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Abstract Twenty Dorper × Pelibuey primiparous ewes were
used to evaluate effects of seasonal ambient heat stress (i.e.,
spring vs. summer) on physiological and metabolic responses
under production conditions in an arid region. Ten ewes
experiencing summer heat stress (i.e., temperature =
34.8 ± 4.6 °C; THI = 81.6 ± 3.2 units) and 10 under spring
thermoneutral conditions (temperature = 24.2 ± 5.4 °C;
THI = 68.0 ± 4.8 units) were corralled together to measure
rectal temperature, respiratory frequency, and skin tempera-
tures at 0600, 1200, 1800, and 2400 h on four occasions over
40 days. Blood metabolite and electrolyte concentrations were
also measured at 0600 and 1800 hours. Data were analyzed
with a completely randomized design using repeatedmeasure-
ments in time. Rectal and skin temperatures, as well as respi-
ratory frequency, were higher (P < 0.01) in summer than
spring at all measured days. Blood serum glucose, cholesterol,
triglycerides, and chlorine concentrations were lower
(P < 0.01) in summer than spring at 0800 and 1800 hours.
In contrast, summer heat stress increased (P < 0.01) blood
urea and potassium concentrations at 0800 and 1800 hours.
Compared with spring thermoneutral conditions, summer heat
stress affected the physiological and metabolic status of hair

breed ewes in an arid region, which included blood metabolite
and electrolyte adjustments to efficiently cope with summer
heat stress.
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Introduction

Sheep production is a livestock activity widely practiced in
semiarid and arid ecological regions, which covers one third
of the world surface (González-Bulnes et al. 2011). However,
meat production in those regions is seasonal due to reproduc-
tive and growth seasonality because of high variability in cli-
matic conditions (Macías-Cruz et al. 2013a). While summer is
warm and dry with temperatures ≥40 °Cwith little rainfall, the
remaining seasons are generally thermoneutral (i.e., autumn,
spring) or slightly cold (i.e., winter). Thus, the heat stress
conditions prevailing during summer becomes a key factor
that usually leads to low productivity of sheep flocks. How-
ever, there are sheep breeds more adapted than others to hot
conditions that have demonstrated ability to grow and repro-
duce in any season in arid climates (Silanikove 2000; Marai
et al. 2007).

Hair sheep breeds such as Pelibuey, Dorper, Katahdin, and
their crosses have adapted to the environmental conditions of
arid regions, and they exhibit rectal temperatures (Ross et al.
1985; Macías-Cruz et al. 2015) and growth rates within nor-
mal ranges (Macías-Cruz et al. 2013b). Gastelum-Delgado
et al. (2015) showed that summer heat stress of an arid region
does not compromise the reproductive activity of Pelibuey
ewes. However, available information is insufficient to
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understand how hair sheep face the thermal insult without
affecting their production under summer conditions in arid
regions.

Hair sheep breeds easily adapt to high environmental tem-
peratures because they produce low concentrations of thyroid
hormones, so they tend to reduce their metabolic heat produc-
tion, and their breathing is slower and deeper than wool breeds
(Ross et al. 1985; Correa et al. 2012; Romero et al. 2013).
McManus et al. (2011) mentioned that hair sheep breeds have
characteristics of their skin and coat which allow adaptation to
heat stress including low coat thickness, absence of wool,
short hair, reduced numbers of hair per square centimeter of
skin, large sweat glands, and large proportion of skin with
sweat glands. However, no study has examined the role of
blood metabolites and electrolytes in the ability of hair sheep
breeds to efficiently tolerate heat stress. It is well known that
heat stress-adapted ruminants have metabolic alterations in
response to activation of the physiological mechanisms of
thermoregulation, although results concerning effects of heat
stress on metabolic status in sheep are contradictory, even
within the same breed.

