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Abstract The aim of this study was to evaluate the bioclimat-
ic thermal stress assessed by Equivalent Temperature Index
(ETI) and Temperature Humidity Index (THI) on Braford and
Nellore bulls sperm quality during the reproductive seasons at
the tropical region in the Brazilian Pantanal. We used 20 bulls
aged approximately 24 months at the beginning of the study.
Five ejaculates per animal were collected using an
electroejaculator. Temperature, air humidity, and wind speed
data were collected every hour from the automatic weather
station at the National Institute of Meteorology. Infrared ther-
mography images data were collected to assess the testicular
temperature gradient in each animal. Data were analyzed with
ANOVA using MIXED procedure of SAS and means were
compared using Tukey’s HSD test. The THI and ETI at
12 days (epididymal transit) were higher in January (89.7
and 28.5, respectively) and February (90.0 and 29.0, respec-
tively) compared to other months (P < 0.01). Total seminal
defects differ only in Bradford bulls between the months of
November and February. Nellore bulls had lower major de-
fects (MaD) and total defects (TD) compared to Braford.

Nellore bulls showed correlation between minor defects
(MiD) and THI for 30 days (0.90) and 18 days (0.88;
P < 0.05). Braford bulls showed correlation for MaD (0.89)
in ETI for 12 days (P < 0.05). Infrared thermography showed
no difference between animals. Reproductive response to en-
vironmental changes is a consequence of Nellore and Braford
adaptation to climate stress conditions. Both THI and ETI
environmental indexes can be used to evaluate the morpho-
logical changes in the seminal parameters in Nellore or
Braford bulls; however, more experiments should be per-
formed focusing on larger sample numbers and also in repro-
ductive assessment during the consecutive years to assess fer-
tility potential.
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Introduction

Environmental conditions of cattle breeding at tropical regions
may be affected by heat stress when the mechanisms of body
thermoregulation are unable to promote heat loss adequately.
An increase in the internal temperature above physiological
limits causing an unbalanced testicular scrotal thermoregula-
tion may result in testicular degeneration in mammal animals
(Cheminau 1994; Kastelic et al. 2001). In humans, a review
described that global warmingmay have contributed to chang-
es in human fertility in the last twentieth century (Fisch et al.
2003). Adaptation and use of animal breeding in tropical re-
gions of Brazil become an important aspect of livestock pro-
duction efficiency as a result of probable climate environmen-
tal changes (McManus et al. 2011).
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The thermal stress decreases conception rates, and it also
decreases semen quality in bovine (De Rensis and Scaramuzzi
2003; Burns et al. 2010). Environmental effects on seminal
characteristics during seasons in bulls have been well de-
scribed by some authors (Nichi et al. 2006; Menegassi et al.
2015, 2016). In agreement, Meyerhoeffer et al. (1985) ob-
served that exposure of Bos taurus bulls at temperature of
35 °C for 8 h resulted in decreased semen quality. Koivisto
et al. (2009) also evaluated the seminal characteristics, such as
seminal motility, vigor, and sperm morphology, of European
bulls (B. taurus) and Indian bulls (Bos taurus indicus) located
in southeastern Brazil under the influence of the tropical sea-
sons and observed that heat tolerance was greater in (zebu)
Indian bulls compared to European bulls. Thus, animals under
climatic change conditions have mechanisms to promote the
adaptation to the environment that may interfere with sper-
matogenesis and sperm production.

It is well known that animals in different environments are
able to adapt its physiology to face global environmental
changes (Silva and Maia 2013). In tropical regions, the equiv-
alent temperature index (ETI) seems more appropriate than
the temperature and humidity index (THI) due to the inclusion
of the wind speed to determine a better caloric evaporation
when animals are submitted to heat stress (Silva et al. 2007).
Different indexes, ETI, THI, and Globe Index and Humidity
(BGHI), have been used to measure climate changes in trop-
ical region in Holstein and Jerseys cows, providing uncertain-
ly results when correlated to rectal temperature and respiratory
frequency rates (Silva et al. 2007). The animal living environ-
ment is complex, and several indexes have been used to mea-
sure the best indicator parameter to detect environmental
changes to which animals are exposed. However, from our
knowledge, there is no studies in the literature that provide
information using ambient air temperature, humidity, and
wind velocity on seminal quality in beef bulls under field
conditions in tropical regions.

Bulls are subject to environmental variations that interfere
with their fertility and reproductive effectiveness (Berry et al.
2011). Therefore, the objective of this study was to evaluate
climate changes by ETI and THI and its effects on Braford and
Nellore bulls sperm quality during the reproductive seasons at
the Brazilian Pantanal.

Materials and methods

Animals and climate data

Twelve bulls Braford (5/8 Hereford × 3/8 Nellore) and eight
Nellore bulls aged from 2 to 5 years were used in this exper-
iment. All procedures were approved by the Federal
University of Rio Grande do Sul Ethical Committee for care
and use of experimental animals (Project 26250,

CEUA/UFRGS). Animals were evaluated and semen was col-
lected at five occasions as follows: September 16, 2014;
November 13, 2014; January 12, 2015; February 02, 2015,
and March 11, 2015.

All animals were kept outdoor in the same environmental
conditions and fed in a diet system based on natural pasture.
Bulls received mineral supplementation and free access to
water and shadow. The experiment was conducted at
Tropical region in Brazilian Pantanal Matogrossense at the
farm located at 54° 19′ 12″ W longitude and 30° 20′ 11″ S
latitude, at 114 m altitude and climate classified as Aw, ac-
cording to Köppen-Geiger. The Pantanal region has two dif-
ferent characteristic seasons, one considered rainy season
from October to April and another called dry season from
May to September.

