days o0ld when the cows were dred.

Tabulation of Data
Records of each attempted collection from ¢ ach bull whether the semen

wag used or not wes considered and monthly averages tabulated for the
following:

1. Fumber of attempted collections.

2. Number of successful collections.

3. HNumber of collection failures.

k., Time required for service.

5. Semen volume per ejaculate.

6. BSpermatogzos concentration per ejaculate.

7. Total spermatosoa per ejaculate.

8. Percent initial motility.

9. Kumber of cows bred.

10. Number of cows returning for service within
30 to 60 days after breeding.

11. Percent of cows mot returning within 30 to 60
days after service.

The monthly averages were then combined with the ssme months over the

thirty-five month period covered by this study. The monthly data, therefore,
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i presented in twelve monthly periods.
' Seagonal date were obtained by combining the monthly data into four

seasons composed as follows:

¥inter Spring Sammer Fall
Decembder March June September
Jamary April July October
Yebruary May Aogust Noverber

In the calculations to determine the percent of cows not returaing
for service within 30 to 60 days after inn-i.nation the mumber of cows bred
aad the numder of cows returning for service wvere totaled for each o the
tvelve monthly periods and the perceant of non-returns determined. Seasonal
variation in percent of non-returns was calculated in a like manner.

In the determination of the relationship between semen characteristics

and fertility only that semen shipped to the inseminators was considered.



BRESULTS

Tables IV and V and Figures 1 through 4 summarise the monthly and

seasonal data on semen quality obtained in this study.

Yolume

With the exception of the months of June and July the Guermsey bulls
excelled the Holsteins in semen volume. This was the only semen character-
istic in which the Guernseys were superior to the Holsteins. The Guernsey
bulls produced a greater volume of semen per ejaculate during each of the
four seasons than the Holstein bulls. Both groups of bulls gave a greater
volume of semen per ejaculate during the spring months than at other times
during the year. JYall was the season of least volume for the Holsteins
vhile the Guernsey bulls were at equally low levels during the summer and

fall.

Concentration
Semen from the Holstein dulls was consistently of higher spermatosoa

concentration than that from the Guernssy bulls. Considerable monthly
variation in concentration was found. The season of h ighest concentration
was found to be the summer while the lowest concentration was found during

the winter for both breeds.

Total Spermatosoa
As would be expected from the greater semen volume of the Ouernsey bulls

and higher concentration of spermatozoa from the Holstein bulls, the total
number of spermatosoa per ejaculate did not differ greatly between t he two

breeds. An examination of the monthly averages shows the Holsteins were in
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NONTHLY VARIATION IN SEMER QUALITY
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TABIR V. SEASONAL VARIATION IN SEMEN QUALITY

: : : :

H H H Total H Initial
agon __:__ Volume :_Concentration : Spermatosoa t___Motility

: M., 00 : Billions 3 Percent
s H ¢ @ : H : 6 H H s (¢4 : H : G
: : : T : 3 : :

Winter 3 5.4 : 5.8 : 1204 : 1045 : 6.49 : 6,03 : 70 : 67
H g H s 3 3 H H

Spring ¢ 5.9 : 6.4 : 1246 : 1141 ¢ 7.31 : 733 75 :+ M
H H H H : : t H

Sammer : 5.6 :5.7: 1279 ¢ 1192 : 7.36 : 6.83 : m o M
H H s H t $: H

Tall $ 53 ¢57¢ 1224 1101 : 6.49 : 631 :: 72 : 7N
H g : 3 $ H H
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general slightly superior to the Guernsey bulls.

The total number of gpermatozoa per ejaculete were at high and low
levels during the spring and winter respectively for the Guernsey bulls.
The Holstein sires produced slightly more spermatozoa per ejaculate dur-
ing the summer than &nring the spring. Yall and Winter were seagons of

lowest total spermatogoa counts for the Holstein bulls.

Initia)l Motility
The Holstein bulls slightly exceeded the Guernseys in perceat of

progressively motile spermatosoa observed immediately after collection
of the semen. The percentage of initial motility was at high and low

levels during the spring and winter respectively for both breeds.

Individual and Monthly Variation

8ince observation of the data indicated a variation in semen
characteristics between bulls and between months, the analysis of variance
according to the method of Snedecor (77) was made.

