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Abs tr act 

Thi s paper traces the h is t ory of man' s act i v it ies in 
the sagebrush/grass l ands of western North America in the 
nineteenth and twenti eth ce ·nturies. The sagebrush/grass 
ecosystem has been impacted and irreversib l e changes of 
plant communities have occurred due to grazing by livestock 
and o t her activites of man. Development of ra nge science 
and improvement of these degraded rangeland communi t i es through 
weed control, seeding, and judicio us gra z ing management mark 
later stages of man' s i nfluences . Finally, controversy betw een 
range users and env i ronmental i s t s has arisen , leadin g to l i ti
gation and ensuing inactiv i ty. 

During the last century the sagebr ush/ grassla nds 
of western Nort h America have been irrevocably 
altered by the implementation of an agrarian 
culture derived from Span i sh r oots and app l i ed 
by the descendants of northern Europeans. The period 
of contact between herdsmen of domestic l i vestock, 
th e cowboys, and the i ndigenous cultures of sagebrush/ 
grass lands , the indians, i s important because of 
th e glimpses its historical record prov ides of the 
nature of the pr istine envi ~~ ment . The pe riod 
of expa nsive livestock prod ~ tion on the open sag ebr ush 
ranges prov ides a chronicle of th e degradat i on of 
an ecosystem that was not adapted to concentrations 
of large herb iv ores. The revolu t ion in plant suc
cession c reated by the accidental introduction s 
of alien plant species to the sag ebrush/grassl ands 
te s tifie s to the irr evoca bi li ty of environmenta l 
changes that reflec t cultural innovations . The 
tribulations, t raged ies, and tr iumphs of attem pts 
to conscientiously stabi li ze and optimize the pro 
ductiv ity of sageb rush/grasslands are reco r ded in 
th e development of range management as an applied 
sc ientifi c field of endeavor . Each of these things 
provides histor ical perspective for us e in t he in
terpretatio n of sagebrush ecosystems. 

Our purpose is to document and provide a ti me 
scale for the history of sagebrush/grassland i n 
weste rn North America . 

CONTACT PER I OD 

The term "contact period" is genera ll y used 
by anthropo logi s ts in western North America to 
indicate the per iod of first contact between 
i nd ig enous cultures and Europ ean or American 
trappers, explorers, and fi nally sett lers. The 
sources o f information we have for the contact 
period are largely the journa ls of trappers ofte n 
writ ten or ed i ted after the actual contact in 
the field. The subject of these journals is 
t he fur trade . Comments on p l ant communit i es 
are on ly asides or must be inte r preted from other 
statements. Tra ppers tended to travel and camp 
in ri ver or s tr eam val leys wher e beaver (Castor 
sp.) were found, so most of thei r wri tten comments 
concern these areas. In t he Great Bas i n, where 
the mountai n ranges tend to run nor th to south 
a nd are oriented in echelon , t r avelers could 
avo id c rossing th e stee p mountain ranges by go ing 
around the mounta i ns . Ther ef or e , most early de
script i ons include only the desert va ll eys which 
genera lly are be low the enviro nmenta l potent ial 
required fo r growth of big sagebrush (Artemisia 
t ride ntata ). To further cloud the issue, 19th 
centu r y travele r s , as well as the i r modern counter 
parts , gr ouped all shrub s in the inte rmounta in 
area as sage or wormwood even thou gh the tra il s 
passed through Sai0cobatus - and AtripZ-ex - domi nated 
land scapes. Essentia ll y one can use the records 
left by t ra ppers and ea rly explor e rs of the 



i ntermountain region to justify any preconceived 
ideas of the pristine vegetation of sagebrush/grass
lands. Good sources for quotations f r om most of 
the journa ls wr i tten during the contact period 
are Stewart ( \ 94\) , 1~ho emphasized the abundance 
of grass under pristi ne cond i t ions , and Vale (1975) 
who concluded the opposite and stressed shrub domi
nance. 

Fur Trappers 

Most of the a ctivities of trappers was confined 
to the upper Snake Rive r and adjacent areas. Anglo 
Ame rican exp lor a tion and fu r tr ade had begun in 
t he Snake River area by 1809 and cont i nued unt il 
1846 (Ross 1924). Peter Skene Ogden who commanded 
th e Snake Country Brigades fo r the Hudso n Bay Company 
l eft detailed and believab le records of h is ex ten s ive 
tr ave ls in th e inte rmounta i n area (Ogden 1950 and 
1972) . The Snake River Brigade t rav e led with 200 
horses for rid i ng and packing (personal communic at ion 
fr om Mary Rusco , Nevada State Museum). These ani ma ls 
dep ende d on f orage obta i ned from graz i ng along the 
1 in e o f march and in the vicinity of winter camps . 
When traveling in th e Great Basin, Ogden cons idered 
forage for the horses easy to find, po t ab le water 
scarce , and big game for food very d i fficult to 
lo cate (Cgden 1972). Rinehart (1932) g ives the 
sa me i nterpretation for Odgen ' s travel s in so uthern 
Idaho. 

The Ameri can bison was the only large herbivore 
to ex i st in l arge numbers on sagebrush/grasslands 
during recent geo logic times. But ler ( 1976) traces 
the evolution of the modern sagebrush/grasslands 
on the Snake River plains from the close of the 
Pl e istoc ene. The ecosystem evo lve d from a comple x 
of mastodon - camel - hor se and Bison an&iquus at 
th e c l ose of the last ice age to the modern American 
bi son (Bison bison ) grazing sagebrush/grass land 
some 7,000 years before the present. In the lat e 
18th centu r y , the American bison apparently occa 
si ona ll y extended it s range across the nort he rn 
portions of the sagebrush/ grass lands into nort heas tern 
Cali fo r n i a , the Columbia bas i n , and eastern Oregon 
(Merri an 1926 ) . The Amer ican bison had withdrawn 
i ts range from northern Nevada l ong before h is t oric 
time s (Hornaday 1889). In the early 19th century , 
the number of Ameri can bison on the uppe r Snake 
River and Green Ri ver dra in age was first increased 
f rom hun t ing pressure east of the Rockies; after 
1830 , th e populat i ons were exterm inated west of 
th e mountains. The spr ead of trade that provided 
ri f l es t o the Indian s , hunting for rob es, promiscuous 
hunting by trappers, and several severe winters 
contributed to t he destruction of the America n bison 
west of the Rockies. 

Mormon Settlements 

Throughout most of the mountainous and inter
mountain a r eas of western North America, the loc at ion 
of the initial se t tlements was determined by the 
discovery of minera l s or convenient points along 
tr ansportation routes. The Mormon settlements of 
the intermountain area are an except i on to th i s 
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rule. Within 13 years a fte r 1847 when Sa lt Lake 
City was founded , a se ries of out lyin g co lon ies 
was es tab\ ish ed fr om Lem\ i in Idaho, t o Car son 
Ci ty , Nevada and San Bernadina, Cal i fo rnia (Stewa rt 
1941) . The sites for thes e sett lements were 
careful \y sele cted to incl ude areas su ita ble 
f or irrigation to support inten s i ve agriculture 
and grazing la nds capable of producing the meat, 
mil k , and draft ani mals for the co l oniz er s . The 
r ecords kept by these early co lo nie s pro vi de 
the best account of the prist i ne environment 
ava ilabl e for the sage bru sh / gra ss lan ds . Georg e 
Stewart, then with the lntermounta i n Forest and 
Experiment Station , summarized the available 
records in 1940. Generally th e abundance of 
sageb r ush increased as the Mormon colonists moved 
westward and southwa r d in the inte r mountain area 
unti 1 th ey pa ssed into tru e des e rt vegetat ion, 
Many of the va lleys of cen t ral and wes tern Utah 
that are i n t he s agebr ush zone had the aspect 
of g ras s l ands with domin ance by wheat g rass (Agropyron) 
or Great Basin Wil d (Eiymus cinereus ). The 
picture St ewart (194 1) r ecrea ted of the pristine 
veget ati on of t he eas tern por t i ons of t he sage bru sh/ 
grasslands is very simi lar to that portrayed 
by Hu 11 and Hu 11 ( 1974) for the presett le ment 
vegeta tion of Cache Va\ \ey in Utah and Idaho , 

Oregon Trail 

Early tr ave lers along the Oregon Tr ai 1 had 
the opportu ni ty to view a good c ross sec tion 
of the sagebrush ecosystem f rom Fort Lara mi e 
to the Columbia Ri ve r, In reviewing the wr itten 
record of s everal of t hese trave lers, Tisd a le 
et al . ( 1969) noted that the trave ler s ' opinions 
of the sagebrush was partia l \y dependen t on the 
t ime of year they crossed the Snake River p lains . 
If they crossed the area i n lat e summer or early 
fa\\, th e journ a l s st ress sag ebrush, dust, and 
lack of forage. Because of the time interval 
required for an overland journey f ro m Missou ri 
to Oregon , most trave le rs crossed the sageb r ush/ 
g r ass land s during the late summer . They traveled 
through the sagebrush/grasslands after they crossed 
th e Great Plains, one of t he world ' s foremost 
grass la nds . 

The r e is no que s tion that sagebrush was 
an important and often domina nt pa rt of many 
plant communities. Fremon t ( 1845) commented 
on the difficulty of wagon travel throug h dense 
stands of sagebr ush. Wis\izenus (1912) contras t ed 
th e sagebr us h ab undance west of Fort La rami e 
with the g ras s dominance of the Great Pl ains. 
The sageb rush plains o f southweste r n Wyoming 
had g ra ss in late summer according to Townsend 
(1839), but it was dry and hard at that time 
of year. 

Natura l Areas 

Historica l records ar e too inco mple te and 
lacking in deta i \ to precisely te ll us what was 
the pr i st in e vegetat ion of the sag ebru s h ecosystem. 
We must dea l with potent i a l vegetat ions or ecolog ica l 



classif i cation based on the potential productivity 
of the la ndscape (T i sd al e et al. 1969). Such classifi
cat ion systems are devised f r om interpretat io n of 
sagebrush/grass communities in or near equ i li brium 
with their env iron ments (e . g . Eckert 1957) and t hen 
must be app li ed to lar ge ly seral communities (e .g. 
Tue l ler 1962) . A plant communit y in equilibrium 
with i ts env iron ment i s a phytometer of the effective 
env i ronment of a site. A ser al community grow ing 
on the same s i t e pote ntial is a phytometer of the 
effect ive env iro nment plus a n unwri tten hist ory 
of perturbation i n that e nvironment. 

RANGE LIVESTOCK 

Despite the inexp l ic ab i l ity of wr i tt en histories 
about the nature of the pristin e environment of the 
sage brush/ gras s lands, they do provid e a base date 
for our ch ronolo gy of the explo itation of this eco 
sys te m. The Mormon sett le ments start i ng in Uta h 
in 1847 ushered in the era of range lives to ck in 
the sagebrush grasslands. 

Producti vi t y 

We a ss ume that prior to the decade of t he l840 's , 
productivity in the sage brush/gr a sslands was optimum. 
This does no t mean W t all sagebrush communi t i es 
wer e in equi lib rium ~ th their env i ronments . Sera I 
communit i es existed in pr i st ine as wel l as explo ited 
envrionments . Wild f i res probably des troyed big 
sagebrush populations a t periodic intervals. Larvae 
of the native insect Aroga websteri undoubtedly peri
odically defoliated large areas o f sagebr us h. Some 
areas of the Great Basin probably had near ly compl ete 
vegetational des truction by outbreaks of Mormon cricke t s 
(Anabrus si mplex) (Schweis et al. 1939) . I t is im
possib l e to say how much of the sageb r ush/grasslands 
wer e in seral status under pristine conditions. 
Even the incidence of wi Id f ir es is diffic ult t o 
precisely reconstruct. Wright ( 1978) of fe rs t he 
innov ative concept th a t the in terva l between fires 
i n the pristine sage brush/ g ras slands had to be g r eater 
than the domi nance period of root-sprouting subdominant 
shr ubs . If the interval was sho rter, the root sprouting 
s hrubs would have characterized the environment 
unde r pr istine conditions . The period of dominance 
fo r the spro ute rs green rabbitbrush (ChrusothaJrmus 
vi sci dif lor us) or horse b r ush (Te t radymi; canesc ens) 
i s generally considered to be abo ut 15 years (Young 
and Evans 1974). Thi s is a much longer interval 
between recurrence of fires than has been noted for 
woodlands that border sagebrush/grasslands (Bur kha r dt 
and Tisdale 1969). 

Fires that burned in pristine sagebrus h/ grasslands 
may no t have cond iti oned the same dynamics from root
sprouting s hr ubs because the dens i ty of perennial 
grasses may have been suf fi cient to dampen the seed lin g 
establ i shment of the root sprouters . 

Mormon settlements 

Initially the Mormon sett l ement s pr act iced sub
si s tence agr i cu lt ure, str ivin~ to produce sufficient 
meat, milk products, and wool for their own ex i stenc e. 
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They had no cho ice because transportation systems 
did not exist to move product s to a market. On 
the Great Plains, catt l e could be dr iven to market 
through grasslands and arrive at the i r destinat ion 
i n reasonable condition. The is o l ation of th e 
sagebr ush/ grass lands made t h is type of marketing 
imposs ible. 

The Mormon sett le ments practiced a type of 
community livestock production that was unique 
in the Great Bas in (personal communication from 
J.H . Robert so n, Professor Emeritus of Range Ecology, 
University of Nevada, Reno) . The livestock of 
a se t tlement, milk cows, meat cattle , draft animals, 
and sheep were herded togeth er during the day and 
returned to the sett le ment at night. This nor thern 
European type of livestock culture res ul te d in 
severe over-grazing in areas adjacent to the settle 
ments. Christensen and Johnson (1964) cite narra tiv e 
sourc es that re port a ttemp ts to alleviate this 
problem by moving dry animals fa r ther f rom the 
villages. Stewart (1941) consid er ed t hat the main 
reason f or early Mormon sett l ements failing was 
lack of sufficient r angeland in the vicinity of 
the sett le ment. 

Mining booms 

The discovery and subsequent boom development 
of mi nera l deposi ts, first on the per i phery and 
then in the inter ior of th e sagebrush/ grass l ands, 
provided t he consumers necess ary fo r extens ive 
l ivestock production. The discovery of gold in 
California in 1849 ush ered in this era . 

It is one th i ng to have a demand fo r livestock 
products; i t is another to find the stock to satisfy 
the demand . The Mormon settlem e nts were qu i ck to 
cas h in on the new mar kets and were th e first source 
of livestock for virtually every minin g camp in 
the intermountain west. Tremendous numbers of 
li vestock were required quick ly to stock the sage
brush/grass ranges . 

The sphere o f Spanish inf luence i n western 
Nor th America , especial l y Alta Calif orn ia, New 
Mexico, Texas, portions of north ern Mex ican states, 
and Arizona, had been the scene of ex ten s ive liv est ock 
culture since late i n the 18th or ea rl y 19th cen 
turies. Cattle and horses were essentially fera l 
anima l s look ing after themse lv es on vast expanses 
of sem i- ar id rangelands. These anima l s could be 
obta in ed very cheap l y . Other than hides and t a l low, 
there was no acceptable market for these animals. 
Kit Carson and Lucien Maxwell purchase d roughly 
13 , 000 sheep in New Mexico in 1852 for prices ranging 
from $0.25 to $2.00 per head and t ra il ed them north 
to Fort Laramie , then overland to Cali fornia, bisecting 
the sageb r ush/grasslands (Wentwort h 1948). Durin g 
the remainder of the decade of the l850' s numerous 
ot her bands of New Mexican sheep fol lo wed th is 
or more southern l y rout es to Cali forn ia for a tota l 
of 100 , 000 animals a year. 

The potentia l of th e sagebrush/grasslands 
was not l ost to exper ie nced liv estoc kmen. Members 
of the wagon trains of emigrants crossing th e Over land 
Trail to Cal i fo r nia to Orego n also appreciated the 



potential of the sagebrush/grasslands for livestock 
producti on . Only a ready market or a transportation 
system to market was lacking . 

The first cattle operations in the sagebrush/ 
grasslands, other t han the Mormon settlements , were 
ten derfoot operations. From Fort Laramie on the 
east to Brady Hot Springs on the 40-mi le desert 
in Nevada enterpr i sing ind iv iduals operated trading 
businesses where one rest ed draft animal was traded 
for at least two with sore feet (Paden 1948). The 
ratio in these trades increased as the tra i ns moved 
westward. The first ranches in Carson Val le y, Nevada 
were stocked with abandoned l ivestock picked up 
on the 40- mile desert (Young 1976). 

Comstock Lode 

The discovery of the Comstock Lode in 1859 
and the ensuing rush in 1859 and 1860 abruptly changed 
the Nevada I ivestock picture (Short 1965) . Meat, 
milk, butter, and cheese found a ready market in 
Virgin ia City, Gol d Hil l , Si lver City, Dayton , and 
Washoe City. The signif icance to the sagebrush/grass
lands is that the Comstock was only the begin ni ng 
of minin g boom towns that spread throughout the 
west. Austin, Eureka , and Hami I ton, Nevada; Bodie, 
California; John Day, Or egon; Silver Ci ty , and Birch 
Creek, Idaho; and the coal-mining areas of Wyoming 
provided the local markets for l ivestock from the 
saaebrush/grasslands. 

California expans ion 

California ranges were generally overstocked 
with cattle by mid-19th century. A severe d rought 
in 1863 crippled California's livestock industry. 
Ranching in California was conducted in a Mediterranean 
eco sy stem. Green feed occurs with the fir st effective 
fall rain and cont i nues until late spring . Cattle 
survived the summer drought on dry fo rage and util i 
zation of tule marshes in the Great Valleys. Lack 
of wi nter rains means no summer forage. California 
ra nchers remembered the bunchgrasses of the sagebr ush/ 
grasslands and drove large numbers of catt le across 
the Sierra Nevada Mountains to the Great Basin . 
Lewi s Rice Br adley tra i led thousands of Span ish 
l onghorns (he called them broadhorns and he was 
known as Broadhorn Bradley) to the upper Rease River 
Val leys of central Nevada (Goodwin 1971) . W.B. 
Huft drove cattle to Paradise Valley on the Little 
Humboldt River and Jack Suther l in brought 20,000 
head of cattle f r om the Tu l are area of Californ ia 
to Carson Valley, Nevada (Short 1965) . By 1869, 
there were several thousand Texas longhorns i n Owyhee 
Count y , Idaho (01 i phant 1968). The animals not 
only survived the trip and f lour ished on the native 
bunchgrasses, but also largely survived the following 
winter. Once these few showed the way for the range 
l ivestock indu s try, a true open ranging of cattle 
on the sagebrush/grasslands boomed as an expansive 
industry until the last decade of the 19th century. 
The completion of the transcontinental railroad 
i n 1869 provided the transportation system necessary 
to reach expand i ng markets in California and t he 
East. The railroad did not reach al I parts of the 
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sagebrush/g r asslands, but the cattle cou ld be 
driven to r ail centers for tran spo rtation. Dr. 
Hugh James Glenn expanded his Sacramento Valley 
livestock operations into southeastern Oregon 
under the able direct ion of Pete French . Market 
animals from this huge ranching enterprise were 
trailed to \~innemucca, Nevada for shipme nt (Jackman 
and Long 1969). 

There were temporary setbacks in the l ivestock 
boom such as the depression of 1873 , but the tide 
of expans ion continued into the decade of the 1880 ' s . 
In one year, 1883 , cattle companies had a tota l 
capitalizat i on of more than 12 mi 11 ion dollars 
(Stewart 1936) . 

The Fata l Flaw 

The tremendous growth in range catt l e , however, 
carr ied wi th it a weak ness that in the end pro ved 
fatal. It was based on a husbandry transplanted 
from Mexico , which brought to Engl i sh-speaking 
people for t he f i rst time in h i sto r y the pract i ce 
of rearing cattle in great droves without fences, 
corrals, or conserved f eed (Stewart 1936) . It 
is l itt l e wonder that cattle instea d of grass came 
to be regarded as the raw resource and that neglected 
forages began to give way befo r e the heavy and 
unmanaged grazing to which they were subjected , 

The Spanish system of livestock production 
had evolved in a Medite r ranean envi r onment and the 
climate of the sagebrush/grasslands proved its 
undo i ng (Young and Mc Ke 11 1976) . Thr ough t he expans i ve 
l ivestock pe r iod each decade was ge nera l ly ushered 
in with drought and ended with a severe winter 
(Hazelt i ne et al . 196 1) . Each sev er e winter conver t ed 
more range I ivestock operations to at least partial 
farming enterprises for the production of hay for 
supplementa l feeding of brood cows during the wi nte r . 
Chi le Clove r or alfalfa (MedicatJO sativa) was cul 
tivated on i rrigated a l luvial soi ls along the Humboldt 
River by 1885 (Shor t 1965). The modal J ivestock 
operation continued to depend on range for the 
entire season . 

