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SURFACE TEMPERATURES AND RADIANT HEAT LOSS 
FROM WHITE-TAILED DEER1 

AARON N. MOEN, Field Biology Program, University of Minnesota, St. Paul2 

Abstract: Measurements of surface temperatures and radiant heat loss from the trunks of two penned 
white-tailed deer (Odocoileus virginianus) fawns were made remotely with a portable radiometer during 
the winter. Surface temperatures were 6-8 degrees C higher than air temperatures. No difference was 
observed between the two deer in the surface temperature: air temperature relationships. The differ- 
ence between air temperature and the surface temperature of the deer increased as air temperature 
decreased. Measurements of thermal radiation under clear skies at night showed a greater quantity of 
heat energy emanating from cedar cover than from upland hardwood cover or the clear sky in an open 
field. The radiant heat from the animal can be integrated with that from the different cover types if the 
radiation profile of the animal is known. The profile for white-tailed deer has not been determined, but 
may be estimated. Physiological evidence is cited which indicates the importance of radiant heat when 
the energy balance of an organism is being considered. 

The behavior of white-tailed deer with 
respect to observed weather conditions has 
been considered by several investigators. 
Observed responses of the animals have 
been assumed by some to be causally re- 
lated to existing weather conditions, or per- 
haps to the microclimate surrounding the 
animal. An elucidation of these relation- 
ships is, indeed, a worthy goal for the 
animal ecologist. I suggest, however, that 
without a quantitative application of ap- 
propriate heat transfer parameters, it may 
be difficult to separate behavioral responses 
caused by weather conditions from those 
which may be related to social or psycho- 
logical phenomena. 

The basic concept of energy, the means 
by which energy is transferred, and the 
energy environment of plants are discussed 
by Idso et al. (1966). Analyses of the energy 
exchange of sheep (Priestley 1957 and Blax- 
ter et al. 1959), cattle (Kelly and Ittner 
1948, Thompson et al. 1952, and Blaxter 
and Wainman 1964), swine (Bond et al. 

1952) and chickens (Clayton and Boyd 
1964) have been presented. The radiant 

1 Study supported by the Graduate School, Uni- 
versity of Minnesota. 

2 Present address: Department of Conservation, 
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energy exchange of the human with its 
environment has been studied by Hardy 
and DuBois (1938) and Suggs (1965). The 
energy relationships of wild species, includ- 
ing ruffed grouse (Brander 1965), white- 
tailed deer (Moen 1966), and Canada geese 
(LeFebvre and Raveling 1967) have been 
considered. Kelly et al. (1954) discuss the 
importance of thermal radiation in a con- 
sideration of animal-environment relation- 
ships. An important characteristic of the 
papers cited above is the explicit considera- 
tion of rates of heat transfer between the 
animal and its environment by different 
processes, as opposed to the simple com- 
parison of animal behavior and weather 
data. 

This paper describes the radiant energy 
loss in relation to air temperature from the 
trunks of two well-fed white-tail fawns 
measured remotely in an outdoor pen dur- 
ing winter months. Measurements of radia- 
tion flux under clear skies at night in a 
nearby open field, upland hardwood stand, 
and cedar (Thuja occidentalis) habitats are 
also presented. The radiation data can be 
applied to the whole animal and integrated 
with other sources of heat loss (conduction, 
convection, and evaporation) if the radia- 



TEMPERATURES AND RADIANT HEAT LOSS FROM DEER * Moen 339 

tion profile of the animal is known or as- 
sumed. 

Research was completed at the Cedar 
Creek Natural History Area (T34N, R23W), 
operated by the University of Minnesota, 
and about 35 miles north of the campus. 
The cooperation of Dr. W. H. Marshall, 
Director, Field Biology Program, is ac- 
knowledged. He also offered suggestions 
during preparation of the manuscript. The 
Minnesota Department of Conservation 
provided the test animals. Alvar Peterson, 
Resident Manager, and Bruce Kohn, Stu- 
dent Assistant, assisted in handling the deer. 

