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CHAPTER I 

INTRODUCTION 

Artificial insem:i.nation has been used significl;l.nt:I,;y by animal 

breeders for many years. Initially, the dai~y industry received the 

greatest attention, but today, the use of artificia.l inseminatiori :in 

beef cattle is becoming widespread. 

The rapid growth of artificial insemination and the ever-increasing 

demand for super:i.or livestock has focused some concern on the fertility 

of the genetically superior sires of the artificil;l.~ insemina.tion in~ 

dustry. Therefore, knowledge of the characteristics of semen, its 

evaluation, dilution, storage, insemination, and the factors that 

affect fertility a.ontinues to be critica;I.ly important in sir~ 

utilization. 

Developnent of laboratory tests which accura.tely predict the per

formance of semen in the field, as well a.s·predict the fertility level 

of a given bull, has been the goal of numerous research efforts. This 

is an important goal in the artificial inseminat:i.Qn indµstry, and once 

reached, would provide both livestoc~ breeders and A. I. organizations 

with significant economic gains derived from imptoved breeding effi~ 

ciency. The possibility of be:;i.ng able to distinguish the low fertility 

bull from higher fertility bulls, and to be able to do so in'a matter 

of a ,few week's', is an objective worth pµrsµ:i.ng. 



The reports of many researchers over several years have shown a 

wide variety of factors to be associated with the breeding performance 

of the male. However, there is no one simple test or series of tests 

that will suffice in accurately evaluating fertility levels. 

Recent research has indicated the importance of the acrosomal cap 

in the prediction of the fertility level of the bull. For years, 

numerous semen characteristics have been used in attempts to predict 

semen fertility, with disappointing results. However, the use of 

acrosomal characteristics in combination with previously used criteria 

has added a new facet to the possibility of predicting the fertility 

level of a given male or a given semen sample, 

This work was initiated in an endeavor to evaluate a number.of 

semen characteristics and to determine to what degree they are useful 

in the prediction of the fertility level of the bovine male. 

2 



CHAPTER II 

LITERATURE REVIEW 

Semen Characteristics and Fertility Evaluation 

Work published in 1925 by Williams and Savage opened the way for 

research involving the presence of abnormal spermatozoa in subfertile 

and sterile bulls. Even with the advent of refined instrwnentation 

and techniques of today, the basic observations noted by Williams and 

Savage early in this century have stood the test of time. At that time 

these men made the following statements: "1) the dimensions of sperm 

heads from good fertility bulls are remarkably uniform; 2) we have ob

served no highly efficient bulls which emitted more than 17% abnormal 

sperm; and 3) permissible numbers of abnormal sperm in an ejaculate 

depend largely on the types of abnormalities present." 

From that time to the present, researchers nave ccmtinued to :i'.n

vestigate ways of evaluating the fertility potential of semen. The 

widespread use of artificial insemination of dairy cattle and the need 

for highly fertile spermatozoa has caused the investigation of many 

semen quality tests. Some of the earlier more widely used tests were 

motility rating, concentration of spermatozoa, longevity of acceptable 

usability in storage, morphological examination, cold shock, and de

termination of the percent of live spermatozoa by use of a differential 

stain. 
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Among the various laboratory tests, initial motility rate has been 

the most widely used and has frequently served as a basis for evalu

ating other semen quality tests. Reynolds (1916) was one of the first 

to describe the various types of motility. He emphasized even then 

that vigor of motion was necessary for high fertility. Donham, et al. 

(1931) examined semen of bulls after natural services and found a 

significant relatio?ship between motility and conception rate. 

Anderson (1946) found no significant correlation between motility and 

breeding efficiency within the range of 70 to 10o% motile sperm. 

However, Swanson and Herman (1944) found a significant curvilinear 

relationship between motility and fertility when working with a wider 

range of difference in conception rate among samples having 45% 

motility and those higher. 

Ellenberger and Lohmann (1946) found little relationship between 

type of motility, or percent of motile spermatozoa at time of col

lection, and fertility. Lindley, et al. (1959) found a significant 

negative correlation between percent motile sperm cells and number of 

services per conception in cattle. 

Unfortunately, even with the many highly significant correlations, 

motility alone is not indicative of performance of that semen 

in the field. Many semen samples that possess good motility also have 

high abnormal counts. 

In 1943, Lasley and Bogart compared the percentage of live sper

matozoa with the percentage of conceptions and found a linear corre

lation up to about 5o% live spermatozoa and little difference in 

conception rate with higher percentages of live sperm. 
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Shaffer and Almquist (1949) reported that the proportion of living 

spermatozoa (determined by staining with eosin aniline-b~ue) showed a 

highly significant cirvilinear regression with fertility. Stone, et 

al. (1950) used the fast green FCF-eosin Y differential stain and 

found no within-bull correlation for percentage :initial li.vitl.g. sper

matozoa compared with fertility on $1 semen samples from f~urteen bulls 

with 2,753 first and second services. Erb, et al. (1951) reported 

that the percentage of spermatozoa alive at time of collection of the 

semen, as determmed by the eosin-aniline blue technique, showed a 

highly significant correlation of +o.212 with fertilizing capacity. 

Bishop, et al. (1954) reported that there was a highly significant 

inverse relationship between fertility and the incidence of dead sperm 

cells and a highly significant direct relationship between fertility 

and :impedence change frequency. They also found evidence of relation

ships between fertility and resistance to temperature shock, age of the 

bull, ejaculate volume, f:t1Uctolysis rate and methylene-blue reduction 

time. These authors concluded that there is ,evidence of a relationship 

between the physical activity of bull semen and its fertilizing ability, 

and they suggested that semen quality could be measured oy determination 

of the concentration of sperm cells in the ejaculate; the. proportion 

of dead spermatozoa and the measurement of the impedence change 

fi'equ-ency. Methylene-blue reduction test, fr'llctolysis rate and oxygen 

uptake added little to the information gained by the above three tests. 

These workers and many others suggested that measurements of certain 

characteristics of ejaculates can be used as criteria of the fertil

izing ability of bulls. 



More recent work reported by Munroe (1961) showed that fertility 

was reduced when either the incidence of live spermatozoa fell below 

7afo or the incidence of primary and secondary abnormal spermatozoa 

rose above 23%, with head defects appearing to be the most important 

abnormalities. Prior to this time, Bratton and co-workers (1956) 

similarly considered that it was only the unusually high incidence of 

abnormal spermatozoa, averaging 24%, that accounted for a significant 

contribution to the prediction of fertility. 

6 

In 1954, Bishop, et al. found a low incidence of primary and 

secondary abnormalities averaging 6% in their study of 76 bulls, with 

no relationship appearing between this characteristic and fertility. 

Much earlier reports by Swanson and Herman (1944), Trimberger and Davis 

(1942), and Donham and co-workers (1931) indicated that there was no 

significant correlation between average morphological abnormalities and 

conception rate. They also found no correlation between concentration 

of spermatozoa and conception rate. 

Working with sheep, Goerke, Thrift and Dutt (1970) found a negative 

correlation between percentage of abnormal sperm cells and percent 

ewes lambing, lambs per ewe exposed and lambs born per ewe lambing. 

Volume of ejaculate has been used as a criterion of fertility. 

It is important in determining the total number of spermatozoa pro

duced, but no correlation with fertility appears to exist (Ellenberger 

and Lohmann, 1946; and Swanson and Hermann, 1941). 

Concentration has been widely used as an indication of fertility 

but has shown little predictive value in studies on semen of average 

or above average quality (Dougherty and Ewalt, 1941; Ellenberger and 

Lohmann, 1946; and Swanson and Hermann, 1941 and 1944). Herman and 
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Swanson (1941) showed that the length of time a desirable m~tility 

rating was maintained in storage of several different ejaculates gave 

a good index of the fertility of a bull. 

From the results of years of research, it had become increasingly 

clear that no single test would accurately predict fertility, and that 

the study of semen by as many tests as pos13ible was necei,sary • 
• 

Buckner, Willett and Bayley (1954) did a series of trials com-

paring correlations between nonreturn rates an~ single tests or 

combination of semen quality tests. The only among bulls correlations 

with a magnitude of 0.9 or higher were between nonreturn rates and 

a) motility of spermatozoa after incubation at 38°C in yoke~citrate 

plus antibacterial agents and b) the combinatio:m of methylene blue re

duction time, drop in progressive motility after 120 minutes in 3% 
aniline blue solution at 4°c, and initial percent motile cells in 

yolk-citrate solution. However, the correlation for this .combination 

in a later. trial was only 0.73 and when done under .field conditions, 

0.55. Throughout their studies, they found the among~b~lls correla

tions to be higher, in most instances, than the total of within-b~lls 

correlations. This indicated that the possibility of estimating 

differences in fertility among bulls was more· promi::'ling than estimating 

differences among :i,n,dividµal semen samples. 

Early work reported by Wiggins, Terrill, Emik (1953) using large 

numbers of sheep found that the only traits both appreciably and sig-

nificantly correlated with fertility were percentage o.f nor!11al sperm 

(r = 0.43) and to a lesser extent, the relateo, traits, percentage of 

abnormal heads and percentage of live normal spermatozoa, In 1956, ex-

tensive work published by Bratton and co-workers indicated the 
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:importance of being able to determine what combi~ation of labqratory 

tests can be most useful for predicting the fertility of bovine semen. 

Even though this work provided only preliminary ~uantitative estimates, 

it did furnish insight as to what needed to be accomplished. The re

sults of their works revealed that only ejaculate concentration and 

percent morphologically abnormal spermatozoa contributed significantly 

to the prediction of fertility. 

Presently, although no one characteristic is highly correlated 

with fertility and no usable fertility index has been developed, ar

tificial insemination units typically use ejaculate vol:ume, sperm 

concentration, the proportion of live cells in the ejaculate and the 

proportion of normal cells as indicators of ejaculate quality. 

Much dismay has been shown due to such contradictory findings and 

to the small correlations between different, characteristics and 

fertility. However, it must be kept in mind that when work:j.ng with 

bulls from artificial breeding organizations, that artificial insemin

ation has permitted easier recognition and subsequent removal of sub~ 

fertile and sterile males, which in itself 'would tend to lower the 

relationship of sperm abnormalities and fertility in many of· the 

studies. Also, a literature review by Erb and co-wor~ers (1955) 

showed that variations in methods of determining quality, the lack of 

objectivity of some determinations, geographic location of the bulls, 

fertility level of bulls used, dilution methods and treatment of 

semen, skill of technicians collecting, processing and using the 

semen for insemination, and variations in the cow.population all con

tribute to errors in statistical evaluation of quality measurements 

and of fertility. 
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The experimental design plays a-very vital: role in the developnent 

of reliable and usable correlations between semen characteristics and 

fertility. Studies by Erb, et al. (1950) and Schultze1 et al, (1948) 

show that in order to accurately measure the fertilizing capacity of 

an individual semen sample that an excess of 300 services is required. 

Also, attention must be given in the experimental design to the fact 

that there is daily variation in abnormal spe;rJII within bulls and, 

therefore, differences in numbers of abnormal sperm i9,lllOng ejaculates 

of the same male tend to mask any relationship between percent ab-

normal sperm and fertility. Literature reveals that many of these 

factors are ignored when discussing the merits of semen quality. From 

these facts, Saacke (1970) concluded that neither reproductive history 

nor potential fertility of males can be judged on the basis of one or 

two ejaculates. 