Range conditions 

The sudden introduction of concentrations of 
large herbivores i nto an envi r onment that had nor
been heavily gr Td since the close of the Pl e i stocene 
had spectacular results (see Young et al . 1976 
for discuss ion of abundance of na t ive herbivores 
in prist i ne envi ronments) . After 25 years of expansive 
livestock production, the cream of the potenti a l 
o f the sagebrush/ grass l ands for supporting catt le 
was gone. Undoubtedly many ranges distant from 
water r emained in pristine condition , just as such 
examples can be found today ; for most of th e sage
brush/grasslands, however, the nat ive perennial 
grasses were greatly reduced . The i nherent potent i al 
of the native perenn ia l grasses le f t them ext r emel y 
susceptible to intensive , continuous grazing pressure . 
I f the sagebrush/grasslands had been true grassland s , 
the perennial grasses could ha ve returne d with 
relaxed grazing pressure . However, the shrub portion 



of the community proved remarkedly resistant to 
grazing. Most forms of the big sagebrush were pro 
tected by essentia l oils that in hibit the activity 
of rumen microflora (Nagy et al. 1964) (see MacArthur 
this volume for taxonomic breakdown of Artemisia 
species and evolut ion of section). Most species 
of Chrysothamnus were not preferred by livestock 
and species of Tetradymia and Sarcobatu s are toxic 
to large herbivores. Shrubs, especially big sagebrush, 
increased in density as perennial o sses were removed 
from communities. 

The Great Debacle 

There had been several bad winters during the 
livestock expansion period that had re sulted in 
excessive loss of livestock, but sufficient livestock 
remained to restock the ranges . The hard winters 
before 1889-90 tended to be localized in the sage
brush/grasslands. For examp le, the winter of 1874-
75 was exceptionally severe in the Palouse, the 
northern extension of the sagebrush/grass l ands in 
eastern Washington and northern Idaho (Rine hart 
1932). The winters of 1861-62 and 1880-81 were 
severe in eastern Oregon (Oliphant 1968). The winter 
of 1882- 83 was severe in eastern Idaho . These winters 
encouraged more hay production and the saving of 
Great Basin wi ldrye stands for winter forage (Les
perance et al. 1978) . The winter of 1889-90 was 
extremely severe throughout the sagebrush/grasslands 
and throughout western North America. It was es 
pec ially severe for range livestock because the 
previous season was one of the driest on record 
at most locations . 

The win ter of 1889-90 started with heavy rains 
in November . Heavy, wet ~nows pelted the west in 
early December. Hay suppl ies were exhausted by 
Christmas. Rinehardt ( 1932) quotes an interview 
with a rancher who lived through the winter : 

"The 17th of March, 1890, was a memorable day 
for stockmen. Late in the afternoon a sto rm 
broke over South ern, Idaho . • .. First it 
saturated the animals' coats, then packed them 
with ice and snow that would not shake out, 
then the temperature dropped as the blizz a rd 
fi ll ed the air with fin e snow ... . sheds and 
stables were thatched with ryegra ss and during 
the winter of 1889-90 this was taken off and 
fed to th e stock ... In the spr i ng when the 
distr i ct judge went to hold cour t at Challi s , 
the stench along the road through part of the 
Lost River Valley was so terrible that he 
issued a court order to the officers to take 
whatever action might be ef fect ive to get 
the carcassed burned or buried. People who 
depended on the streams for domestic water 
had to sink wel ls and do i t quickly to save 
the mse lves from a general ep idemic." 

In northern Nevada a quarter of a mil lion head 
of liv estock died on the ranges (Hazeltine et al. 
1961). F. B. Poore of northern Washoe County Nevada 
had the opportunity in the fall of 1889 to buy hay 
from homestea ders for $5.00 per ton (Hazeltine et 
al. 1961) , I He had no use for homesteade rs and refused. 

5 

He lost h is entire herd and went out of business. 
The homesteaders i nherited the vacant range. 

John Sparks was a tough Confederate Cavalryman 
who drove Texas longhorns to Elko County, Nevada 
in the late 1860' s. By 1889, he was the epitome 
of the range l ives tockman and the most extensive 
1 ivestockman i n Nevada, Idaho, and Oregon . In 
1885, Sparks branded 38,000 calves. In 1890, 
his crews branded 68 ca l ves on the same range 
(Rinehardt 1932). Remember tha t in 1885 a 50% 
calf crop was probably exceptionally high, with 
cows generally raising a ca lf every 3 years. 

RECONSTRUCTION 

The sagebrush/grasslands were hurt by the 
expansive period , but the basic potentia l of the 
p lant commun i ties was sti 11 intact. The exception 
may have been meadows within the sagebrush ecosystem 
where a cycle of errosion and desiccation had de
stroyed the potent ia l of many sites (Cottam a nd 
Stewart 1940). 

In th e spring of 1890, the ranges through ou t 
the sagebrush/grasslands had fewer large herbivores 
than in 30 years. Strangely, there are no h is toric 
records which indicate that native perennial grasses 
were able to take advantage of the reduced g razing 
pressure and ample moisture. At the same time, 
there are ample indicat ions that sh rubs and con i fers 
did increase. Many of the very productive bitter 
brush stands in northeastern Nevada were established 
in 1890 (Hazelt ine et al. 1961). Was the reprod uctive 
potential of the perennia l grasses gone by 1889? 

Making Hay 

Hay production rapidly increased after the 
great debacle of 1889-90. At first , on ly cows 
were fed. Stee r s, which were not market ed unt i l 
3 or 4 years old, were al lowed to fend for themse lves 
(McCormick et al. 1978). From th i s hay production, 
a livestock production system evolved in which 
one-half of the forage base comes from irri gated 
l and which constitutes rough ly 4 percent of the 
total landscape and one-half from rangelands. 

Horse s 

One by-product of increased emphasis on pro
ducing hay was a large increase in the number 
of draft hor ses kept on ranches. More horses 
wer e needed during the summer haying than dur i ng 
the winter feeding period . Large numbers of domestic 
horses were turned loose to winter for themselves, 
both fro m ranches and commercial freighters. 

Horses are the only large herbivore to suc
cessfully become feral animals i n the sagebrush/ 
grass lands (McKnight 1964) . Fera l horses had 
become a pr oblem on Nevada ranges i n the 1870's 
(Short 1965). Many horses died during the winter 
of 1889-90, but they survived propo rti onately 



better than any other class of liv est ock . In te r est
ingly, both in Nevada (Hazeltine et al . 1961) and 
Idaho (Rinehart 1932), there were - instances of horses 
surv1v 1ng the winter wit h their manes and tails 
eaten off by other horses. 

The horse probl em was alleviated fir st by the 
Boer War a nd later the Russian-Japanese Wars . However, 
the idea that fera l horses could be profitable had 
been implanted . 

Sheep 

As prev iously mentioned , sheep were early in
trod uctions to the sagebrush ecosystem. Sheep suffered 
from the hard winters, probab ly proportionately · 
more than cattle. However, a management system 
for sheep evolved coord inati ng grazing in t he salt 
desert and higher elevation areas with the sagebrush 
ecosystem to form a forage base. Sheep escaped 
the severe winters of t he sagebrush by wintering 
on shrubs in the salt deserts . The lower wate r 
requirement of sheep compared to cattle and the 
ability of sheep to use snow as a source of water 
made this poss i ble (Jardine 1915). 

Sheep operations became substantial parts of 
the livestock productio n economy. Many sheep operations 
had home ranches, similar to cattle operat ions. 
However, it was possible to become established in 
the sheep busin ess with much less capital than was 
required fo r catt le. Herders took their wages in 
sheep and banks tended to make very Ii bera I I oans 
for buying ewes (Sawyer 1971). This led to the so 
cal le d "tra mp sheep " outf i ts which owned no land 
and range d their sheep wher ever the y could find 
pasture. This led to many conflicts that have re ceived 
much attention in historical writings (e.g. Diamond
field Jack Davis in Sawyer 1971). 

What is important is that there was no way 
for individual ranchers to obtain title to sufficient 
l and to support an economic range livestock operation. 
The inherent he r bage production of the sagebrush/ 
grasslands, especially a fter they were degraded 
during the expansive period, required too many acres 
per cow. Hay land could be homesteaded, and water 
sources could be bought as state-se lection-la nd, 
but the vast acreages needed for rangeland were 
d i fficult to obtain. Oliphant (1968) provides the 
example of a Klickitat County, Washington rancher 
who in 1878 had $5,600 invested in 160 acres of 
land, fenc es , hor ses, and wagons, etc . , and ranged 
a 5,000 brood cow herd on public land . Many ranchers 
failed to see the need for buying "free" rang e and 
most la cked the capital. If pub l i c land had bee n 
avai l abe for purchase , i t may well have fallen under 
the control of foreign cap i ta l inv estments. 

Birth of U.S. Forest Service 

From 1878 to 1891, Congress debated the fate 
of government timberlands, but no action was taken 
until the passage in 1891 of an act setting up forest 
reserves (Forsling et al. 1936). The fight for 
conservation acquired r ea I Ii fe in 190 I under the 
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leader sh ip of President Theodore Roosyvelt and 
Gifford Pinchot. Regula t ion s of the forest reserves 
stated that there would be no interference with 
exist in g liv estock gr az ing , but al I states except 
Oregon and Washington chose to prohibit the grazing 
of s heep on forest r eserves. Nevada and Utah were 
not includ ed in any of the original forest rese r ves. 
However, national forests weri later estab li shed 
in sagebrush/grassland areas of several western 
s tat es. Some of the districts of the nationa l 
forest in Nevada were virtually tree less. They 
were established to obta i n control over the spread 
o f nomadic sheep operations and to stabilize grazing 
for the established ranches, largely cattle opera
tions. 

The creation of nationa l forests estab l ished 
a) the idea of conservation of natural resources 
and b) the concept of commensurate proper ty where 
the amount of grazing priv leges on pub] ic lands 
in the sageb rush ecosystem was control led by the 
potential of privately owned lands to support 
the livestock during win ter. 

The efforts of the Forest Service to est ab lis h 
the conservation of natural resources received 
a seve r e blow during World War I when livestock 
use on national forests was al lowed to i ncrease 
by 10 percent as par t of the war effor t (Fors! in g 
et al. 1936). Because of the severe agricultural 
depress i on after the war, th is inc rease was not 
adjusted unti I 5 years after the war. 

Scientists visit range l and 

At the turn of the century , the sage brush/ 
grasslands were stud ied and or at least extensively 
visited by scient i s ts familar with rang e f orage 
production. During the summer of 1900 P. B. Kennedy 
and S. B. Doten (1901) of the University of Nevada 
Agricu l tural Experiment Station reported on range 
conditions in western Nevada. The sagebrush/grass
lands north of Reno , Nevada t ha t were used for 
spring/fall range by sheep were virtual dust beds, 
wi th even t he sagebrush dest royed in some areas. 
The alien weeds Russian thistle (SaZsoZa iberic a) 
and tumb le mustard (Sis ymbri wn altissimwn) were 
co lonizi ng the degraded landscape , but downy brome 
(Bromus tec t orwn) had not yet become established. 
During 1902 Kennedy (1903) toured northeastern 
Nevada. He noted acce l erated erosion and over
graz in g , but no invasion by alien plants . David 
Griffiths, expert in charge of field managemHnt, 
Grass and Forage Plant Investigat io ns of the Bureau 
of Plant Indust ry, U.S. Department of Agriculture, 
trave led from Winnemucca, Nevada to Ontario, Oregon 
in 1901. The re port of this trip provides a classic 
descript i on of ran ge conditions at th e turn of 
the century. Several points stand out in this 
repo r t: a) t 't1-. large ranches were making great 
effo rts towar Y hay production; b) most sagebrush 
rang es were overgrazed; c) hi gh e levation ranges, 
such as the Steens Mountains in Oregon, were denuded 
by tremendous concentrations of sheep; and d) 
during the entire trip wild fires were common i n 
the sagebrush/grass land s. He attributed many 
of the wildfires to promiscuous burning by nomadic 



sheep operat ors. If wildfires were as common as 
Grif fith s indicated, there must have been some ranges 
on the mountains with sufficient herbaceous fuel 
to carry fires . 

ALIEN INTRODUC N 

The native plant communitie s wi thin the big 
sagebrush/bunchgrass type are extr aordinarily subject 
to invasion by alien annua l plant spec ies (J ardine 
and Andersen 1919). The over-uti 1 i zation of the 
he rbaceous por ti ons of sag ebrush/ r ang eland s left 
a near biological vacu um. No native annual specie s 
were adapt ed to increase under heav y graz i ng (Young 
e t al. 1972). Russian thi stl e, tu mble mustard , 
and downy brome have revolutionized the processes 
of succession in the sagebrush/grasslands (Hi ronaka 
and Tisdal e 1963) . These sp ecies form a sera l 
continuum that closes disturbed sites to the re
estab lish ment of perennial gr ass seed li ngs (Robertson 
and Pearse 1945). While they pree mpt environm ent a l 
potentia l and clo se p lant convnunit i es to the esta b
l i shment of perennial gra ss se edlin gs , the communities 
of a nnuals a r e changing beca use of invasion by other 
ali en an nual plants such as halogeton (Halogeton 
glomeratus) (Ti sda le and Zappe t tini 1953), medusahead 
(Taeniatherum asperum), and barbwir e Russ ian thistle 
(Salsola paulsenii ) (Beat ley 1973). 

Land Reclamation 

The connection be tween land reclamation and 
alien annual plants is not as re mote as it might 
seem . The Newlands Project a t Fal Ion, Nevada was 
the conceptual model for irrigatin g the s hrub deserts 
(McCo rmick et a l. 1978). It was r apid ly followed 
by simi lar projects along the Snake Rive r in Idaho . 
These proj ects, a lth ough relat i vely li mited in area 
compared to the sagebrush/grasslands, had influence 
on the entire ecosystem . One in fluence was positive 
i n tha t for the f i rst time a surp l us of fo r age an d 
concentrate feeds was available f or finishing rang e 
1 iv es tock (McCormick et al. 1978). Anoth e r influen ce 
was decidely det r imental . The settlers who f loc ked 
to the r ec lamation p roject broug ht d raf t animals 
and meat , mi lk , or wool stock with t hem. These 
anima l s were a llow ed to concentrate on the margin s 
of the rec l amati on projects whi le fields and fenc es 
were developed . In Idaho this was r esponsible 
for complete destruction of the sagebrus h/ grasslands 
i n many areas (Ri nehart 1932). 

Homesteaders 

The reclamation projects that brought irrigati on 
water to the semiari d sh ru b- lands had many prob le ms, 
but they d id have a good cha nce to suc ceed. However , 
excep t in the most fav ora b le parts of the sa gebrush/ 
grassland, dry la nd farming on homeste ad s was a 
very risky bus in ess. The clea ring and subsequent 
aba ndonment of sagebrush l ands le ft many areas dominated 
by a li en weeds. 

7 

Wildfire s 

After the native perennia l grass es and forbs 
are removed from big sagebrush communities, the 
sh rubs remain a s sta rk monotypic communities. 
These communities can remain remarkedly stab le 
fo r lon g periods of ti me, especially when continued 
grazing attr ition holds down the herbaceous vege
tation (Tisdale et al. 1969). These stark com
munities are relatively fire proof because of 
the lack of herbaceous vegetation to carry f ires. 
Once downy brome invades the degraded sagebrush 
communiti es , the way is paved fo r ca tastrophic 
stan d r enewa l through burning (Pickford 1932). 

R. L. Pi emeise l 

The full ra mif ications of the meaning of 
alien annual plant invasion to the ecology of 
the sagebrush/gra ss lands were enumerated by t he 
re markable research of R.L. Piemeisel. His efforts, 
which pr oduced re s ults having great application 
to range management , were directed towa r d so lvin g 
the beet l eafhopper problem. The lower suc cessional 
levels of the alien flo r a provide an alt e r nate 
host for the insect vector which t ransmits th e 
curly leaf virus to susceptible c r ops . 

In a series of articl es (summarized i n Pie meise l 
1951) Pi emei sel demonstrated how the pree mption 
of the se r al environment by alien p lant species 
irrevoc ably changed the eco logy of the sagebrush/ 
g rassland s . One of his in te resting comments was 
that th e sageb ru sh/g rasslands were so degraded 
that if the alien s had not invaded, accel erated 
e rosion would have destroyed the potential of 
many si tes. 

Competitive advanta ge 

Many stud i es have attempted to identify the 
char acte rist ic that makes the ali en annuals so 
competitive . One of th e most probable explanations 
is tha t the br eedin g systems of the aliens provide 
a method of ra pid l y adjus ting their ge notypes 
to changing environmenta l con ditions (Young et 
a l . 1972) . The i rr evoca bili ty of the change brought 
by alien plan t introduction is further illustrated 
by the find in g of Daubenmi re ( 1946) that downy 
brome had ins ert ed itself success fu ll y into bunch
gras s stands that had not been grazed or burned 
for as long as 50 years. 

J . H. Robert son retra ced P.B. Kennedy ' s rou te 
in north easte rn Nevada 50 years later (Robertson 
and Kennedy 1954) . The r avag es of wildfires, 
excess ive grazing, acce lerated erosron, and alien 
plant invasion had revo lutionized the environment. 
The same results are apparent from Shantz and 
Pe imei se l ' s ( 1940) study of Escal an te Valley i n 
Utah . The proces s of alien plant invasi on and 
convers ion of the sagebrush/g ras slan ds to root 
sp routin g s hrub s and annua l grasses has not stopped . 
The incid ence of wild fires increases each year 
and unless these burned areas ar e revegetated 
and managed , th e eve ntu a l conver s ion is ce rtain 



(Evans and Young 1978; Young and Evans 1978). 

SAGEBRUSH SCIENTISTS 

A.W, Sampson wrote an artic le fo r the Nat ional 
Wool Growers (Sampson 1913) in whic h he gave voice 
to the appl i cation of sc i ent ific f i ndings to the 
management of western range lands. For the nex t 
25 years the idea slowly g rew that science co ul d 
play a role in deve loping management systems for 
natural resources. Among the pioneer co ntr ibutors 
were J.T. Jardine (Jard i ne 1916; Jardine and Anderson 
1919) and Sampson who ( 1919) recognized th e ro le 
of plant success ion in range management . Much of 
the early research applicable to sagebrush/grasslands 
was conducted at th e Great Basin Experiment Station 
(Keck 1972). Sampson's work wi th p lant succession 
event ua l ly led to Linco ln El l ison's contribution 
on the indicators of condition and trend (El Ii son 
et a l . 1951). Not on ly ,,,ere studies conducted on 
the basic dynamics of grazed plant communities, 
but also the managemen t of graz ing anima l s to affect 
these dyna mics was investigated (e.g. Flem ing 1922). 
An important contribution to our knrnel edge of the 
sagebrus h/ecosystem was the comprehens ive monograp h 
on the taxonomy of Artemisia, Chrys otharr;m,s, and 
Atriplex by Hall and Clements (1923). 

TAYLOR GRAZING ACT 

The forest reserves and eventually the national 
forests led to a measu r e of grazi ng management backed 
by range research on a portion of the sagebrush/ 
grass l ands. Outside the na tional forest much of 
the landscape remained vacant public lands subject 
to whatever grazing management or mismanagement 
the local ranchers cared fo r or tried t o enforce. 
From 1914 to 1934 a succession of bills was introduceu 
in Congress to do someth in g about grazing on t he 
pub l ic domain (e.g . the Kent, Leawitt, Colton, and 
Garfield bills (Buckman 1935)]. On June 28, 1934 
the Taylo r Grazing Act was finally passed with the 
fol lowing objectives: 

l. To stop i njury to public grazing lands. 
2. To provide for orderly and better 

use in improve ment and development 
of the r ema ining vacant public domain 
for grazing. 

3. To stab i 1 ize the live stock i ndustry 
dependent upon the public range. 

On November 26, 1934 President Frank Ii n D. 
Roosevelt issued an execut i ve order withdrawing 
173 mi 11 ion acres of public land in 12 western states . 
In Nevada this included 71 percent of the total 
land area (Buckman 1935). The era of open range 
on the sagebrush/gra ss lands had come to an end 87 
years after the f i rst settlements in Salt Lake Val ley. 
Not all grazing districts were established immediately 
and in parts of Nevada the open range did not end 
until th e l 950's. 

To obtain a perspect iv e of why the Tay lor Grazing 
Act f i na 11 y passed it is necess a ry to consider the 
economic, c l imatic , and social environment of the 
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early 1930 ' s . Since t he end of \for l<;I \./ar I , agr i
culture in general had known reccurrin g ha rd times. 
The droughts of the ear ly 1930's had severely 
hurt sagebrush/ ra ngelands. Bank failures had 
forced many l ivestock operations into bankruptcy. 
Seve r a l banks in Nevada had been espec i al ly l i beral 
in making loans to ra nge sheep operat ion s. The 
fa i lure of the Windfie ld banks wiped out most 
of the large range sheep operatio ns (Laxa lt 1957). 

IMPROVEMENTS OF SAGEBRUSH/GRASSLANDS 

The first 25 years of application of science 
to range management had been concerned pri mar il y 
with stopping further destruction o f range l ands. 
R. L. Piemeisel suggested and demonstrat ed that 
the way to stabi Ii ze degraded sagebrush/grass land 
communit i es was to estab l ish pere nn ia l grasses 
(Pieme i se l and Chamberlin 1936). Bes ides t he desire 
to resto re publ ic range l ands, a bas i c change in 
philosophy was associated wi th the Ne,, Deal era 
i n tha t federal f inancing of improvements on public 
la nd was begun. 

