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Abstract

This study was conducted to investigate the effects of heat stress on the behavioral and physiological patterns in Small-tail Han
sheep housed indoors in summer without climate control. Sixteen adult animals were allocated into two groups of eight animals,
based on sex: one group of eight rams and one group of eight ewes. Temperature-humidity index (THI) was used to assess the
degree of heat stress. All sheep were subjected to a 10-day pre-experimental period of habituation to the experimental feed and
environment. Physiological parameters monitored were respiratory rate (RR), rectal temperature (RT), and heart rate (HR). Blood
chemistry parameters were also recorded, including plasma minerals and blood metabolites, from jugular vein blood samples.
Behavioral parameters were lying, standing, excreting, drinking, foraging, walking, and ruminating. The research findings
showed that there were some significant differences of behavior (standing, P=0.001; walking, P =0.049; ruminating, P =
0.010), physiology (RR, P=0.0001; HR, P=0.002; RT, P=10.03;) and plasma minerals and blood metabolites (sodium, P =
0.047; phosphorus, P=0.002; T4, P=0.041; cortisol, P=0.0047; triglyceride, P =0.009) between ram and ewe and that heat
stress also significantly affected (P < 0.05) standing, lying, foraging and drinking behavior, all of the physiological parameters
and some of the blood chemistry parameters (chlorides, sodium, phosphorus, total protein, tetraiodothyronine, cholesterol,
triglyceride, creatinine, cortisol, and glucose). These results indicate that ewe has better high-temperature tolerance than ram,
and heat stress can alter behavioral and physiological patterns in Small-tail Han sheep housed indoors. These changes may allow
the sheep to adapt better to the ambient temperature.
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Introduction

Heat stress occurs when the core body temperature of a given
species exceeds its range specified for normal activity
resulting from a total heat load (internal production and envi-
ronment) exceeding the capacity for heat dissipation
(Bernabucci et al. 2010). Sheep are homoeothermic animals,

> S.J.Lv
lvshenjin@lyu.edu.cn

< W. H. Wei
weiwh6677@126.com

College of Bio-science & Bio-technology, Yangzhou University,
Yangzhou, China

College of Agriculture and Forestry, Linyi University, Linyi, China
Linyi Agriculture Science Institute, Linyi City, Shandong, China

Department of Life Sciences, Anglia Ruskin University,
Cambridge CB1 1PT, UK

which under thermoneutral conditions can maintain body tem-
perature within a normal range utilizing sensible heat loss
(convection, conduction, and radiation) to dissipate body heat
to the surrounding environment (Fadare et al. 2012). This is
necessary for sheep to remain healthy, survive, and maintain
productivity (Marai et al. 2007). Generally, sheep have good
adaptation ability and are resistant to hard environment con-
ditions and were widely farmed all over the world, especially
in developing countries (Krzysztof et al. 2014). However, heat
stress is considered a limiting factor for animal welfare and
sheep production and sheep reproduction (McManus et al.
2009; Bernabucci et al. 2010) as it can lead to a dramatic
decrease in the production and reproduction of sheep. This is
especially so in China, where reduced performance of sheep
housed indoors during summer months can be largely due to
elevated ambient air temperature (Zang et al. 2006;
Bernabucci et al. 2009). These reduced performances can be
further compounded when elevated ambient temperature is
coupled with high humidity, exacerbating heat stress.
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The performance which high temperatures strongly affect-
ed involves a series of neuroendocrinological, physiological,
and behavioral responses, which act to equilibrate animal
functions (Marai et al. 2007). Such responses can promote
alterations in the level of blood metabolites and metabolic
hormones (Marai et al. 2008; Sejian et al. 2010; Macias-
Cruzet al. 2013). Keim et al. (2002) reported that homeostatic
mechanisms are controlled by the hypothalamus via various
neuroendocrine pathways, leading to different endogenous
and behavioral responses that are measurable. Therefore, an
animal’s response to heat stress can be measured by: respira-
tory rate, heart rate, rectal temperature, activity level, hemato-
logical, and other physiological traits (Marai et al. 2007;
McManus et al. 2009).