The Acrosome - Its Role in Fertility 

A new perspective in semen evaluation was brought about by the 

use of the electron microscope through its: help :i,n bettep understanding 

sperm cell and acrosome cap morphology. Phase-cpntrast and ultra

violet microscopy and improved histochemical techniques have also 
I 

added much to this understano.ing. More re.oentJ.y, the use of q.iffe:r

ential interference contrast microscopy by Saacke and Marshall (1968) 

and the developnent by Wells and Awa (1970) of a new differential 
I 

' 

acrosome stain has made acrosomal evaluation possible as part of 

routine semen evaluation. Differential interference contrast micro-

scopy permits the detection of the apical ridge of the j,ntact acrosome 

in vnfixed live semen smears thereby eliminatj,ng the fear of fi;xation 
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artifacts. The Wells-Awa difterential acrosome stain permits the 

easy detection of the acrosomal cap in both fresh and frozen. semen 

using the-conventional light microscope. It was shown to be superior 

to the Giemsa stajn and to phase contrast microscopy for detecting the 

different kinds of acrosomal anomaJ.ies (Wells ano. A,.wa.,. 1970). Until 

this time, routine acrosomal evaluatton was difficult d~e to either 

lengthy staining procedure, or the complexity of the equipnent in

volved. 

The structure of spermatozoa has been the subject of much ex ... 

tensive research and has led to the publication of vol~inous: 

literature relating to its ultrastructure. A compre:O.ensive review of 

the literature relating to the ultrastructure of the normal sperm 

cell was published by Saacke and Almquist in l964. Slom and Birch

Anderson (1965) .. present recent ipformation relating specifically to 

the ultrastructure of the bull sperm head, the principle area of im

portance in this study. Figure 1, from Blom and Birch, .. Anderson (196.5), 

presents a schematic drawing of the normal buil sperm head. The 

left drawing is a med;i.an sag;i.ttal section of the sperm head with the 

right drawing being a true coronal s,ct:l.on. :,:n the li:!,tter, the 

upper and lower limits of the eq~torial se~ent are ;indicated by 

dashed l:µies, The abbreviations useq. in Figure 1 to deso;ri'b~·the 

ultrastructures of the sperm head are as follows: 

c.m,; 

a.v.: 

p.: 

o.m.: 

cell membrane 

apical vacuole with the apical body 

perf or-a:t·o'rill1'11 

outer membrane of the acrosome cap (compare galea 

capitis) 
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i.m.: inner membrane of the acrosome cap 

a.c.: acrosome cap (contents) 

i.l.p.: j,ntermediate layer (dense material found between 

e.s. and n.m. 

e. s.: equatorial segment of pars inte~media 

p.c.; post-nuclear cap 

i.l.: intermediate J.,aye~ between p.~. and n.m. 

n.: nucleus 

n.m.: nuclear membrane 

b.p.: basal plate on basal lamella lining the implantation 

b.k.: 

e.n.m. 
I 

e.n.m. 11 

c.: 

groove 

basal knob 

evaginated nuclear membranes (more simple type) 

evaginated nuclear membranes (more convoluted type) 

centriole 

Of special interest to this study are the acrosomal membranes 

and the equatorial segment, as w~ll as the gener~l shape of the sperm 

cell head. 
! 

The familiarization with the norma~ structure of the ~perm cell 

as well as alterations of the sperm ~ell due to aging and injury 

(Saacke and Marshall, 1968 anA Saacke, 1970) will provide a mu.ch more 

sound basis for reco~ition of abnormal sperm cells and, consequently, 

their respective association with fertility. 

Before the develoµnent of more refined staining and specimen 

preparation techniques, many sperm abnormalities causing subfertility 

had possibly gone undetected. Using a Giemsa staining teehnique, 

Hancock (1953) found an abnormality of the sperm acrosomal cap that 
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---..... -o.m.---~---
·· .. -----1.m.·----· 

·-- - - a.c ... ..;_ -

------i. l. p. 

------ e.s.-----

. -------Ji ,Cr----- ·~--------------------------------~--------· 

. ------· i. l. 

..... -----n .. -.. -----

------n.m.- .-----· 

------ e.n.m.u 

Figure 1. Morphology of the normal bovine sperm head 
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was later shown to be an inherited cause or sterility in Holstein$ 

(Dona~d and Hancock, 1953)~ This abnormality was described as a 

"kn.ebbed sperm" and was characterized by a head or ~ob located on the 

apical edge of the sperm head. In Hancock's study, nearly all 
I 

spermatozoa of each bull were affected and sterility appeared absolute. 

In 1968, Saacke, et al. found a variety or acrosomal alterations· 

which included the previously described inherited knobbed sperm along 

with those having ruffled and incomplete acrosomes. In these c~ses, 

however, only a portion of the total sperm in ejaculates were affected 

and the bulls were subfertile rather than sterile. 

Prior to this time, numerous other reports had indicated that 

acrosomal abnormalities can contribute to lowered fertility or complete 

sterility (Saacke, Almquist and Amann, 1966; Bane and Nicander, 1966; 

Hancock, 1949; Rollinson, 1951; and Teunissen, 1947). 

The evaluation of abnormal acrosomes took on a new aspect when 

Saacke and Marshall (1968), uti+izing ditferential interference con-

trast microscopy on unfixed live semen·smears, described the aging 

sequence in acrosomal alteratio:p without the fear of fixation arti-

.facts. Thes.e observations brought about two major points relative 

to semen evaluation; "First, in order to evaluate acrosomal or head 

anomalies, it is now apparent that the aging sequence must be recog-

nized as normal and minimized us:in,g optimum fixation and stain;ing 

techniques on fresh ejaculates." The second point was that "the 

sequence of acrosomal alterations due to all aging or .. injury .a pp.ears 

constant, but the rate a.t wbich alteration occurs is dependent upon 

the ejaculate as well as semen handling techniques or sperm environ-

ment" (Saacke, 1970). 



Once extensive research had indicate~ a relationship of acro

somal abnormalities (genetic and aging) with fertility (Marx, 1964; 

Rollinson and MacKineon, 1949: Saacke, Amann and Marshall, 1968), 

the relationship among kinds and percentages of acrosomal abnormal

ities and fertility was to be established. 
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Saacke, Amann and Marshall (1968) and Welle and Awa (1970) found 

wide difference in.acr.e>epmal abnormalities among bulls and ejaculates 

and suggested that acrosomal evaluation be added to the routinely used 

ejaculate evaluation criteria. 

The results of a study by Awa (1970) showed a significant cor

relation (P < ,01) between the level of capless sperm and semen pH. 

However, he found no significant correlations between acrosomal 

characteristics and other ejaculate criteria. However, significant 

correlations were found between capless sperm and certa:in environ-

mental conditions and concluded by suggesting that the acrosome cap 

state was essentially independent of other ejaculate characteristics. 

Further, he concluded that the acrosome was quite susceptible to 

internal and/or external environmental i11fluences. Saacke (1970), 

in a study comparing ejaculates from five different bulls, showed that 

the correlation between post-thaw (37°c) motile life and maintenance 

of the acrosoMe was significant, but relatively low (r = ,56), Thi~ 

study showed that there was a highly signi.ficant difference am'ong 

bulls as ~ell as ejaculates within bulls relative to maintenance of 

0 the acrosoma.l cap at 37 post-thaw. 

The most recently reported work relating acros9m~l state to 

fertility was by Saacke and White (1972). They used 156 ejaculates 

from 15 Holstein bulls with an average of 271 first services per 
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ejaculate. Thawed semen was incubated at 37°c for up to 10 hours and 

percent intact acrosomes was determined as noted by the presence of 

an apical ridge using differential interference contrast microscopy. 

Also, percent motility and percent abnormal cells were determined. 

The acrosomal measurement having the highest correlation w~th fertility 

was mean percent intact acrosomes for the 10-hour incubation (r = .60). 

Correlations of percent intact acrosomes with fertility at 2, 4, 10, 

and 8 hours of incubation were r = .60, .58, .51, and .48, respec-

tively. Motility had the highest correlation to fertility at O hour, 

r = .46. They found a negative correlation ~ith fertility and ab-

normal heads (r = -0.34) and protoplasmic droplets (r = -0.37). The 

study also showed abnormal tails to be unrelated to fertility. 

Factors Affecting Semen Characteristics 

The unique process of spermatogenesis has been the object of 

much research for countless years. The role of genetics as well as 

the influence of internal and external environmental factors has been 

of prime interest to many. The age and size of the bull, breed, 

frequency of semen collection, the level of sexual preparation qnd 

season of ttje year exert an influence on male performance. Almquist 

(1968) stated that the average semen characteristics of normal, 

mature bulls are: ejacul~te volume, 8 ml. (range 2 to 15 ml.); in

itial sperm concentration, 1200 x 106 per ml. (400-2 7000 million per 

ml.); and initial sperm motility, 65 percent (50-80 percent). 

Van Demark (1956), using Holstein bulls, found that volume of the 

ejaculate and concentration of spermatozoa both increased when ana-

lyzed on quarter-year periods following puberty. Baker, et al. (1955) 
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reported that sperm cQncentrat;i.on pe!l ejac-ulatiqn was signif:ica.ntly 

correlated with age (4 = 0.514) and with body w~ight (r = 0.5.3.3). 

Almquist and Cunningham (1967) working with Angus and Hereford bulls , 

found that ejaculate volume varied signific~tly with age, ejaculation 

frequency and bulls within breed and frequency. They also found sig-

nificant differences in sperm concentration associated with age, breed 

and bulls within breeds~ ejaculation frequency. 

The season of the year that collections are made has been shown 

by numerous reports to exert an influence on semen characteristics 
' ' 

(Anderson, 1941; Erb, et al., 1942; Phillips, et al., 194.3J Swanson 

and Herman, 1<944; Salisbury, 1944; and Awa, 1970). Some reports are 

conflicting and the disagreement among the results obtained by these 

investigators indicat1es that the location, the age, and the management 

of the bulls may be factors that should be taken into consideration 

when determining the effect of season on various semen characteristics. 

Since the beginning of artificial insemination, the frequency at 

which a male could be collected with no detrime~~al effect~ on the bull 

or semen quality has been the concern of several resea;rch studies • 
• · ' l • 

Baker, et a,l, (1955), wo;rking with young Holstein bulls for one year 

following puberty, concluded that there appears to be no harmful 

effects of repeated ejaculations up to three times per week except the 

decrease in libido. They found no significant d:i.!;ferences in semen 

volume, sperm output, percent motile sperm, semen pH, total sperm per 

ejaculation, total motile sperm per ejaculation, or percent abnormal 

cells when frequencies of once, twice and three times per week were 

compared. Almquist and Cunningham (1967) reported that young beef 

bulls could be worked up to six times per week. They found that as 



17 

the frequency of ejaculation increased, there was a significant 

decrease in semen volume, but there were significant increases in total 

number of sperm and total motile cells per week. 

Thomson (1950) found that the reduction of the interval between 

services from seven to four days reduced both the volume of semen and 

sperm motility of young bulls over a two to thre.e month period. 

This did not occur with mature bulls. 

Hafez and Darwish (1956) reported that when the interval between 

collections ,was short, detached acrosome caps and enlarged mid.pieces 

were observed. There was no adverse effect of short interval between 

semen collections on ejaculate volume, sperm concentration and the 

percentage of live spermatozoa. The percentage of abnormal sperm 

greatly increased with shorter periods between ejaculates. 

Blom (1946) and Wells and Awa (1970) found that long period~ of 

se,xual rest resulted in 19% to 19% acrosamal abn.ormalities per ejacu

late. Also, they observed that regular collection of semen was 

effective in reducing the percentage of acrosomal abnormalities. 

Further research by Awa (1970) and Wells, et al. (1971) indicates 

that a pe;dod of sexual rest of four weelcs or IJlOre res11lts in l;.:i.rge 

increases in aged acrosomes. They found that in ejaculation frequency 

of four times weekly reduces aged acrosomes and maintains signifi

cantly fewer aged acrosomes than will a frequency of once weekly. 

