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Add Three More to the List of
Big Sagebrush Eaters

Bruce L. Welch

Abstract—This paper challenges the notion that big sagebrush
(Artemisia tridentata) is a range plant of low value. Present data
that documents the consumption of big sagebrush seeds by dark-
eyed junco (Junco hyemalis), horned lark (Eremophila alpestris),
and white-crowned sparrow (Zonotrichia leucophrys), and shows
the nutritive value of the consumed seeds to be high in energy, crude
protein, and phosphorus.

A number of years ago I gave a speech to the Utah Section
of The Society for Range Management on the superiority of
big sagebrush (Artemisia tridentata) as a winter forage for
wild ungulates and domestic sheep. Emphasis was given to
its higher digestibility, higher crude protein, higher phos-
phorus, and higher carotene content than other winter
forages (Welch 1989). The essence of that speech is in table 1.
After I completed the presentation, a seasoned range conser-
vationist of 25-plus years got up and said: “Dr. Welch you
make sagebrush sound real good—too bad nothing eats it.”
A lack of appreciation for big sagebrush as a forage plant is
not uncommon. Big sagebrush is a competitor to grass
(Vallentine 1989). But a statement of such profound
unenlightenment caused me to be speechless for a moment.
Then I enumerated to my range conservationist friend the
animals I have watched eating big sagebrush (table 2).

Where does this lack of appreciation for big sagebrush as
a forage plant come from? I believe I have a partial answer—
Range Management text books (Heady 1975; Heady and
Child 1994; Holechek and others 1989; Stoddart and others
1975; Vallentine 1989, 1990). Sixty-eight percent of com-
ments made concerning big sagebrush in these six text books
are of a negative nature. These comments included: “unpal-
atable to livestock,” “high levels of volatile oils,” “invader,”
“undesirable,” “reduces the production of better plants,”
“causes rumen disorders,” “uses up water,” “woody,” “nox-
ious,” “poisonous,” “low value,” “little used,” “control,” “eradi-
cate,” “convert,” “suppressed grasses,” and the list goes on.
Only 9% of the comments on big sagebrush were positive.
These comments included: “provide mule deer (Odocoileus
hemionus hemionus), pronghorn antelope (Antilocapra
americana), and domestic sheep (Ovis aries) with winter
feed,” “food for jack rabbits(Lepus californicus),” “food for
sage grouse (Centrocerus urophasianus),” and “nesting sites
for Brewer’s sparrow (Spizella breweri).” Perhaps in his zeal

Table 1—Winter nutritive values of selected range plants (after Welch
1989).a

In vitro Crude
Species digestibility protein Phosphorus

Shrubs
Artemisia tridentata
Big Sagebrush 57.8 11.7 0.18
Cercocarpus montanus
Mountain mahogany 26.5 7.8 0.13
Chrysothamnus nauseosus
Rubber rabbitbrush 44.4 7.8 0.14
Juniperus osteosperma
Utah juniper 44.1 6.6 0.18
Purshia tridentata
Antelope bitterbrush 23.5 7.6 0.14

Grasses
Agropyron desertorum
Crested wheatgrass 43.7 3.5 0.07
Festuca idahoensis
Idaho fescue 46.1 3.8 0.08
Hilaria jamesii
Galleta 48.2 4.6 0.08
Oryzopsis hymenoides
Indian ricegrass 50.5 3.1 0.44
Stipa comata
Needle-and-thread 46.6 3.7 0.07

aNutritive value based on vegetative tissue, not seeds.

Table 2—List of animals that the author has watched eating big
sagebrush (Artemisia tridentata).

Black-tailed jack rabbit Lepus californicus
Dark-eyed junco Junco hyemalis
Domestic sheep Ovis aries
Horned lark Eremophila alpestris
Pronghorn antelope Antilocapra americana
Pygmy rabbit Brachylagus idahoensis
Rocky Mountain cottontail Sylvilagus nuttalli
Rocky Mountain elk Cervus elaphus nelsoni
Mule deer Odocoileus hemionus hemionus
Sage grouse Centrocerus urophasianus
Uinta ground squirrel Spermophilus armatus
White-crowned sparrow Zonotrichia leucophrys

to defend the faith—killing big sagebrush to produce more
grass—my range conservationist friend forgot these few but
positive comments. Unfortunately, he is not alone.