METHODS 

Radiation measurements were made on 
two female fawns with a portable radi- 
ometer (Fig. 1) designed and tested at the 
Cedar Creek Laboratory. The instrument 
has an aluminum foil sensor in contact with 
a laboratory thermometer. The sensor is 
coated with a black velvet paint with an 
absorption coefficient of 0.98 at all wave 
lengths up to 35 microns, and is protected 
from convective heat transfer by 1/2-mil 
polyethylene windows which have a high 
transmission coefficient for wave lengths 
in the infrared (Tanner et al. 1960). A 
reference plate provides a calculated quan- 
tity of radiation which strikes the sensor 
from one side, and the unknown, or target 
radiation, strikes the sensor from the other 
side. Radiation is calculated with formula 
(1). 

Qt = 2(aTs4) - ei'Tr4 + kaAt (1) 

where Qt = target radiation (kcal m-2hr-1) 
U = Stefan-Boltzmann constant 

(4.93 x 10-8kcal m-2hr-'K-4) 
Ts sensor temperature (Kelvin 

scale) 
ei = emissivity of reference plate 

(0.98) 
Tr = reference plate temperature 

(Kelvin scale) 

I \REFERENCE PLATE 
STYROFOAM INSULATION 

Fig. 1. Schematic drawing of the portable radiometer. 

ka = thermal conductivity of the air 
(kcal m-2hr-1C?-1) between the 
polyethylene windows 

At = difference between air temper- 
ature and sensor temperature 

The radiometer was held by hand 1 inch 
or less from the hair surface. The animals 
were in diffuse light during the measure- 
ment periods. Radiometer temperatures and 
air temperature, the latter measured with 
a thermometer in a standard weather shel- 
ter in the pen 12 inches above the snow, 
were recorded at 5-minute intervals, and 
mean temperatures for each /2-hour period 
were used in the calculations of radiant 
heat loss. Laboratory tests indicated that 
the radiometer reached equilibrium with 
the target within 12 hour; data were used 
only after an equal warm-up period with 
the instrument focused on the trunk of the 
deer. Each 1/2-hour period was confined 
to a single deer whenever possible, per- 
mitting a test for differences between deer. 
If one deer became too active to maintain 
instrument position, tests were continued 
on the other animal. 

Downward and upward energy flux in 
the open field, upland hardwood, and cedar 
was measured with the radiometer de- 
scribed by Suomi and Kuhn (1958). In- 
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strument design is such that all but the 
radiation emanating from the environment 
at angles less than 10 degrees is measured. 
Instrument theory is discussed in detail by 
Tanner et al. (1960). The cedar cover in- 
cluded all size classes up to 12 inches dbh 
and 40 ft high, and the hardwood cover 
was second-growth red oak-sugar maple- 
basswood, selectively logged until 1910 
(Pierce 1954). Cover types were separated 
by a maximum distance of 600 ft and eleva- 
tional differences of 20 ft. Three double- 
ended instruments were used in each cover 
type, and the mean reading determined for 
each group. All nine instruments were re- 
located randomly at the nine sites each day 
to minimize possible error due to instru- 
ment differences. Air temperatures, mea- 
sured in a weather shelter at radiometer 
height (12 inches) in the open field, and 
radiometer temperatures were recorded on 
clear nights when the polyethylene win- 
dows were free of frost. Fourteen measure- 
ments in February and March were re- 
corded. 

