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Abstract
In Costa Rica and other tropical regions, beef cattle production is based upon Zebu 

(Bos indicus) breeds extensively managed on natural pasture. The reproductive efficiency 
of the breeding herd is low. To what extent the sires play a major role in this problem is 
yet undetermined mainly due to the nature of exploitation and the lack of periodical 
andrological controls to determine their suitability for natural breeding.

This thesis aimed to investigate the breeding soundness of bulls extensively managed 
in Costa Rica, with special reference to the identification of variables associated with their 
final ranking as potential breeders. Particular attention was paid to the prevalence of 
sperm abnormalities in the ejaculate, as well as eventual seasonal variations—and their 
causes—in clinical parameters and the spermiogramme.

Breeding soundness evaluations (BSE) were performed under field conditions in Bos 
indicus (Bi) (n = 598), Bos taunts (Bt) (n = 252) and Bos indicus x Bos taurus bulls (Bi x 
Bt) (n = 48) in four different climatic regions of Costa Rica. The bulls, whose number 
represented about 2% of the total bull population in the country, were 1-12 years of age 
and extensively managed. Thirty-three percent of the bulls (296/898) were classified as 
unsound for breeding, 9.1% owing to clinical problems (82/898) and 23.9% to 
unsatisfactory sperm morphology (214/898). Low scrotal circumference (SC; less than 30 
cm) was the most common clinical finding in bulls more than 2 years of age. The 
percentage of unsound bulls with sperm abnormalities in the ejaculate, especially head 
defects and proximal droplets, increased as SC decreased (P< 0.05), being higher in bulls 



having a decreased testicular consistency (TC) (P< 0.001) and long scrotum (P< 0.01). 
Frequencies of sperm abnormalities were also higher in bulls less than 2 years of age than 
in older sires (P< 0.01) and were highest in Bi x Bt bulls (P< 0.001). The prevalence of 
bulls unsound for breeding was lower (P< 0.01) in Bi sires (29%), intermediate in Bt 
(41%) and higher in Bi x Bt (48%).

Sperm morphological examinations in 302 Zebu bulls, aged 1.5-9 years, from the dry 
Pacific zone of Costa Rica, confirmed the relationship between sperm morphology and 
clinical andrological parameters. Bulls with a SC less than 30 cm showed a higher 
prevalence for proximal cytoplasmic droplets than bulls whose SC was greater than 30 cm 
(P< 0.05). Likewise, bulls with a long scrotum and decreased TC at palpation showed 
higher percentages of abnormal sperm heads (including nuclear abnormalities) in the 
ejaculate than bulls with normal scrotal length (SL) and normal TC (P< 0.05). Zebu bulls 
less than 2 years of age showed a higher percentage of missing acrosomes and proximal 
cytoplasmic droplets than older sires (P< 0.05). The abnormality most commonly seen in 
ejaculates from sires sound for breeding was bent tails with entrapped cytoplasmic 
droplets. Phase contrast microscopy of fixed wet-smears was a convenient method to 
assess sperm morphology on-farm since it allowed the diagnosis (based on sperm 
morphology) of up to 88% of unsound bulls. However, a follow-up quantification of 
stained smears is advisable to confirm the primary assessment.

The fine morphology of testes and cauda epididymides from 11 sexually mature Zebu 
bulls with normal (n = 3) or decreased TC (n = 8) at palpation was also studied. Bulls 
having a slight to moderate reduction in TC showed more, albeit slight, degenerative 
changes in the seminiferous epithelium, compared with control animals. Cellular debris 
present in the Sertoli cells, abnormal acrosomes and impaired chromatin condensation 
during spermiogenesis were also common in bulls with a decreased TC. Palpation for TC 
is an important component of the clinical andrological evaluation of breeding Zebu bulls.

Sexually mature Brahman bulls (n = 25) extensively managed, were andrologically 
examined once monthly for 13 months to determine whether clinical and spermatological 
parameters in Zebu bulls show seasonal changes under extensive rearing conditions, in the 
dry Pacific region of Costa Rica. Of the clinical and sperm parameters examined, only SC 
showed a significant seasonal variation. This variation was positively related to body 
condition rather than to the changes in climatic variables prevailing during the study 
period.

The overall results confirm the higher adaptability of Zebu bulls to the tropical 
environment, as well as the relationship between SL, SC and TC with testicular normality 
and, therefore, with a normal sperm morphology in the ejaculate. The findings also 
suggest that nutrition, rather than ambient temperature, is the major factor contributing to 
variations in the reproductive function of Zebu bulls in the tropics.

Key words'. Zebu (Bos indicus) bulls, Breeding soundness evaluation (BSE), Extensive 
rearing conditions, Testicular consistency, Scrotum length, Testis, Cauda epididymides, 
Ultrastructure, Sperm morphology.
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Abstract
Chacon, J. 2000. Breeding soundness evaluation of Zebu bulls. With special reference to 
variations in clinical parameters and sperm characteristics in sires extensively managed 
in the dry tropics of Costa Rica. Doctoral thesis.
ISSN 1401-6257, ISBN 91-576-5910-9

In Costa Rica and other tropical regions, beef cattle production is based upon Zebu 
(Bos indicus) breeds extensively managed on natural pasture. The reproductive efficiency 
of the breeding herd is low. To what extent the sires play a major role in this problem is 
yet undetermined mainly due to the nature of exploitation and the lack of periodical 
andrological controls to determine their suitability for natural breeding.

This thesis aimed to investigate the breeding soundness of bulls extensively managed 
in Costa Rica, with special reference to the identification of variables associated with their 
final ranking as potential breeders. Particular attention was paid to the prevalence of 
sperm abnormalities in the ejaculate, as well as eventual seasonal variations—and their 
causes-—in clinical parameters and the spermiogramme.

Breeding soundness evaluations (BSE) were performed under field conditions in Bos 
indicus (Bi) (n = 598), Bos taurus (Bt) (n = 252) and Bos indicus x Bos taurus bulls (Bi x 
Bt) (n = 48) in four different climatic regions of Costa Rica. The bulls, whose number 
represented about 2% of the total bull population in the country, were 1-12 years of age 
and extensively managed. Thirty-three percent of the bulls (296/898) were classified as 
unsound for breeding, 9.1% owing to clinical problems (82/898) and 23.9% to 
unsatisfactory sperm morphology (214/898). Low scrotal circumference (SC; less than 30 
cm) was the most common clinical finding in bulls more than 2 years of age. The 
percentage of unsound bulls with sperm abnormalities in the ejaculate, especially head 
defects and proximal droplets, increased as SC decreased (P< 0.05), being higher in bulls 
having a decreased testicular consistency (TC) (P< 0.001) and long scrotum (P< 0.01). 
Frequencies of sperm abnormalities were also higher in bulls less than 2 years of age than 
in older sires (P< 0.01) and were highest in Bi x Bt bulls (P< 0.001). The prevalence of 
bulls unsound for breeding was lower (P< 0.01) in Bi sires (29%), intermediate in Bt 
(41%) and higher in Bi x Bt (48%).

Sperm morphological examinations in 302 Zebu bulls, aged 1.5-9 years, from the dry 
Pacific zone of Costa Rica, confirmed the relationship between sperm morphology and 
clinical andrological parameters. Bulls with a SC less than 30 cm showed a higher 
prevalence for proximal cytoplasmic droplets than bulls whose SC was greater than 30 cm 
(P< 0.05). Likewise, bulls with a long scrotum and decreased TC at palpation showed 
higher percentages of abnormal sperm heads (including nuclear abnormalities) in the 
ejaculate than bulls with normal scrotal length (SL) and normal TC (P< 0.05). Zebu bulls 
less than 2 years of age showed a higher percentage of missing acrosomes and proximal 
cytoplasmic droplets than older sires (P< 0.05). The abnormality most commonly seen in 
ejaculates from sires sound for breeding was bent tails with entrapped cytoplasmic 
droplets. Phase contrast microscopy of fixed wet-smears was a convenient method to 
assess sperm morphology on-farm since it allowed the diagnosis (based on sperm 
morphology) of up to 88% of unsound bulls. However, a follow-up quantification of 
stained smears is advisable to confirm the primary assessment.

The fine morphology of testes and cauda epididymides from 11 sexually mature Zebu 
bulls with normal (n = 3) or decreased TC (n = 8) at palpation was also studied. Bulls 
having a slight to moderate reduction in TC showed more, albeit slight, degenerative 
changes in the seminiferous epithelium, compared with control animals. Cellular debris 



present in the Sertoli cells, abnormal acrosomes and impaired chromatin condensation 
during spermiogenesis were also common in bulls with a decreased TC. Palpation for TC 
is an important component of the clinical andrological evaluation of breeding Zebu bulls.

Sexually mature Brahman bulls (n = 25) extensively managed, were andrologically 
examined once monthly for 13 months to determine whether clinical and spermatological 
parameters in Zebu bulls show seasonal changes under extensive rearing conditions, in the 
dry Pacific region of Costa Rica. Of the clinical and sperm parameters examined, only SC 
showed a significant seasonal variation. This variation was positively related to body 
condition rather than to the changes in climatic variables prevailing during the study 
period.

The overall results confirm the higher adaptability of Zebu bulls to the tropical 
environment, as well as the relationship between SL, SC and TC with testicular- normality 
and, therefore, with a normal sperm morphology in the ejaculate. The findings also 
suggest that nutrition, rather than ambient temperature, is the major factor contributing to 
variations in the reproductive function of Zebu bulls in the tropics.

Key words'. Zebu (Bos indicus) bulls, Breeding soundness evaluation (BSE), Extensive 
rearing conditions, Testicular consistency, Scrotum length, Testis, Cauda epididymides, 
Ultrastructure, Sperm morphology.
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BCS body condition score
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General background

Beef production in the Central American tropics

Cattle production in the tropics is generally based on Zebu (Bos indicus) 
breeds extensively managed on natural pasture. Beef production has been 
recognised as being less productive compared with more temperate areas where 
Bos taurus cattle has been used (Lamothe, 1990). Muller (1990) estimated that in 
Central America the yearly calving rate in beef cattle does not reach the 50% 
level and stressed that poor reproductive efficiency of the breeding males 
contributed largely to the low reproductive outcome. Other contributing factors 
relate to social, management, climatic, nutritional and genotype influences.

In Costa Rica, in 1991, the grasslands accounted for 29% of the country’s land 
surface (Kaimowitz, 1996). Beef farms are distributed throughout the country, 
except in the Central Valley, and are mainly located in the dry north Pacific 
lowlands (tropical dry forest ecosystem), in which approximately 40% of the beef 
stock and 38% of the total number of Zebu cattle are concentrated (see map in 
page 27). The extensive rearing system and the low attention paid to increasing 
the efficiency of the breeding herd have, however, pointed out livestock 
production as one of the causes for the non-sustainable use of land in the tropics 
(Le Tacon and Laker, 1990; Murgueitio, 1990; Pérez, 1996; Ruiz, 1996).