Since these studies indicate the,great susceptibility of the acrosome 

cap to internal and/or' external environmental influences while in the: 

epididymis, then increased frequency of ejaculation would allow 

the cells to spend less time in the epididymis and consequently less 

opportunity for acrosomal aging. Since it has been indicated that 



the aging of the acrosome ~s telated to .fertility, then the inf,'liu.ence 

of increased frequency of ejaculation is apparent, 
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other reports directed to the effects of sexual rest on semen. 

characteristics are numerous. Bonadonna (1956) stated· that a prolonged 

period of sexual rest exceeding two or three weeks may cause a graduai 

deterioration of semen quality and production, He found that a p,riod 

of sexual rest for bulls of about ei;x: weel<;e re~ulted in a great de .. 

crease in semen production which, in some instances, did not return to 

normal values until 20 o,r ,30 days later, He su~gested that sexual rest 

probably caused a gradual decrease in th~ activity.of semen production 

due to the accumulation and resorption or ~permatozoa in the cauQ.E). 

epididymis which thus causes a secondary gradual ~eduction in sper-

matogenesis, 

Schmidt, et al, (1957) allowed bulls different periods of sexual 

rest (up to 1.3 days), They found that the best results for semen 

quantity (semen volume, ~perm concentration, and total number of sperm 

per ejaculate) were obtained with a rest period of four days, and for 

semen quality (fertilizing ability and survival time) with a rest 

period of eight days. Fertility as measured by the number of in-

seminations necessary for conception was best after a sexual rest period 

of seven or more days~ 

Wondafrash (1968), charayterizing the acrosome quality in the 

first ejaculate of 22 Hereford and ~ngus bulls collected after a nine 
I 

month period of sexual rest, found that the initial ejaculates cont~ined 

21.2 percent abnormal acrosome caps. He also found that 16.5 percent 

of the normal spermatozoa, 44.5 percent of the ~bnormal cells, and 

77.0 percent of the tailless sperm. had abnromal acrosomes. This 
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suggested that acrosomal anomalies in the first ejaculate following a 

long period of abstinence was associated with malformed, deteriorating 

spermatozoa. However, a considerable proportion of the morphologically 

normal spermatozoa had abnormal acrosomes. 

Another factor significantly affecting semen production is the 

sexual preparation of the bull for service. Several reports have 

indicated that restraining the bull for a few minutes and allowing one 

or mar~ false mounts increased semen production (Collins, et al., 1951; 

Branton, et al. 19 52; Hale, et al. 19 53; Baker, et a.l. 19 5 5). Crombach 

and de Rover (1956) working with identical tw:i,n bulls reported that 

restraint for 10 minutes betore the first ejaculate resulted in that 

ejaculate containing 2.9 times as many live sperm cells with better 

motility than that of the non-restrained bulls. The second ejaculate 

was also improved by sexual stimulation. 

Methods for ex;tension of semen (Berndston and Foote, 1969; Bratton, 

et al. 1957; Foote, 1970; Gebauer, et al. 1970), rate of freezing 

(Erickson and Graham, 1959; Graham and Marion, 1953; Hodson, 1972; 

O'Dell, et al. 1958; Van Demark and Kinney, +954; Pickett, et al. 

1961; Bartlett and Van Demark, 1962; and Rapatz and Luyet, 1966), and 

rate of thawing (Rowson, 1953; Van Demark and Sharma, 1957; Dunn and 

Hafs,·1953; -Haf:;i and Elliott, 19?4; Pickett, et al. 1965; and Robb:Lns, . 
et al. 1972) have all been shown to exert an infll.lence on semen 

characteristics. As reported by Saacke. (1970), freeze-.thawing, even 

under optimum conditions, is injurious and can be recognized by fewer 

sperm hav:ip.g intact acrosomes. However, he reports that loss of 

acrosomal caps post-thawing is not as dramatic as loss of motility. 
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In review of the literature, it is apparent that no one simple 

test or series of tests have been developed that will suffice in ac

curately evaluating fertility. Recent research has indicated that the 

state of the acrosome is important in the prediction of fertility and 

that this characteristic should be routinely used in combination with 

other semen characteristics to evaluate fertility. Therefore, this 

study was initiated in order to evaluate a number of semen character

istics, including the state of the acrosome, and to determine which of 

these characteristics are significant in the prediction of fertility 

in the bovine male, and to develop a fertility index utilizing these 

characteristics. 



CHAPTER III 

MATERIALS AND METHODS 

Semen Collection and Distribution 

Forty-three Holstein bulls in the Progeny Test Unit of the American 

Breeders Service, De Forest, Wisconsin, were utilized in this study. 

All bulls were approximately one year of age at the time of initial 

ejaculate collection. Bulls in this age range were utilized in the 

study since older proven males in a bull stud have been highly selected 

and culled on basis of performance, and consequently would result a 

population of decreased variation. The only selection placed on the 

bulls in this study was that they be desirable, genetically superior 

males and not be sterile. As far as possible, the bulls were started 

by quarter years with the initial bulls being started in February, 1970. 

Prior consultation with ABS had set up standards and procedures 

that were to be employed in this study. All bulls were ejaculated 

utilizing routine procedures normal+Y employed by ABS. Two ejaculates 

were collected from each bull once a week by artificial vagina and 

combined for processing. The first two collections were test col-

lections which were used by ABS to establish a post-freeze motility 

level. From this they determined the concentration of cells that was 

necessary to obtain 10 x 106 (~3, 7 to 13 inclusive) motile cells per 

t cc. ampule post-freeze. Any collections outside of this range 



were rejected in order to control some of the variation in the number 

of live cells per am,u1e. 
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A maximum of 104 ampules was frozen from each individual col

lection. In addition to this, two full racks from each collection were 

frozen and shipped to OSU. Ejaculate collections were continued on 

each bull for a minimum of five acceptable collections of 104 ampules 

each (a total of 520 ampules on each bull). Some bulls required as 

many as eight collections before the desired number of ampules were in 

storage. Six ampules of each collection were shipped to OSU for de

termination of post-freeze character~stics. The 520 ampules were 

frozen on each bull in hope that enough of the ampules would be 

distributed and utilized so that non-return information on at least 

150 to 180 services per bull could be accumulated. 

The frozen semen of each bull was randomly distributed by ABS 

to approximately 60,000 associate herds across the country. Normal 

distribution and insemination procedures were utilized, except that no 

bull was to be used more than four times in any given herd, 

Non-return data for each bull was compiled by ABS and sent to OSU 

as it became available. 

Initial Ejaculate Evaluations 

Pre-freeze acrosomal and live-dead slides were prepared from the 

fresh semen immediately upon collect~on by ABS. Slides were made 

from each individual ejaculate and then shipped to OSU where the 

following data was obtained from each slide: 

a) Percent Live Spermatozoa: This was determined using the 

nigrosin-eosin live-dead differential stain. 
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b) Acrosome Characteristics: These were determ;i.ned for eaoh 

ejaculate utilizing the Wells-Awa staining procedure, 
. . 

c) Abnormal Spermatozoa: The proportion of morphologiqally 

abnormal 'sperm cells was also determined from slides prepared 

with the Wells-Awa acrosome stain. 

Staining and Evaluation Procedures 
I 

Acrosome Staining Techniques 

Duplicate slides were prepared using the We;l.ls-Awa acrosqne stain 

(Wells and Awa, 1970) in order to study the state of the acrosome, 

The stain was prepared as follows: 

Solution "A": 

Solution "B": 

consisting of a 1% solution of water-soluble 

eosin B (total dye content SS%) in glass-

distilled water. 

consisting of al% solution of water-soluble 

Fast Green FCF (total dye content 9o%) in glass-

distilled water, 

On the day of semen collection one volume of solution "A" was 

mixed with two volumes of solution "B" and 1,7 volµmes of ethyl 

alcohol, Stock solutions "A." and "B" were prepared monthly and 

stored at 5°c. 

Sperm cell smears from the initial fresh ejaculates were made and 

stained by ABS as follows: 

1. One-tenth milliliter of fresh semen was diluted in 0,9 ml 

of 2.9% solution of sodium citrate dihydrate in a pre-warmed 

17 mm diameter tubular absorption cell, The dilution rate 
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was narrowed in certain cases when the concentration of 

spermatozoa in the ejaculate was low, 

2, Two drops of this suspension were withdrawn with a pre-

warmed dropper and added to four drops of the Wells-Awe. stain 

in another similar pre-warmed tubular absorption eell, 

3, One to two minutes later, one small drop of the sperm-stain 

suspension was withdrawn and placed on a prewarmed clean 

microscopic slide and then smeared in a thin layer, 

0 The smears were air dried at 37 c, and a glass cover slip 

was mounted with diaphane. 

Live-Dead Staining 

The use of differential staining techniques has enabled one to 

distinguish living sperm cells from those that are dead, The tech-

nique most widely used for this purpose and which was utilized through

out this study was that of Hancock (1952), This technique depends on 

the fact that dead sperm cells, due to certain changes in cell membrane 

permeability, take up eosin Y, while live cells take no stain, 

Nigrosin is used to pr~vide a suitable background to facilitate dif-

ferentiating live from dead sperm cells. 

The live-dead differential stain was prepared by dissolving 30 

grams of water-soluble nigrosin and 5 grams of eosin Y (total dye 

content 92%) in 300 milliliters of double distilled water.- The stain 

has a pH of 9,4, is very stable and can be kept in the refrige~ator 

for several weeks. 

Spermatozoal smears were prepared by placing one drop of semen 

into five to eight drops of nigrosin-eosin stain and mixed gently. 
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Duplicate slides were made by smearing one drop of the suspension on 

pre-warmed glass slides. 

Live-dead stains were made on each pre-freeze sample, Two 

hundred sperm cells were examined on each slide to determine the per

cent live, This was accomplished with the light microscope at a 

magnification of 430X, 

Post~freeze Determination 

Sperm cell smears were made by OSU from the semen samples shipped 

to them by ABS. The samples had been stored in liquid nitrogen during 

this time. The recovery and acrosome staining procedure used was as 

follows: 

1. Ampule was removed from liquid nitrogen and completely thawed 

in ice water. 

2. Contents of ampule was transferred to a 10 ml plastic cen

trifuge tube and was centrifuged for 5 minutes, 

3, Supernatant was discarded and the pellet was washed with 0,5 

ml of 2,9% sodi1.llII citrate dihydrate, 

4. Above was centrifuged for 3 minutes at the same speed, de

canted supernatant discarded and pellet was washed with 0.25 

ml of sodium citrate. 

5. Solution was then centrifuged for 2 minutes at the same 

speed, decanted supernatant discarded and pellet re-suspended 

in 0.2 ml sodium citrate and mixed thoroughly. 

6. Two drops of the washed semen sample were added to four 

drops of the acrosome stain in a pre-warmed 17 mm diameter 

tubular absorption tube. 
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7. Four to seven minutes later, one small drop of stained cells 

was smeared on a pre-warmed, clean microscopic slide in a 

thin layer, 

e. The smears were quickly air-dried at 37°0, and a glass cover 

slip was mounted with dia.phane, 

Slide Evaluation 

Once the slides of the pre- and post-freeze samples had been 

properly prepared, 200 sperm cells were eixamined on each slide to 

determine acrosome characteristics and morphological abnormalities. 

This was accomplished with the light microscope under oil, at a magni

fication of 970X, and using a blue filter. All slides were read by 

the same individual in such a way as to be completely unaware of what 

bull the slide belonged to. 

