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a b s t r a c t

The objective of the study was to understand the influence of climatic variations in a semiarid envi-
ronment on serum testosterone, testicular morphology and semen quality in collared peccaries (Pecari
tajacu). Reproductive metrics (semen quality, testicular morphometry and testosterone serum profiles) of
10 mature males were measured monthly for 18 months. Meteorological data (rainfall, air temperature,
relative humidity, wind speed and radiant heat load) also were recorded during the same period. Rainfall
regimes were classified in different classes (Class 1: months with no rain; Class 2: months with up to
50mm of rain; and Class 3: months with >50mm of rain). Among rainfall classes, average air temper-
ature (�C) and relative humidity (%) were different. Climatic changes between rainfall classes did not lead
to overall variations of testicular size, testosterone production, and semen metrics. However, relative
humidity recorded before semen collection (one day, one week, or over 51e55 days) was positively
correlated (P< 0.05) with semen motility metrics (total motility, beat cross frequency and straightness)
and sperm subpopulations (medium and static sperm), as well as with volume. Negative correlations
(P< 0.05) were revealed between air temperature and the same semen motility patterns and volume.
Additionally, radiant head load measured on the day of semen collection negatively influenced (P< 0.05)
sperm straightness. This study demonstrates for the first time that no seasonal changes could be detected
overt the 18-month period on the serum testosterone, testicular morphology and semen quality of
collared peccaries raised in the Caatinga biome; however, it is expected that long term environmental
changes will influence the reproductive physiology of species leaving in that habitat.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction

Currently, theworldpopulationof collaredpeccaries (Pecari tajacu
Linnaeus,1758), a native species of the American continent, has been
plasm Conservation (LCGA),
deral Rural do Semi-�Arido
Grande do Norte, 59625-900,

fersa.edu.br (A.R. Silva).
classified as stable by the International Union for the Conservation of
the Nature - IUCN [1]. However, their status in all biomes requires
monitoring because various factors like habitat destruction and
excessive poaching have considerably reduced wild populations [1],
making it vulnerable or even extinct in some areas [2]. Collared pec-
caries play an important ecological role as seed dispersers and as a
prey for large carnivores [1,2].Moreover, they can serve as amodel for
the development of conservation strategies for closely related species
that are vulnerable, such as thewhite-lipped peccary (Tayassu pecari)
and the Chacoan peccary (Catagonus wagneri).
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Male reproductive fitness has a substantial effect on population
dynamics [3]. Various studies have been focusing at elucidating
physiological mechanisms of peccary's male reproduction to
establish optimal strategies for its conservation. Peccaries can
breed all year round [4] but rainfall can influence their reproductive
patterns [5,6]. Males usually reach puberty at the age of 11 months
[4] and spermatogenesis lasts 55.1± 0.7 days [7]. Ejaculates are
composed of three fractions: the first being clear and secreted by
the accessory glands, the second is rich in spermatozoa, and the
third one ia a jelly fraction. However, semen fractions tend to mix
during collection by electroejaculation - the method of choice for
collecting semen in that species [5]. Regarding semen characteris-
tics, individuals provide 3.5mL of ejaculate containing an average
of 0.8� 109 sperm/mL [8]. All this information, although, were
derived from punctual studies, and the long-term variation in
reproductive performance of peccaries, especially in Caatinga, a
biome constituted by a dry and seasonal Neotropical forest, is
unknown.

Climate changes, especially the increase in average temperature,
has a major impact on ecosystems [9] and impacts the survival of
several species [10]. Over the next three decades, temperature will
rise between 0.5 and 1.0 �C and rainfall index will drop to 10e20%
in Caatinga [11]. Such changes will certainly affect the vegetation of
the region [12], thus reducing the food resources for the native
animals. Under the influence of climatic conditions, native animals,
such as collared peccary, need to regulate their physiological
functions to adapt to certain periods of stress.

Recent studies have evidenced interactions between meteoro-
logical characteristics of semiarid weather of the Caatinga biome
and semen quality in ovine [13] and caprine species [14]. However,
there is no information on widely distributed species like the
peccary, especially about the climate influence on reproductive
metrics as sperm characteristics, testicular biometry and testos-
terone production. The objective of the study therefore was to
understand the short and medium-term influence of meteorolog-
ical conditions on serum testosterone, testicular morphology and
semen quality in collared peccaries (Pecari tajacu).