A good indicator of thermal stress in animals is the
temperature-humidity index (THI), a value which allows the
integration of temperature and humidity and can give an ob-
jective comparison of environmental conditions (Krzysztof et
al. 2014). Therefore, the THI allows us to better understand
the effects of a high temperature and humidity environment.

The Small-tail Han sheep is a predominant indigenous breed
in China which originated from Mongolia and has a large num-
ber of breeding in northern China. The Small-tail Han sheep has
notable physical and sexual vigor and robustness that enables
them to withstand stress related to the harsh environment, dis-
ease, and irregular feeding. Relatively speaking, the Small-tail
Han sheep has better cold but poorer high-temperature resis-
tance. So, most of Small-tail Han sheep raised in farming or
pastoral areas in northern China grow slowly or even stop
growing under high temperature and result in a lot of economic
losses (Zang et al. 2006; Srikandakumar et al. 2003). Thus, it is
quite important to study the behavior and physiological changes
of Small-tail Han sheep under heat stress, though there is a lot of
research about the effect of heat stress on the behavior and
physiology of sheep; but for this breed, information is lacking
up to now. The aim of this study was to investigate the effects of
heat stress on the behavior and physiology in Small-tail Han
sheep housed indoors and to provide theoretical guidance for
sheep breeding.

Materials and method

All the experimental procedures were performed according to
the authorization granted by the Chinese Ministry of
Agriculture. All procedures involving animals were approved
by the animal care and use committee at the institution where
the experiment was conducted (LYU20150603).

Location of study

The study was conducted at a sheep farm of the BaShaBu,
Lan-Shan District, Linyi city, Shandong province, China,
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which is located in the semi-moist climate region of the coun-
try at longitude 118.35° E and the latitude of 35.05° N and at
an altitude of 300 m above mean sea level. The climate is
temperate monsoon region continental climate and in summer
has high temperature and high humidity. The annual rainfall in
this area ranges from 800 to 1000 mm. The minimum and
maximum ambient temperature ranges from — 11.1 to 37 °C,
respectively.

Animals, management, diet, and environment

Sixteen adult Small-tail Han sheep, of an average 7 + 1 months
of age and 32.41 +5.28 kg in weight, were allocated to two
groups of eight sheep based on sex (one ram-group and one
ewe-group). Each group was housed in a space of 5 m x 6 m,
in semi-open barns (the south side of the barn was open), with
soil flooring. There was no cross-ventilation in the sheepfold,
which aggravated heat load for the sheep in summer. The
sheep were fed concentrate (300 g per sheep, 12% crude pro-
tein and 2300 kcal ME/kg) and hay (about 200 CP per kg dry
mass) ad libitum at 8:00h and 17:00h respectively daily; fresh
water was available at all times. Sheep were sheared on May
10,2015, and at the beginning of the test (August 2, 2015), the
wool was about 2 cm long on average. For recognition, all
sheep had different colors painted on their flanks and heads
using aerosol paints. Sheep were subjected to 10 days of a pre-
experimental habituation period to acclimate them to their
new feeding regime, micro-environment, and experimental
measurement. Data was collected between 14:00h and
15:00h over the experimental period, which followed a repet-
itive pattern (test cycle) of two consecutive sampling days
followed by one rest day, where no data was collected, from
August 2nd to August 31st and from October 5th to October
13th in 2015.

The environment survey data included air temperature and
relative humidity, which were recorded by a portable temper-
ature and humidity meter (Shanghai Huayan instrument
equipment co., LTD, NANNA HI8564/H193649). The meter
was placed 0.8 m above the ground (relative to the sheep pens)
to record the ambient temperature and relative humidity four
times at 15-min intervals from 14:00h to 15:00h in each barn.
The temperature-humidity index (THI) was calculated using
the air temperature and relative humidity using the following
formula (Marai et al. 2001):

THI = db C—[(0.31-0.31RH) (db' C-14.4)]

where db °C is the dry bulb temperature (°C), RH the relative
humidity (%). The THI values obtained were used to define
four categories of heat stress as follows: <22.2 = absence of
heat stress; 22.2 to 23.3 = moderate heat stress; 23.3 to 25.6 =

severe heat stress and >25.6 = extreme severe heat stress
(Marai et al. 2001).
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Physiological data collection and analysis

Rectal temperature (RT), respiratory rate (RR), and heat rate
(HR) were measured in the afternoon during the experimental
period, after the sheep was restrained in the pens and while
blood was collected from 15:00h to 15:30h. Every time, only
half of the sheep (four sheep) in one barn were measured;
therefore, each individual sheep was tested 13 times over the
experimental period. RT was taken using a digital thermome-
ter. RR and HR were measured using a stethoscope after blood
samples were collected.