A data sheet was set up that included the state of the acrosome 

as distributed across each cell type. The data sheet consisted of the 

following information: 

1. Bull number 

2. Collection date 

3, Live cells 

4, Aged acrosomes 

5. Normal morphology 

6. Normal cells with aged acrosomes 

7, Normal cells with nonaged acrosomes 

S. Abnormal cells with nonaged acrosomes 

9. Abnormal cells with aged acrosome 

10. Remarks 



Categories 3 through 9 were based on percentages as determined from 

the 200 cells read from each slide. 
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The following guideline was used to make the above determinations: 

A) The acrosome condition was recorded as nonaged or aged. The 

nonaged sperm cells were those that displayed a uniformly 

smooth acrosome that was closely adherent to the nucleus. 

Aged acrosomes were those that exhibited any of the following 

morphological changes: 

a) Elevated or thickened acrosome: This is characterized 

by a partial or complete swelling of the outer membrane 

of the acrosome cap and, thus, an enlargement in acrosomal 

size. 

b) Ruffled acrosomal cap: This is characterized by a 

wrinkled or irregular surface either over the anterior 

portion of the c~p or spreading over the entire surface 

of the acrosome. 

c) Enlarged equatorial segment: This is characterized by 

the typical half moon shape of the equatorial segment 

becoming exaggerated as the acrosome becomes loosened 

from the sperm cell head. 

d) Loosened acrosome cap: The acrosome is in the process 

of loosening from tne sperm head, eventually leading to 

the capless sperm state. 

e) Disintegrating acrosome cap: This indicates the latter 

stage of aging. 

f) Capless sperm: This is characterized by the lack of the 

acrosome and is considered the terminal stage of the 



aging and/or deterioration sequence. The upper portion 

of the nucleus stains a light pink instead of tht:: pale 

green which is typical when the acros0me is present. 

B) Morphological abnormalities of the sperm c;;ell were re-

corded and included head, neck and tail defects. The basic 

guideline u.sed for the reading of abnormal sperm cells was 

that discussed by Salisbury and Van Demark (1961). Slight 

modifications were made especially in relation to neck and 

neck abnormalities. The neck or midpiece was considered to 

be abnormal if it deviated more than 45° from its normal 
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axis or if any pa.rt of it actually paralleled itself. Also, 

if the midpiece was kinky it was considered to be abnormal. 

Tails were c0nsidered to be abnormal if at any.point the tail 

ran parallel to itself or if when a horizontal line was drawn 

across the point of initial bending and exten4ed to transect 

a second point on the tail and at this point a vertical line 

drawn such that the angle made above the horizontal line and 

the tail was greater than 45°. Aµy distin,ct coiling of the 

tail, kinky tails or terminal coiJ..eq. tips of the tail were all 

considered abnormal. Tailess sperm or vestigial tails also 

fit into this category of abnormal sperm celJ.s; 

Also. included in this study was the determination of post-freeze 

motility after one month storag<:3 in liqu.id ni.trogen. This was accom- · 

plished by thawing the ampules of semen in ice water and removing a 

drop of the semen and allowing it to warm to 37°c. Using the eon

ventional light microscope, the percentage of progressively motile cells 

was determined and expressed to the nearest whole percent. The same 



29 

individual made all the above determinations in such a way as to be 

completely unaware of what bull the sample had been taken from or of any 

other information relating to the semen samples. 

Statistical Analysis 

Semen samples were collected from 43 bulls over a period of 11 

months. Collections were made once a week with two ejaculates per 

collection. The total number of collections per bull ranged from five 

to eight, depending on if thB yield per collection was sufficient 

enough to secure the required number of ampules per bull with the de

sired post-freeze range of 7 to 13 million motile cells per ampule. 

The 43 bulls were collected in such a way that four distinct collection 

groups were present. Once processed, the samples were distributed by 

ABS for routine artificial insemination. To get as random a sample of 

cows as possible, the semen was distributed across 60,000 associate 

herds throughout the United States in such a way that no one bull was 

used in a given herd more than four times. ABS collected 60- to 90-

day nonreturn data on as many of the breedings as possible. 

Differences among bulls within a group and differences among 

groups on all measured charaeteristics were examined for significance 

with an analysis of variance procedure using four collections per bull. 

In order to determine the degree of relationship among different 

sperm cell characteristics, linear correlation coefficients among these 

characteristics were obtained across all collection and all bulls. 

Also, correlation coefficients were determined between the sperm cell 

characteristics and 60- to 90-day non-return to first service. 
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The major goal of this project was to develop a fertil~ty index 

using the different s~erm cell characteristics measured. A stepwise 

multiple regression analysis was used to derive the equ,ation. This 

computer program was set up to derive a seque~ce of multiple linear 

regression equations in a stepwise manner. Also, the procedure was 

programmed so that a variable could only be included in the equation that 

was significant at the .05 level. This was done by the selection of.a· 

significance or tolerance level and letting this value be the end-point 

for inclusion of variables :;into the equation. At ea.ch l;ltep, one ad-. 

ditional variab;:J.e was added to the regressio;p. equ.a,tion. The variable 

added was the one which made the ~reatest reduction in the error S'UIIl of 

squares, Equivalently, it was the variable which had the hi~hest 

partial correlation with the dependent varial:?l.e partialed on the var

iables which had already been added; or it was the variable whiqh, if 

it were added, would have the highest F value. Also, variables could 

be forced into the equation with the non~forced.variables being auto

matically removed when their F values became too low. 
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RESULTS AND DISCUSSION 

Preliminary Bul;t. Grouping and Analyses 

The reviewed literature report";l,ng efforts to derive a means to 

determine the f-erttlity level of the bovine male or to determine the 

quality of a given semen sample is vol'l,lill:i,noµs and has vari,ed in semen 

characteristics utilized. However, all resea'.r'chers are :i,.J:1 agreement 

in that no one single semen characteristic or test is ~dequate in 

predicting fertility. This subsequently led to the use of several 

characteristics in attempting to predict fertility. However, the use 

0f ,acr0s0mal characteristics has been largely ignored. Presently there 

is no doubt that the acrosome c~p is an important feature of the sperm 

cell and that abnormalities of this str\lcture can result in decreased 

fertility, or, dependent on the kind of abnormality, total sterility. 

This study, therefore, represents preliminary investigations undertaken 

to determine which spermatozoan characteristics are the most important 

in determining the fertility level of a given b'Ull and to determine to 

what degree these factors are utilizable in predicting fertility. 

American Breeders Seryice suppl~ed 43 Holstein bulls averaging 

approximately one year in age for the study. rhese bulls were distrib

.. uted ... aver. ... a one .. year period witl:l new b\llls being added to the project 

on a quarter-year basis. 
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Initially in Februar.y of. 1970,- eight buJ..lp were starte(l on a eo1..:.· -

lection regime consisting of two ejaculates ~nee weekly. Ejaculates 

were rejected that were determined,by ABS not to have a l)C>St-freeze 

motile cell concentration of 10 ± 3 x 106 motile cells per ampule. This 

factor, along with an occasional failure of a bull to work, prevented a 

consistent week-by-week collection sequence for all the bulls. Also, 

if the number of ampules frozen Qn a given collection was below 104, 

then additional collections ~ere made on that bull so that at the end of 

the bull's period there were five to eight collections with a total of 

520 ampules per bull. This resulted in a n'Ulllper of bulls having more 

than the initially planned five collection,s, which caused some bulls 

·in one collection period to overlap with those in another period, The 

bulls were divided into four collection groups so that each bull was 

in a group that most closely fit an apparent pattern. Figure 2 shows 

the bulls and the month each oollection was made on that bull. 

Ideally, it would have been better not to have to consider grouping 

the bulls at all. But, in accord with the literature, the seasqn of the 

year the bulls are collected has an apparent influence on semen 

characteristics. To confirm this point in respect to this population· 

of bulls, analyses of var~nce among groups were computed for both 

pre- and post-freeze semen characteristics and are presented in fa~les 

I and II. Table I shows very large significant differences (P < .005) 

between groups for all pre-freeze characteristics studied except.for 

perce~tage of live sp~rmatozoa. Table II shows similar relationships 

(P < .005) between many of. the-.same characterispics 1;1.s in Tal:>le I. From 

. t.hese results, it was apparent that grouping,. the bulls should ... be .. c.on ... 

sidered in oltlti~r to allow for possible significant seasonal differences 
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TABLE I 

ANALYSES OF VARIANCE FOR PRE-FREEZE SPERM CELL 
CHARACTERISTICS OF 43 BULLS IN FOUR 

DIFFERENT COLLECTION GROUPS 

Source of Mean 
Variation d.f. Square F 

Percentage live Groups 3 110.93 o.608 
Bg.11 {groups) -39 182.32 

Aged Acrosomes Groups 3 1764.70 5.302 
BuJ.l (groups) 39 332.85 

Percent Morphological1y Groups 3 3938.3.3 27.612 
Normal Sperm Cells Bull (groups) 39 ~ .. 63 

Percent Normal Cells Gr-ou_ps 3 1428.05 . 6.624 
with Aged Acrosomes Bull (groups) 39 215.57 

Percent Normal Cell.s Groups 3 J420.44 14.330 
with Nonaged Acrosomes Bull (groups) 39 2J8.68 

Percent Abnormal Cells Groups 3 1529.08 20.759 
with Nonaged Acrosomes Bull (groups) 39 13.66 

Percent Abnormal Cells Groups 3 7-J+Y./+9 8.908 
with Aged Acrosomes Bull (groups) 39 83.91 

Percent Nonaged Acrosomes Groups 3 2327-.19 6.771 
Bull (groups) 39 343.67 

Level of 
Significance 

P < .005 

P < .005 

P < .. 005 

P < .005 

P < .005 

P < .005 

P._~ .005 

\..,.) 

+""" 



TABLE II 

ANALYSES OF VARIANCE FOR POST-FREEZE SPERM CELL 
CHARACTERISTICS OF 43 BULLS IN FOUR 

DIFFERENT COLLECTION GROUPS. 

Source of Mean 
Variation d.f'. Square F 

' 
Percent Motility Groups 3 161.ss 0.655 

(0 storage tJ.me) · Bull (group) 39 2413.49 
Percent Aged Acrosomes Groups 3 so74.70 3s.205 

Bull (group) 39 211.39 
Percent Morphologically Groups 3 10565.s4 · 77.572 

Normal Sperm Cells Bi.ill (groµp) 39 136.22 
Percent Normal Cells Groups 3 95.06 1.167 

with Aged Acrosomes Bull (group) 39 S2.29 
Percent Normal Cells Groups 3 9527.40 65.474 

~th No_11aged Acrosomes Bull (group) 39 145. 53 
Perqent Abnormal Cells Gro-q.ps 3 106.95 1.433 

with Nonaged Acrosome-s. Bull (group) 39 75.33 
Percient Abnormal Cells Grou.ps 3 gg94.22 63.145 

with Aged Acrosomes Bull (group) 39 140.S? 

Level of 
Significance 

P < .005 

p,,< .005 

P < .005 

R,, < .005 

\.,.) 
\Jl 



when computing the final regression analysis over all 43 bulls. However, 

the validity of testing for differences,between groups is perhaps 

questionable due to the lack of a sufficient number of bulls in each 

group. 

The evaluation criteria utilized in this study are described in 

Table III. The table includes a listing of all the sperm cell character~ 

istics studieo. from 486 ejaculates of 43 bulls and their corre:;3ponding 

means, standard deviations, coefficients of varia,tion, and standard 

errors. Of possible concern are the relatively high coefficients of 

variation for some of the criteria. However, other research (Saacke, 

1970; Erb, et al., 1951; Hafs, et al., 1958; Bishop and Hancock, 1955) 

reports several coefficients of variation for many of the same character

istics under basically the same conditions and indicates that the values 

reported in this study are very much within reported ranges and in 

many cases actually considerably lower. Therefore, in comparison with 

reported coefficients from other bull studs, it is suggestive that these 

estimates may be reasonably represent~tive of bull studs in general and, 

consequently, are factors that must be presently acqepted when working 

with such criteria. 

