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Abstract

Plants of 3 big sagebrush subspecies, mountain big sagebrush (Artemisia tridentata ssp. vaseyana [Rydb.] Beetle), Wyoming big
sagebrush (Artemisia tridentata ssp. wyomingensis Beetle and Young), and basin big sagebrush (Artemisia tridentata Nutt. ssp.
tridentata) were sampled for crude protein and acid detergent fiber (ADF) content. The ADF was determined as an indication of
energy content and digestibility. Crude protein and ADF levels were compared among the 3 taxa and between lightly and heavily
browsed plants and young and mature plants within each subspecies. Current year growth collected in mid January was sampled
to coincide with the season of greatest ungulate browsing on big sagebrush. Crude protein for mountain big sagebrush (8.34 %)
was less (P < 0.05) than for Wyoming big sagebrush (11.25 %) and basin big sagebrush (11.29 %). All are well above the
maintenance requirements of deer at 7.5% crude protein. The ADF levels between age and browse -use classes were not different
(P < 0.05) within any subspecies, although mountain big sagebrush generally had a lower ADF level than the other 2 subspecies.
Wyoming big sagebrush was the only taxon with a crude protein difference (1.2 %) (P < 0.05) between age classes, although the
difference is not biologically significant. Crude protein was not different between browse -use classes within any of the 3 taxa.
Crude protein and digestibility do not indicate ungulate preference for these big sagebrush subspecies.

Resumen

Se muestrearon plantas de 3 subespecies de "Big sagebrush," "Mountain big sagebrush" (Artemisia tridentata ssp. vaseyana [Rydb.]
Beetle), "Wyoming big sagebrush" (Artemisia tridentata ssp. wyomingensis Beetle and Young), y "Basin big sagebrush" (Artemisia
tridentata Nutt. ssp. tridentata), para determinar su contenido de proteína cruda y fibra ácido detergente (ADF). El ADF se
determinó como un indicador del contenido de energía y digestibilidad. Los niveles de proteína cruda y ADF se compararon entre
las 3 taxas y entre plantas ligera y fuertemente ramoneadas y plantas jóvenes y maduras de cada subespecie. El crecimiento del año
en curso, colectado a mediados de Enero, se muestreo para coincidir con la principal estación de ramoneo del "big sagebrush" por
los grandes ungulados. El contenido de proteína cruda del "mountain big sagebrush" (8.34 %) fue menor que el del (P < 0.05)
"Wyoming big sagebrush" (11.25 %) y el del "basin big sagebrush" (11.29 %), sin embargo, el contenido de proteína cruda de todas
las subespecies estuvo arriba de los requerimientos para mantenimiento del venado que es de 7.5 %. Los niveles de ADF entre clases
de edad de la planta y nivel de ramoneo no fueron diferentes (P < 0.05) dentro de ninguna de las subespecies, aunque, el "mountain
big sagebrush" generalmente tuvo niveles de ADF menores que las otras 2 subespecies. El "Wyoming big sagebrush" fue el único
taxón con diferencias en el contenido de proteína cruda (1.2 %) (P < 0.05) entre clases de edad de la planta, pero la diferencia
biológicamente no es significativa. La proteína cruda no fue diferente entre clases de ramoneo en ninguna de la 3 taxas. El
contenido de proteína cruda y digestibilidad no indican preferencia de los ungulados por estas subespecies de "big sagebrush."
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Introduction

The value of big sagebrush (Artemisia tridentata Nutt.) as
forage for a variety of native fauna is well documented (Welch
and McArthur 1979a, 1979b; Striby et al 1987; Wambolt 1996;
Welch 1999). Three subspecies, mountain big sagebrush
(Artemisia tridentata ssp. vaseyana [Rydb.] Beetle), Wyoming
big sagebrush (Artemisia tridentata ssp. wyomingensis Beetle
and Young), and basin big sagebrush (Artemisia tridentata
Nutt. ssp. tridentata) have been found to contain high levels of
protein (Sheehy 1975; Welch and McArthur 1979b; Kelsey et al
1982), to be highly digestible (Welch and Pederson 1981; Striby
et al 1987), and to be relished as forage by wildlife (Welch et al
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1981, 1983; Welch and McArthur 1986; Wambolt 1996;
Connelly et al 2000).

