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Fig. 3. Standard plot frame. 

an inside diameter of 0.01875 inch. 
Epoxy cement holds the tubes in place. 
Rainfall intensities of about 0.2 inch 
per hour to about 3.3 inches per hour 
can be simulated with the Manostat 
(Cat. No. 36-541-30) flowmeter used. 
The modules are strapped to the A- 
frame (8) when transported. 

Wind shelters, similar to those used 
by Dortignac (195 l), are usually 
necessary to avoid excessive drift of 
simulated raindrops. 

The standard plot frame (Fig. 3) 3- 
by 3-ft or variable size plot frame (Fig. 
4) is driven about 1 inch into the soil. 
The collector trough at the bottom is 
covered with a sheet of plexiglass to 
prevent simulated rain from falling 
directly into the trough. Runoff is 
piped into a small pail, then pumped 
with a 12-volt pony pump into a 5-gal 
polyethylene bottle on a spring scale. 

Runoff is weighed at fixed intervals 
for conversion to inches of runoff. 

Operation 

The plots are placed at selected 
intervals and covered with poly- 
ethylene plastic to keep the plot dry 
while setting up and filling the 
modules. Modules are attached to the 
adjustable arms, leveled and centered 
over the plots. After the chambers are 
filled with water and desired flow rate 
set, the plot covers are removed. Two 
plots are easily run at the same time. 
The flow rate will stay constant if the 
filters are replaced regularly and the 
55-gal tank is kept relatively full. 
However, the flow meters should be 
checked periodically. 

Water was obtained from springs, 
small streams, or livestock watering 
troughs. Clogging of the steel tubes 
was largely prevented by passing the 
water through Aqua-pure Pl 11 filters. 

When clogging did occur, it was easily 
cleaned by pushing a small steel wire 
up the bore. 

Sediment production can be deter- 
mined from runoff at the end of the 
test. After each test, sediment trapped 
in the system is collected along with a 
900 ml thoroughly mixed sample of 
runoff from the 5-gal polyethylene 
bottle. Suspended sediment is allowed 
to settle in the laboratory and the 
water decanted. Samples are then oven 
dried, weighed and converted to tons 
per acre sediment. 

More specific information on the 
construction and operation of the 
infiltrometer can be obtained from the 
authors. 
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A Double Sampling Technique for Estimating 
Dietary Composition 
DONALD G. PEDEN, RICHARD M. HANSEN, RICHARD W. RICE, AND GEORGE M. VAN DYNE 

Highlight: A double sampling technique is described which 
has a potential to increase sampling accuracy and efficiency 

Sampling for botanical composition of diets of grazing 

when estimating botanical composition of herbivore diets. animals is difficult. The cost of maintenance and care, the 

When applied to wild herbivores this technique may also short life expectancy, and the abnormal behavior of fistulated 

reduce the need for using fistulated and thus behaviorally animals are among the disadvantages of dietary sampling with 
abnormal animals. esophageal fistulated animals. These difficulties are accentu- 

ated with dietary sampling of wild ungulates. 
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occur in dietary estimates if fragile species such as the legume, where p is the correlation coefficient derived from the regres- 
white clover, are present in the diet. Similarly, Peden sion of y on x and where S; is the variance of y. The problem 
(1972) found that differential digestion rates of plant species at hand now is to find the minimum V (y,) for a given total 
are likely to occur in diets of bison. For clarity, differential cost C by determining appropriate levels of n and n’ where 
digestion refers to the change in composition of ingesta as a each observation costs C, and C,l , respectively. This is accom- 
result of the digestive process acting with different efficiencies plished by solving 

on the various components of the diet. Without some correc- 
tion for this bias, precise quantitative estimates from feces of 
dry weight composition of forage species in diets will likely be 

n d-)(sy)(ch) 

n’= d)(s;)(c, 
(3) 

inaccurate. Given that feces can be collected from a behavioral- 
ly normal animal at a relatively low cost and given that the 
potential bias can be measured, the possibility exists for 
selecting an optimal ratio of esophageal and fecal samples for some given n. Note that 
such that for a given total experimental cost, the variance of (C,) (n) + (Cn I 1 (n’ I= C (4) 
the mean of the predicted dry weight composition of ungulate 
diets will be minimized. The description of such a method is Results and Discussion 
the purpose of this paper. 