In 1955, Costa Rica had approximately 750,000 heads of cattle on 700,000 
hectares of grasslands (Kaimowitz, 1996; Pérez, 1996). With the opening of the 
U.S market for Central American beef cattle by the middle of the 1950s, large 
government subsidies were provided for cattle raising during the 1960s and 
1970s (Kaimowitz, 1996). Consequently, by 1978, the cattle herd in Costa Rica 
had increased to 2.1 million. This expansion was supported by an increase in the 
area designated as pasture (2.2 millions of hectares) rather than by an increase in 
the efficiency of the production system (Kaimowitz, 1996; Pérez, 1996). A 
similar trend has been documented in all of the neighbouring Central American 
countries (Kaimowitz, 1996) and in Colombia (Murgueitio, 1990; Preston, 1990). 
By 1992, the cattle stock had decreased in Costa Rica to approximately 1.7 
million heads because of an inefficient production, and an increasing demand of 
the growing population (approximately 3% annually). In addition, the yearly beef 
consumption per capita increased from 20.4 (between 1976-1983) to 22.9 
kg/person in the period 1984—1991 (Kaimowitz, 1996). As a result, beef exports 
from Costa Rica have shown a declining trend year after year (26,000 tons in 
1993 vs. 9,400 tons in 1999, Source: Promotora de comercio exterior de Costa 
Rica, 1999). If this tendency continues, the beef production system may not be 
able to handle the need from local consumption in the short term. Even when the 
causes of the problem are complex, the conditions under which cattle are 
managed in the tropics have significantly accounted for the low performance of 
the beef cattle production system.
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Breeding management of Zebu bulls in the tropics

In the tropics, breeding of beef cattle is based on natural mating by using one 
or several bulls per herd (McCosker et al, 1989; Rodriguez et al, 1993). In Costa 
Rica, natural mating accounts for approximately 95% of the cows sired in beef 
farms. Breeding bulls are managed under conditions of extensive rearing using 
continuous (i.e., the male mixed with the herd the whole year) or temporal mating 
seasons with one (single sire system) or several sires (multiple sire system). Data 
from the Department of Reproduction of the Veterinary School, UNA, Costa 
Rica, based on 1,100 breeding soundness evaluations (BSE) of Zebu bulls from 
the dry Pacific area, showed that 47.6% of the males (524 out of 1,100) were 
mating continuously, whereas 49.5% of them were in multiple sire systems in 
which mixed-age or mixed-breed groups were common (Chacon, unpublished 
data). In addition, around 7% of the bulls examined were older than 7 years.

The mean number of bulls per group in multiple sire systems in Costa Rica 
was 4.0 (range 3-11) breeding sires for an average of 101.8 (range 15-450) 
cows. The mean number of cows in a single sire mating system was 29.3 animals 
(Chacon, unpublished data). Regardless of the system used, this creates a 
bull/cow ratio of approximately 1:25, which is similar to that which has been 
reported in other tropical countries (McCosker et al, 1989). This management 
strategy is used by most farmers in Costa Rica since it is believed to represent the 
maximum breeding capacity of a sire in natural mating and because it 
compensates for eventual bull subfertility. However, this system has the 
disadvantage of favouring social dominance, especially when age is not uniform 
in the group, which is normally the case in the tropics (Blockey, 1979; 
Chenoweth, 1981; McCosker et al, 1989; Rodriguez et al, 1993; Orihuela and 
Galina, 1997). Dominant, older bulls are likely to win more mating opportunities 
than younger bulls, but they are more likely to have a higher prevalence of 
testicular disorders (i.e. fibrosis, calcification; Carroll et al, 1963; Rao and Bane, 
1985) as well as venereal diseases (i.e. trichomoniasis; McCosker et al, 1989; 
Pérez et al, 1992), thus decreasing the potential fertility in the herd.

In tropical Australia, McCosker et al (1989) reported low conception rates in 
herds with multiple sire systems using Brahman bulls of mixed ages, where up to 
82% of the calving cows were pregnant by the dominant bull. Furthermore, 
Rodriguez et al (1993) reported that a dominant Zebu bull would carry out 63% 
of the sexual activity registered in a breeding herd. Also Blockey (1979) reported 
similar findings for Bos taurus bulls. If the dominant bull performs the majority 
of the matings in the breeding herd, the general belief of most farmers in the 
tropical areas of the effectiveness of using a bull/cow ratio of 1:25 is not well- 
founded. In continuous mating systems, many of the cows ought to be pregnant 
or could also be in anestrous, thus lowering the ratio even more. Consequently, 
breeding the herd in a multiple sire system using bulls with mixed-ages, is not 
efficient and contributes to decrease the reproductive efficiency of the beef 
farms. In addition, the use of older bulls (i.e. > 7 years old) may also favour 
inbreeding, thus deteriorating the genetic perspectives of the herd.
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Physiological and reproductive characteristics of Zebu bulls

Adaptability of Zebu bulls to tropical environments
The term adaptability could be defined as the ability of an animal to modify 

and adjust its physiologic processes in response to a specific stimulus (Turner, 
1980). The ability of Bos indicus to withstand environmental conditions prevailing 
in the tropics is widely recognised (Cartwright, 1955; Turner, 1980; Kumi-Diaka et 
al, 1981). Most of the earlier thinking was that this ability concerned only the 
capacity of the Zebu to resist the effects of climate. However, it is now more widely 
recognised that other effects characteristic of tropical areas, and with major effects 
in cattle productivity, such as low-quality forages, diseases, especially caused by 
hemoprotozoa and other parasites, are also well coped by Bos indicus cattle 
compared with Bos taurus (Cartwright, 1980).

Zebu bulls have a greater capacity to regulate their body temperature than Bos 
taurus bulls in a tropical environment. Studies by Carvalho et al (1995), based on a 
large bull population in Brazil, showed that the perimeter of the sweat glands and 
the number of layers in the epidermis were greater in Zebu than in native or 
imported Simmental bulls. Also, the activity of sweat glands (baggy-shaped) in Bos 
indicus was higher than in the exotic breeds (tubular-shaped). Consequently, the 
sweating ability is greater in Zebu bulls and increases more quickly in a hot 
environment, thus allowing the bull to loose more heat by skin evaporation than 
European breeds. As a result, signs of heat stress are rarely seen in Bos indicus bulls 
exposed to temperatures up to 37°C and high humidity (Da Silva and Casagrande, 
1976; Carvalho et al, 1995). The smooth hair coat present in Zebu bulls has also 
been found to have great resistance to solar radiation (Turner, 1980; Finch, 1986; 
Carvalho et al, 1995).

Bos indicus is also recognised for its ability to better utilise low-quality forages 
and for its lower nutritional requirements for maintenance than Bos taurus (Turner, 
1980; Wildeus and Entwistle, 1984). Rekwot et al (1994) suggested that Zebu bulls 
are able to lower their metabolic rate to basal levels during the dry season when 
good-quality pastures are scarce. Further, after being placed on a low nutritional 
plane, Bos indicus easily recover their reproductive potential. In regard to 
ectoparasites, Zebu cattle of any breed show a higher resistance to ticks and fly 
infestations compared with Bos taurus (Riek, 1962; Turner, 1980; Fordyce et al, 
1996). The skin thickness and its local mechanisms of defence in Zebu animals 
could explain this feature.

Haematological differences between Zebu cattle and Bos taurus have also 
been reported. Turner (1980) found higher red-cell counts and haemoglobin 
content in Brahman bulls than in Hereford bulls in Florida, USA. Evans (1963) 
reported similar differences between Zebu and European breeds. This condition, 
together with the mechanisms of heat loss, may explain the low body 
temperatures and low respiration rates observed in Bos indicus during rest or after 
walking in a tropical climate (Cartwright, 1955; Turner, 1980; Finch, 1986; 
Carvalho et al, 1995). Finally, Turner (1980) reported that the scrotal skin in
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Zebu bulls is hairless and less thick than in Bos taurus sires. These physiological 
attributes might explain the lower prevalence of testicular degeneration, 
presumably due to environmental heat stress in the tropics, in Bos indicus bulls 
compared with Bos taurus bulls (Vale-Filho et al, 1980; Kumi-Diaka et al, 1981; 
Wildeus and Entwistle, 1983a, 1984; Crabo, 1988; Ohashi et al, 1988).

Puberty and sexual maturity
Prepubertal animals frequently show mounting behaviour and erection, in 

relation to production of androgens by the developing Leydig cells (Wolf et al, 
1965; Amann, 1983). Spermatogenesis gradually begins and puberty is attained 
when the male initiates substantial production of spermatozoa (Wolf et al, 1965). 
After puberty, both the quantity and the quality of the produced spermatozoa 
increase over time leading to sexual maturity, when the bull is fully apt to 
perform as a breeder, has normal sperm production and a characteristic low 
frequency of sperm abnormalities in the ejaculate. Full sexual maturity is often 
related to maximum fertility and varies individually (Noakes, 1988).

Even though reports regarding age of puberty attainment and sexual maturity 
in Bos indicus bulls differ according to the breed and conditions of the study, all 
of them agree in that Bos indicus bulls reach puberty at a later age than Bos 
taurus sires, even when the bulls are raised under the same conditions (Fields et 
al, 1979; Igboeli and Raklia, 1981; Wildeus and Entwistle, 1982; Vale-Filho et al, 
1980, 1996; Silva-Mena, 1997). Oyedipe et al (1981) reported that White-Fulani 
and Sokoto Zebu bulls, raised under the conditions prevailing in Nigeria and 
supplemented with grain during the dry season, were 15 and 17 months old, 
respectively, at puberty. In Brahman bulls raised in Florida, USA (Morris et al, 
1989) and México (Silva-Mena, 1997), age at puberty was reported to be 14 and 
16 months, respectively. In the same breed, Fields et al (1979) suggested that 
sexual maturity might occur between 18-20 months of age when raised under the 
conditions in Florida, USA. Guzerat and Nellore bulls raised in tropical 
Venezuela reached sexual maturity at 24 months of age, with a scrotal 
circumference of 28-29 cm (Troconiz et al, 1991).

Nutrition plays a significant role in the onset of puberty and attainment of 
sexual maturity in Zebu bulls (Igboeli and Rakha, 1981; Crabo, 1988; Vale-Filho 
et al, 1996). In Angoni (short-horn Zebu) bulls, kept on good pastures and with 
good body condition in Nigeria, puberty could be attained as early as 14 months 
of age (Igboeli and Rakha, 1981). A high level of protein induced early onset of 
puberty compared with control bulls (Rekwot et al, 1987a). In contrast, underfed 
young bulls show impaired body growth, delayed puberty, a retarded 
development of endocrine glands and of the reproductive tract, especially during 
the early period of rapid growth (Rekwot et al, 1994). These effects are believed 
to be the result of diminished gonadotrophin release by the pituitary gland (Dunn 
and Moss, 1992).
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Libido and mating behaviour
The term libido is commonly used to describe the willingness and eagerness 

of a male animal to mount and to attempt service of a female, while mating 
behaviour describes the performance of the male in the period immediately 
before, during and after service (Blockey, 1979; Chenoweth, 1981). Several 
methods are used to measure libido in bulls (see Chenoweth, 1981), basically 
scoring the bull’s sexual response during exposure to a restrained non-oestrous or 
oestrous cow for a certain interval. The “serving capacity test” records the 
number of services completed by a bull during a 40-minute period (Chenoweth, 
1981). In yearling beef Bos taurus bulls, libido scores highly correlated (r = 0.98) 
with the proportion of heifers the bulls served during a breeding season. 
Moreover, the repeatability of the test obtained in two consecutive trials under 
corral conditions was 0.67 (Price, 1987).

However, libido and serving capacity tests have been shown to be fairly 
difficult to apply in Zebu bulls (Hernandez et al, 1991; Piccinali et al, 1992). In 
contrast to Bos taurus bulls, Zebu bulls should be tested with unrestrained 
oestrous females (Price, 1987, Hernandez et al, 1991; Piccinali et al, 1992). 
Furthermore, the sexual behaviour of Zebu bulls is very particular when exposed 
to a group of cows synchronised for oestrus (Galina et al, 1987; Hernandez et al, 
1991; Piccinali et al, 1992). First, the bull establishes dominance over the bigger 
cows and protects passive cows from being mounted by other cows by placing 
himself behind the oestrous cow or simply guarding the rear of a cow of his 
preference (Galina et al, 1987). Moreover, if the bull has shown interest for a 
particular cow, he will not attempt to mount other cows, thus limiting his 
availability to mount other females concomitantly in oestrus (Galina et al, 1987).

