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Introduction
Limited information is available on the behavioral responses 

of Equidae in high-temperature environments. Elevated ambient 
temperatures can cause animals to adjust using several behavioral 
and physiological mechanisms to prevent physiological dysfunction 
and allow for environmental adaptation [1]. Christopherson and 
Young [2] defined the Thermoneutral Zone (TNZ) as the range of 
temperatures in which an animal can maintain a consistent body 
temperature in the short term with little or no additional energy ex-
penditure. The TNZ for horses has been estimated to be 5-25°C [3]. 
Other studies have proposed different upper critical temperatures 
ranging from 20°C to 25°C and up to 30°C, based on metabolic rate, 
evaporative heat loss, and when maximal peripheral vasodilation  

 

occurs, respectively [4,5]. Most homeotherms have a much narrow-
er thermoneutral zone, however, due to their high level of insulative 
properties, horses have a wider range in their TNZ [3]. The TNZ 
can vary significantly depending upon an animal’s age, body con-
dition, breed, and hide color, as well as the relative humidity of the 
environment, wind velocity, ambient temperature, and the degree 
of solar radiation [6]. When a combination of environmental factors 
results in conditions that exceed the TNZ of the animal, an imbal-
ance in the heat exchange between the animal and its surrounding 
environment may result in increasing amounts of heat storage [7]. 
The basic thermoregulatory strategy of mammals is to maintain a 
body core temperature higher than ambient temperature, thus al-
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lowing heat to flow out from the core and be dissipated into the 
environment. This heat flow exchange is done through conduction, 
convection, radiation, and evaporation [8]. with all but evaporation 
relying on an ambient temperature that is lower than the core body 
temperature. When environmental temperatures approach the 
body temperature, evaporation is the only remaining viable route 
of heat loss. Evaporative cooling, particularly the evaporation of 
sweat from the skin and, to a lesser extent, evaporation from the 
respiratory tract, provide a primary means for heat loss during heat 
exposure [9]. As a result of these physiological adaptations, horses 
have a remarkable ability for heat dispersal.

The simplest and most practical way to alleviate heat stress is 
by providing the animals with access to shade. Trees are a common 
source, and the leaves provide shade and evaporative cooling [10]. 
However, animal crowding, rubbing on, and/or chewing of the trees 
can permanently damage the tree and/or its root system, result-
ing in the eventual loss of the tree. More importantly, some trees 
can provide a source of dietary toxicity through the consumption 
of secondary plant metabolites or insect residues [11]. Man-made 
shade structures are another viable option for providing shade (if 
well-constructed and designed) without the potential issues asso-
ciated with trees. Using a shade structure alone has been shown in 
cattle to decrease heat load by 30 to 50% [8]. Traditionally, ambient 
temperature has been used to estimate animal heat tolerance and 
to establish TNZs. The Temperature-Humidity Index (THI) has been 
suggested to be a more complete method since it considers both 

ambient air temperature and relative humidity. Temperature and 
humidity index can be calculated using the following formula:

  0.8      14.4   ( ) 46.4db dbTHI x T RH x T= + − +

Where: Tdb represents dry bulb temperature °C, and RH rep-
resents relative humidity percentage. This standard THI equation 
has a weighted contribution of relative humidity. One advantage of 
using this index is that it would allow for more accurate compari-
sons between heat stress studies. For example, a study conducted 
in a tropical region with a relative humidity of 85% and a tempera-
ture of 30°C would yield the same THI as a 38°C plus 25% relative 
humidity dry environment (83 THI). In this same line, a more accu-
rate tool would be using an equation that uses the wet bulb variable 
(measures temperature, humidity, wind, and solar radiation). How-
ever, since solar radiation specifically is a much more difficult data 
point to obtain, we propose THI is a more valuable marker. 

Studies have evaluated equine responses in relation to heat 
stress using several observations (shade use, standing near or away 
from water, activity level, and foraging behavior) [6,12-14]. Howev-
er, in Arizona, there is limited data on responses of horses as tem-
perature, or more importantly as THI, rises. The objective of this 
study was to examine if increasing THI resulted in increased time 
spent by horses near a shade structure and/or water source during 
daylight hours or decreased the overall activity of horses.

Figure 1: Knight GPS Tracking Collars.
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Figure 2: Placement of the Knight GPS Tracking collar on one of the experimental horses.

Figure 3: Time by shade for horses in the three daytime periods. Periods were defined as AM (0500-0959), Noon (1000-1459), and 
PM (1500-2000).