2. Methodology

All the experimental procedures were approved by the UFERSA
Ethics Committee (CEUA/UFERSA, n �. 23091,008820/2016-03). The
experiment was conducted at the Center for Multiplication of Wild
Animals (CEMAS, UFERSA, Mossor�o, RN, Brazil) (latitude: 5� 10 0S,
longitude: 37� 100 W, altitude: 16m, typical semiarid climate).
Semen was evaluated in the Laboratory of Conservation of Animal
Germplasm of the same institution. The testosterone analysis was
performed at the Universidade Federal Fluminense, Rio de Janeiro,
RJ, Brazil. The experiment was conducted from September 2015 to
February 2017, with monthly collections of reproductive, physio-
logical and meteorological data.

2.1. Meteorological values

Due to irregularity of rainfall that characterizes the Caatinga, we
conducted the experiment for 18 months to increase the amount of
data derived from rainy months. The 18 months were grouped
according to the rainfall regimes as follows: Class 1econsisting in 7
rainless months characterizing the typical dry season; Class 2
econstituted by 8 months with a rainfall regime up to 50mm
characterizing an intermediary season; and Class 3e constituted by
3 months presenting a rainfall regime >50mm characterizing the
rainy season. The classification of rainfall regimeswas adapted from
Aubr�eville, [15].

The rainfall regime (mm) was obtained daily from the automatic
station of the National Institute of Meteorology - INMET, located in
Mossor�o, RN, Brazil. During the experiment, a total rainfall of
650mm was observed, presenting irregular and below expected
rains for the rainy season (March, April andMay) in the region. Rain
peaks were observed in the months of January 2015 and February
2017 (Fig. 1).

Since the weather is a reflex of cumulative meteorological
conditions, we verified the influence of rainfall index, air temper-
ature, and relative humidity determined on the day before semen
collection, during previous week and over previous 51e55 days
(corresponding to the time for spermatogenesis in the species) on
various reproductive metrics (semen quality, testicular biometry,
testosterone levels).

Data related to air temperature (Ta, �C; Fig. 1) and relative hu-
midity (RH, %; Fig. 1) were obtained from an automatic weather
station (Campbell Scientific Brasil, S~ao Paulo, Brazil) located 50m
from the experiment site (latitude: 5� 12048 00 S, longitude: 37�

1804400W and altitude: 37m above sea level), Mossor�o, RN, Brazil.
Based on these data, it was possible to trace the monthly profile of
these meteorological parameters during the 18 months of the
experimental period. Average relative humidity ranged from peak
values of 53% during dry season to 71% in rainy season, while
average peak values for air temperature ranged from 28 �C in rainy
season to 31 �C during dry season. The air temperature remained
high throughout the year, regardless of the rainfall index. Among
rainfall classes, however, average air temperature (TA, �C; Fig. 1)
and relative humidity (RH, %; Fig. 1) were different.

To determine the radiant heat load (RHL, W/m2) on the day of
the semen collection, we monitored wind speed, a dry bulb tem-
perature, and a black globe temperature. Wind speed was moni-
tored every hour (from 6 a.m. to 6 p.m.) by means of a thermo-
hygrometer-anemometer (Instruterm-HT300, S~ao Paulo, Brazil)
[16]. The humid (Tu, �C) and dry (Ta, �C) bulb temperatures were
measured using a psychrometer (Bacharach, New Kensington,
Pennsylvania, USA). Additionally, temperatures of the black globes
(Tg, ºC), one exposed to the sun and another to shade, measured by
means of a mercury thermometer, were registered in the center of a
black copper globe with 15 cm of diameter, connected to a digital
thermometer (MINIPA, MT-600, S~ao Paulo, Brazil). The equipment
was positioned in the picket where the animals were located, at an
approximate height of the animals’ torso, according to the meth-
odology described by Silva [16]. RHL was calculated from the
equations proposed by Silva et al. [17].

