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Abstract

To evaluate the effects of season on semen,
scrotal circumference and testosterone concentration in
Corriente and European-breed bulls, 758 samples were
analyzed in four years. Comparisons were made
between bulls of the same breed in different seasons and
between bulls of different breeds in the same season.
Scrotal circumference of both breeds was higher in the
summer and autumn (P < 0.01). Sperm concentration,
individual motility and live cells were lower in summer
and autumn in European-breed bulls (P < 0.01). All
percentages of sperm defects were higher, and
testosterone was lower in European-breed bulls during
summer and autumn (P < 0.01). Gross motility tended to
be lower (P = 0.09) in European-based bulls during
winter. Scrotal circumference was higher in European-
breed bulls than Corriente bulls in all seasons (P < 0.01).
Ejaculate volume and sperm concentration were similar
in Corriente and European-breed bulls in all seasons
(P > 0.1). Individual motility was lower in European-
breed than in Corriente bulls in summer and autumn
(P < 0.01 and <0.01). Live cells count was lower in
European-breed than in Corriente bulls during the
summer and autumn (P < 0.01 and <0.01). Major sperm
defects were higher for Corriente than European-breed
bulls during winter (P < 0.01). Minor cell defects were
higher in summer and autumn (P < 0.01) in European-
breed than in Corriente bulls. Total defects were lower
in Corriente than in European-breed bulls during
summer and autumn (P < 0.01), and higher during
winter (P < 0.01). Testosterone was higher in Corriente
bulls during summer (P < 0.01) and autumn (P < 0.01)
than in European-breed bulls. Gross motility was lower
(P < 0.05) in European-breed than in Corriente bulls in
winter. Season had no effect on most semen
characteristics in Corriente bulls, while European-breed
bulls had lower semen quality during the hotter seasons.
This indicates a better adaptation of Corriente cattle,
suggesting that these bulls can be used for mating all
year in hot environments.

Keywords: Corriente cattle, reproduction, seasons,
semen characteristics, testosterone.

Introduction

The reproductive performance of a bull
depends on many factors affecting seminal, behavioral
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and physiological characteristics. In general, cattle has
been recognized to follow a non-seasonal reproductive
pattern, meaning that bulls and cows do not breed
during certain seasons of the year only, because the
hypothalamic-hypophyseal-gonadal axis is considered
to be insensitive to the pineal gland hormone; therefore,
their gonads function throughout the year (Short, 1987).
However, it is well known that in continuous breeding
programs under harsh environmental conditions without
nutritional ~ supplementation, cattle breed more
effectively during summer and early autumn months,
when food availability is higher; moreover, cattle living
in very high latitudes have been reported to breed
seasonally, with most calvings occurring during spring
(Borisenkov et al., 2004). Environmental factors such as
temperature, rainfall and photoperiod affect the
reproductive pattern in cattle, where differences can be
observed among animals of different genuses, species
and breeds (Lamothe-Zavaleta et al., 1991), and where
better adapted animals to harsh environments may breed
more efficiently throughout the seasons of the year.
Such is the case of Corriente cattle, a Mexican-native
biotype of cattle that has been bred in northern states of
this country. These cattle are used nowadays mainly for
roping activities in rodeo, due to their small size, high
strength and agility (Russell et al., 2000) but have been
long bred by native people in the Mexican state of
Chihuahua for meat producing purposes. Currently, a
large population of Criollo cattle can be located
primarily in the mountainous regions of the state, under
subhumid temperate weather conditions, however, in
recent years, breeders have also settled in desert regions,
where Criollo cattle can be found under extreme arid
conditions (Rios, 2010).

The survival of these cattle has depended
entirely on the availability of naturally-grown forage,
without the use of any reproductive or health
management, which has resulted in animals very well
adapted to harsh environmental conditions that are able
to live and reproduce where cattle of other breeds may
not survive (Russell et al., 2000; Quezada-Casasola et
al., 2014). The hypothesis in the present study is that
under similar environmental and nutritional conditions,
differences may exist between European-breed and
Corriente bulls, in terms of testicular size, semen
characteristics  and  testosterone  concentrations
throughout seasons of the year. Therefore, the objective
was to evaluate the effect of the season of the year on
the seminal characteristics, scrotal circumference and
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testosterone serum concentrations of Mexican Corriente
and other European-breed bulls.