The re seeding of degraded sagebrush/grass l ands 
with native grass species had enjoyed l i ttle, 
if any, success . Sources of seed were l imited 
to col lect ion f rom native s t ands and ge rmi nation 
and seedling vigor of the nati ve species were 
o f ten quite lim i ted. Severa l species of Agropyron 
co ll ected in centra l As ia had been introduced 
and tested on the northern Great Pl a i ns early 
in the 19t h ce nt ury (Hanson 1972). Cr ested wheat 
grass (A. desertorum ) proved to be one of the 
most drought tolerant of these spec ies (Love and 
Hansen 1932). Rehab i litation started s lowly in 
the l 930 ' s because the necessary mechanica l eq uip ment 
for land preparation and seeding in deg raded sage
br ush/gras s lands was not available . After World 
War 11, th is program vias greatly expande d 1eith 
mil lions of acres returned to productiv i ty (P l ummer 
et a 1. 1955). Degraded sagebrush stands v1ere 
plowed wi th range land p lows and seeded with specia l ly 
deve loped range land dri l ls. For the fi rst time 
since 1860, the net forage product i on on at least 
a pa r t of t he sagebrush/grass lands i ncreased instead 
of becoming further degrade d. 

Shrub contro l 

Many areas of sagebrush/grass la nd st ill had 
suffic ient desirable perenn ia l grasses to respond 
in terms of ground cover and for ag e prod uction 
if the overabundance of shru bs was reduced . During 
World War 11 t he growth regulator her bi cide 2,4-
D ((2,4-d i chloroph enoxy)acet ic acid] was discov e red . 
After the war, 2,4-D was fo und to be e ff ect ive 
in the control of big sagebrush (Hull and Vaughn 
195 1; also see Evans t h is vol ume). Wi t h r ef i nement 
of the met hodology, control of bi g sagebrush and 
associated roo t -spro uting shr ubs was poss i b le 
(Hyder et al. 1962). Eventually mi 11 ions of acres 
of part i al ') degraded rangeland were returned 
to product1 ✓ ity (Pechanec et al. 1964). 



Second generation tec hnol ogy 

Starting with an acce lerated program to s top 
the sp r ead of ha l ogeton in 1951 , considerable research 
money was a ll ocated to the sage br ush/grass lands . 
Growing out of these programs were seco nd generation 
technolog ies des i gned to improve range communiti es 
where existing met hods had failed. Downy brome 
had proven so competitive that t he chances of es
tablishing wheatgrass seedl i ngs were slight (Hull 
and Stewart 1948). New technologies were tested, 
and proven economically feasib l e for control and 
r eveget ation of downy brome in fes t ed sites ( Evans 
et a l . 1967; Eckert and Evans 1967). Also , during 
this period improvement s and ref inements were made 
in control technology of hard-to-ki 11 shrubs , such 
as rabb i tbrush, with new herbic id es and more precise 
application techniques (e.g. Evans and Young 1975; 
Evans et a l . 1973). 

In the mid- 1960's the era of range improvement 
suddenly ended. The des ir e for improvement of the 
public rangelands was dampened by expressions of 
concern by environmentalists. 

ENVIRONMENTALISTS 

Our initial premise was that the ecology of 
the sagebrush/grasslands was irrevocab ly changed 
by the imposit ion of a livestock-or i ented culture. 
This cu ltu re included consumers as wel l as producers. 
At least a portion of these cons umers had by the 
mid-l960 ' s strong enough sentiments abo ut th e sage
brush/ grasslands env ir onment to bite the hand that 
fed them beef , mutton, and wool. The basic problem 
was that the environmenta li sts believed that t he 
range improvement and grazing practices were changing 
what they perceived to be the pristine sagebrush/ 
grasslands. With only a brief glimpse of the history 
of the sagebrush/grasslands, it can be seen that 
the present condition of these rangelands bears 
littl e resemblance to the pristine potential. On 
the other side of the coin, grazing continues in 
excess of the current production in many parts of 
the sagebrush/grass l ands. An attrition type of 
grazing keeps many degraded communities in stark 
monotypes of brush wi th forage produc t ion remaining 
at roughly 10 percent of its potential. Out of 
a complex it y of management decisions, the attitude 
has become established that the public land management 
agencies are either in lea gue with the ranch er or 
the environmentalist, depending on an indivi dua l' s 
point of view. 

Grazing Management 

With the i r backs turned to the co ld scorn of 
a multitude of specia l interest groups, t he Bureau 
of Land Management of the U.S. Department of Interior, 
whic h administers much of the sagebr ush/ g rasslands, 
initiated grazing management systems as an alternative 
to weed cont rol and seeding for range i mprovement 
in l 968. 
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Range Scientists deserve much of the credit 
and/or blame for t hi s cha nge in att i tude. Since 
the fir st papers of A. W. Sampson, range sc ien tis t s 
have stressed good range management as the key 
for stabilization and impr ovement of the resource. 
During the era of range weed cont rol and seeding, 
scientists had stressed t hat the improvements 
would not maintain themse l ves unl ess good management 
was p racticed. The prob lem was to define good 
management. It meant different things for specific 
range communiti es i n different stages of succession 
used by differen t classes of domest i c and wi l d 
an imals. Professors of range science st ress ed 
that good tr ai nin g in the fundamentals of range 
science coupled with adequate experience woul d 
produce range managers who were capable of accom 
plishing goo d range management. This concept 
may have been pra ctical but is difficult to reduce 
to regulations th~t are necessary for a bureaucracy 
to function. 

An answer to this pro b lem was provided by 
August L. Hormay. During his career in research 
with the U.S. Forest Service, Hormay pub lished 
on a grazing management system called "rest-rotation 
grazing" which he had tested on the Harvey Val l ey 
cattle allotment on Lassen National Forest in 
northeastern California (Hormay 1956; 1961). Under 
the conditions that Hormay tested rest-rotation , 
it apparently was a very successful management 
system that was well tuned to the physiology of 
the grazed species . For a discuss ion of the pro s 
and cons of var ious graz i ng systems see Heady, 
1961 or Herbel, 1971 . 

Rest -ro tation grazing management was scheduled 
for all the sagebrush/grasslands administered 
by the Bureau of Land Management (Hormay 1970) . 
The facili tating actions necessary to implement 
the management systems: fences, water developments , 
and the actual management systems themse lves con
stitute a new stand renewal system and therefore 
change the ecology of th e sagebrush/ grassla nds. 
The consequences of these changes will have to 
wait the test of time. However , preliminary resu l ts 
indicate that rest-rotation g razing is a useful 
management system for sagebrush/grasslands in 
fair to hig h conditi on. For degraded sagebrush/ 
grasslands with an overabundance of brush and 
little or no seed source for perennial grasses, 
rest -rot ation grazing as a technique for range 
improvement is little more than wishful th i nking. 

The full implementation of grazing management 
systems was delayed by the filing of a law suit 
in federal court by the Natural Resources Defense 
Council against the Bureau of Land Management. 
The la w suit was brought against the Bureau for 
not complying with the National Environmental 
Protection Act in issuing licenses for grazing 
privileges. Essentially , compli ance wi th th is 
act requires the preparat ion of Environmenta l 
Impact Statements on the ef f ects of current graz i ng 
practices and proposes that land use plans be 
written on proposed pract ices i n the sagebrush 
ecosyste m. 



REQUIEM FOR THE SAGEBR_USH ECOSYSTEM 

This sympos i um is in many respects a so l emn 
wake for the sag ebrush ecosystem of 1850. The analysis 
of lake sediments within the sagebrush/g r ass lands 
during the last 100 years shows i ncreased deposition 
rates, changes in pol Jen concentration and species 
composition, and abundance of moss and funga l spores. 
The introduction of domest ic 1 ivestock had more 
effect on the environment than any event in the 
previous 1,000 years (Davis et al. 1977). 

No constructive purpose is served by damning 
the 19th century 1 ivestock husba ndmen who established 
ranching as a culture in the sagebrus h/g rasslands . 
They did not have avai ]able a historical precedent 
for uti 1 i zat ion of semi-arid shrub/grassland . They 
attempted to adapt a system of extensive an imal 
husbandry evolved in the Mediterranean ecosystem 
and the results were disastrous, We can not go 
back to pristine conditions and we can not stand 
sti 11 with a semi- ieg raded environment . We now 
have ample archeological and historic evidence from 
southwestern As ia of the ultimate consequences of 
degrading shrub/grasslands (F l annery 1969) . Time 
is deceptive in this environment. Observations 
on degraded sagebrush areas where grazing has been 
excluded revea l litt l e successional change after 
30 or more years of no gra zing by large herbivores . 
These areas are time bombs waiting for wild fires 
to trigger dynamic s ucce ss ional changes tha t can 
lead to further degradation. 

Have the basic potentials of the habitat types 
that encompass the sagebrush/ grass lands changed 
with a century of excess iv e grazing? We have suggested 
that the plant communities have been irrevocably 
changed by alien plant introduction, but has the 
potential biomass productivity of specific env i ronments 
been changed? Many meadows wi th in the sagebrush/ 
grasslands have been dissected, desiccated, anJ 
inv aded by shrubs (Cottam and Stewart 1~40), but 
these areas can be rehabilitated (Eckert 1975). 
The occurrence, origin, and characteristics of 
vesicular surface horizons in the so i ls of portions 
of the sagebrush/grasslands may be evidence of long
term degradation. 

The sagebrush/grasslands were born as an ecosystem 
in a tim e of general des i ccation that fo l lowed mountain 
bui ]ding at the end of the Tertiary and the beginn ing 
of the Quaternary Periods and evolved through the 
wild climatic fluctuations of the Pleistocene (Axe l rod 
1950). Sinc e the close of the Pleistocene, this 
ecosystem has existed a scant 10,000 years in equ i li
brium with the prevailing climate and only 100 years 
under the influence of 1 ivestock grazing. 

The ideas that are expressed, interpreted, 
and acted on as a result of the conference may well 
have a signif i cant impac t on the sagebrush ecosystem 
in the 21st century. 
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Abstract 

The name Artemisia L. derives from the Gre ek goddess Artemis and more 
directly from the Greek que en Artemisia. Linneaus described the genus and 
9 sp eci es in th e mid-18th cen tur y . Bes ser gave a subgeneric framework in 
the early 1800 ' s . With modifications, hi s framework is s till us ed . By 
1900, mos t of the con tem porarily re cog ni ze d species of Artemisia ha d been 
described . The North Americ an sagebr ush es comprise the sect ion Triden ta ta e 
Rydb . Although its tax onomic limits remain i n some di spute, section 
Tri dentatae is a na tur al gr oup in g of spec ie s based on habit, morphol ogy, 
anatomy, chemistry, an d cy t olo gy . Sever a l non-Tridentatae Artemisias 
occ ur within the sagebr ush ecosystems . Compos i tae in gene r al and Artemisia 
in part icular were la te arr ivals on the flowering pl ant scene . Artemisia 
li kely evolved in Eurasia with many of its Anthemideae r e lat ives . However , 
the phyloge ne ti cally advanced section Tridentatae probably arose in situ 
in North America f r om less spec i al i zed Artemisias th a t had migrated from 
Euras i a . 

Intr oduc tion 

Ar~emisia L. is a ge nu s conta in in g more than 
200 spec i es (de Candolle 1837, Wil lis 1973, Bailey 
Hortorium Staff 1976) . The genus not on ly inc lu des th e 
s agebrushes , which giv e this symposi um its name , but 
also the wor mwoods and southernwoods of the Old World 
and the her baceous circumbo r eal mugworts (Grieve 1931, 
Bailey Hortorium Staff 1976) . Artemisia s are important 
plants that occ ur as dominants in the i r associations 
over vast a rea s- -pr i ncipally in the nor thern extra
tropical latitudes (Boissier 1875, Wulff 1943, Beetle 
1960 , Pol yakov 1961, Good 1974 , McArthur and Plummer 
1978, McArthur et al. , in press) . 

Artemisias a r e used for browse prod uction (USDA 
Forest Service 1937, Larin 1956, Plummer et al . 1968 , 
Hanks et al. 1971 and 1973, and Scholl et al . 1977) 
soil stabilization (McArthur et al . 1974, Monsen 1975 , 
Plummer 1977), drug production (Grieve 1931, Geissman 
and Irwin 1974, Rodriguez et al . 1976 ), landscaping 
(McArthur et al . , in press) , and food and drink flavor
ing (McArthur et ai. , in press ) . They a re also useful 
for pr ed i cting site potential (Stevens et al. 1974). 
Early Eurasian and American I ndian peoples regarded 
Artemisias as having medicinal properties . On the 
o th er hand , some Artemisias cause hay fever and al ler
genic reactions (Rodri guez et al . 1976) . Some may 
become unprod uc t ive c l osed stands on ranges (Plummer 
et ai. 1955 , Frischkn ech t in press, Gifford et ai. , 
in pres s) ; so me may have alle l opathic properties 
(Schlatterer and Ti sdale 1969, Halligan 1975, Friedman 
et al . 1977 , Weaver and Klar i ch 1977) . 

In this paper , I review the systema ti c history of 
the sagebrus hes, comment on t he naturalness of sage 
brush c l ass ifi ca tion syste ms , and give evidence on the 
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origin of sagebrushes and on their rel a ti onships with 
ot her Artemisias . The s age br ush es ar e woody plants 
endemic to wes t ern North America . They belong to sec
tion Tridentatae Rydb. Occasio nally, other woody 
Artemisias , suc h as A. spinesaens and A. filifoZia are 
cal led sageb rush es . In t his pap er, I refer to only 
the Tridentatae as sagebrushes . I f avo r using "sage" 
but omitting the "b rush " portion of the names fo r 
non- Tridentatae Artemisias , such as sand sage for 
A. fiZifolia and bud sage fo r A. spin escens . 

I think it is appr opriate for th is symposium , wit~ 
its emphasis on manipulation and management of sage
brush, t o address sageb ru sh systema ti cs . The tim e is 
past when all sage bru shes can be cons i de r ed "j us t " 
sagebrus h. The va ri ous kinds of sagebr ush are valuable 
or pestifero us in dif f erent degrees and in various 
locations; hen ce, manage ment s tr ateg ies fo r each ta xon 
should be different (Winward 1970, Brunner 1972 , Schlat
terer 1973, Pl ummer 1977 , Winward and Tis dale 1977, 
McAr thu r and Plummer 1978 , McArthur et al. , in press) . 

Art emis ia 

Origin of the name 

Artemisia is a distinguis hed name--a n etymo l ogical 
descendant of an early Moth er Nature . Art emis was th e 
anc i ent Greek goddess of wild animals , t he hunt, and 
vegetation, and of cha sti t y and childbirth. She was 
the twin s i ste r of Apollo; her Roman name was Diana . 
Natu ra l ly enough , her name was give n to plants usef ul 
in gynecology . Mugwort (A. vulgaris L.) was one of 
t hese (Andr e 1956). Linn ea us (1 778) gave the genus 
the formal gene ri c name Artemisia ; perhaps in honor of 



Table 1. -- Besser's sections of Artemisia 

Name Derivation Floral Criteria 

Abrotanum 

Absinthium 

Dr acunculus 

Seriphidium 

Greek 1~011 for 
Aromatic-

Greek name for 21 A. absinthium L.-

Greek word fol/ 
little dragon-

Fer t il e <;> ray + 'I' disc 

Ferti l e~ ray+ ~"disc 

Fertile ; ray + c"disc 

Greek name fo r 21 No ray 
A. caerulencens L .-

'{1 disc 

1/ Neilson ~ al. 1950 

Jj Andre 1956 

1/ 
Table 2 . --Principal subgenera and s ections of Artemisia -

glabrous receptacle 

long
1
hairy receptacle 

,. 

glabrous receptac l e 

glabrous receptacle 

Bess er's Treatment Rz-dberg ' s Tre at ment Polz-akov's Treatme nt 

No, of 
Sections Subgenera Sections Subgenera Sections Series 

Abrotanum Bess. Abrotanum (Bes s.) Rydb. Artemis i a L. 
Annuae Artemisia 6 
Klotzch i anae Steller i ana 
Glomeratae Abrotan um 13 
Novegicae Absinthium 10 
Franseriodes Artanacetum 
Vulgares 
Gnaphalodes 
Stellerianae 
Discolores 
Wrightanae 
Pontica e 
Rutaefoliae 
Bi gelovianae 

Absinthium DC. Absin t hium (DC) Rydb. 
Frigidae 
Lanata e 

Dracunculus Bess. Dracuncu lu s (Bess . ) Rydb . Dracunculus (Bess,) Rydb, 
Dracunculoides Dracu nculus 
Filifoliae 

Seriphid iu m Bess. Seriphidium (Bes s .) Rydb)/ Seriphidium (Bess . ) Rydb . 
Tridentatae Seriphidi um 11 
Rigida e Junceum 2 
Pygmae.ae 

l/ Besser's studi es (1929) and Bes ser in de Candolle (1837) and Hooker (1840) 
treated the genus in a worldwide context. Rydberg ' s (19 16) and Polyakov (1961) 
treatments were limited t o native, naturalized, and cultiva ted plants in North 
America and in the U.S.S.R., respec t iv ely . However, if a taxon met these distri 
butional crit e ria, th e author involved disc ussed it on a worldwide basis. 

J:../ Art emisia s trum Rydb., a new genus, was created to house A. palmer i . 
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the goddess , but more directly in honor of Artem i sia, 
queen of Caria, a part of Anatolia (Gleason 1952). 
Queen Artemisia (ca . 350 BC) was known as a botanist 
and a medi cal researcher . A plan t genus is not all that 
honors her memory. She built in her capital city of 
Halicarnassus (the modern Bodrun, Turkey) one of the 
seven wonders of the ancient wor ld , a magnificent tomb 
for her husba nd and brot her --Mauso l us , t he Mausol eum 
(Encycl opedia Britannica Committee 1976) . 

Growth of the genus and subgeneric taxonomy 

Linneaus (1753) recognized 9 species of Artemisia 
Besser (1829), the Russian taxonomist , began a compre
hen sive monograph on the genus ear l y in the 19th century. 
He divide d Artemisia into 4 sec tio ns based on va ri ou s 
combinations of disc and ray flower presence and 
fertility (Table 1). Although he died before his 
monograph was completed, much of his work was included 
in de Candolle (1837) and Hooker (1840 ). Besser liste d 
nearly 200 species in the sections Abrotanum Bess. , 
Absinthium DC. , Dl'aounculus Bess ., and Seriphidium Bess . 
De Candolle had previously described Absinthiwn (Persson 
1974). Besser ' s sections have, i n the main been re
tained, although Rydberg (1916) elevated them to sub
genera and created s ubord i nat e sections, and Polyakov 
(1961) reunited Abrotanum and Absinthiwn i nto the sub
genus Artemisia L. (Table 2 , Persson 1974 ) . 

Torrey and Gray (1843) listed 34 species and 21 
varieties of Artemisia that were native (most) or nat
uralized (a few) in North America. Rydberg (1916 ) , a 
taxonomic splitter, recognized 120 North American 
Artemisia species. Hall and Clements (1923), in a much 
more conservativ e treatment, recognized 29 species in 
North America. Present cons ens us on the number of North 
American Artemisias lies somewhere between these two 
extremes (Fernald 1945, Keck 1946, Estes 1968 , Cronquist 
1974). 

The sagebrushes (Section Tridentatae) 

The most important North American Artemisias are 
the sage brush es . These are the 20 or so taxa of sec
tion Tridentata (Figure 1). In 1814, Pursh described 
the first Tridentatae spec i es, A. oana Pursh, from 
mat erial collected in 1804 by the Lewis and Clark expe
dition (Torrey and Gray 1843, Rydberg 1916). Nuttall 
(1841) described two wide-ranging species, A. tri 
dentata Nutt . and A. arbuscula Nutt ., in the early 
1840's. He also described A. rigida. (Nutt.) Gray under 
the name of A. trifida ss p. rigida. Nutt. (Nuttall 1841). 
No new taxa were discovered until the 25-yea r period, 
1876-1900 , when Asa Gray, Aven Nelson, George E. 
Osterhout , and Per Axel Rydberg named the taxa we know 
today as A. oana Pur s h ssp. boZanderi (Gray) Ward, A. 
rothrookii Gray, A. Zongiloba (Osterhout) Beetle, 
A. nova Nelson , A. tripartita Rydb. and A. pygmaea 
Gray (Figure 1, Rydberg 191 6) . Rydberg (1916), in the 
North American Flora, gave a systematic treatment of 
Artemisia , He elevated Besser ' s Seriphidiwn to 
subgeneric status and c reated wi thin it the sections 
Tridentatae , Rigida.e , and Pygmaeae. Rydberg's frame
work has served subsequent workers well (Figure 1) . 
Hall and Clements (1923), Ward (1953), and Beetle (1960) 
have made monographi c treatments of the Tridentatae. 
Beetle ' s (1960, and Bee tle and Young 1965) tr eatment is 
followe d by most modern work ers such as Geissman and 
Irwin 1974, Garriso n et al . 1976. Several subspecific 
taxa a re now recognized i n the species A. arbuscula, 
A. cana, A. tridentata , and A. tripartita (Figure 1). 
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Recent l y, further modification of and changes 
within Tridentatae have been made . Winward (1970) 
and Winward and Tisdale (1977) discuss a variant A. 
tridentata "x ," which they hav e not fo rma ll y named 
but which is c l osely allied to A. tridentata ss p. 
vaseyana (Rydb . ) Beetle . Unlike typical vaseyana, 
form "x" has an uneven t op . Form "x" is gener a l l y 
found at lowe r e l evations . Han ks et al . (1973) 
characterized a low elevation A. tridentata ssp . 
vaseyana that may be analogous to form "x ." Brunner 
(1972) listed several undescribed sagebrus hes f r om 
his studies in Nevada . Typical A. rothrockii grows 
in the Sierra Nevada and its ou t liers. However , 
A. rothrookii has been reported in the Rocky Mount ains 
(Beetle 1960, McArthur et al . , in press) . Some au 
t hors (Cronquist 1974 , Winward 1975 , Wi nward and 
Tisdale 1977) s uggest the Rocky Mounta i n materia l may 
not be A. rothrockii but an undescribed variant of A. 
tridentata. The Rocky Mountain material is diploid, 
2n = 18 , whereas the Si erra Nevada mate r ial is poly
ploid , 2n = 36, 54, and 72 (War d 1953, McArthur and 
Plummer 1978) . Perhaps at some f uture date, critical 
studies will establish new taxa at the species level 
and below. However, for the pr esent , I belie ve (wi t h 
the possible exception of the Rocky Mountain A. 
rothrockii) that plants can be fitted i nto Beet l e ' s 
classification scheme (Beetle 1960, Beetle and Young 
1965). Further taxonomic spli t t i ng co ul d get out of 
hand since the experienced obse r ve r can often see 
Tridentatae population differences . We (Welch et al. 
1977, McArthur and Welch 1978) have not ed diffe r ences 
i n growth ra t e and protein conte n t at the population 
level of A. tridentata and its subspec i es . 