RESULTS 

Radiant heat loss from the two animals 
in relation to observed air temperatures is 
shown in Fig. 2. Since radiant heat loss 
from any object is described by eiaT4, one 
can determine the surface temperature 
if the emissivity of the target is known. 
Hammel (1956) has shown that it is 0.98 
to 1.00 for the fur of several mammals. As- 
suming the emissivity of deer hair is 1.00, 
surface temperatures can be determined by 
1/Qt/Q (Fig. 3). Data from both animals 
are included together in Figs. 2 and 3 since 
an analysis of variance indicated that sur- 
face temperature: air temperature relation- 
ships were not different (P > 0.05) for the 
two fawns. A significantly greater differ- 
ence (t test, b #= 1, P < 0.05) between the 
surface temperature and air temperature 
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Fig. 2. Radiant heat loss from the trunks of two white-tailed 
deer at different air temperatures. 

was observed as air temperatures decreased, 
however. 

Downward radiation flux under clear 
skies at night in the open field, upland 
hardwood, and cedar is shown in Fig. 4. 
The regression lines are described by the 
following equations where Y = kcal m-2hr- 
and X = air temperature: 

Y = [(-10.9 + 1.OOOX) + 273.0]4 (open field) 
Y = [(- 5.6+0.964X)+273.0]4 (hardwood) 
Y = [(+ 0.2 + 0.962X) + 273.0]4 (cedar) 

Analysis of variance indicated no difference 
in the slopes of the lines (0.05 level). 

Surface temperatures of the snow in the 
open field, measured remotely with the 
radiometer, were within 1 C of the mea- 
sured air temperature in the weather shel- 
ter. Snow temperatures in the hardwood 
and cedar were only slightly higher. 

DISCUSSION 

An approximate linear relationship be- 
tween surface temperatures of the trunk 
of the deer and the air temperatures dur- 
ing measurements was observed. It is em- 
phasized that these measurements were 
made by remote instrumentation; no sen- 

IH ) 
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Fig. 3. Surface temperatures, measured remotely, of the 
trunks of two white-tailed deer. 

sors were in direct contact with the hair. 
Thus the temperature is representative of 
the portion of the surface which is "seen" 
by the radiometer, and is an integration of 
the vertical and horizontal temperatures of 
the entire target area. 

Heat loss by radiation from any object 
decreases as the surface temperature de- 
clines since the radiation emanating from 
any object is given by the product of its 
emissivity (ei), the fourth power of its 
absolute temperature (T4), and the Stefan- 
Boltzmann constant (a). As the air tem- 
perature decreases, so also does the tem- 
perature of the animal surface, since heat 
is removed by convection. The surface 
temperature varies with air temperature to 
an extent dependent on the efficiency of 
the geometric surface as a convective heat 
transfer agent. 

The difference between surface tempera- 
ture and air temperature (Fig. 3) is a re- 
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Fig. 4. Downward radiation flux under clear skies at night 
in three cover types on the Cedar Creek Natural History 
Area, Minnesota. 

flection of the efficiency of the hair as a 
barrier to heat flow. If the hair were a 
perfect insulator, its thermal conductivity 
would be zero and no heat flow could occur. 
The data show that the surface tempera- 
ture was 6.6 C higher than air temperature 
at 0 C, with an increasing divergence be- 
tween the two as the air temperature 
dropped. This increasing difference is im- 
portant because the rate of convective heat 
transfer is dependent not only on the ef- 
ficiency of a geometric surface as a heat 
transfer agent but also on the difference 
between the surface temperature of the 
convector and air temperature. Thus the 
trunk of a deer will lose more heat by con- 
vection at -30 C than at 0 C, but less heat 
by radiation. 

The deer is not, however, the only con- 
sideration in analyzing heat transfer oc- 
curring between animal and environment. 
Bedwell (1961) has demonstrated cooling 
by radiation from dairy cattle to a "heat 
sink" simulating the cold night sky. The 
data in Fig. 4 show distinct differences in 
downward radiation under different cover 
types. If one compares the rates in kcal 
m-2hr-1 between the radiation from the 
cover and that from the deer at the same 
air temperature, it is clear that the net 
radiation loss would be greater when the 
animal surface is exposed to the clear night 

I I I k I 

.. . I 
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sky. For example, at 0 C air temperature, 
301 kcal m-2hr-1 are radiated from the 
trunk of the deer, 275 kcal m-2hr-1 from the 
cedar cover, and 233 kcal m-2hr-1 from a 
clear night sky. At -30 C air temperature, 
the values are 196, 175, and 143 kcal 
m-2hr-1, respectively. 