Materials and Methods 
During December, 1970, and March, May, June, August, 

and October, 1971, diets of bison were sampled using the 
esophageal fistula technique. For each of these particular 
sample periods, 2, 4, 3, 3, 4, and 4 animals were used, respec- 
tively. Each sample period consisted of four collection periods 
of approximately 45 minutes each. These collections were 
made on shortgrass range in northcentral Colorado. The 
extrusa from all daily collection periods within a given sample 
period and derived from a particular animal were mixed so 
that the dry weight contributions to the total from each daily 
collection were equal. This procedure was duplicated for each 
animal on an adjacent pasture having different levels of 
herbage biomass. Thus a total of 40 bison dietary samples 
was collected. 

The percent dry weight composition of warm season grass 
(%WSG) was estimated using the microscopic cuticle analysis 
technique of Sparks (1967). This warm season grass classifica- 
tion (Sims and Singh, 197 1) includes the following forage 
species: Bouteloua gracilis, Aristida longiseta, Buchloe dac- 
tyloides, Sporobolus cryptandrus, and Muhlenbergia torreyi. 
Each of these dietary samples was then subjected to a nylon 
bag microdigestion trial in three rumen-fistulated bison. Three 
to five replicates of each sample were placed in each of the 
three bison. The residues remaining in the nylon bags were 
then analyzed for %WSG using the previously described 
technique. For a more detailed description of the sampling 
and analysis techniques the reader is referred to Peden (1972). 

The mean %WSG (7) and its standard deviation of the 
n’ = dietary samples were 69.7% and 22.4%, respectively. The 
mean %WSG (X) and its standard deviation of the nylon bag 
residue were 70.8% and 23.0%, respectively. The regression of 
dietary %WSG (y) on the %WSG of the nylon bag residue (x) 
resulted in a regression coefficient (b) of 0.825 and a correla- 
tion coefficient (p”) of 0.720. Given that in future n’ addi- 
tional fecal samples were collected, the estimated mean %WSG 

under double sampling would be 

Yr = 69.7 t 0.824 (x1 - 70.8) (5) 

The use of equation (5) implies that the digestive process must 
not totally remove the identifiable cuticle, otherwise, b would 
be undefined. The measurement 7 is an unbiased estimator for 
%WSG in the diet. Further, the double sampling procedure 
(the addition of the term involving b) provides an estimator 
with smaller variance than 7 alone. Hence, equations (1) and 
(5) permit more accurate estimates of dietary %WSG. 

If we suppose, for example, that the total cost in man-hours 
(as estimated for the work of Peden, 1972) of collecting and 
analyzing one esophageal dietary sample is 26.5 hours (C,), 
while that of a fecal sample is 8.1 hours (C,l ), then we can 
determine which levels of n and n’ will minimize V (y,) in 

equation (2) for a particular available total man-hour level (C). 
This is accomplished by solving equation (3) thus 

n1 = 2.9 n E 3n (6) 

Based on the assumptions that the calibration equation Thus the optimal strategy for sampling will exist for the given 
relating %WSG of digested rumen samples to that of esophageal p2 , C,, and C,I when there are approximately three fecal 
dietary samples is linear and that most of the total digestive samples for every esophageal one. 
breakdown of cuticle is reflected in the composition of the 
digested rumen samples, then the following relation holds: 

The foregoing discussion suggests that in diet sampling of 
herbivores for botanical composition, it may be advisable to 

y, = 7 + b (X’ - i) (1) adopt a double sampling procedure. The advantages may in- 

where fr is the %WSG predicted from the information con- clude a gain in sampling efficiency, acquisition of data from 

tributed by both esophageal and fecal samples, y is the mean 
relatively normal animals,and a correction for biases associated 

%WSG of the esophageal diet samples, b is the regression co- with the effect of differential digestibility on fecal composi- 

efficient, X is the mean %WSG in the residue from the nylon tion. The procedure described has been applied only to one 

bag microdigestion, and x1 is the mean %WSG of any addition- dietary component, warm season grass (WSG). It may well be 
al fecal samnles. that different levels of n and n* will be obtained for other 

Let n anh n’ be the number of esophageal fistula samples forage species. Perhaps a multivariate extension of double sam- 
and the number of fecal samples, respectively. Following the pling would be appropriate whenever the entire dietary vector 
development of Cochran (1963), the variance Y (y,) of the is to be treated as a multivariate observation (Peden, 1972). 
predicted mean will be If one can assume that differential digestion as measured in 

