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Evaluating the impact of breed, pregnancy, and hair coat on body temperature 
and sweating rate of hair sheep ewes in the tropics1

R. W. Godfrey,*2 W. D. Preston,* S. R. Joseph,* L. LaPlace,* P. E. Hillman,†  
K. G. Gebremedhin,† C. N. Lee,‡ and R. J. Collier§

*Agricultural Experiment Station, University of the Virgin Islands, St. Croix, USVI 00850; †Department of Biological 
and Environmental Engineering, Cornell University, Ithaca, NY 14853; ‡Department of Human Nutrition, Food and 

Animal Sciences, University of Hawaii-Manoa, Honolulu 96822; §William Parker Agricultural Research Center, 
Department of Animal Science, University of Arizona, Tucson 85719

ABSTRACT: The objective of this study was to 
evaluate the effect of pregnancy, breed, and hair coat 
on body temperature and sweating rate (SR) of hair 
sheep. St. Croix White (STX; n = 9) and Dorper  
STX (DRPX; n = 9) ewes (3.6 yr of age) were evalu-
ated over 4 d at 126 d of gestation (PREG) and over 
4 d at 46 d postpartum (OPEN) in the shade and sun 
and in the morning (AM; 0900 to 1200 h) and after-
noon (PM; 1300 to 1600 h) after a 20 min acclimation 
to each condition on each day. Data loggers recorded 
vaginal temperature (VT) at 10-min intervals for 96 
h. Rectal temperature (RT) was measured using a 
digital veterinary thermometer, and respiration rate 
(RR) was measured as breaths per minute (bpm). 
Sweating rate was calculated from measured air prop-
erties passing over a shaved (300 cm2) and unshaved 
area of the ewes’ body using a portable calorimeter. 
Data were analyzed using GLM procedures of SAS 
(SAS Inst. Inc., Cary, NC) with breed, pregnancy sta-
tus, sun exposure, and time of day as main effects. 
Mean temperature, relative humidity, temperature-
humidity index, wind speed, and solar radiation on 
the days of data collection were 28.2°C, 82.8%, 80.3, 
4.2 km/h, and 237.5 W/m2, respectively. There was 
no difference (P > 0.10) in RT, RR, and SR between 

DRPX and STX ewes. The PREG ewes had lower 
RT (P < 0.007) and SR (P < 0.0001) and higher RR 
(P < 0.007) than OPEN ewes (38.5  0.2 vs. 39.1  
0.2°C, 70.2  3.1 vs. 88.3  3.1 gm−2h−1, and 79.5 
 2.2 vs. 72.1  2.2 bpm, respectively). During the 
PM, RR, RT (P < 0.05), and SR (P < 0.006) were 
higher than in the AM. In the sun, RR (P < 0.001) and 
SR (P < 0.0001) were higher than in the shade, but 
there was no difference (P > 0.10) in RT. There was 
no difference in SR (P > 0.10) between the shaved 
and unshaved area of the ewe. The DRPX ewes had 
higher (P < 0.0001) VT than STX ewes. The PREG 
ewes had higher (P < 0.001) VT than OPEN ewes 
during the night time and lower VT than the OPEN 
ewes during the day time (P < 0.0001). The OPEN 
ewes had a greater (P < 0.009) daily range of VT than 
PREG ewes did (2.5  0.4 vs. 1.1  0.4°C, respec-
tively), but there was no breed difference (P > 0.10). 
Hair coat did not have an influence on the SR of the 
ewes, and PREG ewes appeared to use increased res-
piration as opposed to sweating to help control RT. 
The narrower range of body temperature, measured 
as VT, of PREG compared to OPEN ewes may be a 
protective mechanism for the developing fetus.
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INTRODUCTION