Reproductive evaluation

All animals had a breeding soundness examination at the be-
ginning of the experiment. The examination consisted of a
comprehensive general clinical examination, specific repro-
ductive examination, and seminal evaluation. The rectal tem-
perature from each bull was registered in all evaluations, mea-
sured with a digital thermometer for 1 min prior to semen
collection. A total of five ejaculates (one per month) were
collected from each bull using an automatic operated
electroejaculator Pulsator IV (Lane Manufacturing Denver,
CO, USA). For semen collection, bulls were restrained to
facilitate rectal probe insertion and feces were manually re-
moved. An electroejaculator probe with three ventrally orient-
ed longitudinal electrodes was used to deliver a sequence of
electrical impulses to each bull.

Semen evaluation was performed and mass motion (MM)
was determined by placing a 10 μL drop of semen on a
prewarmed microscope slide, and the edge of the drop was
examined using an optical microscope at ×20 magnification.
Mass motion received a score ranging from 0 to 5: 0 = no
swirl, 1 = no swirl with generalized oscillation of individual
sperm only, 2 = very slow distinct swirl, 3 = slow distinct
swirl, 4 =moderately fast distinct swirl and eddies, and 5 = fast
distinct swirls and eddies with the appearance of good quality
semen. Spermmotility (M) was examined under a bright-field
microscope at a magnification of ×40 with a 5-μL aliquot of
semen placed on a warmed (37 °C) slide and covered with a
coverslip. Sperm M was evaluated as the percentage of sperm
movement (0 to 100 %). Vigor (VIG) was evaluated using a
scale from 0 to 5 based on the sperm progressive movement,
where 0 = none, 1 = very weak, 2 = weak, 3 = intermediate,
4 = strong, and 5 = very strong.

In addition, each semen aliquot was diluted in buffered
saline-formaldehyde (1:10), and sperm morphology was ana-
lyzed using a phase-contrast microscope. Spermatozoa were
also evaluated with eosin-nigrosin staining using a bright-field
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microscope. Major sperm defects (MaD) were considered as
the following: acrosome defect, abnormal head, double head,
abnormal small head, proximal protoplasmic droplet,
midpiece defect, accessory tail, and strongly bent tail. Minor
sperm defects (MiD) included distal protoplasmic droplet, ab-
axial implantation, bent tail, and detached head. The total
defects (TD) were considered in 200 sperm cells from each
animal, and a sperm classification was performed as previous-
ly described by the Bull Breeding Soundness Evaluation of
the Western Canadian Association of Bovine Practitioners
(Barth 2000). We considered the spermatogenesis phase of
18 days and the epididymal transit of 12 days, according to
the criteria adopted by Pineda and Faulkner (1980).

Calculation of temperature-humidity and equivalent
temperature indexes

The temperature, air humidity, and wind speed data were col-
lected every hour from the automatic weather station at the
National Institute of Meteorology (INMET 2014), situated at
57° 64′ 08″ W longitude and at 19° 00′ 10″ S latitude.

The THI data were estimated from the following equation
described by The National Research Council (1971):

THI ¼ 1:8� Tdbþ 32ð Þ− 0:55−0:0055� RHð Þ
� 1:8� Tdb−26ð Þ

where Tdb is the dry-bulb air temperature (°C) and RH is the
relative air humidity in decimal form. TheETI datawere estimat-
ed from the following equation described by Baeta et al. (1987):

ETI ¼ 27:88‐0:456 Taþ 0:010754 Ta2‐0:4905RH

þ 0:00088 RH2 þ 1:1507 W‐0:126447 W2

þ 0:019876 Ta RH‐0:046313 Ta W

whereTa is theair temperature(°C);RH is therelativeairhumidity
(%); andW is the wind speed (m s−1).

Infrared thermography measurement and analysis

The mean temperature of the scrotal surface of each bull was
evaluated by positioning the FLIR T 300 infrared camera 1 m
from each testicular pair-oriented perpendicular to the scro-
tum. The gradient between the images at 76,800 pixel
(320 × 240) resolution with a thermal sensitivity of under
0.05 °C was evaluated. The temperatures from the proximal
(proximal pole temperature; PPT) and distal (distal pole tem-
perature; DPT) poles of the scrotum were measured using a
line 1 pixel high located from the side to the scrotum image for
each region.

The thermal gradient (TG) variation between these two
extremities was also evaluated in this manner. To evaluate

the bull’s thermal status, a lateral image 1 m from the animal’s
head was recorded, and a circle was drawn around the orbital
region including the ocular globe, the skin surrounding the
ocular cavity, and the lacrimal gland (OcT). The images gen-
erated from the radiation emitted by the body (thermograms)
were later analyzed by Quick Report software 1.2. The infra-
red thermography measurement and analysis were conducted
as previously described by Menegassi et al. (2015).

Statistical analyses

Data were analyzed with ANOVA usingMIXED procedure of
SAS v.9.3 (Statistical Analysis System, SAS 2011). The mod-
el included the effects for collection date, racial group of bulls,
and its interactions. The statistical model regarding the analy-
sis of the variables studied was represented by:

Yijk ¼ μþ Tiþ βjþ Tβð Þijþ γk þ εijk

where Yijk is the dependent variable, μ is an average inherent
to all observations, Ti represents the effect of collection date,
βj is the effect of racial group of bulls, Tβ represents the
interaction between collection date and racial group, γk is
the random effect of animal (bull), and εijk represents the
experimental error.