In Australian Merino sheep, Alhidary et al. (2012) reported
no effect of induced heat stress on serum concentrations of
glucose, cholesterol, total protein, sodium, and potassium. In
Malpura sheep, a breed adapted to arid regions, Sejian et al.
(2013) observed increased blood glucose and cholesterol con-
centrations, but decreased blood total protein and albumin
concentrations due to induced heat stress (i.e., 42 °C). In a
more recent study using the same breed, Indu et al. (2015)
reported lower blood glucose and cholesterol levels, but
higher blood urea N in heat-stressedMalpura sheep compared
to controls. Regarding this discrepancy among results,
Alhidary et al. (2012) and Sejian et al. (2013) applied a
short-term heat stress (7 days), and Indu et al. (2015) long-
term heat stress (35 days). Apparently in sheep, hyperthermia
conditions during prolonged periods reduce blood metabolite
levels related to the energetic metabolism and increase metab-
olite concentrations linked to protein metabolism. Meanwhile,
under short-term heat stress, the metabolites associated with
energy metabolism may increase to ensure high availability of
energy substrates required at the time of physiological adjust-
ments (Niyas et al. 2015).

Therefore, considering the high fluctuations in results
of blood metabolite and electrolyte concentrations by ef-
fect of heat stress in sheep and the lack of information in
heat-stressed hair breeds, it is very relevant to investigate
physiological and metabolic adjustments made by hair
breed sheep to adapt to high summer temperatures regis-
tered in arid regions. The objective of this study was to
evaluate effects of the season of the year (i.e., spring vs.
summer) on physiological and metabolic variables of hair
sheep subjected to intensive production conditions in an
arid region.

Materials and methods

Experimental location

This study was completed at the Sheep Experimental Unit of
the Instituto de Ciencias Agrícolas, Universidad Autónoma de
Baja California, located in the Mexicali Valley, northwestern
México (32° 24′N and 115° 22′W). The climate in the region
is arid and dry, with environmental conditions of Sonoran
Desert. All procedures involving sheep were conducted within
the guidelines of approved local official techniques of animal
care in Mexico (NOM-051-ZOO-1995: humanitarian care of
animals during mobilization).

Animals, treatments, and managements

Ten Dorper × Pelibuey primiparous ewes (young, not preg-
nant, never lambed) with initial body weights (BW) of
46.7 ± 3.1 kg and BCS of 3.0 ± 0.2 units (5-point scale;
1 = emaciated and 5 = obese; Russel et al. 1969) were used
on each season. All ewes were ∼10 months of age at the start
of each experimental period and phenotypically were
completely white. Daily weather conditions during the exper-
imental periods were obtained from a meteorology station
located near the study site. Combining the environmental tem-
perature (Te) and relative humidity (RH), the temperature hu-
midity index (THI) was estimated using the formula proposed
by Hahn (1999) as THI = 0.81 × Te + RH (Te − 14.40) +
46.40. According to the measured THI values, climatic con-
ditions during summer were considered as heat stress (Te =
34.8 ± 4.6 °C, RH = 32.1 ± 17.3 %, and THI = 81.6 ± 3.2
units), while spring conditions were considered to be
thermoneutral (Te = 24.2 ± 5.4 °C, RH = 24.8 ± 14.8 %, and
THI = 68.0 ± 4.8 units).

The group of ewes used in each season was confined in one
5 × 6 m pen (3 m2/animal) during the evaluation period. The
pen was equipped with feed and drinking troughs; also, with
galvanized sheet shade located in the center of the pen at 2.5 m
above grade. Walls of the corral were sheep mesh to ensure an
adequate air flow. The diet consisted of chopped forage (50 %
wheat straw and 50 % alfalfa hay [90 % of DM, 10 % of CP,
and 1.8 Mcal of metabolizable energy (ME) per kilogram of
dry matter (DM)]) and was offered ad libitum in the morning
(0700 hours) and afternoon (1700 hours). Fresh water was
available at all the times.