Highly significant individual differences between tulls of both breeds
“as found in every semen characteristic measured. Variation im total
spermatosoa per ejaculate between months was highly significant in the
Holstein semen. The Guarnsey semen exhibited significant monthly variation

7hase

in imitisl motility although the value was lov. Fhis data Lle sumnarized

in Table VI.

Qorrelation Between Semen Characteristics

Correlation cosfficients between the various semen characteristics were

calculated in order to ascertain any possible interactions between them.



TABLE VI. SUMMARY OF ANALYSIS OF VARIANCE OF SEMEN CHARACTERISTICS

Source of Variation

0 @0 oo o0

Bulls : Months _
H : G : H 2 (¢4
: 3 s 3
Yolume ¢ B.55%%;: 7.,02%% : 0.9 H 0.72
: g s :
Concentration :  3.43%e; 3. 27%¢ : OM4B 0.82
3 : : :
Total Sperm : 5.71%%; 5,98%¢ : 3 .13%» ; 1.05
s 3 3 :
Initial Motility t 6.32%%;  JLuber : 1.51 1.9
: H 3

H
* Statistioally significant at 5 percent level of probability

¢ Statistically significant at 1 percent level of probability

TABLE VII. CORRELATION BETWEEN SEMEN CHARACTERISTICS

H H Total : Initial

t_Concentration 3 Spera : Motility

¢t H : @6 s H 3 G ¢ H : G

: 2 H H : H
Volume : 0 ¢t O : # : * 3

: : : H H s
Concentration ! e} ——e : # : 0

: H : $ : :
Total Sperm $ ——= o= ! ewe ! ee= 3 * 3

s : H : :

H

0 - Not statistically significant
* - Statistically significant at 5% level of probability
§ - Statigtically significant at lﬁ level of probability
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The results are contained in Table VII.

Highly significant correlations between volume and total spermatosoa
per ejaculate and concentration and total spermatoszoa were obtalned for
both Dreeds. Semen of the Holstein bulls also showed a significant corre-
lation between volume and initial motility. ‘Correlations between concen-
tration and initial motility were highly significant for the Guernseys. A
significant correlation between total spermatosoa and initial motility was
obtained in the Holstein semen. The same correlation was highly significant

for the Guernsey bdulls.

Effect of ht and Temperature upo reatogenesi

In viev of the seasonal variation im semen gquality found ia this study
and reports of climatic effects upon spermatogenesis, correlations between
light, temperature and semen characteristics were calculated. To allow for
any delayed effect of these climatic factors upon spermatogenesis the corre-
lations were determined for the current, first and second preceeding months
and seasonally,

The correlations between light and spermatogenesis are summarised in
Tadble VIII and the data fer temperature effects in Table IX. PFigure 5 shows
the hours of daylight and degrees of temperature by month and . season for
comparative purposes. The data on light and temperature ,:S:;eobfained from
the United States Weather Burean at East lLansing.

An examination of Tables VIII and IX showe that light variation appears
to have a greater effect upon spermatogenesis than does temperature. Both
current light and current temperature appear to be more effective in

influencing spermatogenesis than the light and temperature of previcus months.



TABLE VIII. CORRELATION BETWEEN LIGHT AND SPERMATOGENESIS

s s 2 :
¢ Current : One Month : Two months @
:i__Month : Previous : Previous _: Seaso
s H :+ 6 : H : 6@ : H : 6 : H : G
s s H H H H H H
Volume : * 3 : 0 ¢t 0 2 0 : O t 0 : 0
H H s H s H s H
Concentration t 0 : # 3 * : $ : 0 1 ¢ 3 = ;3 @
$ H H H H H H H
Total Sperm : # ¢ * : 0 : 0 £t 0 t O :t O : O
H H $ : H H : t
Initial Notility : # :+ 4 2 * : 4 31 0 3 * : 0 : *
$ 3 s 3 $ : H H

0 - Not statistically significant
* . Statistically significant at 5 percent level of probability