2.2. Animal management and handling

Ten male adult collared peccaries (3.1± 1.5-year-old) and
weighting 21.9± 1.3 kg at the beginning of the experiment. They
reached an average age of 4.6± 1.5 years and weight of
23.2± 1.2 kg at the end of the study. The peccaries were separated
into groups of 2e3 animals, kept in pickets (20m� 3m), with a
covered area (3m� 3m) under natural 12 h photoperiod. They
were fedwith commercial ration for pigs, andwater at will. The diet
was supplemented with seasonal fruits as melon, water melon,
papaya and coconut, mainly during dry season. During rainy sea-
son, the diet was added of corn straw, sorghum and Jitirana (Ipo-
moea cairica), a typical seasonal vine plant.

On the days of collection, the animals were submitted to food
fasting of 12 h before the beginning of the procedures. The animals
were initially restrained with a hand net. Subsequently, they were
anesthetized with propofol (Propovan®, Crist�alia, Fortaleza, Brazil)
at an intravenous dose of 5mg/kg in their bolus. Throughout the
experimental procedure, the animals were submitted to fluid
therapy (sterile saline solution 0.9%) and their heart and respiratory
rate were monitored [18].



Fig. 1. Mean values (±SEM) for the air temperature (� C) relative humidity (%), and cumulative rainfall regime per month, and for air temperature (� C) and relative humidity (%)
obtained in the day of semen collection in collared peccaries (n ¼ 10 males) under different rainfall regimes (class 1 e rainless; class 2 e up to 50 mm; class 3 e above 50 mm), from
September 2015 (month 1) to February 2017 (month 18) in the Caatinga biome. Asterisks (*) evidence rainy peaks (*) in January 2016 (month 5) and February 2017 (month 18); a,b

Means with different letters differ statistically (P< 0.05).
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Immediately after restraint, a digital thermometer (Mesure
Technology, Park Dongting Town, China) determined the rectal
temperature of the individuals [19]. Moreover, surface temperature
of each individual was obtained through a surface infrared ther-
mometer (Fluke, Everett, Washington, USA.) at each hour from 6
a.m. to 6 p.m. This infrared thermometer was positioned at 2m
from the individual and the laser sensor was pointed to its dorsum
[19].
2.3. Testicular morphometry

When animals were restrained to collect semen, their scrotal
circumference was measured in the largest portion of the testicular
sac, using ametric tapemeasure [8]. Then, testicular ecotexture and
echogenicity were evaluated by ultrasonography, using a 7.5MHz
sector transducer coupled to a portable ultrasound equipment
(Aquila vet, Pie Medical®, Nutricell, Campinas, Brazil) (Peixoto et al.,
2012). The testicular biometry was evaluated by taking the mea-
surements of length (L), width (W) and height (H) of each testicle.
These measures were used to calculate the testicular volume (V) by
the Lambert formula (V¼ L x H x W x 0.71 [20]). This analysis was
performed on each animal, monthly, on semen collection days,
shortly after animal restraint, for 12 months (September 2015 to
August 2016).
2.4. Blood collection and assessment of serum testosterone

For the occasion of semen collection, to determine serum con-
centrations of total testosterone, two blood samples from each
animal were collected by puncture of the saphenous vein, at in-
tervals of 30min between each one. The first sample was obtained
immediately after the animal was restrained, and the second
sample was taken at the end of the semen collection process. Blood
was passed to 3mL vials (Vacutainer®, BD Diagnostics, Franklin
Lakes, NJ, USA), and immediately placed in an icebox. After
collection, the tubes were taken to the laboratory and centrifuged
(5000 g, 60min, 4 �C) for serum separation, which was aliquoted
into microtubes (1.5mL) and stored (�20 �C) until the hormonal
analysis [21].

For analysis of serum testosterone, it was used the liquid phase
radioimmunoassay (RIA) and a commercial kit (ImmuChem™ Dou-
ble Antibody Testosterone RIA-MP Biomedicals) in a Wizard device
detector (PerkinElmer of Brazil Ltda). The intra-assay coefficient was
8.54% and 7.31% inter-assay. All concentrations determined were
between the minimum and maximum points of the curve [22].
2.5. Semen collection and evaluation

For 18months, animals were subjected to a semen collection per
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month, always in the early morning (6e8 a.m.). On these occasions,
anesthetized animals were placed in lateral decubitus position, and
submitted to an electroejaculation protocol previously described
for the species [23]. A portable device (Autojac®, Neovet, Campinas,
SP, Brazil) connected to a 12 V source was used, to which a rectal
probe 15 cm long and 1.3 cm in diameter was attached. The probe
was inserted approximately 12 cm into the rectum of the animal.
The semen of the animals was collected in plastic tubes and
immediately evaluated.