Data normality and homoscedasticity were verified using
the Shapiro-Wilk test (P > 0.05). When necessary, physiolog-
ical variables (RT, PPT, DPT, TG, and OcT), seminal variables
(M, VIG, MM, MaD, MiD, and TD), and climatic variables
(THI and ETI) were transformed and logarithmic transforma-
tion was used. The means of the seasons were compared using
Tukey’s HSD test, considering a significance level of 5 %
(P < 0.05). Pearson correlation analyses were used to correlate
the THI, ETI, and the physiological and seminal parameters of
bulls.

Results

The THI at 30-day period was significantly higher in February
(90.0) compared to other months (P < 0.01). The THI during
spermiogenesis (18 days) and at epididymal transit (12 days)
was higher in January (89.5 and 89.7, respectively) and
February (89.7 and 90.0, respectively) compared to other
months (P < 0.01). However, ETI at 30-day period was higher
during the summer in January (28.6) and February (28.7)
compared to other months (P < 0.01). The ETI with 12 days
at epididymal transit was significantly higher in January and
February compared to other months (28.5 and 29.0, respec-
tively; P < 0.01). In addition, the lower THI and ETI were
observed in March and differ from January and February
(P < 0.01). Microclimate factors used to obtained ETI and
THI are shown in Table 1.
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TheΔTG observed in Nellore and Braford animals was sim-
ilarduringtheevaluatedmonths.However,meanΔTGdecreased
in Nellore (2.1 ± 0.15) compared to Braford (3.3 ± 0.20) bulls
(P<0.05;Table2).TheΔTG(temperaturegradientvariation) for
testicular scrotum temperatures for one Braford and one Nellore
animal during the study period are presented in Fig. 1.

In Braford, spermMwas lower in March (60.90 ± 7.31) and
January (74.54 ± 2.37) compared to other evaluated months
(P < 0.01). In Nellore bulls, sperm MM and VIG in November
(4.87±0.12)showeddifferencecomparedtoSeptember, January,
andMarch(3.50±0.56,3.37±0.27,and3.37±0.32,respectively;
P < 0.01). Sperm MM and VIG in Braford bulls in November
(4.63±0.20) showeddifferencecompared toMarch (3.18±0.37;
P < 0.01). Alterations in the spermatic pathologywere identified
in Braford animals in November (12.36 ± 1.45) compared to
February (23.36 ± 4.17; P = 0.02). Overall, MaD and TD in
Nellore (7.90 ± 0.96 and 12.70 ± 1.09) showed difference com-
pared to Braford (11.80 ± 1.03 and 17.30 ± 1.23) animals
(P < 0.05; Table 2).

For the seminal variables in Nellore, MiD was positively
correlated with THI (30 days) period (0.90; P < 0.05) and
spermiogenesis (18 days) period (0.88; P < 0.05). The OcT
had a positive correlation with DPT (0.95; P < 0.05). Motility
showed a highly positive correlation with VIG andMM (0.98;
P < 0.01) (Table 3). In Braford bulls, M showed a highly
positive correlation with VIG and MM (0.96; P < 0.01). The
TD was positively correlated with MaD (0.94; P < 0.05). In
addition, we also observed that ETI at epididymal transit
(12 days) period had positive correlation with MaD (0.89;
P < 0.05). The OcT had a positive correlation with DPT
(0.97; P < 0.05) (Table 4).

Discussion

The average THI and ETI observed in this study during sem-
inal evaluation were higher during the months of January and

February compared to the other evaluated months. This indi-
cate that the presence of variables such as air humidity, air
temperature and wind speed are crucial in the evaluation of
climate stress using either indexes which can be used to de-
termine the characteristic of the rainy season in the tropical
region. TheΔTGmeasured by infrared thermography showed
no testicular changes to eliminate Nellore and Braford bulls
based on the reproductive evaluation where the study was
conducted, similarly with the previous findings described in
the literature in subtropical regions (Menegassi et al. 2015,
2016). However, lower ΔTG in Nellore bulls observed at
the tropical environment may be related to the animal adapta-
tion and to the physiological anatomical characteristics of the
reproductive system of indicus sub species compared to
Braford that are considered as cross breeding animals.

According to the literature, the results of the ΔTG in our
study showed no correlation with the evaluated seminal pa-
rameters (Menegassi et al. 2015, 2016). Thus, the infrared
thermography cannot be used alone as an indirect technique
to evaluate the effects of heat stress on the seminal parameters
bulls. In this experiment, the highest THI at 30, 18, and
12 days (90.0, 89.7, and 90.0, respectively) and ETI (28.7,
29.0, and 29.0, respectively) were observed in February.
Both environmental indexes are important to link any climatic
change conditions that could be affect changes in the seminal
parameters in Nellore or Braford bulls. Different experimental
models that take into account the wind speed and radiation are
crucial to ensure ideal livestock production to enhance animal
thermal comfort by mitigating the environmental effects
(Mader et al. 2010). Our findings showed that THI and ETI
observed for 18 days (spermiogenesis) and 12 days (epididy-
mal transit) before semen collection were not harmful enough
to determine the morphological changes during spermatogen-
esis. Accordingly, Menegassi et al. (2015b) found no
morphological changes during spermiogenesis with THI
of 83.8 and 93.0 in Bradford and Brangus bulls in sub
tropical regions, respectively.