The relationships between protein level and browsing
histories of individual sagebrush plants of the above mentioned
taxa have not been previously resolved. Conjecture has often
been contradictory as to possible cause and effect relationships.
The research questions posed are: 1) Does a higher initial
protein level in a plant result in its being subsequently more
heavily browsed ?, or 2) Does a difference in browsing level
between 2 plants result in a subsequent difference in protein
levels? In the same manner, conjecture is often made regarding
the relationship of plant age to protein level. Therefore, the
hypotheses tested under natural conditions were: 1) Plants of 3
big sagebrush subspecies growing on a common site have equal
crude protein and acid detergent fiber (ADF) levels, 2) Lightly
and heavily browsed plants (long -term use) within each sub-
species have equal crude protein and ADF levels, and 3) Young
and mature plants within each subspecies have equal crude
protein and ADF levels.
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Table 1. Crude protein (CP) and acid detergent fiber (ADF) among
mature and young plants of 3 big sagebrush subspecies with standard
deviations in parentheses.

Subspecies

CP (%) ADF (%)

Mature Young Mature Young

Mountain big

sagebrush 8.34a1 (0.7) 9.25a (0.3) 24.79a (1.6) 26.40a (1.0)

Wyoming big

sagebrush 11.25b (1.0) 12.45c (0.4) 29.34c (2.6) 27.04abc (1.0)

Basin big

sagebrush 11.29b (1.1) 11.09b (0.9) 27.39bc (1.8) 27.56óc (2.6)

'Means for individual nutrients differ (P < 0.05) when followed by a different letter.

Although nutrient levels may vary with year and site effects,
it is the relative differences in crude protein and ADF that are of
importance in testing these hypotheses. Any relative differences
in nutrients should be expected to be similar over time and
other locations. This investigation provides these comparisons
from an important mule deer and elk winter range that is
unique in having the 3 taxa occur together naturally.

Methods

Study Area

The study site was located within the Gallatin National Forest
near Gardiner, Montana. The area is a critical part of the
Northern Yellowstone Winter Range (NYWR) (Houston 1982;
Fames 1991). The specific location (lat 45 °2'53 "N, long
110 °40' 8 "W) is site number 2 used by Wambolt (1996) to
study mule deer and elk foraging preference among the 3 big
sagebrush taxa and black sagebrush (Artemisia nova Nels.).
Elevation at the site is 1 950 m. Average annual precipitation is
412 mm, half of which is received as snow (USDA 1981). Both
the growing season and the 12 months prior to obtaining plant
materials for nutrient analysis were near average for precipita-
tion, receiving 97.5% of normal moisture. The area has an
overstory of mountain big sagebrush, Wyoming big sagebrush,
basin big sagebrush, and black sagebrush, and an understory
dominated by bluebunch wheatgrass (Agropyron spicatum
[Rydb.] Scribn.) and Idaho Fescue (Festuca idahoensis Elmer).
The soils are mollisols from granite and limestone that have
been strongly influenced by glacial scouring, morainal deposi-
tion, and outwash sediments (Wambolt and McNeal 1987).
These processes have created a mosaic of microsites suitable for
all 4 of the sagebrush taxa in nearly equal quantities.

Sampling and Analysis
To evaluate crude protein levels, 5 mature lightly browsed
plants, 5 mature heavily browsed plants, and 5 young plants
from each of the 3 big sagebrush subspecies were sampled
(n = 45) (Welch and McArthur 1979b). Because the mature
plants were among those studied for 10 years by Wambolt
(1996), there was verification that the plants designated as
falling into a heavy- or light -form class were really browsed in
that manner. Wambolt (1996) recorded the leaders browsed on
each plant for his preference study. Big sagebrush plants
regarded as heavily browsed have numerous short thick

branches in a compact form while lightly browsed plants have
fewer, but longer slender branches in an open form. The young
plants of all 3 taxa were located within the 30 X 60 m browse
cafeteria used by Wambolt (1996) and contained mature
plants. The plants considered to be young had an average
crown (from 4 intercepts) of < 15 cm.

Current year leaves and stems were harvested for later
laboratory analysis of crude protein and ADF levels. This was
the portion of the plant most likely to be browsed by wintering
ungulates (Welch and McArthur 1979b; Wambolt 1996). These
collections were made during mid January 2001 because
winter is the period of ungulate use on this range and is also
the period of heaviest browsing on sagebrush taxa. Ten grams
of the current year growth were collected and stored in Zip
Loc® plastic bags placed in an icebox for transporting.

Crude protein and ADF analyses were conducted by the
Oscar O. Thomas Nutrition Center at Montana State Univer-
sity. Nitrogen (N) content was determined (AOAC 2000) for
calculation of crude protein and ADF determination was made
using the procedures described by Van Soest et al (1991). Levels
of ADF relate directly to digestibility of the forage, as well as to
energy level in forages (Reid et al 1988).

