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MAXIMIZING THE USEFULNESS OF GENETICALLY
SUPERIOR SIRES IN ARTIFICIAL INSEMINATION

John O, Almquist

Dairy Breeding Research Center
Department of Dairy and Animal Science

The Pennsylvania State University

University Park, PA 16802 USA

Research on the potentials and limitations of sexual alx_ctiv‘it-y and
seminal production of bulls was initiated at this Center in 1951, Early
experiments conducted in collaboration with professors E, B, Halé and
R,P,Amann concerned development of quantitative techniques for mea-
suring sexual behavior and spermatozoal production (Almquist and Hale,
1956; Hale and Almquist, 1960) and methods for increasing output of
spermatozoa (Almquist et al, ,1958) ,In 1961, a series of three long term
experiments was undertaken with Holstein-Friesian(Almquist and Amann,
1976; Almquist and Thomson, 1973; Almquist, 1982), Angus and Hereford
(Almquist and Cunningham,1967; Almquist and . Themson, 1973; Martig
and Almquist, 1969) , and Charolais (Almquist et al,, 1976) bull calves

to enhance the efficient exploitation of artificial insemination with

genetically superior sires, Two broad goals were;(1)to complete progeny.

testing of young bulls at the earliest possible age and (2) to maximize
the breeding usefulness, i e,, number of females mated per bull per year,

of those bulls proved desirable, At puberty, experimental bulls were

ejaculated three or six times weekly (3X or 6X) and control bulls once

weekly (1 X),Continuous collection of semen as frequently as 6X weekly,.
starting at puberty,had no harmful effect on body growth,testis growth,
seminal quality, spermatozoal output, ability of spermatozoa to withstand
freezing and thawing, or fertility when compared to control pairmates
collected 1X weekly,

This report concerns primarily our studies on methods by which the

&
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sexual activity of bulls can be manipulated to maximize the output of
spermatozoa for artificial insemination, No attempt will be made to
summarize all published literature, However , no published report states
that collection of semen from bulls at a high frequency of ejaculation
has a deleterious effect on fertility,

SEXUAL BEHAVIOR, The importance of novel (new) stimuli in eliciting
the sexual responses of bulls has been discussed extensively (Almquist
and Hale, 1956; Hale and Almquist, 1960) ,Novelty can be achieved by
three approaches, presentation of the same stimulus animal (teaser) in a
new location, presentation of a new stimulus animal or combination of
animals in the original location or presentation of a new stimulus
animal(s) in a new location (Hale and Almquist, 1960) ,Only the bull,
however, can decide what is a desirable stimulus situation,

‘The interval between presentation of the stimulus animal to the bull
and his initial mount is termed reaction time (Almquist and Hale,1956),
Reaction time to the first mount is the most objective measure of the
intensity of a bull’s sexual stimulation in a specific situation, The
interval between the presentation of the stimulus animal to the bull and
his eja'cglat-ion is the re:action time to ejaculation, It serves to indicate
the level of sexual activity, Other publications(Almquist and Hale, 1956;
Hale, 1966; Hale and Almquist,1960) fully consider methods for reducing
reaction time and evaluating the effectiveness of changes in stimulus
situations,

A second useful term in managing bull behavior is stimulus pressure,
The number of combinations of stimulus animals and/or locations
necessary to obtain mounting and ejaculation has been defined as stimul,tis
pressure (Almquist and Hale, 1956) ,To a large extent the stimulus pres-
sure required to maintain a reasonably short reaction time is dependent
upon the frequency of semen collection, If semen is collected frequently
from a bull, stimulus pressure should be increased and by this technique
a short reaction time can be maintained, The gradual lengthening of
reaction time which accompanies repeated presentation of the same
stimulus situation to the bull has been termed satiation and this satiation
is specific for that stimulus situation and does not represent generalized
fatigﬁe (Hale and Almquist, 1960), Consequently, if we expect to collect
semen from a bull several days each week for a long period of time,

more stimulus animals must be available for making changes in the




22 B W OR ¥ B ¥ R LE

stimulus situation than are necessary for a bull collected infrequently
( one or two cjaculates every 7 days or longer) , The sex of the stimulus
animal is not important for most bulls, although some bulls prefer male
teasers and use of male teasers is advantageous for controlling spread
of reproductive diseases,