Table 1 Temperature-humidity and equivalent temperature indexes collected during seminal evaluation from Nellore and Braford bulls at Brazilian
Pantanal

Variables Collection month Mean ± SE Pr > F

September November January February March

THI 30d 82.81 ± 0.88c 85.67 ± 0.60b 87.91 ± 0.59ab 90.02 ± 0.51a 79.02 ± 0.30d 85.1 ± 0.41 <0.001

THI 18d 85.10 ± 0.83b 85.70 ± 0.83b 89.49 ± 0.53a 89.71 ± 0.76a 79.65 ± 0.32c 85.8 ± 0.49 <0.001

THI 12d 84.28 ± 1.10b 84.65 ± 1.14b 89.69 ± 0.78a 90.01 ± 1.07a 80.01 ± 0.33c 85.5 ± 0.63 <0.001

ETI 30d 26.52 ± 0.19c 27.72 ± 0.25b 28.61 ± 0.11a 28.75 ± 0.11a 26.17 ± 0.18c 27.5 ± 0.11 <0.001

ETI 18d 26.98 ± 0.21cd 27.73 ± 0.38bc 28.46 ± 0.09ab 29.02 ± 0.10a 26.23 ± 0.19d 27.7 ± 0.14 <0.001

ETI 12d 26.87 ± 0.28b 27.15 ± 0.46b 28.50 ± 0.11a 29.07 ± 0.09a 26.48 ± 0.20b 27.6 ± 0.17 <0.001

Within a row, means without a common lowercase letters differed by Tukey’s test (P ≤ 0.05);

Data showed as mean ± SE (standard error), THI temperature-humidity index, ETI equivalent temperature index
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The M, VIG, and MM for Braford bulls were lower in
March probably because these animals were at the end of
the breeding season. Nellore bulls showed reduced VIG and
MM in September and March, probably because they were in
sexual rest and also at the end of the breeding season. A study
in tropical climates using Simmental and Nellore bulls showed
several changes in sperm morphology, M, VIG, and MM dur-
ing all evaluated seasons and its association with higher levels
of reactive oxygen species (ROS) production and decreased
activity of antioxidant enzymes in Simmental ejaculated se-
men (Nichi et al. 2006). In the human epididymis, excess
residual cytoplasm contains high levels of enzymes resulting

from the degradation of cytoplasmic droplets, which produce
excessive amounts of ROS (Rengan et al. 2012). Further stud-
ies are guaranteed to identify ROS and antioxidant enzymes
parameters that may be involved in the spermatogenesis
changes under different environmental conditions.

The morphological changes found in both bulls breeders,
according to THI and ETI, are not crucial to eliminate animals
at the BBSE exam. Studies using Angus bulls showed that
morphological alterations classified as intermediated piece-
reflex (DMR) are associated with low concentration of testos-
terone or related to heat stress (Cassady et al. 1953; Barth and
Bowman 1994). Barth (2000), studying Angus and Jersey

Table 2 Effect of collection month on physiological changes and seminal parameters from Nellore and Braford bulls

Variables Collection month Mean ± SE Pr > F

September November January February March

Physiological changes

Nellore

TG 2.27 ± 0.39 1.61 ± 0.30 2.72 ± 0.25 2.16 ± 0.34 1.72 ± 0.38 2.10 ± 0.15B 0.164

PPT 33.67 ± 0.24bc 35.01 ± 0.27ab 35.22 ± 0.44a 33.78 ± 0.32bc 33.62 ± 0.33 c 34.20 ± 0.18B 0.001

DPT 31.40 ± 0.27c 33.40 ± 0.13a 32.62 ± 0.33ab 31.75 ± 0.30bc 31.90 ± 0.32 bc 32.20 ± 0.16 A <0.001

OcT 35.62 ± 0.44bc 37.82 ± 0.21a 36.61 ± 0.28ab 35.18 ± 0.35c 35.86 ± 0.14 bc 36.20 ± 0.20 <0.001

RT 39.18 ± 0.10ab 39.20 ± 0.07ab 38.97 ± 0.12b 39.13 ± 0.12ab 39.61 ± 0.16 a 39.20 ± 0.06 0.013

Braford

TG 4.26 ± 0.51 2.65 ± 0.30 3.34 ± 0.45 3.61 ± 0.38 3.01 ± 0.45 3.37 ± 0.20 A 0.102

PPT 35.16 ± 0.51ab 34.82 ± 0.30ab 35.67 ± 0.39a 35.06 ± 0.30ab 34.02 ± 0.39 b 34.90 ± 0.18 0.065

DPT 30.90 ± 0.26c 32.17 ± 0.26ab 32.41 ± 0.21a 31.45 ± 0.30abc 31.10 ± 0.33 bc 31.60 ± 0.14B <0.001

OcT 34.08 ± 0.22c 36.59 ± 0.26a 36.21 ± 0.18a 35.08 ± 0.15 ± b 34.46 ± 0.28 bc 35.30 ± 0.16 <0.001

RT 39.23 ± 0.10 39.30 ± 0.11 39.24 ± 0.21 39.50 ± 0.08 39.62 ± 0.14 39.40 ± 0.06 A 0.210

Seminal parameters

Nellore

M 72.50 ± 5.59 91.87 ± 1.87 71.87 ± 3.52 74.37 ± 6.77 71.25 ± 8.33 76.40 ± 2.70 0.073

VIG 3.50 ± 0.26 b 4.87 ± 0.12 a 3.37 ± 0.26 b 3.87 ± 0.39ab 3.37 ± 0.32b 3.80 ± 0.15 0.003