Semen volume was measured with micropipettes. Sperm con-
centration (inmillions of sperm/mL)was determined in a Neubauer
chamber. From this concentration and volume, the total number of
sperm in the ejaculate was calculated [8]. For analysis of sperm
morphology (%), smears stained in Rose Bengal were evaluated by
light microscopy (1000x), counting 200 cells per slide [24].

For the analysis of sperm plasma membrane integrity (%), a
fluorescent solution of carboxyfluorescein diacetate (CFDA) and
propidium iodide (PI) was used. Samples were incubated for
10 min at 27 �C in the CFDA þ PI solution and then evaluated by
epifluorescence microscopy (Episcopic Fluorescent attachment
“EFA” Halogen Lamp Set; Leica, Kista, Sweden). For each sample,
200 sperm were counted and those marked totally green (CFDA)
were classified intact, while those marked totally or partially red
(PI) were considered with the non-intact membrane [24].

The kinetic patterns of sperm motility were determined by
computerized analysis (IVOS 7.4G, Hamilton-Thorne ResearchTM,
Beverly, MA, USA), according to previously determined configura-
tions for the species [25]. The following parameters were evalu-
ated: total motility (%), VAP velocity average pathway (mm/s),
velocity straight line (VSL; mm/s), velocity curvilinear (VCL; mm/s),
amplitude lateral head (ALH, mm), beat cross frequency (BCF, Hz),
straightness (STR; %), and linearity (LIN; %) as well as the sperm
subpopulations: rapid, medium, slow and static.

2.6. Experimental design and statistical analysis

The effect of rainfall regimes (distributed in classes) and mete-
orological conditions on reproductive metrics of collared peccaries
located in the Caatinga biome was analyzed. All variables were
expressed as average and standard error. The data were first
examined for normality by the ShapiroeWilk test and for homo-
scedasticity by the Levene's test and were transformed by log
(x þ 1) or arc-sine (√ (x/100)), when necessary. An analysis of
variance (ANOVA) was performed using the least squares method,
considering rainfall index classes (1, 2 or 3) as the only source of
variation on the reproductive parameters studied. Tukey-Kramer
test (P < 0.05) was used to compare the averages. In these statis-
tical procedures the general linear model procedure (PROC GLM) of
the Statistical Analysis System [26] was used.

In order to verify the relation between semen metrics and
meteorological variables, the Pearson correlation test (P< 0.01) was
performed using the SAS PROC CORR procedure. To test the dif-
ference in collection efficiency (%) between collection classes,
Pearson's Chi-square test (c2) was applied, with P< 0.05 using SAS
PROC FREQ procedure. All graphs were constructed using the Ori-
ginPro 8 software. For all analyzes, P< 0.05 was used.

3. Results

3.1. Influence of body temperature on sperm metrics

Rainfall regimes in different seasons did not influence average
values of rectal and surface temperatures (Fig. 2). The surface
temperature did not influence sperm metrics. However, rectal
temperature showed a negative correlation (P< 0.05) with total
motility (R¼�0.20), VAP (R¼�0.20), and rapid sperm sub-
populations (R¼�0.23), as well as positive correlation with static
spermatozoa (R¼ 0.20, P¼ 0.02).

3.2. Influence of season on serum testosterone profile and testicular
morphometry

The values for serum testosterone concentration of the animals
(Fig. 2) remained constant throughout the different rainfall regimes
that characterized the different seasons. In addition, scrotal
circumference and testicular morphometry (right, left and total
testicular volume) did not change along the seasons (Fig. 2). Based
on values obtained on the days of semen collections, a significant
correlation was found between serum testosterone concentrations
and scrotal circumference (R¼ 0.21, P< 0.05).

