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root zone surrounding each plant. The addition of thiamine to 
the plant and soil was done primarily to relate the response of 
saliva and thiamine as well as exploring the use of thiamine on 
a commercial basis. Each treatment, including a control, was 
clipped at 3- and 6-week intervals and at 3- or 6-inch stubble 
heights. 

Rates of growth were determined by accumulating forage 
yields of each plant in each treatment. The statistical design 
used in this study was a 2X 2X4 randomized block design and 
the data were analyzed by analysis of variance procedures 
(Snedecor and Cochran, 1967). 

To compare the effect of grazing to that of clipping on 
growth response, 15 of the sideoats grama seedlings were 
grazed once every 3 weeks by either cattle, sheep, or goats and 
15 were mechanically clipped. The clipped plants were 
harvested to a height equal to the average stubble height of the 
grazed plants. The effect of clipping versus grazing was 
evaluated by measuring the height of foliage regrowth before 
each subsequent harvest. 

Results 

Results indicated there was a highly significant response to 
both height and frequency of clipping. Clipping height had the 
most profound effect on forage yields. Clipping to a 3-inch 
height at 6-week intervals was not as detrimental to a plant 
yields as clipping to 3 inches every 3 weeks. Plants clipped 
once each 6 weeks to 6 inches had the highest forage yields of 
the 16 treatments tested (Table 1). Clipping to 6 inches 
produced greater yields than clipping to 3 inches at all clipping 
frequencies. 

Plants responded to additions of thiamine but not saliva. 
Thiamine added to the soil or the plant under a 6-inch X 
6-week clipping schedule increased the forage yields of 40 and 
42%, respectively, over that from control plants (Table 1). 

Plants grazed by cattle, sheep, or goats all had significantly 
taller foliage growth than mechanically clipped plants (Table 
2). There were no significant differences among plants grazed 
by cattle, sheep, or goats. 

Discussion 

The fact that thiamine exists in animal saliva in sufficient 
concentrations to stimulate plant growth lends support to the 
hypothesis that animal saliva, deposited on foliage during 
grazing, has a stimulating effect on plant growth (Reardon et 
al., 1972). Results from this study, however, did not neces- 
sarily show this. The good structure and high fertility of the 
soil used in this test could be one explanation for the lack of 
response. Woodhouse and Morris (1942) reported increases in 
plant growth only from plants grown in soils of low fertility. 
Certain workers (Robinson et al., 1936; Stapledon and Jones, 
1927; White, 1973) feel that even though plant response to 
clipping and grazing are similar, it may not always be wise to 
substitute one for the other. An example of this was evident in 
this study since all grazed plants had significantly higher 
growth rates than clipped plants. Some grazing characteristics 
or possibly saliva deposited on the plant foliage during grazing 
may have caused the difference. Therefore, caution should be 
taken in interpreting data when mechanical clipping is substi- 

Table 2. Average height (inches) of growth for 
cattle, sheep, or goats or mechanically clipped. 

plants grazed 
1 either by 

Treatment 
number Method of harvest 

Average height 
of growth 

17 Grazed by cattle 
18 Grazed by sheep 
19 Grazed by goats 
20 Mechanically clipped 

29.5 a 
29.2 a 
28.8 a 
22.3 b -_ 

1 Numbers followed by the same letter are not significantly different at 
the 5% level. 

tuted for grazing. 
Mechanical clipping of selected plants at different fre- 

quencies and intensities is another technique used by re- 
searchers to relate plant vigor or production to various systems 
of grazing or additives. Results from this study indicate that 
clipping sideoats grama plants at a high frequency and high 
intensity will severely reduce plant vigor. Clipping plants on a 
more moderate schedule may allow them to absorb and utilize 
thiamine for accelerated plant growth. 
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Radiant Temperatures 
of Hair Surfaces 
AARON N. MOEN 

Highlight: The radiant temperatures (T,) of the surfaces of 
winter pelage of white-tailed deer, mule deer, snowshoe hare, 
cottontail rabbit, and red fox decrease with a decrease in air 
temperature (T,) and an increase in wind velocity (U). The 
relationship between T, and T, is linear, but nonlinear for 
T,:U. Changes in the lower velocities have a relatively greater 
effect than changes in the higher velocities. The variation 
between species results in considerable overlap; the use of 
thermal scanning techniques for censusing of these different 
species is doubtful under most field conditions. 
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The radiant temperature of a surface is the temperature 
which is effectively communicating with the thermal environ- 
ment and represents an integration of the energy emitted. It is 
used when calculating the amount of energy emitted from a 
surface with equation (1): 

Q, = oeTr4 (I) 
where Q, = radiant energy emitted 

(T = the Stefan-boltzman constant 
E = emissivity; the fraction of the 

black surface emissive power 
T = temperature (OK) 

When the energy emitted is known, equation (1) can be re- 
arranged to give the radiant temperature T,, as in equation (2): 

T,= v--g- (2) 

Radiant temperatures are being used extensively in two 
ways, including: (1) energy balance calculations and.(2) cen- 
susing applications. Both applications are of interest to wild- 
life and range managers. The former is useful when analyzing 
the effects of weather on free-ranging animals and in deter- 
mining shelter and food requirements; the latter has obvious 
importance in population ecology and management. This 
paper describes the relationship between radiant temperature, 
air temperature, and wind for five different mammals, with a 
conclusion relating to the possibilities of identifying these 
species by infrared detection in the field. 

