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Summary 

Semen characteristics were evaluated every 2 
wk from 7 through 13 mo of age in 31 beef 
bulls representing six breed groups (Hereford, 
Angus, Hereford x Angus crossbreds, Angus x 
Hereford crossbreds, Red Poll and Brown 
Swiss). Breeds differed in age at puberty, 
defined as the age at which an ejaculate was 
first obtained that contained a minimum of 50 
• 10 6 total spermatozoa with at least 10% 
progressive motility (Hereford, 326 +- 9 d; 
Angus, 295 -+ 4 d; Hereford x Angus, 300 +- 8 
d; Angus • Hereford, 296 +- 9 d; Red Poll, 283 
-+ 9 d and Brown Swiss, 264- -+ 9 d). Significant 
breed differences also were observed in concen- 
tration of spermatozoa, progressive motility, 
seminal protein concentration, abnormal sper- 
matozoa and acrosomal morphology. Consider- 
able variation was observed for the majority of 
pubertal traits among the 31 bulls, indicating 
that differences in stage of pubertal develop- 
ment existed among and within breeds of  beef 
bulls between 7 and 13 mo of  age. However, 
adjustment of data to age at puberty negated 
breed differences (P>.10), indicating that the 
pubertal patterns of change occurring in each 
semen characteristic were similar for the breeds 
evaluated. Concentration of spermatozoa, pro- 
gressive motility, seminal protein concentration; 
percentage spermatozoa with normal head and 
tail morphology and percentage spermatozoa 
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with normal acrosomal morphology increased 
(P<.01) from puberty through 16 wk after 
puberty in all bulls and all breeds. During the 
first 6 wk after puberty, rapid increases (P<.O1) 
were observed in percentage spermatozoa 
exhibiting normal head morphology (excluding 
acrosomes) and progressive motility, and a 
rapid decrease (P<.01) was observed in per- 
centage spermatozoa with proximal cytoplasmic 
droplets, with values at +6 wk approaching 
those reported for mature bulls. Percentage 
spermatozoa with normal  acrosomal morphol- 
ogy and concentration of  spermatozoa improved 
more slowly and had not  reached mature levels 
by 16 wk after puberty. Because age at puberty 
varied by 62 d among breeds and 88 d among 
bulls and important characteristics of semen 
quality improved slowly after puberty, careful 
evaluation of the stage of  pubertal development 
in individual bulls is recommended before 
selecting young bulls for natural breeding or 
artificial insemination. Additional investigations 
are needed to define the patterns of  pubertal 
development through sexual maturity in beef 
bulls and to establish relationships to fertility. 
(Key Words: Beef Bulls, Breeds, Semen, Sper- 
matozoa, Acrosomes, Puberty.) 

Introduction 

Descriptions of pubertal development in 
beef bulls have been limited to only a few 
breeds (Wolf et al., 1965; Swanson et al., 1971; 
Barber and Almquist, 1975), and characteriza- 
tions of postpubertal changes in semen quality 
in beef breeds are limited (Almquist and 
Cunningham, 1967; Almquist et al., 1976). No 
characterizations of  bovine acrosomal mor- 
phology around the time of  onset of  puberty 
were found in the literature. The use of  an 
increasing number of sire breeds in the beef 
cattle industry emphasizes the importance of 
defining differenc~'.-~ in the reproductive poten- 
tial of  young sires both among and within 
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breeds. Because selection and use of  superior 
sires at the youngest possible age is desired for 
natural mating and artificial insemination 
(Almquist et al., 1976; Hanson et al., 1980), 
investigations of semen quality in young 
beef bulls are needed. 

The objectives of  this study were to charac- 
terize semen quality and age at puberty in 
breeds of beef bulls between 7 and 13 mo of 
age and to define breed differences and inter- 
relationships among classifications of sperm 
morphology and semen quality. Puberty was 
defined as the age at which the first ejaculate 
containing a minimum of 50 x 1 0  6 spermatozo a 
with at least 10% progressive motility was 
obtained from each bull. Information on 
pubertal age, hormonal concentrations, sexual 
aggressiveness, body weight and testicular 
growth of  these bulls has been reported (Lunstra 
et al., 1978). 