Zebu bulls have a tendency to mount only cows in mid-oestrus (Chenoweth, 
1981). In Indobrasil (Orihuela et al, 1988) and Gyr (Gutiérrez et al, 1993) cows, 
oestrus has a short duration. Indobrasil bulls undergoing libido evaluations under 
grazing conditions, performed fewer services during a 30-minute period than they 
did in the corral during the same period just a few hours before (Hernandez et al, 
1991). Similar results have been reported in Gyr bulls, where almost 50% of the 
bulls that failed to show interest in females under corral conditions, were quite 
active when exposed to females on pasture (Piccinali et al, 1992). Indobrasil bulls 
also showed a non-constant sexual behaviour in the presence of oestrous- 
synchronised cows (Orihuela et al, 1988), with a higher mounting frequency at 
night (18:00-24:00 hours), as well as early in the morning (06:00-09:00 hours). 
Similar results were reported by Rodriguez et al (1993) in other Zebu breeds 
under tropical conditions. This particular sexual behaviour of Zebu sires may 
explain the lower frequency of mating reported for these bulls during libido 
testing (Chenoweth and Osbome, 1975; Piccinali et al, 1992). Zebu bulls also 
performed fewer services per cow in heat than Bos taurus sires (0.5 for Bos 
indicus [Hernandez et al. 1991] vs. 4 mounts for Bos taurus [Blockey, 1979]).

Therefore, since no definite trend has been observed in Bos indicus bulls with 
respect to their performance under corral and field conditions, and since their 
mating ability is severely constrained in the presence of other bulls (McCosker et 
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al, 1989; Piccinali et al, 1992; Orihuela and Galina, 1997), testing bulls under 
field conditions should be done individually to reduce the hierarchy effects 
among sires. Due to the lower frequency of mounts reported during the first 
minutes of libido testing, a longer testing period for Bos indicus must be 
considered. Moreover, the observations must consider other sexual activities such 
as chin resting or attempts to mount if one wants to design a more accurate 
method to measure sexual interest in Bos indicus.

Seasonal variation in the reproductive efficiency of Zebu bulls
A male is considered to be a seasonal breeder when specific reproductive 

characters change in response to climatic influences during a specific season of 
the year. Seasonal influences on the reproductive efficiency of the bull (libido, 
semen quality and conception rate) are widely recognised (Erb et al, 1942; 
Fayemi and Adegbite, 1982; Parkinson, 1987). However, in tropical areas the 
male’s response to seasonal influences is highly influenced by the bull’s breed. In 
regard to libido, Hardin et al (1981) did not find any seasonal variation on libido 
score of young Brahman bulls, although in non-tropical areas, a depression of 
libido during winter has been reported in Zebu bulls as a consequence of daylight 
length (Chenoweth, 1991). In tropical regions, this effect is less likely to occur, 
since daylight length is relatively constant throughout the year.

The role of seasonal influences on the reproductive capacity of Zebu bulls in the 
tropics is highly controversial. Semen quality is not impaired in Zebu bulls during 
the summer months in Nigeria (Crabo, 1988). Similarly, Kumi-Diaka et al (1981) 
reported that Fulani (Bos indicus) bulls are not affected at all by season, in contrast 
to Bos taurus bulls, in a tropical environment. Igboeli et al (1971, 1987) and 
Rekwot et al (1987b) found in semen samples from Zebu bulls collected by 
electroejaculation (EE) and artificial vagina (AV), respectively, a decrease in the 
ejaculate volume during the hottest months in Nigeria. However, the same authors 
showed different results regarding sperm output; Rekwot et al (1987b) reported a 
decrease during the summer months whereas Igboeli et al (1987) could not find any 
seasonal influence on this parameter. In regard to sperm morphology, Wildeus and 
Entwistle (1984) found higher levels of missing acrosomes, proximal droplets and 
bent tails in bulls after slaughter during the dry season compared with the rainy 
season in Australia. The effect, however, was more pronounced in Bos taurus sires, 
which also had a higher prevalence of abnormal sperm heads compared with Bos 
indicus bulls. Sekoni et al (1988), found a slight decrease in the percentage of 
normal spermatozoa during the summer months in a population of Zebu and Bos 
taurus bulls in Nigeria, and Igboeli and Rakha (1971) found differences between 
seasons only for bent tails and proximal droplets, but not for other abnormalities. 
The levels reached during the summer period were, however, considered to be 
within a normal range (Igboeli and Rakha, 1971).

A major drawback of the studies done on the potential seasonal variations in 
reproductive capacity of Zebu bulls in the tropics has been the use of different sires, 
slaughtered in different seasons. In addition, the results have been based on a low 
number of animals, including Bos taurus and Bos indicus x Bos taurus bulls.
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Therefore, to study the potential seasonal variations in clinical and spermiogramme 
parameters and to determine the causes of these variations, a homogeneous 
population of grass-fed Zebu bulls is needed.

Breeding Soundness Evaluation (BSE) of Zebu bulls

The role of the bull on the reproductive efficiency of the cattle herd is well- 
known. Therefore, the use of basic techniques such as the breeding soundness 
evaluation to screen the potential reproductive capacity of bulls has proven useful 
in detecting males with potential low fertility (Carroll et al, 1963; Ball et al, 
1983). Despite its importance as an aid to increase conception rates in the 
naturally mated herds, the first documented BSE of a bull in Costa Rica was done 
as late as in 1986 (Muller, 1991).

The BSE was here applied to sires intended for natural mating under pasture 
conditions. The procedure (Ball et al, 1983; McCosker et al, 1989; Chenoweth et al, 
1992) involves a thorough andrological examination, including a general physical 
inspection, examination of the reproductive organs and a partial assessment of the 
spermiogramme, solely under farm conditions. After the evaluation, the bulls are 
judged as sound or unsound for breeding. However, in this latter group, re
evaluation is advisable because bulls may be able to recover their breeding 
soundness.

In Costa Rica, practitioners perform bull evaluations only sporadically and 
recommendations are based solely on the assessment of sperm mass activity of 
the collected semen. These evaluations do not include a complete clinical 
examination of the sire and, therefore, people consider BSE as a simple “semen 
examination” (Muller, personal communication). Unfortunately, many 
veterinarians are also still not aware of how important, yearly or at least previous 
to the purchase of a breeder, sire evaluations are. A similar situation has been 
reported in other tropical regions (McCosker et al, 1989). In addition, some 
traditional ranchers, who are most often the breeders of pure Zebu sires, are 
normally more reluctant to accept a complete BSE of their bulls, compared with 
those who have medium and small farms. Consequently, finding pure-bred Zebu 
bulls in cattle fairs in Costa Rica with severe testicular asymmetry (most probably 
hypoplasia) was not unusual during 1999. It is clear that in these cases, the 
idiosyncrasy and unawareness of Zebu breeders in the country play an important 
role, since they justify the presence of these bulls as breeders because they 
believe that “sperm motility in the semen of a bull having testicular hypoplasia is 
not necessarily affected". Other farmers hesitate to accept BSE of their bulls 
because they believe that rectal examination and EE can negatively affect the 
bulls’ future sexual libido or that the examination itself can injure the bull. In 
consequence, the raising and breeding management of Bos indicus bulls in Costa 
Rica do not currently include the supervision of basic reproductive parameters. 
This has been documented in two studies in the country where a large proportion 
of sires showed low scrotal circumference (SC) values and were considered 
unsuitable for breeding (Braden, 1992; Chacon, 1997). Unfortunately, this picture 
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is not different from that found in other tropical areas (Chenoweth and Osborne, 
1975).

Furthermore, BSE is essential when considering the introduction of exotic 
breeds of cattle in the tropics. In Costa Rica, particularly, the past importation of 
pure Simmental and Hereford bulls are examples of this problem. Those sires, 
performed poorly because of either severe testicular degeneration or loss of libido 
caused, most likely, by heat stress. Studies including the feasibility and value of 
evaluating sires extensively reared for breeding ability have been rarely carried 
out in Costa Rica. Those few screenings thus far run showed that around 70% of 
the bulls examined were sound for breeding (Alvarado, 1987; Muller, 1990; 
Braden, 1992; Arias, 1995). However, these studies did not search for the effects 
and interactions between season and other clinical variables on semen quality of 
Zebu bulls, and did not determine which variables that were associated with their 
breeding soundness.

Scrotal circumference
Scrotal circumference (SC) in the bull is an indirect but confident indicator of 

testicular weight and sperm production (Coulter et al, 1976; 1979; Madrid et al, 
1988). It is positively correlated with the total number of Sertoli cells (Bemdtson 
et al, 1987), as well as with semen quality, age at puberty of the offspring, and in 
vivo fertility in Zebu (McCosker et al, 1989; Morris et al, 1989; Trocdniz et al, 
1991; Rekwot et al, 1994) and Bos taurus bulls (Elmore et al, 1976; Coulter and 
Foote, 1979; Carter et al, 1980; Toelle and Robison, 1985; Bailey et al, 1996).

Reports of breeding soundness in bulls using the system recommended by the 
American Society of Theriogenology, have shown a significant correlation between 
SC and classification of the sires after examination (Elmore et al, 1976; Barth, 
1995; Chenoweth et al, 1996; Vale-Filho et al, 1996), which is not surprising in 
view of the score given to SC (40 points). However, even if SC was not considered 
as a criterion to classify bulls after BSE, sires with SC below 30 cm have more 
sperm abnormalities in their ejaculates and are more often classified as unsound for 
breeding than sires with SC above this threshold (Madrid et al, 1988). This is 
supported by a close relation between small testicles (below 30 cm) and a higher 
proportion of damaged seminiferous tubules in bulls (Veeramachaneni-Rao et al, 
1986; Madrid et al, 1988).

Body weight and age are positively correlated with SC in Zebu bulls (Morris et 
al, 1989). Brahman sires raised under tropical conditions in Australia showed a 
correlation between SC, age and weight of 0.61 and 0.72, respectively (McCosker 
et al, 1989), whereas Troconiz et al (1991) reported values (unadjusted) of up to 
0.82 and 0.81, respectively, for Nellore bulls in Venezuela. These estimates are 
similar to those for beef and dairy Bos taurus bulls in non-tropical areas (Coulter 
and Foote, 1979). Breed is another important factor that accounts for the high 
variance seen in SC between bulls of the same age and raised under the same 
conditions. De Dios-Vallejo et al (1991) reported lower SC for Nellore bulls at any 
age compared with Indobrasil, Brahman and Gyr sires in the Mexican humid 
tropics, whereas Grauber et al (1990) also found a lower SC for Nellore compared 
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with Brahman bulls in Argentina. Trocöniz et al (1991) found a lower SC in Nellore 
bulls compared with Guzerat at 18 months of age (23.6 ± 0.2 and 25.6 ± 2.3 cm, 
respectively [mean ± SD]), although weight variations would have accounted for 
this difference. Supplemented Nellore bulls, for instance, had a mean SC of 32.2 cm 
versus 28.5 cm in control bulls at 24 months of age (Vale-Filho et al, 1996). 
Fordyce et al (1996) reinforced the relation between the increase in the SC and 
growing rate in Zebu bulls grass-fed in the tropics. Data of adjusted SC from 2,050 
grass-fed Zebu bulls in tropical Costa Rica showed that Indobrasil bulls had a 
higher SC at any age compared with Nellore, Brahman and Gyr sires, which at 2 
years of age had mean values of 34.2, 31.0, 32.2 and 31.6 cm, respectively (Chacon 
et al, unpublished results).