Figure 4: Time by shade in differently oriented paddocks (changes in meters per day %). Paddocks one and two (North to South 
orientation) were 4895 and 4852 m2, respectively, and paddocks three and four (East to West orientation) were 2060 and 3328 m2, 

respectively.
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Figure 5: Time by water for horses in the three daytime periods. Time periods were defined as AM (0500-0959), Noon (1000-
1459), and PM (1500-2000).

Figure 6: Heat signature map image example for all paddocks for one day (0500-2000) of the experimental period. Black circle 
represents the location of the shade structure, blue triangle, the location of the supplemental feeding area, and the white 

rectangle, the location of the water troughs.
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Figure 7: Time by water in differentially oriented paddocks (changes in meters per day %). Paddock one and two (North to South 
orientation) were 4895 and 4852 m2 respectively and paddocks three and four (East to West orientation) were 2060 and 3328 m2 

respectively.

Materials and Methods
The experiment was conducted during the summer of 2017 

(June-August) at the University of Arizona Campus Agricultural 
Center and Experiment Station (Tucson, Arizona, USA). Approval 
for this study was obtained from the University of Arizona Insti-
tutional Animal Care and Use Committee (Protocol 18332). Proce-
dures and care of the animals adhered to the Guide for the Care and 
Use of Agricultural Animals in Agricultural Research and Teach-
ing (FASS, 2010). Mature horses (n=11) consisting of groups of 5 
geldings (Group 1) and 6 mares (Group 2) were fitted with Knight 
GPS Tracking Collars [15] (Figures 1 and 2) and rotated through 4 
paddocks. The groups were pre-existing with an established social 
structure. The estimated mean age of group 1 was 15.4±7.5 years, 
and group 2 averaged 15.6±7.25 years (Table 1). All horses in the 
study were in good health and received a regular health check be-
fore the experiment. All groups were rotated through each of the 
four experimental paddocks, and the groups of horses were never 
in adjacent paddocks throughout the experiment. Two paddocks 
were oriented (rectangular shape) North to South, while the oth-
er two were oriented East to West. Paddocks one and two (North 
to South orientations) were 4895 and 4852 m2, respectively, and 
paddocks three and four (East to West orientations) were 2060 and 
3328 m2, respectively. Each paddock contained a shade structure 
with dimensions of 3.81 m by 7.82 m in diameter, 3.35 m in height 
at the high end, with a 0.10m decrease in incline to the low end. 
The roof material was aluminum, and all sides were open. Paddocks 
were pre-existing structures on the Experiment Station, and we had 
no control over their dimensions or size. Environmental conditions 
were monitored by an on-site weather station (AZMet 1 km North-
west of the intersection of Campbell Ave. & Roger Rd, Tucson, AZ). 
Environmental data were collected hourly from 0500 to 2000 each 

day, and each data point included year, day of year, hour of day, air 
temperature, relative humidity, solar radiation and precipitation. 
The average temperature and relative humidity obtained from the 
weather station were used to calculate the THI values. Temperature 
humidity index [16].

  0.8      14.4   ( ) 46.4db dbTHI x T RH x T= + − +

Where: Tdb
 represents dry bulb temperature °C, and RH rep-

resents relative humidity percentage. Under shade temperature 
and relative humidity were monitored by Easy Log data loggers 
(Lascar Electronic Inc. Erie, PA) placed at the Northwest corner of 
every shade structure and 6 meters to the west of each shade struc-
ture at a height of 0.6 m to evaluate under shade temperature in 
comparison to that of the environment.

Individual activity data were gathered on horses using GPS 
fixed every 5 seconds, averaged hourly, and then analyzed across 
the three time periods, AM (0500-0959), NOON (1000-1459), and 
PM (1500-2000). The overall data collection period was chosen 
based upon the typical hours of sunrise (0515) and sunset (1930) 
at that time of year in Tucson, AZ. Researchers utilized Universal 
Transverse Mercator (UTM) coordinates to record animal location 
and distance between points to estimate distance traveled which 
served as an activity indicator. Euclidean distance tools in ArcGIS 
(v. 10.2.2, Esri) were utilized to calculate distance from water. 
Shadows cast by shade structure were calculated and averaged into 
three time periods, AM (0500-0959), NOON (1000-1459), and PM 
(1500-2000), using a Google Earth (Google LLC, Mountain View CA, 
USA) and structure shadow calculator (http://shadowcalculator.
eu). Horses were near shade if their GPS coordinate fell within a 
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15 m radius of the center of shade cast by the shade structure.  Af-
ter a 2-day adaptation period in each paddock, data was collected 
for each horse for an additional five days. The groups were then 
switched to another experimental paddock. This protocol was re-
peated for a total of 4 consecutive trials so that each group spent 
one data collection period in each of the experimental paddocks.