Material and Methods

All procedures involving animals in the present
study were conducted according to approved local
official techniques of animal care and health in Mexico
(Federal Law of Animal Health; articles 19 to 22 and
NOM-051-ZO0-1995: Humanitarian care of animals
during mobilization). A total of 758 semen samples
from 7 Mexican Corriente and 8 European-breed mature
bulls (Angus n = 6, Hereford n = 1 and Limousin n = 1)
were analyzed during all four seasons of a four-year
period (2009 to 2012). Bulls averaged 52 months of age
(range 38 to 62 months) and were selected for the study
considering their presence throughout the whole
experimental period at the ranch of Autonomous
University of Ciudad Juarez, México, which is located
in the northern state of Chihuahua, Mexico (31° 21" 20"
N, 105° 59" 58" W), in a very dry zone with extreme
desert weather. The average annual temperatures range
from -15 to 47°C with average of 18.5°C in spring,
27.9°C in summer, 18.3°C in autumn and 8.6°C in
winter (Instituto Nacional de Estadistica y Geografia -
INEGI, 2014). For experimental purposes, seasons of
the year were defined as follows: spring (March 1 to
May 31), summer (June 1 to August 31), autumn
(September 1 to November 30) and winter (December 1
to February 28 or 29). Ambient temperature and
daylight hours were registered daily at the weather
station located inside the University ranch and are
presented in Table 1. During the study, all bulls were
housed in one of two shaded pens and were fed a diet of
which consisted in a mix of alfalfa, oat and
bermudagrass hay enough to maintain a body condition
of 4 or 5 (in a scale from 1 to 9; Richards et al., 1986).
Diet was similar in all four seasons of the year
throughout the experiment and minerals and fresh water
were offered ad libitum. All bulls were handled and all
semen samples were obtained by electroejaculation by
the same technician. Samples were obtained from each
bull at least three times during each season of each year
with resting periods >21 days. Prior to ejaculation,
scrotal circumference of each bull was measured at the
widest point of the scrotum using a metric tape.
Afterwards, the prepuce was washed with clean water
and feces were removed from the rectum prior to a
gentle massage of the accessory glands for 1 min. The
lubricated probe of the -electroejaculator (Standard
Precision Electronics, Broomfield, CO, USA) was
inserted and ejaculation was achieved by gradually
increasing the voltage for 2 s, followed by a 2 s break
until a volume >0.5 ml of semen was obtained. Each
sample was collected in a prewarmed, graded, conical
plastic tube, protected from light, cold shock and abrupt
temperature changes with a polystyrene cover until
further analysis. Immediately following collection,
ejaculate volume was measured directly in the graded
collection tube and a small drop of semen from each
sample was placed on a prewarmed slide and evaluated
using 100X microscopy for gross motility. The presence

788

of dark, thick, rapidly oscillating swirls indicated a
sample with excellent motility, with a high percentage
of sperm that were highly motile and with high cellular
concentration. Such samples were classified as "very
good". Samples that displayed slower moving swirls
were classified as "good". Samples that did not display
swirls, but showed significant individual sperm
movement were classified as "fair". Samples that had
very little sperm movement or no movement at all were
classified as "poor". For experimental analysis, samples
were classified into two categorical groups: those with
very good, good and fair gross motility formed one
group (acceptable motility) and those with poor gross
motility formed another one (non-acceptable motility),
according to the current standards set forth by the
Society for Theriogenology, which indicate that bulls
must have a minimum of "fair" sperm motility to be
considered fertile enough (Ott, 1986). Individual sperm
cell motility rate was calculated using 400X microscopy
on a drop of semen that was previously diluted with
warmed citrate sodium solution and placed on a
prewarmed covered slide and counting the cells that
moved progressively across the field out of a count of
one hundred cells (Chenoweth et al., 1992).