Heat stress is a common problem in ruminant 
livestock production throughout the tropics and other 
areas with high temperatures and/or humidity. Body 
temperature and respiration rate (RR) are commonly 
used indicators of hyperthermia in animals. Respira-
tion rate increases during periods of heat stress to uti-
lize evaporative cooling from the membranes of the 
oral and nasal cavities to regulate body temperature, 
and the increased air movement through the respira-
tory system dissipates heat (Hales and Brown, 1974; 
Hofman and Riegle, 1977). Heat stress of ewes dur-
ing pregnancy has been reported to result in smaller 
lambs and a decreased placental weight (Dreiling et 
al., 1991; McCrabb et al., 1993). In a review by Marai 
et al. (2007), the authors cited studies that reported 
sweating in wool sheep is not very effective at regulat-
ing body temperature due to the wool cover. Because 
sheep in the tropics tend to have short hair coats, as 
opposed to heavy wool fleeces, sweating may play 
a more significant role in the ability of hair sheep 
to maintain body temperature within a thermoneu-
tral state. St. Croix White (STX) hair sheep are well 
adapted to the hot, humid climate found in the U.S. 
Virgin Islands, but other breeds of sheep such as the 
Dorper, which was initially selected for arid areas 
(Baker et al., 1999), may not be as suited to the hu-
mid tropics. In support of this, it has been reported that 
STX ewes have lower body temperatures than Dorper 
 STX (DRPX) ewes under tropical conditions (God-
frey et al., 2013). Assessing the sweating rate (SR) of 
tropically adapted breeds of hair sheep can lead to the 
development of more efficient strategies to employ in 
tropical environments to evaluate and alleviate heat 
stress. The objective of this study was to evaluate the 
impact of pregnancy, breed, and hair coat on the body 
temperature and SR of STX and DRPX hair sheep 
ewes in a tropical environment.

MATERIALS AND METHODS

Animals were managed in accordance with the 
Guide for the Care and Use of Agricultural Animals 
in Agricultural Research and Teaching (FASS, 1999), 
and experimental procedures were approved by the 
University of the Virgin Islands Animal Care and Use 
Committee. Ewes grazed guinea grass (Panicum max-
imum) pastures in a rotational grazing system through-
out gestation and the postpartum period.

St. Croix White (n = 9) and DRPX (n = 9) ewes 
(3.6 yr of age) were evaluated at 126 d of gestation 
(PREG; June) and again at 46 d postpartum (OPEN; 
August). Ewes were evaluated over 4 d, during ges-

tation and the postpartum period, in the shade or sun 
and in the morning (AM; 0900 to 1200 h) or afternoon 
(PM; 1300 to 1600 h). Within each 4-d period, all ewes 
were evaluated in the sun and shade and in the AM and 
PM. On the days when evaluations were being con-
ducted, ewes and lambs were brought in from pasture, 
separated from the ewes in the morning, and placed in 
a pen with access to shade and water. At the end of each 
day, ewes and lambs were placed back into a guinea 
grass (Panicum maximum) pasture until the following 
morning. On the first day of each 4-d evaluation period, 
temperature data loggers (StowAway TidbiT; Onset 
Computer Corp., Bourne, MA) were placed in the va-
gina of each ewe to record vaginal temperature (VT) at 
10-min intervals for 96 h. Previous work has shown that 
VT is highly correlated with rectal temperature (RT) in 
hair sheep ewes (George et al., 2014).

On each day of evaluation, ewes were allowed to 
acclimate in the shade or sun for 20 min prior to col-
lecting any measurements in the AM and PM. Ewes 
were placed on a shearing stand to immobilize them 
for RT, RR, and SR measurements in the sun or shade. 
Rectal temperature was measured using a digital vet-
erinary thermometer (GLA M700; GLA Agricultural 
Electronics, San Luis Obispo, CA; accuracy, 0.1°C), 
and RR was measured by holding a hand in front of 
the muzzle and counting breaths for 15 s and adjusting 
to breaths per minute (bpm).