Bos indicus bulls have lower adjusted SC when compared with Bos taurus 
breeds at the same age (Fields et al, 1979; De Dios-Vallejo et al, 1991; Chenoweth 
et al, 1996). Endo et al (1978) found that Zebu breeds tend to have testes with a 
more elongated shape than Bos taurus bulls, leading to a bias in the measurements 
of SC. However, only a 10% prevalence of elongated testicles was found in Bos 
indicus bulls after sampling 2,050 sires in Costa Rica (Chacon et al, unpublished 
results). The general assumption that Bos indicus bulls have an inherited low SC is 
more likely to be the result of a poor selection among these bulls in the tropical 
areas, as well as their delayed sexual development when compared with Bos taurus 
breeds. In fact, low SC in Zebu sires is the most important cause for bulls being 
classified as unsound for breeding due to clinical deviations (Braden, 1992; 
Chenoweth et al, 1996). In Florida, USA, Brahman sires showed lower SC values 
compared with Angus and Hereford bulls at young ages. In the latter breeds, 
testicular growth ceased at approximately 22 months of age, whereas SC continued 
to increase in Brahman bulls (Fields et al, 1979; Chenoweth et al, 1996). Similar 
results have been found recently in Costa Rica, where comparisons between Bos 
indicus and Bos taurus bulls showed higher SC values in some sires from the latter, 
compared to Gyr, Brahman and Nellore bulls 18-36 months of age, but not older 
(Chacon et al, unpublished results). In addition, SC values for Holstein and 
Simmental bulls were lower than those for Indobrasil sires at any age and were also 
lower than the averages reported for these European breeds under temperate 
conditions (Coulter et al, 1976; 1979; Elmore et al, 1976). These findings confirm a 
slow growth pattern in young Zebu breeds when compared with Bos taurus bulls 
and also support the existence of an effect of the interaction between genotype and 
environment on SC.

Even though the benefits on the reproductive parameters of the herd, when 
selecting bulls by SC, and its moderate to high heritability, have been clearly 
demonstrated (Coulter and Foote, 1979; Bourdon and Brinks, 1986; Gipson et al, 
1987; Morris et al, 1989), selection of Zebu sires for this variable in tropical Costa 
Rica has been rare or absent. Other tropical areas probably face a similar situation. 
Most research in this field has been generated in dairy or beef cattle raised in non- 
tropical areas and grain-fed. Consequently, there is a need for establishing adjusted 
standard values for SC in grass-fed Bos indicus bulls under tropical conditions to be 
able to select breeding bulls by this characteristic.
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Collection of semen in Zebu bulls under field conditions
Semen collection in the bull can be performed by the use of an artificial 

vagina (AV) or electro ejaculation (EE). The AV is the most common method 
used in Bos taurus and enables evaluation of libido while semen collection is in 
progress (Ball et al, 1983). In contrast, the use of this method in Bos indicus bulls 
is mainly restricted to those sires kept at artificial insemination (AI) centres, since 
they need to be well-trained to mount a restrained cow or a teaser. Despite 
intensive training, many of them never succeed, since Zebu bulls are usually 
reluctant to mount restrained and non-oestrus cows (Chenoweth, 1981; Price, 
1987, Piccinali et al, 1992). Thus, considering their sexual behaviour and their 
often violent temperament, which makes handling rather difficult, semen 
collection using an AV is difficult, if not impossible, under field conditions.

Consequently, EE seems to be the method of choice for collecting semen 
samples from Zebu bulls under field conditions in the tropics (Leon et al, 1991). 
Good restraint of the male in a strong chute is necessary to perform EE in Zebu 
bulls. The animal should be restrained so it is unable to move (see Fig. 1). 
Squeezed head chutes should be avoided when working with Zebu, since the 
bulls can lie down, thus compromising their safety.

c * I iL'J:

Figure 1: Rectal examination of internal genitalia in a Zebu bull during the studies. Note 
the characteristics of the chute and the simple immobilisation strategy routinely used 
(Photograph of the author).
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The EE method is based on electrical stimulation per rectum by an electrode
probe on nervous fibres from the mesenteric and pelvic plexa as well as the 
lumbar (hypogastric) and sacral (intern pudendal) nerves. These nerves control 
the contractions of excurrent ducts, vesicular glands, and the emission process 
into the urethra, leading to ejaculation in the bull (Ball et al, 1983). Evacuation of 
the manure from the rectum and pre-stimulatory transrectal massage of the 
internal genitalia for at least 3 minutes facilitates EE with a minimum electrical 
stimulus. Even though the EE stimulus also provokes relaxation of the retractor 
penis muscle, ejaculation can occur into the prepuce without penile protrusion or 
erection (Carroll et al, 1963). Data from the Department of Reproduction, UNA 
in Costa Rica, based on the response to EE of 402 Bos indicus and 68 Bos taurus 
bulls, indicate that ejaculation without penis protrusion or erection occurred more 
frequently in the latter (25.0% vs. 10.7%; Chacon, unpublished results).

The pattern of stimulation and response to EE differs among Zebu bulls. Some 
males, usually those with wild temperament, react very violently to stimulation, 
whereas others do not. In the first case, previous rectal massage for a longer 
period of time is advisable and electrical stimulus should be applied while 
carefully observing the individual response. Although semen can be collected 
from most bulls by EE, failure rates vary largely (0.6% to 15%, Carroll et al, 
1963; Chenoweth and Osborne, 1978; Chenoweth et al, 1996). A difficulty of the 
semen collection with EE is to determine whether failure to ejaculate is the result 
of poor response to the method or a pathological condition in the bull. Ejaculation 
failure during EE occurs in very temperamental Zebu sires or when bulls are 
stressed prior to EE, as when electric guns are used to handle the animals, which 
should be avoided. Also a quick palpation per rectum or inexperience of the 
operator with abrupt EE stimulation can constrain ejaculation. In these cases, a 
resting period of 10-15 minutes is advisable before a new attempt (Chacon, 
unpublished observations). Finally, practitioners should also consider that EE 
could cause a temporal corkscrew deviation of the penis during stimulation in 
some bulls (Carroll et al, 1963). Thus, this method does not allow the diagnosis 
of this condition in affected bulls, which instead should be diagnosed under 
natural mating.

Semen samples obtained by EE differ significantly from those collected by 
AV from the same bulls. The EE produces a high stimulus over the accessory 
glands (mainly seminal vesicles), thus increasing the ejaculate volume compared 
with samples collected by AV (Austin et al, 1959; Ball et al, 1983; Leon et al, 
1991). Consequently, the pH, bicarbonate and fructose contents in the ejaculate 
are significantly higher in samples collected by EE (Carroll et al, 1963; Leon et 
al, 1991) while sperm concentration is lower (Austin et al, 1959; Ball et al, 1983; 
Leon et al, 1991). However, total sperm number per ejaculate, overall sperm 
motility and sperm morphology are not significantly different in semen samples 
from Zebu (Leon et al, 1991) or Bos taurus breeds (Austin et al, 1959; Carroll et 
al, 1963; Ball et al, 1983) collected alternatively with both methods.
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Semen evaluation under field conditions
The field conditions prevailing in the tropics, together with the necessity of 

giving a prognosis of the potential fertility of the bull on-farm, demands a 
practical assessment of the spermiogramme, relating findings with the breeding 
management and clinical examination of the bulls. The use of EE as collection 
method imposes the interpretation of some spermiogramme variables, such as 
sperm concentration and motility, to be done cautiously.

Sperm concentration: Assessment of sperm concentration in semen samples 
collected from bulls during the mating season in tropical field conditions is not 
reliable. This unreliability is due to the huge variation of this parameter related to 
the frequency of ejaculation before the examination (Foster et al, 1970; Everett et 
al, 1978), which cannot be controlled in the field. The first ejaculates following 
sexual inactivity in bulls would have a normal concentration, although daily 
sperm output is low (Ball et al, 1983). In addition, sperm concentration is 
negatively correlated with ejaculate volume (Fields et al, 1979; Igboeli and 
Rakha, 1971), which is increased by EE. In addition, the response of bulls to EE 
is, as stated above, highly variable, thus also affecting the assessment of sperm 
concentration in the field.

Sperm motility: The significance of sperm motility upon the potential fertility of 
a bull examined under field conditions in the tropics should also be carefully 
considered. Although motility is an indicator of sperm viability and correlates 
with fertility of frozen semen (Januskauskas, 1999), its repeatability when 
assessed in natural breeding bulls is low, regardless of the method of semen 
collection (Almquist and Cunningham, 1966; Ball et al, 1983; Gipson et al, 1987; 
Wenkoff, 1988; Leon et al, 1991). Furthermore, the conditions under which the 
semen is collected may introduce urine or dust contamination, thus affecting 
motility estimations. In addition, motility is highly correlated with ejaculation 
frequency in Zebu (Igboeli and Rakha, 1971) and Bos taurus bulls (Almquist and 
Cunningham, 1966; 1967), and it could be affected according to mating activity 
in bulls under natural breeding. Consequently, the high variability reported for 
this parameter in Zebu and European breeds and the conditions prevailing at the 
farm where it is assessed, reduces the significance of this variable in the breeding 
prognosis of the bull if no other alterations are found at examination. One 
exception, however, may be a low sperm motility associated with a high 
percentage of tail defects in the semen sample as a sign of inherited conditions in 
the bull (Blom, 1966; Wenkoff, 1978) or epididymal pathologies (Gustafsson et 
al, 1972). ' ' 

Sperm morphology: The relationship between sperm morphology of the semen 
sample and the potential fertility of the sire has been documented since the 
beginning of the century by Williams and Savage (1925) and later by Lagerlöf 
(1934). Few reports coming from the tropics concerning evaluation of methods to 
study sperm morphology in Zebu sires are available. Under field conditions in the 
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tropics, the necessity of providing a prognosis, at least a preliminary one, of the 
potential breeding soundness of a bull, forces the practitioner to consider the type 
of sperm abnormality in order to disclose whether it is inherited or acquired. 
Most practitioners in the tropics are still using conventional light microscopy, 
together with India ink or eosin-mgrosin staining, to evaluate morphology at low 
magnification (400x). This procedure can, however, mask many sperm defects 
(i.e., acrosome or nuclear abnormalities, Sprecher and Coe, 1996).

The use of phase-contrast microscopy to examine wet smears of semen fixed 
with buffered formol-saline or buffered glutaraldehyde, seems to be a convenient 
and practical method for assessing sperm morphology on-farm, since no staining 
is required. However, a disadvantage is the lower sensitivity in diagnosing 
abnormally shaped and sized sperm heads compared with carbol-fuchsin staining.

Another method for assessing sperm morphology is microscopy with 
differential interference-contrast optics (DIC). Coulter et al (1978) remarked on 
the suitability of this method for determination of some head abnormalities, 
especially nuclear pouches. Visintin et al (1984) reported that assessment of 
semen samples from Zebu bulls at AI-centres using DIC, allowed the diagnosis 
of 5% more acrosome abnormalities compared with when phase-contrast optics 
was used. Similarly, Saacke and Marshall (1968) stressed the convenience of 
DIC to assess acrosome morphology in bull spermatozoa. However, even when 
clearly advantageous, the use of DIC for routine assessment of sperm 
morphology is difficult to carry out under field conditions.
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Introduction to the studies

As stated above, beef cattle herds in the tropics comprise Bos indicus breeds, 
which are naturally sired and extensively reared in vast areas of grassland 
(McCosker et al, 1989; Chenoweth et al, 1996). These herds are also distinguished 
by a lack of productive and reproductive record keeping, infrequent veterinary 
assistance and low culling rates of animals with undesirable characteristics for 
breeding. In addition, the importance of the bull for its role on the efficiency of 
the reproductive herd, particularly in a beef production system based on extensive 
management, has been neglected in the tropics, even by veterinarians (McCosker 
et al, 1989; Muller 1990). Consequently, most bulls are selected based solely on 
phenotypic characteristics that are not necessarily related to their reproductive 
performance under natural mating conditions.