Materials and Methods 

Thirty-one young beef bulls representing six 
breed groups were evaluated from 7 through 13 
mo of age (December through June). The 
number of  bulls per breed group was: five 
Hereford (H), five Angus (A), five Red Poll 
(RP), five Brown Swiss (BS), six H x A crossbred 
(H x A) and five A x H crossbred (A X H). The 
bulls representing each b r e e d  were selected 
from large peer groups, and the adjusted 
weaning weight of each bull approximated the 
average of the peer group. All bulls had been 
subjected to the same managerial and environ- 
mental conditions from birth, and age of dam 
was similar for all bulls. Age of bull did not 
differ among breed groups and averaged 216 + 
1 d at the beginning of evaluation (i.e., 7 mo). 
Information on diets fed and general character- 
istics of puberty have been reported (Lunstra et 
al., 1978). 

Semen was collected from each bull once 
every 2 wk from 7 through 13 mo of  age. A 
sine wave electroejaculator was used for semen 
collection (Ball et al., 1974). Stimulus was 
delivered with a continuous rhythm of increasing 
stimuli from initiation through erection and 
ejaculation. Semen collection began when the 
clear pre-ejaculatory fluids dripping from the 
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penis began to turn turbid and was terminated 
when fluids again turned relatively clear. 
Collection liners and tubes were insulated to 
maintain semen at 37 C during collection. 
Concentration of spermatozoa was determined 
by quadruplicate counts made with a hema- 
cytometer. Progressive motility was determined 
by duplicate estimates on semen diluted in 
phosphate buffered saline (pH 7.4); a micro- 
scope (x 400 magnification) equipped with a 
stage warmer (37 C)was used. Live spermatozoa 
were quantitated by scoring 200 spermatozoa 
in smears stained differentially with eosin-fast 
green, prepared according to Hackett and 
Macpherson (1965). Spermatozoan abnormali- 
ties (excluding acrosome status) were evaluated 
by two direct counts of 100 differentially 
stained sperm (x 400 magnification) on slides 
prepared as described for determination of  live 
sperm. Abnormal spermatozoa were categorized 
into six head and eight tail classifications, based 
on the descriptions of  Herrick and Self (1962) 
and Saacke (1970). The eight tail classifications 
were: normal, proximal cytoplasmic droplet, 
kinked, coiled, abaxial, double, filiform and 
truncated tails. The six head classifications 
were: normal, macrocephalic, microcephalic, 
pear-shaped, decapitated and other irregular 
heads. Protein concentration in seminal plasma 
was determined by the method of  Lowry et al. 
(1951), using bovine serum albumin as a 
standard. A .5 ml aliquot of semen from each 
collection was centrifuged at 10,000 x g for 10 
min (4 C) and the supernatant assayed directly 
for protein content. 

For acrosomal evaluation, spermatozoa were 
fixed with .2% glutaraldehyde in sodium 
cacodylate buffer (pH 7.4; Johnson et al., 
1976), and 20 /~1 placed under a 22 x 22 mm 
coverslip on a glass slide. The edges of the 
coverslip were sealed with Permount s , immobil- 
izing the coverslip and allowing the use of an 
oil-immersion microscope objective. Acrosomal 
integrity was evaluated by two direct counts of 
100 fixed spermatozoa using differential-inter- 
ference-contrast (DIe, x 1,000 magnification) 
microscopy. Acrosomal integrity was classified 
only on spermatozoa with normal head mor- 
phology. Acrosomal morphology was categor- 
ized into three classes: NA = normal acrosomes 
(characterized by the presence of  a tightly 
adherent, intact acrosome with a smooth 
surface and periphery and a distinct, uniformly- 
shaped apical ridge), AA = aberrant acrosomes 
(characterized by the presence of a tightly 
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adherent acrosome exhibiting an incomplete or 
irregularly-shaped apical ridge or lacking a 
smooth acrosomal surface) and GDA = grossly 
disrupted acrosomes (characterized by the 
presence of a swollen, ruffled or vesiculated 
acrosome or by loss of the anterior acrosomal 
cap with retention of only the posterior equa- 
torial segment). The NA category was based on 
descriptions of  the intact acrosomal cap of  the 
bovine spermatozoon (Saacke and White, 
1972). The AA and GDA categories included 
acrosomal morphologies described as abnormal 
(Saacke et al., 1968; Jones, 1975; Cran and 
Dott, 1976; Coulter et al., 1978; Foster et al., 
1980), maturational (Jones, 1975) and degener- 
ative (Saacke and Marshall, 1968; Saacke, 1970; 
Saaeke and White, 1972; Jones, 1975). 