Behavioral characteristics of beef bulls are very different from those
of dairy (Holstein-Friesian) bulls and recent research at this center
(Almquist, 1973; Almquist and Amann, 1976; Almquist and Cunningham,
1967; Almquist et al,,1976) has documented certain of these differences,
When two successive ejaculates are collected on one day each week, the
reaction times of Holstein-Friesian bulls remain very short for both the
first and second ejaculates(Table1 ) For Angus and Hereford bulls,how-
ever,the interval between initial presentation of the stimulus animal and
the first false mount is typically much longer than the interval required
for subsequent mounts, Consequently, reaction time to first ejaculation
is long even when using our management procedure in which the stimulus

situation is altered every 10 minutes if there has been no response,

TABLE 1, Differences in mean reaction times between beef and dairy bulls when
collected twice on one day weekly, From Almquist (1973) .

Beef bulls Dairy bulls
. . , st . da . st . d .,
Reaction time (min) 1" ejac 2 ea 1 eac 2 ejac
To first false moumt 13.2 6.0 1.2 3.5
To . ¢jaculation 20.3 " 12.3 2,72 5.9%

et e oo L. o ——

2Excludes 2,0 min of planned restraint between first and second false mounts for 6
.Holstein-Friesian bulls, No restraint was used for 7 Angus and Hereford bulls,

".Once the initial mount has been obtained with dairy bulls, subsequent
mounts .usually occur in rapid succession, With many beef bulls, however,
the reaction time for each and every mount may be rather long, For
both beef and dairy bulls, however, immediately after ejaculation there
will be a brief refractory period during which the bull will not mount
regardless of the stimulus situation, The techniques of false mounting and
restraint are termed sexual preparation and they have been conclusively
demonstrated by us (Almquist, 1973; Almquist et al,, 1958; Fosteret al,,
1970: Hale and Almquist, 1960) and many others to increase the number
of spermatozoa obtained per ejaculation from dairy bulls , Sexual
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preparation has been defined (Hale and Almquist,1960) as prolonging the

period of stimulation beyond that adequate for mounting and ejaculation,

Sexual si’imuldtion, on the other hand, is the presentation of a stimulus

situation édequate to elicit mounting  and ejaculation, Thus, sexual

pteparation.and ‘sexual stimalation are not synonymous, The function of
optimal” stimulation is to obtain an ejaculation in the shortest possible
fime ‘‘while the function of sexual preparation is to provide high—quality
semen ‘dontaining the greatest possible number of spermatozoa per

ejaculate (Hale and Almquist, 1960) .

" 9Fiven & demand for a certain number of inseminating units from a
ﬁa‘r"t-'i-éula-r ‘sire, this demand can best be met by judicious use of sexual
I;répar“ation"to maximize output of spermatozoa, Surprisingly, the best
se‘}cﬁhlt'brepajratioh procedure when two successive ejaculates are to be
obtained on a collection day is different for Angus and Hereford bulls
than for Holstein-Friesian bulls (Almquist, 1973), With Holstein-Friesian
bulls, utilization of three false mounts prior to ejaculation increases the
number of spermatozoa in both first and second ejaculates, With Angus
bulls, -however, the increased spermatozoal output when utilizing three
false mounts prior to the second ejaculate is minimal (Table 2) , The

* few additional spermatozoa obtained (15,1 vs 13,4%x10%;p>0,05) do not
justify the 50% increase in the time required for ejaculation (30 min vs

46 min) ,
TABLE 2, Effects of sexual preparation level on the reaction time to ejaculation

(min) and the number of spermatozoa (10%) collected from eight 1.5-to
6.5-yr-old Angus bulls, Adapted from Almquist (1973) .