Sampling and measurements

The study variables were recorded four times in 40 days at
10 days interval in summer and spring. Physiological vari-
ables measured four times per sampling day (i.e., 600, 1200,
1800, 2400 hours) were rectal temperature (RT), respiration
rate (RR), and skin temperature (i.e., head, shoulder, right
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flank, rump, leg). The RT was measured by introducing a
transrectal digital thermometer (DeltaTrak, Pleasanton, CA,
USA), RR was measured by counting the number of breaths
per minute (bpm), and all skin temperatures were measured
through infrared thermography using a thermal imaging cam-
era with infrared fusion (Fluke Ti10, Everett, WA, USA).

Blood samples were collected at 0600 and 1800 hours from
the jugular vein into 6-ml vacutainer tubes, which were then
centrifuged at 3500×g for 15 min at 10 °C. The serum was
stored in duplicate 2-ml vials at −20 °C until analysis for blood
metabolites and electrolytes. A blood auto-analyzer of liquid
phase (EasyVet, KONTROLab, Morelia, Mich., México) was
utilized to determine metabolite concentrations (i.e., glucose,
cholesterol, triglyceride, urea N [BUN], total protein), while
blood electrolytes (i.e., sodium, potassium, chlorine) were ob-
tained with an electrolyte analyzer (LW E60A, LandWind,
Shenzhen, China).

Experimental ewes were not adapted to sampling manage-
ment (i.e., blood sampling). However, from birth to the time of
the experiment, females were accustomed to the presence of
people and to restrain activities since they received monthly
management; likewise, students and employees entered daily
to the pens to provide food both morning and afternoon.

Statistical analysis

Data were analyzed under a completely randomized design
with repeated measures in time using the MIXED procedure
of SAS (2004). The model included fixed effects of season,
hour of the day and the interaction season × hour of the day.
Animal was nested within season as a random effect. Several
variance-covariance structures were verified to fit the model,
and the structure compound symmetry showed the best fit
according to BIC and AIC criteria. Means were separated
using the option LSMEANS/PDIFF, accepting significant dif-
ferences if P ≤ 0.05.

Results

Climatic conditions of both seasons are in Table 1 and Fig. 1.
In spring, the average temperature, RH, THI, and wind speed
were 24.2 ± 3.8 °C, 24.8 ± 14.8 %, 68.0 ± 3.5 units, and
2.5 ± 1.5 m/s, respectively, but in summer, they were
34.8 ± 2.4 °C, 32.1 ± 17.3 %, 81.6 ± 1.8 units, and
2.8 ± 1.3 m/s, respectively. The highest temperature, THI,
and wind speed were at 1200 and 1800 hours in both seasons.
The highest RH in spring and summer was at 0600 and
2400 hours (Table 1). In general, THI values across hours of
the day ranged from 77.0 (0500 hours) to 83.9 (1500–
1600 hours) units in summer, and from 62.3 (0500 hours) to
72.6 (1500 to 1600 hours) units in spring (Fig. 1).

The RT and RR season × hour of the day interaction are in
Fig. 2. Rectal temperature and RR were higher (P ≤ 0.03) in
summer than in spring at all sampling hours. Compared with
spring, RT and RR in summer were higher by 0.25 °C and
56 bpm, respectively. The largest difference (P < 0.01) be-
tween seasons for RT was at 1200 hours (i.e., 39.2 vs.
39.5 ± 0.09 °C) and for RR at 1800 hours (75.1 vs.
172.0 ± 4.3 bpm).

The skin temperature season × hour of the day interaction is
in Table 2. Overall, skin temperatures (i.e., head, shoulder,
right flank, leg, rump) in summer were higher (P ≤ 0.01) than
spring at all sampling hours. The highest (P ≤ 0.01) skin
temperature in the different regions of the body was found at
1200 hours in both seasons. However, the difference between
seasons for each skin temperature at 1200 (∼8.2 °C) was lower
(P ≤ 0.01) compared with the times of the day 0600
(∼15.7 °C), 1800 (∼11.4 °C), and 2400 (∼15.7 °C) hours.