Data were analyzed by split-plot analysis of  
variance for unequal subclass numbers (to 
adjust for the effect of repetitive measurements 
on the same bulls) using the least-squares 
methods of Harvey (1975). Age at puberty, 
defined as the age at which an ejaculate was 
first obtained that contained a minimum of 50 
• 106 total spermatozoa with at least 10% 
progressive motility (Lunstra et al., 1978), was 
used as a covariate. Differences among Subgroup 
means were tested for significance by Duncan's 
multiple range test (Steel and Torrie, 1960). 

Results and Discussion 

Breeds differed significantly in age at puberty 
(H, 326 + 9 d ; A ,  295 + 4 d ; H •  A, 3 0 0 - + 8 d ;  
A x H, 296 + 9 d; RP, 283 -+ 9 d and BS, 
264 + 9 d) and pubertal body weight (H, 261 + 
6 kg;A,  273-+9 kg;H • A, 279+  8 k g ; A •  H, 
264 -+ 5 kg; RP, 258 + 8 kg and BS, 295 + 11 
kg; Lunstra et al., 1978). Age at puberty was 
similar to that reported by Wolf et al. (1965) 
for larger groups of H (315 d) and A (308 d) 
bulls. Variation in age at puberty was observed 
among bulls within each breed group (H, 293 to 
339 d; A, 288 to 305 d; H • A, 262 to 322 
d ; A  x H, 277 to 324 d ;RP,  2 5 0 t o  3 0 0 d a n d  
BS, 251 to 291 d), but comparison with breed 
means indicated that no breed group average 
was affected unduly by individual bulls reaching 
puberty at either extreme. It is likely that 
variation in pubertal characteristics of the bull 
group representing each breed was reduced by 
our selection procedures (see Materials and 
Methods) and that variation within breed would 
normally be greater in unselected breed popula- 
tions. For example, range in age at puberty in 

larger breed groups has been reported to be 273 
to 364 d in H, 273 to 350 d in A, 252 to 343 d 
in Holstein and 231 to 371 d in Charolais bulls 
(Wolf et al., 1965; Killian and  Amann, 1972; 
Almquist et al., 1976). 

In each breed group, concentration of 
spermatozoa in ejaculates increased steadily 
from the time spermatozoa first appeared 
through 13 mo of  age (P<.01, table 1). Per- 
centage of spermatozoa exhibiting progressive 
motility showed a similar linear increase (P<.01). 
Breed groups differed (P<.05) in concentration 
of spermatozoa and progressive motility through 
the majority of evaluation periods (table 1), 
and breeds that reached puberty the earliest 
(BS, RP and A) tended to exhibit higher 
concentrations of  spermatozoa and progressive 
motility. Concentration of spermatozoa aver- 
aged 400 to 700 million/ml of semen at 13 mo 
of age in the six breed groups (i.e., 10 to 20 wk 
after puberty was attained). These concentra- 
tions are similar to the concentrations of 
spermatozoa collected biweekly by artificial 
vagina from H and A bulls (200 to 700 million 
spermatozoa/ml; Almquist and Cunningham, 
1967) and weekly by artificial vagina from Char- 
olais bulls (200 to 1,200 million spermatozoa/ 
ml, Almquist et al., 1976) during the first 12 
wk after attaining puberty. 

Electroejaculation was selected over the 
artificial vagina as the method for semen 
collection in our study, because electroejacula- 
tion allows semen to be collected without 
depending on the sexual aggressiveness of the 
bull (Hupp et al., 1962; Ball et al., 1974), 
success rate of semen collection with untrained 
yearling beef bulls is 98% with electroejaculation 
and 54% with the artificial vagina (Ball et al., 
1974) and total number of spermatozoa, 
motility of  spermatozoa and fertility of  semen 
collected by electroejaculation equals or 
exceeds that of semen collected by artificial 
vagina (Hafs and Knisely, 1960; Clarke et al., 
1973; Ball et al., 1974). A biweekly ejaculation 
frequency was utilized in our study, because 
ejaculation frequency does not affect motility 
of spermatozoa, morphology of spermatozoa, 
spermatogenic efficiency or fertility of  semen 
(Amann, 1962; Cunningham et al., 1967; 
Martig and Almquist, 1969; Almquist et al., 
1976). In young Holstein bulls, no differences 
in concentration of spermatozoa, motility of 
spermatozoa, percentage of live spermatozoa 
and percentage of spermatozoa with normal 
morphology were detected between bulls 
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ejaculated biweekly or three times weekly from 
puberty through 52 wk of age, and only small 
differences were noted in semen quality between 
bulls ejaculated weekly or six times weekly 
from 53 to 104 wk of age (Almquist and 
Amann, 1976). 