Listed in table 2 are 12 animals I have watched eating big
sagebrush. Three of those animals were new to me and had
not been documented in the literature: Dark-eyed junco
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(Junco hyemalis), horned lark (Eremophila alpestris), and
white-crowned sparrow (Zonotrichia leucophrys). All were
eating the seeds of big sagebrush. The purpose of this report
is to document the consumption of big sagebrush seeds and
to determine the nutritive value of the seeds.

Methods _______________________
I first observed dark-eyed juncos pecking at big sagebrush

inflorescences near Paul Bunyon’s Woodpile, a point of
interest about 56 km northeast of Delta, Utah.

Shortly after that initial observation, four dark-eyed jun-
cos were collected near the site to verify actual consumption
of big sagebrush seeds. Digestive systems were removed
from the esophagus to the gizzard and placed in small plastic
bags. The bags were transported in a cooler filled with ice to
a laboratory freezer. Then the digestive systems were thawed
and the contents removed. Next, the ingesta were placed
inside of a 200-mesh sieve and washed with deionized water.
After the washing, the contents were separated into three
piles: grit, big sagebrush seed, and other foods. Big sage-
brush seed piles and other food piles were placed on
preweighed filter paper circles and dried to constant weight
in a convention oven at 100°C. Percent of big sagebrush
seeds on a dry-matter basis was calculated.

Big sagebrush seeds were collected from 30 plants in the
area where the birds were harvested. Seeds were cleaned as
outlined by Booth and others (1997); Welch (1995); Welch
and Nelson (1995). After cleaning, the seeds were ground to
a fine powder inside the mortar of a steel, motorized mortar
and pestle. Liquid nitrogen was used to precool the mortar
and pestle and then more liquid nitrogen was poured over
the seeds and the seeds ground. Next, the powder was placed
in plastic bottles fitted with airtight caps and stored at 0°C.
I analyzed the ground seeds for in vitro digestibility, crude
protein, phosphorus, and crude fat.

Ground seeds were digested using Pearson’s (1970) in
vitro digestibility method, except 1.0 g of fresh weigh was
placed in the digestion tubes. The dry matter content was
determined for the ground seeds. Inoculum was obtained
from a slaughterhouse steer that was fed a ration of alfalfa
and corn. Welch and others (1983) studied the ability of
different rumen inocula to digest range forages. Steers on
fattening ration digested range forages as well as inoculum
from other sources (also Striby and others 1987). The CO2-
injected inoculum was processed 45 minutes after removal
from the rumen (Milchunas and Baker 1982). Data was
expressed as percent of dry matter digested.

Crude protein level was determined by the Kjeldahl method
(Association of Official Analytical Chemists 1980) and ex-
pressed as a percent of dry matter. Phosphorus content was
determined by spectrographic means (Association of Official
Analytical Chemists 1980) and expressed as a percent of dry
matter. Crude fat level was determined by the anhydrous
ether method (Association of Official Analytical Chemists
1980) and expressed as a percent of dry matter.

Results ________________________
Results of the four food analyses expressed as a percent of

total food, dry matter basis, were 64, 69, 71, and 76% big
sagebrush seed for a mean of 70. In vitro digestion for four
big sagebrush seed samples were 71.2, 72.7, 73.6, and 74.0%
for a mean of 72.9. Crude fat levels for four samples were
28.2, 28.5, 29.1, and 29.8% for a mean of 28.9%. Crude
protein level (one sample) was 28.8%. Phosphorus level was
0.545%.

Discussion _____________________
The results of this study clearly show that big sagebrush

seeds were eaten by wintering dark-eyed juncos and at that
time constituted about 70% of their diet.

One thing that appeared remarkable to me was, while
searching the ingesta of the four birds, I did not find one seed
bract. Considering the small size of the seed—2 million or
more for 0.454 kg—and the more numerous but equal in size
bracts shows a great amount of dexterity on the part of the
birds, especially when all the birds I watched that day were
swinging up and down and back and forth on the inflores-
cences. Big sagebrush inflorescences are not stiff enough to
support the weight of the feeding birds without movement.

During this initial observation period, I noticed small
footprints around many of the big sagebrush plants and
trails going from one plant to another (fig. 1). This situation
is very similar to a sage grouse wintering range except in
miniature. In addition, seeds and seed bracts were found on
the snow surface. Birds were walking around pecking in
those areas, presumably, picking up seeds that had fallen.

