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Samples of current year’s growth of leaves and stems were 
collected in February 1983 from basin big sagebrush (Artemisia 
tridcntotoNuit.- ), Wyoming big sagebrush (A. t. wyoming- 
ensis Beetle and Young), mountain big sagebrush (A.t. vaseyana 
[Rydb.] Rectle), and black sagebrush (A. nova Nels.) on a mule 
deer (Odocoikushemionushemionu ) winter range near Cardiner, 
Montana. Samples were from both lightly and heavily used plants 
(form classes) within each taxon. Crude terpenoids were separated 
into 3 groups: beadspace vapors, volatile, and nonvolatile crude 
terpenoids. Compounds in each group are thought to stimulate the 
sensory organs of mule deer. Individual compounds were identi- 
fied and quantified for comparison with preference ranks among 
taxa and between utilixation form classes. Seven compounds were 
selected by discrhnlnant analysis as indicators among the 4 taxa, 
with methacrolein+ethanol, p-cymene, and the smquiterpene lac- 
tones the most probable preference determinants. Seven other 
compounds were found useful for separating plants within taxa 
into form classes. Chemical differences between the 2 form classes, 
however, were less distinguishable than were those among the 4 
taxa. 
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Knowledge of the motivation behind forage selection by ungu- 
lates is vital to predicting and manipulating range forage/herbi- 
vore interactions. Given the opportunity to select, mule deer (Odo- 
coileus hemionus hemionus) will preferentially browse certain spe- 
cies of sagebrush over others (Hanks et al. 1971, Scholl et al. 1977, 
Sheehyand Winward 1981, Welchet al. 1981,1983). Even withina 
taxon there is differential utilization (Welch et al. 1981, 1983, 
Behan and Welch 1985). Factors influencing the interactions 
among plants and herbivores are numerous and frequently com- 
plex, but there is substantial evidence that the secondary metabolic 
products synthesized by a plant can function as mediating agents 
(Rosenthal and Janzen 1979). Sagebrush species synthesize and 
store relatively large quantities of terpenoids on their epidermal 
surface in glandular trichomes (Kelsey and Shafizadeh 1980, Kel- 
sey et al. 1982, Kelsey 1986). Many of the compounds that have 
been identified in sagebrush species are also known to exhibit a 
variety of biological activities (Tatken and Lewis 1983, Kelsey et al, 
1985). Previous studies relating sagebrush chemistry to mule deer 
preference have focused on the monoterpene composition and 
concentrations (Scholl et al. 1977, Welch et al. 1983, Behan and 
Welch 1985). No significant relationships were found between the 
monoterpenes and utilization. The monoterpenes represent only a 
portion of the compounds of sagebrush foliage, however, and 
other constituents could be involved. This study was undertaken to 
identify epidermal compounds associated with differences in sage- 
brush preference by mule deer. 

Materials and Methods 
Site Description 

The study site was a mule deer winter range near Gardiner, 
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Montana, immediately north of Yellowstone National Park. Ele- 
vation of the roiling bench at the base of the Absaroka Mountains 
is 1,950 m. Precipitation averaged about 400 mm during the period 
1941 to 1970 (USDA 1981), with about half of this moisture as 
snow. The area was dominated by basin big sagebrush (Artemisia 
tridentata Nutt. triakntata), Wyoming big sagebrush (A, t. wyoming- 
ensis Beetle and Young), mountain big sagebrush (AL vaseyana 
[Rydb.] Beetle), and black sagebrush (A. nova Nels). Sampling was 
restricted to plants from a “natural cafeteria”, an area of 30 X 60 m, 
where the 4 taxa occurred intermixed in nearly equal biomasses. 
This natural cafeteria was a mosaic of distinct microsites con- 
trolled by slope angles, soil properties, and exposure, that in turn 
resulted in a plant community dominated by a combination of 
sagebrush taxa not ordinarily found together. Because the natural 
cafeteria was small, contained nearly equal quantities of each 
taxon, and had no physical limitaticns to deer access, utilization 
within the area should have reflected mule deer preference. Blue- 
bunch wheatgrass (Agropyron spicatum [Pursh.] Scribn.) and 
Idaho fescue (Festuca idahoensis Elmer) were important subdom- 
inants. Mule deer were consistently observed on the cafeteria 
browsing sagebrush from late November into April. 