Limits of Tridentatae 

Beetle ' s (1960) treatment of the Tridentatae is 
a liberal one including as it does A. bigelovii , A. 
pygmaea, and A. rigida. . Artemi s ia bigelovii had been 
considered to be part of sectio n Abrotanum (o r su b
genus Artemisia) because its floral heads incl ude 0 
to 2 ray flowers in addition to dtsc flowers. Using 
chromatographic criteria, Holbo and Mozingo (1965) 
t hought A. bigelovii was best r etained in Abrotanwn, 
whereas Hanks et al . (1973) and Geissman and Irw i n 
(1974), al so using chromatographic cr iteria, gave 
evidence for including it in Tridentatae . Moss ' s 
(1940) studies, based on presence and abundance of 
interxylary co rk, support a position in Tridentatae 
for A. bigelovii . Artemisia pygmaea is another 
sp ecies that has been pla ced in and out of Tridentatae 
(Figure 1) . Although Beetle (1960) placed it in the 
section, he is inc l ined to excl ude it now (personal 
communication). Holbo and Mozingo (1965) and Ceissman 
and Irwin (1974) gave evidence for placing it outside 
the Tridentatae . Moss (1940) co nt r ari wise gave evi
dence for its inclusion. My own opin i on is t hat if 
A. pygmaea is not a bona fide Tridentatae , it is more 
closely allied to that section than to any other in 
t he genus. Before a definitive answer can be gi ven , 
more st udy is ne eded. Since Rydber g ' s time , Artemis1:a 
rigida. has been included in the Tridentatae (Hall and 
Clements 1923, Moss 1940, Ward 1953, Beetle 1960, 
Geissman and Irwin 1974), except by Holbo and Mozingo 
(1965) . Our chromosome studies (McArth ur and Plummer 
1978 and unpublished) supp ort its inclusion in 
Tridentatae . Beetle (in press and personal communi 
cation) recently suggested that A. fiZifoZia Torr . 
belongs in t he Tridentatae . This novel suggestion 
will take time to evaluate. However, Moss ' s (1940) 
work on interxylary cork doesn't support such a 
section transfer. 
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Beetle (1960) 
Beetle and Young (1965) 

A. arbuscula Nutt. ssp. arbuscula 

A. a r buscul a Nutt. ssp. 
thermopola Beetle 

A· argilosa Beetle 
A. cana Pursh ssp . cana 
A. cana Pursh ssp. bolanderi 

----rcray) Ward 
A. cana Pursh ssp. viscidula 

~sterhout) Beetle 
A. longiloba (Osterhout) Beetle 

A. nova Nelson 

A. rothrockii Gray 

A. tridentata Nutt. ssp. 
tridentata 

A. tridentata Nutt . ssp . 
- tridentata 
A. tridentata Nutt . ssp. 

tridentata f . .E_arishii 
(Gray) Beetle 

A. tridentata Nutt. ssp. 
vaseyana (Rydb.) Beetle 

A· tridentata Nutt. ssp. vaseyana 
(Rydb.) Beetle f. ~iciformis 
(Osterhout) Beetle 

A· tridentata Nutt. ssp. wyoming
ensis Beetle and Young 

A. tripartita Rydb. tripartita 

A. tripartita Rydb . ssp . 
rupicola Beetle 

A· pygmaea Gray 

A· rigida (Nutt.) Gray 

A. bigelovi~ Gray 

Figure 1.--Development of Sec ti on TridentataJ/ 

Ward (1953) 

A. arbuscula ssp. arbuscula 

A. cana ssp. cana 
A. cana ssp. bolanderi 

A. ca na ssp. cana 

A. sp eciformis var longiloba 
Osterhout 

A. arbuscula ssp. nova (Nelson) 
- Ward --
A. rot hrocki i 

A. tridentata ssp. tridentata 

A. tridentata ssp . tridentata 

A. tri dentata ssp. :e_arishii 
(Gray) H&C 

A. tridentata ssp. tridentata 

A. tri.E_artita 

A~~ 
A. rigida 

A. big_elovii 

Hall and Clements (1923) 

A. tridenta ta ssp. arbuscula 
(Nutt.) H&C. 

A. ca na 
A. ttidentata ssp. bolanderi 

(Gray) H&C 
A. cana 

A. trid ent ata ssp . nova (Nelson) 
H&C 

A. trid entata ssp. rothrockii 
- (Gray) H&C 
A. tridentata ssp. typica 

A. tridentata ssp. typica 

A. tridentata ssp. :e_arishii 

A. tridentata ssp . ro t hrockii 
- (Gray) H&C 
A. tridentata ssp. rothrockii 

(Gray) H&C 

A. tridentata ssp . trifidia 
(Nutt) H&C 

~-~ 
A. rigida 

A. bi_g_elovii 

Rydberg (1916) 

A. ar buscula 

A. ca na 
A. bolanderi Gray 

A. cana 

A. nova 

A. rothrockii 

A. tridentata 

A. an gusta Rydb. 

A. parishii Gray 

A. vaseyana Rydb. 

A. S.E_iciformis Osterhou t 

A. tri:e_artita 

TRIDENTATAE~_/ 
A. ~aea PYGMAEAE 

A. rigida RIGIDAE 

A. bi_g_elovii ABROTANUM 

l/ Rydberg (1916) and Beetle (1960) used section Triden~at.i_e,_ whereas Hall and Clements (1923) and Ward (1953) referred to North 
American member s of the section Scriphidium. 

~_/ Some of neetle ' s (1960) Tridentatae species were assigned to other sections by earlier workers. 



When Rydberg (1916) created section TPidentatae, 
he included it in SePiphidiwn , which he elevat ed from 
sectional to subgeneric rank. Since that time , the 
sagebrushes have been treated as TPidentatae or alter
natively, by those who preferred to follow Besser, as 
North American SePiphidia . We (McArthur and Plummer 
1978 ) pointed out several compel li ng reasons favoring 
TPi dentatae , i ncl uding present and evident past dis
tribut i onal patterns, karyotypes , and chemistry. 

Other APtemisias in the sagebrush ecosystems 

Seve r al nonsagebrush (=non-TPidentatae ) APtemisias 
occur within sagebrush ecosystems (McArthur et al., in 
pPess ). APtemisia fPigi da Willd. and A. Zudoviciana 
Nutt. of the subgenus APtemisia are quite common. A. 
Zudoviciana is an herbaceous perennial, whereas A. 
frigida has a woody base and is regarded as a low shrub 
or subshrub. These species differ from the TPidentatae 
in their floral morpho l ogy (Table 1) and stem anatomy 
(Moss 1940) . Another subgenus APtemisia species, A. 
califomica Less. , occurs on the southwest fringe of 
TPidentatae distribution . This shrubby species differs 
from the TPidentatae in the same floral and stem char
acteristics t hat A. fPigida and A. Zudoviciana do . 
APtemisia dPacunculus L. , A. filifolia, A. pedatifida 
Nutt . , and A. spinescens Eaton are members of subgenus 
DPacunculus that are common in places in the sagebrush 
ecosystems. The last three a r e shrubs, but A. dpacun
cuZ.us is herbaceous. All differ from the TPidentatae 
in floral characteristics. The wood anatomy is not 
consistent within this group (Moss 1940). APtemisia 

spinescens i s anomalo us because it is dec id uous and 
spring flowering . Nuttall (1841) or i gina ll y placed i t 
in the monotypic genus, PicPothamn~s. 

Classification Systems and Phylogeny of APtemisia 

Tribe Anthemideae of Compositae 

The Compositae are a natural pl ant grouping even 
though they are diverse and comprise the largest 
fami l y of flowering plants (Cronquist 1955 , Carlq uis t 
1966, Wageni tz 1976, Cronquist 1977) . Among the 
angiosperms, the Compositae were late arrivals . It 
was only in midtertia r y time that the family began to 
play a major role i n the earth ' s vegetation (Raven 
and Axelrod 1974, Wagenitz 1976) . Raven and Axelro d 
(1974) postulate an origin of the family in northe rn 
South America because the primitive gene r a li zed 
tribes Heliantheae and l.Jutisieae are concentrated 
there (Tab l e 3). Regardless of its place of or igin , 
the family quickly (geologically) radiated out. 
Wagenit z (1976) suggested that its principa l evolu
tion and diversification took pl ace i n xeri c env ir on
ments and in tropical mountains . In genera l, the 
family's mig r ations were achie ved with the conti nent s 
close to their present positions (Raven and Axelrod 
1974). The grea t Eurasian and North Afr ican landmass 
is the center of diversity for seve r al of the tribes, 
including Anthemideae (Table 3). This tribe is one 
of the more advanced parts of Compositae (Cronqu i st 
1955). Like l y , much of its developmen t occurred in 
Eurasia . 

Table 3 . -- Compositae tribes with centers of diversity .. !/ 

Humber of 
Tribe Genera Species Center of Diversity 

Anthemideae Cass. 50 1,000 Eurasia & North Africa 

Arctoteae Cass. 20 200 Eurasia 

Astereae Cass . 100 2,000 Cosmopolitan 

Calendulea e Cass. 10 160 Eurasia & North Africa 

Cardueae Cass. 50 1, 500 Eurasia & North Africa 

Cichorieae Dumort 75 1,000 Eurasia 

Eupatorieae Cass. 50 2,050 Tropic al N. & s. America 

Helenieae Benth. & Hook. 60 600 N. America 

Heliantheae Cass. 150 2,000 N. & s. America · 

Inuleae Cass . 300 2,000 N. & s. America 

Mutisieae Cass . 55 500 s . America 

Senecioneae Cass. 50 2,000 Cosomopolitan 

Veronieae Cass . 50 1,400 N. & s. America, Africa 

,; ________ _ 
l/ Data from Bailey Hortorium Staff 1976. 
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Tabl e 4. -- Distrib u tion of pr i ncipal Anthemideae genera.-

Genus 
Number 

ofSp&ies Distr ib ut io n 

Achillea L . 

Anacyclus L. 

Anthemis L . 

Artemisia L. 

Athanasia L. 

Chrysanthemum L . 

Cotula L . 

Eri ocephal us L. 

Matricaria L. 

Tan ac etu m L. 

Tri pleur osper mum Schultz-Rip . 

Ursina Gaertn. 

80 

20 

100 

200 

40 

150 

60 

30 

35 

50 

25 

40 

Eur asia 

Medi ter r anean area 

Medit erran ean area & Near East 

Mostly t emperate N. Hemisphere, 
a few S . America and S. Africa 

S. Africa 

Mostly Eurasia , a few in S. Africa 

S. Hemisphere , mostly New Zealand 

S. Africa 

Eura sia , S . Africa, Weste rn N. 
America 

Eurasia 

Europe , W. Asia 

S. Africa 

Data from Bailey Hor torium Staff 1976 

Genus Artemisia of the tribe Anthemideae 

Artemisia is a well - defi ned genus . Att empts to 
esta blish other genera by segregation have not been 
successful (Hall and Clements 1923 , Holmgren et aZ. 
1976) . It s closest re l ati ve s are th e large Old World 
genus Tanaoetwn and the smal l western Nor t h American 
gen us Sphaeromeria (Hal l and Clem en t s 1923, Holmgren 
et aZ . 1976) . Artemisia probably had its origin in 
Eurasia becau s e it is most diversified ther e (Hall 
and Clements 1923, Beetle 1960, Polyakov 196 1 , 
McArt hur and Plummer 1978). Many of its clo se rela
tives ar e fou nd th ere (Tab le 4) . The North American 
members of Artemisia , including the sagebrushes , ar e 
l ikely derivatives of subgenus Artemisia and subgenus 
DracuncuZus plants that bridged Berin gia from Asia to 
Nor th Amer ica . Some species, such as A. frigida and 
A. dracuncuZus naturally occur in both a r eas . Axelrod 
(1950, 1958, 1975 ) gave Artemisia l ittle promine nce i n 
geologically earlier North Ameri can f l oras . 

Section Tridentatae of t he genus Artemisia 

This gr oup of plants i s accepted as a natural as
semblage (Ward 1953, Beetle 1960) alghough i t s ex act 
limits re main in doubt (Figure 1, Holbo and Mozingo 
1965, Geissman and Irwin 1974, Beetle in pre ss). The 
Tridentatae are di stinguished by t heir woody habit, 
floral mor phology, stem anatomy , plant chemistry, and 
chromoso mal karyotype (Moss 1940 , Kelsey et aZ. 1973, 
Giess~an and Irwin 1974, McArthur and Plummer 1978). 
They li kely arose in situ from the more primitive 
subgenus Artemisia in North America when a vacillat-

ing c lim at e repeatedly gave th em opportunity to fill 
large new ni ches (McArthur and Plummer 1978) . Hall 
and Clemen t s (192 3) and Hanks et aZ. (1973) thou ght 
the Tridentatae derived from A. bigeZovii or A. 
bigeZovii- l ike st oc k . A. bigeZovii was incl uded in 
section Abrotanum (subgenus Artemisia by Rydberg 
(1916) , Hall and Clements (1923), an d War d (1953) 
since many flowe r heads in c lud e r ay as well as the 
usual disc flowers (Table 1) . However , eac h of these 
monographers was careful to poin t ou t A. bigeZovii 's 
c loseness to Tridentatae in leaf morphology and 
growt h habit . Other i nve s tigat ors have shoen simi
larities in phenoli d an d ter peno id chemis try (Hanks 
et aZ. 197 3, Gei ss man and Irwi n 1974) and stem ana t omy 
(Moss 1940). A. bigeZovii grows i n the southeastern 
quarter of sec tion Tridentatae 's pr ese nt distribution al 
ran ge (McArthur and Plummer 1978) . If it or an ea r ly 
ally were th e an cest ral s tock of Tridentatae , th en 
the s ection pr obably reached its present distributional 
limits fro m an ar i d southern sou r ce . Winward (1975) 
and Beetle (personal communication), on th e oth er hand, 
argue th a t the modern Tridentatae evolved from a mesic 
ancesto r, possibly from A. t r identata ssp . vaseyana . 
This t axon is more common at north ern lat itud es and 
higher ele vatio ns . 
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Abstract 

For the Section Tridentatae of Artemisia the southern 
A. bigelovii is rejected as either prllnit1ve or the pro 
genitor . Instead the mesophytic mountain species, A. 
rothrockii, A. cana subsp. viscidula, and A. tridentata subsp. 
vase¥ana are - thought to be more nearly representative of the 
original matrix. Other species and subspecies are edaphic 
adaptations to increasing drought. 

Cl assification is the first step in the aute
cological studies of sagebrush and the most impor
tant. If we cannot agree on the correct identifica
tion of populations we have no basis for answering 
questions about origin, dominance, invasion, and 
management. 

Range Manager's Field Notes 

From the range manager's point of view, the 
proper identification of sagebrush is both deman
ding and rewarding. Field studies show that most 
stands are relatively uniform in respect to: 

a) production of sesquiterpene lactones, or other 
chemicals (Hanks et al., 1973); 

b) growth form, including abi lity to layer (Ward, 
1953); 

c) color, often a func tion of pubesc ence (Beetle , 
1960); 

d) phenology (McArthur et al., 1978) ; 

e) edaphict'relationships (Thatch er 1959, 
Robertson et al . 1966, Zainora 1968); 

f) insect depredation (Fronk et al. 1964, Gates 
1964); - -

g) pal atability (Sheehy, 1975). 

Consistency of stand is characteristic of all 
the r ecognized species and subspecies . For 80 to 
90 percent of th eir areas identi fying characteristics 
are so consistent as ·1to require some sort of taxo
nomic designation be given . TI1e present field 
class ifi cation used by range managers and based on 

1Published with approval of the dire cto r , Wyoming 
Agricultural Experiment Station as Scientific 
Report No. 882. 
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these prevalent stands, is not influenced by the 
presence, in limited areas, of integration or of 
hybri ds (Beetle 1960, Passey and Hugie 1962, 
Holbo and Mozingo 1965, Brunner 1972, Morris 
et al. 1976, Winward and Tisdale 1977). 

Herbarium classifications are based on the 
sampl es deposited therein which may be more repre
sentative of oddities or hybrids than they are of 
populations. 

Admittedly, if a species defi nition is based 
on finding integration (no matter how incidental) 
or of findi ng gene int erchange, or of fi nding 
hybrids (no matter how little they influence the 
composition of the total population) then the 
taxonomic designations are going to be dif ferent 
than those based on field studies emphasizing pre
dominant characteristics only (Beetle 1971). 

Paleobotanical Origin 

Sectional treatments of Artemisia have been 
based on the relative functionality of th e ray and 
disk flowers. Apparently , under the influence of 
Bessey (1897) all the plants with the most compl ete 
(i.e . the most functional flowers, both ray and 
disk) were considered primitive without regard to 
growth form. Not only Hall and Clements (1923) , 
but also Ward (1953) consid er ed A. bi~elovii as 
primitive. Beetle (1960) suggested ta t one of the 
progenitors of Artemisia arrived from the Old World. 
in the Cretaceous. The re asoning was that the 
greater presence and divers i ty of woody species in 
the Old World suggested this as a place of origin, 
and the segregation of both species and subspecies 
seemed to suggest a long time period. 

Artemisia is a genus of the Compositae . This 



johnny-come-lately family is now well represented in 
th e fossil record. According to Raven and Axelrod 
(1974) "No fossil pollen of the vast family 
Asteraceae is known prior to the uppermost 
Oligocene, despite extensive search, and pre-Miocene 
recor ds are exceedingly few. ****No Asteraceae have 
what appears to be a di stribution achieved by direct 
migration between Australia and southern South 
America, suggesting with other evidence no more than 
a mid-Oligocene age for th e family. The migration of 
Asteraceae, consisting of many very readily dispersed 
genera , must therefore be seen in the light of 
present geography. Primitive Heliantheae and 
Mutisieae, the most generalized tribes, are concen
tr ated in northern South America, which may be a 
likely place of origin for the family. Considering 
that the family is in the Lower Miocene in New 
Zealand , northen1 South America, Nigeria, an.cl eastern 
Asia, and rapidly increases in abw1clance in all areas, 
and that the tribe Cichorieae appears in the Upper 
Miocene in nearly all areas that have been sampled, 
dispersal must have been extremely rapid. Asteraceae 
have rapidly produced many genera and species in 
response to the worldwide expansion of semiarid and 
subhumid habitats in Neogene time and subsequently". 

Raven and Axelrod (1974) have suggested that the 
origin of family Compositae was mid-Oligocene and 
very possibly in the New World. In the light of this 
evidence, the time schedule for origin and dispersal 
of species of the Section Tridentatae must be re
vised and some representatives of the genus Artemisia 
must spread from the New World to the Old World. 
Here is an obvious state-of-the-art conf usion. 

On the other hand, the "response to the world
wide expansion of semiari d and submumid habitats in 
Neogene time and subsequently", which Raven and 
Axelrod describe for the family very well, could also 
be equally descriptive of the Section Triclentatae of 
Artemisia. 

The present thought is that during plural 
periods in the past a mesic form of sagebrush, one 
that layered rather easily, and one that had a ten
dency to woody stems, achieved widespread distribu 
tion throughout t he West without regard to the con
tinental divide as a barrier. 

Whether this prototype l ed to the der iv ation of 
some of the more isolated and unique shrubby species 
such as A. filifolia, A. pygmaea and A. palmeri re
mains to-be determined-but seems to be a distmct 
possibility. However, a single progenitor does not 
seem to have been responsible for both the Section 
Tridentatae and all the other alpine dwarfs, plains 
biennials, and forest margin herbaceous perennials. 

