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 Recently, there have been many questions about whether or not to provide shelter and windbreaks for the wild 
horses being held at BLM facilities with inclement weather on its way. There have been claims and accusations of cruelty, 
inhumanity, and down-right cold-heartedness directed at the BLM and the Cattoor Livestock employees.  
 This conflict begs an even bigger question… How does a wild horse stay warm? He was born on the range, in the 
wild, with no man-made shelters or windbreaks. He has lived his life up until now in that environment, and his ancestors 
lived in this manner for 45-55 million years beginning with hyracotherium and eohippus. So how does he maintain 
warmth and survive in an environment with temperatures that have been known to stay below freezing for months at a 
time? 
 This edition is an attempt to explain the physiology of the equine‟s thermoregulation mechanism. I will admit that 
there are points in this edition that are technical and scientific, but I will do my best to keep them to a minimum. I 
encourage you all to learn as much as you can about this particular subject; it‟s not over yet, no, far from it. 

Story from a friend of mine in the Northern US:  
“During a nasty winter a few years ago, the snow ended up nearly 10 feet high and the wind just about blew 
the doors and windows of the house in on us. We went out to check on the horses as often as we could, 
fearing each time that they would be frozen solid. One day, we walked up the hill only to find the walk-in 
shed empty. Pulling our coats and scarves tighter, we hiked off into the hills to find the horses. We topped 
one of the hills in the wind-whipped pasture and just stood stunned at what we saw: Far from the shelter of 
the shed, here were the horses trotting along in the snow, bucking and playing, having them a large time as 
if it were the first day of spring! Even our „grandma‟ mare appeared absolutely blissful and young again, 
snug as a bug in a rug in a winter coat that made her look more like a wooly mammoth than a horse. The 
horses were not simply „tolerating‟ the cold - they were having a blast in it and looking at us as if to say, 
„What?‟” 

In a test of horse and human against the winter elements, you would think that our species – armed with its 
dazzling array of high-tech fabrics and insulators – would easily be the winner. Think again. Any horse owner who's ever 
pulled on some of that high-dollar space-age winter-wear and stumbled through mushy, winter ground out to the pasture 
on a January day knows very well who‟s ahead in the fight to stay warm outdoors. We humans may pride ourselves on 
being able to survive in the Antarctic, but we don‟t have a thing in the bag to match the efficient, ingenious, cold-beating 
mechanisms of Equus caballus.  

Before we get started, I‟d like to dispel a myth: Horses do not require physical activity such as running or trotting 
to generate heat. In cold weather conditions, more heat is lost while the horse is exerted than is retained. Therefore, a 
horse standing or lying still is typically better able to retain body heat than a horse that is active. I will explain all of this in 
this edition.  
 

So! The normal range for the core body temperature in a horse is between 99 and 100.5 degrees Fahrenheit. How 
does the horse maintain that temperature in sub-freezing temperatures? The basis of evolution: Adapt, and Overcome! 
 
Crafted for Cold 

Thermoregulation is the ability of an organism to keep its body temperature within certain boundaries, even when 
the surrounding temperature is very different. This process is one aspect of homeostasis, which is a dynamic state of 
stability between an animal's internal environment and its external environment. 

Being warm-blooded, equines have the ability to generate heat by increasing the rate at which they "burn" fats and 
sugars through metabolism called thermogenesis. Regulation of metabolic rates is one of the principle methods utilized by 
warm-blooded animals to achieve homeostasis. This requires a much greater quantity of food and calorie intake than 
required by cold-blooded animals in order to replace the fat and sugar reserves burned during this process. Warm-blooded 
animals also have much greater stamina than cold-blooded creatures of the same size and build because their faster 
metabolisms quickly regenerate energy supplies (especially adenosine triphosphate, or ATP) and break down muscular 
waste products (especially lactate, or lactic acid) as long as they are provided with adequate food supply. Warm-
bloodedness generally refers to three separate aspects of thermoregulation: 

1. Endothermy is the ability of some creatures to control their body temperatures through internal means such 
as muscle shivering or fat burning.  

2. Homeothermy is thermoregulation that maintains a stable internal body temperature regardless of 
external influence. This temperature is often (though not necessarily) higher than the immediate 
environment. (Horses are homoeothermic.) 