Sagebrush Utilixation 
To document differential utilization on the 4 sagebrush taxa, 

1,136 available vegetative leaders were tagged on 124 plants evenly 
distributed throughout the cafeteria. Tags were installed prior to 
the 1982-1983 period of winter deer use. Tagged leaders were 
reexamined after winter browsing to determine the percentage of 
total leaders browsed. It was not practical to measure length of 
leader removed as most plants exhibited a browsing history in the 
form of very irregular and twisted leader growth that could not be 
measured and pre- and post-browsing accurately. 

Sample Collection 
In early February, 10 plants were subjectively selected and 

sampled in each taxon, 5 representing the light-use form class 
(open, growthy, relatively unbranched crowns), and 5 representing 
the heavy-use form class (dense, intricately branched crowns, club- 
like appearance). Form classes can be viewed as indicators of 
historic preference for individual sagebrush plants (Cook and 
Stoddart 1960, McNeal 1984, Kelsey 1986). It is not implied that 
individual plants from different taxa that exhibit the same form 
class have historically received the same amount of actual use. 
Instead, it is likely the response is partially under genetic control 
and will therefore vary among sagebrush taxa. A sample consisted 
of 15 of current year’s leaves and stems which closely approxi- 
mated the actual tissue consumed by mule deer. Plant samples were 
sealed in individual air-tight plastic bags, double bagged, placed on 
dry ice, and transported to a freezer for storage at -200 C until 
chemically analyzed. 
Crude Terpenoid Isolation 

Seven to 8 grams of frozen leaf and stem tissue from each sample 
were brought to room temperature in a sealed plastic bag. The 
plant material was transferred to a beaker, covered with chloro- 
form (24 ml/g) and stirred gently for 5 min. The extract was filtered 
through sharkskin paper into a preweighed flask for concentration 
and weighing as described by Kelsey (1986). Extracted tissue, 
including nonglandular trichomes that had dislodged from the 
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leaves and collected in the filter paper, was dried at 100” C over- 
night, cooled to room temperature in a desiccator, and reweighed. 
Crude terpenoid concentrations were calculated as percentage of 
extracted tissue dry weight. 

The most volatile compounds are lost from the extract during 
concentration, whereas a portion of the less volatile monoterpenes, 
remain in the final residue. The latter can be separated from the 
nonvolatile lactones and waxes by steam distillation (Kelsey et al. 
1982). After redissolving the concentrated extract in chloroform, 
steam was bubbled through the solution for 10 minutes. Volatile 
compounds were captured in a cold water (loo C) condenser and 
collected in a flask with chloroform and water. Nonvolatile com- 
ponents remained in the distillation flask with condensed water. 
The resulting volatile and nonvolatile crude terpenoid fractions 
were concentrated, and weighed, like the initial extract above 
(Kelsey 1986). 

Volatile Crude Terpenoid Analysis 
Composition of the volatile crude terpenoid fraction was ana- 

lyzed by gas-liquid chromatography (GLC). A 0.1 ~1 sample of 
extract was injected onto a 4-m X 3-mm stainless steel column 
packed with 10% Carbowax (TPA) on 80/ 100 to lOO/ 120-mesh 
Gas Chrom Q, in a chromatograph with a flame ionization detec- 
tor and nitrogen carrier gas. Column temperature was pro- 
grammed for 50-200° C, with a 10’ / min rise and final temperature 
hold (5 min for headspace samples, and 15 min for volatile oils). 
Chromatograms were printed by a Hewlett Packard 3380 A inte- 
grator recorder. Integrater conversion factors for quantifying indi- 
vidual oil components were determined by injecting known quanti- 
ties of methacrolein as a reference for highly volatile compounds 
and camphor as a reference for the less volatile monoterpenes. 
Concentrations were standardized for differences in initial sample 
size and expressed as percentage of extracted tissue dry weight. 

Compounds were identified by comparison of retention times to 
known references, and by GLC/mass spectrometry. For this anal- 
ysis, approximately 0.05-O. 1~1 of the volatile crude terpenoid oil 
(neat) was injected onto the GLC column (4-m X 3-mm stainless 
steel, 1% Carbowax on SO/ 100 CWHP, He carrier gas) with a 
programmed temperature of 50-200” C at IO“ / min. Mass spectra 
of the oil components were identified by comparison with known 
reference samples and published spectra (Stenhagen et al. 1974, 
Epstein et al. 1976). 