3.3. Influence of season on semen metrics

Overall rainfall amount did not influence the success of semen
collection. Regarding rainfall regimes, 70 collection attempts were
performed in class 1 (typical dry season), and 47 semen samples
were obtained (67.1%). In class 2 (intermediary season), 80 attempts
were performed, which resulted in 59 semen samples (73.8%).
Finally, in class 3 (typical rainy season), 19 samples were obtained
from 30 attempts of semen collection (63.3%).

Following different seasons, rainfall classes did not lead to sig-
nificant differences in semen volume, sperm concentration, total
sperm count, sperm morphology, functionality and membrane
integrity (Table 1). In addition, the computerized analysis of
motility did not identify significant influence of seasons on the
sperm kinetic metrics (Table 1).

Relations between semen metrics and meteorological condi-
tions (rainfall, relative humidity and air temperature) are presented
in Table 2. On the day before semen collection, there was a positive
correlation (P< 0.05) between average relative humidity and BCF
(R¼ 0.29), STR (R¼ 0.28) and medium sperm subpopulation
(R¼ 0.25). On the other hand, a negative correlation (P < 0.05) was
identified between air temperature and BCF (R¼�0.31), STR
(R¼�0.20) and medium sperm subpopulation (R¼�0.25). When
evaluating meteorological variables over the week prior to semen
collection, relative humidity was positively correlated (P < 0.05)
with volume (R¼ 0.20), BCF (R¼ 0.28), STR (R¼ 0.39) and LIN
(R¼ 0.21). Besides, negative correlations (P< 0.05) were identified
between air temperature and volume (R¼�0.27), normal
morphology (R¼�0.31), BCF (R¼�0.31), STR (R¼�0.31), and
medium sperm subpopulation (R¼�0.19). When evaluating
meteorological variables over 51e55 days before semen collection,
relative humidity was positively correlated (P< 0.05) with total
motility (R¼ 0.23) and negatively correlated (P< 0.05) with static
sperm (R¼�0.24). Lastly, negative correlations (P< 0.05) were
found between air temperature and BCF (R¼�0.23).

Regarding radiant head load (RHL) in the sun, which was eval-
uated every 6 h in the day of semen collection, a negative correla-
tion between it and STR (R¼�0.21, P< 0.05) was identified. RHL
did not influence any other semen metric.

4. Discussion

Even though no seasonal effect of Caatinga's semiarid weather
was observed on peccary reproduction, short to medium term in-
fluence of meteorological conditions on semen metrics were
evident. Moreover, serum levels of testosterone from the collared
peccaries remained constant against the different seasons of the
Caatinga biome. It is probable that the meteorological metrics of
this biome do not vary sufficiently during the year to the point of



Fig. 2. Mean values (±SEM) for the rectal and surface temperatures (�C), scrotal circumference (cm), total testicular volume (cm3) and serum testosterone (pg/mL) of collared
peccaries (n¼ 10 males) obtained according to different rainfall classes (class 1 e rainless; class 2 e up to 50mm; class 3 e above 50mm), P> 0.05.

K.M. Maia et al. / Theriogenology 126 (2019) 286e294290
affecting the reproductive hormones of these males, since these
findings differ from those reported for the same species when
settled in Texas, USA, under arid climate conditions [5]. In that
region, the animals showed a seasonal trend in serum testosterone
concentrations (P< 0.05), with an increase in values during the
winter and a decrease in these values during the summer. It is
worth noting, however, that there are discrepancies among
researchers regarding the variations in testosterone concentrations
in males of mammalian species, since some animals with seminal
quality affected by environmental thermal stress may not present
any hormonal alteration [27]. Similar evidences have been reported
for domestic pigs because if their testicular tissues show a degree of
degeneration that is not so severe, the hormone production of the
boars may not be affected [28]. In addition, the constancy of the



Table 1
Mean values (±SEM) of semen metrics and sperm motility kinetic parameters evaluated by computerized analysis in collared peccaries (Pecari tajacu; n¼ 10 males)
raised in the Caatinga biome. Data obtained from September 2015 to February 2017 under different rainfall classes (rainless, up to 50mm, and above 50mm).

