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Abstract

There are five ways in which an animal may exchange heat with its environment: solar
(shortwave) radiation gain, longwave radiation exchange, convective exchange, conductive
exchange, and heat loss by evaporation.? This heat exchange, in combination with the
metabolic heat produced by the animal, defines the animal’s heat balance (Figure 1). When a
homeothermic animal cannot lose sufficient body heat (generated by metabolism, or gained
from the environment) to maintain a stable body temperature, the animal experiences heat
stress. In a cold environment when the same animal loses heat to the environment faster than
metabolic heat is generated, or heat is gained from the environment, the animal experiences
cold stress. Under conditions of heat stress, animals may seek a cooler environment in the
shade, while under conditions of cold stress animals find relief by sheltering from wind, rain,
and snow.**”

Grazing, and browsing herbivores spend many hours a day obtaining food and are frequently
unable to use shade or shelter, and eat at the same time.> Most captive grazers and browsers,
which spend some time out of doors, will experience at least short periods of heat or cold
stress at some time during the year. For such animals it is important to know when periods of
heat or cold stress may occur, and to provide shade or shelter at these times. If air temperature,
relative humidity, wind speed, solar radiation, min or snow fall, and the animal’s metabolic
heat production are known, the heat balance of the animal can be estimated .

As an initid demonstration of this approach, heat balance data generated for both a black and a
white cow, on a hot summer day (Figure 2) and on a cold winter day are presented.® The
expected heat balance for African elephants on outdoor exhibit (on grass, bare ground (Figure
3), and concrete) isthen illustrated. Whether, to what extent, and for how long these animals
are expected to be in positive (more heat gained than lost) or negative (more heat lost than
gained) heat balance is investigated. The effect of providing shade (Figure 3) or shelter in
reducing positive or negative heat balances is examined.
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Figurel. Heat exchange between an animal and the environment
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Heat from the Sun (kcal/m2/hr)
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Figure 2. Weather on a Hot Summer Day (sunrise 4:59, sunset 19:49)
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Figure 3. Elephant Heat Exchange on a Hot Summer Day (on bare ground)
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