Sesquiterpene Lactone Analysis 
Analysis of the nonvolatile crude terpenoid fraction centered on 

isolation, quantification, and identification of sesquiterpene lac- 
tones, 1 of the major classes of compounds in this fraction that 
could influence preference. Other constituents present but not 
studied included cuticular waxes, some flavonoids, and possibly 
other unknown compounds. 

The concentrated nonvolatile crude terpenoid fractions from 
each plant sample were dissolved in chloroform, or a mixture of 
chloroform and ethanol, and diluted to 25.0 ml with the same 
solvent. A measured volume (between 2 and 6 ~1) was injected onto 
a 1.8-m X 3-mm stainless steel column packed with 3% OV-17 on 
100-120 mesh Gas Chrom Q. Oven temperature was set isother- 
mally at 205O C. The sesquiterpene lactone matricarin (5 mg/ ml) 
was used as a reference. Microliter quantities of the diluted extracts 
were analyzed by thin-layer chromatography (TLC) (Kelsey et al. 
1976). TLC and GLC analyses indicated a similar chemical compo- 
sition for plants of the same species. Therefore, measured aliquots 
were taken from each extract and combined by taxa to isolate and 
identify specific sesquiterpene lactones. Compounds were separ- 
ated and purified by preparative TLC, and then compared with 
reference samples using TLC, GLC, and infrared (IR) spectroscopy. 

Total sesquiterpene lactone concentration in each of the 40 
extracts was measured by comparing the integrated area of the 
lactone moiety absorbence band with that of a reference com- 
pound at known concentrations, using a Nicolet model MX-1 
Fourier Transform Infrared Spectrometer with liquid sample cells. 
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Deacetylmatricarin, deacetoxymatricarin, and cumambrin B were 
used as references for basin big sagebrush, mountain big sage- 
brush, and black sagebrush, respectively. No reference was needed 
for the extracts of Wyoming big sagebrush because they had no 
measurable lactone absorbence; there were either no sesquiterpene 
lacetones present, or only very low concentrations, below the 
detection limits of the technique. 

Headspace Analysis 
Sagebrush produces some very volatile compounds that are lost 

during the rigorous distillation, evaporation, and drying proce- 
dures used in the crude terpenoid isolation process. These com- 
pounds are likely to escape from the plant into the atmosphere. 
Mule deer may be able to detect them by smell without having to 
sample the foliage. These very volatile components were analyzed 
as headspace vapors using a modification of the procedure 
reported by Kelsey et al. (1983). Approximately 1 g of frozen whole 
tissue was sealed in a 60-ml vial fitted with an air-tight rubber 
septum. The sample was then adjusted to room temperature and 
placed in an oven at 60’ C for 15 min. An air-tight syringe, with a 
valve for sealing the contents was used to extract 1 .O ml of vapor 
from the vial. After closing the valve, the vapor was compressed to 
0.1 ml (as recommended by the syringe manufacturers), and 
injected into a column in a GLC as described for the volatile crude 
terpenoid fraction. The tissue sample was then removed from the 
vial, dried overnight at 100’ C, cooled to room temperature in a 
disiccator, and weighed. Integrator counts for individual com- 
pounds were converted to micrograms after injecting known quan- 
tities of camphor and methacrolein as references. All concentra- 
tions were standardized to compensate for differences in tissue dry 
weights. Compounds were identified as described for the volatile 
crude terpenoids. 

Statlstieal Analysis 
The data set consisted of 40 plant samples grouped into 4taxa of 

10 samples each, and 2 form classes of 5 samples within each taxon, 
with a quantified list of individual compounds for each sample. 
Stepwise multiple discriminant analysis (Nie et al. 1975) was used 
to identify those compounds which, when considered together and 
on a sample-by-sample basis, could be used to separate taxa or 
form<lass groups on a chemical basis. Only individual compounds 
were entered in the analysis. 

A one-way analysis of variance (AOV) was used for comparison 
of means among taxa. Tukey’s Honestly Significant Difference 
(HSD) multiple range test was used to separate significantly differ- 
ent means (a = 0.05). A simple t-test (a = 0.10) was used to compare 
group means between the 2 form classes within a taxon. 

Results and Discussion 

Utilization and Reference 
Mountain big sagebrush was by far the most preferred taxon, 

Wyoming and basin big sagebrush were intermediate, and black 
sagebrush was the least preferred (Table 1). This order of ranking is 
the same as for mule deer in Oregon (Sheehy and Winward 1981), 
and very similar to mule deer preference observed on a uniform 
garden in Utah (Welch et al. 1981, 1983). 