The protein concentration of seminal plasma 
was measured to monitor, subjectively, develop- 
ment of the gross secretory activity of the 
epididymis and accessory sex glands in the 31 
bulls. In the mature bull, 72% of the seminal 
plasma protein is derived from the accessory 
sex glands, primarily from the seminal vesicles 
(Sexton et al., 1971). The weights of the 
epididymides and seminal vesicles increase 
dramatically during the first 30 wk after 
puberty (Killian and Amann, 1972), and 
seminal plasma protein concentration increases 
two- to threefold, but seminal plasma fructose 
concentration remains constant, during the 
same period in young Holstein bulls (Killian 
and Amann, 1974). Therefore, we measured the 
concentration of seminal plasma protein to 
provide general information on physiological 
development of the protein secreting tissues of 
the pubertal bovine reproductive system. 

Protein concentration in seminal plasma 
increased (P<.01) in all bulls and all breed 
groups between 7 and 13 mo of age (table 1), 
regardless of the presence or absence of sperma- 
tozoa in ejaculates. However, protein concen- 
tration did not exceed 20 mg/ml in semen of 
any bull until a pubertal ejaculate (50 x 106 
spermatozoa, 10% motile) was attained. Breed 
differences in seminal protein concentration 
were evident (P<.05) between 8.5 and 12.5 mo 
of age (table 1), possibly reflecting breed 
differences in stage of pubertal development 
and age at puberty. Protein concentrations in 
ejaculates from RP bulls were consistently 
higher (P<.05) than in ejaculates from bulls of 
other breeds during the first 10 to 20 wk after 
reaching puberty. It is interesting to note that 
these RP bulls also exhibited the highest 
concentrations of luteinizing hormone and 
testosterone in peripheral blood between 7 and 
13 mo of age (Lunstra et al., 1978), possibly 
indicating a relationship between the circulating 
hormone concentrations and the development 
of protein secretory activity in the male repro- 
ductive organs. 

When data were adjusted, using age at 
puberty as a covariate, and plotted on a scale 
from 14 wk before through 16 wk after puberty 
(figure 1), breed differences in sperm concert- 