Throughout the experiment, sperm
concentration was measured using a spectrophotometer
(Animal Reproduction Systems; Chino, CA, USA)
according to the manufacturer instructions or a
hemacytometer (Neubauer's chamber) cell-counting
method (Muhammad et al., 2009). To evaluate sperm
morphology and to determine live cells, spermatozoa
were fixed on a warm slide using eosin-nigrosin stain
and observed under 1000X magnification (Chenoweth
et al., 1992). Stained cells in the smear were counted as
dead, while unstained cells were considered as live
cells. Sperm morphological alterations were classified
according to Hopper (2015) into major defects
(acrosome defects, proximal droplets, abnormal loose
heads, abnormal contour, abnormal midpiece, vacuoles,
dag defect or double forms) and minor defects (small
normal heads, normal loose heads, distal droplets,
abaxial implantation, coiled tails). In both traits, a total
of 100 cells were evaluated per sample and the
corresponding percentage was calculated accordingly.

At the time of sampling each bull, a blood
sample was collected by jugular vein puncture into a 10
ml vacutainer tube (Fisher Scientific, Pittsburgh, PA),
transported on ice immediately to the laboratory and
centrifuged at 3,000 x g for 30 min at 4°C. Serum was
collected in a 2 ml microcentrifuge tube and stored at -
20°C until radioimmunoassay analysis was performed.
Serum testosterone concentration was determined by
radioimmunoassay using the methodology described by
Murdoch and Dunn (1982). The antibody 11-BSA#5-50
was used in a dilution of 1:40,000 and bound 42.1 of the
labeled testosterone. Sensitivity of the assay was 16.2
pg per tube and the inter and intra coefficients of
variation were 12.4 and 15.1%, respectively.

Data related to scrotal circumference, ejaculate
volume, sperm cell concentration, individual motility,
live sperm cells, testosterone concentration, as well as
minor, major and total cellular defects were compared
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between different breeds (Corriente and European) in
the same season of all four years of the experiment and
for bulls of the same breed between different seasons of
the year under a completely randomized design using
the GLM procedure of SAS. Resulting means of the
ANOVA were compared with Tukey tests and
differences were considered as statistically significant at
the P <0.05 level whereas a trend was accepted to occur
if 0.05 < P < 0.10. Data related to gross motility of
semen from both breed groups and all four seasons was
compared between categorical groups with acceptable
motility a non-acceptable motility with a Chi-squared or
Fisher's exact test using the FREQ procedure of SAS
(Statistical Analysis System, version 9.0).

Results

Mean, range and SEM values of scrotal
circumference, volume of ejaculate, sperm cell
concentration, individual motility, live sperm cell
percentage, sperm cell defects and serum testosterone
concentrations of European-breed and Corriente bulls
during all season of the year are shown in Table 2.

Comparison of bulls of the same breed between different
seasons of the year

Scrotal circumference of Corriente and
European-breed bulls were higher in the summer and
autumn than in winter and spring (P < 0.01). Volume of
ejaculate of Corriente and European-breed bulls was
similar in all four seasons of the year (P = 0.53 and
0.81, respectively). Sperm cell concentration was
similar in all seasons of the year in Corriente bulls (P =
0.17), but was lower during summer and autumn than in
winter and spring in bulls of European breeds (P <
0.01). Percentage of individual motility in Corriente
bulls was similar in all seasons of the year (P = 0.58)
but in European-breed bulls was lower during summer
and autumn (P < 0.01). Percentage of live sperm cells
per ejaculate was similar in all four seasons of the year
in Corriente (P = 0.57) but was lower for European-
breed bulls during summer and autumn (P = <0.01).
Percentage of sperm cells with major, minor and total
defects in ejaculates from Corriente bulls was similar in
all seasons (P = 0.22, 0.36 and 0.29, respectively), but
was higher in ejaculates from European-breed bulls
during summer and autumn (P < 0.01 and <0.01,
respectively). Serum testosterone concentration was
similar in Corriente bulls in all seasons of the year (P =
0.19), but was lower in European-breed bulls during
summer and autumn (P < 0.01). Ejaculates from
Corriente bulls had similar (P = 0.11) acceptable gross
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motility rates during spring (26 out of 28, 92.8%),
summer (54 out of 54, 100%), autumn (42 out of 42,
100%) and winter (46 out of 46, 100%). Ejaculates from
European-based bulls had similar acceptable gross
motility rates during spring (42 out of 42, 100%),
summer (47 out of 50, 94.0%) and autumn (72 out of
75, 96.0%), but tended to be lower during winter (37 out
of 42, 88.1%; P = 0.09).