Chemical Constituents 
Many glandular terpenoids exhibit a variety of biological aCti+ 

ties (Tatken and Lewis 1983, Kelsey et al. 1985), and their com- 
partmentalization in t&homes allows a relatively high concentra- 
tion to be maintained where they are most accessible to the sensory 
organs of herbivores. The complex mixture of compounds can help 
maximize protection against a variety of herbivorous organisms 
and their different sensory mechanisms. Mule deer probably 
depend on both olfactory and gustatory senses for monitoring 
forage. In our study the chemical analysis was designed to isolate 
groups of compounds whose individual constituents are likely to 
be detected by a certain sensory organ. The headspace analysis was 
used to identify the highly volatile compounds in sagebrush most 
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Tebk 1. Percentage of Iuders browsed during winter (198%19g3) on 4 
sagebrush taxe in the natural ufeterk. 

Taxon 

mountain big sagebrush 
Wyoming big sagebrush 
basin big sagebrush 
black sagebrush 

Number of 
leaders tagged Percentage used 

316 52 
328 24 
254 19 
238 8 

easily detected by smell before eating or immediately after the first 
bite. The volatile compounds, isolated by steam distillation, were 
not completely evaporated during the extraction procedure, sug- 
gesting they might be detected by both the gustatory and the 
olfactory senses of mule deer when released by mastication. The 
nonvolatile crude terpenoid fraction was left with the sesquiter- 
pene lactones, waxes, and other unidentified compounds that are 
detectable mainly by taste (Burnett et al. 1977). 

Eighteen componds were quantified in the headspace vapors, of 
which I5 were identified (Table 2). Methacrolein and ethanol could 
not be consistently separated and were considered as one. In the 

Table 2. Meen concentrations of individual compounds in the heedspree 
vapor end voktile crude terpenoid fractions from the 4 taxe of sage- 
brush. Compounds listed in order of increasing retention time. 

Chemical ATV’ ATW ATT AN 

methyl butene 
acetone 
methacrolein+ethanol 
UHN-it 
UHV-it 
UHV-27 
santolina triene 
cr-pinene 
camphene 
&pinene 
artemiseole 
a-phellandrene 
1 ,E-cineole 
p-cymene 
artemisia ketone 
thujone 
camphor 

6.643 
0.84’ 
0.45. 

. 

Ea 
0:lSb 
0.00’ 
4.07b 
5.92b 
1.15b 
0.16’ 
O.OOa 
5.33e 
0.24’ 
0.32’ 
0.84. 
l.49b 

methacrolein O.OOa 
artemiseole 0.02. 
1 ,Il-cineole l.lOb 
p-cymene 0.06. 
santolina epoxide 0.00’ 
UETW-17 0.00. 
methyl santolinate 0.00’ 
thujone 0.73. 
UEV-17 0.14b 
camphor 1.82” 
UEV-27 0.32b 
UETW-27 0.00. 
UEV-37 O.lSb 
UETW-37 0.00. 
borne01 0.23b 
UEV-47 0.50b 
UETW-Qt 0.00’ 
UEV-57 0.17. 
UETW-57 0.00. 
UEV-67 0.06. 

Headspace Vaforr 
8.21b 6.14 . 

5.67b 5.67b A’% 
15.96b 30.06’ 0:43a 
O&Y 0.00’ 0.36b 
0.00. 0.00’ 0.00’ 
0.00. O.OOa 0.00~ 
3.63” l.89b 7.45e 
O.OOa 0.00. 3.1Zb 
2.25’ 1.90. 2.09. 
0.14. 0.17. 0.22. 
l.96b l.32b 0.00’ 
0.00. 0.00. 0.20b 
0.70b 0.79b . 
0.13. 0.13’ 8.% 
O.OOa O.OOa o&Y 
0.00. 0.00’ 0.00~ 
0.54*b 0.25’ 0.15. 