The analyses of variance on pre-freeze semen characteristics 

(Table IV) revealed hi~~}Y,.~;~if~cant differences aJ?Ong bulls withi.1.:1:_ a 

group for most of the characteristics studied. However, Group I showed 

.no significant differences between bulls for five of the eight character: 

istics studied. This in part may be attributed to the fact that there 

were only eight bulls in this group as compared to a larger number of 

bulls in the other three groups. Excluding Group 1, the a:nalyses of 

variance showed a significant difference (P <•.05) among bulls on all 

acrosomal characteristics. 
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TABLE III 
,, 

OVERALL MEA~S, STANDARD DEVIATIONS, COEFfIC IENTS 
OF VARIATIONS, AND STANDARD ERROR FOR THE 

SPERMATOZOAN CHARACTERIS!ICS STUDIED 

C~aracter.istic x S.D. c. v. S.E. 
(%) (%) (%) (%) 

Pre-freeze Evalua,tion 
Live Spermatozoa 81.5 6.4 7 0.9 
Aged Acrosomes 34.7 10.9 31 1.6 
Normal Spermatozoa 74.1 10.3 13 1.6 
Normal Cells with 

Aged Acrosomes 21.1 8.9 42 1.3 
Normal Cells with 

Nonaged Acrosomes 53.0 10.8 20 1.6 
Abnormal Cells with 

Nonaged Acrosomes 11.9 6.7 56 1.0 
Abnormal Cells with 

Aged Acrosomes 1;3.6 5.a 42 0.9 
Nonaged Acrosomes 65.0 11.3 17 1.7 

Post-freeze Evaluation 
Motility fO-storage time) 32.5 7.3 22 1.1 
Motility 1 mo. storage time) 31.2 5.3 16 0.8 
Aged Acrosomes 47.9 12.4 25 1.9 
Normal Spermatozoa 59.1 15.3 25 2.3 
Normal Cells with 

Aged Acrosomes 20.2 3.9 19 o.6 
Normal Cells with 

Nonaged Acrosomes 38~9 14.3 36 2.2 
Abnormal Cells w;ith 

Nonaged Acrosomes 11.9 4.4. 36 o.7 
Abnormal Cells with . 

Aged Acrosomes 27.7 13.1 47 2.0 
Nonaged Acrosomes 50.8 14.4 28 2.2 



The analyses of variance on post-freeze sperm cell characteristics 

(Table V) for all four groups indicate highly significant differences 

(P < .01) among bulls within...a.grou.p for the percentage of motile cells 

post-thaw at zero storage time. However, with post-freeze data, the 

uniformity across groups in relation to the state of the acrosome is not 

as apparent as it is for the pre-freeze data. Post-freeze differences 

in acrosomal characteristics among bulls within a group range from 

highly significant (P·< .01) to insignificant. This in part can be 

explained oy. Table VI which shows the influence freezing has on the 

sperm cell characteristics. These means were tabulated over all 43 

bulls across all groups and involved 243 collections with two ejacu~tes 

per collection. The results from these bulls indicated approximately a 

14 percent increase in the percent of spermatozoa with aged acrosomes 

and a 14 percent decrease in the percent of normal sperm cells. It is 

feasible that freezing has different quantitative effects on sperm cells 

from different bulls and consequently, there is a lack of uniformity in 

the effect freezing has on acrosomal characteristics. 

Tables VII and VIII show the different linear correlation coef-

ficients among the sperm cell characteristics studied. These coef-

ficients are based upon the grouped data from all 43 bulls in this study. 

Examination of these correlation coefficients reveals a large number of 
I 

expected significant correlations. However, there are relative'ly 

numercus repurts in the literature indicating correlations between the 

same two characteristics varying from one extreme to the other. There-

fore, the impcrtance of these actual correlation coefficients is 

questionable except in this given population of bulls under the specified 

conditions. 



TABLE IV 

ANALYSEp OF VARIANCE FOR PRE-FREEZE 
SPERM CELL CHARACTERISTICS 

Degrees of Freedom 

% Live Cells 

% Aged Acrosome 

% Morph. Normal 
Sperm Cells 

% Normal Cells with 
Aged Acrosomes 

% Normal Cells with 
Nonaged Acrosomes 

% Abnormal Cells with 
Nonaged Acrosomes 

% Abnormal Cells with 
Aged Acrosomes 

% Nonaged Acrosomes 

* P <; .05 
** P < .01 

Source of 
Variation 

Bull 
Collection 
Bull x Coll. 

Bull 

Bull 

Bull 

Bull 

Bull 

Bull 

Bull 

1 
I 

7* 
3 

21 

* 

-

-
-
-
* 

GrOUJ2S 
2 } 

' 4 

9 13** 10** 
3 3 3 

27 ;39 .30 

* ** ** 

- ** ** 

** ** ** 

* ** ** 

* ** ** 

* ** ** 

* ** ** 

$9 
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TABLE V 

ANALYSES OF VARIANCE FOR POST-FREEZE 
SPERM CELL CHARACTERISTICS 

Degrees of Freedom 
Source of Gro-u~s 
Variation l 2.. 3 4 4 I , 

% Motility Bull 7** 9** 13** 10** 
(0 storage time) Collection 3 3 3 3 

Bull x Coll. 21 27 39 30 

% Aged Acrosomes Bull ** ** 

% Morph, Normal 
Sperm Cells Bull * * * 

% Normal Cells with 
Aged Acrosomes Bull * _,..... ** 

% Normal Cells with 
Nonaged Acrosomes Bull - -

% Abnormal Cells with 
Nonaged Acrosomes Bull - ** - * 

% Abnormal Cells with 
Aged Acrosomes Bul], - ** ....- * 

* P < .05 
~·* P < .01 



TABLE V! 

INFLUENCE OF FREEZING ON VARIOUS 
SPERM CELL CHARACTERISTICS 

Sperm Cell Mean-%. (2M ·collections) 

Characteristic Pre'""f'reeze Post.:..freeze Ohange 

Percent Normal Cells 74.5 60.2 -14.3 

% Aged Acrosomes 34.2 48.2 +14.0 

% Normal Cells with 
Aged Acrosomes 20.8 20.5 .,...0,3 

% Normal Cells with 
Nonaged Acrosomes 53.7 39.7 -14.0 

% Abnormal Cells with 
Nonaged Acrosomes 11.8 12.0 +o.2 

% Abnormal Cells with 
Aged Acrosomes 13.4 27.7 +;i.4.3 

% Nonaged Acrosomes 65.5 50.9 -l4.6 
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TABLE VII 

VARIABLES USED TO IDENTIFY THE MEASURED 
SPERM CELL CHA):U\CTER 

x1 Live spermatozoa (Pre-freeze) 

x2 Spermatozoa with aged acrosomes (Pre-freeze) 

x3 Spermatozoa witn nonaged acrosomes (Pre-freeze) 

x4 Morphologic.al;J_y normal cells (Pre-freeze) 

x5 Normal cells with aged acrosomes (Pre-freeze) 

x6 Normal cells with nonaged acrosomes (Pre-freeze) 

x7 Abnormal cells with nonaged acroso~es (Pre~freeze) 

x8 Abnormal cells with aged acrosomes (Pre-freeze) 

x9 Motility (0 storage time) (Post-freeze) 

x10: Motility (1 month storage time) (Post-freeze) 

x11 : Spermatozoa with aged acrosomes (Post-freeze) 

x13 : Morphologically normal cells (Post-freeze) 

x14: Normal cells with aged acrosomes (Post~f~eeze) 

x15 : Normal cells with nonaged acrosomes (Post~freeze) 

x16: Abnormal cells with nonaged acrosomes (Post .... freeze) 

x17: Abnormal cells with aged acrosomes (Post~freeze) 



x1 

Xz 
X3 

x4 

X5 

x6 

x., 
XS 

X9 

XlO 

xll 

x12 

~3 

~4 

xl Xz 

1.00 0.10 

1.00 

TABLE VIII 

INTERRELATIONSHIPS OF SPERM CELL CHARACTERISTICS*** 

X3 \:, X5 x6 x., XS X9 XlO xll x12 x12 . x14 x15 x16 x17 -
-0.17 0.08 0.25 -0.13 0.05 -0.21 0.53• 0.50* 0.19 -0.09 -0.16 0.14 -0.21 0.14 0.14 

-0.38* -0.13 o. 85* -o. 81 * -o. 34* 0.58 0.08 0.14 0.54•-0.99* -0.35 0.15 -o. 42"' 0.11 0.47* 

1.00 o.66•-o.08 o. 69* -o. 42"' -0. 6o* 0.12 0.20 -0.91• 0.42• o.ss•-0.03 0.95* 0.16 -0.85* 

1.00 0.36* o. 66• -o. 80* -o. 81 * 0.12 0.33* -0.63• 0.15 o.66• 0.16 o. 66• o. 01 -o. 65• 

1.00 -0.47•-o.64• o.o6 0.19 0.33* 0.22 -o.s3• -0.04 0.27 -0.11 0.09 0.13 

1.00 -0.25 

1.00 

-
-0. 82• -0.04 o. 04 -o. 77* o. 82* o.65•-o.o6 -o. 71•-0.07 -0. 72* 

0.34* -0.05 -0.27 0.30 0.36* -0.39* -0.08 -0.39*-0.08 0.31 

1.00 -0.13 -0.25 o. 69* -o. 58* -o. 62• -0.14 -o. 63• o. 09 o. 70* 

1.00 o. 76• -o. 04 -0. 06 0.18 0.27 0.12 -0.02 -0.12 

1.00 -0.04 -0.13 0.17 0.14 

1.00 -0.57* -o.ss--0.01 

0.14 0.20 -0.08 

-0.94* o.os 0.96* 

o. 39* -0.11 o. 45* -0.12 -o. 51 * 

1.00 0.39* 0.97*-0.28 -0.95• 

l.00 

1.00 0.14 -0.57--0.31* 

X15 1.00 -0.14 -0.93* 

x16 1.00 0.25 

x17 1.00 

* P < .05 

** P < .01 

*** 486 ejaculates from 43 Holstein bulls of approximately one year uf age 

e; 



The Relationship Between Fertility and Ino.iv;i.dual 
Spermatozoan Characteristics 

Approximately 520 ampules of semen per bull were distributed 

across 60,000 associate herds by ABS. Normal distribution procedures 
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were employed except that no one bull was used more than four times in 

a given herd. There was a total of 5976 first services with an average 

of 142 services for each of the 42 bulls. The number of services per 

bull ranged from a low of 110 to a high of 182 services. 

The range for the 60 to 90-day non-return to first service was 

from 53.3% to 82.6% with an average of 70.7% for the 42 bulls. 

As proposed, the final statistical analysis involved in this study 

was the development of a multiple linear equation, and since the 

dependent variable, which was 60 to 90-day non-return rate in this 

study, must meet the requirement of being normally distributed, F~gure 

3 was constructed to indicate such a distribution for the population of 

bulls used. There was slightly over a 29% difference between the two 

non-return extremes and, theoretically, this was a wide enough range to 

make a detection of differences in non-return rates feasible. 

Table IX is a listing of all sperm cell characteristics measured in 

this stu~y and their relationship to 60 to 90-.d.ay nan~return rates. 