Semen metrics Rainfall Classes*

Rainless Up to 50mm Above 50mm

Number of ejaculates evaluated 39 46 16
Volume (mL) 3.1± 0.4 3.72± 0.6 3.5± 0.8
Concentration (x106 sperm/mL) 339.8± 53.3 280.9± 28.2 226.3± 55
Sperm/ejaculate (x106) 817.6± 149.8 912.1± 140.0 742.96± 212.1
Normal morphology (%) 86.6± 1.4 86.3± 1.1 91.2± 1.3
Membrane integrity (%) 78.5± 2 79.9± 2 76.7± 2.6
Sperm kinetic parameters
Total motility (%) 80.9± 2.8 81.4± 2.3 74.1± 5.9
Velocity average pathway (mm/s) 47.5± 1.7 50.7± 1.9 49.8± 2.7
Velocity straight line (mm/s) 26.8± 1.1 30.4± 1.5 29.2± 1.8
Velocity curvilinear (mm/s) 105.7± 3.1 110.1± 3.1 105.1± 4.6
Amplitude lateral head (mm) 6.5± 0.1 6.6± 0.1 6.7± 0.2
Beat cross frequency (Hz) 35.5± 0.7 36.1± 0.7 33.9± 1.1
Straightness (%) 55.3± 1.3 57.2± 1 55.7± 1.4
Linearity (%) 27.1± 1 30.0± 0.7 27.6± 0.7

Subpopulations
Rapid (%) 59.0± 3.4 61.4± 2.9 54.9± 5.8
Medium (%) 16± 1.7 14.6± 1.1 13.7± 1.8
Slow (%) 5.9± 0.5 5.6± 0.4 5.3± 0.6
Static (%) 19± 2.5 18.5± 2.1 25.9± 5.6

*No significant difference was evidenced among rainfall classes, P> 0.05.

Table 2
Correlation between semen metrics in collared peccaries (Pecari tajacu; n¼ 10 males) and meteorological conditions (Rainfall, Relative Humidity e RH, Air Temperature e AT)
one day, one week, or 55 days before semen collection.

Semen metrics Meteorological Conditions

One day before A week before Over 55 days before

Rainfall RH AT Rainfall RH AT Rainfall RH AT

Volume (mL) 0.03 0.06 �0.08 0.13 0.20* �0.27* 0.17 �0.02 �0.13
Concentration (x106 sperm/mL) �0.02 �0.10 �0.05 0.05 0.08 �0.16 �0.14 �0.07 �0.05
Sperm/ejaculate (x106) 0.00 �0.01 �0.17 0.09 0.14 �0.31* �0.00 �0.03 �0.02
Normal morphology (%) 0.08 0.04 0.00 �0.07 0.05 0.08 0.13 0.08 0.03
Membrane integrity (%) �0.08 0.02 0.03 �0.22 �0.10 0.11 �0.02 �0.16 0.10
CASA metrics
Total motility (%) �0.10 �0.13 0.02 �0.08 �0.05 �0.09 0.05 0.23* 0.07
Velocity average pathway (mm/s) �0.18 �0.25 0.31 �0.12 �0.11 0.19 0.11 0.13 0.07
Velocity straight line (mm/s) �0.10 �0.13 0.24 �0.05 0.00 0.09 0.11 0.18 0.09
Velocity curvilinear (mm/s) �0.20 �0.20 0.23 �0.10 �0.10 0.11 0.05 0.11 �0.04
Amplitude lateral head (mm) �0.20 �0.15 0.32 �0.10 �0.15 0.27 0.12 �0.01 �0.01
Beat cross frequency (Hz) 0.11 0.29* �0.31* 0.15 0.19* �0.31* �0.16 �0.08 �0.23*
Straightness (%) 0.18 0.28* �0.20* 0.18 0.27* �0.30* 0.02 0.17 �0.00
Linearity (%) 0.14 0.17 �0.08 0.12 0.21* �0.17 0.05 0.13 0.05

Subpopulations
Rapid (%) �0.15 �0.22 0.12 �0.12 �0.10 0.01 0.07 0.19 0.08
Medium (%) 0.13 0.25* �0.25* 0.12 0.13 �0.19* �0.07 0.01 �0.04
Slow (%) �0.01 0.09 0.02 0.02 0.02 0.10 �0.01 �0.11 �0.10
Static (%) 0.12 0.12 �0.02 0.08 0.05 0.08 �0.05 �0.24* �0.06

*Superscript asterisk indicates significant correlation (P < 0.05).
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testosterone levels in the Caatinga biomes confirms peccaries'
adaptability, since even under stressful conditions (high tempera-
tures and very low relative humidity, typical of the dry season of
the semiarid region), the hormonal production of these animals
remained stable.