The blood metabolite concentrations season × hour of the
day interaction is in Table 3. Blood concentrations of glucose,

Table 1 Climatic conditions recorded during spring and summer in an
arid region

Climatic variables (means ± SD)a

Te, oC RH, % THI, units WS, m/s

Spring

0600 hours 18.1 ± 2.4 39.1 ± 17.3 62.4 ± 2.8 2.0 ± 1.2

1200 hours 28.3 ± 4.3 17.3 ± 8.8 71.5 ± 3.7 2.8 ± 1.5

1800 hours 28.3 ± 4.3 15.6 ± 7.0 71.3 ± 3.8 3.3 ± 1.5

2400 hours 21.4 ± 3.0 28.7 ± 14.1 65.5 ± 3.0 2.0 ± 1.1

Summer

0600 hours 29.2 ± 1.7 49.4 ± 16.3 77.4 ± 2.9 2.1 ± 1.1

1200 hours 38.3 ± 2.4 22.6 ± 9.0 82.7 ± 1.7 2.9 ± 1.1

1800 hours 39.3 ± 2.5 19.8 ± 8.2 82.9 ± 1.8 3.6 ± 1.6

2400 hours 32.1 ± 2.2 37.6 ± 16.6 78.8 ± 2.5 2.5 ± 1.2

a Te Environmental temperature, RH relative humidity, THI temperature
humidity index, WS wind speed
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Fig. 1 Diurnal patterns of the temperature humidity index (THI) during
sampling periods of spring and summer (means ± SD)
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cholesterol, and triglyceride were higher (P ≤ 0.04) in spring
than summer at 0600 and 1800 hours, although opposite re-
sults occurred for total protein concentration at 0600 hours
and BUN at 0600 and 1800 hours. Blood levels of total protein
at 1800 hours were not affected by season.

The blood electrolyte concentrations season × hour of the
day interaction is in Table 4. Blood K+ concentrations were
higher (P = 0.04) in summer at 0600 and 1800 hours, while
blood Cl− levels were higher (P < 0.01) in spring at the same
times of the day. Season did not affect blood Na+ concentra-
tions in any sampling hour.

Discussion

The THI is an important indicator to categorize the degree of
environmental heat stress because its calculation combines Te
and RH. According to Neves et al. (2009), hair breed sheep
tends to exhibit heat stress when the mean temperature is
above 30 °C and the THI is ≥78 units; consequently, our ewes
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Fig. 2 Rectal temperatures and respiratory rate during summer and
spring in hair ewe + significant season × hour of the day interaction
(P < 0.05) (**P < 0.01 and *P < 0.05, differences between seasons in
each time point)

Table 2 Skin temperatures during summer and spring in hair ewe
lambs

Skin regions (°C) Season of the year SEM P value

Spring Summer

Head

0600 23.8 35.6 0.33 <0.01

1200 33.8 41.2 0.33 <0.01

1800 31.1 38.8 0.33 <0.01

2400 26.4 34.7 0.33 <0.01

Shoulder

0600 16.6 35.0 0.55 <0.01

1200 32.9 41.0 0.55 <0.01

1800 26.2 38.9 0.55 <0.01

2400 20.3 34.2 0.55 <0.01

Right flank

0600 19.7 33.8 0.46 <0.01

1200 33.3 41.1 0.46 <0.01

1800 28.1 38.5 0.46 <0.01

2400 22.4 34.7 0.46 <0.01

Rump

0600 14.5 33.4 0.48 <0.01

1200 32.1 41.7 0.48 <0.01

1800 24.8 38.9 0.48 <0.01

2400 17.9 32.1 0.48 <0.01

Leg

0600 18.3 33.7 0.43 <0.01

1200 32.2 40.8 0.43 <0.01

1800 27.0 39.0 0.43 <0.01

2400 20.6 33.3 0.43 <0.01

Significant season × hour of the day interaction (P < 0.05)

Table 3 Blood metabolite concentrations during summer and spring in
hair ewe lambs