£ - Statigtically significant at 1 percent level of probability

TABLE IX. COREELATION BETWEEN TEMPERATURE AND SPERMATOGENESIS

t Current : One Month .: Two Months @
$ Month $ Previons : Previoug : Seasonal
¢ H : 6 : H : G : H : 6 : H : @
H : 3 3 ] H H H
Yolume t 0 ¢+ 0 ¢t 0 ¢t O ¢ O : O t 0 ¢ O
H H H H H s H :
Coneentration :t 0 ¢t # ¢+ 0 ¢t * ¢ 0 ¢t O s O : O
: H H H ] H H 3
Total Sperm $: 0 ¢t 0 ¢ 0 ¢ 0O ¢ O 2 O t 0 ¢ O
H H H ] H H H H
Initial Motility : # + # : 0 ¢t * : 0t O : 0 :t O
H H H H L H H

s

0 - Not statistically significant

* . Statistically significant at 5 perceat level of probdability
- Statipfical ignificant at erc level of probabilit
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There are some indications in thisedata that there may be a dreed difference
in response to light and temperature stimulation, No significant seasonal
effect of temperature was observed from these data., Light variation signif-
fcantly affected semen concentration of both breeds and the initial motility
of the (Guernsey eemen.

Since light and temperature are highly correlated it was delieved that
the data in Tables VIII and IX might be confounded. Therefore, partial
correlations were calculated between these two variables and semen character-
istics. Data for the gecond previous month was omitted from these calculations
because of the very slight effect it had shown in the previous data., The
results of the partial correlations are summariged im Tables X and XI.

The decrease in effect of both light and temperature when considered alone
as compared to the results when they are considered together is doubtless due
to the interaction of these two factors. Neither one alone is as effective

as the two combined.

Relation of Semen Quality to Yertility
The data on semen volume, concentration, total spermatozoa per ejaculate

and initial motility of the semen shipped for breeding purposes was correlated
with breeding results, based on the percent of 30-60 day non-returns after
service. Statistical analysis showed nome of these measures of semen quality

to be significantly correlated with breeding results in the field.
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TAELE X, EFFECT OF LIGHT WITH TEMPERATURE CONSTANT

: : :
¢ Current : One Month : Seasonal
: _Month $ Previous :
s H ¢ 6 : H : G : H (]
$ : : : : :
Volume t ¢* ¢ 0 02 O0 : O : 0
3 : H : : :
Concentration $: 0 ¢ 0t O O : O : .
: : H $ : $
Total Sperm : * 3 02 0 : 0 3 *= 0
$ : : : : :
Initial Motility t ¢ ¢+ # ¢ 0 2 0 ¢t O 0
: 3 : s s

$
0 -« Not statistically significant
* . Statistically significant at 5 percent level of probability

t - Statistically significent at 1 percent level of probability

TABLE XI. EFFECT OF TEMPERATURE WITH LIGHT CONSTANT

H H :
¢ Current : One Month Seasonal
$_Month ¢ _Previous :
: H : 6 : H : G s H 4]
: ] H H : H
Volume : * 0 @ * 0 HE H 0
] H H H ] H
Cencentration s 0 ¢ 0 ¢ 0 ¢t O t 0 : 0
H H H H H ]
Total Spem t: 0 ¢t 0 ¢ 0 2 O : O 0
H H H H $ [
Initial Motility t 0 : # ¢ 0 : * : 0 0
: : H : [ 3

0 - Not statistically significeant
* . Statistically significeat at 5 percent level of probability
f - Statistically significent at 1 percent level of probability




Yariation in Fertility
Data regarding the nmumber of collections attempted, shipved, and un-

successful attempts with the percentage of each are shown by month and
season in Tables XII and XIII. TFigures 6 and 7 present graphically the
monthly and seasonal variations in percent of collections shipped and per-

cent of collection failures, respectively.

Percent of Collections Shipped

The month of May with 93 percent of all collections attempted being
shipped was the peak month, A lower percentage of the semen wag shipped
during November, December and January than at other times of the year,

Spring and summer seem t0 be seaszons of optimum semen production,

Collection Failures
The percent of unsuccessful collection attempts was higher for the

Guernsey bulls than for the Holsteins. The percentage of collection failures
for both breeds were at lowest level during t'ho fall months, The highest
percent of failures in the Guernsey breed occurred in the winter while the

Holsteins had aglightly higher number dnring the spring than ia the wiamter.

Libide
An estimate of the time required for each collection was made by the

collectors and has been used as a rough measure of libido., Pigure 8 gives
& grephical summary of the data.