On the first day of evaluation, each ewe had an area 
(300 cm2) shaved over the left flank using an electric clip-
per and a #40 blade. Sweating rate was measured over 
the shaved area and a corresponding unshaved area on 
the right flank using a bovine evaporation meter (BEM; 
Gebremedhin et al., 2008) that measured air properties 
passing over the areas of the ewes’ body. The equipment 
consists of a portable calorimeter that has been modified 
to directly and accurately measure evaporation (sweat-
ing) rate from the sample area. The BEM allows mea-
surement of SR (gm−2h−1) from a 76- by 102-mm area 
of body surface. Air velocity over the sample area was 
set at 1.0 m/s. A transparent film above the sample area 
allows unimpeded exposure to solar radiation.

Ambient conditions during each data collection 
period were monitored using a weather station located 
at the UVI Sheep Research Facility (Vantage Pro2; 
Davis Instruments Corp., Hayward, CA). The station 
measured temperature, relative humidity, wind speed, 
and solar radiation (average and maximum). Temper-
ature-humidity index (THI) was calculated using the 
formula THI = (0.8  T) + [(RH/100)  (T − 14.4)] 
+ 46.4, where T is the temperature (°C) and RH is the 
relative humidity (NOAA, 1976). The environmental 
conditions during each period and time of day within 
each period are shown in Table 1.
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Rectal temperature, RR, and SR were analyzed us-
ing GLM procedures of SAS (SAS Inst. Inc., Cary, NC) 
with breed (STX and DRPX), pregnancy status (PREG 
and OPEN), time of day (AM and PM), location (sun 
and shade), and hair coat (shaved and unshaved for SR 
only) as main effects. Mean separation was conducted 
using the PDIFF option. There were no significant in-
teractions among breed, pregnancy status, time of day, 
location, and hair coat for RR, RT, and SR, so only 
means for main effects are reported. Serial VT samples 
were analyzed using repeated measures in GLM with 
breed, pregnancy status, time of day, and the appropri-
ate interactions in the model. The magnitude of change 
in VT during a day (0000 h to 2400 h) was calculated 
as the difference between the highest and the lowest 
VT within each day. Breed, day, and pregnancy status 
were used in the model to analyze magnitude of change 
in VT over the 4-d sampling period. All results are pre-
sented as least squares means  SEM.

RESULTS

There was no difference (P > 0.10) in RT, RR, or SR 
between STX and DRPX ewes (Table 2). Pregnant ewes 
had lower RT (P < 0.0007), higher RR (P < 0.0007), 
and lower SR (P < 0.0001) than OPEN ewes. In the 
AM, RT, RR (P < 0.05), and SR (P < 0.006) were lower 
than in the PM. There was no difference (P > 0.10) in 
RT between ewes evaluated in the sun or shade, but RR 
and SR were higher in the sun than in the shade (P < 
0.0001). There was no difference (P > 0.10) in SR mea-
sured over the shaved or unshaved areas on the ewes 
(80.1  3.1 vs. 78.4  3.1 gm−2h−1, respectively).

Vaginal temperature was higher (P < 0.0001) in 
DRPX ewes compared to STX ewes (Fig. 1). Pregnant 
ewes had higher (P < 0.0001) VT than OPEN ewes from 
midnight to 1030 h (Fig. 2). Between 1030 h and 1820 h, 
VT was lower in PREG ewes (P < 0.0001), except for a 
temporary dip in VT of OPEN ewes between 1220 and 
1250 h. From 1820 to 2400 h, there was no difference (P 
> 0.10) in VT between PREG and OPEN ewes (Fig. 2).

Open STX ewes had the lowest VT from midnight 
to 1010 h and OPEN DRPX ewes had the highest VT 
from 1210 h to 1820 h (P < 0.001; Fig. 3). Open ewes 
had a greater (P < 0.009) magnitude of change in VT 
during the day than PREG ewes (2.5  0.4 vs. 1.1  
0.4°C, respectively), but there was no difference (P > 
0.10) between STX and DRPX ewes (2.2  0.4 vs. 1.5 
 0.4°C, respectively) and OPEN STX ewes had the 
largest (P < 0.007) magnitude of change (Fig. 4).