Only one variable, the percent of abnormal sperm cells with nonaged 

acrosomes, had a statistically significant correlation with fertility 

(r = 0.349, P < .05). All the other correlations were o;f relatively 

small magnitud~ with none of the single characteristics ~ccounti.pg for 

over f3<fo of the variation in fertility, Even the above characte~istic 

that was significantly correlated with fertili~y could only account for 

slightly over 12% of the variation irf fertility among hulls. 
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TABLE IX 

CORRELATION BETWEEN MEASURED SPERM CELL 
CHARACTERISTICS AND 60 TO 90-DAY 

NON-RETURN RATE** 

. Variable (%) 
Correlation 

p; ;Rerun 

Pre-free!Zie Characteristics 
Live Sperm 
Aged Acrosome 
Normal Sperm 
Normal Sperm with Aged Acrosome 
Normal Sperm with Nonaged Acrosome 
Abnormal Sperm with Nonaged Acrosome 
Abnormal Sperm with Aged Acrosome 
Nonaged Acrosome 

Post-freeze Characteristics 
Motility (0-storage time) 
Motility (1 mo. storage time) 
Aged Acrosomes 
Normal Sperm 
Normal Sperm with Aged Acrosomes 
Normal Sperm with N.onaged Acrosomes 
Abnormal Sperm with Nonaged Actosomes 
Abnormal Sperm with Aged Aorosomes 
Nonaged Acrosomes 

* P < .05 
** 474 ejaculates from 42 bulls 

0.101 
'"".'0.18 
-0.28 
-o. 28 
~0,03 
0.35* 
0.09 
0.18 

0,29 
0.05 
0.11 

-0.07 
0.05 

;.;o. 09 
0.09 

. 0.09 
..:..0.06 

1value determined usin,g.means across·all bulls 
2values determined .. using pooled within group means 

0.102 
-0.17 
-0,15 
... Q.18 
q.oa 
0.23 

-0.04 
0.17 

0.29 
0.13 
0.06 
0.06 
0.05 
0.03 

.-0.16 
-0.04 -

46 
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The reported linear correlations between fertility and various sperm 
\ 

cell characteristics in this study are much lower than many such valuee 

reported in the literature. Most recently Saacke and White (1972) 

reported such correlations ranging as high as 0.60. However, com-

parisons to such correlations is relatively meaningless since such 

values are dependent on a countless number of factors which vary ex

tremely from one papulatfon of bulls to the next. One very important 

factor is the degree of selection that has been placed on the bulls 

prior to being utilized in the study. Normally, the variation aman~ 

the bulls in bull studs is considerably less due to prior selection 

resulting in many of the correlations beil?-g relatively small. Optimum 

conditions of feeding, management, light and temperature the year ro'\l!ld 

are also factors which tend to decrease the variation within the p0p

ulation of a bull stud. In general, as the variation o.t' the population 

decreases, one should expect to find a decrease in correlation values. 

Also, it must be kept in mind that correlations may be low when the 

optimum for a semen characteristic· is r~ached which is considerably less 

than the maximum for that measure. When such an optimum value is 

reached, further increased values of the characteristic do not result in 

further increases in fertility. 
. 

Many of the differences in reported correlat;9ns between semen 

characteristics and fertility may be due to difference~ in age, size, 
I :. 

i 

health, environmental stress and many other factors involving individual 

bulls or groups of bul;I.s. Also_, hahdling procedures and env;i.ronm13ntal 

conditions to which the semen is subjeGted during dilution, procese::).ng, 

storage, shipnent and insemination vary widf;lly and, consequent,ly, may 

account for much of the reported differences in correlation values. 



Therefore, it is important to keep all of the above factors in mind 

before any correlation values are criticized as being either too high or 

too low. 

Relationship Between Fertility and Multiple 
Spermatozoan Characteristics 

For years researchers have sought readily measurable character

istics of semen quality which could be used to distinguish with pre-

cision the fertility differences among bulls. Even far more challenging, 

attempts to develop measurements of precision that would differentiate 

ejaculates of varying fertility produced by each bull have been the 

topic of many researph efforts. However, this latter challenge appears 

_almo.st. ... ,impossible to meet with present day techniques. The physiological 

situation prevailing with any bull used for artificial insemination is 

_dynamic and constantly changing, and the techniques for measuring 

ejaculate characteristics apparently do not reflect such ch~ges. Chap-

ter II gives an account of many such efforts and the problems that were 

encountered when the results were applied to actual field conditions. 

This section reports on the results of the research on semen 

charaeteristics of 42 Holstein bulls and their combined relationship 

to 60 to 90-day non-return rate. A stepwise multiple regression anal-

ysis was util~zed as described in Chapter III. The program was set up 

such that variables could be forced into the regression equ~tion with 

the non-forced variables being added to the eguation in order as to 

which one added the most to the prediction of fertility when in combina-
' 

tion with the variables already in the equation. 

Initially, the first series of multiple linear regression equation~ 

were computed separately on the pre-freeze variables and pc:,st-freeze . 
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variables. The results of these computations were compared to results 

where both pre- and post-freeze variables were included in the equation. 

Under unrestricted conditions, the analyses resulted in a multiple 

correlation value of 0.387 (R2 = 0.150) when utilizing only pre-freeze 

characteristics, a value of 0,455 (R2 = 0.207) for post-freeze charac

ters, and a value of 0.602 (R2 = 0.363) when utilizing the combined pre

and post-freeze characteristics. ~twas evident at this point that both 

pre- and post-freeze variables must be considered in order to account 

for the most variation in fertility among bulls. 

Group factors were computed to consider the fact that the bulls were 

collected at different times of the year, This was accomplished by 

forcing computed group variables into the regression equation. Another 

equation was developed where the above group variables were deleted from 

the equation and the two were compared to see if addition of the group 

variables resulted in a more adequate prediction equation. 

Table X gives a list of the variables that were available for the 

stepwise regression analysis. After the initial regression run, various 

variables were forced or deleted from the equation as seen necessary. 

The variables used and the reasons for employing them are discussed 

in detail later in this section. 

The first computer run of the stepwise regression analysis involving 

both pre- and post-freeze variables had the three group code variables 

• deleted from the equation. All other variables listed ;in Table V were 

then available for selection into the program as previously de~cribed. 

A summary of the results is presented in Table XI. This initial analysis 

utilized ten variables with multiple correlation value of 0.602, there

f@re, accounting for approximately 36% of the variation in fertility 

among bulls. 



Number 

1 
2 
J 
4 
5 
6 
7 
8 

9 
10 
11 
1~ 
13 
14 
15 
16 
17 

A 

B 

c 

TABLE X 

VARIABLES UTILIZED FOR THE MULTIPLE 
REGRESSION ANALXSES 

Variable(%) 

Pre-freeze 

Live spermatozoa 
Spermatozoa with aged acrosomes 
Spe:t'mato~oa with nonagedacrosoines· 
Morphologically normal cells 
Normal qells with aged acrosomes 
Normal cells with nonaged acrosomes 
Abnormal cells with nonaged acrosomes 
Abnormal cells wit~ aged acrosomes 

Post-freeze 

Motility (O storage time) 
Motility (1 month storage time) 
Spermatozoa with aged acrosomes 
Spermatozoa with nonaged acrosomes 
Morphologically normal cells 
Normal cells with aged acrosomes 
Normal 1 cell.s with nonaged acrosomes 
Abnormal cells with nonaged acrosomes 
Abnormal cells with aged acrosomes 

Group 1 Code 
Group 2 Code 

Group 3 Code 

50 
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"TABLE XI 

RESULTS OF THE S'l'EPWISE MULTIPLE REGR'BiSSION 
ANALYSIS WITH GROUP VARll\BLES ;BEING 

DELETED FROM THE EQUATION 

Step V . bl 1,2 Mult!)2le·. Increase aria e 
Number Entered R R2 in R2 

1 #9 0.2870 0~0824 0.0824 

2 5 0.4442 0.1973 0.1149 

3. 4 0.4929 0.2430 0.0457 

4 10 0.5052 0.2552 0.0122 

5 11 I 0.5125 0.2627 0.0075 

6 12 0.5474 0.2997 0.0370 

7 2 0.5760 0.3318 0,0321 

8 1 0,5816 0.3382 0.0064 

9 14 0.5838 0.3408 0.0026: 

10 13 0.6021 0.3626 0.0218 

1 . 
Number code to variables listed in Table X 

2:e. < • 05 for all var;i.ables 



52 

To determine if grouping the bulls into the four different col ... 

lection groups added significantly to the prediction ~quation, another 

analysis was run with the group variables being forced into the equation. 

The results indicated no significant increase in the mul~iple corre;La

tion value (R = 0.604, R2 = 0.365) as compareq to the equation where 

the group variables had been deleted from the computations. This factor 

led to the conclusion that further analyses would be computed across ail 

bulls ignoring collection time or groups. 

Table XII lists the ten vatiables that added significant;Ly (P,,< .05) 

to the prediction of 60 to 90-day non-return rate. Progressive motility 

and the morphology of the sperm cell are indicated to be two of the ~ore 

important variables in the regression equation as far as prediction of 

fertility is concerned. This is in agreement with the literature which 

has for· years reported motility and morphology to be important aspects 

of semen evaluation. Five of the ten variables that add significantly 

(P < .05) to the prediction of fertility :lnvolve the acrosome. This 

indicates that the acrosome is too important in semen evaluation to be 

ignored and should play a significant role in routine fertility evalu-

at ion. 

Table XlI also indicates that for all characteristics except motil-

ity, the initial pre-freeze state is important. In addition, for all 

pre-freez~ characteristics in the equation that are substantially af

fected by freezing (Table VI), there are also present post-freeze re-

presentatives of the same characteristics. This possibly indicates that 

the variation in susceptibility of different bulls to stress is im-

portant. This was also indicated by motility one month post-freeze 

adding significantly to the pre'diction of fert:U.ity. For the character-

istic of normal cells with aged acrosomes, a ,variable that showed very 



Xl: #9 

X2: #5 

x3: #4 

X4: #10 

X5: #11 

X6: #12 

X7: #2 

X8: #1 

X9: #14 

XlO: #13 

TABLE XII 

MULTIPLE LINEAR REGRESSION EQUATION USING TEN 
SPERMATOZOAN CHARACTERISTICS TO PREDICT 

60 TO 90-DAY NON-RETURN RATE 

Equation: Y =a+ b1X1 + b2x2 + b3X3 ••• b10x10 

a::::; constant 
b = regression coefficient 
X :::o variable (%) 

Variable 

Constant ---- 76.132 

Post-freeze Motility (0-storage time) 

Pre-freeze Normal Cells with Aged Acrosomes 

Pre-freeze Normal Cells 

Post ... freeze Motility (1 mo. storage t;iine) 

Post~treeze Aged Acrosomes 

Post-freeze Nonaged Acrosomes 

Pre-freeze Aged Acrosomes 

Pre-freeze live cells 

Post-freeze Normal Cells with Aged Acrosomes 

Post~freeze Normal Cells 

·1 Regression 
Coefficient 

0.469 
0.339 

-0.244 
-0.416 
0.264 
0.473 

-0.455 
.... 0.135 
0.569 

-0.307 

1P < .05 for all variables 
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little change due to freezing, the pre-freeze ~alue adds GQnsiderably to 

the equation and is considered to be very important, whereas, its post

freeze value adds a relatively minor contribution to the prediction of 

fertility. 

Table XII presents a list of the variables and their regression co

efficients utilized in the multiple linear regression equation to 

predict 60 to 90-day non~return rates. The regression equation model 

was computed so that actual non-return rates are calculated mstead of 

deviations from the mean of the population. This adjustment is made in 

the regression constant, a, and is also presented in Table XII. 