One cannot, however, apply these data 
in kcal m-2hr-1 directly to a white-tailed 
deer since the animal is clearly not on a 
single plane. Geometric considerations must 
be made so the net radiation is determined 
for the parts of the animal exposed to dif- 
ferent portions of the radiating environ- 
ment. This parameter is called the radia- 
tion profile, and has not been determined 
for white-tailed deer. The radiation profile 
is an adjustment of the quantity of radiant 
heat exchanged by the different portions 
of the animal's surface exposed to the en- 
vironmental energy flux, and the differ- 
ences in surface temperatures at different 
points on the body. These temperatures, 
and their concomitant effect on radiation 
loss, are not constant over a wide range of 
temperatures, illustrated by a changing 
proportion of heat loss by radiation in swine 
(Bond et al. 1952) and by changes in the 
slope of the line describing surface tem- 
perature:air temperature relationships for 
cattle (Thompson et al. 1952). Postural 
changes also affect the radiation profile. 
For humans, Hardy and DuBois (1938) 
used 0.78 as a radiation profile for man in 
a "mummy" position, and they quote others 
who have used values from 0.50 for a 
crouched position to 0.85 for a spread-eagle 
position. Blaxter et al. (1959) have used a 
value of 0.7 for sheep. Using this value for 
deer, basic patterns of energy exchange for 
deer of different sizes are clear when the 
major heat exchange factors are integrated 
with metabolic heat production at different 
dietary levels (Moen 1966 and Moen in 
press ). 

One must also be cognizant of the dis- 
tribution of thermal radiation in the cover 
types in which an animal is found. In an 
open field, the lowest quantity of radiation 
is received from the sky overhead, with in- 
creasing amounts toward the horizon. For 
purposes of calculation, one can simplify 
the energy distribution by assuming that 
one-half of a standing animal is exposed 
to radiation from above, and one-half from 
below (Blaxter 1962). 

Physiological evidence indicates that ra- 
diation, both solar and thermal, is of im- 
portance to an animal at both the upper 
and lower limits of heat tolerance. Hamil- 
ton and Heppner (1967) demonstrated that 
oxygen consumption is higher for white 
zebra finches (Poephila castanotis) exposed 
to an artificial source of solar radiation 
than for those that are dyed black. In- 
creased thermal radiation reduced the heart 
rate of humans when they were in a cool 
environment, but increased it if they were 
in a warm or hot environment (Suggs 1965). 
Animal shelters designed to alleviate heat 
stress are most efficient when they protect 
the animal from the sun but allow exposure 
to the clear sky with its low radiant tem- 
perature. The use of infrared radiation for 
brooding chicks and hogs was suggested by 
Nicholas (1948). 

The measurement of appropriate thermal 
energy parameters and their application to 
domestic species in their rather simplified 
environment is, to be sure, a complex prob- 
lem. The problem as it relates to wild spe- 
cies in the natural environment is vastly 
more complex. Only after the energy rela- 
tionships are quantified, however, can the 
game manager separate those characteristics 
of the environment which are a physio- 
logical necessity from those which may be 
merely preferred, or are a psychological 
requirement. It has been suggested, for 
example, that the yarding habit of deer 
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may be a response to cold weather. Data 
presented in this paper clearly show a 
greater amount of thermal energy present 
in cedar cover than in an open field or an 
upland hardwood stand. This does not 
mean, however, that the animal needs the 
ameliorated environment of a cedar swamp. 
The quantity of heat lost by the animal 
must be balanced against the heat produced 
by metabolic processes. Each of the major 
factors contributing to heat loss, includ- 
ing conduction, convection, radiation, and 
evaporation, must be considered as well as 
differences in the amount of heat produced 
by the animal on different diets and at dif- 
ferent levels of activity. Thus the game 
manager is forced to distinguish between 
both the quantity and quality of food and 
cover on a range and their combined ener- 
getic effects on the physiological response 
of the animal. 