V&)=s;(l -p’) [?$$&!Jt 7 
a captive fistulated herbivore is similar to that in a surgically 

(2) unaltered wild one, then the possibility exists of estimating a 
wild herbivore’s diet using captive individuals for the esophage- 

324 JOURNAL OF RANGE MANAGEMENT 27(4), July 1974 



al dietary sampling and relying on fecal samples alone for the 
wild ones. In sampling diets of free-ranging nondomesticated 
herbivores, costly training and care of fistulated individuals 
may be reduced by replacing them with readily handled 
domestic ones. 
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A Simple Field Technique 
for Identification of Some Sagebrush Taxa 
RICHARD STEVENS AND E. DURANT 
McARTHUR 

Highlight: A technique has been de- 
veloped that provides an on-the-spot fiercI 
test to aid in identification of some sage- 
brush taxa. Seeds, dried or green crushed 
leaf material, or stem cambium of various 
sagebrush taxa will produce distinctive 
shades of blue when wet and placed under 
longwave ultraviolet light. The technique is 
particularly helpful in separation of Artemi- 
sia tridentata subsp. tridentata from A. tri- 
dentata subsp. vaseyana. Subspecies vaseyana 

extracts are blue, whereas those of subsp. 
tridentata are not. All taxa producing blue 
water extracts are preferred by mule deer. 

Recent observations have demon- 
strated that palatability on winter 
ranges of some sagebrush taxa relates 
closely to chromatographic patterns 
(Hanks et al., 1971, 1973; Hanks and 
Jorgensen, 1973). Taylor et al. (1964) 
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noted the differential fluorescence in 
moist seeds of Artemisia tridentata 
subsp. tridentata and subsp. vaseyana 
under ultraviolet light. Subspecies 
vaseyana seeds fluoresce and subsp. 
triden tata seeds do not. We have 
observed that different shades of blue 
are apparent in various sagebrush taxa 
immediately after application of water 
under longwave ultraviolet light (e.g., 
black light lamps M-l 6 for use in the 
field or UV-21 for laboratory use from 
Ultraviolet Products Inc., San Grabriel, 
Calif.). This test is effective on fresh or 
dried material (crushed leaves, seeds, 
or broken stems) any time of the year. 

Because of the technique’s sim- 
plicity and ease of use, it should prove 
useful for identifying sagebrush taxa. 
Taxa cannot be distinguished solely by 
color differences of water extract, but 
the color differences conveniently 
dovetail, so that taxa most likely to be 
confused on the basis of morphologi- 
cal criteria are in different color 
groups (Table 1); e.g., the subspecies 
of big sagebrush (A. tridentata). Sub- 
species tridentata extracts show little 
color, whereas those of subsp. 
vaseyana are an intense blue. The third 
subspecies, wyomingensis, is recog- 
nized by a light-blue water extract. 

Extracts of a larger statured ecotype of 
subsp. wyomingensis from north- 
central Nevada (Brunner, 1972) show 
more blue than those of subsp. 
wyomingensis collections from 
western Wyoming. Artemisia triden- 
tata subsp. tridentata and A. tridentata 
subsp. wyomingensis cannot always be 
separated by the color test, but the 
short stature and spatulate leaves of 
the latter subspecies contrast with the 
taller stature and narrow leaves of 
subsp. triden tata. 

Color extracts are helpful in identi- 
fying some palatable species and eco- 
types; e.g., two forms of A. nova have 
been identified (Tables 1 and 2) and 
designated as forms (a) and (b). 
Artemisia nova (a) tends to be more 
palatable and produces a bluer extract 
than A. nova (b). Beetle (1960) and 
Winward and Tisdale (1969) also 
noted two forms of A. nova. 

High preference is shown by mule 
deer for all taxa producing blue ex- 
tracts. The intensity of the blue can be 
taken as a palatability indicator with 
two notable exceptions: A. tridentata 
subsp. wyomingensis, which exhibits 
little color, is highly palatable and A. 
bigelovii, which lacks color, is also 
palatable. 

Table 1. Qualitative water soluble extract color groups of some Tridentatae taxa. 

Intense blue Light blue Pale blue to colorless 

A. arbuscula A. cana A. bigelovii 
A. longiloba A. rigida A. nova (b) 
A. nova (a) A. tridentata wyomingensis A. tridentata tridentata 
A. rothrockii A. tripartita 
A. tridentata vaseyana 
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