Table XVII in the appendix presents a list of the 42 bulls used in 

this study and gives their individual obser~ed 60 to 90-day non-return 

rates along with the computed or predicted non-return rates as determined 

using the regression equation from Table XII. Of the 42 bulls, the 

equation predicted the non-return rate of 33 of the bulls within five 

percent of their actual observed non-return values. The table also 

indicates that there is a tendency to overrate lower fertility bulls as 

opposed to -µnderrating the higher fertility bulls when us:t.,ng th~s regres

sion equation. However, with the above situation there would be lit_tle 

chance of culling out a very high fertility bull due to a low predicted 

fertility value since this predicted value would still be within ten 

percent of the actual value. 

Figure 4 is a plot of the observed 60 to 90-day non-return rate 

versus the computed non-return rate, derived with different variables 

in the equation. Arbitrary fertility ranges were set at 71%, the mean 

of the population rounded to the nearest one percent and at 73% which is 

the mean plus one half of a standard deviation also rounded to the 

nearest one percent. 
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Regression Eq. I 
(10 variables) 

<13 o-23 32 
>73</o-6 10 
Avg. 6~ 

<'llfo-18/23 J >71</o-18/19 
Avg. 8~ I 

. I 
.... r. 

Re~ression Eq. II 
{3 variables) 

</'3 23 3 
>73fo-3 6 
Avg. 6~ 

<llfo-17/22 I >?1%-16/20 
Avg. 2~ I ., . 

.. I .. 
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Figure 4. Scatter diagrams indicating the number of bulls 
· that: :actually are in the range as designated by 

regression equations I and II 



When the average was taken to be 71% with prediction equation I, 

Figure 4 indicates that of the 42 bulls that were categorized to be 

~ither above or below average, 36, or 8f:l/o of the bulls were classified 

correctly. When the average was set at 73%, then only 29 out of 42 or 

69fo of the bulls were actually above or below 73% as predicted. 

In Table XII, it is apparent that tte variables, percent post

freeze motility (O-storage time), percent pre-freeze normal cells with 

aged acrosomes and percent pre-freeze normal cells, account for the 

greatest amount of variance in fertility among these bulls. The other 

seven variables do contribute significantly (P < .05) to the prediction 

equation, but possibly not to the extent to make their measurements 

feasible. Therefore, another multiple regression equation was computed 

forcing these first three variables into the equation while deleting all 

other variables. This resulted in a multiple correlation value of 

0.491 (R2 = o. 43) as compared to a R-value of o.602 (R2 = 0.363) when 

using all ten variables. The equation and regression coefficients for 

using only three variables are presented in Table XIII, 

Figure 4 also graphically repre~ents the computed versus the ob-

. served 60 to 90-day non-retu.rn rates when using only three variables in 

prediction equation II. When the aver~ge non-return rate was set at 71%, 

of the 42 bulls classified as being above or below average, 33 or 69fo 

of _the bulls were classified correctly. However, when us:tng 73% as the 

average, then only 26 out of 42 or 62% of the bulls were categorized 

correctly. Table XVIII in the appendix presents for each of the bu+ls 

the observed non-return rate as compared to the computed non-return 

rate as determined from the above equation. 



TABLE XIII 

MULTIPLE LINEAR REGRESSION EQUATION USING 
ONLY THREE VARIABLES TO PREDICT 

60 TO 90-DAY NON-RETURN RA.TES 

Equation: Y = a + b1X1 + b2X2 + b3x3 

a= constant 
b = regression coefficient 
X =variable(%) . 

Variable 

Constant -7/...2.67 

x1: #9 Post-freeze Motility (0-storage time) 

x2: #5 Pre-freeze Normal Cells with Aged Acrosomes 

x3: #4 Pre-freeze Normal Cells 

1P < • 05 for all variables 

Regression1 
Coefficient 

0.266 

-0.159 
... 0.119 
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Further study of the results of the regression analysis consisting 

of ten variables indicated the possibility of combining some of the 

original variables resulting in more generalized categories for the 

regression equation. Instead of being restricted to only normal cells 

with aged acrosomes, a combined category was added that also included the 

abnormal cells with aged acrosomes. This variable was then denoted 

as percent pre-freeze aged acrosomes. The percent post-freeze nonaged 

acrosomes had.been one of the original ten variables to add significantly 

to the prediction equation and since it possibly indicates the "resist-

a.nee" of the acrosome to be altered by stress, it was also forced into 

the new regression analysis. In addition, 'post-freeze motility at zero 

storage time and percent pre-freeze normal cells were forced into the 

equation. All other variables were c~mpletely deleted from the computa

tions. The results of the regression analysis utilizing these four 

variables are presented in Table XIV. The multiple correlation value 

is 0.501 (R2 = 0.251) when using fou;variables to predict fertility. 

Figure 5 represents graphically the situation as previously de-

scribed for the other regression equation. When the average was set to 

be 71%, -then 31 of 42 bulls or 74% of the bulls designated to be above 

or below average were as described. However, when the average was set 

to be 73%, only 64% of the bulls were appropriately classified. Table 

XIX in the appendix gives the observed and computed non-retUTn rates 

for each bull using the above equation. 

The final, multiple regression computations consisted of six 

variables. The first variables forced into the equation were the three 

variables that had previously been indicated to account for the greatest 

amount of variation in fertiiity among these bulls. The percent 



TABLE XlV 

MULTIPLE LINEAR REGRESSION EQUATION USING 
FOUR VARIABLES TO PREDICT 60 TO 

90-DAY NON-RETURN RATE 

Equation: Y = a + b1X1 + b2X2 + b3x3 + b4x4 

a= constant 
b = regression coefficient 
X =variable(%) 

Variable 

Constant ---- 80.623 

x1: #9 Post~freeze Motility (0-storage time) 

x2: #4 Pre-freeze Normal Cells 

x3: #2 Pre-freeze Aged Acrosomes 

x4: #12 Post-freeze Nonaged Acrosomes 

1P < .05 for all variables 

. .' 1 
Regre13s1on 
Coefficient 

0.253 

· -0.209 

-0.116 
0.028 
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pre-freeze aged acrosomes and percent post-freeze nonaged acrosomes 

were again included for the same reasons that they were utilized in the 

previous regression equation. The sixth variable to be included wa~ 

percent post.freeze normal cells. This factor was included s:i,nce its 
I 

p~e-freeze counterpart added very significantly to the equation. Since 

freezing affected the percent normal cells substantially, it was felt 

that this may account for a substantial amount of variat,iqn. 

Table XV presents the multiple.regression equation and regression 

c9efficienc.s for the six variables involved. Figure 5 also indicates 

that when the average was taken to be 71%, 31 out of 42 or 74% of the 

bulls were classified correctly when using this equation. Also, 71% 

were classified correctly when 73 percent was selected to be the average. 

The multiple correlation value is 0.504 (R2 = 0.254) when using this 

regression equation. Table XX in the appendix gives a listing of each 

bull with his observed non-return rate and the computed non-return rate 

.using the above regression equation cons:i)sting of six variables. 



TABLE XV 

MULTIPLE LINEAR REGRESSION EQUATION USING 
SIX VARIABLES TO PREDICT 60 TO 

90-DAY NON-RETURN RATE 

: .: : :;.::.::::··-======================== 

ilarial.J.c 

a= constant 
b = regression coefficient 
X '~ variable (/o) 

, •.. , ., . '·- ..•... , ··-· ...... -·--·--·--·-·--·-------,.---
R . 1 egress1on 
Coefficient 

._,._ ...... _. .... _ .. .,. .......... _____ ,._ .. _________ .............. ...,, .. ~ .. ------..... ~-, .. ._ .......... -----....----------

Xl: #9 

x2: #5 

X3: #4 

X4: #2 

X.5L #12 

X6: #13 

Constant --- 84. 41+ 7 

Post-freeze Motility (0-storage time) 

Pre-freeze Normal Cells with Aged Acrosomes 

Pre-freeze Normal Cells 

Pre-freeze Aged Acrosomes 

Post-freeze Nonaged Acrosomes 

Post-freeze Norma1. Cells 

1P < • 05 for all varfab:Les 

0.251 

0.:1,03 

-0.251 

-0.192 

0.060 

-0.031 
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CHAPTER V 

SUMMARY AND ~ONCLUSION 

It has been pointed out in the preceeding chapters that the state 

of the acrosome should be of vital concern when semen is being evaluated 

and that this characteristic should be introduced into routine semen 

evaluation by bull studs. Therefore, it was the purpose of this research 

to initiate studies in the determination as·to which sperm cell char-

acteristics account for the greatest amount of variation in fertility 

among bulls and to determine if the state of the acrosome actually does 

enter in significantly in the prediction of fertility. 

Forty-two bulls were utilized in the study and two ejaculates were 

collected once a week for five to eight collections~ As previously de-

scribed in Chapter IIIp certain standards were required of a collection 

before it was considered to be acceptable. A total of 486 ejaculates 

were involved in the study with both pre- and post-f:reeze determiµations 

being made on the samples. Frozen semen from each bull was distributed 

by ABS with 60 to 90-day non-return da.ta being collected on a tot$.l of 

5976 first services. The average non-return rate for the 42 bulls utii~ 
I 

ized in this study was 70.7 percent. 

A total of 17 different categories were established to character-

ize the various sperm cell samples. Included in these characteri~t~cs 

were the number of live cellsj progressive motility, morphology of the 

sperm cel;L and the state of the.... ac.:_rosomal cap. 
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A series of multiple linear regression equations were computed 

utilizing only the variables that added significantly to the prediction 

of fertility at the .05 level. Basically, there were ten variables that 

fitted the above specification with five of tb!em involving the state of 

the acrosom·e. There were· four regression equations computed with the 

number of variables in the equation varying from ten to three. 

Table XVI presents a summary of the results obtained from each of the 

four equations. The results and characteristics involved in the regres~ 

sion-·equation utilizing ten variables are listed in Table XII. Of the 

ten variable-s involved, post-freeze motility (0-storage time), pre-freeze 

normal cells with aged acrosomes and pre-freeze normal cells accounted 

for the greatest degree of variation in fert:i.lity for the 42 bulls 

studied. The second regression equation involved only these three vari

ables, but a certain degree or the precision was lost due to the 

elimination of the other seven variables. The ten variables accounted : 

· for appro:xima.tely 36 percent of' the variation in fertility among bulls 

as compared to only 24 percent when using the three variables. 