Ko great breed difference was observed although some individual variation
vas evident. In general, libido when me2sured in this manner appeared to be

at lowest levels during the hot summer months and highest during the winter.
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TABLE XII. COLILECTION DATA SUMMARIZED BY MOKTHS

: s : 3 :
¢ Number ¢ Number t FNumber t Percent : Percent
t_Attempted : Shipped : Failureg : Shipped : Feilures
¢ H : G ¢ H : 6 : H : G : H : G : E : G
H 3 3 : : T 5 3 N :
January 8257 ¢ 178 3199t 130 ¢t 14 : 19 : 77.4:73.0 : 5.4 : 10.7
: s : : s s : : : s
February : 204 : 135 : 175 : 104 3 13 : 17 : 85.8:77.0 : 6.4 3 12,6
: 3 H H H H 3 3 3 H
March $ 249 3 145 : 208 : 114 : 16 : 13 : 83.5:78,6 : 6.4t 9,0
3 : : : : 3 : 3 : :
April t 246 ¢ 132 : 207 :106 : 1% : 11 : 84,.1:80.2 : 5.7 : 8.3
: : $ : : s : : : :
Nay $126: 86 :117: 8 : 6 : 7 :92.9:93.0 : 4.5: 8.1
: : : : : s g : s :
June 1159 ¢ 117 :133 ¢t 91 : 3 : M4 3 83,6:77.8:1.9: 3.4
] H H H H 3 H H H H
July 1189 s 132 :160 : 1143 3 : 9 : 84,7:86.4:1.6: 6.8
: : 3 : : g : : : :
August $209: 135 :175: 114 2 4 : 7 : 83,.7:84.4 :1,9: 5.2
$ H] H 3 H $ 3 H H :
September : 203 ¢ 136 : 168 : 111 : 2 : 6 : 82.8:81.6 :1.0: k.1
3 H : H H : H H ! H
Octeber : 2293 162 :179 : 122 : O 7 ¢ 81.7:75.2 1 0.0 : &.3
H H : s H H s H H H
November :212: 165 :158 : 107 : 5 : 6 ¢ 74.5:64.8 : 2.4 : 3.6
H H H H H H H H H H
December : 234 : 149 :183 : 103 : 9 : 8 : 78.2:69.1 : 3.8: 5.4
: H : s : : : 3 3 3
Total :2507 3 1672 32062 :1296 : 89 : 114 ! - : = ! o ¢ =
: s : : : s : : 3 :
Av, 3209 : 139 : 172 3108 : 7.4 : 9.5 : 82.,7:78,4 : 3.4 : 6.8
3 3 3 : 3 : : 3 3 3
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TABLE XIII. COLLECTION DATA SUMMARIZED BY SEASON

s : : : :
¢ Fumber ! KNumber : Number : Percent : Percent
t_Attempted : Shipped : Tailures : Shipped : TFailureg
: H : 6 : HE : @ : B : 6t H : 6 : B : @6
$ : 3 s : : : : : :
Vinter $ 695 : 462 1 557 : 337 2 36 : M4 : BO.1: 72.93 5.2 : 9.5
: : : : : 3 : : : :
Spring 3 621 : 363 : 532 : 300 ¢ 36 s 31 : 85.7: 82.6: 5.8 : 8.5
3 : : : : : : : 3 3
Summer 3 557 ¢+ 384 : 46B : 319 :10 : 20 : 84.0: 83.1:1.2: 5.2
: : 3 : : 3 : : $ :
Tall s 634 2 463 2 505 3 30 7 3 19 3 80.03 73.4: 1.1 : 4.1
3 : H $ : $ $ :

Breeding Results
A summary of the numbers of cows bred monthly and seasonally and the

breeding remults may be found in Tables XIV and XV. The percent of 30-60
day non-returns is also shown graphically in Figure 9.

The Holstein bulle maintained a considerably higher bdreeding efficiency
than the Guernseys. The percent of non-returns for the Holstein breed was
much higher during the spring than during the other seasons. The Guernseys
appeared to be at peak efficiency in the fall.

The months of the highest percent of non-returns were March and April
for the Holsteins. The Gueraseys were at their highest levels in March,
October and November. The percemt of non-returns for both breeds fell
sharply in December. July was the month of lowest efficiency for the
Guernseys and December the lowest month for the Holstein bulls.

An annlysis of variance showed significant differences between the
Holstein dulls in percent of non-returns. The variation between the Guernsey
bulls was highly significeant.