Extremely little attention has been paid to studies in the tropics of the breeding 
performance of Bos indicus bulls and the factors that interfere with their 
efficiency. A clear indicator of this trend is the reduced outcome of publications 
from this area concerning reproductive aspects in the male compared with the 
female and the low emphasis given to studying reproductive aspects of Zebu 
compared with Bos taurus males (Galina and Russell, 1987; Galina and Arthur, 
1991). Studies concerning the breeding soundness of Bos indicus bulls in the 
tropical areas indicate a slow pattern of sexual maturity and testicular growth 
(Igboeli and Rakha, 1981; Kumi-Diaka et al, 1981; Oyedipe et al, 1981; 
Chenoweth et al, 1996; Vale-Filho et al, 1996). Thus, most young Zebu bulls 
failed to achieve satisfactory BSE status, compared with Bos taurus sires 
(Chenoweth et al, 1996) which might be reflected in low fertility rates, as those 
reported for Zebu bulls in tropical Australia (Chenoweth and Osborne, 1975; 
McCosker et al, 1989). The lower prevalence of testicular degeneration in Zebu 
breeds compared with Bos taurus and crossbred bulls reported in Brazil (Vale- 
Filho et al, 1980; Ohashi et al, 1988), suggests an interaction between genotype 
and environment in the tropics on the reproductive performance of the bull.

Therefore, since many gaps remain regarding the reproductive efficiency of 
Zebu bulls, there is an urgent need to investigate their breeding soundness and the 
variables associated with their final ranking after evaluation, to facilitate the 
diagnosis and prognosis of potentially low-fertile bulls in the breeding herd. 
Attention should be put on variables considered of value, as testicular consistency 
at clinical palpation, for their relation with the normality of the testicular tissue.

In regard to sperm morphology, few studies have been carried out to describe 
the frequencies of different abnormalities found in the ejaculates of extensively 
reared Bos indicus bulls and put such data in relation to clinical findings. 
Considering the positive relationship of sperm morphology with testicular and 
epididymal function and, subsequently, fertility, such studies are of utmost 
importance. However, there is a need for an on-farm evaluation procedure of the 
collected semen that does not involve laborious laboratory staining and detailed 
microscopy assessment. Since these methods differ in their ability to disclose 
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sperm details, a study where fixed wet smears and conventional stained smears 
(i.e., carbol-fuchsin) are compared is therefore advisable.

Additionally, the potential seasonal variations in clinical and spermiogramme 
variables in Zebu bulls are not fully studied. At present, the investigations 
performed in this area have used different bulls, usually crossbreeds, slaughtered 
at different periods of the year or based on a low number of sires under AI centre 
conditions. A well-controlled, long-term study is therefore needed.
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Aims of the study
The main objective of this thesis was to identify variables associated with the 

final ranking of extensively managed bulls, particularly Zebu bulls, during 
evaluation for breeding soundness (BSE) to facilitate a more accurate prognosis 
of these sires for natural breeding, under tropical conditions in Costa Rica.

The specific aims were to:

evaluate the BSE of Bos indicus, Bos taurus and crossbred bulls located in 
various regions of Costa Rica, with distinct climatic conditions,

assess the value of using phase-contrast microscopy with fixed, wet-smears 
for assessment of bull sperm morphology for BSE under field conditions,

determine the frequency of sperm abnormalities found in the ejaculate of Zebu 
bulls according to their age, scrotal length, testicular consistency, scrotal 
circumference and ranking after BSE,

assess the magnitude and nature of changes in fine morphology of the 
seminiferous and cauda epididymides epithelia of Zebu bulls with normal and 
decreased testicular consistency at clinical palpation, and

determine whether clinical and spermatological parameters in Zebu bulls show 
seasonal changes under extensive rearing management in the dry tropics of 
Costa Rica.
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Materials and methods
Location

In Paper I, the bulls were located in farms situated in four different climatic 
regions of tropical Costa Rica (8°00'-H°15' N and 82°30'-86°00' W) as defined 
by the National Meteorological Institute of Costa Rica, based on the yearly 
distribution of rainfall and ambient temperature. The regions were the North Dry 
Pacific, the Central Pacific, the South Pacific and the North-Caribbean (Fig. 2). In 
Papers II-IV, all Zebu bulls were located in the North Dry Pacific region (9°43- 
11°13' N and 84°46'- 85°57' W).

South 
Pacific

Figure 2: Map of Costa Rica showing the different climatic regions where the studies were 
carried out (CV: central valley, Source: National Meteorological Institute of Costa Rica).
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Climatic conditions
The climatic regions in Costa Rica (Fig. 2) differed from each other mainly in 

the distribution and amount of rainfall during the year. The yearly average 
rainfall for the past 20 years was 3,500 and 3,900 mm for the central and south 
Pacific, respectively, and 3,950 for the north Caribbean region. The monthly 
average humidity in these three regions ranged from 81% to 91% in the driest and 
rainiest months, respectively. However, daily values close to 100% usually have 
been reported during the most humid months (September and October). The 
average monthly maximum ambient temperature ranged from 29°C to 34°C, 
whereas the average monthly minimal temperature was never below 20°C 
(Source: National Meteorological Institute of Costa Rica). The north dry Pacific is 
the hottest and driest zone of Costa Rica with well-defined dry and rainy seasonal 
periods. The dry season lasts from December to April, whereas the rainy season 
lasts from May to November, with a maximum rainfall during June, September 
and October. The yearly average rainfall in the lowlands is around 1,400 mm. 
Maximum temperatures are reached during April, sometimes exceeding 36°C, 
and the monthly maximum averages are always above 31 °C during the rest of the 
year. The relative humidity ranges between 60% and 65% during the dry period 
and between 80 and 85% during the rainiest months. The daylight time does not 
vary between the dry and rainy season (approximately 12 hours of daylight the 
whole year, Source: National Meteorological Institute of Costa Rica).

Feeding management
All bulls (n= 1,236, Papers I-IV) grazed mixed pastures predominantly 

composed of Hyparrenia rufa, Cynodon nlemfuensis, Brachiaria mutica, Panicum 
purpurascens, and Ischaemum ciliare. Animals had free access to drinking water. 
Ad libitum supplementation with salt blocks was provided throughout the year. 
Additionally, molasses were supplied during the dry season in 50% of the farms 
(Papers I and II) and in all of the ranches involved in research for Papers III 
and IV. No other supplement was provided.

Animals
The breed of the bulls was either documented or determined by their 

phenotypic appearance. The size of the animal sample was about 2% of the total 
bull population in Costa Rica (National Livestock Census, 1984). In Paper I, a 
total of 898 breeding bulls were examined with an overall mean age of 4.0 ±1.7 
years (± SD, range from 13 months to 12 years). The mean age for the Bos 
indicus bulls (n= 598) was 4.2 ±1.8 years and included the following breeds 
(number of bulls in parenthesis): Brahman (254), Indobrasil (168), Gyr (54), 
Nellore (41) and Crossbred Zebu (81). The Bos taurus bulls (n= 252) had an 
average age of 3.7 ± 1.5 years and included: Simmental (63), Holstein (63), 
Brown Swiss (51), Charolais (20), Chiamna (17), Jersey (14), Romosinuano (4) 
and crossbred Bos taurus (20). The Bos indicus x Bos taurus bulls (n= 48) were 
aged 3.9 ± 1.6 years and were comprised of Brahman bulls crossed either with 
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Simmental (21), Brown Swiss (11), Charolais (6), Chianina (6), Holstein (2) or 
Aberdeen Angus (2). In Paper H, 302 Zebu bulls, ranging from 18 months to 9 
years of age, were examined (4.3 ± 2.0 years, mean ± SD). The bulls belonged to 
Brahman (138), Indobrasil (70), Nellore x Brahman (39), Nellore (33), Gyr (12), 
and Indobrasil x Brahman (10) breeds. In Papers III-IV, all bulls were of 
Brahman breed, ranging between 3 and 3,5 years (Paper HI, n= 11) and between 
3 and 6 years of age in Paper IV (4.5 ± 1.2, n= 25).

Experimental design
All the bulls included in this thesis belonged to commercial beef or dual

purpose cattle farms (Papers I-IV). The evaluation of the bulls included a record 
of the breeding history and a thorough clinical inspection, including a partial 
spermiogramme assessment which included evaluation of sperm motility and 
sperm morphology of semen collected by EE. The general clinical inspection of 
the sires, as well as the specific examination of their reproductive organs, were 
performed under field conditions by the same operator (Papers I-IV). In Papers 
I-H, the visit was initiated at the farm by filling in a questionnaire, which 
included date of examination, name of the farm/owner, location, and nutritional 
management of the animals. A detailed description of the bull, including breed, 
tattoo number, and age, was made. The clinical background included previous 
illness history and mating system used (single or multiple sires, with restricted or 
continuous mating, length of breeding season, number of females per bull, mating 
behaviour, and dominance status). The general clinical inspection included the 
eyes and the muscle-skeletal system, with special emphasis placed on foot and 
leg conformation. The specific examination included inspection of the prepuce 
and penis (only when penile protrusion occurred during semen collection), 
palpation and examination of the scrotum and its contents, and assessment of the 
internal genitalia by rectal palpation. After the clinical and seminal evaluation on- 
farm, the bulls were diagnosed as sound or unsound for breeding, according to 
the standards proposed by Ball et al (1983) and Chenoweth et al (1992), and the 
farmer was advised to either keep, re-examine, or cull the bull (Paper I-II). In 
Paper II, a detailed classification of the sperm abnormalities found in ejaculates 
of grass-fed Zebu sires was made using either fixed wet- or stained smears. Only 
bulls found free of congenital or inflammatory problems in their reproductive 
organs were included in this survey. The frequencies of sperm abnormalities 
were disclosed according to age, testicular consistency (TC), scrotal 
circumference (SC), scrotal length (SL), or BSE-grading, and comparisons 
between groups were made. In Paper HI, testicular and cauda epididymides 
tissue samples were collected immediately after slaughter from extensively 
managed Brahman bulls with normal or decreased TC at palpation. The testes 
were fixed by vascular perfusion and the cauda epididymides and their contents 
immersion-fixed with buffered glutaraldehyde solution and then submitted for 
routine processing for transmission electron microscopy (TEM). In Paper IV, 
clinical and spermiogramme parameters of Brahman bulls reared in the North
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Dry Pacific region of Costa Rica and considered as sound for breedmg after a 
preliminary BSE, were assessed monthly during a 13-month period.

Methods

Recording of clinical parameters
Determination of body condition score (BCS, Papers I-IV): BCS of the bulls was 
scored according to the system used for Zebu cattle by the International Livestock 
Centre for Africa (Nicholson and Butterworth, 1986). This method uses a five-point 
scale with half-point increments. For analytical purposes, the BCS was categorised 
(Paper I) as low (< 3) or normal (> 3) or used as a continuous variable (Paper IV).

Classification of scrotal length (SL. Papers I-IV): SL was classified according to 
the distance between the bottom of the scrotum and the hock joint. Short SL: Bulls 
having a scrotum clearly close to the body without signs of contraction of the 
cremaster muscle, normally >15 cm above the hock joint; Normal SL: Sires with a 
scrotum that was less than 15 cm above the hock joint down to the level of the hock 
joint; Long SL: Bulls with a scrotum below the hock joint.

Measurement of scrotal circumference (SC, Papers I-IV): SC was determined by 
the same operator during the clinical examination of the bull using a standard 
scrotal metal tape (Nasco®, Wisconsin, USA) placed at the widest mid-scrotal point. 
In Paper I, SC was categorised as < 30 or > 30 cm, whereas in Papers I-IV it 
was used as a continuous variable.