When attempting to c.ategprize the bulls as being above or below 

average using 71 and 73 percent as average fertility values, the.ten 

variables w.ere able to place approximately seven percent more of the 

bulls into a correct category when comparing observed and computed non~ 

return values than was the equation utilizing only three variables. The 

practical question is whether or not this increase in precision can merit 

the use of seven additional variables to predict fertility. This would 

depend upon the availability of necessary personnel in the bull evalu

ation. Actually once. an individual has become well acquainted with the 

evaluation J?I'Ocedure, ten variables as opposed to three variables 



Regression R 
Equation Ii7" 

Equation I 0.601 
(10 variables) 0.365 

Equation II o.~2~ 
(3 variables) 0.243 

Equation III 0.501 
(4 variables) 0.251 

Equation IV 0.20~ 
(6 variables) 0.254 

TABLE XVI 

SUMMARY TABLE FOR FOUR MULTIPLE LINEAR REGRESSION 
EQUATIONS WITH A DIFFERENT NUMBER OF 

VARIABLES IN EACH EQUATION 

No. bulls where 
Bulls classified Bulls classified computed value 

~o. bulls where 
computed value less 

correctly when av- correctly when av- less thap 5% from than 7% from ob-
erage set at 71% erage set at 73% observed fertility served fertility 

~ :a 86% 
42 

29 = 69% 
42 W :. 761o .22 = 93% 42 

~ ~ 79% 26 ,2Q, = 71% !il = 95% 42 = 62% 42 42 

.ll 27 11 = 74% 2.2 = 93% = 74% - = 64% 42 42 42 42 

.ll = 74% 42 
22 = 71% 
42 

.ll = 74% 42 
2.2. = 93% 42 

0-
V'I 
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requires very little additional time and requires no additional stain;i..ng 

or preparation procedures except for the live-dead staining procedu,re, 

This procedure is not very involved and requires little skill to differ

entiate the live cells from the dead cells, 

In addition to the two previously discussed regression equations, 

two other equations were computed, One of the equations invloved only 

four variables (Table XIV) and the other equation six yariables (Table 

XV), When comparing the results of these two equations to the results 

involving the three variable equation (Table XIII), very little dif~ 

ference in precision was apparent, 

The decision as to which of the four reported regression equations 

that should be used ta categorize a group of bulls as tp fertility rate 

is a question of precision versus personnel and time, 

An ;important facet of this study is the knowledge of what semen 

characteristics are important in .relationship to fertility, With this 

information available, bull studs can take a genetically superior male 

that has an undesirably low non-return rate and determine which of these 

characteristics are causing the problem in the .. individual, 0,nce this 

has been determined, revis.ion in handling 0.f the bull or his semen 

1:1aniples can possible be made to favorably ~lter the.; necessary sperm 

cell characteristics. This preliminary study utilizing 42 bulls indi~ 

cates that post-freeze motility (~storage time), pre-freeze,normal 

cells with aged acrosomes and pre-freeze n(i)rmal cells a;re ali re.lativel,y 

important in the evaluation of semen, 

However, it must be pointed out that this research project is a 

pilot project an~.that additional work and re~evaluation needs to be 

done before its applicability can really be tested. Once tpis project 
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had been completed, two factors became apparent that may play some sig

nificance in fertility prediction and may consequently alter the pre

diction equations presented in this publication. Work published 

subsequent to this project indicated that tail abnormalities play little, 

if any, role in the prediction of fertility and that tail abnormalities 

possibly should not be considered as morphological abnormalities as was 

done in this study. Also, initially in this study, correlations of sperm 

cell characteristics to 60 to 90-day non-return rates were determined 

using values as·determined across all bulls instead of pooling bulls 

within groups. To determine if this made a significant difference in 

the correlation values, a new statistical program was run using means 

pooled within groups and is presented in Table IX for comparison pur~ 

poses. In. most cases there is very little difference in the two cor· 

relation values. Also, those factors that are most highly correlated 

with non-return rates initially are still the same factors that are most 

highly correlated witn non-return rates in the analyses rerun. There .... 

fore, the complete regression analyses were not redone using pooled 

within group means. 

It must be emphasized that if these equations are used for culling 

purposes or used for improvement of low fertility bulls, all character

istics must be read according to the outline present~d in Chapter III 

in order to get comparable results. Also, the environment that the bulls 

are subjected to must be as similar as possible to the environmental 

conditions these experimental bulls had been subjected to. 

In conclusion, this study indicatE;is that motility, morphology, and 

the state of the acrosome are all important spermatozoan characteristics 

in the prediction of fertility. Presently, post-freeze motility and 
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morphology of the sperm cell are two of the characteristics routinely 

used in semen evaluation by bull studs. However, before the artificial 

insemination il:ldustry can profit to the greatest extent from semen eval

uation, they must consider the state of the acrosome as an added criter

ion to semen evaluation. 
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TABLE XVII 

COMPARISON OF OBSERVED VERSUS PREDICTED NON-
RETURN RA.TES UTILIZING LJIDL'I'JPLILLINEAR, 

EQUATION CONSISTING OF TEN VARIABLES 

Bull Non-return Rate ~~l Bull Non-return Rate!~] 
Number Observed .Predicted Difference Number Observed Predicted Difference 

-
25 75.3 69.2 -6.1 51 70.7 67.5 3.2 
2-6 82.-6 12.9 9.7 52 67.5 68.5 -1.0 
27 72.6 75.1 -2.5 53 65.0 68.0 -2.8 
28 64.0 n7.5 -3.5 54 68.5 70.5 -2.0 
29 73.6 73.6 o.o 55 66.5 64.6 1.9 
31 67.8 6<}. 5 -1°.( 56 5J.3 65.5 -12.2 
32 64.0 69.7 5.7 57 69.8 65.8 4.2 
33 62.2 69.1 -6.9 58 75.0 73.4 1.6 
3-4 66.7 73.1 -6.4 59 72.4 75.5 -3.1 
35 73.9 12.8 1.1 6o 71.9 69.7 2.2 
Jb 15.9 71.7 4.2 61 66.-.5 70.6 -4.1 
37 67.9 66.9 1.0 62 71.4 73.6 -2.2 
38 67.9 61.9 o.o 63 73.6 75.6 2.0 
39 62.8 68.5 -5.7 -64 75.0 · 72.4 2.6 
40 73.3 68.0 5.3 65 77.6 76.8 0.7 
41 68.1 69.1 -1.0 66 67.5 68.1 --0.6 
42 78.3 72 • .3 6.o 67 75.3 71.4 3.9 
44 68.3 66.8 1.5 68 71.2 73.1 -1.9 
45 76.2 73.2 3.0 69 77.0 69.2 7.8 
46 71.2 67.2 4.0 70 71.4 74.3 -2.9 
50 '13. 6 74.0 -0~4 71 75.8 76.8 -1:-0 

i 

-.J 
00. 



TABLE XVIII 

COMPARISON OF OBSERVED VERSUS PREDICTED NON-
RETURN RATES UTILIZING A MULTIPLE LINEAR 

EQUATION CONSISTING OF THREE VARIABLES 

Bull Non-return Rate~~~ Bull Non-return rate (il 
Number Observed Predicted Difference Number Observed Predicted Difference 

25 75.3 69.0 6.3 51 70.7 '.67.4 3.3 
26 82.6 71.0 11.6 52 67.5 68.9 -1.4 
27 72.6 7f.. -3.4 53 65.0 68.3 -3.3 
28 64.0 70.8 -6.8 54 6$.:5 72.2 -3.7 
29 73.6 74.4 -0.8 55 66.5 i,7.7 -1.2 
31 67.8 70.5 -2.7 56 . 53.3 65.4 i-12.1 
32 64.0 69 .. 1 -5.1 57 69.8 69.0 0.8 
33 62.2 . 68.4 -6.2 58 75.0 71.4 J.6 
34 66.7 72.0 -5.3 59 72.4 71 .. 3 1.1 
35 73.9 12 .. 6 1.3 6o 72.0 70.2 1.8 
36 75.9 72.2 3.7 61 66.5 71.9 -5-4 
37 67.9 64.8 J.1 62 71.4 74-1 -1.-7 
38 68.0 6'/. 6 0.4 63 73.6 73.0 o.6 
39 62.8 69.-1 -6.3 64 75.0 72.3 2.7 
40 73.3 68.3 5.0 65 77.6 74.0 3.6 
41 68.1 '70.9 -2.8 66 67.5 71.8 -4-3 
42 78.3 72.3 b.O 67 75.J 71.6 3.7 
l+4 68.3 6?.6 0.7 68 ' 71.2 72.4 -1.2 
45 76.2 69.2 7.0 69 77.0 70.2 6.8 
1+6 71.2 68.7 2.5 70 11.4 - 74-8 ;..3.4 
50 73.6 69.9 3.7 71 75.8 76.9 -1.1 

-.J 
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TABLE XIX 

COMPARISON OF OBSERVED VERSUS PREDICTED NON-
RETURN RA TES UTILIZING A-'"MULTIPLE LINEAR 

EQUATION CONSISTING OF FOUR VARIABLF.s 

- ·--
Bull Non-Return Rate t~l Bull Non-return Rate !~l 

Number Observed Predicted Difference Number Observed Predicted Difference 

25 75.3 ~-9 6.4 51 70.7 67.2 3.4 
26 83.6 .7 11.9 52 67.5 69.0 ".""1.5 
27 72.5 76.o -3.5 53 65.0 68.3 . -3.3 
28 64.0 7{J., -6.7 54 68.5 71.9 -3.4 
;29 73.6 7.J.·8 -0.2 55 66.5 67.3 -0.8 
31 67.8 70.1 -2.3 56 53.3 65.1 -11.8 
32 64.0 69.o -5.0 57 69.8 68.7 1.1 
33 62.2 -68.9 -6.7 58 75;0 71.6 3.4 
34 66.7 72.1 -5.4 59 72.4 71.4 1.0 
35 73.9 72.8 • lce 1 6o '71.9 69.7 2.2 
36 ?5.9 72.6' 3.3 61 b6.5 72.0 -5.5 
37 67.9 ,65,.0 2.9 62 71.lt. 73.8 -2.4 
38 67.9 68 .. 2 --0.3 63 73.6 73.4 0.2 
39 62.s 69.2 -6.4 64 75.0 72.6 2.4 
11) 73.3 68.8 4.5 . 65 77.6 74.0. .3.6 
41 68.1 71.3 ...... 3.2 66 67.5 71.0 -.3.5 
42 78.3 72.8 5.5 67 75.3. 71.9 J.4 
41+ 68.3 66.8 1.5 68 71.2 72,.6 -1.4 
45 76.2 68.9 7.3 69 77.0 70.2 6.8 
46 ··71.2 68.7 2.5 70 71.4 75.2 -J.8 
50 73.6 69.8 3.8 71 75.s 76.7 -0.9 

<» 
0 



Bull 
Number 

25 
26 
27 
28 
29 
31 
32 
33 
34 
35 
36 
37 
38 
39 
1+0 
41 
1.i2 
44 
45 
46 
50 

TABLE XX 

COMPARISON OF OBSERVED VERSUS PREDICTED NON
RETURN RATES UTILIZING A MULTIPLE LINEAR 

EQUATION CONSISTING OF SIX VARIABLES 

Non-return R.ate ~1H - - -Bull .. - -Non-return Rate {~) 
Observed, Predicted Diff'.erence Number Observed · ·IT-edict ed. 

-
75'~3', . ' ... ; 68 .. 7 6.6 51 70.7 67.3 
82.6 70.2 12.4 52 67.5 69.2 
?2.6- 75.7 -3.1 53 65.0 68.4. 
64.0 70.6 -6.6 54 68.5 61.8 
73.6 73.3 0.3 55 66.5 t:J7.5 
67 •. 8 69.7 -1.9 56 53.3 65.2 
qJ+.O 68 .. 8 -1+.8 57 6-9.8 68.8 
62.2 6'$.8 -6.6 58 75.0 ,72.1 
66.7 7.1.9 -5.2 59 7?-4 72.0 
73.9 72.8 1.1 60 72.0 69.8 
7p.9 72.8 3.1 61 66.5 1?,.3 
67.9 64.7 3.2 62 71.4 73.8 
68.0 68.4 -0.4 63 73.6 73.8 
62.8 69.5 -6.'] 64 75.0 73.0 
73.3 68.8 

t5 65 77.6 73.9 
68.1 71.2 - .1 66 67.5 70.4 
78.3 72.9 5.4 67 75.3 7~-2 
68.3 66.2 2.1 68 71.2 7. • 7 
76.2 68.9 7.3 69 7/.0 70.4 
71.2 68.9 2.3 70 71.4 '15-3 
73.6 70.0 3.6 71 ·75.8 76.4 

Difference 

3.4 
-1.7 
-3.4 
-3.J 
-1.0 

-1:L. 9 
1.0 
2 .. 9 
0.4 
2 .. 2 

-5.8 
-2.1+ 
-0.2 
2.e 
3.7 

-2.9 
3.1 

-1.5 
6.6 

-3.9 
-0.6 

()) 
I-> 
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