3. Tachymetabolism is the kind of thermoregulation used by creatures that maintain a high resting metabolism.  



 
The human body is built to dissipate heat, while the horse‟s body is constructed to produce and maintain heat. It's 

all a matter of physical adaptation through evolutionary processes. Thermolysis, or heat loss, in mammals occurs in four 
different ways: 
 *Convection  *Conduction  *Radiation  *Insulation 

Conduction describes the transfer of heat between two surfaces that are in direct physical contact. The horse may 
either gain or lose heat by conduction. The rate at which heat is exchanged is dependant on the area in contact and the 
temperature difference between the surfaces.  

For example, a horse standing on hot sand would gain some heat by conduction resulting in heating of the hooves. 
Standing, the total surface area in contact with the sand would be small and unlikely to elevate body temperature. But, if 
the horse were to lie on the sand, perhaps 1/3rd of its body surface area could be in contact with the sand and this could 
result in sufficient heat gain to increase body temperature.  

Convection describes the movement of heat within a “fluid”, in this case, the blood. This process describes the 
heat exchange between warm skin/coat and the surrounding air in conditions of no air movement over the skin. In the 
case where there is continual or intermittent movement of cooler air over the warmer skin, the process is referred to as 
forced convection and the rate of heat loss is greater.  

In cold weather, the coat hairs stand up (piloerection), which causes entrapment of the air in a “boundary layer” 
formed between the skin surface and the outside environment. Due to the blood exchanging heat with the warmer 
“microclimate” created by the boundary rather than the colder environment of the air outside of the boundary, the air 
temperature here is warmer. This process slows the rate of heat transfer.  

Radiation is a mechanism by which heat can be transferred between two bodies without direct physical contact. 
The best approach to understanding this mechanism is to consider solar radiation. The sun is a large body which is hotter 
than the horse and it can radiate heat which warms the surface of the horse. Radiation may be direct or reflected from the 
ground or other physical surfaces (e.g. walls).  

Sand surfaces are highly reflective while grass and other vegetation have a high capacity to absorb radiation. Heat 
may also be lost from the horse by radiation. Consider a horse in a cold stone stable. The horse is now the equivalent of the 
sun, being the hotter body, and can radiate heat to the cooler surfaces of the stable walls. However, a horse lying in a bed 
of straw maintains heat better because both the horse and the straw are able to absorb the heat. 
  Evaporation is the process whereby a liquid changes to a vapor; this process is endothermic as it consumes 
energy and therefore lowers temperature. The efficiency of evaporation is dependant on both temperature and humidity. 
The rate of evaporation increases with increasing air temperature but decreases with increasing humidity. When air is fully 
saturated (100% relative humidity) then no evaporation can take place, irrespective of the air temperature.  
 The thermoneutral zone of an animal is the temperature range within which it does not have to actively regulate its 
body temperature other than by modulation of peripheral blood flow and convective heat loss and within which metabolic 
rate is constant. All warm-blooded creatures can tolerate a broad range of temperatures but each species has a natural 
“comfort zone” that reflects the climate in which it evolved. Equus caballus evolved in colder, north-of-the-equator 
climates and therefore have higher comfort zones than that of an animal whose evolution occurred closer to the equator.  

Several bodily adaptations allow the horse to run hot in cold environments. First, there's his massive digestive tract 
which processes a mostly fibrous diet and generates a huge amount of heat by the very act of digestion. The smooth muscle 
tissue of the digestive system produces heat as a byproduct of kinetic energy. This heat is then used by the body via heat 
conduction to warm the tissues and blood vessels surrounding the digestive system. 

Even the extremities of the horse are marvelously adapted for colder temperatures. A horse‟s legs have 
proportionally less muscle than those of a human therefore the cells require less blood circulation for maintenance and 
consequently lose less heat. This lower metabolic need also means that a horse's legs have no problem with the reduced 
cellular activity brought on by cold.  

The hoof of the horse encases the second and third phalanx of the lower limbs, analogous to the fingertip or toe tip 
of a human. The hoof wall is a much larger, thicker and stronger version of the human fingernail or toenail. Hooves are 
made up of similar materials, primarily keratin, which is a very strong protein molecule. The horse's hoof contains a high 
proportion of sulfur-containing amino acids which contribute to its resilience and toughness. This makeup of the hoof wall 
results in an appendage very well suited for colder temperatures without a high risk of temperature-related injury (like 
frost-bite). 