Like the serum testosterone levels, the scrotal circumference
and testicular morphometry of the collared peccaries located in
the Caatinga biome were not affected by the seasons of the
semiarid climate. These findings also differ from those reported for
the peccaries settled in Texas, USA, under arid climate conditions
[5]. In these individuals, the estimated testicular volume and
scrotal circumference presented significantly higher values during
the rainier periods when compared to the records performed in
the driest period, correlating directly with serum testosterone
values. The authors suggested that this male remains reproduc-
tively fertile throughout the year but may suffer an optional
quiescence in the dry season, which may be influenced by the
ambient temperature and social factors [5]. In the Caatinga, a
positive correlation of testosterone with scrotal circumference was
observed in peccaries, as described by Hellgren et al. [5], however,
there were no fluctuations of these metrics along the different
rainfall indexes, and no type of reproductive quiescence was
identified, denoting its possibility of reproduction throughout the
year in this biome.

In fact, we demonstrated that it is possible to obtain semen from
the peccaries by means of electroejaculation, independently of the



K.M. Maia et al. / Theriogenology 126 (2019) 286e294292
rainfall regime. During all seasons, their semen quality was constant
and with values like those previously described for individuals
raised in the same biome [8,25]. Like verified for caprine natives of
Caatinga [29], it seems that changes in semen quality remainwithin
the limits of the physiological measures to overcome the thermal
stress, allowing the maintenance of their reproductive performance
throughout the year [30]. In fact, peccaries are rustic species
apparently already acclimated to the semiarid region. This is mainly
due to their adaptive flexibility in their physiological metrics, which
allows them to adjust to the seasonal changes in their environment,
through adaptation in metabolic heat production, adjustments in
evaporative and heat flow capacities, and changes in tolerance to
extreme temperatures of the dry season [31]. However, under cli-
matic conditions of a different biome, in the case of the Eastern
Amazon with its semi-humid Equatorial climate, Kahwage et al. [6]
identified fluctuations in the semen parameters of the species
throughout the year, evidencing a significant improvement of these
parameters during periods of higher rainfall. It is necessary to point
out that in the eastern Amazonia there is a total annual rainfall of
2900mm3, ranging from 2000 to 3800mm3 [32], well above the
total rainfall of 650mm3 observed in the Caatinga during present
study. It is emphasized that although the influence of the semi-
humid climate of the Eastern Amazon on the reproduction of the
male collared peccaries was identified, this influence was not of
sufficient magnitude to indicate reproductive seasonality in these
animals [6], which remain apt to perform activities through all the
years as that observed in the Caatinga.

The low and irregular rainfall regimes that characterizes this
biome is known for its elevated temperatures [33]. In this context,
air temperature seems to be the more important meteorological
parameter at impairing peccaries' semen quality at short or
medium-term by exerting negative effect on BCF, STR and sperm
subpopulations, as well as on semen volume. At this point, neces-
sary to highlight the importance of CASA at detecting subtle dif-
ferences on peccaries’ spermmotility metrics as those provoked by
meteorological parameters, like previously reported for bovine
[34].

Similar to peccaries, domestic swine presents reduced semen
quality when exposed to high ambient temperatures [35], espe-
cially with relation to the sperm motility [36]. Stress due to high
temperatures may be the main cause of the problem, as stress can
induce excess corticosteriod production [37]. Probably, a decrease
in estradiol-17b levels is also involved [38], since this hormone is
notably associated to the epidydimal function and spermatogenesis
[39]. Moreover, the fluctuations in temperature between the day
and the night may be a significant factor in creating stress for boars
during the hot season [28], and maybe also for peccaries. Recently,
Gong et al. [40] tried to elucidate the molecular basis of heat stress-
induced decrease of sperm motility in swine. Authors affirm that
temperature affects sperm motility through downregulation of
mitochondrial activity and ATP synthesis yield, which involves
dephosphorylation of glycogen synthase kinase-3a (GSK3a) and
interference of mitochondrial remodeling. In this context, we hy-
pothesize that a similar event could happen on peccaries when
subjected to high temperature which impairs sperm metrics
determined by CASA, especially those related to the stability of a
progressive motion as BCF and STR, highlighting the commitment
of the mitochondrial function.