MM 3.50 ± 0.26 b 4.87 ± 0.12 a 3.37 ± 0.26 b 3.87 ± 0.39ab 3.37 ± 0.32b 3.80 ± 0.15 0.003

MaD 10.87 ± 3.25 7.37 ± .178 8.12 ± 2.79 6.37 ± 1.25 6.75 ± 0.97 7.90 ± 0.96B 0.861

MiD 4.87 ± 1.20 4.87 ± 1.15 4.87 ± 0.63 5.87 ± 0.78 3.87 ± 0.71 4.87 ± 0.40 0.322

TD 15.75 ± 3.64 12.25 ± 2.31 13.00 ± 2.91 12.25 ± 1.60 10.62 ± 1.16 12.70 ± 1.09B 0.688

Braford

M 80.45 ± 3.04 a 86.81 ± 2.36 a 74.54 ± 2.37 ab 80.0 ± 4.31a 60.90 ± 7.31b 76.50 ± 2.20 0.001

VIG 4.09 ± 0.25 ab 4.63 ± 0.20 a 3.63 ± 0.24 ab 4.27 ± 0.27ab 3.18 ± 0.37b 3.96 ± 0.13 0.005

MM 4.09 ± 0.25 ab 4.63 ± 0.20 a 3.63 ± 0.24 ab 4.27 ± 0.27ab 3.18 ± 0.37b 3.96 ± 0.13 0.005

MaD 9.81 ± 1.80 8.81 ± 1.27 12.72 ± 1.57 17.27 ± 3.73 10.54 ± 1.75 11.80 ± 1.03 A 0.053

MiD 3.81 ± 0.35 3.54 ± 0.51 7.63 ± 1.79 6.09 ± 0.93 6.54 ± 1.62 5.52 ± 0.55 0.059

TD 13.63 ± 1.94ab 12.36 ± 1.45b 20.36 ± 2.28ab 23.36 ± 4.17a 17.09 ± 2.02ab 17.30 ± 1.23 A 0.020

Within a row, means without a common lowercase letters differed by Tukey’s test (P ≤ 0.05)

Within a column, means without a common uppercase letters differed by Tukey’s test (P ≤ 0.05)

Number of Nellore bulls/ejaculates (12/60); Number of Braford bulls/ejaculates (8/40)

Data showed as mean ± SE (standard error), M motility (%), VIG vigor (0–5), MM mass motion (0–5), RT rectal temperature (°C), PPT proximal pole
temperature (%), DPT proximal pole temperature (%), TG temperature gradient (°C), OcT ocular temperature (°C),MaDmajor defects (%),MiDminor
defects (%), TD total defects (%)
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bulls, found a hereditary predisposition of DMR in sperm
these bulls. Those alterations were probably due to environ-
mental changes causing thermal stress and increasing the pres-
ence of seminal pathologies in less adapted animals.

The heat stress effects on the reproductive perfor-
mance of bulls are often carried out by simulating the
natural environment in climatic chambers or scrotal in-
sulation (Kastelic et al. 1996; Fernandes et al. 2008).

Thus, the methodology used in this study uses animals
under natural conditions subjected to environmental
stress during their spermatogenesis and reproductive
performance in the field. Besides air temperature, wind
speed was also an important factor in the bovine ther-
moregulation process and has a more marked effect on
testicular cooling (Overton et al. 2002). According to
our data, it was observed that the bulls have adopted

Fig. 1 Infrared thermography images of the same Nellore and Braford
animal collected during different months of the year. Temperature
gradient variation of testicular scrotum in September (a), January (b)

and March (c) in Nellore bull and in September (d), January (e), and
March (f) in Braford bull

Table 3 Correlations between temperature-humidity and equivalent temperature indexes during spermatogenesis, thermographic variables of testes,
and ocular globe temperature of Nellore bulls

Variables THI ETI THI 18 ETI 18 THI 12 ETI 12 M VIG MM RT PPT DPT TG OcT MaD MiD

M 0.17 0.15 0.30 0.26 −0.04 −0.15
VIG 0.27 0.24 0.41 0.34 0.04 −0.03 0.98**

MM 0.27 0.24 0.41 0.34 0.04 −0.03 0.98** 1.0**

RT −0.83 −0.78 −0.74 −0.71 −0.89* −0.68 −0.11 −0.13 −0.13
PPT 0.44 0.55 0.44 0.58 0.41 0.25 0.50 0.40 0.40 −0.59
DPT 0.24 0.35 0.33 0.44 0.10 0.01 0.79 0.71 0.71 −0.24 0.87*

TG 0.47 0.47 0.29 0.34 0.68 0.57 −0.59 −0.59 −0.59 −0.71 0.24 −0.26
OcT 0.02 0.11 0.10 0.19 −0.09 −0.25 0.81 0.69 0.69 −0.16 0.81 0.95* −0.30
MaD −0.22 −0.37 −0.37 −0.46 −0.09 −0.36 −0.18 −0.25 −0.25 −0.27 −0.08 −0.32 0.39 −0.07
MiD 0.90* 0.77 0.88* 0.74 0.85 0.81 0.12 0.27 0.27 −0.71 0.07 −0.06 0.34 −0.23 −0.07
TD 0.12 −0.06 −0.02 −0.16 0.23 −0.04 −0.13 −0.14 −0.14 −0.53 −0.05 −0.33 0.50 −0.15 0.92* 0.30

Number of Nellore bulls/ejaculates (12/60), THI temperature-humidity index, ETI equivalent temperature index,M motility (%), VIG vigor (0–5),MM
mass motion (0–5), RT rectal temperature (°C), PPT proximal pole temperature (%),DPT proximal pole temperature (%), TG temperature gradient (°C),
OcT ocular temperature (°C), MaD major defects (%), MiD minor defects (%), TD total defects (%), *P < 0.05; **P < 0.01

1792 Int J Biometeorol (2016) 60:1787–1794



different anatomic and physiological strategies to dissi-
pate heat in an environment by elevated appearance of
THI and ETI.