Although there was a monthly variation in percent of non-returns, statistical



SUMMARY OF MONTHLY BREEDING DATA
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TABLE XV. SUMMARY OF SEASONAL BREEDING DATA

: : :
2 Rumber of s Fumber of 30-60 H Percent of
: Cows Bred $ Returns H Non-returns
t H s @ H H H G s H s G
: 3 : : : )
Vinter ¢ 6721 : bo34 : 2378 : 1701 : 64.5 : 57.8
: : : H H H
Spring ¢ 6578 : 3958 : 214 : 1591 : 67.5 ¢ 59.5
: : H : 3 s
Summer : 4851 : 3296 : 1754 : 1389 : 644 : S7.9
: ¢ 3 H H $
Tall ¢ Llo6 : 2427 ¢ 1432 : 1l : 65.1 : 61.3
: : 3 $ 3 :

analysis showed it to bde not significant.

Bffect of Light and Temperature on Breeding Results
A statistical anelysis of the effects of 1light and temperature on the

percent of non-returns failed to show any significant correlations when

the two are congidered together. Partial correlations, however, show that
light from the first previous month had a highly significant negative
correlation (P = - 0.834) with the percent of non-returns for the Guernsey
bulls. The correlation was significant for the Holstein sires (P = - 0.730).
Partial correlations in which the light of the previous month was eliminated
and only the current tempereature considered showed the temperature effect on
fertility to be essentially as great as the delayed effect of light but of
positive effect. The correlation coefficients were, Guernseys P = 0.827

and Holsteing P = 0.722. These were highly significant and significant,

respectively.



DISCUSSION

Hone of the semen characteristics studied in this investigation (volume,
concentration, total spermatozoa, and initial motility) were significantly
correlated with fertility. Previous workers have reported varying results.
Anderson (2) found volume, concentration and initial motility to be related
to fertility. Lasley and Bogart (41) correlated volume, concentration and
total sperm but not initial motility, with fertility. Swanson and Herman
(80) found initial motility but not concentration to be an index of fertility.
Mercier and Saligbury (47) state that concentration is a guide to dreeding
results. Dougherty snd Ewelt (28) and Swanson and Herman (79) were unable
to establish any relationship between concentration, initial motility or
volume and fertility.

It is not unlikely that some of this variability of results stems from
the standards required of the semen before it is used for insemination.
Semen abnormally deficient in any quality will not give as good breeding
results as that which is normal, When gemen is selected for field use in
artificial insemination it usnally must meet certain minimum standards in
several of the measures of semen quality. It is probable that these minimum
specifications are set at levels above which quality variations are mot
important in determining fertility. When the standards are lowered or un-
selected semen 1s used semen quality may be expected to be more highly
correlated with fertility.

The variation in reported relationship of semen quality does, however,
indicate the desirability of a eingle measure of semen quality highly corre-

lated with gemen characteristics and fertility.
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Investigations by Anderson (3), Raps and Cannon (60) and Reid and
associates (62) indicated that determination of the semen pH either
initially or the drop in pH after incubation for one hour at 40° C. may
be & desirable method of indirectly determining semen quality. It has
the advantage of requiring little specialized equipment or training.
Congiderable variation in semen quality was observed between bulls
of the same breed and between breeds in this investigation. Similar find-
inge have been published by Mercier (46) and Mercier and Selisbury (47).
Seasonal trends in gpermatogenic activity of the bulls were also found.
In general the semen was of higher quality during the spring and summer than
during the fall and winter, However, the monthly variations were not -
statistically significant.
The diversity of results obtained by other investigators, (24) (25) (29)
(30) (31) (36) (48) (49) (50) (51) (55) (74) (75) (81) (90), indicate that
seasonal trends vary with the geographical location of the dulls under study.
Mercier and Salisbury (48) (49) have concluded that light is one of the
major climatic factore affecting spermatogenesis. Statistical analysis of
their data also indicated a lag of about ons month before the maximum
response to light variation was reached. The results of this study also in-
dicate that light variations are more important than temperature effects in u
influencing spermatogenic activity. However, the delayed effect of light
reported by Mercier and Salisbury was not evident im so far as its action
on semen quality was concerned.
Partial correlations to determine the effect of light and/or temperature

alone indicated that neither of these factors by itself is as effective as
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the two working together.