tration and progressive motility became non- 
significant. The data are presented for all bulls 
combined. Concentration of spermatozoa in- 
creased (P<.01) rapidly and linearly from 2 wk 
before puberty through 16 wk after puberty 
(figure 1) in a pattern similar to that reported 
for H and A beef bulls collected biweekly by 
artificial vagina (Almquist and Cunningham, 
1967). Progressive motility also increased 
(P<.01, figure 1) through 16 wk after puberty. 
The most rapid increase in progressive motility 
was observed between 2 wk before and 6 wk 
after puberty (i.e., from 9 + 2% to 52 + 3% 
motility), and a slower improvement was noted 
between 6 and 16 wk after puberty. A rapid 
increase to a plateau of 50 to 60% progressive 
motility in samples collected by artificial vagina 
has been reported to occur within 12 wk after 
puberty in Charolais bulls (Almquist et al., 
1976) and within 17 to 20wk after puberty in 
H and A bulls (Almquist and Cunningham, 
1967). The rapid increase in motility within 6 
wk after puberty for all beef breeds in our 
study is similar to that reported to occur within 
10 wk after puberty in Holstein bulls (Killian 
and Amann, 1972; Almquist and Amann, 
1976). The patterns for progressive motility of 
spermatozoa and protein concentration of 
seminal plasma were similar (figure 1) and 
highly correlated (r = .98, P<.01) through 16 
wk after puberty. It remains to be determined 
whether this relationship is coincidence or a 
direct effect of protein (or proteins) on the 
progressive motility of spermatozoa in neo- 
pubertal bulls. 
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Figure 1. Patterns of  change in scrotal circumfer- 
ence (cm), sperm concentration (X 107/ml), progres- 
sive moti l i ty  (%) and seminal protein concentra t ion in 
semen (mg/ml)  of  31 beef  bulls during the period f rom 
14 wk before through 16 wk after onset  o f  puber ty  
(50 • 106 sperm, 10% motile).  Increases (P<.01) 
occurred in all four  traits. 
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Scrotal circumference increased linearly in 
all bulls from 14 wk before through 16 wk after 
puberty (figure 1). Breeds did not differ in 
scrotal circumference at puberty (P>.10; 
Lunstra et al., 1978), although significant breed 
differences in age at puberty and body weight 
at puberty were observed. Scrotal circumference 
at puberty averaged 27.9 + .2 cm and ranged 
from 25.9 to 30.1 cm among the 31 bulls 
evaluated. Average scrotal circumference was 
negatively correlated (r = - .65,  P<.01) with age 
at puberty (i.e., bulls with larger scrotal circum- 
ference reached puberty earlier, regardless of 
breed). Simple correlations between scrotal 
circumference and concentration of spermato- 
zoa (r = .64), seminal protein concentration (r = 
.80) and progressive motility (r = .74) indicate 
that scrotal circumference may be useful for 
describing pubertal status in groups of young 
bulls, regardless of breed. However, residual 
correlations (after adjustment for breed and age 
effects) between scrotal circumference and 
concentration of spermatozoa (r = .19), seminal 
protein concentration (r --- .07) and progressive 
motility (r = .17), indicate that scrotal circum- 
ference alone would be of little value for 
predicting the quality of postpuberal ejaculates 
in individual bulls. With increased frequency of 
semen collection, scrotal circumference in 
yearling bulls is correlated with sperm output (r 
= .44 to .75; Almquist et al., 1976) and testis 
weight in mature bulls is highly correlated with 
sperm output  in depletion trials (r = .79 to .94; 
Hupp et al., 1962) and with daily sperm pro- 
duction derived from testicular homogenates (r 
= .77; Weisgold and Almquist, 1979), indicating 
that testis size is related to the sperm producing 
capacity of beef bulls. 

The percentage of abnormal spermatozoa 
was high among the ejaculates containing first 
sperm in all breed groups, but declined rapidly 
(P<.01) through 13 mo of age (table 2). Sperm 
head abnormalities were predominantly pear- 
shaped and microcephalic heads, and sperm tail 
abnormalities were predominantly proximal 
cytoplasmic droplets and kinked and coiled 
tails. For brevity, only data on normal heads, 
normal tails and proximal cytoplasmic droplets 
are presented (table 2). Significant breed 
differences were present for each of these fac- 
tors; probably due to breed differences in age at 
puberty. Progressive linear increases (P<.01) 
were noted in the percentage of spermatozoa 
with normal heads and normal tails, and a rapid 
decrease (P<.01) occurred in the percentage of 

spermatozoa with proximal cytoplasmic drop- 
lets, as bull age increased. Breed differences in 
the percentage of spermatozoa with normal 
heads had become nonsignificant by 12 mo of 
age, and breed differences in the percentage of 
spermatozoa with proximal cytoplasmic droplets 
disappeared by 12.5 mo of age. 

Upon adjustment of sperm morphology data 
for age at puberty, breed differences became 
nonsignificant and the patterns of change in 
normal heads, normal tails and proximal 
cytoplasmic droplets around puberty became 
more distinct (figure 2). A rapid linear increase 
(P<.01) in the percentage of spermatozoa with 
normal heads occurred between - 8  and +6 wk 
of puberty, supporting the findings of others 
(Abdel-Raouf, 1965; Martig and Almquist, 
1969; Almquist and Amann, 1976; Hanson et 
al., 1980). A slower linear increase (P<.01) in 
the percentage of spermatozoa with normal tail 
morphology occurred concurrently with the 
improvement in normal sperm heads through 
16 wk after puberty. Percentage of sperm alive 
(unstained) averaged 66 to 74% and did not 
change (P>.IO) during the period from 8 wk 
before through 16 wk after puberty. 