Nellore animals showed to be adapted to heat stress in
particular to the anatomical features characteristic of the Bos
indicus species that takes in consideration the pampiniform
plexus to heat exchange mechanism as an important player
in the physiological requirements for its normal reproductive
performance (Brito et al. 2003, 2004; Fernandes et al. 2004).
Recently, studies using computerized systems of arterial struc-
tures of bovine testicles show that the arterial system is ana-
tomically different between Bos taurus indicus and Bos taurus
taurus, suggesting that these differences can be part of the
response to environmental stress conditions (Polguj et al.
2015). Testicles are particularly sensitive to the influence of
external factors and to transient episodes of minor ischemia
that can lead to functional disturbances (Wrobel et al. 1981).
In addition, semen collected via electroejaculation is not a
representative of a full ejaculate in regard to volume and con-
centration, but sperm motility and morphology do not differ
from that in an ejaculate collected with an artificial vagina
(León et al. 1991; Palmer et al. 2005). In our research, we
observed that morphological semen quality has not changed
significantly to reject a bull during BBSE exam during the
breeding seasons.

Conclusions

The reproductive response to environmental changes probably
is a consequence of the genetic characteristics in Nellore and
Braford breeds to the environment adaptation to hot climate
conditions. The scrotal temperature gradient measured by

infrared thermography cannot be used alone to evaluate the
effects of heat stress on the seminal parameters in bulls. Both
THI and ETI environmental indexes can be used to evaluate
morphological changes in the seminal parameters in Nellore
or Braford bulls; however, more experiments should be per-
formed focusing on larger sample numbers and also on repro-
ductive assessment during the consecutive years to assess fer-
tility potential.

Acknowledgments This study was supported by The Brazilian Council
of Scientific and Technological Development (Project CNPq/Universal
No. 456724/2014-1) and The Coordination for the Improvement of
Higher Education Personnel/CAPES, Brazil (Project CAPES/PNPD
No. 2842/2010). The authors thank Fazenda Tres Marias, Pitangueira
Group, located in Santo Antonio de Leverger, Rondonópolis/MT, Brazil
for providing the animals and technical assistance for this study.We thank
the Brazilian Hereford and Braford Association (ABHB) for providing
financial help and assistance with the experiment.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

Baeta FC, Meador NF, Shanklin MD, Johnson HD (1987) Equivalent
temperature index at temperatures above the thermoneutral for lac-
tating dairy cows. In: Summer Meeting of American Society of
Agricultural Engineers, Paper No. 874015, St Joseph, MI, pp 1–21.

Barth AD (2000) Bull breeding soundness evaluation manual, 2nd edn.
The Western Canadian Association of Bovine Practitioners,
Saskatoon, p. 74

Barth AD, Bowman PA (1994) The sequential appearance of sperm ab-
normalities after scrotal insulation or dexamethasone treatment in
bulls. Can Vet J 35:93–102

Table 4 Correlations between temperature-humidity and equivalent temperature indexes during spermatogenesis, thermographic variables of testes,
and ocular globe temperature of Braford bulls

Variables ITU ETI ITU 18 ETI 18 ITU 12 ETI 12 M VIG MM RT PPT DPT TG OcT MaD MiD

M 0.61 0.37 0.62 0.47 0.50 0.27

VIG 0.55 0.34 0.60 0.44 0.39 0.23 0.96**

MM 0.55 0.34 0.60 0.44 0.39 0.23 0.96** 1.0**

RT −0.31 −0.12 −0.20 −0.17 −0.38 −0.04 −0.66 −0.45 −0.45
PPT 0.73 0.57 0.60 0.59 0.84 0.62 0.55 0.34 0.34 −0.78
DPT 0.57 0.74 0.59 0.73 0.52 0.43 0.34 0.25 0.25 −0.42 0.51

TG 0.07 −0.23 −0.07 −0.22 0.24 0.14 0.11 −0.00 −0.00 −0.29 0.42 −0.56
OcT 0.54 0.69 0.60 0.71 0.43 0.34 0.44 0.40 0.40 −0.37 0.38 0.97** −0.67
MaD 0.69 0.67 0.67 0.64 0.71 0.89* −0.01 0.01 0.01 0.33 0.29 0.03 0.25 −0.05
MiD 0.17 0.41 0.12 0.30 0.30 0.49 −0.65 −0.71 −0.71 0.35 0.12 0.25 −0.09 0.06 0.54

TD 0.57 0.65 0.54 0.59 0.64 0.84 −0.26 −0.26 −0.26 0.38 0.26 0.12 0.15 −0.01 0.94* 0.79

Number of Braford bulls/ejaculates (8/40), THI temperature-humidity index, ETI equivalent temperature index, M motility (%), VIG vigor (0–5), MM
mass motion (0–5), RT rectal temperature (°C), PPT proximal pole temperature (%),DPT proximal pole temperature (%), TG temperature gradient (°C),
OcT ocular temperature (°C), MaD major defects (%), MiD minor defects (%),TD total defects (%), *P < 0.05; ** P < 0.01