Distribution 

The Section Tride nt atae of Artemisia is without 
question a group characteristic of the Great Basin. 
The most primitive species, A. rothrockii, and its 
most ~nmecliate derivatives, A. cana subsp. viscidula 
and A. trid entata subspecies-vaseyana occupy the 
mesic mountarn habitats scattered throughout and 
surrounding the Great Basin, and would seem to owe 
their fragmented range to the development of the 
Great Basin . 

Increasing ar idi ty associated with Great Basin 
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ongm then led to the evolution of five types 
which occupy var i ed edaphic situations within the 
Basin proper: 

1) A. nova - shallow soils 

2) A. longiloba - tight soils 

3) A. rigida - scab lands 

4) A. triclentata subsp. tridentata - recent 
alluvium of some depth 

5) A. arbuscula subsp. arbuscula - glacial tills 

Furthermore, the develo pment of t he continen
tal divide seems to have led through geographic 
isolation to the separation of 1) Artemisia cana 
subsp. cana from A. cana subsp. bolanderi, 2)7C 
tr ipartTiasubsp.-tr"Ipartita from~ - tr1partita 
subsp. rupicola. 

Di sclimax Invasion or fcljphic Climax 

Vale (1975) has summarized the written record 
about the so-called "pr esettlement vegetation" i n 
the sagebrush -grass areas of the Intermountain West. 
He concluded "the major area of the Intermounta i n 
West was covere d , not by grass , but by thick stands 
of brush, when the first Europeans began probing 
those unknown regions" . He further reaches from his 
Department of Geography position at the Univers i ty 
of Wisconsin the same conclusions that many range 
managers have reached from more •ediate observa
tio ns . To quote again from Vale (1975) "The 
original condition of the range has implications fo r 
management. As brus h was abundant in times prior to 
livestock grazing, it s dominance of the vegeta tion 
today cannot always be considered evidence of over
grazing. Moreover, attempts to eradicate brush and 
encourage pure stands of grass cannot be j ustif i ed 
in terms of reestablishing the ' natura l ' plant 
cover. Grazing has caused an increase in the den
sity of brush in many areas, but woody shrubs were 
an important, per haps a dominant, component of the 
pr i stine ranges of the semiarid west". 

Sagebrush species and subspecies behave on th e 
range as increasers. As such they occur as shrub 
dominants, or sometimes in savanna situations , as 
co-dominants and exhibit such a remarkable sensi
tivity to the substrate that they represent in all 
cases a community which is an edaphic climax. 

Conclusions 

What is the state of the art regardi ng the 
autecology of the Tridentatae of Artemisia? 

1) Data from various unrelated research problems 
such as habitat, chemistry, insec t vulnerabili
ty, and the like, are strengthening rather 
t han weakening the present taxonomic dispo
sitions within the Section . 

2) The proper limits of the Section with in the 
overall framework of Artemisia are not yet 
clearly established -- e.g . the inc l usion or 
exclusion of Artemisia filifolia, ~ - pygmaea, 
A. palmeri, and others. 



3) A time schedule of evolutionary origin coor
di nat ed with the fossil evidence and geologic 
history is very i l l usive. 

4) Mesophytic and layering mountain forms of sage
brush are the most primitive (see Table 1). 
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ARTEMISIA # TRIDENTATAE 

-------- A. tripartit e 
subsp tripa r tite 

A. longi loba 

\ 
A. argillosa 

~ 
A. cana subsp. viscidula ~ 
A. rothrockii 

A. trid e ntata subsp. vaseya na 

A. n ova 

A. arb usc ula 
su bsp. arbuscu la 
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A . rigida 

A.tr ipar tite subsp. rupicola 

A. cana sub s p . bolanderi 

A. ca na s ubsp . cana 

A. tridentata subsp . 
trid en tata 

A . tridentata subsp. 
wyom in ge nsi s 

A. arbu sc ula subsp. 
thermopola 

A. bigelovii 
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INTRODUCTION 

.... The Columbia River sagebrush region includes more than 
31.8 million hectares (78 million ac) in Idaho, Oregon and 
Washington (Beetle 1960). Beetle's estimate appea rs high as the 
earlier estima te (USDA/ FS 1936) for the entire sagebrush region 
was 39 million hecta res (96.5 million ac). More recent estimat es 
indica te that Idaho and Washington have less than 15 million 
hectares (Tisdale et al. 1969, Daubenmir e 1970), and Oregon's sage
brush area is 25 percent less than Idah o's (Beetle 1960). More recent 
estimates indicate that the total area for the Columbia River 
sagebrush region is about 20 to 22.5 million hectares (50 to 55 
million ac). This is nearly 30 percent of the area of the entire sage
brush region in the 11 western sta tes (Beetle 1960). 

PHYSICAL FACTORS 

The environment in which sagebrush species grow varies trem en
dously from one end of the region to the other. The elevational 
range for the region is from less than 250 m (800 ft) along the 
Columbia River in Washington (Daubenmire 1970) to more than 
3300 m (10,000 ft) in Idaho (Schlattere r 1972). Most precipitation 
com~s- du_ring the winter, in the form of snow and freezing rain. 
Prcc1p1tat 1on as low as 150 mm supports woody Art emisia in 
Washington (Dauben mire 1970), but in Idaho the lower limit is 
near 200 mm (Tisdale et al. 1969). The upper precipitation limit 
is _about 550 mm before sagebrush gives way to forest. The pattern 
shift s toward a more continental trend as one travels from west to 
east. Increase in frequency of summer precipita tion is especially 
noticeable in eastern Idaho. 

Soils are of d iverse nature as indicated by the wide variety of 
parent material s involved. Except for the channeled scablands 
the Columbia Basin of Washington and the Snake River Plains of 
Idaho are underlain by the Columbia River Basalt fo rmation and 
covered b_Y moderate to deep deposits of loess (Tisdale et al. 1969, 
Daubenn.;re 1970). The scabland s, a vast area in the Columbia 
Basin,_ was stripped of its loess mantle by a massive glacial flood, 
exposing the once-covered basalt flows (Frankl in and Dryness 
1969, Daubenmire 1970, USDI/GS-1973). The terr ain of the 
Columbia Basin and the Snake River Plains is rolling to hilly. 

University of Idaho Forest , Wildlife and Range Experiment Station Contr ibution 
No. 124. 
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. In the. high plains of Oregon, the parent material is hiih ly 
diverse and includes alluvial and lacustrine deposits as well as basalt 
andesite, and tuff, all of fairly recent or igin (Ecker t 1957, Frankli~ 
and Dryness 1969) . The Owyhee uplands extend into southwestern 
Idaho and contain much rhyolite and basalt. Except for the moun
tain mass of granite along its northe astern perimet er, the Owyhee 
plateau is predomi nately of silicic volcanics of welded tuff and 
rhyolites, with mixtures of basalt flows that are older than those 
that underlie the Snake River Plains (Tisdale et al. 1969). 

To the nor th of the Snake River Plains is the massive Idaho 
batho lith formation, a granitic intrusion that develops well-drained, 
highly erosive, coarse textured soils. Monzonite is a common rock 
type in the batholit h. To the east of the batholith and extending 
southward into Utah, the mounta in ranges are primarily of sedi
mentary origin, particularly limestone. The physiography is typi cally 
basin and range with the mountain alignment being north-south 
on b_oth ~ides. of the Snake River Plains. The narrow valley floors 
consis t primarily of huge overlapping alluvial fans that extend deep ly 
to the cen ter of the valley from both sides. Precip itation in these 
high dry valleys is often below 150 mm due to the rain shadow 
effec t. 

WOODY SAGEBRUSH SPECIES 

This extensive and varied region support s a numb er of woody 
Artemisia species. Twelve species and subspecies occupy 99 percent 
of the Columbia River sagebrush region (Beetle 1960, Beetle and 
Young 1965, Winward 1970, Winward and Tisdale 1977) of which 
only five occur in appreciable amounts in all three states. The spec ies 
and subspeci es common to Idaho, Oregon and Washington are: 
A. tridentatn, .4. vaseyana, A. wyomingensis , A. rigida, and A. 
arbuscu/a. Those that are restricted to individua l states are: 11. 
spiciformis in Idaho; A. cana subsp. bolanderi in Oregon; none is 
restricted to Washington. Artemisia tripartita is lacking in Oregon 
but occurs in both Idaho and Washington. Artemisia longiloba, 
A. nova, A. 'xericensis' (Type 'X' in Winward and Tisdale 1977), 
and A. cana subsp. viscidu/a occur in Idaho and Orego n. 

A. tridentata Complex 

Prior to Beetle's ( I 960) work, the species A . tridentata in
cluded nearly all sagebrush species that had a statu re of 50 cm or 
greater. The distributional range of this species was extr emely broad, 
growing 111 areas where the precipitation was as low as 150 mm at 
250 m in elevation to suba lpine condition with precipit at ion in 
excess of 550 mm and elevat ions as high as 3500 m. The recognit ion 
and 1dent1f1cat1on of two subspecies (Beetle 1960) and later of a 



third in the A. tridentata complex (Beetle and Young 1965), helped 
tr emendous ly in understanding the distribution of major sageb ru sh 
communities in relation to env ironment. 

Ex ce pt for Winward and Tisdale 's (1977) distributional map of 
A. wyomingensis and A. tridentata in Idaho , there is litt le informa
tion concern ing the ext ent of these subspecies. Ther e is some 
d ifficulty in field identi fication because of interbreeding and the 
broad continuous variation in morphologi cal and physiolog ical 
properties incl uding palatability, shrub height and form, leaf shape 
a nd size and response to distu rbance (Hanks et al. 1971, Brunner 
1972, Winward and Tisda le 1977). 

SAGEBRUSH DISTRIBUTION 

In the Pacif ic Northwest region , we find that some sagebrush 
species tend to occur in vegeta t ion un its that are confined to the 
northern or southern ha lf of the region, and others occur in restrict
ed sectors. For example, A. wyomingensis occurs extensively in 
southern Idaho and adjacent southeast Oregon, but not in the 
Columb ia Basin to the north. Interestingly, th is subspec ies is lacking 
in the north ern Great Basin and recurs in the southern half of Utah 
and Nevada where the climate is warmer and drier (McA rthur a nd 
Pope 1975 , West et al. 1975) . 

Artemisia tripartita has an interesting distribution pa tt ern. It is 
confined prima rily to eastern Idaho, we stern Wyomin g, Mon tana and 
Washington (Beetle 1960). It does not extend south into Utah and 
Nevada nor west into Oregon. 

Artem isia rigida has basically a northern distribution, being 
replaced by A. arbuscula in the south on similar soi ls. Artemisia 
rigida, a deciduous dwarf species, is well adapted to the scabland soils 
in Was hington (Da ubenmire 1970) and is the only woody Artemisia 
that occurs in the Palouse grasslands. 

Artemisia nova is near its north ern limit as a vegetation type in 
eastern Idaho and is restricted to limestone derived soils. This species 
is absent in sou t hw este rn Idaho, probably because limestone is 
lacking, whereas its absence in Washington is probab ly due to lack of 
lim estone der ived so ils and/or short day-lengths in the winter. 

Artemisia arbuscula occurs in all three states. I ts dwarfed 
statu re is in marked cont rast to the height of A. tridentata or A. 
vaseyana. This species is fou nd in the higher precipitation areas, 
often forming extens ive stands where soil is shal low to bedrock. 
In ear lier range inven tories, this species was often mistaken for 
the more palatable A. nova. 

SA GE BRUSH-SOILS RELATIONS 

The major communities of th e Columbia River sagebrus h type 
hav e been ident if ie d and described by a numb er of ecolog ist s. Their 
efforts have been pr esented in publications, unpublished t hes es and 
reports (Ande rson 1956, Eck ert 1957, Culver 1964, Fosberg and 
Hironaka 1964, Hug ie et al. 1964 , Fr ank lin and Dryness 1969, 
Tisdale et al. 1969, Daub e nmire 1970, Winward 1970, Dealy 1975 , 
Hauxwell 1977, Hironaka 1977). Numerous stud ies dealing with 
the auteco log ical and th e mana gemen t aspect of sageb rush vege ta
tion also include sy neco logica l information , bu t are not inc luded 
in th is paper . 

The classif ication of the sagebrush vegetation based on the 
habitat typ e concept permits discussion of th is varied vegetatio n 
from a polyclimax approach because a climatic cli max or zonal 
approac h is not readily applicable. Edap hi c cons iderations are quite 
important in the distribution of ha bitat types in the sagebrush 
reg ion. 

A nice order ly sequence of sagebrush habitat types base d on a 
moisture/temperature gradient doc~ not exist. Although there is 
a general tendency, there arc many exceptions. T he distribution 
o f habitats in this region is co ntrol led by cdaph ic factors as muc h 
as it is by climat e. Furthermore , c han ges in the understor y do not 
necessa rily coi ncide with ove rstory change . Nor does the understory 
composition always ab rupt ly change with a change in sagebrush 
cover. 

The general d istribution of sageb rush in the Pac if ic Northwest 
is re lated to soi l moisture, temp erature, de p th and parent mate rial. 
The overal l tendency is for A. tridentata to occupy the deep soi ls, 
generally with minima l deve lopment in the low to moderat e precipi
tation zone, whereas it gives way to A. wyomingensis in so ils of 
mod era te depth in the low to moderate pre ci p itation zone at the 
lower elevat ions. As mo isture co nd itions improve and temperatures 
moderate, A. vaseyana dominates and gives way to A. spiciformis 
on deep soils at h igh elevations. The re lationship of A. 'xericensis' 
is that it dominates in areas of moderate to high precipitation but of 
low elevations where temperatu res arc h igh. As the elevation in
creases, A. 'xericensis' yields to A. vaseyana. The ex tent of A . 
'xericensis' in Oregon has not been repor ted . This spec ies does not 
occur in Washington . 

The eco log ical status of A. tripartita remains a puzzle . Its 
position along the moisture grad ient overlaps with the uppe r portion 
of A. wyomingensis and the lower portion of A. vaseyana. It occurs 
in eastern Washi ngton and eastern Idaho and appears not to be 
associa ted w ith any particular kinds of soil (Hauxwe ll 1977) . 

On shallow soils, dwarf sagebrush spec ies rep lace the ta ll spec ies 
of Artemisia. The dwarf species are typically less than 30 cm in 
height. Among the dwarf sagebrush species, A. nova occup ies the 
lowermost posit ion along the mo isture gradient and is restricted to 
calcareous or limestone derived soils in the drier areas. It grows in 
areas where the precipitation is as low as 200 mm, but may also 
occur in areas where the precipitat ion is as high as 300 m m and 
where soils a re derived from limestone. In dri er situat ions salt desert 
shrub vegetation replaces the A. nova commun iti es . 

Wher e A. arbuscula is in the same loca lity as A . nova, the 
' former consistently occurs in a coo ler and higher moistu re situat ion 
than the latter , even though the differe nce in moistur e may be on ly 
a few centimeters . Artemisia arbuscula is found in shallow soi ls in 
eastern Idaho where the precip itation is less tha n 250 mm . 
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While the association between A. nova and limestone derived 
soils is extremely strong in Idaho, A. arbuscula is not so restr icted. 
In the Owyhee uplands, the high lava plains of Oregon and ttfe 
western edge of the Columb ia Basin (Bee t le 1960), A. arbu'( ula 
occurs on shallow no n-calcar eo us soils in areas where precip itation 
rang es from 300-500 mm . T he so ils that sup po rt this Artemisia 
species under these cond itions a re sha llow , strongly-deve loped, 
claypan soils. These soi ls are supersaturated du ring the spri ng snow 
melt period and the plants are under considerable moisture stress 
dur ing the summer (Eckert 1957, Fosberg and Hironaka 1964). 
The bimodal response of A. arbuscula to two ext remely differe nt 
habitat cond itions is not und e rstood. It is poss ib le that we are 
dealing with two d ifferent subspec ies or ec otypes. 

Artemisia longiloba occurs in habitats simil ar to those wh ich 
support A. arbuscula. Both occur on shal low soi ls that have strong 
claypan development. At times the two species are found in the 
same stand. 

The distribution of A . rigida overlaps with A. arbuscula, but 
the former predominates in Wash ington and northeastern Or ego n. 
T he hab itat s are somewhat simila r , but A. rigida occupies soils that 
are genera lly more shallow and rocky . It appears that A. arbuscula 
requires grea ter soi l dep th . Prec ipitation in th e a rea is quite high, 



generally in excess of 350 _ mm. _Artemisia r~gida's deciduous 
charac teristic appears to provide this species with an ecological 
advantage over A. arbuscu/a in the higher lat itud es. 

INVASION BY SAGEBRUSH 

There is no evidence that an extensive grassland steppe was 
present in sout hern Idaho and adjacent Oregon and that invasion 
by sagebrush became widespread since the adven t of livestock 
grazing, as suggested by Stoddart et al. (1975). Evidence of a palouse 

, grassland in the sagebrush steppe such as that reported by Stoddart 
(194 1) has not been verified in southe rn Idaho . The numerous 
species and subspecies of Artemisia that occur in relatively mo no
specific stands indicate that they are well adapted to the habitats 
they presen tly occupy - strong evidence that adapta t ion was esta
blished well befo re the advent of livestock grazing in the west. 

VEGETATION CLASS/FICA T/ON 

The habitat type approach is one of many ways to classify 
vegetation (Shimwel l 1971, Mueller-Dombois and Ellenberg 1974) . 
The habitat type (ht ) is define d as the aggregate area that supp ort s, 
or unt il recent time supported, and presumab ly is capab le of 
support ing again, the same c limax vegetation. The description and 
nomenc lature in naming the habitat type are generally based on the 
dominants in the climax vegetat ion (Daube nmire 1968 ). 

One should be aware that a climax community includes con
siderable variability. The species composit ion of the climax do mi
nants is basically similar from area to area, but there is considerable 
variation as to amount and importance of the individual species. 
Considerable var iability in produc tivity may be encounte red because 
of soil diffe rences from one geographic area to anot her, while the 
vegetation retains the same basic climax characte rist ics. Different 
soils are capable of sup porting the same climax vegetation because 
of factor compe nsation (Daubenmire 1968 ). 

Difference in productivity is sufficient ground to recognize 
separate range sites (and ecological sites) even thoug h species com
position may be similar (USDA/SCS 1975). With the hab ita t type 
approach, differences in productivity often relegate such com
munit ies to phase sta tus and are identified by the occur rence of a 
selected lesser species of high fidelity (Pfister ct al. 1977) . There has 
been no uniform usage of the phase level in habitat type classif ica
tion, however. 

SAGEBRUSH HABITAT TYPES 

A list of the major habitat types that occur in the Columbia 
River sagebrush region is presented in Table I. One should be re
minded that studie s of sagebrush vegetation conduc ted prior to 
1960 (Ward 1953) did not recognize subspecies in the A. tridentata 
complex. Subspecies A. vaseyana was distinguished in 1960 (Beetle 
1960), and it was not until the mid-1960s that subsp. A. 
wyomingensis was distinguished from subsp. A. tridentata (Beetle 
and Young 1965). 

Some of the same habitat types found in the Pacific Northwest 
may be found in Montana , Wyoming, Nevada and British Columbia, 
Canada (Marchand 1964, Zamora and Tueller 1973, Mueggler and 
Handl 1974, Brodahl 1977). Apparently identi cal habitat types 
which occur in widely separated areas may be only superficially 
alike. This similiarity may reflect the dominant and co-dominant 
species, which arc used in naming the habit at typ e. Many of the 
lesser species do nor have widespread distribu tion and arc of lesser 
importance than the dominants in the classification. The basic 
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assumpt ion, which does not always hold true, is th at domi nant 
spec ies have greate r influence in the comm unit y than the lesser 
species, and that their influence is similar wherever they have a 
dominan t role. 

Table 1. List of sagebrush-grass habitat types repo rted for Idaho, 
Oregon and Washington . The nomenclatur e recognizes, fo r the most 
part, import ant members of the oversto ry and understor y species 
of the climax comm unit y. There is no significance to the order of 
presentation. 

Dwarf Sagebrush Group 

1. A. arbuscula/Agropyron spicatum ( I, 0 , W) 
2. A. arbuscula/Festuca idahoensis (I, 0, W) 
3. A. arbuscula/Poa sandbergii ( I) 
4. A. longiloba/Fes tuca idahoensis ( I, O) 
5. A. nova/Agropyron spicatum ( I) 
6. A. nova/Festuca idahoensis ( I) 
7. A. rigida/Poa sandbergii ( I, 0, W) 
8. A. thermopola/Festuca idahoensis ( I) 

Big Sagebrush Group 

1. A. spiciformis/Bromus carinatus (I} 
2. A. spiciformis/Carex geyeri ( I) 
3. A. spiciformis/Festuca idahoensis ( I ) 
4. A. tridentata/Agropyron spicatum (I, 0, W) 
5. Stipa thurberiana phase (O) 
6. Festuca idahoensis phase (0 ) 
7. A. tridentata/Elymus cinereus ( I, 0, W) 
8. A. tridentata/Fest uca idahoensis ( I, 0 , W) 
9. A. tridentata/Poa sandbergii (O, W) 

10. A. tridentata/Stipacomata (I, W) 
11. A. tripartita/Agropyron spicatum ( I, W) 
12. A. tripartita/Fes tuca idahoensis ( I, W) 
13. A. tripartita/Stipa comata (I, W) 
14. A. 'xe ricensis'/Agropyron spicatum (I} 
15. A. 'xericensis'/Festuca idahoensis (I) 
16. A. vaseyana/Agropyron spicatum (I, O)* 
17. A. vaseyana/Festuca idahoensis (I, 0) 
18. A. vaseyana/Stipa comata (I) 
19. A. vaseyana/Symphoricarpos oreophilus/A. spicatum (I} 
20 . A. vaseyana/Symphoricarpos oreophilus/Festuca idahoensis ( I ) 
21 . A. vaseyana/Symphoricarpos oreophilus/Carex geyer i ( I ) 
22. A. viscidula/Festuca idahoensis (I) 
23. A. wyomingensis/Agropyron spicatum (I, O)* 
24. A. wyomingensis/Poa sandbergii ( I) 
25. A. wyomingensis/Sitanion hystrix (I) 
26. A. wyomingensis/Stipa thurberiana (I ) 

* Probably in Washington, also. 