The percentage of spermatozoa with proxi- 
mal cytoplasmic droplets remained at 60 to 
70% before puberty, decreased rapidly (P<.01) 
during the first 6 wk after puberty and de- 
creased (P<.01) more slowly from 6 through 16 
wk after puberty (figure 2). Translocation of 
the cytoplasmic droplet from proximal to distal 
positions on the midpiece is indicated of the 
efficiency of the maturation process in the 
epididymis (Saacke, 1970), and the translocation 
and loss of the droplet is dependent on increas- 
ing tail motility, initially in the epididymis and 
subsequently at ejaculation (Dickey, 1965). 
Comparison of the patterns for progressive 
motility (figure 1) and proximal cytoplasmic 
droplets (figure 2) substantiates this negative 
relationship (r = - .95,  P<.01); i.e., progressive 
motility increased rapidly from 0 through 6 wk 
after puberty, and percentage of spermatozoa 
with proximal cytoplasmic droplets decreased 
dramatically during this same period. A rapid 
decrease in the percentage of spermatozoa with 
proximal cytoplasmic droplets also has been 
reported to occur in Swedish Red-and-White 
bulls during the first 2 mo after puberty (Abdel- 
Raouf, 1965). 

Since the acrosomal morphology of sperma- 
tozoa in young bulls around the time of puberty 
has not been previously reported, three general 
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classifications of acrosomal morphology (NA, 
AA and GDA; see Materials and Methods) are 
presented. The three classifications, pro- 
gressing from NA through GDA, represent 
increasing levels of alteration and disruption of 
the bovine acrosome. Acrosomal morphologies 
described as abnormal (Saacke et al., 1968; 
Cran and Dott ,  1976; Coulter et al., 1978; 
Foster et al., 1980), maturational  (Jones, 1975) 
and degenerative or senescent (Saacke and 
Marshall, 1968; Saacke, 1970; Saacke and 
White, 1972; Jones, 1975) were included in the 
AA and GDA classifications, because it was not  
possible to determine the cause of all acrosomal 
alterations using DIC microscopy. 

Percentage of  spermatozoa with an intact 
acrosome of normal morphology (NA) was 
essentially zero at appearance of first sperm in 
each bull and all breed groups (table 3). Signifi- 
cant breed differences existed in percentage 
NA, percentage AA and percentage GDA 
through 13 mo of age. Percentage NA was 
generally higher throughout the study in those 
breeds that reached puberty  at the youngest age 
(BS, RP and A). Breed differences in acrosomal 
morphology were due to variation in pubertal  
age rather than variation in rate of improvement 
in acrosomal morphology,  as adjustment of  the 
data for age at puberty negated breed differ- 
ences (P>.10). A progressive improvement in 
percentage NA (P<.01) was observed within 
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Figure 2. Patterns of change in the percentages of 
spermatozoa with normal head morphology (excluding 
acrosomes), normal tail morphology (excluding proxi- 
mal cytoplasmic droplets) and proximal cytoplasmic 
droplets and in the percentage of spermatozoa alive 
(unstained) in semen of 31 beef bulls during the 
period from 8 wk before through 16 wk after onset of 
puberty (50 X 106 sperm, 10% motile). Increases 
(P<.01) occurred in percentage normal heads and nor- 
mal tails, and a marked decrease (P<.01) occurred in 
percentage proximal cytoplasmic droplets during the 
evaluation period. 

individual bulls and in each breed group between 
puberty  and 13 mo of age. The AA was the 
predominant  type of acrosome present on 
spermatozoa collected at the time that bulls 
attained puberty  (9 to 1l  mo of age, table 3). 

Considerable variation in percentage NA was 
observed among the 31 bulls at 13 mo of  age 
(range = 43 to 77%, mean = 65%), and indi- 
vidual bull differences were significant (P<.01). 
A large range in the percentage of  spermatozoa 
with intact acrosomes has been reported for H 
and A bulls at 12 to 14 mo of age (range = 22 
to 77%, mean = 50%; Wells et al., 1976). 
Percentage of spermatozoa with intact acro- 
somes also exhibits large variation after freezing 
and thawing of  semen collected from H and A 
bulls at 12 to 15 mo of  age (range = 24 to 93%, 
mean = 62%; Berndtson et al., 1981). Collec- 
tively, these data indicate that  large variations 
and high proport ions of spermatozoa with 
other than normal acrosomal morphology are 
present in semen obtained from beef bulls 
between puberty  and 12 to 15 mo of age. 