Consider also the equine nasal structure. It is richly supplied with blood and can therefore withstand bitter cold 
without freezing due the continual re-supplying of warmth from the circulatory system. And the horse's nasal structure is 
divided into two passage ways and protruding into each of these are bony projections called turbinates. Turbinates help to 
increase the surface area of the inside of the nose. Their purpose is to warm the frigid air before it can reach the lungs and 
potentially decrease the horse‟s core body temperature.  
 
On the Spot Cure for Chill 
 Horses are much better equipped to deal with cold than humans, among other mammals. For humans, the impact 
of conduction on body temperature is significant as researcher Paul Siple found back in 1939. Mr. Siple‟s research 
concluded that at 0°F, a 40 mph wind produced a cooling effect on the human body equivalent to a temperature of -55°F. 
Luckily for the horse, he is far better equipped to deal with 40 mph winds that the mere human. But that doesn't mean he's 



 
completely impervious to winter weather. The four processes by which thermolysis is achieved can cause many problems, 
but the main concern is hypothermia. 

Hypothermia occurs when the body‟s capability to stay warm is inhibited to the point of lowering the body‟s core 
temperature. Severely hypothermic an
of the thermolitic processes can cause hypothermia if the horse does not have adequate food supply or is ill. Newborns and 
aged horses are the most susceptible to heat loss caused by exposure to adverse climate conditions. Ambient temperature, 
relative humidity, precipitation, wind velocity and solar radiation are the five climate conditions that affect the level of 
environmental stress.  

The most influential of the five is the ambient temperature but the others also come into play. Wind will create a 
wind-chill factor adding to the stress. Rain increases evaporative heat loss by reducing thermal insulation (boundary layer) 
of the coat and increases convective losses. Snowfall is less cooling than rain for cold-adapted horses with dense, winter 
coats because the boundary layer the coat creates insulates against an increased loss of body heat vs. a horse without a 
winter coat. Because of its insulating properties, this boundary layer prevents the snow that has accumulated on this 
body‟s surface from melting. Conclusively, if you see snow accumulated over the horse‟s back, it‟s a good thing. If the snow 
melts and the temperatures are still below freezing, it may be a sign that the horse is losing too much body heat.  

The horse is also equipped with emergency heat-generating mechanisms, called acclimation responses, to cope 
with the threat. These are also referred to as “fast-acting” responses. Acclimation responses work at two levels: at the 
surface of the body and at the core.  

To explain the responses at the surface (peripheral) level, imagine that an icy wind begins to blow across the range. 
The horse hunkers down with his back to the blast, but before long he is losing heat faster than his body can generate it. 
That's when the acclimation responses kick in with peripheral blood vessels constricting and hair shafts standing on end 
(piloerection) to create the boundary layer. Shivering comes next.  

The extent of the response is dependent on the intensity, duration and location of the chilly stimulus. A brief blast 
of wind may result in only a quick surface heating response, but if the cold persists, acclimation mechanisms in the core of 
his body swing into action, boosting your horse's metabolic rate and thus his body temperature. These responses operate 
through a complex, interactive system of feedback loops that connect the brain, the central nervous system and the 
adrenal glands. When body temperature falls, cold-sensing nerve cells throughout the horse's body fire warnings to one or 
more central heat-regulating hubs in the spinal cord and brain.  

These nerve-cell 'thermostats', called thermoreceptors, within the thermoregulatory centers can be triggered by 
lower-than-normal temperatures in the body, both on the body surface (peripheral thermoreceptors) and in certain deep 
tissues (central thermoreceptors). The chief command center for thermoregulation is the hypothalamus, a small but life-
critical structure deep in the base of the brain. It is the junction, or connection, between the central nervous system and 
the endocrine system and it can release hormones to promote homeostasis when thermoreceptors are triggered. This 
evolutionary process in particular is one of the most basic survival mechanisms of the horse‟s body. 

It is very difficult to recognize when a horse first becomes hypothermic. If you can see the horse shivering, this is a 
good sign regarding hypothermia. Once hypothermia has set in, you will not see the horse shivering as they no longer 
have the energy stores needed to shiver. Remember that shivering is an active muscle contraction at its basic kinetic level, 
and therefore the act of shivering produces heat for the body. But if there are no calories left to produce the fuel for this 
process to occur, there will not be any heat produced by this process.  