Comparison of bulls of different breeds in the same
season of the year

Scrotal circumference was higher in European-
breed bulls than Corriente bulls in spring, summer,
autumn and winter (P < 0.01). Volume of ejaculate was
similar for Corriente and European-breed bulls during
spring, summer, autumn and winter (P = 0.43. 0.62, 0.57
and 0.15 respectively), as well as sperm cell
concentration, which was similar for Corriente and
European-breed bulls during spring (P = 0.45), summer
(P = 0.18), autumn (P = 0.27) and winter (P = 0.69).
Percentage of individual motility was similar for both
types of cattle in winter and spring (P = 0.17 and 0.90,
respectively), but it was lower for European-breed bulls
during summer and autumn (P < 0.01 and <0.01,
respectively). Percentage of live sperm cells per
ejaculate was similar for Corriente and European-breed
bulls in spring (P = 0.77) and winter (P = 0.92), but was
lower for European-breed bulls during the summer and
autumn (P < 0.01 and <0.01, respectively). Percentage
of sperm cells with major defects in the ejaculate was
similar for Corriente and European-breed bulls during
spring (P = 0.23), summer (P = 0.15) and autumn (P =
0.11), however, it was higher for Corriente bulls during
winter (P < 0.01). Percentage of sperm cells with minor
defects was similar for Corriente and European-breed
bulls in the winter and spring (P = 0.74 and 0.21,
respectively) but was higher in summer (P < 0.01) and
autumn (P < 0.01) for European-breed bulls. Percentage
of total defects was similar for both racial groups during
the spring (P = 0.18), however, it was lower for
Corriente bulls during summer (P < 0.01) and autumn (P
< 0.01) and higher during winter (P < 0.01). Serum
testosterone concentrations was higher in Corriente
bulls during summer (P < 0.01) and autumn (P < 0.01)
but were similar to those of European-breed bulls during
spring (P = 0.60) and winter (P = 0.21). Ejaculates from
Corriente and European-breed bulls had similar
acceptable gross motility rates during spring, summer
and autumn (P = 0.15, 0.10 and 0.55, respectively), but
rate was lower in ejaculates from European-breed bulls
during winter, when compared to those from Corriente
bulls (P = 0.02; Table 3).
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Table 1. Mean daylight hours and ambient temperatures per month during the years of the experimental period.

Month Mean 2009 2010 2011 2012
giﬁlrisght Temperature (°C) Temperature (°C) Temperature (°C) Temperature (°C)

Minimum  Maximum  Mean Minimum  Maximum  Mean Minimum  Maximum  Mean Minimum  Maximum  Mean
January 10:23 -2.0 26.0 7.6 -6.0 23.0 10.0 -4.0 26.0 5.5 -6.5 22.0 104
February 11:06 -2.0 31.0 10.5 -5.0 26.0 10.9 -15.0 28.0 6.7 -3.0 24.5 12.3
March 12:01 0.0 35.0 13.9 2.5 31.0 16.2 1.5 32.0 15.2 2.5 29.5 16.8
April 12:58 9.5 36.0 18.5 7.5 36.0 21.8 6.0 35.0 19.0 7.0 325 22.6
May 13:46 9.0 43.5 23.1 9.0 39.0 254 8.0 38.0 21.2 11.0 36.0 26.2
June 14:09 21.0 47.0 27.7 22.0 45.0 33.8 18.0 47.0 31.6 21.5 44.5 32.5
July 13:57 24.0 41.5 28.6 23.5 45.0 30.6 22.0 44.0 27.5 19.5 45.5 30.6
August 13:15 16.0 42.0 27.5 20.0 42.5 31.5 22.0 45.0 30.6 23.0 44.0 32.1
September 12:20 15.0 40.5 242 14.5 39.0 26.2 16.0 43.0 25.5 15.0 38.0 26.1
October 11:23 3.0 36.5 18.7 3.0 38.0 19.3 4.0 36.0 17.0 6.5 32.5 21.6
November 10:34 1.5 35.0 12.2 -3.0 32.5 15.7 -1.0 30.0 16.2 0.5 28.5 15.7
December 10:09 -6.0 26.5 7.7 -7.0 22.0 8.6 -6.0 25.0 6.8 -4.0 22.0 104
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Table 2. Effect of year breed and season on seminal traits and serum testosterone concentrations in Corriente and European-breed bulls.