The distribution of the major unders tory species is genera lly 
independent of the sagebrush species, but at times there is coinci
dence. The major perennial grass and grass-like species include: 
Poa sandbergii, Stipa thurberiana, Agropy ron spicatum, Festuca 
idahoensis, Stipa comata, Bromus carinatus and Carex geyeri. 

Poa sandbe,gii occurs in most of the hab itat types. It is the 
dominant understory species in the A. tridentata/Poa sandbergii 
ht (Daubenmire 1970, Frank lin and Dryness 1974) in the dry, 
hot portion of the Columbia Basin and in the A. wyomingensis/ 
Poa sandbe,gii ht in Idaho (Hironaka 1977) . The primary under
story member under A. rigida is Paa sandbergii (Hall 1967, Culver 
1964, Daubenmire 1970, Hironaka 1977). 



Stipa thurberiana is the dominant undcrstory species in t he 
A. wyomingensis/Stipa thurberiana ht (Tisdale cl ,1I. 1969, Hironaka 
1977). The habitat type is unique to the Snake River Plains of 
Idaho and contains no Agropyron spicatum. Thi s Stipa ~pecies occurs 
in the A. tridentata/Ag ropyron spica tum ht Stipa thurberiana phase 
(Eckert 1957} and is occasionally found with A. longiloba and 
Festuca idahoensis {Hugie et al. 1964, Zamora and ruellcr 1973}. 

The most widespread of the understory grasses is Agropyron 
spicatum. It occurs as a dominant unclersto ry species with all sage
brush species except A. rigida, A. cana subsp. viscidu/a and A. 
spiciformis. This species probably includes much ecotypi c variation 
without morphological expression for taxonomic separation. 
Presently this species is dominant with the fo llowing shrub series: 
A. wyomingensis, A. tridentata, A. tripartita, A. vaseyana, 11. 
arbuscula, A. nova and A. vaseyana/Symphoricarpos oreophi/us. In 
areas where Festuca idahoensis is in the same locali ty, Agropyron 
spicatum occupies the warmer and drier habitats. The A. vaseyana/ 
Symphoricarpos oreophilus/Agropyron spicatum habit at type is 
unique in that it is located at high elevations extending upward to 
2500 111 (8000 ft} on granitic soils with Symphoricarpos or other 
mountain shrub species, such as Ribes cereum, Prunus virginiana 
or even Amelanchier alnifolia and lacks Festuca idahoensis. This 
habitat type is confined to the southerly slopes. At higher eleva
tions the Agropyron is replaced by Carex geyeri. 

Festuca idahoen sis is restric ted to the cooler mesic areas. It 
is commonly found as an important member, if not the dominant, 
under A. tridentata, 11. spiciformis, 11. tripartita, A. vaseyana, A. 
arbuscula, A. longiloba. It occurs wit h neither 11. wyomingensis 
nor A. rigida. It has been found in restricted situat ions with A. 
'xericensis' and A. nova. Festuca tdahoensis docs not appear to 
thrive on granitic or limestone soils unless compensated with addi
tional moisture. At low elevation, warm temperature s restrict its 
distribution . 

Stipa comata is restricted to sandy (Pearson 1965, Winward 
1970} or excessively drained soils. It occurs with all of the big 
sagebrushes except A. spiciformis. It grows with A. nova but 
generall y not with A. arbuscula or the other dwarf sagebrushes. 

Bromus carinatu s is often found in but not restri cted to A. 
spiciformis communities. I t docs not play an important role in the 
A. vaseyana series. 

At present the status of Stipa columbiana and Stipa letter
mani is unclear. There is evidence that these species may be products 
of past disturbance and are seral in nature rather t han dominant 
members of climax vegetation in the Columbia River sagebrush 
region. 

FUTURE NEEDS OF SYNECOLOG/CAL RESEARCH 

The classification of this vast region by habitat type is but an 
initial step in the better understanding of these lands. The habitat 
type s give an idea of the vegctati onal potential of each area. What 
is needed after the habitat types dl"e determined is a unified accept
able method of classifying the current commun itie s within each 
habitat type. Alone, the habit at type classificati on is not very useful. 
Neither would the classification of scral communities be meaningful 
unless placed within the framework of the habitat type. Combined 
inform ation for each habitat type and the attendant seral commun i
ties would permit one to int erpre t where a particular veget.ition is 
in relation to its potential. It would also suggest the probable secon
dary successional pathway of the current vegetation . Since all the 
seral communities in a habitat type are related to a single climax 
vegetation, the seral communities are also related to one another. 

This helps to determ ine not only the feasibili ty of changing a 
particu lar seral commun ity to another commun it y by management 
or manipulation, but also whether such a change is reali stically 
auaina blc. 

In conjunction with mapping of habitat types and their 
att endant seral communities, classification and mapping of soils 
should also be comp leted. The management of rangelands is no t 
based on vegetation alone nor on soils alone; the two need to be 
considered together - as an ecosystem. The information gained 
from soils would help greatly in subd ividing the habitat types into -
areas of simila r productivity. 

The development of a seral vegetation classifi cat ion scheme 
within habitat types would provide a sound base for an information 
storage and retrieval system that is not presently avai lable. Land 
managers have been unable to capita lize on the experiences of their 
predecessors. Lacking an acceptable classification scheme for seral 
communities and their respective potentia l vegetation, there was no 
way for them to document their experiences with respect to various 
kinds of vegetati on. This I believe should be given serious conside ra
tion if we hope to be progressive in our approach to better land 
rnanagemen t. 
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Introduction 

Previous chapters in this vol ume have dealt with 
th e ev olution, t axonomy and autecology of woody 
Ar temi sia in western North America . A mc:jor purpose 
of th j_s chapter is to describe the role that sage
brush play in plant communities of the Great _ Basin 
and Colorado Plateau . Vegetation where sagebrush 
is a key ele ment will be related to environmental 
gradients . Successional dynamics will be considered. 
Finally, the knowledge of variations in pl ant 
community distribution, composition , envir onmental 
controls and suc cessional st atus and change will all 
be related to management needs for these ecosystems. 

Sagebrushes of the Great Basin and Colorado Pl ateau 

Sagebrushes a re a morphologically complex group 
and have thus been classified differently hy various 
taxonomists. Because different appro aches and thus 
names hav e been used at va ri ous times, one has to be 
cognizant of the taxol\omic permutations used (synonomy) 
and attempt to translate them to their moder ,· 
equivalents in order to syn the size information, as is 
the ai m of this paper . I sh are the taxonomic views 
of Hanks et al. (1973) at the sec ti on level and the 
sub-specific designations for A . tridentata used by 
Winward and Tisdale ( 1977) . These less inclusive 
•.axonomic designations are more useful to the 
ecologist and wildland manager than the older labels 
that includ ed greater morphological and ecological 
variation . This is so because more indicator 
significance can be r ead using the more recently 
derived t axonomic designations, particularly if 
chromatographically-assisted identifications a re 
made (West et al . 1978). 

The maj or Artemisia taxa present in the Great 
Basin and Colorado Plateau (using Hunt ' s (1974) 
definition of th ese areas) are listed in Table 1. 
The listin gs also nttempt to r ank these taxa in 
order of abun dan ce . There are no b asic di ffere nces 
in the major sagebrushes between the two r egions. 
It is only with the le ss important sagebrushes and 
other tax a that differences eme rge. Only the 
Colorado Plateau has A. bigelovii, but lacks the 
A . arbuscula and A . longiloba prevalent in the 
Great Basi.n. 

33 

The distribution of sagebrush-dominated 
vegetation is given in Figure 1. The area was 
planimetered an d the re sultant abso lute a reas and 
percentages of the Great Basin and Colorado Plateau 
physiograph ic provin ces covered by Art e misia
dominated vegetation indicated in Table 2. Even 
though the abso lut e and relative areas , especially 
in the Great Basin, a re huge, the estimates may be 
cons idered conservative. The map of Branson et al. 
(1967) doesn ' t include those portions of the salt 
desert shrub, juniper-pinyon woodland, montane and 
subalpine zones wher e sagebrush may also occupy 
considerable ac reages. 

As the map shows, sagebrushes occupy areas 
over a wide array of latitudes and longitudes. 
The altitudinal variation is also co nsiderable. 
Figure 2 attempts to show the usual elevational 
and soil moisture separations of the major taxa 
in the center of th e two physiographic provinces 
under con sid era tion here. Since altitude correlates 
strongly with temperat ure and moisture, this diagrqm 
in di cates some of the relative indicator value these 
species have for climatic favorableness . 

The lower elevations a r e colder in winter 
because of the common occurrence of temperature 
inversions . The lower , valley bottoms a re also 
hottest in s ummer. The mid-elevations have the 
least temperature ext re mes (Billings 1954). The 
uppermost distribut io ns of sagebrush usual ly involve 
slopes that are exceedingly windswept, stee p , rocky 
or otherwise ef fe ctive ly drier th an the surrounding 
si te s wi th more normal soils occupied by zonal 
vegetation. 

The soils that sagebrushes occ upy grade from 
aridisols toward molisols an d alfisols. It is only 
on sites above the salt - affec te d soi ls of the sal t 
desert shrub zone that sag eb rus hes may be considered 
climati.c clim;•x domi nants, if fire is exc lu ded as a 
fa ctor of cli mate. The least salty, and comparatively 
most mesic sites within the salt desert sh r ub zone 
frequently !:av e Art emisia nova , A. spinescens , 
an d A. pygmea- clur1i.,1at;,c; communiti.es . The major 
Artemisias, particularly the A. tridentata complex, 
will not tolerate soil sali.nities higher than 18 
mmho/cm3 (Gates et al . 1956) . Sali nit y in soil 
profil es where sagebrush dominates usunlly averages 
less (Bra nso n et al. 1976). Therefore , the upl,rnd 
positions, in desert val l eys and mountain foothills, 
is where the majority of sagebrush-dominnted 



Table 1. Major t axa of woody Artemi si a found in the Great Basi n and Colorado Pl ateau . 

Great Basin 

A. tride nta ta wyomingensis 
A. tridentata vaseyana 
A . tride ntata tridentata 
A. nova 
A. arbu s cula 
A . longiloba 
A. spinescens 

Colorado Pl ateau 

A. trid ent ata 
l\. tridentata 
A. trid ent ata 
A. nova 

A. spin esce ns 
A. big elovii 

wyomi ngens is 
vaseyana 
tridentata 

Table 2 . Area of sageb r ush-dominated vegetation in the Great Basin and Colorado 
Plateau . Derived from Branson et a l . (1967) via dot grid placed on enl arged 
version of Figure 1. 

Great Basin 

California 
Or egon 
Nevada 
Idaho 
Utah 

Colorado Plateau 

Utah 
Ar izona 
Colorado 
New Mexico 

Total Arga 
(h:1 x 10 ) 

42.8 

26.3 

vr.getation is found . The salinity of soil de r ived 
from marine shales in the Col orado Plateau has 
apparently caused r es t rict i on of sagebrus h t o less 
area than cl imate alone woul d a l low (West 1969) . In 
many portions of the Colora do Platea u the sagebrush 
zone is missing entire l y , with salt desert shrub 
ve getatio n occupyi ng the sha l e-deri ved soi l s and 
juniper-pinyon woodlands beginning immediately 
where sandstone or limestone derived soils begin. 

At higher (and thus wetter) elevatio ns i n both 
the Great Basin (Zamora and Tuelle r 1973) and 
Colorado Plateau (Robertson et al. 1966 , Van Pelt 
1978) , sites wi th slopes, exposu r e , and micro-climate 
and/or edaphic features that make them draughty, cold 
ai r sinks and/or free from fire, frequently have 
sagebrush-dominated communit i es inp l ace of the 
s urrounding zonal vegetatio n on more normal soils. 
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Total Area in 
Province with 
Sagebrus h
Dominated 
Vegetation 
(ha x 106) 

19. 5 

1.3 
1.5 

12 . 6 
1.9 
2 . 2 

3 .0 

0.4 
2. 0 
(l, 5 
0 . 1 

Percentage of 
Province Covered 
by Sagebrush
Dominated 
Vegetatio n 

45 . 6 

11. 5 

Fi gure 1. Map of sagebrush dominated vege tatio n i n 
the wes t e rn United Sta t es (deri ved fro m 
Branson et al. 1967). Superi mposed 
boun daries of the Basi n an d Range and 
Colorado Plateau physiograp h ic provinces 
following Hunt ( 1974) . 



Figure 2a. Figure 2b. 

A. GREAT BASIN 
B COLORADO PLATEAU 
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Figure 2 . Ord inations ' of major sagebrush taxa against gradients of elevation and effective moisture . 
A.9 , ~ Art emis ia longiloba etc., as derived from Tab le 1, using the first letters of the genus, 
species and subspecies na mes . 

Associated Species 

The associa t es of sageb ru shes vary largely in 
response to climatic differences in thes e r egions 
(Daubenmire 1978) . Tab le 3 is an abbre vi a t e d list 
of major species in A. tridentata -d ominated plan t 
communities in lowlands at several wi dely-separated 
sltes in the Great Basin and Colorado P l ateau . 
Figure 3 s hows climati c diagrams for the nearest 
climatic stations with somewhat compar able conditions 
of elevation, slope, e xposur e , etc . 

We see an increase in warm seaso n grass under
story of southern f lor is t ic affinity where the 
su mmer prec ipi t ati on become s more import an t in the 
southeastern Gre at Basin and Colorad o Pl atea u . Cool 
season gras ses derived from northern fo r es t s a r e 
more important to the west and no rth. The gr eatest 
differences bet ween provinc es and si t es exis t with 
the normally h ig her divers ity of fo rb asso cia tes. 
Problems in consistently identifying sp ecie s in the 
majo r forb ge nera prevent us fro m definitively 
discussing this aspect of floristic variation here. 

Furth e r understanding of variation in sagebrush
domina t ed veg eta tion requires consideration of more 
than just physical env ironmental factors . Of 
conside r ab l e importance are the effects of fire and 
anima l s . Only when these elements are adde d can we 
unde r stand success i onal dynamics within the type. 

Changes in Vege t ation 

During the pluvial intervals of the Pleistoce ne 
Epoc h much of the present areas dominated by sage
brush was prob ably cove r ed by pinyon a,nd junipe r trees 
(Wells and Berger 1967 , Axelrod 1976, Taylor 1977 and 
19 78 , Spaulding and VanDevender 19 77, Mehri nger 19 77). 
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A general climatic warmin g b ega n in the Holocene 
Epoch starting 10,500 years before pre se nt. The 
tr ees retr eated extensively, particularly during 
the drie r , hotter xerothermic (hypsithermal) 
interva l appr oximatel y 4,000 to 7,500 years before 
present. At tha t t ime sageb rushes probably became 
even more widespread, coming to occupy the mountain 
tops of the r.reat Basin that were bereft of a 
signi fica nt montane fo re st compone nt. 

The importance of the horizontal geological 
strata of the Colorado Pl ateau and their role in 
soil deve lopme nt probably complic ate d some of 
these movements in the Color ad o Plateau. Edaphic 
and topographi c compensations for cl imate were 
prob ab ly as l;npor tant then as now (Spaulding and 
VanDeven der 1977). 

The p ro por t ion of sagebrush wi th herbaceous 
compone n ts has probab ly always varied with site 
conditions (Christensen and Hutchinson 1965 , Vale 
1975, Frishknecht 1976, Daubenmire 1978). Sage
brushes can be expected to have greater abundance 
on the more xeric sites since the shr ubs are more 
adapted to en dur i ng drought an d drawin g on deep 
moistur e storage . The lower fue l volume on more 
xeric si t es al so lessens the chances of f ire. 
Wright et al. (1978) speculate th a t a f ir e frequeqcy 
of around 50 years probably prevailed unde r prist i ne 
conditions. Since none of the major Artemisia of 
t he Gr eat Basin can resprout after fi r e , frequent 
fir e may well have f avor ed dominance by herbaceous 
species on the more mesic sites within th e sagebrush 
grass zones . I t would be over generalizing to say 
that all sites pre sently having s agebrus h dominance 
were on ce grass-dominated since each site has its 
own unique s uccessional pattern (Whittaker 1974) . 



Table 3. Major perennial pla nt species at repr esenta ti ve lowland locations within sagebrush-dominated 
area s of the Great Basin and Colorado plateau. Sites orde r ed f rom no rthw est on right-hand 
si de of the tabl e to so uth eas t on l eft-h and si de . Location of s ite s desc ri bed on next page . 

~>i tcs 

Species 

Shrubs 

Artemisia tridentata 
Chrysothamnus visiciflorus 
Er iogon um microthec um 
Gutierrezia sarothrae 
Prunus andersonii 
Purshia tride nt ata 
Tetradymia canescens 
Tetrady mia glabrata 
Leptodactylon pungens 
Chrysothamnus nauseosus 
Ephed ra viridis 
Ephedra neva densis 
Grayia spinosa 
Ceratoides lanata 
Atriplex canescens 

Succulents 

Opuntia polycantha 

Grasses 

Agropyron spicatum 
Br omus t ecto r um 
Oryzopsis hymenoides 
Poa canbyi 
Poa secunda 

Forbs 

Sitanio n hystrix 
Stipa thurberiana 
Ely mus cinereus 
Stipa columbiana 
Bouteloua gracilis 
Agroypron smithii 
Poa longiligula 
Hilaria ja mes ii 
Sporobolus ai ro ide s 
Sporobolus cryptandrus 
Stipa speciosa 
Stipa comata 

Astragalus spp . 
Calocho r tus spp . 
Cast elle ja spp . 
Caenactis douglasii 
Crepis acumi na ta 
Epilobium paniculatum 
Lomatium spp . 
Nentzelia albicaulis 
Penstemon spp . 
Phlox gracilis 
Viola beckwi thii 
Zygadenus paniculatus 
Phlox diffusa 
Lupinus candatus 
Er igero n pumilis 
Cryptantha jamesii 
Polygonum nuttallii 
Aster specious 
Gilia spp . 
Erigeron spp . 
Townsendia spp . 
Sphaeralcea spp. 

1 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

2 

X 
X 

X 

X 

X 

X 
X 
X 

X 
X 
X 
X 

X 

X 

X 

X 
X 
X 
X 

3 

X 
X 

X 
X 

X 

X 

X 

X 

X 
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4 

X 

X 

X 

X 

X 
X 
X 
X 

X 

X 

X 

X 

X 
X 

s 

X 
X 
X 

X 
X 
X 

X 

X 

X 

X 
X 
X 
X 

X 

6 

X 

X 

X 

X 

X 

7 

X 

X 

X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 
X 

X 
X 
X 
X 

8 

X 
X 

X 

X 

X 

X 

X 

X 

X 
X 
X 

X 

X 

X 

X 



Key to Site Locations in Table 3 . Correspondi ng climatic stations in Figure 3 shown in parenthesis. 

1. Sites No. 1 and 2, Carson Valley near Reno , Nevada , Billings et al . 1954. (Reno) 

2. Artemisia tridentata/Poa secunda/Phlox diffusa cormnunity , Coils Creek, Eureka County, Nevada~ 
Blackburn et al . 1969. (Eureka) 

3. Artemisia trid e ntata/Uilaria jamesii association , Hot Creek Valley , Nye County, Nevada, Tuel l er 
et al. 1972. (Rattlesnake Hwy. Sta . ) 

4. Exclosures near Duchesne, Duchesne County, Utah, Dastrup 1963 . (Duchesne) 

5. Cedar Mesa r elict a r ea, Canyonlands National Park , Utah, Van Pelt 1978. (Monticello) 

6. 

7. 

Experimental watershed paddocks, Badger Wash, nea r Fruit a , Mesa County, Colorado , Branson e t al. 1976 . 
(Fruita) 

Artemisia site, Fishtail Mesa , Grand Canyon Nation.:il Park, Arizona, Jameson et al. 1962 . (Grand Canyon ) 

8. Inside fenced highway, (N. M. 197) near Rio Puerco, Sandoval County, New Mexico, Dahl et al . 1976 . 
(Cuba) 

The acquisition of horses by Indians, after th eir 
reintroduction by the Spanish , may have begun tipping 
the balance toward brush dominance on many sites. The 
major changes, however, occurred followi ng settleme n t 
of the Intermountai n West by Whitemen an d th eir much 
larger numbers of all types of livestock (Pickford 
1932). Some virgin lands or lands with only winter 
sheep use remained up until recent l y because of water 
distribution problems. It is difficult to find the 
topographic circumstances that have preserved relict 
are as . These sites are not always comparable to the 
majority of sites under current sagebrush dominance, 
making the generality of these interpretations 
difficult (Tueller and Blackburn 1974, Passey and 
Hugi e l 962) . 