Volatile Crude Terpenoids’ 
0.12b 0.24’ 
0.53b 0.41b 
0.30’ 0.32’ 
0.04” 0.06’ 
0.18b o.43c 
0.22b 0.34” 
0.84b 1 .07b 
O.OOa O.OOa 
O.OOa 0.00” 
2.11b 1.7o.b 
0.00. 0.00’ 
0.56b 0.37b 
OSW 0.00” 
0.40b 0.31b 
O.OOa 0.00’ 
0.00’ O.OOa 
0.38b 0.46b 
O.OOa 
0.22b 
OMP 

0.00* 
0.00' 
0.04" 
0.24b 
O.OOa 
0.00. 
0.00. 
0.00. 
0.00” 
0.96” 
O.OOa 
O.OOa 
0.00’ 
OS@ 
0.19b 
0.00* 
O.OOa 
O.OOa 
O.OOa 
0.00* 

‘ATV: A.t. va.wyana; ATW: A. I. wyomingensis; ATT: A.t. tridentota; AN: A. nova. 
Qg/gram of dry tissue 
Xndividusl compounds followed by the same letter were not significantly different 
(X0.05) among taxa using Tukey’s HSD multiple range test. 
4Perccntap extracted-tissue dry weight. 
tUnidcnti!ied compounds. 
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samples that were separable, however, methacrolein constituted 
go-90% of the total. Twenty compounds were quantified in the 
volatile crude terpenoid fractions, and 9 were identified (Table 2). 
Only 6 of the 32 compounds (Table 2) were common to both of 
these fractions. In general, the means of nearly every headspace 
and volatile crude terpenoid compound differed significantly 
(KO.05) between at least 2 taxa (Table 2). In contrast, the means 
of only 11 of these individual compounds differed (X0.1) between 
the 2 form classes of any taxon (Table 3). 

Table 3. Mean concentrations of individual compounds in the headspace 
vapor and voktile crude terpenoid fredions that differed sipifiantly 
(FCO.1) between tbe 2 form cksse of acb bxon. 

Form Class4 

Taxoni Compound2 Sources Light-use Heavy-use P-value 

ATV acetone HD 1.67 0.00 .oi 
UHV-27 HD 0.31 0.00 .Ol 
camphene HD 2.62 9.22 .04 
camphor HD 0.40 2.58 .05 
UEV-17 ES 0.27 0.01 .05 
camphor ES 0.84 2.79 .02 
UEV-27 ES 0.43 0.20 .08 
UEV-4t ES 0.98 0.01 .04 
UEV-57 ES 0.33 0.00 .06 
UEV-67 ES 0.12 0.00 .07 

ATW camphene HD 3.20 1.30 .07 
/3-pinene HD 0.20 0.09 .05 
UETW-27 ES 0.35 0.77 .09 

ATT acetone HD 4.57 6.76 .07 
camphene HD 1.39 2.41 .06 

AN - none significant -- 

IATV: A.r. wseyana; ATW: A.t. wyomingensis: ATT: AL tridentora; AN: A. nova. 
‘Borneol, p-cymene, and UEV-3 concentrations wcrc not significantly different 
between form classes, but were selected by stepwise multiple discriminant analysis as 
helpful for distinguishing form classes. 
ST-ID = hcadspace; ES = volatile crude terpenoids. 
WD: g/gram dry tissue; ES: percentage extracted-tissue dry weight. t Unidentified 
compounds. 

The total lactone concentration was measured in the nonvolatile 
crude terpenoid fractions (Table 4). Black sagebrush had the high- 
est average concentration, containing 2 major components, cumam- 
brin A and B, and several unknowns. Wyoming big sagebrush had 
the lowest lactone concentration, and no individual compounds 
were identified. Basin big sagebrush and mountain big sagebrush 
both had significant quantities of lactones but differed in the 
chemical complexity of their respective fractions. Matricarin, 
deacetylmatricarin, and deacetoxymatricarin were the dominant 
sesquiterpene lactones in basin big sagebrush. All 3 have been 
previously isolated or detected in this taxa (Irwin 197 1, Kelseyand 
Shafizadeh 1979). Mountain big sagebrush lactones were a mix- 
ture of many unidentifmble compounds, without a major constituent. 

Chemical analysis of individual plants is important because of 
plant-to-plant variability (Kelsey et al. 1983, and observations in 
this study). Occasionally, a compound is present in high concentra- 

Table 4. Mean concentretionsl of chemkel groups in the 4 sagebrush taxa. 