Since this initial observation, I have watched dark-eyed
juncos eat big sagebrush seeds at 36 different wildland sites.
These sites encompassed an area from The Fort Hall Indian
Reservation, Idaho, in the north, to Salina, Utah, in the
south, from Lynndyl, Utah, in the west, to Helper, Utah, in
the east. In addition, I have observed the eating of big
sagebrush seed by horned larks (7 wildland sites) and white-
crown sparrows (11 wildland sites) (fig. 2). The eating of big
sagebrush seed by dark-eyed juncos and at least two other
birds in the wild appears to be a widespread phenomenon.

 I filled a backyard bird feeder with big sagebrush seeds
and watched not only dark-eyed juncos (fig. 3) feeding on the
seeds, but house finches (Carpodacus mexicanus), black-
capped chickadees (Parus atricapillus), and house sparrows
(Passer domesticus).

In May of 1992, I observed dark-eyed juncos flying in and
out of an open shed that was being used at the time to dry big
sagebrush inflorescences that were collected the previous
winter. Inside the shed, the birds were scratching and
pecking around, among, and through the inflorescences (fig. 4).
The whole scene reminded me of watching domestic chick-
ens feeding in a barn yard. A pile of big sagebrush seeds
(about 50 g) was placed near the layers of drying inflores-
cences. In less than a day, the entire pile was consumed by
the dark-eyed juncos.
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It is unknown how much of the yearly diet of dark-eyed
juncos, horned larks, and white-crowned sparrows consists
of big sagebrush seeds. Data presented in this study suggest
that at times it may be a substantial amount. Probably more
important than the absolute amount eaten on a yearly basis
is the timing when the birds are eating the seeds. After fresh
snow, big sagebrush seed may be the only food available to
these birds. Perhaps there are times when big sagebrush is
a keystone species (Hunter 1996) to not only these wintering
birds but to others animals as well. Also, evidence was given
in this study that dark-eyed juncos will consume big sage-
brush seeds at times other than winter.

Energy, phosphorus, and protein are most limiting in the
winter diet of animals (Dietz 1965). High in vitro digestion
(72.9%) and high crude fat content (28.9%) of big sagebrush
seeds are evidence that this food could furnish high levels of
energy to the consuming animal. Crude protein level at
28.8% and phosphorus level at 0.545% further shows that
big sagebrush seeds are rich in these needed nutrients.
These levels would exceed the levels needed for maintenance
of range birds (grouse, pheasant, quail, turkey) (Welch
1989). Interesting enough, Beck and Braun (1978) reported
that wintering sage grouse gain weight during the winter, a
time when their diet is nearly 100% big sagebrush leaves

Figure 1—Footprints in snow of dark-eyed juncos feeding on big sagebrush seeds. Arrow pointing to
big sagebrush seeds and seed bracts.
Figure 2—White-crown sparrows feeding on big sagebrush seeds. Arrow pointing to a bird feeding on
seeds. All three birds were observed at some time eating seeds.
Figure 3—Dark-eyed junco eating big sagebrush seeds spilled on the roof of a backyard bird feeder.
Arrow pointing to big sagebrush seeds.
Figure 4—Dark-eyed junco feeding on big sagebrush seed among drying big sagebrush inflorescences
in May.
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and short shoots (Klebenow 1970; Patterson 1952; Peterson
1970). Not bad for a plant that nothing eats!

However, negativeness still persists, for example, Baxter
in 1996 states in the publication “Sharing Common Ground
on Western Rangelands: Proceedings of a Livestock/Big
Game Symposium:”

Dr. Alma Winward is a Plant Ecologist for the Intermountain
Region of the U.S. Department of Agriculture, Forest Service,
and a leading authority on the sagebrush-grass ecosystem.
His opinion is that more acres of sagebrush-grass lands in the
Western United States were held in low ecological status the
past decade due to abnormally high sagebrush cover and
density than currently occurring due to livestock grazing. He
notes that when big sagebrush cover reaches 12 to 15 percent,
the understory production of other plants decreases as canopy
increases. This results in increased bare ground and reduc-
tion of forage for livestock and wildlife.

It takes big sagebrush cover of 20 to 40 percent to support
sage grouse (Benson and others 1991; Klebenow 1970;
Patterson 1952; Peterson 1970). If the ideas expressed in the
Baxter (1996) statement were fully implemented there would
be no sage grouse habitat and no sage grouse.

Not all Rangeland Management Specialists share this
narrow and biased view. A statement from Heady and Child
(1994-301 p.)—a range management text book—gives hope
that big sagebrush is gaining some respect as a forage plant
“One example, Artemisia spp. in thick stands are generally
undersirable for livestock but furnish food and cover for
wildlife species.”
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