Shivering is a defense mechanism used by most all warm-blooded mammals. When the body perceives a serious 
drop in temperature, the central nervous system commands motor neurons in each major muscle group to set off a single, 
vigorous contraction. But almost instantaneously, tension-sensing proprioceptive nerves perceive the muscle as too tense 
and fire a command to halt the contraction. As the muscle relaxes, the proprioceptive nerves stop firing, allowing the 
muscle to contract again; the result is shivering. 

With their enormous blocks of muscle, horses are superb at shivering and in fact appear to shiver more 
comfortably and readily than humans. Since nearly all the muscle action is converted to heat, shivering is a highly effective 
method of creating body heat. However, its effectiveness is also highly dependent upon the amount of calories available to 
produce fuel for the muscle movements. This is a give-and-take process that coincides with the countercurrent heat 
exchange. 

In nature, countercurrent heat exchangers create gradients by transferring heat or molecules from one vessel to 
another whose flow is opposite to that of the original vessel. The uppermost layers of a horse's skin are suffused with veins 
that normally circulate the blood close to the outer air before returning it to the lungs. In hot weather, the resulting heat 
radiation is desirable, but under frigid conditions the heat loss could be dangerous.  

To minimize surface radiation in the cold, the horse's venous blood takes a detour. Orders from the 
thermoregulatory centers block blood flow into peripheral veins (cool/cold) and reroute it into vessels called venae 
comitantes, which run deep under the skin right next to arteries (heat). The result: blood returning to the heart and lungs 
is warmed by the outgoing (countercurrent) arteries preventing cold blood from penetrating the body core and possibly 
reducing the core body temperature. This is the reason why the horse‟s skin may feel cold to the touch while the horse‟s 
core body temperature is still adequate and efficient.  

Protection of extremities is another strategy by which the horse fends off cold temperatures. Earlier, I spoke of how 
a horse‟s legs require less cellular metabolism due to their proportionately less amount of muscle tissue. Although the 



 
horse's body lacks a mechanism for increasing blood flow to the feet, it has developed a system to prevent them from 
freezing. After countercurrent heat exchange begins, little warmed blood flow reaches the foot. It is normally diffused (and 
thereby cooled) in the capillaries that serve the foot cell's limited metabolic needs.  

When the body's thermoregulatory mechanisms get a message that the feet are too cold, direct shunts open up in 
the feet so that blood flows from the smallest arteries directly into larger veins, called venules, without passing through the 
capillaries, bypassing the diffusion process. After the feet have warmed sufficiently, the shunts close again to restore 
nutritive capillary flow. Shunts are also used in the tail and ears.  

Another means of warming critically exposed areas, such as the muzzle, is to open more subsurface blood vessels to 
compensate for surface heat losses. Stallions have an additional vulnerable 'extremity', the scrotum. Normally exposed so 
it can maintain a slightly lower operating temperature for optimum fertility, this nearly hairless organ is protected against 
winter weather by a muscle called the dartos which 'puckers' the scrotum up against the body during cold conditions. 

As cold continues to stress the body, the thermoregulatory centers turn their attention to generating more internal 
heat, sending out messages to the adrenal glands to boost core metabolism. Nerve impulses signal the adrenal medulla to 
release epinephrine and norepinephrine, neurotransmitters that raise blood pressure and heart rate, and increase 
metabolism by stimulating the release of free fatty acids and the breakdown of glycogen. At the same time, the 
hypothalamus spurs the pituitary gland into action, ordering the release of large amounts of adrenocorticotropic 
hormone (ACTH) into the bloodstream. Arriving in the adrenal cortex, ACTH triggers the production of cortisol, a steroid 
that increases the body's heat-generating metabolism of fat, carbohydrates and protein. The result: a warmer, happier 
horse. 
 
Gearing Up for Winter 

Short-term measures can warm a horse through a cold snap, but because many acclimation responses tend to drain 
energy stores, they aren‟t likely to be sustainable throughout the winter months. To avoid exhausting himself in an effort 
to keep warm, the horse needs an energy-efficient means of generating and retaining heat over long periods of time. At the 
same time, whatever process prepares him to withstand colds has to be reversible when the warm weather returns. 
Fortunately, there is such a mechanism of seasonal adjustment to temperature change: acclimatization. 

The horse's acclimatization for cold actually begins long before winter. Just after the summer solstice (around June 
22), receptor's in the horse's eyes detect the incremental shortening of daylight and relay the information to the pineal 
body, a primordial organ in the brain. (Some studies have suggested that even blind horses experience acclimatization 
changes at this time as well, suggesting that other receptor points may be modulated through the pineal body). 