The feasibility of using infrared radiation detectors for 
censusing big game animals has been tested by Croon et al. 
(1968) and Parker (1972). Early background information 
was provided by Marble (1967) and Moen (1968). The 
general conclusion reached by Parker (1972) is that thermal 
scanning [infrared detection] remains a feasible technique, 
but success is dependent on the sophistication of the equip- 
ment, physical characteristics of topography, and the ambient 
thermal environment. The thermal characteristics of the target 
species are a major consideration also; deer were frequently 
mistaken for antelope (Parker and Driscoll, 1972). 

Experiments in two wind tunnels at the BioThermal Labora- 
tory have shown that most of the change in the radiant temper- 
ature of a hair surface exposed to sudden changes in wind 
velocity occurs in a few seconds. The changes are virtually 
complete within two minutes (Moen and Jacobsen, 1974). The 
effects of wind on T, in relation to air temperature has been 
measured on winter pelage from the trunks of white-tailed 
deer (Odocoileus virginianus); mule deer (0. hemionus), red 
fox (Vulpes f&a), snowshoe hare (Lepus americanus), and 
cottontail rabbit (SyZviZizgus floridanus). 

Measurement Techniques 

Radiant temperatures are measured in the wind tunnels 
with an infrared thermometer (Model IT-3, Barnes Engineering) 
positioned over the raw pelt placed on a substrate heated to 
38OC (- body temperature). Wind velocities from O-630 
cm/set (0 to 14 mi/hr) were tested in the larger tunnel, and 
O-360 cm/set (0 to 8 mi/hr) in the smaller. The larger tunnel 
has an experimental section 1 m wide, 1 m high, and 2 m long; 
the smaller tunnel, 15 cm wide, 16 cm high, and 60 cm long. 
The interior walls of the experimental sections are painted 
with 3M Nextel Velvet coating (lOl-Cl0 Black). The quoted 
emissivity of this paint is 0.98 or better at wavelengths from 
2 to 35 microns. The techniques are further described and 
illustrated in Moen (1973). 

Results and Discussion 

Radiant temperatures are linearly related to air tempera- 
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Fig. 1. Radiant temperature in relation to ati temperature for white- 
tailed deer (NY = 555) and mule deer (N,, = 22) pelts exposed to a 
range of wind velocities. 

tures. No differences were observed for white-tailed deer when 
the hair orientation was with and against the free-stream flow 
field. Wind effects are nonlinear, with the lower velocities 
having a relatively greater effect. A single predictive equation 
for T, on the trunk of white-tailed deer is (From Stevens 
1972): 

T, = [e 2.26 - 0.064Ul +([38 - (e2’;;- o’064u)1 [T,]) 

where T, = radiant temperature (“C) 
U = wind velocity (mi/hr) 

T, = air temperature (“C) 

The regression lines are shown in Figure 1. The shaded area 
in Figure 1 shows the radiant temperature range for mule deer 
winter pelts for U = 45 to 360 cm/set (1 to 8 mi/hr) in the 
small tunnel. The overlap is nearly complete; there appears to 
be little or no difference between the results for these two 
species. The equations, adjusted through 38°C (2 body tem- 
perature), for the outer limits of the mule deer data are 
Y= 38 + 0.804 (X-38) for 45 cm/set and Y = 38 + 0.889 
(X-38) for 360 cm/set. 

For the other species, values for b,,, and bmin in the 
regression equation are 0.834 (45 cm/set) and 0.942 (360 
cm/set), 0.778 and 0.883, and 0.641 and 0.827 for the snow- 
shoe hare, cottontail and red fox, respectively (Fig. 2). Note 
the amount of overlap; all of these species appear thermallv 
similar under some wind conditions. Further, the white-tailed 
deer and mule deer data in Figure 1 fall in the area of greatest 
overlap. 