Fraction ATVr ATW ATT AN 

total crude terpenoids 19.58” 22.36’b 24.59b 21.94Lb 
volatile crude terpenoid 

fraction 5.71b 6.81.” 7.61’ 1.82’ 
nonvolatile crude terpenoid 

fraction 13.87’ 15.5Sb 16.98” 2D.12c 
headspace vapors 28.84ab 39.94!= 49.25’ 16.44” 
sesquiterpene lactones 2.5gk 0.10. 2.37b 3.05c 

IHeadspacc: pg/gram dry tissue. All others are percentage extracted-tissue dry 
weight. 
2ATV: A.t. vaseyma; ATW: A.t. wyomingemis; ATT: A.t. tridenrata; AN: A. mw. 
JMeans followed by the sample letter were not significantly different (PCO.05) among 
taxa using Tukey’s HSD multiple range test. 
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tions in 1 sample but nearly absent in another. Compounds that 
occur less frequently, but in high concentrations could be over- 
rated as preference indicators if the tissue samples were composited 
prior to analysis. 

Dimiininmt Analysis 
All samples were correctly placed into their respective taxa using 

7 compounds identified by discriminate analysis: UETW-4, lac- 
tones, I,l-cineole (volatile), methacrolein (headspace), methyl 
butene, o-cymene (volatile), and santolina triene (Tables 2 and 4). 
Mean concentrations (Tables 2 and 4) of all these compounds 
differed significantly between at least 2 taxa. 

All 10 samples were assigned the correct form class for mountain 
big sagebrush, using 5 compounds: acetone, borneol, p-cymene, 
UEV3, and UEV-2 (Table 3). Eight of 10, and 9 of 10 samples were 
assigned the correct form class for Wyoming and basin big sage- 
brush respectively, using only 1 compound each: g-pinene (Wyom- 
ing big sagebrush) and camphene (basin big sagebrush) (Table 3). 
Black sagebrush samples could not be assigned to form classes 
using chemical criteria. 

Compounds identified as preference indicators among taxa 
came from all 3 major groups of crude terpenoids (Table 4). 
Excluding the sesquiterpene lactones, the concentrations of all 
chemical groups were negatively correlated with the mule deer 
preference for big sagebrush subspecies (Tables 1 and 4). Mountain 
big sagebrush, the most preferred, had the lowest concentrations 
and basin big sagebrush, the least preferred, had the highest con- 
centrations. The nonvolatile crude terpenoid fraction, detectable 
by taste only, was the only group of compounds whose quantity 
had a negative correlation with preference across all 4 taxa. 
Although the headspace chemicals might be detected by smell 
without sampling the plant, mastication of the tissue would release 
all constituents, providing the opportunity for simultaneous stimu- 
lation of both sense organs and allowing for synergistic interac- 
tions among all epidermal compounds. 

Chemical Determinants of Preference 
Compounds identified by discriminant analysis are indicators of 

relative preference among and within the 4 sagebrush taxa. For 
them to actually influence or determine preference, however, they 
must elicit a positive or negative herbivore feeding response. They 
must occur in sensibly different quantities among forage choices, 
and should relate in some way to the observed preferences for 
different forages. 

Compounds selected to distinguish form classes were nearly all 
different from those that distinguished the 4 taxa. Camphor 
occurred in significantly higher concentrations in the heavy-use 
form class of mountain big sagebrush (Table 3), suggesting that it 
might be an attractant. It was not selected in the discriminant 
analysis, however, probably because of the large variation between 
samples and overlapping ranges of concentrations between form 
classes. Selecting compounds that are likely determinants of pre- 
ference for the form classes was not possible. 

Of the 7 compounds identified for distinguishing among taxa, 
methacrolein+ethanol, p-cymene, and the lactones are the most 
probable preference determinants. Methacrolein+ethanol was the 
largest single constituents of the headspace fraction and correlated 
negatively and consistently with preference for the 3 big sagebrush 
taxa (Tables 1 and 2). Both constituents are known irritants, 
particularly the methacrolein (Tatken and Lewis 1983). Black 
sagebrush, the least preferred taxon, had the lowest amounts of 
methacrolein+ethanol, but significantly (4 times) greater quanti- 
tites of pcymene (another irritant) than any other taxon. 

Determining the importance of sagebrush epidermal chemicals 
as mediators of herbivory requires further investigation. There are 
numerous variables. Little information is available on chemical 
potencies and threshold levels for individual compounds. Care- 
fully controlled feeding trials are necessary to clearly evaluate the 
effects of specific sagebrush chemicals on the feeding behavior of 
mule deer and other herbivores. 
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