Spring Summer Autumn Winter

Type Range Mean  +SEMD Range Mean  +SEM Range  Mean +SEM Range Mean +SEM

Corriente 26-30 27.1%° 1.4 23-32 284% 20 26-32 28.5%° 1.8 26-30 27.0%° 1.3

Scrotal circumference (cm) European 34-42 37.18 1.8 35-42 38.5% 2.3 35-42 39.0% 22 34-42 37.48 2.1
Volume of ejaculate (ml) ~ Corriente 1.5-3.5 2.9% 0.7 2.0-5.5 3.4% 0.9 2.0-5.5 3.5M 0.6 1.5-3.5 3.2M 0.6
European 0.5-15.0  3.6™ 23 1.0-7.0 347 1.7 1.0-120  3.3* 2.1 1.5-15.0  3.7% 23

Concentration (x10%ml)  Corriente 100-2250 1074.2%* 5255 400-2364 1171.5%* 4209  568-1965 1223.6** 3527  520-1950 1048.4"" 364.0
European 144-2656  1351.1**  608.1 510-1890  993.5%*  368.8 140-2500 1087.8% 5727  104-2600 1322.7%* 525.6

Corriente 56-98 80.74¢ 8.4 66-98 82.9% 9.2 69-96 83.5% 6.7 70-96 84.9% 6.0

Individual motility (%) European 50-98 83.9% 9.3 1591 62.3% 199 15-88 58.4%° 195 51-98  85.15" 9.0
Live sperm (%) Corriente 8598  92.5M 33 8599 929 36 8599 937" 36 8598 932%™ 34
European 85-98 92,34 35 65-90 73.28 3.4 58-89 71.48° 3.7 85-99 9314 3.4

Major defects (%) Corriente 3-17 10.1% 4.2 4-18 9.3 4.2 4-17 9.74 4.0 3-20 1124 45
European 4-17 9.0% 3.6 4-22 10.6% 3.6 4-18 11.14 3.9 4-17 8.85° 32

Minor defects (%) Corriente 2-18 9.3% 4.5 3-18 10.1* 48 2-17 10.8% 43 1-18 103% 4.6
European 4-17 9.18 3.6 4-23 13.9% 4.6 8-20 14.6% 2.9 4-19 9.48 3.5

Total defects (%) Corriente 10-33 19.5% 6.0 9-26 19.4% 6.7 1133 206 54 6-33 216" 63
European 10-28 18.15 42 11-41 24.5% 6.6 13-38 25.7% 5.4 10-28 18.28° 4.5

Testosterone (ng/ml) Corriente 26-56 417 0.7 2.0-5.5 3.9% 1.0 2452 3.8 0.7 2556 40™ 0.8
European 1.5-6.8 4.1 1.16 1.0-5.0 2.8 0.81 1.0-4.5 3.1% 0.77 1.5-6.2 437 0.9

ABabgionificant differences (P < 0.05) are indicated between columns by capital letters and between rows by small letters.
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Table 3. Acceptable gross motility rates in ejaculates from Corriente and European-breed bulls throughout the

seasons of the year.