Figure 4 outlines some of the main pathways by 
which s uccession progresses on major lowland sage
brush-grass sites in the Great Basin and Colorado 
Plateau. Not all possible pathways could be shown . 

The major change that came about with unrestricted 
livestock us e of sagebrush - grass range was the rapid 
loss of the her ba ceous species and the dominance of 
br ush and exotic annuals (Hull 1976) . The switch over 
came within 10-15 years because the native herbaceous 
species were so Gensitive to utilization during the 
growing season (S t oddart 1946, Daubenmire 1978). The 
exotic annuals on the other hand were preadapted to 
the environment (Evans and Young 1972). The Eurasian 
annuals likely possessed genotypes which were ~elected 
by centuries of heavy ungulate grazing (Young et al . 
1972) . The native plants, perennial or annuals, 
apparently did not evolve under these kinds of 
pressures . Whether such pressure was lacking prior to 
the l ate Pleistoc ene exti nct io n of the megafauna 
(Mehringer 196 7) -:.s a moot point. 

Nearly all the pe rennials found in this flora are 
relatively long-lived and replace themselves only at 
i nfr equent intervals (West et al . 1978). The exotics 
(Bromus, Taeniatherum) produce seed every year and 
can gro w root systems at colder soil temperatures 
(Harris 1967 and 1977) or f l ourish in the summer 
(Lepidium, Salsola, [falogeton) when the nati .v<c' grasses 
3nd forbs are aest iv at in g, and thus gain competitive 
advantage over the native herbaceo us species . The 
sh rubs, on the other hand, a r e so plastic, long-lived 
and competitive that they could quickly fill the 
vacancies by increasing and maintaining their ave rage 
size (West et al . 1978). Mere reduction in livestock 
number s following implementation of feder al grazing 
laws did littl e to rev e rse these changes on most 
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sit es (Robertson 1971, McLean and Tisdale 1972 , 
Harniss and West 1973, Young et al. 1976a, West oby 
and Rice 1978). 

Range managers have had to rely on mechanica l 
and chemical methods of redu cing the br ush and 
planting of exo t ic perennial grasses to increase 
l ivestock carrying capacities on these ranges . 
Seedings of native grasses will not stand he avy 
use, therefore crested wheatgrasses have been 
r egarded as a panacea. There a re many more 
possibilities for other even more productive and 
bett er adapted genotypes of this grass, as well as 
other species from Eurasia (Asay 1975) . 

Until rece n t increases i n costs of mechanical 
and her b icidal tre atments, there has been reluctance 
in using prescribed burning to simu l ate nature ' s 
way of maintaining more herbaceous cover during 
pristin e conditions (Beardall and Sylvester 1976). 
The exotic annuals , particularly cheatgrass brome 
(Bromus tectorum L. ) are promoted by fire. A 
never ending spiral of decline in site quality 
can result with frequ ent fire on cheatgrass-cove red 
sites (Young and Evans 1973, Young et al . 1976b). 
With the availability of herbicides to impede 
annuals (Evans and Young 1977), perhaps more 
wide sp read use of fire in place of shrub-k illin g 
herbi cide s or tillage will not be made to prepare 
the sites for planting of perennial grasses. 

Conclusion 

I hope that it will now be easy for you to see 
why an understanding of basic synecological rela 
tionships in sagebrush-dominated ecosystems will be 
helpful, indeed necess ar y, for better management of 
these rangelands. The projectio n of responses to 
a management plan will be much more accurate if 
the manager will recognize plant community and site 
differe nces and stratify his planning by them. Each 
situation is unique, but some major differences 
between sites can be read from a close e::amination 
of th e vegetation and soils invo lved. By re l a ting 
the successes or failures from management action on 
the same or simi l ar sites, prob l ems can be avpided 
and good returns from public expenditures assured . 
More synecological ana lysis and synt hesis would 
make possible even higher degrees of predictability 
of success in management actions taken in our 
sagebrush-dominated ecosystems . 



C 

I 
0 

I 
100 · 183 MM 

C EUREKA (1993M) 
NEVADA 

30 (~4-561 
43 .3 
30S 

20 

10 

,.. 307 

JfMAMJJASOND 

6 0 

MM 

60 

C" RATTLESNAKE HWY(l802MJ 107 • 118 MM 
:,o NEVADA 60 

394 (21- 16) 
32 .3 

20 40 

10 20 

-7 .9 
-28 .3 

JFMAMJJASONO 

20 

-7.7 
-30 

JFMAMJJASOND 

c• D~\~~SNE (1682M) 

30 (66-67) 
38 .3 
30 .6 

-16 .2 
-41 .7 

1.0 • 232 MM 
60 

JFMAMJJASONO 

e,• [8~'J~AOO {LH4 M) 
3 (74 - 78) 

42.2 
34 1 

,o 

10 

-12 .2 
-36 7 

10.2• 

JFMAMJJAS 

234 

c• MON TIGELL0(2120M) 8 .2° 3,0 
3 

UTAH 
361 ( 42-42 ) 

za.e 

10 

.... , 
-29.◄ 

CUBA 
4~ NE W MEXICO (21 17 M) 

{37 - 38) 

30 
39 . 
30.0 

20 

10 

MM 
60 

MM 
60 

40 

MM 
60 

60 

Fi gure 3. Climatic diagrams, constructed from U.S. Weather Bureau Service data as suggested by Walter( 1963), 
for representative l owla nd stations in or ne ar where Artemisia tridentata is known to dominate the 
native vegetation (Table 3). Key to data is given below. 

A 
B 

C 
D 
E 
F 
G 

H 

station name 
alti tude (meters) 
mean annual temperature (°C) 
mean annual amount of precipitation (nnn) 
absolute maximum tempera tu r e (°C) 
mean daily maximum of hottest month (°C) 
number of years observation (first= temp., 
second = ppt.) 
monthly means of precipit ation 
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I 
J 
K 
L 

M 

N 

0 

monthly means of temperature 
humid period (lined) 
arid period (dotted) 
mean daily minimum temperature of the coldest 
month ( °C) 
absolute minimum temperature (°C) 
months with mean daily minimum temperature 
be low 0°C. 
months with an abso l ute minimun below °C. 
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Fig ur e 4. Major pathways of successio n on import ant lowl and sagebrus h- grass sites in t he Great Basin and 
Colorado Pl atea u. 
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Int rod uction 

The north er n Great Plai ns, at thei r western mar
gi n, Join t he foot hil ls of the Rocky Mountains from 
about the Wyomin g-C olor ado border north to near 
Edmonton, Alberta, covering approximately 400,000 
square miles (Fig ure 1). To the east , north and south 
the Plains are bounded by transitional zones created 
by differences in climate, soils and vegetation. But 
the distinct western barrier formed by the Rocky 
Mountains, in relation t o prevailing winds, l argely 
determines th e cl imate of the Plains , and thus the 
developmen t of soils and vegeta ti on. 

• DENVER 

OMAHA • 

Figure 1 . The northern Great Plains , as 
outlined by Lodge (1970). 

Climate i n the northern Grea t Plains is er r a ti c , 
marked by extremes , and punctu ated by drought . Aver-

age precipitation i s highly irr egul a r as well, ra ng
ing from as littl e as 10 in ches in the west to more 
than 20 inches in t he east. Precipitation als o 
incre a ses from so ut h t o north. About half of the 
yearly prec ip itat ion falls as rain durin g th e t hree 
month per i od May to July; ab out thre e- fo urt hs arr ives 
during the growing season April through September. 
Summer thunde r storms of hi gh intens it y are common. 
The remaining portion comes most ly as snow, often in 
the form of blizzards, and is further reloca t ed by 
winter winds. Temper ature extremes, near-constant 
winds , and high evapora ti on and sublimation rates 
make the effective fraction of yearly precipitation 
even small er . Thus vegeta ti ve growth in the northern 
Great Pl ains depends on sp rin g and summer rains to 
initiate grow th and rep le nish soi l moisture. 

This general climatic pa t tern is int errupt ed 
on l y once. In cen t ral Wyoming a l ow sp ot in th e 
Continental Divide (Marwitz and Roger s 1976) allows 
air masses from the Gr eat Bas in t o flow into the 
Plains, especi ally du rin g fall and win te r (Fi gure 2). 
The resu l ting mi x of air masses in north eastern 
Wyoming, bounded by the Black Hil l s and dissipating 
northward into Montan a and Nor th Dakota, is ref le c t ed 
by the presence of Great Basin plants, which are 
adap t ed to an environment wher e the bul k of yearly 
precipitation is rec e iv ed as winter snow, and the 
growing season i s warm and dry . This local or 
regi onal ' tension zone' between Great Pla in s and 
Great Basin flori st ic elements tends to be plastic : 
dry cycles favor t he eas tward extension of Grea t 
Basin plants, while wet cycles work in an opposite 
d i rection (Rudd 1951 , Stevens 1920). 

This pap er examines the distribution and 
ecological relationships of s hrubby member s of the 
gen us Artemisia i n the northern Grea t Plains . 

The Physical Setting 

The landfo r m of the northern Gr ea t Plains is 
dominated by rolling and rounded h ills with gent le 
slopes, studde d occasiona l ly with rough br eaks or 
badlands, ep hemeral lake bottoms a nd drainages, and 



moist stream-channel areas (Figure J) . About 70% o( 
the total land area (Wight 1976) supports mixed 
prairie ve ge tation, mergin g into tollgrass prairie to 
Lhc casL, fescue grassland to the north, and short
grnss prairie Lo the south. Lodge (1970) estimated 
Lhat about 125,000 square miles are cultivated (or 
wheat and other small gr,ii ns. A substant i.al add i
Lional acreage of native range has been put into 
cu ltivati on at some time in th e past and subsequently 
a bancloned. These land resources support some 12 
million anima l units of caLLle and sheep (Lodge 1970), 
Lhe major ind ustr y in the northern Great Plains. 

The major forage species best adapted to these 
condi ti ons include both cool-a nd warm-season grasses 
such as weslern wheatgrass (Agrop yron smithii), blue 
grama (Bouteloua E.E_aci lis), pra ir le j unegrass 
(Koelari.a cris tat a), and needleandthreacl (Sti pa 
comata ). The upl and sedges, thr eadle af sedg e (Carex 
~lia) and needleleaf sedge (Carex eleoc har~ 
are important forage species as well. A variety of 
associated forbs, plains prlcklypear (Opuntia 
polyacantha), and several major shrubs, among them 
rose (Rosa spp.), skunkbush sumac (Rhus trilobata) , 
wax curran t (Ribes cere um), rubber ra bbit brush 
(Chrysoth amnusnau s~ . silver sagebrush (Artemisia 
cana) , and big sage brush (A. tridentata), are included 
in the mixed prairie Lype. - · 

The Historical Se_~tl ng 

The existe nce of a low-level crossing of the 
mountains in central Wyoming concentrated all early 
east-westward travel on the Oregon, California and 
Mormon Trails . Thus the gradual change in elevation, 
cl imate and vegetation as travellers appr oac hed the 
mountains from th e east is well documented. Of 
particular note is the abrupt transition from mixed 
prairie in western Nebraska to a type dominated by 
big sagebrush (Artemisi a tridentata) past Fort 
Laramie. A prominent example is Fremont's 1842 
comments as he explore d the Oregon Tra i l just ahead 
o( the flood of emigra nt s (in Smucker 1856): 

With the change in the geo logical 
formation on leaving Fort Laramie, the 
whole face o( the co untry has entir ely 
altered its appearance . Eastward of 
that mer i dian, the principal objects 
which strike the eye of a traveler are 
the absence of timber, an d the immense 
expanse of prairi e, covered wi.th the 
verdure of rich grasses, and highly 
adapted for pasturage. Wherever they 
are not disturbed by the vicinity of 
man, large herds of buffalo give 
animation to this count r y . Westward 
of Laramie river the region is sandy, 
and apparently ste rile; and the place 
of the grass is usurped by the 
~rtemisia and orher odorifero us 
plants, to whose growth the sa ndy 
soil and drv air of t his elevate d 
region seem highly favo rable. 

In the same general area at the height of west
ern migration, Stdnsbury (1852) observed: 

Artemlsia was almost the only vege
tation, an d great difficulty was experi-

en<.:ed in obta ining eno ugh grass to 
subsist our ani mals. The soi l 
appears very barren, more fro m the 
absence of moisture than from the 
character of its const ituents; as 
even the alluvial bottoms exhibit 
the same destitut e an d naked features . 

Fifty miles further on after l eavi ng the Norlh Platle 
River, Stansbury reported: 

The co untry, all the way from 
the c rossin g of the Platte, is a 
dry, sterile, and dreary desert . 

That 'dry, sterile, and dreary desert' was to sur 
round Stansbury fo r the remainder of his journey to 
and from the Valley of the Great Salt Lake unti l on 
the return trip ove r the Overland Trail, en terin g 
the Laramie Plains in southeastern Wyoming, he noted 
si mply: "Artemi sia has en tirel y disappeared." 

Thus it seems clear historJcally that i n the 
eastern Wyoming portion of the northern Great Plains , 
sagebru sh was an important component of the vegeta
tion. 

Distribution of Sagebrush 
in the Northern Great Plains 

The Section Tridentatae of Artemisia, as 
described by Beetle (1960) , with an important addi
tion by Beet l e and Young (1965), contains 19 taxa: 
11 species, 6 subspecies and 2 forms . The Section 
is of mountain orig in and Great Basin ada ptati on, as 
outlined by Beetle in a companion symposium paper . 
Hence a majority of the spec i es are adapted to more 
xeric conditions south and west of th e northern 
Great Plains; the Section is represented i n the mixed 
prairie by only two species . Wyoming big sagebrush 
(A. tridenta ta ssp. wyomingensis) is a dwarf shrub of 
up to 1 ft., growi ng on dry, shallow-soil sites at 
elevations around 5,000 fee t (Figure 4). Silver 
sagebrush (~ . ~ ssp. cana) is an erect, free l y 
branching shrub of up to 5 ft., growing on well
watered, deep soils throughout the r egion, especially 
along stream bottoms and drain ageways (Fi gur e 5). 

The foothills and mountain valleys rimming the 
northern Gre at Plains to the west support several 
other spec ies, notably mountain big sa gebr ush (A. 
tridentata ssp . vaseyana), mountain silver sagebrush 
(A. cana ssp. viscidula), Wyoming threetip sagebrush 
(!!, tripartita ssp . rupicola), and bl ack sagebrush 
(A. nova) . These are all confine d , however, to more 
m~sic sites at higher elevations than are typical of 
Great Plains species. Distribution and site rela
tionships are presented by Thatcher (1959) , Fisser 
(1962) , Jorgensen (1 958), Butler (1972), and Morris 
et a l. (1976) . 

Silver Sagebrush (~. ~~ ssp . cana) 

Silver sagebrush occurs rather sparsely but 
widely throughout the northern Great Plains. Ellison 
and Woolfolk (1937) observed that "Art emisia cana, 
although to be found gro wing on t he uplands, is most 
abundant in coulees and bottoms." Thus typical 
habita t s are loamy t o sandy, well-drained so i ls of 
the upla nds, and the alluv i al flats and Lerrac es of 
valley bot toms . 



/ 

The shrub is distributed generally over the 
eastern plains of Wyoming and Montana, and over the 
western portions of the Dakotas and Nebraska (Figure 
6), In the dissected badlands of the Little Missouri 
River, A. cana dominates the alluvial deposits of the 
vall ey flo~(Hazlett and Hoffman 1975). Coupland 
(1950, 1961) notes A. cana as the most ab undant shr ub, 
aft er species of Rosa,~the mixed prairie of 
Saskatchewan, while Moss (1955) observed its local 
dominance of some of the drier lowlands in Albe r ta , 
Breitung (1954) cal l ed it ' occasional on dry , 
exposed hillsides I in the Cypress Hills, but Dirschl 
(1962) regarded it as abundant on sandy terrain, 
steep arid s l opes, and alluvial deposits. Hubbard 
(1950) found A. cana reaching a maximum development 
on light, wel l-d r ained soi l s in so uthwestern 
Saskatchewan, so much so that it was useful as a 
soil indicator. 

Figure 6, Distribution of silver sagebrush 
(A. cana ssp. cana ) in the U.S. 
portion of the northern Great 
Plains (after Great Plains Flora 
Association 1977). 

In sum, silv er sagebrush is a familiar component 
of nor th ern Great Plains flora, usually occurring on 
deep lo am to sandy soils of river ter r aces primarily, 
and of upl ands secondarily. 

Wyoming~ Sagebrush (!:_. tridenta t a ssp , wyomingensis) 

The northern Great Plains contain the northern 
and eastern limits of Rig sagebrush distribution. 
Because big s agebrush is particularly adapted to an 
environment where the bulk of yearly pre cipitation is 
r eceived as winter snow, and the gr owing season is 
warm and dry, it i s at a competitive disadvantage 
with plants adapted to a warm and wet growing season . 
As a result the shrub is co nfin ed to the drier sites, 
generally with in the zone of Gr eat Basin climat i c 
influence in the l ee uf the Rocky Mountains, or to 
sit e s wher e local eda phi c con ditions produce a favor 
ab l e growing medium (Shant z 1923). 

North Dakota. The northeastern l imit of A. -------
tridentata distribution occurs in the western s t ate
line counties south of the Missouri Ri ver (F i gure 7) . 
Where A. cana occupies valley floors of the Little 
Mi sso uri badlands , A. tridentata domi nates the higher 
benches and terraces (Hazle t t and Hoffman 1975). 
On the buttes of the badla nd area, both A· cana and 
A. tridentata occur in s l ight amounts on relict mesa 
tops, but both are far more abundant on the eroding 
slopes and margins of the mesas and on the grazed 
valley floors (Quin nild and Cosby 1958). Big sage
brush rarely occurs on scoria buttes, but is found 
as occasional pl ants on the steep sides of clay 
buttes (Whit man and Hanson 1939, Ralston 1 960) . 
Where moisture re l ations are more favorablP on t he 
tops of buttes, or on areas receiving runoff f rom 
surroundi ng s l opes, big sagebrush can be abundant. 

Figure 7. Distribution of big s ag eb r ush 
(!:_. t ridentata ssp. wyomingensis) 
i n the northern Great Plains (a fter 
Great Plains Flora Association 1977). 

South Dakota , Wyoming big sagebru sh is confined 
to the northwest corner of the state along the state 
lin e (Baumberger 1977), in a continua tion of the 
Litt l e Missouri distribution found in North Dakota. 
It is largely absent on the uplands, but is abundant 
on the lower terraces of the va l leys and badlands, 
primarily on alka line, medium to heavy-textured soils . 

An extreme eas t e rn limit to th e bi g sagebrush 
distribution may be reached in the isolated pate hes 
found a lon g the Missouri River . South of th e Black 
Hills along the western reaches of the Cheyenne River, 
big sagebrush occurs again on low er terraces of 
valleys and stream bottoms, and in ba dland areas; 
portions of the distribution curl into the extreme 
northwes t corner of Nebraska. This population may 
represent an isolated occ urrence of A. trident ata 
ssp . vaseyana (Jo hnson and Nic hol s 19 70). 

Montana. Wyoming big sageb r ush is the common 
subspecies on the plains of southcentral and sout h
eastern Montana, generally south of the Missour i 
River. It is definitely associated with medium to 



heavy-textured soils, river breaks, and badlands 
(Ross and Hunter 1976). It is not i ceably absent, 
exc ept for scattered plants, on coarse-textured 
soi l s. The result is a mosaic of range sites with 
a varying amount of big sagebrush as an imnortant 
component. As Morris et al, (1976) point out, 
"the extent and density of this shrub in eastern 
Montana is influenced by the grazing history and 
farm abandonment, as it is elsewhere . Consequently, 
consideration of the successional status of vegeta
tion or plant communities dominated by this sub
species is uncertain and cannot be generalized." 

It is likely that some of the range sites -
badlands and rough breaks in particular -- were 
dominated historically by the shrub , There is 
evidence, however, t hat much of its present 
distribution may represent a grazing disclimax (Ross 
et al. 1973). 

Wyoming. Virtual l y the entirety of the northern 
Great Plains in Wyoming, except for the southeastern 
shortgrass prairie, is given over to mixed prairie 
vegetation with a strong component of Wyominp: big 
sagebrush. The basins of the Powder, Belle Fouche, 
Cheyenne and a large part of the North Platte River 
support extensive stands of the shrub, ranging from 
dense fields to scatte r ed plants. Here as elsewhere, 
variations in soil, physiography, and land use 
find expression in differing densities of big sage
brush. The historic evidence, however, and the major 
phys i ographic features permitting Great Basin 
climatic influences to intrude upon northeastern 
Wyoming, lend weight to the idea that Wyoming big 
sagebrush occupies a more dominant role here than 
elsewhere in the northern Great Plains. It is often 
noted that vegetation in northeastern Wyoming is 
consistent with mixed prairie el sewhere except for 
the greater abundance of big sagebrush, 

Site Characteristics of Sagebrush 
in the Northern Great Plains 

As pointed out by Ri es (1973), the physical 
aspects of the environment controlling growth of 
plants are radiant energy, concentration of carbon 
dioxide and oxygen, water, mineral nutrients and 
temperature. Because these factors are di fficult to 
measure, indirect expressions of their integration 
are ofte n used, e . g., landform, slope and aspect, 
soils and water relations. The features discussed 
here are based on these indirect factors. 