Animal behavioral observation

In each barn, a four-channel video camera monitoring system
(Huaya Ltd., Shenzhen, China) was installed on the wall.
Every sheep was observed from 14:00h to 15:00h during the
experimental period, and all the video data were stored by
mobile HDD and were taken to the laboratory. The data were
collected using continuous focal observations in the laborato-
ry. Before observation, the observers were trained for 10 days
with pre-existing video recordings. Sheep behaviors observed
were foraging, drinking, ruminating, standing, resting, and
walking (Table 1).

Blood collection and analysis

Blood samples were collected in the afternoon from 15:00h to
15:30h while the RT was measured. Approximately 4-5 ml of
blood was collected, by jugular venipuncture from each ani-
mal using 5-mL vacutainer tubes coated with heparin sodium,
an anticoagulant. The samples were collected within 2 min
and placed immediately on ice before being taken to the lab-
oratory. Plasma samples were prepared by centrifugation of
whole blood (3000 rpm) for 10 min and stored at — 80 °C until
further analysis. Plasma concentrations of Na, K, Cl, P, Ga,
total protein, triiodothyronine, tetraiodothyronine, cholesterol,
triglyceride, creatinine, urea nitrogen, cortisol, and glucose
were analyzed using a commercial kit (America BD import

Table 1 Ethogram of Small-tail Han sheep behaviors observed
Behavior Definition or description

Lying Body flank is in contact with the ground

Standing Body weight is supported by all four legs
Excreting Feces or urine are discharged from the body
Drinking Muzzle is in contact with water

Foraging Feed is visible in the mouth around the feed trough
Walking Sheep moves from one location to another
Ruminating Sheep is lying awake with inversing, chewing, and

swallowing of the food

packing, Shanghai Yuping Biological Technology co., LTD)
according to the manufacturer’s instructions. The intra-assay
coefficients of variations of all indicators are listed in Table 2.

Statistical analysis

Physiological and behavioral parameters were obtained from
individual sheep in each group during experimental day, and
then the data of each sheep in the same group were combined
at the different THI levels according to the value of THI of the
sampling period during experimental day (1 = absence of heat
stress; 2 = moderate heat stress; 3 = severe heat stress and 4 =
extreme severe heat stress). Data of ram or ewe at different
levels were analyzed by analysis of variance procedure using
IBM.

Results

Environmental temperature and air relative humidity were all
important factors which affected THI (Fig. 1). According to
the THI formula (Marai et al. 2001), during the whole exper-
imental period, there were only 2 days (10/9 and 10/11) which
means an absence of heat stress; 2 days (10/8 and 10/12)
which means moderate heat stress; 2 days (8/7 and 10/6)
which means severe heat stress; and 20 days which means
extreme severe heat stress (Fig. 1).

There were some significant behavioral differences be-
tween ram and ewe. The ruminating and walking of ewe were
significantly higher than that of ram (P <0.05), while the
standing of ram was significantly higher than that of ewe (p
<0.01) during extreme severe heat stress (Table 3). When the
THI was equal to 2, the foraging and lying of ram were sig-
nificantly higher than that of ewe (P < 0.05). Environmental
temperature also significantly affects behavior, the duration of
standing behavior decreased with the increasing levels of THI,
but only for ewe; and under the condition of extreme severe
heat stress, there was a significant decrease (P <0.05). The
duration of foraging behavior decreased with the increasing
levels of THI (P <0.05), but the duration of lying behavior
increased with the increasing levels of THI (P < 0.05).