The high degree of similarity in the T,:T, relationships for 
these five species when exposed to a range of wind velocities 
common in their natural habitats indicates that the identifica- 
tion of species by thermal scanning techniques in censusing 

JOURNAL OF RANGE MANAGEMENT 27(5), September 1974 



30 

20 

!? 

a# IO 

5 + 
0 

z 
a 
E 0 

c 

+ 

5 ._ 
0 -10 

z 

-20 

-30 

‘, 
: : 1, 

, Red fox 

\\\\ Cottontail 

S n o w s ho e 

-20 -10 0 IO 20 
Air Temperature (“C) 

Fig. 2. Radiant temperature in relation to air temperature for three 
pelts from three species (NY = 9 for each species) exposed to wind 
velocities from 1 milhr (45 cmjsec) to 8 mi/hr (360 cm/see). 
Maximum and minimum values for b are given in the text. 

applications is hardly feasible. Additional variation due to the 
effects of solar radiation (all of these tests were conducted in 
wind tunnels with uniform radiation from the walls), and 
variations in the subskin temperature due to local tissue 
metabolism and vascular changes, would make the thermal 
image even more dynamic. Vegetative cover would diffuse the 
thermal image also. Larger target species, deer, contribute 
more to a thermal signal than the smaller hare, rabbit, and fox, 
given equal spatial resolution of the scanning equipment. 
Since vegetative cover may occlude and diffuse part or all of 
the image, the apparent thermal image may be more a func- 
tion of behavior and habitat characteristics than numbers of 
each species present. In conclusion, the feasibility of thermal 
scanning for censusing purposes is doubtful in all but the 
simplest of habitats. 
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Cover-Weight Relationships 
GENE F. PAYNE 

Highlight: Cover-weight relationships on 160 plots in southwestern 
Montana indicate that cover can be used as a suitable index to herbage 
production of most species. 

A study of vegetational changes occurring as the result of 
sagebrush control by 2,4-D provided an opportunity to 
correlate cover and herbage production data. 

The study was conducted on 26 sites on the Beaverhead 
National Forest in southwestern Montana, 8 of which yielded 
data for this analysis. 

Table 1. Correlation and regression values of cover (X) and weight (Y). 

Species 
No. of plots Correlation 

occurring coefficient Regression equation 

Agropyron dasystachyum 43 
67 

20 
6 

36 
4 

124 
20 

109 
59 

160 

Agropyron spicatum 
Bromus marginatus 
Bromus tectorum 
Carex spp. 
Danthonia unispicata 
Festuca tdahoensis 
Koeleria cristata 
Poa spp. 
Stipa comata 

Total grasses 

Agoseris glauca 
Arenaria congesta 
Arnim fulgens 
A straga lus miser 
Gzlochortus nitidus 
Campant.& rotundifolkz 
Clematis hirsutissima 
Collinsia parvtflora 
Collomia linearis 
Comandra umbellata 
Delphinium bicolor 
Erysimum inconspicuum 
Galium boreale 
Geranium viscosissimum 
Geum triflorum 
Lappula redowskii 
Lomatium triternatum 
Lupinus spp. 
Penstemon eriantherus 
Phlox longifolia 
Polygonum aviculare 

Potentilla gracilis 
Senecio lugens 
Tragopogon dubius 

.78** 

.87** 

.84** 

.97** 

.94** 

.90* 

.72** 

.88** 

.95** 

.90** 

.62** 

10 .84** 

40 .65** 

25 .77** 

18 .54* 

13 .64* 

6 .91** 

4 .91* 

28 .65** 

46 .91** 

20 .74** 

24 .61* 

10 .94** 
6 .85* 

8 .93** 

6 .98** 
7 .96** 

17 .94** 

92 .85** 
6 .90** 

54 .76** 
26 .87** 

9 .88** 
7 .93** 

10 .98** 

Y = 2.97 + 2.10x 

Y= -.34 + 3.80X 

? = 15.33 + 17.07x 
Y= .04 + 2.35X 
Y= .25 + 1.97X 
Y = -.53 + 3.43x 
? = 2.76 + 1.57X 
? = -.Ol + 2.90x 
Y = -.44 + 2.52X 
+ .79 + 2.59x 
f= .78 + 2.60X 

q= -.ll + 1.39x 
+ .44 + 2.12x 
Y= .25 + .59X 
Y= .56 + 1.39X 
Y = -.02 + 2.08X 
Y = -.lO + 2.88X 

ir = -.71 + 3.10x 
+ .04 + ‘.76X 
+ .24 + 1.31X 
+ = -.22 + 4.11x 
+ .13 + .61X 
Y= -.93 + 8.50X 
Y= .46 + .91X 
Y= .28 + 1.83X 
Y= -.20+ 1.96X 

Y= 2.22+ 1.20x 
Y= .25 + 3.05X 
+ = -.95 + 2.42X 
?= -.17 + 2.45X 
% = -.54 + 3.64X 
+ .78 + .76X 

? = -1.35 + 3.11x 
+ .47 + 1.67X 
Y = -1.78 + 9.38X 

Total forbs 160 .76** ?= .20 + 1.77x 

*Correlation significant at P < 0.05. 
* *Significant at P < 0.0 1. 

The author is professor of range science, Montana State University, 
Bozeman. 

This paper (MAES Journal Series No. 481) is taken from the final 
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