Determination of testicular consistency (TC. Papers I-TV): TC was determined 
by palpation by the same operator and categorised as soft, normal or hard.

Semen collection
Semen collection (Papers I-II and IV) was performed through EE 

immediately after the clinical examination. The bull was well restrained in a cattle 
chute using two pieces of strong wood behind the rear legs for the safety of the 
operator during rectal palpation and to prevent back movement of the bull (Fig. 
1). After removing the manure from the rectum with a gloved hand, the accessory 
glands and pelvic urethra were massaged per rectum for at least three minutes. 
Then, a 33-cm long electro-ejaculator probe, comprised of three longitudinal 
electrodes (Standard Precision Electronics®, Colorado, USA) was lubricated and 
fully inserted into the rectum. Immediately after, the operator performed slight 
and progressive increases in the electrical stimulation until semen was collected 
in a latex funnel with a glass tube attached to its end.

Semen evaluation
Evaluation of sperm motility (Papers I-II and IV): The same operator assessed 
the overall percentage of motile spermatozoa immediately after semen collection. 
The estimation was done subjectively after examining five different fields in the
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wet smear of undiluted semen using a phase-contrast microscope (Zeiss®, 
Germany) at 400x.

Evaluation of sperm morphology (Papers I-II and IV): Semen samples were 
fixed with buffered formol-saline solution (Hancock, 1952). Sperm morphology 
was examined in wet-smears using phase-contrast microscopy at 1,000x (Papers 
I-II and TV) and in air-dried smears stained with carbol-fuchsin (Williams and 
Utica, 1920) using bright field light microscopy at l,000x (Papers II and IV). 
Sperm morphology was assessed in the field (Paper I-II) and at the laboratory 
(Papers II and IV). The percentages of abnormal spermatozoa (abnormalities of 
the acrosome, abnormally shaped and sized heads, nuclear invaginations, mid
piece and tail abnormalities, and the presence and location of cytoplasmic 
droplets) were recorded and classified according to Lagerlöf (1934), after 
counting 200 (Paper I) and 400 (Papers II and IV) spermatozoa per smear.

Statistical analyses
Analyses were performed using the Statistical Analysis System software 

package (SAS® 1988, Cary, North Carolina, USA; Papers I, II and IV). The 
level of statistical significance was set to P< 0.05. In Paper I, the relationship 
between the climatic and clinical parameters with the classification of the bulls after 
BSE and the spermiogramme variables studied was analysed by means of linear 
multiple regression (GLM procedure). These analyses included only males free 
from congenital or inflammatory clinical abnormalities at the time of evaluation 
and for which climatic data were available (701 sires). With the aim of studying 
the potential effect of maximum ambient temperature on the variables of interest, 
the temperature value utilised was the one to which the bull had been exposed a 
month before the evaluation. Comparisons between least-square means (LSM) for 
categorical variables were performed when differences were statistically 
significant. Age, BCS and TC were included as categorical variables in the 
statistical analyses. In Paper II, analysis of variance was performed focusing the 
effects of age, TC, SC, SL and BSE categories using the Bonferroni test for 
means comparisons (SAS®, 1988). The mean percentages of abnormal heads 
(size and shape) determined using either carbol-fuchsin stain or formol-saline wet 
smears were compared using ANOVA. In Paper IV, the potential variations 
between clinical and spermiogramme variables during the period of study were 
analysed using a GLM regression model for repeated measurements.
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Results
Prevalence of unsound bulls after BSE (Paper I)

Thirty-three percent (296 out of 898) of the bulls examined in four different 
regions of Costa Rica were classified as unsound for breeding. Of these, 82 were 
classified unsound because of clinical unsoundness (9.1%, 82/898) and the 
remaining (23.9%, 214/898) due to deviations in sperm morphology. Regarding 
clinical findings, abnormalities associated with low SC (testicular asymmetry, 
hypoplasia, fibrosis, and atrophy) were the most common alterations found [6.8 
%, n = 61/898]). The prevalence of other clinical abnormalities was below 1% 
and, as a rule, the sires having these anomalies were culled by the fanner. The 
prevalence of bulls classified as unsound for breeding after BSE did not differ 
statistically among the climatic zones under study.

Relationship between the climatic variables and the clinical and 
spermiogramme parameters, and BSE classification (Paper I)

Clinical parameters
No statistically significant relation was found between average rainfall or 

ambient temperature and BCS or TC, respectively. In contrast, a negative effect 
was observed between the ambient temperature, to which the bulls were exposed 
the month before the BSE was performed, and SC (|3 = -0.28, P< 0.01). This 
relationship was independent of the breeds under study since the interaction of 
breeds by temperature was not statistically significant in the model studied (P> 
0.05). In addition, bulls with a low BCS had a significantly smaller SC than bulls 
with a normal BCS (34.9 vs. 36.0 cm, LSM, P< 0.01).

Spermiogramme parameters
Sperm motility. No relationship was found between the climatic variables studied 
and sperm motility (P> 0.05).

Sperm morphology. A positive relationship was found between the monthly mean 
temperature and rainfall to which the bull was exposed the month before the 
evaluation and the frequencies of abnormal tails and proximal cytoplasmic droplets 
(P = 1.44, P< 0.05 and P = 0.015, P< 0.01 respectively). No statistical relationship 
was found between the climatic variables and the frequency of abnormal sperm 
heads and mid-pieces.

Classification after BSE
A statistically significant positive relationship (p = 0.24, P< 0.05) was observed 

between the percentage of bulls classified as unsound for breeding and the ambient 
temperature.
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Effect of breed, age, body condition score, scrotal length, scrotal 
circumference and testicular consistency on spermiogramme 
parameters and BSE classification (Papers I-II)

Sperm motility
No relationship was found between breed, age, SL and SC and sperm motility. 

However, mean sperm motility was lower in bulls with a low BCS and a lower 
TC compared with bulls having a normal BCS or TC (56 vs. 61% and 57 vs. 
61%, respectively; P< 0.05, Paper I).

Sperm morphology
The mean percentage of sperm-head abnormalities was higher (P< 0.001) in 

Bos indicus x Bos taurus bulls compared with both Bos taurus and Bos indicus 
sires (22%, 15% and 13%, respectively). No significant difference was found 
between Bos indicus and Bos taurus bulls in this respect (Paper I). Zebu sires 
less than 2 years old had higher frequencies of missing acrosomes and proximal 
cytoplasmic droplets in their ejaculates (12.1 vs. 2.4% and 23.9 vs. 3.6%, 
respectively; P< 0.05) compared with older bulls (Paper II). No significant 
differences were observed between the groups of older bulls in the percentages of 
sperm abnormalities (Papers I-II). No statistical relationship was found between 
BCS and sperm abnormalities in the ejaculate (Paper I). The frequency of sires 
with a long scrotum was higher in Bos taurus bulls (16%) compared with Zebu 
(12%) and crossbred bulls (11%). However, independent of the breed, bulls 
having a long scrotum and a soft TC had a higher percentage of abnormal sperm 
heads in their ejaculates compared with bulls with a normal scrotum length (19 
vs. 14%; P< 0.01) and a normal TC at palpation (20 vs. 13%, P< 0.001, Paper I). 
The same results were also found in Zebu breeds (Paper II) with a long scrotum 
and a soft TC (P< 0.05) compared with normal bulls (32.7% vs. 12.8% and 
30.7% vs. 10.3%, respectively). Neither TC nor SL affected the mean 
percentages of abnormal acrosomes or tails, or the presence of cytoplasmic 
droplets. A negative relationship (P = -1.16, P< 0.05) was observed between SC 
and the frequency of sperm head abnormalities (Paper I). However, Zebu bulls 
older than 2 years with a SC less than 30 cm did not show this pattern, albeit a 
higher prevalence of proximal cytoplasmic droplets was seen in their ejaculates 
compared with sires having SC equal to or more than 30 cm (P< 0.05). No 
differences in the other sperm abnormalities were found with regard to the SC 
classification (Paper II).

Classification after BSE
The percentage of bulls classified as unsound for breeding (Paper I) was 

lower for the Zebu sires (29%) compared with both Bos taurus (40%, P< 0.01) 
and B. indicus x B. taurus bulls (46%, P< 0.01). This trend was independent of 
the region studied. The prevalence of unsound bulls was also higher in sires with
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a long scrotum (16.6 vs. 11.5%; P< 0.05) and a soft TC score (42.7 vs. 25.3%, P< 
0.001) compared with bulls with a normal SL and normal TC. In the same way, 
the percentage of bulls unsound for breeding increased with decreasing SC (p = - 
0.5, P< 0.05). 

Sperm morphology in Zebu bulls and classification after BSE (Paper II)
The knobbed sperm defect was the most common abnormality found in the 

acrosome of Zebu bulls ranked as unsound for breeding, (4.0 ± 7.3%, mean ± 
SD). There were no statistical differences in the percentage of missing acrosomes 
between the bulls classified as unsound and sound for breeding. In regard to the 
sperm head, the most common abnormalities found in Zebu bulls ranked as 
unsound for breeding were heads narrow at the base (11.5 ± 16.2%) and 
undeveloped head forms (10.7 ± 17.5%). Concerning other abnormalities, bent 
tails with an entrapped cytoplasmic droplet was the most common tail 
abnormality found in both the groups classified as unsound and sound for 
breeding (8.3 ± 13.3 and 3.0 ± 3.7%, respectively). In addition, this was the most 
common sperm abnormality found in bulls classified as sound for breeding after 
BSE. °

Prevalence of specific sperm abnormalities in Zebu bulls (Paper II)
In general, all the specific sperm defects reported in the literature in Bos 

taurus bulls were found in the Zebu sires studied. Although the overall mean 
percentage for these abnormalities was less than 5%, some bulls showed high 
frequencies of these defects, especially tail and nuclear crater defects. The tightly 
coiled tail under the head was the most common defect, appearing in 27 bulls in 
more than 10% and one bull having 65% of its spermatozoa affected. The crater 
defect appeared in 21 bulls with more than 10% of affected spermatozoa and in 
one bull affecting 64% of the spermatozoa. The knobbed acrosome appeared in 
15 of 27 bulls in a frequency of more than 10% of the spermatozoa and in one 
bull with 34%.

Formol-saline vs. carbol-fuchsin staining for assessment of sperm 
head morphology in Zebu bulls (Paper II)

Evaluation of sperm head morphology (i.e., size and shape of heads) in smears 
stained with carbol-fuchsin allowed the detection of a higher percentage of heads 
that were narrow at the base and undeveloped, compared with wet smears 
examined under phase-contrast microscopy (12.0% ±1.1 and 11.7% ±1.3 vs. 
3.2% ± 1.1 and 5.3% ± 1.3, respectively; mean ± SD, P< 0.001) in samples from 
the same ejaculate. No statistically significant differences were found between 
the methods regarding rounded, tapered, giant or double heads (P> 0.05). The use 
of carbol-fuchsin for determination of head size and shape, therefore, made it 
possible to diagnose 16 more bulls as "unsound" than did the use of phase
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contrast microscopy of formol-saline-fixed samples (136 vs. 120), which gives a 
sensitivity of 88% for the latter method.

Morphology of the seminiferous and cauda epididymides 
epithelia in Zebu bulls with normal or decreased testicular 
consistency (Paper III)

Bulls having a slight to moderate reduction in TC showed more, albeit slight, 
degenerative changes in the seminiferous epithelium, compared with control 
animals. Cellular debris present in the Sertoli cells, abnormalities in the acrosome 
and condensation of the chromatin during spermiogenesis were also common in 
cases of decreased TC. In contrast, the epithelia from the cauda epididymides of 
these bulls did not show morphological deviations compared with controls, 
although the presence of intra-epithelial macrophages and of cell debris in the 
lumen, together with foreign cells, was more pronounced.