Spring Summer Autumn Winter
Corriente 26/28 (92.8%)" 55/55 (100%)* 42/42 (100%)* 46/46 (100%)*
European 42/42 (100%)* 47/50 (94.0%)" 72/75 (96.0%)" 37/42 (88.1%)"

“PDifferent letters between rows indicate significant difference (P < 0.05).

Discussion

The smaller scrotal circumference of Corriente
bulls at all seasons of the year, when compared to bulls
of the others breeds, brings to attention the fact that
Corrientes do not meet the criteria of the American
Society of Theriogenologists. These criteria indicate
that bulls should have a minimum scrotal circumference
of 30 cm in order to be considered as mature, regardless
of the breed (Hopkins and Spitzer, 1997). On this
regard, it has been reported that testis size continues to
increase after puberty, so the scrotal circumference of
bulls that are >2 years old should exceed 33cm (Coulter,
1991; Hopkins and Spitzer, 1997), which agrees with
the results of European-breed bulls of the present
experiment. However, changes in testis size after 2 years
of age are reported to be breed-dependant; for example,
testicular growth continues beyond 2 years in Angus
bulls, but not in Hereford bulls (Chenoweth et al.,
1984), which may be the case of Corriente bulls, as a
specific characteristic of this breed. The seasonal
variation of scrotal circumference during the present
experiment may indicate that Corriente bulls, although
they are a breed that is well adapted to climatic
conditions of the state, may be more sensitive to cold
temperature. Findings of the present study agree with
those of other authors which report that Brahman bulls
do not maintain their scrotal circumference and
testicular volume during winter and spring in North
America (Godfrey et al., 1990), which leads to lower
sperm cell production. Corriente bulls did not show
seasonal variations in terms of sperm cell concentration.
This indicates that although scrotal circumference was
lower during winter and spring, the amount of sperm
cells produced was not affected. European-breed bulls
in the study, seemed to be more sensitive to heat stress
and showed significantly lower sperm cell concentration
during summer and autumn, when the mean ambient
temperature reached an average of 30°C. The negative
effect of heat stress on spermatogenesis has been widely
documented (Meyerhoeffer et al., 1985; Menegassi et
al., 2016), and there are reports that mention that
although ejaculate volume is not negatively affected by
hyperthermia, initial motility, sperm concentration and
total sperm counts decrease following exposure to
temperatures above 29°C and spermatogenesis is
impaired at temperatures above 30°C (Hansen, 2009). It
is important to notice that semen characteristics are not
immediately affected by high temperatures, and they do
not return to normal until up to eight weeks following
the end of heat stress (Hansen, 2009), which helps to
explain the results of the lower sperm cell concentration
found in European-breed bulls in the present study
during the months of autumn that do not represent heat
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stress for the animals.

Volume of ejaculate was similar in both racial
groups during all seasons of the year and these values
agree with the ranges obtained by other authors in Bos
indicus and Bos taurus bulls (Brito et al., 2002;
Koivisto et al., 2009). It has been reported that seasonal
effects can be observed in volume of ejaculate of bulls
by a combined effect of high temperatures and poor
grazing quality in the dry and hot season (Koivisto et
al., 2009). Such was not the case of the animals in the
present study, since all bulls were fed adequately. On
the other hand, it has been demonstrated that the
ejaculate volume, but not the sperm concentration and
motility, is significantly influenced by the semen
collection team and the ejaculator device used
(Mathevon et al., 1998). Through the present study,
collection conditions were standardized and semen was
collected by the same technician with the same
equipment in such way that the procedure was carried
out similarly every time.

The lower percentages of progressively motile
spermatozoa observed in samples of European-breed
bulls during the summer and autumn agree with the
report of Koivisto et al. (2009), who found that
Limousin and Simmental bulls had lower motility
values during these seasons of the year, when compared
with Nelore (Bos indicus) bulls, and that the highest
individual motility values were found in winter in both
genotypes. Other authors describe similar results (Silva
et al., 1991), indicating a better heat resistance of Bos
indicus, in a similar way of Corriente cattle. The shift
between the period of high temperatures and low sperm
motility from the beginning of low sperm motility may
reflect the time span from the beginning of heat to the
appearance of heat related semen alterations, such as
diminished motility, coinciding with the duration of
spermatogenesis of about 2 months in bulls (Barth and
Oko, 1989). This corresponds also with the return of
normal motility values after exposure to heat, as
reported by Meyerhoeffer et al. (1985). Although cell
sperm motility is greatly related to semen quality and
further conception rates (Pangewar and Sharma, 1989;
Gotschall and Mattos, 1997), results from other studies
(Fitzpatrick et al., 2002; Holroyd et al., 2002) indicate
that it is not.