“Sexual preparation Reaction time to ejac No, spermatozoa/ ejac

1% ejac _,Zifj?,‘?_,,,,,,; 1% ejaic__”ﬁzd ejac Total 15¢ ejac 29 ejac Total
o FM - o FM 4.9 5.1 10.0 4,9 4,6 ‘9.5
0-FM - 3 FM 8.7 21,9 30,6 4,9 7.5 12,4
3$FM + g FM 21.8 8.0 29,8 9.1 4,3 13.4

3 FM - 38 FM 27.4 18.6 46,0 8.7 6.5 15,1

<.~ Restraining a bull in a sexually stimulating situation can increase
$permatbzoal output as does false mounting, However, for physically
sound. bulls the use of false mounts is preferred since the initial false

mount by the bull is a crucial check to insure that the (bull is receiving
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adequate sexual stimulation,

REPRODUCTIVE PHYSIOLOGY, To evaluate the effectiveness of semen
collection procedures for maximizing spermatozoal output, knowledge of
daily production of spermatozoa is essential, Daily spermatozoal production
represents the total number of spermatozoa produced per day by the testes
(Amann, 1970) , It is impractical to directly measure daily spermatozoal
production of living animals, but accurate estimates of its magnitude
have been verified by quantifying the spermatozoa recovered after direct
cannulation of the rete testis (Amann et al,, 1974 ) , Daily spermatozoal
output represents the total number of ejaculated spermatozoa collected over
a period of time expressed on a per day basis (Amann, 1970) , When
an animal is routinely ejaculated at a high frequency, daily spermatozoal
output is not significantly different from daily spermatozoal production
(Table 8 ) , Under these conditions almost all spermatozoa may be

recovered for use in commercial artificial insemination,

TABLE 3. Within bull comparisons of testicular spermatozoal production and
spermatozoal output from the vas deferens or in semen ejaculated

during daily ejaculation (10 spermatozoa/day) , From Amann et al,

(1974) .
- Source of samples Means-10 bulls Means-11 bulls
Rete testis cannula 2,96 -
Testicular homogenatesa - 3.42
Output of 'sperm from vas deferens cannula 3.59 3.81
Output of sperm in ejaculated semen (1/2)b 3.24 3.17

8Calcylated from spermatid reserves using a time divisor of 5,32 days,

bDaily spermatozoal output in ejaculated semen collected just prior to surgery was
divided by two to equate it with the other values,

Since testicular growth continues for at least 5 years after puberty
( Coulter et al ,, 1975) , it is not surprising that daily spermatozoal
production also increases with age (Table 4 ) , Although 40 to 60x10°
spermatozoa per week should be collected from an adult Holstein-Friesian
bull (production of 6,0 to 8,0x10%/day), a reasonable goal for an 11-to
15-mo~old bull being sampled for progeny testing is 8,0 to 16,0x10°
spermatozoa per week, Testicular size is a heritable trait and bulls with

small testes should be considered for elimination,
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TABLE 4, Development of spermatozoal production in Holstein-Friesian bulls,
Compiled from the literature (Almquist and Amann, 1961; Killian and
Amann, 1972; Macmillagn and Hafs, 1968) and unpublished data, ‘

Daily spermatozoal production®

Gross weight

No. pairéd testes 10%/bull 10%/g testis -

Age bulls @®) parenchyma
0 - 4mo’ 25 20 0 0
5- 7 mo 15 97 104° P
8 - 10 mo 20 284 1750 &
11 - 12 mo 15 370 3300 10
17 mo 13 480 4480 h 10
3 yr 10 586 6040 11
4-5yr 11 647 6530 11
> 7 yr 11 806 8000 ' 11

3Calculated from testicular homogenate counts using a time divisor of 5,32 days,

bMean for six bulls producing spermatids or spermatozoa.