A two -way ANOVA with taxa and browse form class as the
factors was conducted individually for crude protein and ADE
A second two -way ANOVA with taxa and plant age as the
factors was also conducted in the same manner. Because taxa
differences were expected from previous research, separating
possible browse form class or age differences within each taxon
was the goal. The Least Significant Difference (LSD) method
(P < 0.05) protected by a prior F test (P < 0.05) was used for
comparing means (Snedecor and Cochran 1980). All differ-
ences discussed are significant at the 5% level.

Results and Discussion

Taxa Protein Levels
The midwinter crude protein levels found in the mature plants,
by averaging the light- and heavy -form classes (n = 10 per
taxon) was 8.34 %, 11.25 %, and 11.29% of total dry matter
for mountain, Wyoming, and basin big sagebrush, respectively
(Table 1). The protein level for mountain big sagebrush was
significantly less (P < 0.05) than for the other 2 subspecies. The
same values for the young plants (n = 5 per taxon) were
9.25%, 12.45%, and 11.09%, respectively (Table 1). All taxa
protein values for the young plants were significantly different
(P < 0.05) from each other.

Other studies have reported somewhat higher crude protein
values for these big sagebrush subspecies. Kelsey et al (1982)
found 14.0% crude protein in mountain big sagebrush at other
Montana locations. Their results were from November collec-
tions when protein is expected to be higher than in mid
January. Although the differences for protein content between
Kelsey et al (1982) and this study appears great, Welch and
McArthur (1979b) reported a range of 8.5% to 14.4% in
winter crude protein levels after reviewing 5 earlier reports.
Welch and McArthur (1979b), in their own study, found crude
protein levels in mountain big sagebrush and Wyoming big
sagebrush of 11.1% and 11.8%, respectively, which were
significantly less (P < 0.01) than the 14.5% for basin big
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sagebrush. Their study sampled the protein levels at the same
mid January period as did this study. Welch and McArthur
(1979b) further demonstrated that considerable variation in
crude protein level should be expected between various reports
after they found significant genetic variation among different
populations within a taxon that were transplanted to a uniform
garden and sampled 7 and 8 growing seasons later. In addition
to inherent genetic variation, site, seasonal, and year differ-
ences may also result in variation of crude protein levels.

ADF Levels
The ADF levels for all plants sampled are found in Tables 1
and 2. There were no significant (P < 0.05) differences found
between mature and young plants or between lightly or heavily
browsed plants within any of the 3 subspecies. Mountain big
sagebrush generally contained a lower ADF level than the other
2 subspecies of big sagebrush.

The ADF findings relate to quantity of cellulose and lignin
found in the plants. Lower ADF figures indicate that forage has
the potential to be both relatively higher in energy content and
more digestible. Although prediction of digestibility by ADF
alone has limitations, all of the ADF levels found in this study
were low for midwinter. This concurs with the high digestibility
found by Striby et al (1987) for these taxa.

Bluebunch wheatgrass, sampled in southwestern Montana 3
to 4 weeks earlier than the sagebrush in this study, had ADF
levels ranging from 48.2% to 49.9% and crude protein from
2.87% to 3.18 %, which were averaged over a 3 -year study
(Wambolt et al 1997). Thus, all the big sagebrush plants
sampled in this study were nutritionally superior forage to
bluebunch wheatgrass as measured by crude protein and ADF
levels. This is logical as big sagebrush is an evergreen that
conducts some photosynthesis during winter, therefore, winter
foliage is metabolically active (Pearson 1975).

Age Class Protein Levels
Comparison of crude protein levels between young and mature
plants within a subspecies varied among taxa (Table 1). Age
class did not make a difference for mountain big sagebrush and
basin big sagebrush. However, for Wyoming big sagebrush the
young plants contained significantly (P < 0.05) more crude
protein (1.2 %) than the mature plants.

I conclude that there is no meaningful difference for
herbivores in crude protein levels between the age classes of
the 3 big sagebrush subspecies. The additional 1.2% crude
protein for young Wyoming big sagebrush would result in an
increase of 0.6% digestible protein (Striby et al 1987). It would
be a rare circumstance when that level would be significant for
wintering ungulates. This is especially true in this case as the
crude protein levels for both age classes of Wyoming big
sagebrush were well above the maintenance (7.5 %) and
gestation (9.0 %) requirements for deer (Welch 1989). When
the extremely low forage production of the younger, therefore
smaller, plants is considered, the total protein available to
ungulates is much less from the young plants on winter ranges
(Wambolt et al 1994; Hoffman 1996).