The effect of heat stress on respiratory rate, heart rate, and
rectal temperature in the Small-tail Han sheep are presented in
Table 4. There were some significant differences between ram
and ewe. When the THI is equal to 4, the RR of ram was
significantly faster than that of ewe (P=0.0001) while the
HR of ewe was significantly higher than that of ram (P =
0.002), and the RT of ewe was significantly higher than that
ofram (P = 0.03). Environmental temperature also significant-
ly affects RR, HR, and RT. RR increased with the increasing
levels of THI for rams and ewes and was fastest in extreme
severe heat stress (P < 0.05). The HR of rams was fastest when
they were in moderate heat stress (P < 0.05), but the HR of
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Table 2  The intra-assay coefficients of variations of all indicators

Indicator Na K Cl P Ga Total protein ~ Triiodothyronine
The intra-assay CV(%)  2.50 2.10 3.00 2.30 3.50 9.00 9.00

Indicator Tetraiodothyronine ~ Cholesterol ~ Triglyceride ~ Creatinine ~ Urea nitrogen  Cortisol Glucose

The intra-assay CV(%)  9.00 9.00 9.00 9.00 9.00 9.00 9.00

SPSS 22.0 (IBM Corporation, New York, NY, USA), and data at the same level of THI were analyzed by independent samples test to analyze the
difference between ram and ewe. The main effects in the model were sex (ram versus ewe), treatment (different THI levels). Least square means were
used to evaluate the sex x exels). Least square means were used to evaluate between means. Significance level was set at P =0.05. All data are presented

as means + SE

ewes was fastest when they were in extreme severe heat stress
(P <0.05). Only for rams and in moderate heat stress the RT
was significantly different to that in the other levels of THI (P
<0.05).

The effect of different THI levels on plasma mineral and
metabolite concentrations in the Small-tail Han sheep are pre-
sented in Table 5. There were some significant differences
between ram and ewe. The sodium of ram were significantly
higher than that of ewe except in extreme severe heat stress (P
<0.05), and the phosphorus and T4 of ram were significantly
higher than that of ewe in extreme severe heat stress (P <
0.05); the cortisol of ram was higher than that of ewe under
high-temperature environments but only in moderate heat
stress was there a significant difference (P =0.047).
Environmental temperature also significantly affects plasma
mineral and metabolite concentrations. Table 4 shows that
plasma chlorides increased and plasma T4, triglyceride, and
creatinine decreased with the levels of THI for rams and ewes
(P <0.05). But plasma sodium increased and plasma cortisol
decreased with the increasing levels of THI only for the ewes
(P <0.05). The concentrations of phosphorus, total protein,
cholesterol, urea nitrogen, glucose, and the ratio of urea
nitrogen:creatinine changed significantly (P <0.05) with the
increasing levels of THI only for rams. To be specific, the
phosphorus, cholesterol, urea nitrogen, and the ratio of urea
nitrogen:creatinine increased, the total protein decreased, and
the glucose initially decreased and then increased with the
increasing levels of THI for rams.

Fig. 1 The environmental 40
temperature, relative humidity, s
and temperature-humidity index iy
during the experiment ¥
27

20

T(C) and THI

Discussion

Acclimation to heat stress imposes behavioral, physiological,
and metabolic adjustments to reduce the strain and enhances
the likelihood of surviving the stress (Bernabucci et al. 2010).
In this study, the duration of standing and lying behavior
changed significantly with increasing levels of THI, with
standing decreasing and lying increasing. Lying down may
reduce energy consumption and increase individual comfort
under high-temperature environments: lying down may help
to reduce heat load by providing a ready conduit for heat to
transfer to the floor, which has greater conductivity than air
(Silanikove 2000). Studies have shown that high temperatures
can increase the baseline energy needs of sheep, while de-
creasing blood flow to the rumen, and reducing ruminal mo-
tility, rumination, and appetite (da Costa et al. 1992;
Silanikove 1992). This supports the results of the current
study, which found that the duration of foraging behavior de-
creased with the increasing levels of THI for rams and ewes.
High-temperature environments can considerably increase
water and ion losses of ruminants and hence increases their
requirements (Beede and Collier 1986). However, there was
no clear variation trend of drinking behavior under high tem-
perature in the current study. A possible reason for this unex-
pected result may be that with reduced foraging, or increased
lying down, i.e., the sheep might be comforted and need not to
reduce heat stress by the way of changing drinking behavior.
In this study, we defined ruminating as sheep’s lying awake
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moderate heat stress;

extreme severe heat stress. Means with different lowercase letters in the same column differ significantly (P < 0.05); P value is the value between ram and ewe at the same THI by