Seasonal changes in clinical and spermiogramme parameters of 
extensively reared Zebu bulls (Paper IV)

Body condition (BCS)
The bulls maintained a good body condition throughout the study period. 

However, BCS were higher from January to May compared with other months (P< 
0.01) and started to decrease in June. The lowest seasonal mean, which differed 
significantly from the January-May mean (P< 0.01), was registered for September
December. No statistical relation was found between BCS and any of the climatic 
variables studied.

Scrotal circumference (SC) and testicular consistency (TC)
The mean SC's were lower during the period September-February and highest 

during March-August (P< 0.001). A positive relationship was found between SC 
and BCS of the Zebu bulls, since every unit of increase in BCS was followed by an 
increment of 0.7 cm in SC (P< 0.001). Age was also positively associated with SC 
during the study period (P = 0.05, P< 0.01). In contrast, no relationship was found 
between SC and the climatic variables studied. No significant changes were 
observed in the TC of the Zebu bulls during the study period. Furthermore, no 
statistically significant relationship was found between TC and the climatic 
variables or between TC and the body condition of the sires.

Sperm motility and morphology
A significant variation was observed in the mean percentage of overall sperm 

motility during the study period (P< 0.05), which decreased from 63% in 
September to 47% in December. The mean sperm motility decreased a second 
time from 65% in April-May to 45% in July-August (P> 0.05). Moreover, sperm 
motility was higher in ejaculates obtained during the mating season (62%) than in 
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those collected when the sires were out of the breeding period (52%) (P< 0.01). 
No statistical relationship was found between motility and any of the climatic 
variables studied or between motility and BCS, SC, or TC, respectively.

No significant variations were found during the study in the percentage of 
abnormal acrosomes, sperm heads, mid-pieces or cytoplasmic droplets. In 
contrast, significant fluctuations in the frequency of bent tails with entrapped 
cytoplasmic droplets were observed during the study period (P< 0.05), with 
values being highest (up to 21%) during August. This was the single most 
common sperm abnormality found during the study. However, no relationship 
was observed between the frequency of this abnormality and the climatic, BCS, 
SC and TC variables, respectively.
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General discussion
Soundness for breeding of a bull implies a complex interaction of factors such as 

physical and reproductive health, libido and mating ability, semen quality and 
interactions among animals in the breeding herd.

Practising a BSE in bulls is very important and perhaps essential in the tropics, 
considering the type of beef production system prevailing in these regions. The 
extensive management characterised by a poor selection of bulls based on 
reproductive characters and the scarcity of programmes monitoring herd health and 
reproduction makes it difficult to discriminate low-fertile bulls based on their in 
vivo fertility performance. Therefore, it is of utmost importance to carry out an 
andrological evaluation of the young bulls before they are placed in the breeding 
herd. In addition, and since environmental conditions in the tropics (i.e., 
temperature, humidity, nutrition, diseases) may adversely affect the reproductive 
health of the bulls at any time, a BSE of the bulls used for breeding is advisable at 
least once a year or before the breeding season starts in farms with seasonal mating.

Among the bulls considered clinically unsound for breeding (Paper I), a low SC 
was obvious evidence of the poor selection of reproductive traits done in breeding 
sires (Bos indicus, Bos taurus and crosses) in the tropics. The higher prevalence of 
sires classified as unsound for breeding due to sperm abnormalities (Paper I) in 
bulls with low SC agrees with earlier findings in Brahman (Zebu) (McCosker et al, 
1989; Morris et al, 1989; Chenoweth et al, 1996) and Bos taurus bulls (Coulter and 
Foote, 1979; Madrid et al, 1988). This was also supported by findings in Paper n, 
where a higher prevalence of proximal cytoplasmic droplets were found in Zebu 
bulls older than 2 years with a SC less than 30 cm. According to Madrid et al. 
(1988), an increased percentage of proximal droplets in young Bos taurus bulls 
with a SC less than 32 cm may be an indicator of delayed sexual maturity or might 
suggest an impairment in the testicular or epididymal function. An andrological 
follow-up of these sires and in-depth studies regarding peri-pubertal changes in SC 
values and spermiogramme traits of Zebu bulls are necessary to eliminate the two 
latter possibilities. In addition, SC in Bos indicus and Bos taurus bull is highly 
correlated with testicular weight, with sperm output generally increasing in sires as 
SC increases (Elmore et al, 1976; McCosker et al, 1989; Rekwot et al, 1994). 
Unfortunately, the majority of data concerning standards of SC by age in Zebu 
breeds come from non-tropical regions or are based in animals fed with grain 
supplements. Therefore, the use of these data on grass-fed Zebu bulls in tropical 
areas should be used with caution. The use of a minimal SC value to select Bos 
indicus bulls for breeding, together with further training courses for farmers as well 
as veterinarians, are required to modify the present tendency shown by breeders and 
farmers in the tropics to ignore the importance of measuring SC when selecting 
bulls for breeding purposes.

It is a general belief that climate (often mainly translated as ambient 
temperature) is one of the major factors accounting for impairment of 
spermatogenesis in the bull (Skinner and Louw, 1966). This relationship has been 
studied and demonstrated in Bos taurus breeds (Johnston and Branton, 1953;
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Meyerhoeffer et al, 1986; Parkinson, 1987). However, this negative effect seems to 
be lower in Bos indicus than in Bos taurus bulls (Vale-Filho et al, 1980; Kumi- 
Diaka et al, 1981; Wildeus and Entwistle, 1983a; 1984). The negative effect 
observed in Paper I between the ambient temperature to which the bulls studied 
were exposed the month before the examination and the SC might suggest an 
impairment of testicular function during hot periods in the tropical areas. In 
addition, the relationship between the ambient temperature and the frequencies of 
cytoplasmic droplets and tail abnormalities may suggest an impairment of the 
epididymal function during the summer season. However, since the bulls studied 
were free from clinical abnormalities and ranked only according to their sperm 
morphology, the relationship between temperature and classification after BSE may 
have been the result of the increasing presence of these sperm abnormalities in the 
semen samples. Artificial scrotal insulation of Zebu crosses caused, after 2 weeks 
of insulation, an increase in the frequency of proximal cytoplasmic droplets, 
probably as a result of epididymal dysfunction (Wildeus and Entwistle, 1983a). 
Igboeli and Rakha (1971) reported a slight rise in the frequency of the same 
abnormality in ejaculates from Angoni (Zebu) bulls during the hottest period of the 
year. The mechanism behind this apparent impairment of the epididymal function 
related to heat stress in the bull is unclear. However, since the normal function in 
this organ depends on a proper supply of testicular testosterone and its conversion 
to dihydrotestosterone, it could be hypothesised that it either reflects a hormonal 
deprivation or an impaired ability of the organ to convert the hormone to its active 
form. This could be circumstantially supported by reports from Rhynes and Ewing 
(1973) and Parkinson (1987) showing that periods of heat stress in Bos taurus were 
associated with a reduction of up to 43% in the testosterone levels as well as an 
increase in progesterone (Parkinson, 1987). However, there is no experimental 
evidence yet provided that supports these assumptions in Zebu sires.

It is possible that the relationships found in Paper I between ambient 
temperature and SC values, prevalence of cytoplasmic droplets and classification at 
BSE were influenced by individual variations. Therefore, the effect of the climatic 
variables on the clinical and spermiogramme parameters of the bulls should be 
studied in the same individuals over time and not based on assessments of single 
ejaculates of different bulls evaluated at different seasons, as performed in Paper I. 
In addition, grouping different sperm abnormalities (i.e. proximal cytoplasmic 
droplets together with abnormal sperm tails) could have been a factor of confusion 
when analysing the potential relationship between ambient temperature and sperm 
morphology.

In Paper I, the lower number of Zebu bulls found unsound for breeding 
compared with Bos taurus and Bos indicus x Bos taurus sires indicates a higher 
capacity of the Zebu bulls to adapt under tropical conditions. This high 
adaptability is supported by physiological and anatomical attributes that allow 
them to regulate their body temperature more efficiently (Turner, 1980; Finch, 
1985). In addition, Zebu cattle is also recognised for having a better utilisation of 
poor pastures and high resistance to ectoparasites, two conditions that are 
common in the tropics (Cartwright, 1955; Rekwot et al, 1994; Fordyce et al, 
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1996). The adaptability of Bos indicus sires to hot climate was also clear when 
looking for potential seasonal variations in clinical and spermiogramme 
parameters (Paper IV) since the ambient temperature had no effect on any of the 
variables studied. In contrast, nutrition under extensive management practice, as 
in the tropics, seemed to play a major role on the reproductive performance of 
Zebu sires. The fact that the SC was significantly affected by changes in the body 
condition score (BCS) of the Brahman bulls studied (Paper FV), but not by the 
changes in ambient temperature, strongly suggests that nutrition (i.e., grass 
availability) is an important factor (Kumi-Diaka and Zemjanis, 1978). In 
Australia, Wildeus and Entwistle (1984) reported higher percentages of sperm 
abnormalities during the dry season, when pastures are scarce but temperatures 
are lower, compared with the rainy season. The reduction observed in SC values, 
due to a decrease in the BCS (Papers I and IV) was, however, not reflected in 
significant changes in the sperm morphology of the bulls studied. 
Spermatogenesis has been considered normal at any season, as studied 
histologically in the testes of Zebu bulls (Kumi-Diaka et al, 1983). A reduction in 
the diameter of the seminiferous tubuli was, however, found during the dry 
season when the quantity and quality of the pastures decreased (Kumi-Diaka et al, 
1983). These results indicate that a reduction in the SC related to a decrease in 
BCS may be reflected in a lower sperm output in grass-fed Zebu bulls, despite the 
fact that other parameters, such as sperm morphology and TC, are not 
significantly affected. Unfortunately, determinations of sperm output were not 
done in the bulls hereby studied, since the sires were often breeding at the 
moment of collection and further, their semen was collected by EE.

The increased percentages of proximal cytoplasmic droplets found in ejaculates 
from Zebu bulls less than 2 years of age is in agreement with the slow attainment of 
sexual maturity reported for Bos indicus managed under pasture conditions 
(Rekwot et al, 1987a; Silva-Mena, 1997). A higher percentage of this abnormality, 
similar to the findings in Paper II for Bos indicus, has been found earlier in 
sexually immature Bos taurus bulls (Madrid et al, 1988; Mortimer et al, 1991). 
Wildeus and Entwistle (1983b) studied the epididymal development in Bos indicus 
cross bulls and found that the caput is the last segment completing differentiation 
during puberty. Since it is in this region that the migration of the cytoplasmic 
droplet to distal regions of the mid-piece takes place (Crabo, 1965; Gustafsson et al, 
1972), this finding may explain the association found between the prevalence of 
this abnormality and sexually immaturity in Bos indicus. In addition, the high 
prevalence of missing acrosomes found in young Zebu bulls (<2 years of age, 
Paper II) may also reflect a low sperm turnover in the epididymal cauda as a result 
of low mating frequency (Saacke and Marshall, 1968; Wells et al, 1971), since 
Bos indicus bulls are not placed in the breeding herd until they reach 2 or more 
years of age. No significant differences in sperm morphology were found between 
Zebu bulls older than 7 years and sires 2 or more years and less than 7 years old 
(Papers I-II). This agrees with previous findings (Rao and Bane, 1985) that senile 
atrophy of the germinal epithelium in bulls is not necessarily associated with 
deviations in sperm morphology in the ejaculate. However, since some degree of 
proliferation in the amount of interstitial connective tissue and tubular calcification 
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occurred in bulls older than 7 years, it might be assumed that senile atrophy leads to 
a decreased sperm production. In addition, the use of old bulls in the herd is not 
recommended because it increases the risk for transmission of venereal diseases 
such as trichomoniasis (Pérez et al, 1992), as well as inbreeding, due to the 
dominance of older Zebu sires (i.e., >7 years; McCosker et al, 1989).