My own observations, described in Moen 
(1966), indicate that deer in the agricul- 
tural habitats of western Minnesota do not 
always seek heavier cover during extremely 
cold winter weather. To illustrate, air tem- 
peratures did not rise above -18 C for an 
entire week in January, 1966. The deer, 
however, continued to bed in the open 
fields and feed on corn, soybeans, and dry 
sweet clover herbage. Data indicate that 
this was possible, from an energetic stand- 
point, because the diet supplied an ade- 
quate quantity of metabolizable energy, but 
deer on a range with depleted food quality 
or quantity may require heavier cover to 
maintain a positive energy balance. It must 
be emphasized, however, that thermal 
energy emanating from the cover can only 
serve to reduce heat loss; sufficient food 
must be available for basal energy require- 
ments and for the activity of the animal. 
Thus food must be considered the basic 
requirement, and cover becomes physio- 
logically important only when its presence 

is necessary to maintain a positive energy 
balance. 
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PRODUCTIVITY OF MULE DEER ON THE NATIONAL BISON 
RANGE, MONTANA1 

CARL H. NELLIS, Department of Wildlife Ecology, University of Wisconsin, Madison 

Abstract: The mule deer (Odocoileus hemionus hemionus) on the National Bison Range, western Mon- 
tana, are controlled by selective removal of a third of the herd annually and suffer limited natural mor- 
tality. Fawn production, at 143 : 100 does, is only 5 percent lower than the fetal rate of 150: 100 does 
and indicates very low postnatal fawn mortality. The corpora lutea rate of 168: 100 does suggests that 
about 10 percent of the ova are lost due to fertilization and implantation failures and intrauterine fetal 
mortality. Yearling: adult ratios are 61: 100 for males and 55: 100 for females, for an annual adult 
mortality of 58 percent. This heavy adult mortality is counterbalanced by a low fawn loss and results in 
about a third of the herd being removed annually. 
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Mule deer on the National Bison Range, 
near Moiese, western Montana, suffer only 
limited natural mortality, and are controlled 
primarily through selective shooting by 
range staff. An estimated 30-35 percent 
of the herd of 250 is removed annually from 
an 18,450-acre game-tight enclosure, ad- 
ministered by the Bureau of Sport Fisheries 
and Wildlife. Vegetation is Palouse Prairie 
grassland (Morris and Schwartz 1957) with 
some stands of Douglas fir (Pseudotsuga 
menziesii) and ponderosa pine (Pinus pon- 
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Wildlife Research Unit, the U.S. Fish and Wildlife 
Service, Montana State Department of Fish and 
Game, University of Montana, and The Wildlife 
Management Institute cooperating. 
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grassland (Morris and Schwartz 1957) with 
some stands of Douglas fir (Pseudotsuga 
menziesii) and ponderosa pine (Pinus pon- 

1Contribution from the Montana Cooperative 
Wildlife Research Unit, the U.S. Fish and Wildlife 
Service, Montana State Department of Fish and 
Game, University of Montana, and The Wildlife 
Management Institute cooperating. 

derosa). Annual precipitation is 12-18 
inches. 

This paper describes the productivity of 
the Bison Range mule deer. 

I wish to thank the personnel of the Bison 
Range for their cooperation and assistance 
throughout the study. R. D. Taber and W. 
L. Pengelly, University of Montana, pro- 
vided advice during the study and on manu- 
script preparation. Many other persons con- 
tributed and I thank them, especially L. B. 
Keith for critically reading the manuscript. 
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