The patterns of change in bovine acrosomal 
morphology that  occur during pubertal  devel- 
opment  became more distinct and breed dif- 
ferences became negligible when data were 
adjusted for age at puber ty  (figure 3). During 
the 8 wk period prior to puberty,  little change 
occurred in the proport ions of each class of 
acrosomal morphology (percentage NA averaged 
3 + 1%, the AA class predominated and averaged 
85 -+ 6% and percentage GDA averaged 12 + 
2%). From puber ty  through 16 wk after puber- 
ty, percentage NA improved linearly (P<.01), 
while percentage AA and GDA exhibited a 
linear decline (P<.01) during this same period 
(figure 3). Percentage NA, AA and GDA at 16 
wk after puber ty  was 64 + 3%, 34 + 5% and 2 + 
1%, respectively (mean +- SE). Because percent- 
age NA averages 80 to 90% in semen from 
mature bulls of  proven ferti l i ty (Saacke and 
White, 1972; Wells et al., 1972) and beef bulls 
did not  achieve a comparable percentage NA by 
13 mo of age (table 3) or within 4 mo after 
reaching puberty (figure 3), further improve- 
ment  probably occurs in the percentage NA of 
beef bulls after 13 mo of age. The low percent- 
age of spermatozoa with NA observed in young 

postpubertal  beef bulls implies that  inadequate 
maturat ion or accelerated degeneration during 
passage through the epididymis (Saacke and 
White, 1972; Wells et al., 1972; Jones, 1975) or 
impaired acrosomal structuring during spermatid 
transformation in the testis (Saacke, 1970; 
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Jones, 1975) prevailed during the first 4 mo 
after reaching puberty. Additional investigations 
are needed to define the patterns and mecha- 
nisms affecting acrosomal morphology through 
sexual maturi ty in beef bulls. 

It is well documented that percentage NA is 
significantly correlated with the fertility of 
spermatozoa from mature bulls (r = .60 to 81, 
Saacke and White, 1972; r = .70, Marshall and 
Frey, 1976) and with the competitive fertility 
index of mature bulls used in heterospermic 
trials (r = .90; Saacke et al., 1980). Percentage 
NA has been reported to be independent of 
other criteria used to evaluate semen quality 
(Wells et al., 1972; Berndtson et al., 1981), and 
the presence of high proportions of spermatozoa 
with other than normal acrosomal morphology 
is associated with subfertility and sterility 
(Saacke et al., 1968). Because the semen of the 
young beef bulls in our study exhibited relatively 
low percentage NA, low progressive motility 
and high percentage abnormal spermatozoa 
during the first 4 mo after reaching puberty, it 
could be concluded that unacceptable or 
significant reductions in fertility would be 
expected if these bulls or their semen were used 
for breeding. However, it has been reported 
that  acceptable nonreturn rates (69%) were 
obtained when semen collected from A and H 
bulls between puberty and 12 mo of age was 

ii ~ ,  
~AO~LY OlSRUPTEO ACROSO~CS ~% GD~ ~ ~ ~ 

~o 
~o 
b~ 

WEEKS BEFORE AND AFTER PUBERTY (PUBERTY=O) 

Figure 3. Patterns of change in acrosomal mor- 
phology of spermatozoa (mean +- SE) in semen of 31 
beef bulls during the period from 8 wk before through 
16 wk after puberty (50 • IO s sperm, 10% motile). 
The three categories of acrosomal morphology were 
percentage normal acrosomes (% NA), percentage ab- 
errant acrosomes (% AA) and percentage grossly dis- 
rupted acrosomes (% GDA). An increase (P<.O1) 
occurred in % NA and decreases (P<.01) occurred in % 
AA and % GDA through 16 wk after puberty. 

used for artificial insemination (Martig and 
Almquist, 1969). Their nonreturn rate may 
have been increased by selecting ejaculates prior 
to freezing and by utilizing only those ampules 
that contained at least 10 • 10~  sperma- 
tozoa after freezing and thawing (Cunningham 
et al., 1967; Martig and Almquist, 1969). 
Further studies are needed to clarify the 
relationships between fertility and the charac- 
teristics of semen quality in young beef bulls 
between puberty and sexual maturity. 
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