DISCUSSION

The higher body temperature of DRPX ewes com-
pared to STX ewes, measured as VT in this study, is in 
agreement with previous work in our lab where we re-
ported that DRPX ewes had higher VT than STX ewes 
(Godfrey et al., 2013). Because the Dorper breed was 
developed in a hot, arid climate (Baker et al., 1999), it 
may not have the tolerance for the hot, humid climate 
of the Caribbean that the STX breed does even when 

Table 1. Environmental conditions during data collection
Mean1 Range1 AM2 PM2

Pregnant ewes (June)
Temperature, °C 27.9 25–31 29.5 29.7
Relative humidity, % 83.5 67–93 78.2 77.1
Temperature-humidity index 79.9 76–84 81.8 81.9
Wind speed, km/h 4.4 0–11 6.5 6.3
Average solar radiation, W/m2 198.1 0–1,080 496.7 456.6
Maximum solar radiation, W/m2 237.6 0–1,136 607.8 535.1

Open ewes (August)
Temperature, °C 28.5 25–32 30.6 31.5
Relative humidity, % 82.1 67–95 75.5 72.5
Temperature-humidity Index 80.6 76–85 83.1 83.9
Wind speed, km/h 3.9 0–13 6.7 8.7
Average solar radiation, W/m2 273.9 0–1,104 671.8 826.6
Maximum solar radiation, W/m2 315.6 0–1,176 800.6 908.7
1Mean and range of values for the entire 4-d measurement period within 

each time period (pregnant and nonpregnant).
2Mean values on each day of measurement between 0900 and 1200 h 

(AM) and 1210 to 1600 h (PM).

Table 2. Rectal temperature, respiration rate, and sweat-
ing rate of St. Croix White and Dorper  St. Croix 
White ewes by breed, pregnancy status, time of day, 
and location1

Rectal 
temperature, °C

Respiration rate, 
bpm2

Sweating rate, 
gm−2h−1

St. Croix White 38.7  0.2 72.8  2.2 81.1  3.1
D orper   

St. Croix White
38.9  0.2 77.6  2.2 77.5  3.1

Pregnant 38.5  0.2a 79.5  2.2a 70.2  3.1c

Open 39.1  0.2b 72.1  2.2b 88.3  3.1d

AM 38.3  0.2e 72.1  2.2e 73.1  3.1g

PM 39.2  0.2f 78.3  2.2f 85.5  3.1h

Sun 38.6  0.2 88.1  2.2c 91.2  3.1c

Shade 38.9  0.2 62.3  2.2d 67.3  3.1d

a,bMeans within a column and section with different superscripts are 
different (P < 0.0007).

c,dMeans within a column and section with different superscripts are 
different (P < 0.0001).

e,fMeans within a column and section with different superscripts are 
different (P < 0.05).

g,hMeans within a column and section with different superscripts are 
different (P < 0.006).

1Ewes were evaluated at 126 d of gestation (June) and again at 46 d post-
partum (August) in the morning (AM; 0900 to 1200 h) or afternoon (PM; 
1300 to 1600 h) and in the sun or shade after a 20-min acclimation period.

2bpm, breaths per minute. 
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crossed with the STX. The lack of difference in RT, RR, 
and SR between breeds is likely due to the fact that 
these traits were all measured as single observations 
each day while the VT was measured serially at 10-min 
intervals over 96 h. We have observed similar relation-
ships among single vs. serial observations collected in 
a previous study where some of the body temperature 

measurements were collected using single observation 
thermal images or RT, and VT was measured serially 
using data loggers (George et al., 2014).

The PREG ewes had higher RR than the OPEN 
ewes, and this may have contributed to their ability to 
maintain a lower RT even with a lower SR compared 
to OPEN ewes. This was not apparent when compar-

Figure 1. Daily profile (least squares means  SEM) of vaginal temperature of St. Croix White (STX; red line) and Dorper  St. Croix White (DRPX; 
blue line) ewes averaged over a 96-h period. The vaginal temperature of DRPX ewes was higher than that of STX ewes (P < 0.0001).