These subtle hints of coming winter trigger the release of hormones that shift the winter coat from its resting phase 
into a growing phase. Inside the follicles that house the horse's thin and short summer hairs, thick and long winter hairs 
begin to grow, pushing the summer hairs ahead of them. Some horses‟ winter coats can be seen peeking out in late August 
depending on which region they inhabit. By late September or early October, the winter hairs start to push the summer 
hairs completely out of the follicles. The result is shedding. 

During the fall, ambient temperature determines how long and thick the horse's winter coat grows. If he is exposed 
only to warm air - as occurs in southern climes, or when he is blanketed or kept continuously in a warm barn - his winter 
coat will grow in only slightly heavier than his summer coat. Even the slightest change in exposure can have an effect on 
the growth of his winter coat, possibly robbing him of much needed protection from the elements.  

On the other hand, if he's exposed to extreme cold during this time, his coat will be correspondingly thick and long, 
thus ensuring his ability to withstand the colder temperatures and winter elements. Ambient temperature continues to 
influence the weight of the coat until the winter solstice (around December 22). Around this time, the lengthening daylight 
hours trigger receptors for the pineal body and the first summer hairs begin to grow in the follicle. After this process 
begins, the winter pelt can no longer adjust to climate changes.  

The horse‟s winter coat has long, dense, fine 'pile' interspersed with longer, bristle-like 'guard' hairs that prop up 
his fur. This is what creates the foundations for the boundary layers. The downward tilt of his hairs deflects falling 
raindrops and snowflakes before they reach the skin and directs them to the hair tips where they fall harmlessly to the 
ground. That's why a horse's skin often remains dry even in mild to moderate rain or heavy snowfall. And, finally, the 
thick winter coat makes an excellent windbreaker.  

As the temperature drops, the horse's caloric consumption increases, boosting heat-generating digestion and 
metabolism. Mother Nature helps the progress along by ensuring that the grazing horse puts on a few pounds in the fall. 
Among wild horses, this weight gain comes primarily from increased consumption of dry matter as grass dries out. But, if 
the range is viable, it may be boosted by supplements such as wild rye and wild oats which go to seed as winter 
approaches. The extra fat layer requires little energy to sustain, has few heat-radiating capillaries within it and insulates 
well. This is why some wild horses often look “plump and healthy” during winter months. Come Spring, this extra 
insulation is quickly shed.  

On the cellular level, heat-generating metabolism is also nudged up for the winter, though in a far less dramatic 
and taxing manner than occurs with the short-term metabolic changes of acclimation. As cold sets in for the long term, the 
hypothalamus signals the pituitary to release thyrotropin or thyroid-stimulating hormone (TSH). Reaching the thyroid 
gland in the neck, TSH triggers the release of thyroid hormones that slowly boost metabolism for the long haul. 



 
The impact of all these changes is a marvel of thermoregulation. Efficiently generating more heat while increasing 

his layers of insulation, the acclimated horse has greatly improved his ability to tolerate cold. It takes a severe cold spell to 
force him to resort to fuel burning and emergency warming responses like shivering. The acclimatized horse is so ideally 
suited to the frozen tundra that – given adequate supplies of food and unfrozen water – he can survive and even thrive in 
temperatures as low as minus 40◦F. 

Bundle yourself up in the best parka, scarf and toboggan you can buy; grab some hunter‟s hand-warmer-packs 
from the local sporting goods store. I guarantee that you will still be standing in the cold, freezing your patookus off, and 
thinking, “Oh boy, I can‟t wait until summer gets here!” And you may question the decision to leave horses in the elements 
without man-made shelters or windbreaks. You needn't worry.  

Equus caballus is an evolutionary cold-weather marvel whose abilities for staying cozy in breath-stopping 
temperatures far outweigh your own. Thanks to a collection of heat-generating and insulating mechanisms, he'll be just 
fine. You, on the other hand, should probably get back inside with an electric blanket! 

 
As always, stay safe… And never give up! 
 
Thank you, 
 
Tracie Lynn Thompson 
Owner & Lead Instructor 
Lessons Learned Equine Instruction 
(409)658-4491 cell 
tracielynnthompson@yahoo.com 
themustangprojectblog-messages@yahoo.com 
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