Effects of different THI on the behavioral patterns of Small-tail Han sheep from 14:00h to 15:00h during the experimental period (mean + SE).1 = absence of heat stress; 2

severe heat stress; 4
independent samples test

Table 3
3

Foraging (%)

Ram

Excreting (%)

Ram

Standing (%)

Ram

Ruminating (%)

THI

P value
0.419

Ewe

P value
0.164
0.083

Ewe

P value
0.482

Ewe

P value
0.724
0.987

Ewe

Ram

31.31+4.71
29.00 +5.37

26.33£3.80b
54.55+£821la

0.13+£0.09
0.19+0.10
0.13+0.13
0.16+0.03

0+0
0+0
0+0

44.06 +£3.95a
36.13+4.31a

48.37+4.59a
30.07+£3.67b

18.62 +3.75b
31.14+3.65a

20.44 +3.46

1
2
3
4

0.012

0.296
0.82

31.00+£10.09
24.50+11.90
22324242
Lying (%)

Ram

0.086

31.63+5.25
24.79 +2.80

19.50 £3.96b
22.89+£2.25b

0.351

36.00 +5.41ab
23.94+1.98b

38.13 +7.39ab
38.42 +2.25ab
Walking (%)

Ram

0.390
0.010

15.00 +3.65b
31.29+2.30a

0.594

0.509

0.13+£0.03

0.001

Drinking (%)

Ram

THI

P value
0.333

Ewe

P value
0.166
0.376
0.708

Ewe

P value
0.333

Ewe

0.06+£0.06
0.06 +£0.06

0+0

0+0b

2.69+0.56
2.13+0.58
3.63+0.82
6.72+1.20

3.75+0.50
2.75+0.18
3.88+£0.85
4.15+0.51

15.38+3.95b
11.56 +3.28b

20.44+3.23b

1
2
3
4

0.141

0.31+0.15a
0+0b

0.017
0.19

44.38 £10.60a

17.38 £4.42b
45.10+2.42a

29.86 +7.67ab
41.80+2.22a

0.03+£0.02b 0.06+0.02 0.399

0.049

0.318

with inversing, chewing, and swallowing of the food,; this also
showed the comfort level. So, we could conclude that the ewes
had better resistance capability through the behavioral differ-
ences of ram and ewe in heat stress. And we also can estimate
the degree of heat stress by observing behavior changes of
Small-tail Han sheep under high temperature and take corre-
sponding measures to resist heat stress because the effect of
heat stress on sheep first changes in behavior.

Alamer and Al-Hozab (2004) stated that respiration rate
(RR) can be used as an indicator of heat stress, and to estimate
the adverse effects of environmental temperature. In sheep,
panting is the major evaporation heat loss mechanism and
respiratory frequencies tend to follow closely heat loss by
evaporation (Marai et al. 2007). In the current study, the RR
increased with the increasing levels of the THI for rams and
ewes, but only for rams did the RR rise above 80 breaths/min,
when the THI level was equal to 4, which indicated that the
rams were in high heat stress (Silanikove 2000). Considered
alone, compared with Australian Merino, this result suggests
that Small-tail Han Sheep have a high thermal tolerance ca-
pacity, because Srikandakumar et al. (2003) reported that the
RR of white wooly Australian Merino rose to 128 breaths/min
under severe heat stress (dry bulb temperature of 35.5-43.9 °C
and relative humidity 95-35%). The observed accelerated
heart rate could be due to the reported redistribution of blood
to peripheral tissues during heat exposure in sheep (Silanikove
2000a). These findings support the previous reports on other
sheep breeds (Marai et al. 2009; McManus et al., 2009).
Increased rectal temperature has also been considered a good
indicator of the level of heat stress of animals (Alamer and Al-
Hozab 2004). Anderson and Jonasson (1996) showed that in
sheep the RT begins to rise when the environmental tempera-
ture reaches 32 °C and the RH is below 65%. The current
study shows the similar trend, the difference is that RT in-
creased initially but decreased at the highest level of the
THI, and the RT of rams and ewes was highest when the
THI level was equal to 2 (P <0.05). The lower core body
temperatures under extreme severe heat stress might similarly
be because the sheep could adapt physiologically and behav-
iorally with reduced water intake, reduced foraging, and in-
creased lying down. We also could conclude that the ewes had
better resistance capability through the differences of RR, HR,
and RT between ram and ewe in extreme severe heat stress.
Compared to HR and RT, RR is an increasing indicator with
the increasing of THI under high temperature for Small-tail
Han sheep, and we can use it as an important indicator of heat
stress in sheep farm management.