Metabolites (mg/dL) Season of the year SEM P value

Spring Summer

0600 hours

Glucose 65.7 40.7 2.1 <0.01

Cholesterol 63.7 56.5 2.0 0.04

Triglycerides 46.6 30.1 2.9 <0.01

Total protein 6.3 7.0 0.21 0.04

Urea nitrogen 20.1 35.4 1.3 <0.01

1800 hours

Glucose 68.7 54.8 2.1 <0.01

Cholesterol 62.3 55.6 2.0 0.04

Triglycerides 61.8 35.1 2.9 <0.01

Total protein 6.1 6.4 0.21 0.31

Urea nitrogen 25.6 32.4 1.3 <0.01

Significant season x hour of the day interaction (P < 0.05)
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were subject to heat stress during summer (∼35 °C and
82 units) and to thermoneutral conditions in spring (∼24 °C
and 68 units). Marai et al. (2007) observed that moderate and
severe heat stress in sheep occurs when THI is ≥82 and
<84 units and ≥84 and <86 units, respectively. Thus, summer
heat stress among hours of the day was classified as moderate
in this study. Although, recently, López et al. (2015) found
that hair sheep as the West African breed can start to experi-
ence heat stress at THI ≥72 units, such as in dairy cattle that
has been reported (Avendaño-Reyes 2012). Moreover, the av-
erage wind speed in both seasons was ≥2 m/s during daylight
hours, which would be helpful to dissipate body heat (Mader
et al. 1999). Furthermore, a reduction of Te at night during
spring was favorable to loss of accumulated heat during day-
time and, therefore, to avoid negative effects on the develop-
ment of these ewe lambs.

The RTwas within the normal range in spring and summer,
which is from 38.3 to 39.9 °C (Marai et al. 2007), suggesting a
high adaptation of hair breed sheep to arid climates. In gener-
al, ewes had 0.25 °C more of RT in summer than in spring. In
this regard, a review of Wildeus (1997) indicated that hair
breed sheep such as Black Belly, Dorper, Kathadin as well
as their crosses with wool breeds are highly adaptable to heat
stress, since their thermoregulation mechanisms very effi-
ciently maintain homeothermy. Similarly, Romero et al.
(2013) reported the same result (i.e., RTwithin normal range)
when comparing Pelibuey hair sheep with Suffolk wool
sheep. Using West African ewe lambs grazing with and with-
out artificial shade, Pinto-Santini et al. (2014) found also av-
erages of RT between 39.0 and 39.7 °C. Moreover, compared
with spring, environment conditions of summer provoked
higher RT variation during the day, although the RT circadian
rhythm in both seasons showed some variation as the environ-
ment temperature changed. Marai et al. (2007) and Kalyan et
al. (2014) mention that increased body temperature in sheep is
an expected physiological response to the rise in

environmental temperature through the day or, in general,
during the hot season of the year. Consistent with our results,
studies in Pelibuey (Tabarez-Rojas et al. 2009; Romero et al.
2013), West African (Pinto-Santini et al. 2014), and St. Croix
(Monty et al. 1991) sheep also found higher RT due to heat
stress, but no study in hair sheep has reported diurnal varia-
tions for RT. However, some wool breeds such as Kheri
(Kalyan et al. 2014) and Najdi (Al-Haidary et al. 2012) which
are adapted to heat stress have exhibited similar circadian
rhythm of RT during summer and spring to those in our
Dorper × Pelibuey ewe lambs.