On the other hand, relative humidity of a semiarid weather
exerted a positive influence on various peccaries’ kinetic metrics as
total motility, STR, BCF, LIN and sperm subpopulations both on a
short and medium-term, as well as positively affect semen volume
on a short term. Similarly, a positive effect of relative humidity on
sperm motility was evidenced for bulls raised in semiarid region
[41]. It is possible that these changes in sperm metrics could be
related to the activity of accessory glands that produce the seminal
plasma, mainly because a positive influence of relative humidity on
semen volume was detected for peccaries. In fact, the composition
of seminal plasma can be influenced by seasonal climatic changes
as recently reported for bison [42]. The presence of a heat-shock
protein (HSP-70), which play important roles in thermotolerance
in cells, was identified in the boar spermatozoa during the hot
season, being associated with semen quality [43]. In peccaries,
initial studies described the proteomic composition [44] and the
antioxidant enzyme activity [45] of their seminal plasma, but the
presence of no heat shock protein is highlighted. Moreover, the
existence of relationships among plasma seminal activities and
meteorological conditions remains unknown for this species.

On the day of semen collection, a negative influence of the
radiant heat load (RHL) in the sun on peccaries' sperm STR was
verified. RHL is an important meteorological variable usually used
as an indicator of thermal comfort [17]. The adverse effect of
increased RHL on reproductive capacity of mammals have been
discussed for a long time [46]. In fact, it is known that the home-
okinetic changes to regulate body temperature can compromise
reproductive function [47]. Probably because of RHL interference,
negative correlations between rectal temperature and important
kinetic metrics of peccaries' sperm motility were verified, thus
showing that high body temperatures could affect sperm quality.
This is mainly evidenced because as higher was the peccaries’ rectal
temperature, higher was the amount of static sperm, maybe as a
consequence of the impaired mitochondrial function [40]. Simi-
larly, thermal discomfort is reported for decreasing reproductive
efficiency in different mammals as rams [13] and boars [48], maybe
by causing testicular degeneration and thus impairing the sperm
production [35].

In collared peccaries, spermatogenesis lasts approximately
55.1± 0.7 days [7], a period very similar to spermatogenesis in pigs,
which are extremely sensitive to high temperatures [49]. In boars,
the effect of season on the initiation of spermatogenesis was
recently investigated, and a positive influence of the climatic vari-
ables on sperm concentration was highlighted [50]. Such influence
on peccaries’ sperm concentration, however, was not evidenced. In
general, there is limited studies that relate different meteorological
factors to spermatogenesis in mammals, and these studies mainly
focus on the effect of temperature alone [49,51,52]. It is suggested
that heat stress results in caspase-9 proteolysis and redistribution
of the pro-apoptotic protein Bax from the cytosol to perinuclear
regions [53] thus inducing sperm production damage. In amphib-
ians, the association of air temperature and rainfall regimes may
influence the success of the spermatogenesis process [54], as
observed for the collared peccary inwhich relative humidity during
rainy periods improved the sperm motility metrics and air tem-
perature negatively influenced it. In this sense, the unpublished
information presented here will allow monitoring of the sperm
production of the species during the future climate changes esti-
mated for the Caatinga biome [11].

In conclusion, no seasonal changes on reproductive metrics of
collared peccaries raised in the Caatinga biome could be detected
overt the 18-month period; however, meteorological conditions of
this semi-arid region have a short to medium term impact on the
semen production of the species. Therefore, it is expected that long
term environmental changes in a biome like the Caatinga will in-
fluence the reproductive physiology of species leaving in that
habitat. The information generated here can be applied to the
management of collared peccaries within the said biome, either in
captivity or in free life, to develop strategies for its reproduction
and conservation.
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[32] Pachêco NA. Boletim agrometeorol�ogico de 2009 para Bel�em, PA [Agro-
meteorological Bulletin of 2009 for Bel�em, PA]. Bel�em, PA: Embrapa Amazônia
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