When establishing goals for the total number of spermatozoa to be

collected per week from bulls, differences among breeds must be

-considered, Although the data shown in Table 5 are confounded by

differences in season pof birth and possibly nutritive plane, postpuberal
increase of weekly output of spermatozoa is much slower for Angus and

Hereford than for Holstein-Friesian and Charolgis bulls,

TABLE 5. Mean weckly output of spermatozoa (10?) for bulls collected twice a day
on three days each week(6X)with three false mounts before each ejacula-
tion, Adapted from Almquist et al, (1976) and unpublished dgta_

Age (yn) 5Angus & Hereford 10 Holstein-Friesian 10. ‘C‘ha.zrolai.s -
1 7 10 . 14
1,5 13 22 : - 26
2 18 o 25 34
3 24 28 a4

In addition to the testicular rate of spermatozoal production, the
storage capacity of the epididymis (extra-gonadal spermatozoal reserves)

also should be considered for a sound plan of bull management( Almquist
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and Amann, 1961) . The extra-gonadal spermatozoal reserves of young
bulls are rather small (Killian and. Amann, 1972; Macmillan and Halfis,
1968; Macmillan et af,,1972) when compared to mature bulls(Almquist and
Amann, 1961), Ejaculation does not hasten the transport of spermatozoa
through the caput and corpus epididymidis where they become mature
and acquire fertilizing capacity ( Amann et al ,, 1974). However, the
interval spent by mature, fertile spermatozoa in the cauda epididymidis
differs between young and mature bulls (Table 6) .
TABLE 6. Age associated differences in daily spermatozoal production, epididymal

spermatozoal reserves and the time required for spermatozoa to pass. . .
through the epididymis of Holstein-Friesian bulls 2

Young bulls ” Mature bulls;

(15-17 mo) (@12 yo)
Daily spermatozoal production (109) | 3.1 ’ v7_;.'2 |
Caput-corpus reserves (109) | 11,2 ' 24‘.2 |
Cauda reserves (10%) : o N 756 P78
Transit in caput-corpus (days) o L r 3.8 0 3.4
Transit in cauda (days). . , Co- 2;.4b yS“.“Zb

8Calculated from data in the literature (Almquist and Amann, 19-61; Macmillén gt ai_,
1972) . Daily spermatozoal productlon was calculated from counts of testlcular spermatlds,
transit time of spermatozoa through the epldldymxs was cstlmated by d1v1dmg sper;
matozoal reserves by daxly spermatozoal productlon ‘

Esumate of the number of days production of spermatozoa stored in the cauda T

- - TerA

epididymidis and potentially available for ejaculation, - - e - e

The different relationship between daily spermatozoal production and
cauda epididymal spermatozoal reserves for young and mature bulls
(Table 6) means that different management practices‘may be necessary
to obtain the maximum number of spermatozoa, In the young bull, the
cauda epididymidis can accommodate no more than 2 or g days’
production of spermatozoa,Consequently,every-other-day collection of two
successive ejaculates probably is necessary to obtain the maximum number
of spermatozoa and collection more frequently probably will be counter
productive, For the mature bull, however, the cauda "epididymidis can
dccommodate 5tog days’ production of spermatozoa, This increase in the
relative size of the cauda epididymidis otcurs relatively late as comparced:-
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with testicular growth, For mature dairy bulls, maximum spermatozoal
output is achieved with collection of one ejaculate daily but similar
results probably can be obtained by collection of two or thtee ejaculates
every 8 to 4 days, As stressed above, effective sexual preparation
also is essential for ‘maximizing spermatozoal output,

Breed differences in testes weight, daily spermatozoal productions
extra-gonadal spermatozoal reserves and transit time of spermatozoa
through the epididymis of mature dairy and beef bulls have been sum-
marized (Weisgold and Almquist, 1979), Angus, Hereford and Charolais
breeds differed widely in testicular weight, efficiency of spermatozoal
production and spermatozoal storage capacity,