Figure 2. Daily profile (least squares means  SEM) of vaginal temperature of pregnant (red line) and open (blue line) ewes averaged over a 96-h 
period. The time of day  pregnancy status interaction was significant (P < 0.0001).
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ing ewes evaluated in the morning and afternoon. The 
ewes evaluated in the afternoon had greater RR, RT, 
and SR, indicating that they were not able to use respi-
ration or sweating to regulate body temperature. Both 
sheep and cattle have been shown to increase RR in 
response to elevated ambient temperatures as a meth-
od to keep core body temperature from rising (Hales 
and Brown, 1974; Llamas-Lamas and Combs, 1990; 
Mader et al., 2002). When sheep were housed at either 

24 or 36°C, there was an increase in RT of 0.8°C with 
a concomitant increase in RR from 76.2 to 156 bpm as 
well (Llamas-Lamas and Combs, 1990).

The environmental conditions at each time of day 
may have played a role in the changes in RT and RR 
even though temperature was less than 1°C and THI 
was less than 1 unit higher in the PM than in the AM 
across both time periods (Table 1). During the evalua-
tion of the PREG ewes, the average and maximum so-

Figure 3. Daily profile (least squares means  SEM) of vaginal temperature of pregnant and open St. Croix White (STX; green and red lines, 
respectively) and Dorper  St. Croix White (DRPX; black and blue lines, respectively) ewes pooled over a 96-h period. Breed and pregnancy status were 
significant (P < 0.001).

Figure 4. Magnitude of change (least squares means  SEM) of vaginal temperature of pregnant (PREG) and nonpregnant (OPEN) St. Croix White 
(STX) and Dorper  St. Croix White (DRPX) ewes. a,bBars with different superscripts are different (P < 0.007).
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lar radiation levels were similar between the AM and 
PM time periods, but during the open evaluation, both 
average and maximum solar radiation increased in the 
afternoon (Table 1). The higher solar radiation during 
the PM period, at least for the OPEN ewes, may have 
played a role in causing the higher RT, RR, and SR 
measured at this time. The elevated RT during the af-
ternoon does agree with the VT profiles shown in Fig. 
1 and 2 and our previous work (Godfrey et al., 2013), 
where VT begins increasing by 0900 h each day re-
gardless of breed or pregnancy status.

In the comparison of PREG to OPEN ewes, RT 
and SR were lower and RR was higher in PREG ewes 
further supporting the significance of RR in regulat-
ing the body temperature of hair sheep. Collier et al. 
(2009) reported that evaporative heat loss is the prima-
ry route of heat dissipation for cattle exposed to ther-
mal environments above their thermal neutral zone. 
Cattle are panting animals and lose some latent heat 
by this route, but skin surface evaporation of sweat is 
the primary means of latent heat loss during heat stress 
(Collier and Beede, 1985). This may be different in 
sheep, especially in wool breeds, where the fleece pro-
vides a significant boundary layer between the skin 
and the ambient air (Marai et al., 2007). Hofman and 
Riegle (1977) reported that respiratory evaporative 
cooling can account for 59% of total heat loss in shorn 
sheep and 65% in unshorn sheep. It has been reported 
that removing the fleece from wool sheep can reduce 
RR and delay the onset of panting (Bligh, 1963; Phil-
lips and Raghavan, 1970).

The hair coat of animals plays a critical role in 
heat and moisture transfer from the skin surface (Ge-
bremedhin et al., 1984; Jiang et al., 2005). The hair 
coat, which traps air to provide insulation in cold 
weather becomes an obstruction for evaporative cool-
ing by reducing the velocity and moisture gradient 
through the fur layer in hot and humid conditions. The 
hair sheep breed used in the present study did not have 
any difference in SR between the shaved and unshaved 
areas, indicating that the short hair coat found on these 
animals (2 cm in length and 200 hairs/cm2; Creighton 
et al., 2011) may not play a significant role in limiting 
or enhancing evaporative heat loss and contributes to 
their tropical adaptation.