Int J Biometeorol (2016) 60:1787–1794 1793



Berry DP, Evans RD, Parland SMC (2011) Evaluation of bull fertility in
dairy and beef cattle using cow field data. Theriogenology 75:172–
181. doi:10.1016/j.theriogenology.2010.08.002

Brito LFC, Silva AED, Barbosa RT, Kastelic JP (2004) Testicular thermo-
regulation in Bos indicus, crossbred and Bos taurus bulls: relationship
with scrotal, testicular vascular cone and testicular morphology, and
effects on semen quality and sperm production. Theriogenology 61:
511–528. doi:10.1016/S0093-691X(03)00231-0

Brito LFC, Silva AED, Barbosa RT, Unanian MM, Kastelic JP (2003)
Effects of scrotal insulation on sperm production, semen quality and
testicular echotexture in Bos indicus and Bos indicus X Bos taurus
bulls. Anim Reprod Sci 79:1–15. doi:10.1016/S0378-4320(03)
00082-4

Burns BM, Fordyce G, Holroyd RG (2010) A review of factors that
impact on the capacity of beef cattle females to conceive, maintain
a pregnancy andwean a calf-implications for reproductive efficiency
in Northern Australia. Anim Reprod Sci 122:1–22. doi:10.1016/j.
anireprosci.2010.04.010

Cassady RB, Myers RM, Legates JE (1953) The effect of exposure to
high ambient temperature on spermatogenesis of the dairy bull. J
Dairy Sci 36:14–20. doi:10.3168/jds.S0022-0302(53)91449-0

Cheminau P (1994) Environment and animal reproduction. World Anim
Rev 77:2–14

De Rensis F, Scaramuzzi RJ (2003) Heat stress and seasonal effects on
reproduction in the dairy cow—a review. Theriogenology 60:1139–
1151. doi:10.1016/S0093-691X(03)00126-2

Fernandes CE, Dode MA, Pereira D, Silva AE (2008) Effects of scrotal
insulation in Nellore bulls (Bos taurus indicus) on seminal quality
and its relationship with in vitro fertilizing ability. Theriogenology
70:1560–1568. doi:10.1016/j.theriogenology.2008.07.005

Fernandes HJ, Paulino MF, Martins RGR, Valadares SD, Torres RD,
Paiva LM, Da Silva ATS (2004) Body composition of young bulls
of three genetic groups in the growing and finishing phases. R Bras
Zootec 33:1581–1590. doi:10.1590/S1516-35982004000600026

Fisch H, Andrews HF, Fisch KS, Golden R, Liberson G, Olsson CA
(2003) The relationship of long term global temperature change
and human fertility. Med Hypotheses 61:21–28. doi:10.1016/
S0306-9877(03)00061-6

INMET - Instituto Nacional de Meteorologia (2014) Normais
Climatológicas. Available from: http://www.inmet.gov.br. Updated
2014 Aug 16; Cited 2015 Feb 10.

Kastelic JP, Cook RB, Coulter GH, Wallins GL, Entz T (1996)
Environmental factors affecting measurement of bovine scrotal sur-
face temperature with infrared thermography. Anim Reprod Sci 41:
153–159. doi:10.1016/0378-4320(95)01460-8

Kastelic JP, Cook RB, Pierson RA, Coulter GH (2001) Relationships
among scrotal and testicular characteristics, sperm production, and
seminal quality in 129 beef bulls. Can J Vet Res 65:111–115

Koivisto MB, Costa MTA, Perri SHV, VicenteWRR (2009) The effect of
season on semen characteristics and freezability in Bos indicus and
Bos taurus bulls in the southeastern region of Brazil. Reprod
Domest Anim 44:587–592. doi:10.1111/j.1439-0531.2008.01023.x

León H, Porras AA, Galina CS, Navarro-Fierro R (1991) Effect of the
collection method on semen characteristics of zebu and European
type cattle in the tropics. Theriogenology 36:349–355. doi:10.1016/
0093-691X(91)90463-N

Mader TL, Johnson LJ, Gaughant JB (2010) A comprehensive index for
assessing environmental stress in animals. J Anim Sci 88:2153–
2165. doi:10.2527/jas.2009-2586

McManus C, Louvandini H, Carneiro HC, Lima PRM, Neto JC (2011)
Production indices for dual purpose cattle in Central Brazil. Rev
B r a s Zoo t e c 4 0 : 1 5 7 6–1586 . d o i : 1 0 . 1 5 9 0 / S 1 5 1 6 -
35982011000700025

Menegassi SRO, Barcellos JOJ, Dias EA, Koetz C Jr, Pereira GP,
Peripolli V, McManus C, Canozzi MEA, Lopes FG (2015) Scrotal
infrared digital thermography as a predictor of seasonal effects on
sperm traits in Braford bulls. Int J Biometeorol 59:357–364. doi:10.
1007/s00484-014-0847-z

Menegassi SRO, Pereira GR, Dias EA, Koetz C Jr, Lopes FG, Bremm C,
McManus CP, Lopes RB, Rocha MK, Carvalho HR, Barcellos JOJ
(2016) The uses of infrared thermography to evaluate the effects of
climatic variables in bull’s reproduction. Int J Biometeorol. doi:10.
1007/s00484-015-1013-y