Statistical Analysis
Data were analyzed using the PROC GLM procedure of SAS (v. 

9.4, SAS Institute Inc., Cary, NC) as a 2 x 2 factorial design with the 
LSMEANS and PDIFF options. The horse served as the experimen-
tal unit. Time (AM, Noon, PM), paddock orientation and the inter-
actions between time and paddock orientation were tested by the 
PDIFF option and were declared significant at P <0.05.

Results/Discussion
Data gathered by Knight GPS collars in this study had an Esti-

mated Horizontal Position Error (EHPE) of 867 cm (Table 2). The 
EHPE represents the estimated resolution of GPS fixes calculated by 
the GPS unit based on the number of satellites and the strength of 
the satellite signal. Overall, horses spent little time near the shade 
(average 8%) during data collection hours (Figure 3), and shade 
use activity was not correlated with hourly THI changes (r2(9) 
=0.0042). Additionally, THI was not correlated (r2(9) =0.0017) 
with distance traveled (activity). No differences were detected be-
tween mares and geldings in activity (P=0.773), time spent by wa-
ter (P=0.669), or time spent near shade (P=0.160). Groups 1 and 
2 were then combined for further data analysis. As expected, the 
temperature under the shade structure was significantly lower in 

each of the three time periods (P<0.001) with a peak of 30C differ-
ence in peak temperature hours (Noon and PM). We can, therefore, 
also conclude that this group of horses did not avoid the shade 
structures due to increased temperature under the shade due to 
the materials used in construction, as has been proposed as a po-
tential issue with some types of shade structures. Time periods AM 
(0500-0959), Noon (1000-1459), and PM (1500-2000) had a sig-
nificant effect on several of the parameters evaluated. During the 
experimental period, THI rapidly increased between morning (avg. 
74.2), and the Noon (avg. 80.5) and afternoon (avg. 79.9) periods, 
with peaking values at around 1500 hours. Interestingly, horses in 
our experimental groups had a slight but significant (P<0.001) in-
crease in activity (distance traveled) during the Noon period (10 
m more per hour across the entire five h period), with the AM and 
PM activity levels remaining similar. Time by paddock orientation 
interactions showed that the effect was only detected when horses 
were in the North to South (NS) oriented paddocks (Table 2, Fig-
ure 4). These differences may be due to the placement of the shade 
structures in relation to the water trough and supplemental feeding 
(hay) There was no significant difference in time spent by water be-
tween AM, NOON, and PM time periods (Figure 5). Water troughs in 
the East to West (EW) oriented paddocks were located at the oppo-
site end of the paddocks from the supplemental feeding areas, with 
horses having to pass by the shade structure to get water. In the 
NS oriented paddocks, the water trough and supplemental feeding 
areas were located next to each other (Figure 6). Therefore, horses 
possibly moved more in the EW paddocks due to the different lo-
cations of the water trough (Figure 4) and supplemental feed area. 
Horses in the NS paddock orientation had no need to move near the 
shade structure to get either water or supplemental feed. 

Table 1: Horse Demographics.

Name
Year

of Birth
Sex Breed

Group 1

Enzo 1998 Gelding Warmblood

Cal 1998 Gelding Grade

Gumbo 2015 Gelding Appendix

Danny 1999 Gelding Quarter Horse

Taz 1998 Gelding Quarter Horse

Group 2

Icy 1998 Mare Quarter Horse

Missa 1994 Mare Quarter Horse

Belle 2009 Mare Quarter Horse

Nella 1996 Mare Arabian

Reana 2011 Mare Grade

Honor 1997 Mare Arabian
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Table 2: Least square means and tests of significance for Distance Traveled (meters by period), Time by Shade (%), Time by Water (%), and EHPE 

(meters).

Paddock

Orientation
Distance Traveled (meters by period)

AM Noon PM P-value*

EW 693a* 701a* 682a* <0.0028

NS 630a** 724b*
636a**

Main Effect 662a 712b 659a <0.001

Time by shade %

AM Noon PM P-value

EW 0.076a* 0.109b* 0.122c* <0.0148

NS 0.039a** 0.044a** 0.075b**

Time by water %

AM Noon PM P-value

EW 0.039a* 0.067b* 0.066b* < 0.0001

NS 0.171a** 0.109b** 0.121b**

P-Value <0.0001

Estimated Horizontal Position Error (EHPE)

AM Noon PM P-value*

EW 895 910 834 <0.4606

NS 864 869 832

880a 890a 832b <0.001

a-b Differences between means with rows was evaluated at P < 0.05. 