In support of the need for thermal control dur-
ing pregnancy, studies in dairy cattle have shown that 
heat stress can reduce fertility and embryonic survival 
(Dunlap and Vincent, 1971; Putney et al., 1988; Ealy 
et al., 1993). In cattle, the deleterious effects of ma-
ternal heat stress decline as pregnancy proceeds (Ealy 
et al., 1993), which may reflect acquisition of thermal 
resistance by the embryo as it progresses to the blas-
tocyst stage (Edwards and Hansen, 1997). In sheep, 

heat-stressed ewes produced lambs that were smaller 
than lambs of control ewes (Dreiling et al., 1991; Mc-
Crabb et al., 1993). The smaller lambs can be attrib-
uted to several contributing factors that occur in heat-
stressed ewes. Uterine blood flow decreased by 20 to 
30% in heat-stressed ewes with a 1°C increase in core 
body temperature (Dreiling et al., 1991), and placenta 
weight was decreased in heat-stressed ewes at 80 and 
140 d of gestation (McCrabb et al., 1993).

In the current study, the lower RT and diurnal 
change in VT, and higher RR, of the PREG ewes may 
be part of a physiological response to help protect the 
developing fetus from exposure to elevated tempera-
tures in utero during the final trimester of pregnancy, 
even though the fetus is fairly well developed at this 
point. The lower magnitude of change in VT in PREG 
ewes is in contrast to some preliminary results from 
our laboratory (Godfrey et al., 2012) showing that 
there was no difference in magnitude of change in VT 
between PREG and OPEN Senepol cattle (1.20  0.08 
vs. 1.22  0.08°C, respectively).

The spike in VT of OPEN STX ewes at 1100 h 
(Fig. 3) is not observed in any of the other groups, but 
it is detectable in the STX ewes (Fig. 1) and the OPEN 
ewes (Fig. 2). The smaller magnitude spikes seen in 
the 2 latter groups are probably due to some dilution 
because they also contain PREG and DRPX ewes in 
the groups, respectively. The rate of increase in VT of 
OPEN ewes appears to be greater, especially between 
0700 and 1100 h, and indicates that they are accumu-
lating heat more rapidly than PREG ewes as the day 
warms up. The time when this rapid increase in VT is 
occurring coincides with the time of day when both 
ambient temperature and THI are increasing rapidly 
(Godfrey et al., 2013). This difference in the rate of 
increase is also evident in the STX compared to the 
DRPX ewes (Fig. 1) and in the comparison of the 
PREG and OPEN ewes between breeds (Fig. 3). In 
fact, the OPEN STX ewes had the steepest increase in 
VT compared to the PREG STX and OPEN and PREG 
DRPX ewes. It is unknown if this rapid increase in VT 
between 0700 and 1200 h is due to a physiological trait 
of the STX ewes that is part of their tropical adapta-
tion or the fact that their VT was the lowest during the 
time between midnight and 0700 h and it is compen-
satory in nature. It also appears that the OPEN STX 
ewes reached their maximum VT approximately 4 to 
5 h earlier than the OPEN DRPX ewes even though 
they had lower VT during the preceding early morning 
hours. In a previous study, we demonstrated that VT of 
lactating STX and DRPX ewes displayed similar di-
urnal profiles with the DRPX having a higher VT, but 
there was no apparent difference in the rate of change 
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during the morning hours as the ambient temperature 
increased (Godfrey et al., 2013).

The presence or absence of hair did not alter evap-
orative heat loss from the skin surface, i.e., sweating, 
and sweating does not appear to play a major role in 
regulating body temperature in hair sheep ewes. It does 
appear that RR may play a more significant role in regu-
lating body temperature, especially in PREG ewes that 
had an increased RR but narrower range of body tem-
perature, measured as VT, compared to OPEN ewes. 
This may be a protective mechanism for the developing 
fetus even at the late stage of gestation evaluated in this 
study. Further work needs to be done to evaluate ewe 
body temperature at earlier stages of gestation.
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