Finally, the most important physiological question is whether ejacu—
lation of bulls at high frequency for prolonged periods of time 'affects
fertility, This information was lacking until a recent report ( Almaquist,
1982) in which it was shown that ejaculation of dairy bulls at high ire-
quency ( 6 X/wk) continuously for 7 years did not harm either sper-
matozoal motility after freezing and thawing or fertility of spermatozea

(Table 7) ., Fertility at 4, 6 or 8 yr of age did not differ signifi~

cantly between one and six time bulls,

TABLE 7. Post-thaw motility and fer;ility of spermato ioa from Holﬁtein;Friqsia,n o
bulls ejaculated ‘weekly at high (6X) or low (1X) 'frequency conﬂtinuouslyr
from 1 thrqugh 8 yr of age?, From Almquist (1982, '

Percent post- ‘ , No, first ‘_ percent 60- to
thaw motility® services '90-day nonreturnsd
Age® 1X 6X X 6X - 1X 6X
4 34 38 1881 1933 " 76 o 77
6 32 34 343 379 T8 ' 76
8 42 42 361 8 17 80

3Means for motility and nonreturn rate at each éjééul;tion frequency, .
BFor six 1X and six 6X bulls at 4 and 6 yr and f’iVe'1X and fi;/e 6X bulls at 8 yr
of age. ' -
CAfter storage at -196°C for 3 wk.

dBulls weighted equally,

L

BULL MANAGEMENT , There is no- physiological reason why semen

should not be collected from a young sire starting at the attainmient of
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puberty, Although the fertility of early postpuberal ejaculates from some
bulls may not be quite as high as for those collected subsequently, eco-
nomically satisfactory conception rates usually result if the seminal char~
acteristics and postthaw spermatozoal motility are adequate (Martig and
Almquist, 1969; Thibier and Colchen-Bourlaud, 1972). Since early deter—
mination of the genetic value of a sire is important, we recommend
collection of two successive ejaculates every 2 or 8 days starting shortly
after puberty, This recommendation is based on the limited storage
capacity of the caudae epididymides, relative to testicular spermatozoal
produétion, in the young bull (Table 6) , '

Age at puberty for our Holstein-Friesian and Charolais bulls avera-
ged 39 and 41 weeks(Almquist and Amann, 1976; Almquist et al,, 1976) ,
while the mean puberal age for Angus and Hereford bulls was 45 weeks

(Wolf et al,, 1965), The latter agrees with age at collection of first
viable spermatozoa from Sychevka and Brown swiss bulls ( Meljnikov,
1967) . Age at puberty for Charolais collected by artificial vagina is the
same as that reported (Bellows et al,, 1964) for collection by electroe—
jaculation of the first motile sperm from beef breeds, By 1 yr of age,
the typical Holst;ein—Friesian bull should ejaculate 10x10° spermatozoa
weekly; norms for beef breeds are given in Table 5 , The reproductive
development of Black Pied and Normandy bulls ( Thibier and
Colchen-Bourlaud, 1972; Thibier et al ,,1972 )follows patterns similar to
those shown for Holstein-Friesian and Charolais bulls in Table 5, For
each of the five breeds studied (Almquist and Amann, 1976; Almquist and
Cunningham, 1967; Almaquist et al,, 1976; Thibier and Colchen-Bourlaud,
1972, 'i‘hibier et bl,, 1972 ) , the output of spermatozoa with adequate
fertilizing ability is such that most bulls should have ejaculated suffi-
cient spermatozoa to complete progeny testing by 14 months of age,