The percentage of live sperm cells is a good
indicator of semen quality and is affected by high
ambient temperature. It has been reported that
differences exist between seasons of the year, with the
lowest live sperm cell percentages occurring in summer
and the highest in winter (Mathevon et al., 1998;
Kebede et al., 2007). The lower percentage of live
sperm observed in bulls of European breeds of the
present study agrees with these findings, and it may be
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that these bulls are more susceptible to high ambient
temperatures than Corriente bulls. Coincidentally, it has
also been reported that cattle that has been adapted over
the years to harsh environments and hot weather, such
as Brazilian Curraleiro, which tends to have higher live
sperm values in all seasons of the year (Teixeira et al.,
2011) when compared to bulls of other breeds.

The presence of major sperm cell defects
indicate disturbed spermatogenesis (Koivisto et al.,
2009), therefore, the similar percentage of this kind of
abnormalities in Corriente and European-breed bulls
during spring, summer and autumn indicate that
spermatogenesis was not affected by environmental heat.
However, the percentage of minor cell defects
representing changes in the epididymal sperm maturation
was the highest during summer and autumn in European-
breed bulls. Consequently, the total percentage of sperm
cell defects was also higher during summer and autumn
in these bulls. These findings are in agreement with
previous reports (Koivisto et al., 2009) and emphasize the
better adaptation of some bulls to hot environmental
conditions, such as Corriente bulls in the present study.
The greater resistance in Corriente bulls than breeds of
European origin to high ambient temperatures affecting
sperm morphology may be explained by the specific
adaptations of features enhancing the local cooling
system of the testis, similar to those reported by Brito et
al. (2004) in Bos indicus cattle.

Testosterone range and mean serum
concentrations observed in Corriente and European-
breed bulls are similar to those reported by other authors
(Henney et al., 1990). Concentration of testosterone has
been found not to be influenced by season of the year in
Holstein bulls (Peirce et al., 1987). On this regard, some
authors report higher mean concentrations of
testosterone during colder seasons of the year
(Gwazdauskas et al., 1980), however, greater serum
testosterone concentrations in June and August were
observed by Stumpf et al. (1993). Results of the present
study do not support these data, as mean concentrations
of testosterone were greatest during winter and spring in
European-breed bulls and were similar during all
seasons in Corriente bulls. Discrepancies in the effect of
season of the year on serum concentrations of
testosterone may be due to the various experimental
procedures utilized. For example, Gwazdauskas et al.
(1980) collected blood from each bull every 6 weeks
and Stumpf et al. (1993) did it at 10 min intervals for 24
h. The irregular and pulsatile pattern of testosterone
secretion creates problems to determine its relationship
with season of the year, since samples collected at low
frequency (e. g. daily) have a random chance of being
collected during periods of basal secretion (Parkinson,
2004). The consequent variability of testosterone
concentrations in a low-frequency sampling regime
makes difficult to find association with parameters such
as environmental conditions. Nevertheless, data
obtained in the present study suggest that Corriente
bulls may be better adapted to heat environmental
conditions, being more able to maintain a stable pattern
of secretion of testosterone throughout the seasons of
the year than other European-breed bulls.
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Season of the year had no significant effect on
most of fresh semen characteristics in Corriente bulls,
when compared to bulls of other European breeds in the
desert conditions of northern Mexico. In general,
European-breed bulls had lower semen quality during
summer and autumn, the hotter seasons of the year. This
shows a better adaptation of Corrientes to the hot
environmental conditions of this region and suggests
that this biotype of cattle can be used for mating
throughout the year.
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