However, the activation of thermoregulation mechanisms
in sheep is an expected compensatory response to dissipate
body heat load and to avoid compromising their
homoeothermic conditions. Thus, in seasons where climatic
conditions are thermoneutral, sensible heat losses combined
with diurnal variations in environmental temperature are ade-
quate to regulate body temperature, although exposure to heat
stress during the warm season may result in activation of heat
loss mechanisms that take place in a sequential manner,
starting with non-evaporative loss and then evaporative loss,
or a combination of both processes (Cain et al. 2006; Marai
et al. 2007). Initially, blood flow is redistributed to peripheral
organs from body core, which promotes increased skin tem-
perature and more heat loss via radiation and convection by a
differential in the temperature gradient between skin and en-
vironment. If this mechanism alone is ineffective to maintain
homeothermy in sheep, evaporative heat losses are imple-
mented, such as increased respiration frequency or sweating
(Robinson 2002). Indeed, it is estimated that ∼65 % of body
heat losses in sheep is through the respiratory tract during
hyperthermia (Hales and Brown 1974). This explains why
ewe lambs in summer had higher coat surface temperature in
different body areas and RR through the day, as well as
variations in circadian rhythms in each season for RR.
Consistent with these results, Romero et al. (2013) reported
an increase in RR of Pelibuey and Suffolk ewes as the tem-
perature increased in a climatic chamber from 18.0 to 39.5 °C
during a 6-h period. Similarly, using Santa Ines lambs or their
crosses with Texcel or Ile de France, Correa et al. (2012)
observed lower RR, skin temperature, and sweating rate in
the morning (THI < 70 units) than the afternoon (THI = 71
to 78 units).

In general, our results suggest that variations across the day
in coat surface temperature and RR from white hair sheep are
directly related to the environmental temperature in spring
(thermoneutral); however, in summer (hyperthermia), circadi-
an fluctuations in coat surface temperatures depends on the
environment temperature, while changes in RR depends on
the presence of a minimum difference in the thermal gradient
between temperatures of surface and environmental. Thus,
interestingly, the circadian rhythm of RR varied by season
but the circadian rhythm of coat surface temperatures (i.e.,

Table 4 Blood electrolytes concentrations during summer and spring
in hair ewe lambs

Electrolytes (mmol/L) Season of the year SEM P value

Spring Summer

0600 hours

Potassium 5.25 5.91 0.17 0.04

Sodium 143.7 142.9 0.9 0.53

Chloride 114.0 110.6 0.4 <0.01

1800 hours

Potassium 5.30 5.93 0.18 0.04

Sodium 143.2 144.0 0.9 0.54

Chloride 112.4 110.1 0.4 <0.01

Significant season x hour of the day interaction (P < 0.05)
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head, shoulder, leg, right flank, rump) was not impacted. In
spring, the highest surface temperatures and RR were at mid-
day, while in summer, they were at midday and afternoon,
respectively. This variation in circadian rhythm of RR could
be a physiological adaptativemechanism implemented by hair
ewes to maintain homeothermy and to avoid dehydration in
warm natural environments.

Congruent with this finding, some Desert-adapted ungu-
lates have developed an ability to tolerate high accumulated
heat load during sunlight hours, which by the afternoon or
night is unloaded by evaporative means, mainly increasing
RR (Cain et al. 2006). Using induced heat stress (28 to
38 °C) to Australian Merino wethers during a week (24 h,
7 days), Alhidary et al. (2012) found the highest RR at
1800 hours, even when the exposition between 1200 and
1800 hours was constant at 38 °C, which agrees with our
results. However, Kalyan et al. (2014) reported similar circa-
dian rhythm in Kheri sheep when they were exposed to spring
conditions of 9.6 to 14.8 °C, summer (30.7 to 44.3 °C), and
autumn (17.6 to 36.74 °C) in a semiarid region. Thus, our
results show that circadian rhythm of RR in hair sheep geno-
types is altered in warm season, possibly as a strategy to lose
body heat more effectively.