Not all yoﬁng bulls will have satisfactory sexual behavior or seminal
characteristics , Bulls with deficiencies in either area can be detected
quicklx by the frequency of ejaculation regime proposed and should be
eliminated from the bull stud, Measurements of testicular size are helpful
in making decisions concerning elimination of bulls with low spermato-
zoal odiéput associated with severe testicular hypoplasia, However, such
measurgments on a young bull probably do not enable precise prediction
of his gpermatoioal output as a mature sire (Almquist et al,, 1976),

Production of spermatozoa by the testes will continue at the same
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abundant rate whether the cells are collected and used for artificial
insemination or voided and lost by masturbation and micturition, Although
collection of semen at high frequency may reveal existing defects in
seminal characteristics ( Hale and Almquist, 1960 ), this procedure is
not harmful to bulls, The severity of vertebral body osteophytes in
Holstein-Friesian bulls was not related to ejaculation frequency(Aimquist
and Thomson,1973), '
Assuming that the semen is to be frozen, we recommend collection
of two or three successive ejaculates every 8 or 4 days from a sire of
known genetic superiority , The same ejaculation frequency should be
useful when it is desired to bank frozen semen from a bull awaiting
proof (Coulter and Foote , 1974 ; Allen and Almquist ,.1981 ) . Each
ejaculation should be preceded by intensive sexual preparation, Except
for bulls which have developed severe physical problems , use of one
false mount, 2 min of restraint,and two additional false mounts should
maximize spermatozoal output per ejaculation for most bulls, However,
as discussed above, for beef breeds false mounting prior to a second
ejaculate probably is a waste of time, Active restraint rather than false
mounting should be used to provide sexual preparation for bulls with
physical limitations(e,g,, foot, leg or back problems),
APPLICATION, Breeding potential for top bulls is tremendous ,:‘Mature
bulls can be mated by artificial insemination to from 50;000 to 100,000
cows per year compared to the 1950 USA average of only 1,250 cows
inseminated annually per sire, However, such extensive use of sires of
known genetic superiority only can be achieved by maximiiing the harvest
of spermatozoa, The bulls must be ejaculated at high fréquency(at least
four and preferably six ejaculates weekly ) , Further, 'intensive sexual
preparation ( false mounting and restraint ) must precede ejaculation,
Recently, a Pennsylvania artificial insemination cooperative using these
recommended procedures was able to obtain a yield of 150,000 units
of frozen semen in one year from a dairy sire of outstanding genetic
merit, \
FUTURE, Artificial insemination organizations might consider a program
combining (a) early liberal energy allowance (Almquist, 1982), preferably
_one providing maximum energy intake from birth to about 18 mo of
age, (b) bulk freezing of semen (Allen and Almquist, 1981) , and (c)
ejaculation at a high rate starting at puberty, This program supports
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efficient establishment of a large bank of frozen spermatozoa for a bull
before his proof becomes ‘available, Someday a bull might be killed
after his bank of spermatozoa has been completed to reduce the high
cost of feeding and housing a mature bull, One obvious disadvantage of
banking spermatozoa is that the bank would have to be discarded for a
bull proved to be undesirable, _

SUMMARY. Normal bulls produce and ejaculate spermatozoa in enormous
numbers, Most bulls have an adequate level of sexual activity, but will
become satiated to a specific stimulus situation, Provided frequent
changes of the stimulus situation are made, routine collection of four to
six ejaculates weékly is feasible, This collection frequency will maximize
weekly spermatozoal output if each ejaculation is preceded by intensive
sexual preparation (false mounting and restraint ) and will not harm the
bull or his fertility, There is no evidence that long term ejaculation at
high frequency (six ejaculates per week for as long as 7 years) has a
detrimental effect on body growth , testicular development, quality and
quantity of semen, output of sperm or fertility, Most young bulls can
ejaculate sufficient spermatozoa weekly ( 8 to 16 billion ) to complete
sampling in a progeny testing program by .14 months of age, Mature sires
should ejaculate 40 to 60 billion spermatozoa weekly, If most of the
bulls in a stud do not meet these standards the management procedures
should be carefully scrutinized,
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