Meyerhoeffer DC, Wettemann RP, Coleman SW, Wells ME (1985)
Reproductive criteria of beef bulls during and after exposure to
increased ambient temperature. J Anim Sci 60:352–357

National Research Council (1971) A guide to environmental research on
animals. National Academy of Science, Washington

Nichi M, Bols PEJ, Zuge RM, Barnabe VH, Goovaerts IGF, Barnabe RC,
Cortada CNM (2006) Seasonal variation in semen quality in Bos
indicus and Bos taurus bulls raised under tropical conditions.
Theriogenology 66:822–828. doi:10.1016/j.theriogenology.2006.
01.056

Overton MW, Sischo WM, Temple GD, Moore DA (2002) Using time-
lapse video photography to assess dairy cattle lying behavior in a
free- stall barn. J Dairy Sci 85:2407–2413. doi:10.3168/jds.S0022-
0302(02)74323-3

Palmer CW, Brito LF, Arteaga AA, Söderquist L, Persson Y, Barth AD
(2005) Comparison of electroejaculation and transrectal massage for
semen collection in range and yearling feedlot beef bulls. Anim
Reprod Sci 87:25–31. doi:10.1016/j.anireprosci.2004.09.004

Pineda MH, Faulkner LC (1980) Biology of sex. In: McDonald LE (ed)
Veterinary endocrinology and reproduction. Lea & Febiger,
Philadelphia, pp. 208–234

Polguj M, Wysiadecki G, Podgórski M, Szymański J, Olbrych K,
Olewnik L, Topol M (2015) Morphological variations of intra-
testicular arterial vasculature in bovine testis—a corrosion casting
study. BMC Vet Res 11:263. doi:10.1186/s12917-015-0580-9

Rengan AK, Agarwal A, Van der Linde M, Plessis SS (2012) An inves-
tigation of excess residual cytoplasm in human spermatozoa and its
distinction from the cytoplasmic droplet. Reprod Biol Endocrinol
10:92. doi:10.1186/1477-7827-10-92

Silva RG, Maia ASC (2013) Principles of Animal Biometeorology,
Biometeorology 2. doi: 10.1007/978-94-007-5733-2-7. Dordrecht;
New York, Springer, pp 261

Silva RG, Morais DAVF, Guilhermino MM (2007) Evaluation of stress
indexes for dairy cows in tropical regions. R Bras Zootec 36:1192–
1198. doi:10.1590/S1516-35982007000500028

Statistical Analysis System (SAS). SAS/STAT user’s guide: statistics. v.
9.3. Cary, NC: Statistical Analysis System; 2011.

Wrobel K, Sinowatz F, Mademann R (1981) Intratubular topography in
the bovine testis. Cell Tiss Res 217:289–310. doi:10.1007/
BF00233582

1794 Int J Biometeorol (2016) 60:1787–1794

http://dx.doi.org/10.1016/j.theriogenology.2010.08.002
http://dx.doi.org/10.1016/S0093-691X(03)00231-0
http://dx.doi.org/10.1016/S0378-4320(03)00082-4
http://dx.doi.org/10.1016/S0378-4320(03)00082-4
http://dx.doi.org/10.1016/j.anireprosci.2010.04.010
http://dx.doi.org/10.1016/j.anireprosci.2010.04.010
http://dx.doi.org/10.3168/jds.S0022-0302(53)91449-0
http://dx.doi.org/10.1016/S0093-691X(03)00126-2
http://dx.doi.org/10.1016/j.theriogenology.2008.07.005
http://dx.doi.org/10.1590/S1516-35982004000600026
http://dx.doi.org/10.1016/S0306-9877(03)00061-6
http://dx.doi.org/10.1016/S0306-9877(03)00061-6
http://www.inmet.gov.br
http://dx.doi.org/10.1016/0378-4320(95)01460-8
http://dx.doi.org/10.1111/j.1439-0531.2008.01023.x
http://dx.doi.org/10.1016/0093-691X(91)90463-N
http://dx.doi.org/10.1016/0093-691X(91)90463-N
http://dx.doi.org/10.2527/jas.2009-2586
http://dx.doi.org/10.1590/S1516-35982011000700025
http://dx.doi.org/10.1590/S1516-35982011000700025
http://dx.doi.org/10.1007/s00484-014-0847-z
http://dx.doi.org/10.1007/s00484-014-0847-z
http://dx.doi.org/10.1007/s00484-015-1013-y
http://dx.doi.org/10.1007/s00484-015-1013-y
http://dx.doi.org/10.1016/j.theriogenology.2006.01.056
http://dx.doi.org/10.1016/j.theriogenology.2006.01.056
http://dx.doi.org/10.3168/jds.S0022-0302(02)74323-3
http://dx.doi.org/10.3168/jds.S0022-0302(02)74323-3
http://dx.doi.org/10.1016/j.anireprosci.2004.09.004
http://dx.doi.org/10.1186/s12917-015-0580-9
http://dx.doi.org/10.1186/1477-7827-10-92
http://dx.doi.org/10.1007/978-94-007-5733-2-7
http://dx.doi.org/10.1590/S1516-35982007000500028
http://dx.doi.org/10.1007/BF00233582
http://dx.doi.org/10.1007/BF00233582

	Effects...
	Abstract
	Introduction
	Materials and methods
	Animals and climate data
	Reproductive evaluation
	Calculation of temperature-humidity and equivalent temperature indexes
	Infrared thermography measurement and analysis
	Statistical analyses

	Results
	Discussion
	Conclusions
	References