*Represents interactions within columns.

Regardless of paddock orientation or the location of water and 
feed relative to shade structures, horses in this study preferen-
tially chose to be near supplemental feed more than shade, even 
in highest of THI. Interactions were observed between time spent 
by water and paddock orientation (P=0.0148) and time spent by 
shade by paddock orientation (P<0.0001) and are reported in Table 
2. Horses in the NS paddocks spent more time (Figure 7) by water 
(13%) than in the EW paddocks (6%). Inversely, horses in the NS 
paddocks spent less time (Figure 4) by shade (5%) than when on 
the EW paddocks (10%). Again, these results support the original 
observation that the location of feed and water strongly influenced 
horse activity. The EW oriented paddocks had feed and water locat-
ed in such a way that horses had to traverse near the shade struc-
ture when traveling between the two. In contrast, the NS oriented 
paddocks had feed and water located near each other on the same 
side of the shade structure (Figure 6). The limited activity impact of 
extreme environmental conditions in this study is in stark contrast 
with most of the other studies previously found in the literature. 

Snoeks et al. [12] found that at temperatures higher than 30°C, 
horses spent more than 70% of their total time under shade. Al-
though authors reported obtaining RH from the weather station, 

they did not present these events as correlated to temperature. 
Therefore, we were unable to calculate THI and make more thor-
ough comparisons. Several other studies have shown significant 
increases in under-shade time during increasing temperatures as-
sociated with summer [12-14]. In their experiment, however, Hol-
comb et al. [17], found significant increases in artificial shelter use. 
Based on calculations of the reported temperature and RH data, THI 
during peak temperature hours (0900 to 1800 h) would be peaking 
at 74-75 THI. In our experimental conditions, 74 THI represented 
the mean of morning THI, the coolest daytime THI (peaking at 80 
at midday). 

Several reasons could justify our different results. Of note is 
that in their experiment, Holcomb et al. [17] utilized small paddock 
structures compared to the larger paddocks in this experiment. 
These smaller enclosed areas do not allow for natural airflow and 
cooling compared to open paddocks. Another important factor we 
should consider in comparison is that the average age of the horses 
in this study was 15 years for both mares and geldings, with most 
of their lifetimes spent in the Southern Arizona climate. Horses in 
our study are most likely adapted to high temperatures, and as a re-
sult, their behavior in response to elevated THI would be influenced 
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by their level of adaptation. Heat acclimatization is the ability to 
adapt physiologically and biochemically to new environmental con-
ditions [18]. In homeotherms, the signs of acclimatization include 
lower core temperature, reduced heart rate, decreased metabolic 
rate, and increased rate of evaporative cooling [19]. The main ad-
aptations that reflect heat acclimation are those that enhance the 
dissipation of heat from the body’s surface, including increased 
convection of heat from contracting muscles to the skin, improved 
cutaneous blood circulation, increased sweating rate, and lowered 
sweating threshold, and improved heat dissipation through the 
respiratory tract [20]. All data points in our study supported that 
horses were not heat-stressed enough to trigger shade-seeking ac-
tivity, especially in relation to feeding activity (even supplemental 
feeding). In endothermic species, the regulation of core body tem-
perature is a priority over other physiological functions [21], and 
feed intake is negatively impacted early in the stages of heat stress 
development [8]. 

Even though the environmental conditions in this study would 
be considered extreme in many other regions, horses preferred to 
spend time near supplemental feed areas over seeking shade  (Fig-
ure 6). Therefore, this preference to be near feeding areas over 
shade indicates that horses in this study had very well-adapted 
thermoregulation mechanisms to cope with high temperature en-
vironments. The differences with other previous studies also high-
lighted the need to include relative humidity in these types of ex-
periments to enable standardized comparisons.

Conclusions
Domestic horses in this study spent about 8% of their time near 

shade structures during the peak environmental THI conditions. 
These horses spent most of the daytime hours in temperatures well 
above previously described thermoneutral zones with minimal 
impacts on activity. Based on this study, it is worth considering 
using a broader set of parameters, including the influence of long-
term adaptation when establishing TNZs in horses. In that general 
sense, recommendations about heat stress control should have a 
regional focus. Shade should, however, be provided for all horses 
kept in hot environments, but its use should not be expected. We 
also suggest that the utilization of THI, or minimally the inclusion 
of both temperature and RH be standardized in future heat stress 
studies to make comparisons between experiments more relevant. 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.
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