The impact of heat stress on the metabolic status of
Pelibuey breed sheep or its crosses has not been studied.Marai
et al. (2008) indicated that the metabolic response to hyper-
thermia conditions depends on several factors including
genetics (i.e., breed, age, hair color, physiological status) and
environmental (i.e., diet, water availability, temperature, time
of exposure to hyperthermia), so that research results can
appear inconsistent. Alhidary et al. (2012) reported that heat
stress for 7 days did not affect blood metabolite concentrations
(i.e., glucose, cholesterol, total protein) in Merino wethers,
and Srikandakumar et al. (2003) found lower glucose concen-
tration and higher BUN concentration in Omani wethers
(a heat -adapted breed) dur ing the warm season
(THI = 93 units) compared with thermoneutral season
(THI = 72 units). However, results were the opposite when
used Merino wool breed. Heat stress conditions also lead to a
decrease in blood levels of glucose, cholesterol, and total
protein (Sejian et al. 2010; Indu et al. 2015) and to an increase
in BUN concentrations in Malpura ewes (Indu et al. 2015).
Consistent with most studies previously described,
Dorper × Pelibuey ewe lambs showed, both during morning
and afternoon, a reduction in blood concentrations of glucose,
cholesterol, and triglyceride associated with summer temper-
atures. Also, summer hyperthermia conditions elicited a rise in
BUN concentrations at 0600 and 1800 hours. It is possible that
ewe lambs had decreased blood glucose in summer because of
the elevated energy cost that occurs with the rise in RR as a
thermoregulatory mechanism (Srikandakumar et al. 2003;
Sejian et al. 2010). At the same time, the reduction in glucose
levels may have caused the drop in blood cholesterol and

triglyceride levels due to lipolysis (Rasooli et al. 2004; Indu
et al. 2015). Moreover, BUN results are attributed to the low
blood flow directed to kidneys when heat stress is
experimented in this breed, since most blood is redirected to
skin and muscles associated with breathing in order to dissi-
pate heat (Srikandakumar et al. 2003). Thus, urea release from
the body in the urine was low. Other studies in sheep adapted
to heat stress are consistent with this hypothesis
(Srikandakumar et al. 2003; Indu et al. 2015).

In our study, heat stress increased K+ and decreased Cl− in
blood without affecting Na+. Other studies also found an effect
of season of the year on electrolyte levels (Al-Haidary et al.
2012; Piccione et al. 2012; Ramana et al. 2013; Rashid et al.
2013). For example, using Najdi sheep, Al-Haidary et al.
(2012) reported higher serum Na+ and Cl− levels in summer
than winter; while Rashid et al. (2013), using indigenous sheep,
indicated no effect of warm season on these electrolytes. How-
ever, Ramana et al. (2013) observed decreased serum electro-
lyte concentration with heat stress in Deccani and Nellore
sheep. Additionally, no study observed changes between sea-
sons in serum K+ concentration. Discrepancies among studies
can be due to genetic variations among breeds, feeding, heat
stress level, or other factors. In general, Dorper × Pelibuey ewes
were not dehydrated in the high environmental temperatures,
given that serum Na+ concentrations were not affected by sea-
son of the year and that the measured electrolytes had mean
values within normal ranges for sheep (Blood 2002). Sodium is
the primary ion involved in metabolic process and holds a cen-
tral position in fluid and electrolyte balance (Piccione et al.
2012). Also, we observed that serum Cl− and K+ of ewes
decreased and increased, respectively, during summer season,
which in combination with the result of BUN, can be an indic-
ative that ewes maintained their water balance through reduc-
tion of fecal and urinary water losses (Piccione et al. 2012).

Conclusions

In arid regions, season of the year modified the physiological
and metabolic status of hair breed ewes housed in corrals. The
ewe lambs had normal values of physiological variables and
blood levels of metabolites and electrolytes under spring
thermoneutral conditions, while in summer, the respiratory
frequency, skin temperatures, and blood components were
altered as physiological adjustment to cope with high ambient
temperatures. In general, Dorper × Pelibuey ewes had a high
adaptive capacity to summer heat stress because they main-
tained rectal temperatures in a normal range and they were
very efficient in losing body heat load through the day by
increasing RR and skin temperature and variations in the RR
circadian rhythm. Likewise, the reduction in kidney function
in summer may indicate activation of mechanisms to prevent
dehydration, which is favorable to maintain normothermia.
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