Srikandakumar et al. (2003) reported plasma Ca was affect-
ed by total plasma protein concentration as approximately 45—
50% of the total plasma Ca is bound to plasma proteins, in the
current experiment heat stress also decreased total plasma pro-
tein and Ca. The observed reduction in plasma Ca and total
protein concentration could be attributed to the reduction in
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Table 4  Effects of different THI levels on respiration rate (RR), heart rate (HR), and rectal temperature (RT) of Small-tail Han sheep (mean + SE). 1 =
absence of heat stress; 2 = moderate heat stress; 3 = severe heat stress; 4 = extreme severe heat stress THI. Means with different lowercase letters in the
same column differ significantly (P < 0.05); P value is the value between ram and ewe at the same THI by independent samples test

THI RR (times/min) HR (times/min) RT (°C)

Ram Ewe Pvalue Ram Ewe Pvalue Ram Ewe P value
1 3571+2.18a 37.38+2.482a 0.630 107.42+7.38ab 101.50+5.793a 0.541 39.31+0.046a  39.32+0.077 0.947
2 38.46+2.62a 41.21+2.793a 0.483 122.00+3.47a  114.99+4.054ab  0.216 39.81+0.230b  39.62+0.076 0.463
3 51.83+6.38a 61.25+12.045ab 0.492 105.08 +8.16b  105.71+10.046ab 0.961 39.51+0.081ab  39.71+0.097 0.162
4 87.71+4.22b 63.77+3.357b 0.0001 109.72+1.64b  118.43+2.130b 0.002 39.47+0.053ab  39.63+0.054 0.03

the duration of foraging, as reduced dietary intake has been
reported under heat stress conditions (Marai et al. 2007). Heat
stress also increased plasma Na and P in ewes and rams, but
only the concentration of plasma Na in ewes and plasma P in
rams markedly increased with the levels of THI (P <0.05).
Okoruwa (2014) also observed an increase in concentrations
of Na under high-temperature environments and thought this
attributed to dehydration, which has been reported to occur as a
result of increased breathing rate. More et al. (1980) reported
that sheep and goats exposed to 42 °C for 5 h showed increased
values for plasma inorganic phosphorus; this is similar to our
results. But there are differing reports in previous studies. Rai et
al. (1983) reported that in experimental thermal stress of sheep,
serum inorganic phosphorus showed a decreasing trend.
Perhaps this was related to ingesting ration type and feed con-
sumption, for higher feed conversion ratio contribute to in-
crease plasma inorganic phosphorus (Chiericato et al. 1994).
Through the above analysis, we also could conclude that the
ewes had better resistance capability through the differences of
Na and P between ram and ewe in heat stress.

Thyroid hormones, mainly thyroxine T4, play an important
role in an animal’s adaptation to environmental changes
(Koluman and Daskiran 2011). They stimulate oxygen con-
sumption and heat production in cells, which increases the
basal metabolic rate, enhances glucose utilization, modifies
lipid metabolism, and stimulates cardiac and neural functions
(Todini et al. 2007). Nazifi et al. (1999) reported that low
ambient temperatures tend to increase thyroid activity, where-
as high temperatures depress it. In the current study, we had
the similar trend that thyroxine concentration was lowest for
rams and ewes when the THI level was equal to 3 (P <0.05).
The concentration of cholesterol increased with increasing
levels of THI for rams but there was no significant change
for ewes. Perhaps this is due to the decreasing of thyroid
hormone, as thyroid hormone can promote transport and ex-
cretion of cholesterol (Ma et al. 1992).