Hoffman (1996) studied mountain big sagebrush in the same
area as this study and determined that stands of older plants
were more beneficial to ungulates because they produce more

Table 2. Crude protein (CP) and acid detergent fiber (ADF) among
mature plants of 3 big sagebrush subspecies historically browsed either
lightly or heavily with standard deviations in parentheses.

Subspecies

CP (%) ADF (%)

Lightly
Browsed

Heavily
Browsed

Lightly
Browsed

Heavily
Browsed

Mountain big

sagebrush 8.24a1 (0.8) 8.44a (0.7) 25.52aó (1.9) 24.07a (1.1)

Wyoming big

sagebrush 11.25b (1.1) 11.24b (1.1) 29.72d (3.5) 28.95cd (1.7)

Basin big

sagebrush 11.09b (1.1) 11.49b (1.1) 28.03bcd (1.0) 26.75abc (2.4)

'Means for individual nutrients differ (P < 0.05) when followed by a different letter.

forage than younger stands. This was true even in stands that
had large amounts of dead crown from historically heavy
browsing. Hoffman (1996) also noted that mature plants offer
opportunity for both security and thermal cover, attributes that
are especially important on ungulate winter range. These
habitat values in combination with total available nutrients
supplied by mature plants would always prove more beneficial
to wintering animals than an increase of < 1% digestible
protein from plants that already exceed native fauna require-
ments (Welch 1989).

Browse Form Class Protein Levels
The hypothesis that big sagebrush plants that have been
historically browsed either lightly or heavily within each
subspecies have equal crude protein levels was accepted. The
protein levels between the 2 form classes (light and heavy) were
not different within any of the 3 subspecies (Table 2).

These findings indicate that crude protein levels in big sage-
brush plants neither attract browsing herbivores, nor do they
change following a history of either light or heavy use. Therefore,
observed utilization differences among subspecies and individual
plants are best explained by differences in crude terpenoid con-
tent (Welch et al 1983; Personius et al 1987; Bray et al 1991). The
higher levels of crude protein commonly found in basin big
sagebrush and Wyoming big sagebrush compared to moun-
tain big sagebrush does not result in more browsing on the
former 2 subspecies (Scholl et al 1977; Sheehy and Winward
1981; Welch et al 1981, 1983; Welch and McArthur 1986;
Wambolt 1996). Instead, the preference for mountain big sage-
brush by ungulates is similar to that often displayed for certain
plants within any of the big sagebrush subspecies. That is, crude
protein does not have a primary role in determining preference as
do certain terpenoids (Personius et al 1987; Bray et al 1991). In
the same manner, relative digestibility among the subspecies
does not influence their acceptance to ungulates. The most diges-
tible subspecies (basin big sagebrush) is the least preferred and
the least digestible subspecies (mountain big sagebrush) is the
most preferred (Striby et al 1987; Wambolt 1996).

Conclusions and Management Implications
Sagebrush taxa comprise the most widespread vegetative types
in the western United States. Many organisms with obligatory
and near obligatory relationships to sagebrush communities are
focal points of political and management decisions on an ever-
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increasing basis (Wambolt et al 2002). Managers of sagebrush
systems are often forced to make decisions based on faith of
conventional wisdom. This study addresses often encountered
nutritional questions regarding management of sagebrush
communities to improve wildlife habitat.

Crude protein and ADF levels may vary with year and site
effects. However, the relative differences in these nutrients
between taxa, age classes, and browse -use classes should
remain consistent over time. These differences provided a basis
for testing my hypotheses during a year of average precipita-
tion. Either short -term or qualitative estimates of browsing
histories would be speculative for determination of nutrient
differences between lightly and heavily browsed plants. This
was avoided by using browsing histories established over
a decade -long companion study that quantified past browsing
(Wambolt 1996).

January crude protein levels in the 3 big sagebrush sub-
species studied all meet deer maintenance requirements (Welch
1989) regardless of plant age or past browsing. This investiga-
tion indicates that sagebrush crude protein levels will not
increase by manipulating vegetative cover to favor early
successional stages rich with young plants. Crude protein does
not relate to past ungulate browsing levels on individual plants
within the 3 big sagebrush subspecies. Also, mountain big
sagebrush, the subspecies preferred by mule deer and elk at this
site (Wambolt 1996), has the lowest crude protein content. In
the same manner, the ADF levels found were not different
among the 3 subspecies regardless of age or browse -use class.
This indicates that energy content and digestibility are at best
secondary to the sagebrush plant's crude terpenoids in de-
termining animal preference (Bray et al 1991).
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