It is appreciated that the percent of 30-60 day non-returns is not a
desirable measure of bdbull fertility., As Casida and associates (22) have
indicated, use of this fertility index introduces approximately a fifteen
percent error into the fertility data. However, records of the association
did not permit use of a longer time, It is believed too that while more
sccurate fertility data might have changed the individual figures the trends
observed would have remained the same.

Highly significant differences in fertility of individual bulls were
found. A breed difference in fertility level was also evident. However,
the monthly variations in percent of non-returns was not significant. These
results are in accord with thoss reported by Salisbury (71). A breed
difference in seasonal trends was observed. The Holstein bulls were of
highest foertility during the spring and lowvest in winter and summer, The
Guernseys were also of low fertility during the winter and summer but pesk
fertility came in the fall,

Bulls of both breeds tended towards more prompt service of the cows
during the summer and fall months. It is likely that the longer hours of
daylight and higher temperatures act as stimmli to libido 1# bulls.

A breed difference and & seasonal variability in the percent of
collection failures were also found, A greater percentage of Guernsey bulls
either refused to serve or were unsble to0 ejaculate semen. The percentage
of such failures was lower in the summer and fall than dnring the other
months for bdoth breeds.

The obgerved superiority of the Holstein bulls in fertility and some
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gemen characteristics is similar to the findings of Mercier and Salisbury (47).

In view of the difference in fertility level observed between ths Holsteins
and Guernsey breeds it is interesting to note the difference in pH of the gemen
of the two breeds. Rapa and Cennon (60) found that the semen of Holstein bulls
was more acid than that of Guerneey bulls. This may be one of the factors
responsible for the lower fertility of the Guernsey bulls.

It is unlikely that the superiority in semen quality observed here entire-
ly accounts for the fertility differences between the breeds. The semen used
for insemination was selected in both cases. At times the standard of quality
for shipment of Guernsey semen had to be lowered dus to the low quality of the
semen produced and the necessity of using some of it for breeding purposes.

It is believed, however, that at no time was the quality of the semen shipped
low enough to affect breeding resulte.

The findings of this study confirm the earlier report of Mercier and
Saligbury (49) in so far as noting & leg before the maximum effect of light
variation upon fertility is concerned.

Mercier (46) found a difference in response to 1ight and temperature
variation between bulls kept in New York State and those in Eastern Canada.

Both temperature and light were negatively correlated with fertility of bulls
used in artificial insemination in New York State. Under natural breeding
conditions in Eastern Canada both factors were positively correlated with
breeding results.

The data shown here indicate that under South Central Michigea conditions
bull fertility is negatively correlated with light and positively correlated f
with temperature. The influence of these variables appears to be of the same

magnitude, These results wonuld indicate that factors other than light and

temperature cause the observed variations in fertility within breeds.
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The suggestion is offered that in other geographical locations where
either temperature or light may vary considerably more than in Michigan,
one or both of these factore may be of greater importance in influencing
spermatogenesis and fertility of dairy bulls. The differences found in

reports of seasonal fertility may thus be explained.



SUMMARY

1. Becords of semen production and bdreeding resulte of 24 Holstein and
17 Guernsey bulls used in artificial insemination during a 35 month
period were analyszed. Over 4,000 semen collections and 107,000

breeding records were tabulated in this study.

2. Significant or highly significant correlations for one or both dreeds
were obtained between volume and total spermatosos per ejaculate,
volume and initial motility, concentration and total spermatosoa, con-

centration and initial motility, and total sperm and initial motility.

3. Highly significant differences between bulls of the same breed were

observed in every semen characteristic studied.

L, A breed difference in semen volume, concentration and initial motility

wvas evident.

5. Monthly variation in semen quality was not significant although the
quality was higher in the spring and summer than during the fall and

winter.

6. Light and temperature were doth positively correlated with spermatogenesis.

Light appeared to exert the greater effect.

7. No significant correlations between variations in semen selected for

shipment and actual fertility were found.



9.

10.

11.
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Libido of both breeds appeared to be highest in the wum®r.

Fertility of the Holstein bulle was consistently higher than that of

the Guernsey bulls.
Highly significant fertility differences were observed between bulls,

Fertility of the Holstein bulls was highsst during the sGamek. The

Guernsey bulls were of highest fertility in the fall,

Monthly variations in fertility of either dreed were not statistically

significant.

A negative effect of 1ight on fertility was noted. The maximum effect

was after one month lag.

A positive effect of current temperature on fertility of the same

magnitude as the light effect was found.
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