The relationship found between the presence of a long scrotum in the sires, 
sperm abnormalities and classification after BSE (Papers I-II) has not been 
documented in breeding bulls. The results obtained in the present thesis indicate 
that spermatogenesis was severely impaired in Bos indicus, Bos taurus and 
crossbred bulls having a long scrotum, since abnormalities in the sperm nucleus, as 
well as abnormal size and shape of the sperm heads, were more frequently seen in 
semen samples from these bulls compared with sires with a normal scrotum. The 
mechanism of the impairment in testicular function associated with a pendulous 
scrotum is not determined. However, it is clear that bulls having this characteristic 
are more exposed to testicular lesions by the constant beating upon the pendulous 
scrotum. Waites (1970) and Riemerschmid and Quinlan (1941) reported that the 
long, pendulous scrotum of bulls has a decreased gradient of temperature between 
its inguinal region and the bottom of the scrotal sac. Since this gradient directly 
depends on testicular thermoregulation mechanisms (i.e., pampiniform plexus; 
Cook et al, 1994), the presence of a long scrotum might, in some way, affect the 
heat exchange by the plexus. The incidence of bulls with a pendulous scrotum was 
higher in Bos taurus bulls (Paper I), attributed to a permanent relaxation of the 
cremaster muscle in an attempt to down-regulate scrotal temperature and might be a 
sign of maladaptation to the tropical climate in this species. Obviously, the 
pathogenesis of this relationship deserves to be fully studied in the future.

A significant relationship has been reported to exist between TC measured by 
tonometry and semen quality in Bos taurus bulls (Hahn et al, 1969; Coulter and 
Foote, 1979; Cook et al, 1994). However, similar reports are scarce in Zebu breeds 
extensively reared in the tropics. The relationship found between a decreased TC 
and a higher frequency of sperm head abnormalities in Zebu sires (Papers I-II) 
indicates that TC might be a reliable and practically useful indicator of the integrity 
in the seminiferous epithelium. This was confirmed by the histology of testes from 
Brahman (Bos indicus) bulls studied in detail in Paper III. Bulls with a clinically 
decreased TC at palpation had testes whose seminiferous epithelium presented 
multiple intercellular hollow areas. These empty spaces, at the level where 
spermatocytes are usually localised, indicate that these spermatogenic stages died 
and were then either sloughed to the tubular lumen or (most likely) phagocyted by 
the Sertoli cells. The latter is supported by the increased phagocytic activity found 
in the Sertoli cell cytoplasm, indicated by the presence of cellular debris in phago
lysosome-like structures. Goyal (1982) and Sinowatz et al (1979) also reported an 
increased phagocytic activity by Sertoli cells in bulls with impaired 
spermatogenesis. The presence of abnormalities in the acrosome and a defective 
condensation of the chromatin during spermiogenesis were also more commonly 
found in Zebu bulls with decreased TC at palpation. Such changes have been 
reported in bulls with impaired spermatogenesis due to testicular degeneration 
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(Lagerlöf, 1934; Muller et al, 1992). The normal picture found in the cauda 
epididymides of bulls with decreased TC at scrotal palpation indicates that this 
organ has lower propensity to degenerative epithelial changes, compared with the 
germinal epithelium. The presence of macrophage-like cells in the epithelium of the 
cauda epididymides suggests that spermiophagy could be present at this level in 
bulls with decreased TC, as it occurs in bulls with impaired spermatogenesis 
(Roussel et al, 1967). In contrast with these findings, spermiophagy seems to occur 
more frequently in the straight tubules and rete testis than in the corpus and cauda 
epididymes in bulls with normal TC (Roussel et al, 1967; Crabo et al, 1971; Goyal, 
1982). Finally, the higher incidence of bulls with decreased TC at palpation being 
classified as unsound for breeding reinforces the importance of recording this 
parameter during the breeding soundness evaluation of Zebu bulls under field 
conditions.

The relationships found between a lower overall sperm motility in bulls with a 
reduced BCS and decreased TC (Paper I) are, in opinion of the author, of little 
relevance. The significance of this parameter should be carefully interpreted when 
the assessment is done under field conditions and on samples collected by EE. 
Since these results (Paper I) were based on examinations of a single ejaculate from 
different animals, the high individual variation reported for this parameter in bulls 
(even managed under controlled conditions) could have accounted for the 
differences found between groups studied. This is supported by the absence of a 
relationship between variations in sperm motility and any climatic or clinical 
variable in the more homogeneous group of Brahman bulls examined at monthly 
intervals (Paper IV). The results in the latter study also suggest that sperm motility 
is largely influenced by management conditions in the breeding group (i.e., mating 
frequency). This is in agreement with findings in Bos indicus (Igboeli and Rakha, 
1971) and Bos taurus bulls (Almquist and Cunningham, 1966; 1967) where sperm 
motility increased with a higher ejaculation frequency.

Considering the above, the assessment of sperm morphology is of utmost 
importance during the BSE of Zebu bulls extensively reared in the tropics. Under 
these conditions, evaluating a bull's fertility by the herd's conception rate may be 
misleading, since breeding is based on natural mating with several bulls in the 
breeding herd and since most farms do not keep reproductive records. In 
addition, the assessment of other important spermiogramme variables, such as 
sperm concentration and sperm motility, may provide erroneous information, 
since under extensive rearing management, EE is the method currently used to 
obtain semen samples from Zebu bulls. Since the assessment of sperm 
morphology is done at the farm, it is obvious that the method used to determine 
the different abnormalities must allow a reliable evaluation of the semen sample. 
The higher percentage of sperm head abnormalities (size and shape) diagnosed 
when using stained dry smears with carbol-fuchsin (Lagerlöf, 1934) compared 
with using only wet-smears of formol-saline fixed semen samples, emphasises 
the importance of using both methods when assessing sperm morphology (Paper 
II). Despite the usefulness of combining the methods to evaluate sperm 
morphology, there is a need for evaluating the breeding soundness of the Zebu 
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bulls on site and providing the farmer with an immediate diagnosis of the 
potential performance of the examined sire. Since it is difficult to perform 
microscopy using carbol-fuchsin-stained smears in the field, a useful and 
practical procedure is to give a preliminary evaluation of the sperm morphology 
using wet smears under phase-contrast microscopy on the farm, and then, at the 
laboratory, to do a follow-up of the stained smears of those samples which, 
according to the judgement of the evaluator, need to be more closely studied for a 
confirmation of the diagnosis.

Another important consideration when assessing sperm morphology of Zebu 
bulls in the field is the prognosis for the bull. This is largely influenced not only 
by the frequency but also by the type of sperm abnormality found in the semen 
sample. Evidence is provided that some sperm abnormalities can be the result of 
genetic influences (Blom, 1966; Barth, 1986; Kojima, 1988a, 1988b) or they can 
be acquired either by impairment of testicular/epididymal function (Lagerlöf, 
1934; Gustafsson et al, 1974) or excessive sexual rest (i.e., missing acrosomes) 
(Saacke and Marshall, 1968; Wells et al, 1971). The method applied in Paper II 
summarising the abnormalities by sperm domain, as well as counting the specific 
defects separately, not only allows assumptions to be made about the aetiology of 
the abnormality (for instance, the relationship found between head abnormalities 
and TC or SL, respectively), but also allows for a better prognosis to be made of 
the potential recovery of the breeding capacity of the bull, since abnormalities 
with a genetic origin may not change significantly in repeated semen collections, 
in contrast to acquired abnormalities (Koefoed-Johnsen et al, 1980; Barth, 1986; 
Kojima, 1988a; 1988b). Bent sperm tails with entrapped cytoplasmic droplets 
was the single most common sperm abnormality found in Zebu bulls classified as 
sound for breeding after BSE (Paper II). The finding was repeated in Paper IV, 
where the frequency of the abnormality showed a fluctuating pattern, without 
significant relation to clinical or climatic variables. The presence and levels of 
this abnormality has been earlier reported in Bos Taurus (Swanson and Boyd, 
1962; Barth and Oko, 1989) and Bos indicus (Igboeli and Rakha, 1971, Fayemi 
and Adegbite, 1982, Wildeus and Entwistle, 1984). Additionally, bent tails with 
an entrapped cytoplasmic droplet have been reported as the dominant tail 
abnormality in ejaculates from bulls affected by epididymal dysfunction 
(Swanson and Boyd, 1962; Gustafsson et al, 1972; 1974). The aetiology of this 
sperm abnormality should be studied further.

The results obtained when studying potential seasonal variations in clinical 
and spermiogramme variables in Zebu sires (Paper IV) confirm not only the high 
adaptability of Bos indicus to a tropical environment, but also that nutrition is 
probably the major factor influencing their reproductive performance. These 
findings agree with studies from Da Silva and Casagrande (1976), Kumi-Diaka et 
al (1983), Wildeus and Entwistle (1984) and Rekwot et al (1987b; 1994). 
However, it should be considered that although no clear signs of testicular 
degeneration were seen in Zebu bulls, as reflected in changes in the TC or 
deviations in sperm morphology throughout the year, the reduction in SC due to a 
decrease in BCS values might reflect a decreased sperm production. This is 
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supported by the reduction in seminiferous tubular diameter found in Zebu bulls 
during periods of low pasture availability (Kumi-Diaka et al, 1983). This factor 
needs to be considered when evaluating bulls for breeding soundness in order to 
improve nutritional status of the sires before the mating season on the farm or 
during the periods when quantity and quality of the available pastures decrease. 
The lowering in BCS of the Zebu bulls during and up to two months following 
the rainy season has not been reported previously. The general belief has been 
that nutritional conditions in the tropical areas are poor only during the dry 
season. However, the results obtained in Paper IV indicate that during the 
periods of high rainfall (i.e., September-October in Costa Rica), the nutritional 
status — as seen reflected by the BCS of the bulls — is also impaired. This could 
be explained by the increased water contents in the pastures, which also 
decreases the consumption and digestion by the bull (US National Research 
Council, 1984).
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General conclusions

> Of the bull population explored by BSE, more than 30% were classified as 
unsound for breeding, mainly due to low scrotal circumference and 
unsatisfactory sperm morphology. Zebu (Bos indicus) bulls were the less 
affected, independently of the climatic region studied.

> Phase-contrast microscopy of wet-fixed smears was a convenient method to 
assess sperm morphology on-farm since it allowed the diagnosis (based on 
sperm morphology) of up to 88% of unsound bulls. However, a follow-up of 
stained semen smears is advisable to confirm the primary assessment.

> Zebu bulls with a long, pendulous scrotum, low SC and decreased TC at 
palpation were more frequently classified as unsound for breeding and had a 
higher frequency of sperm head abnormalities, compared with normal sires. 
Zebu bulls older than 2 years and with SC values lower than 30 cm showed a 
higher frequency of proximal cytoplasmic droplets.

> Decreased testicular consistency at palpation in Zebu bulls was related to 
minor morphological alterations in the seminiferous epithelium but no 
obvious deviations at the cauda epididymides duct epithelium. Palpation for 
testicular consistency is to be considered an important component of the 
clinical andrological evaluation of breeding bulls.

> Of the clinical and spermatological parameters examined in mature Zebu 
bulls followed for 13 months, only SC showed a significant seasonal 
variation. This variation was positively related to BCS rather than to the 
climatic variables studied.
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