Cortisol is secreted by the adrenal glands and can stimulate
physiological changes in the body, which allow the animal a
better tolerance to the stress caused by high temperatures
(Christison and Johnson 1972). However, in the current study,
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the concentration of plasma cortisol decreased with the increas-
ing levels of THI for rams and ewes. Perhaps this was because
the sheep could better accommodate the high environmental
temperature by changing behaviors, and the decline of plasma
cortisol also contributed to reduce metabolic rate and then
reduce heat production because one of the main function of
cortisol is to increase metabolic rate. Silanikove (2000) also
found that the levels of cortisol initially increased and then
gradually decreased during long-term exposure as the animals
adapt to acute thermal conditions (Silanikove 2000), which
could explain the results of the chronically thermally challenged
sheep in the current study. And we also could find that the ewes
had better resistance capability through the difference of plasma
cortisol between ewe and ram in heat stress.

The increase in blood urea nitrogen (BUN) due to heat
stress may indicate that kidneys experience reduced blood
flow during heat stress conditions; heat stress is known to
cause peripheral vasodilation to expel body heat and reduce
the blood flow to the internal organs (Srikandakumar et al.
2003). In the current study, we also found the same tendency,
but only for rams was this significant (P <0.05). BUN can
originate from hepatic deamination of amino acids mobilized
from the skeletal muscle, and CR was a better circulating
indicator of muscle catabolism. CR decreased in both rams
and ewes in this study. Ganong (1977) reported that the rate
of excretion of creatinine (CR) is influenced by the glomerular
filtration rate such that CR is eliminated more easily than
BUN. The ratio between urea and creatinine increased with
the increasing levels of THI for rams and ewes. This may be
due to the reduced muscular activity (increased lying down) as
well as protein compensation (Kulkarni et al. 2010).

There was no effect of heat stress on plasma glucose (Glu) in
ewes (P >0.05) but heat stress markedly decreased plasma Glu
in rams (P <0.05), with the lowest concentration occurring
when the THI level was equal to 3. It was reported that Glu
metabolism was largely influenced by nutritional and physio-
logical conditions (e.g., energy intake, energy demand, and
mobilization of body fat reserves) (Sano et al. 1983;
Srikandakumar et al. 2003), so the changing of plasma Glu
might be related partially with the ingestion of feed and body
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fat reserves. Under high temperature, energy demand of sheep
should increase because of higher respiratory rate. Sano et al.
(1983) reported that Glu metabolism was reduced during heat
exposure, but some reported that the plasma Glu concentrations
were unchanged during heat exposure (Al-Mamun et al. 2007);
this may partly be due to different ingestion of feed; in our
studies, there were more effects of heat stress for rams than that
for ewes. Among blood chemistry parameters which were re-
corded only plasma chlorides, triglyceride and creatinine
changed steadily with the increasing of THI, and we can use
it as an important indicator of heat stress in Small-tail Han sheep
farm management under high-temperature environments.

Conclusion

Unlike other sheep, the behavioral, physiological, and blood
parameters of Small-tail Han sheep changed under high-
temperature environments. With the increasing levels of THI,
the sheep changed their normal behavior to adapt to the external
conditions. There were significant differences in some of the
physiological and behavioral parameters between male and fe-
male sheep, and by contrast, the ewe has better high-
temperature tolerance than the ram. Heat stress also significant-
ly altered some behaviors (standing, lying, feeding, and drink-
ing), all of the physiological parameters, and some blood chem-
istry parameters (chlorides, sodium, phosphorus, total protein,
tetraiodothyronine, cholesterol, triglyceride, creatinine, cortisol,
and glucose) in sheep. These results indicate that heat stress can
partly alter the behavioral and physiological patterns in Small-
tail Han sheep housed indoors in China, and also, to some
extent, Small-tail Han sheep housed indoors can change some
of their behavioral and physiological patterns to better accom-
modate the high-temperature environment.
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