Silver _ Sagebrush 

The affinity of silver sagebrush for coarse-tex
tured, well-drained soils is widely documented 
Coupland's (1950) evaluation of the ecology of.mixed 
prairie in Canada showed that A. cana had a frequency 
of 26 percent in the Bouteloua::-Stipa fac i at i on, 3 per
cent in Bouteloua-Agropyron, only a trace in Stipa 
Bouteloua, and absent entirely in the Agropyron
Koelaria faciation. The Bouteloua-Stipa faciation 
occurred on areas of medium- to coarse-textured soil 
in the drier parts of the brown soil zone, on areas 
of coarse texture in the moister parts, and on ex
posed locations. This definite site preferance, 
together with height ranging from a few inches on 
heavy soils to about 2 feet on sandy soils, makes A· 
~ an indicator of excessive drainage. 
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This relationship was supported by Hubbard's 
(1950) data, which listed A· ~ as the most i mpor
tant shrub in the shortgrass association of the 
mixed-grass formation in southwestern Saskatch ewan . 
Its decided preferance for light, well-drained soils 
is indicated by the percent density of total grou nd 
cover made up by the plant: 

Fine sandy loam 0.80 
Light loam fl O .12 
Loam 0.30 
Clay loam -0-
Heavy loam -0-

In the North Dakota badlands, Hanson and 
Whitman (1938) observed that A. cana grew in dense 
or open stands, commonly 3-4 ft. tall, on flats 
a l ong the streams and in valleys. The type was 
subject to flooding, erosion and deposition, hence 
stratification and heterogeneity were conspicuous 
in the al l uvial profiles. Freq uency of silver sage
brush averaged 48 percent; major herbaceous domin
ants were western wheatgrass (88), blue grama (41), 
and green needlegrass (Stipa viridula) at 34 percent . 
In areas subject to frequent flooding, only western 
wheatgrass and silver sagebrush appeared to thrive. 
On terraces the type appeared to be a successional 
stage where soil moisture was usually available in 
the subsoil througho ut the season . In addition, 
silver sagebrush is associated sparsely with upland 
(Potter and Green 1964) and butte communities. 

Silver sagebrush commonly occurs as the domin
ant shrub on sand dunes in the Powder River Basin 
of Wyoming, thus underlining a well-established 
relationship. 

Wyoming~ Sagebrush 

Site relationships for Wyoming big sagebrus h 
are neither as clearcut nor as well understood as 
those of si l ver sagebrush. A typical st udy (Ries 
et a l . 1976) found Wyoming big sageb r ush occurring 
in three major vegetation types of the Powder River 
Basin in Wyoming. The largest and most diverse type 
occupied rolling uplands of clay loam soils , domin 
ated by big sagebrush, blue grama, needle andthread, 
and pla i ns pricklypear. A smaller area of fine
textured loamy soils supported a typical big sage-
brush blue-grama association. Steeper slopes of 
shallow soils supported a big sagebrush-blue grama
western wheatgrass type. All three associations 
were in a stab l e state of disclimax (high fair range 
condition) due to historical grazing pressure . 
Similar patterns emerged from an ear li er study 
(Hunter et al. 1938) . In a northcentral Wyoming 
study , Nichols (1964) identified two br oad cate
gories of communities based on soil moisture rela
t ions hips: 1) lowland communities situated near the 
main drainage channe l s with permanent subsoi l 
moisture at 8-15 feet, and 2) upland communities 
characteristically situated on residual sandy soils. 
The sagebrush-rabbitbrus h lowland community was 
located on alluvial deposits of the first terrace 
adjacent to the stream channel. Basin big sagebrush 
(A, tridentata ssp. tridentata) occupied 26 pe r cent 
of the composition and 6.4 percent of the ground 
cover, silver sagebrush 17 and 2.8 percen t , and 
rubber rabbitbrush 55 and 13.6 percent respectively. 
Needlea~dthread, Sandberg bluegrass (Poa secunda), 
and Ind i an ricegrass (Oryzopsis hymenoides) were the 



major forage species. 

The upland community featured a thin (8 percent 
cover) Wyoming big sagebrush overstory with blue 
grama, sandberg blue grass and needleandthread. Soil 
texture was not considered to be a factor in lowland 
communities, but the higher permeability of the upland 
communities was thought to be responsible for sage
brush as an overstory dominant. Sageb ru sh also occur
red within the saltbush (Atriplex gardnerii) community 
wherever additional moisture was available e. g., 
around ant hills or in small channels with running 
water. 

In a similar study of the dissected badlands of 
the Little Missouri River, Hanson and Whitman (1938), 
supported by Hazlett and Hoffman (1975), found that 
while silver sagebrush occurred on t he alluvial 
deposits of the valley floors, big sagebrush dominated 
the higher benches and terra ces . Bench and terrace 
soils tended to be alkaline, medium to heavy textured, 
and older with distinct profile characteristics. Bot h 
species of sagebrush appeared to develop under the 
infl uence of a water table wi thin root range for at 
least part of the growing season. In a study of 
success ion on solonetz soils, Hanson and Whitman (1937) 
f ound that A· tridentata appeared to be confined 
chiefly to the soloth stage or ' steps' where water 
relationships may be better. 

In general, it appears that the major sagebrush 
community in no rtheastern Wyoming and sou theastern 
Montana is associated with the heavier soils. The 
typical community is a shrub-shortgrass (blue grama) 
type. A further breakdown can be made on the presence 
of certain mid-grasses as these indicate growing 
conditions associated with soil texture: western 
wheatgrass on clayey soils, needleandth r ead on loamy 
soils, bluebunch wheatgrass (Agropyron spicatum) on 
sandy or grave lly soils, and little bluestem 
(Schizachyrium scoparium ) on coarse and ca l careous 
soils (unpublished data collected by J. T. Thil en ius , 
Rocky Mountain Fore st and Range Experiment Station). 

Abandoned Fields 

In re s ponse to economic and social trends in the 
past , a substantial area of the northern Great Plains 
has been put into cul tivation and subsequentl y aban
doned . Secondary s uc cess i on on such disturb ed areas 
illu strate loc al and regional site potentials, 
in progressing through th e stages of 1) annual weed, 
2) mixed annual -per ennial, 3) late annual-perennial, 
4) perennial grass, and 5) c lim ax species (de Anda 
1977). Reestabl ishm ent of the native vegetative 
communit y requires a minimum of 40 years under good . 
condit ion s (Lang 1941 , de Anda 1977). The recovered 
community is typical of northern Great Plains range in 
eastern Wyoming , except that big sagebrush may be more 
abundant . This conclusion is supported by longterm 
range surveys (Lang 19415, 1973 ) in: northeastern 
Wyoming which showed 1) an increase of shortgrass 
cover and a decrease of midgrasses on plots open to 
grazing , but an opposite relationship on prot ected 
plots; and 2) a genera l increase of plains pricklypear 
and big sagebr ush on both open and protected plots. 
The effects of over grazing an d disturbance on big 
sage brush density and distribution are also pointed 
out by Wright and Wright (1948). 

Site Evaluation 

The relationship of environmental factors to 
annual forage production was studied by Ries (1973) 
on seventeen sage br ush-g r ass sites in Wyoming. Sig 
nificant simple correlations were found for 19 of 42 
environmental variables in relation to annual forage 
production . Stepwise multiple regression analyses 
identified s i x factors as most important to produc
tion: fall precipitation, spring precipitation, 
summer potential evapo-transpir a tion, percent very 
fine sands, percent coarse fragments , and percent 
grass and forb composition. These factors were 
biologically sound in exp l aining si t e production; 
the multiple regression equation showed a corre -
1ation coefficient of .80 and a dete rmin ation coef
ficient of . 64, statistically significant at more 
than 95 percent probability. 

In a further study of the relationships of vege
tative production to 40 physical and chemica l soil 
characteristics, Taha (1977) found that although 
production relationships for gr asses and forbs could 
be identified, soil factors responsible f or big sage~ 
brush pr oduction could not be isolated. It was sug
gested that moisture and nutrients drawn f rom deep 
soils not sampled in the i nvestigation might explain 
the apparent lack of production-soil relationships 
for big sagebrush. 

In a study of phenology in relation to environ
mental and vegetative production factors, Kleinman 
(1976) found that stepwise multiple regression anal 
ysis of 17 independent variables explained 43 percent 
of the variation fo r big sagebrush. The most signif
icant factors were soil moisture at medium depth (15-
30 cm), summer precipitation, and maximum air t emper 
ature . Other important va ri ables were soil mois t ure 
at shallow depth (0-15 cm), soil tempe r ature, fall 
precipitation, and herbage production . In a related 
study, Cox (1977) found that soil moisture at shallow 
depth (0-15 cm) and minimum temperature most influ
enced the vegetative and reproductive pheno l ogy of 
bi g sagebrus h. 

Flesland (1964) studied the sa lt-desert shrub 
type of the North Dakota badlands in some detail, 
fol lowing Stevens ' (1943) general description. The 
work r ep resented an addition to Nelson's (1961) 
examination of woody vegetation types in the area, 
including big sagebrush . The type was characteris ti c 
of very steep slopes (32-45°) undergoing severe eros 
ion, and was most typical of east and south aspects. 
The communities existed as scattered plots of small 
size , usually less than 1 acre . Each had a sparse 
sprinkling of sh rubs, big sagebrush the most impor
tant , with an average cover of 282 ft2 /100 yd2 , 
A scanty suffrutesce nt lay er and a very scattered 
herbaceous layer formed the remaining vegetation. 
Salt content of the soils ran ged fro m a low .10 to 
1 .20 percent, averaging .60 . Distribution of shrubs 
tended to group in minor associations of very sm311 
extent ; big sagebrush occurred on li ghter -t extured 
soils of lowest salt content. 

Conclu sions 

Some broad sc ale patterns in the distribution 
an d ecologica l relat i onships of Artemisia in th e 
nort hern Gre at Plains are clear : 



1. Wyoming big sagebrush is a regional dominant 
and a strong climax species in northeastern 
Wyoming, due to Great Basin climatic influ
ences . The region may be thought of as a 
vast tension zone between Great Basin and 
Great Plains vegetation. 

2. Big sagebrush occupies a dimi nishing role as 
a r egio nal dominant to its northern distri
bution limits in Montana; dense stands 
become more discrete and edaphically con 
trolled with broad transition zones t0 
pure grass l and . 

3. Big sagebrush is cl early an edaphic climax 
species at its eastern distribution limits 
in the Dakotas. 

4. Silver sagebrush occurs largely east of t he 
Continental Divide as well-adapted and a 
widely-distributed native shrub. Normally 
it occurs as scat tered shrub s on uplands; 
greater numbers and sometimes local dominance 
are achieved in well - watered bottoms. 

5. Silver sagebrush i s best adapted to well
drained, coarser soils . In most areas its 
occurrence serves as an indicat or of these 
cha ract e r istics. It exh ibits a definite 
preferance for bottoms and drainageways with 
better water relations, especially where its 
roots can intersect the wate r table fo r at 
least part of the gr owing season. 

6 . Wyoming big sageb ru sh is best adapted to 
medium to heavy-tex tured soils in its area 
of regional dominance, but it occupies sites 
with locally favo rable conditions as well. 
In areas of the Plains too dry or too salty 
for big sagebrush growth, it occurs where
ever additional moisture is available. 
Conversely in other areas too wet for it to 
compete successfully with mixed prairie vege
tation, it occupies sites- rou r;I, \., <:dks, 
badlands-made drier by loc al conditions. 

7. In all areas, except Wyoming and parts of 
Montana, big sagebrush exhibits the attri
butes of a plant at the outer reac hes of its 
range- di sj unct populations and concentra 
tion on sites with favorable soil an d 
moisture conditions. Silver sagebrush , on 
the other hand, exhibits the properties of a 
plant wel l within its established range. 

8. Big sagebrush has definite stand in g as a 
grazing disclimax (incr ease in density) 
through most of its distribution. Over
grazing of the associated herbaceous species 
would profit sagebr ush in t he release of 
competition, and in making the site warmer 
and drier. 

9. Study of site factors for silver sagebrush 
has not been done, but some study of big 
sagebrush factors has been comple t ed. There 
is an emerg ing consensus on the relation of 
physical factors to vegetative production 
and phenology. 

47 

Literature Cited 

Baumbe r ger, Rodney . 1977. Rangeland resources of 
South Dakota . Soc . Range Mana ge . /Old West Reg. 
Comm. , Rapid City. 150 p. 

~eetle , Alan A. 1960. A study of sagebrush : the 
Section Triden t atae of Ar temisia . Wyo. Agric. 
Exp. Sta . Bull. 368 . 83 p. 

Beet le, Alan A. and Alvin Young. 1965. A thir d sub
species in the Artemisia tridentata complex. 
Rhodora 67:405-406 . 

Breitun g , August J . 1954. A botanical survey of 
the Cypress Hills. Can . Field-Nat. 68:55-92. 

Butler , Gary B. 1972. Ecological inventory and 
analysis of the Laramie Peak Big Game Winter 
Range. M. S. Thesis. Univ. of Wyo., Lar amie. 
170 p . 

Couplan d, Robert T. 1950 . Ecology of mixed prairie 
in Canada. Ecol. Monogr . 20:271-315 . 

Coupland, Robert T. 1961 . A reconsideration of 
grassland c lassi ficat ion in the northern Great 
Plains of North Amer ica. J . Ecol . 49 :133 -1 67. 

Cox, Je rry R. 1977. Ecol ogi cal interrelationships 
of physical factors on phenology, carbohyd ra te 
storage , and herbage production of five short
grass prairie species. Ph.D . Thesis. Univ . 
Wyo. , La r ami e . 200 p . 

de Anda, Recar~do A. 1977. Plant succession on 
abandoned fields and other disturbed areas in 
the Powder Rive r Basin, Wyoming. M. S. Thesis . 
Univ. Wyo., Lar amie . 130 p . 

Dirsch l , Herman J. 1962 . Food habits of pronghorn 
in Saskatchewan. J . Wildl. Manage . 27 :81-93. 

Elli~on, Lincoln and E. J. Woolfolk. 1937. Effects 
of dr ought on vegetation near Miles City, 
Monta na . Ecology 18:329-336. 

Fisser, Herbert G. 1962. An ecolog i cal st udy of 
the Artemisia tripartita subsp. rupicola and 
rela t ed shrub communities i n Wyoming. Ph . D. 
Thesis. Univ. Wyo., Laramie, 166 p . 

Flesla nd, James R. 1964 . Composition and structure 
of the salt-desert shr ub typ e in the badlands 
of western North Dakota. M. S. Thesis. N. D. 
State Univ., Fargo. 145 p. 

Fremon t, J. C. 1842. A narrative of adventures 
and explorations, p . 73-188 . IN Smucker, 
Samuel M. 1856. The life of Col. John Charles 
Fremont and his narrative of explo r at ions and 
adventures in Kansas, Nebraska , Oregon and 
Cal ifornia. Miller, Orton & Mulligan , New York. 

Great Plains Flora Associa ti on . 1977. Atlas of the 
flora of the Great Plains . I owa State Univ. 
Press, Ames. 600 p. 

Hanson , Herbert C. and Warren Whitman. 1937 . Pl ant 
succession on so l onetz soils in western North 
Dakota. Ecology 18 : 516- 522 . 



Hanson, Herbert C. and Warren Whitman. 1938. Char
acteristics of major grassland types in wester n 
North Dakota. Ecol. Mono gr. 8: 57-114. 

Hazlett , Donald L. and George R. Hoffman. 1975. 
Plant species distr i butional patterns in 
Artemisia tridentata-and Artemisia cana - domin
ated vegetat i on in western North Dakota. Bot . 
Gaz. 136:72-77. 

llubbard , William A. 1950. The c li mate, soils and 
soil-plant relationships of an area in south
western Saskatchewan. Sci . Agric. 30 :327-342 . . 

Hunter , Byron , H. W. Pearson and A. F . Vass. 1938. 
Type of farming and ranching areas in Wyoming. 
Wyo. Agric . Exp. Sta . Bull. 228. 180 p. 

Johnson, James R. and James T. Nichols. 1970. Plants 
of South Dakota grasslands : a photographic study. 
S . D. Agric . Exp. Sta. Bull. 566. 163 p. 

Jorgensen, R. D. 1958. Rel ation of three Artemisia 
species to snowfall. M. S. Thesis . Univ. 
Wyo., Laramie. 44 p. 

Kleinman, Larry H. 1976. Phenodynamics and ecology 
of sagebr ush - grass rangelands . Ph.D . Thesis . 
Univ. Wyo., Laram i e . 143 p . 

Lang, Robert . 1941. Some vegetative changes during 
natural succession on a bandoned farm l and i n east
ern Wyoming. M. s. Thes is. Uni v. Wyo. , Laramie. 
48 p. 

Lan,, Robert. 1945. Density changes of native vege 
tation in relation to precipitation. Wyo. Agric. 
Exp . St a . Bull . 272. 31 p . 

Lang , Robert. 1973. Vegetation chan ges b etween 1943 
and 1965 on th e shortgrass plains of Wyoming. 
J. Range Manage. 26: 407- 1109. 

Lodge, R. W. 1970. Complementary grazing systems for 
the northern Great Plains. J . Range Manage . 
23: 268-271. 

Marwitz, J. D. and D. Rogers . 1976. Climatology, 
Section III. In Bergman, H. L. and M. D. Marcus 
(eds) . Final environmental assessment, Black 
Thunder mine site . Univ . Wyo., Laramie. 4 vol. 

Morris, Melvin s., Rick G. Kelsey and Dave Griggs . 
1976 . The geographic and ecological di st ribu
tion of big sagebrush and other woody Artemisias 
in Montana. Proc. Mont. Acad. Sci. 36:56-79. 

!~ SR, E. H. 1955 . The vegetation of Alberta. Bot . 
Rev. 21 :493-567. 

Nelson, Jack R. 1961. ,compos i tion and structure of 
the principa l woody vege tation types in the 
North Dakota Badlands. M. S. Thes is. N. D. 
State Univ., Fargo. 195 p. 

Nichols , James T . 1964. Soil-vegetation relat i on
ships of the 15-Mil e Drainage, Washa kie County , 
Wyoming. Ph . D. Thes is. Univ. Wyo., Laram i e. 
120 p. 

48 

Potter, Loren D. and Duane L. Green . 1964. Ecology 
of ponderosa pine in western North Dakota. 
Ecology 45:10 - 23. 

Quinnild , Clayton L . and Hugh E. Cosby . 1958. 
Relicts of climax vegetation on two mesas in 
western North Dakota . Ecology 39 : 29- 32. 

Ralston , Robert D. 1960. The structure and ecology 
of the nor t h slope juniper stands of the Litt l e 
Missouri Badlands. M. S. Thes is. Univ. Utah, 
Salt Lake Ci t y . 85 p. 

Ries, Ronald E. 1973. Quantitative evalua t ion of 
herbage production and site factors on ecologic
ally diverse sagebrush-grass locations in Wyo
ming . Ph.D. Thesis. Univ, Wyo., Laramie . 101 p. 

Ries , R. E. , H. G. Fisser and A. T. Harrison. 1976. 
Vegetation, Section IX. IN Ber gman, H. L. and 
M. D. Marcus (eds). Finalenvironmental assess
ment, Black Thunde r mine site. Univ. Wyo., 
Laramie. 4 vol. 

Ross, Rober t L., E. P. Murray and G. Haigh. 1973. 
Soil and vegetation inventory of near -p ris tine 
sites in Montana. U. S. Dep. Agric . Soil 
Cons er . Serv., Bozeman, Mont . 

Ross, Robert L. and Harold E. Hunter. 1976. Climax 
vegetation of Montana based on soils and climate . 
U. S. Dep. Agric . Soil Conser. Serv., Bozeman, 
Mont. 64 p. 

Rudd , Velva E. 1951. Geograp hic al affinities of the 
flora of North Dakota. Am. Midl. Nat. 45 :722-
739. 

Shantz, H. L. 1923. The natura l vegetation of the 
Great Plains region. Ann. Asso c. Am. Geogr. 
13:81-107. 

Stansbury, Howard . 1852 . Exploratio n and survey of 
the valley of the Great Salt Lake of Utah. 
Lippencott, Grambo and Co. , Phi l adelphia . 487 p . 

Stevens , O. A. 1920. The geographi cal distr i buti on 
of North Dakota plants. Am. J. Bot. 7 : 223- 230 . 

Stevens, 0 . A. 
Am, Bot. 

1943. North Roosevelt . 
49: 104-110 . 

North Dakota. 

Taha, Fa isal K. 1977. Ecolo gical interr elationsh ips 
of vegetation and soils in a short-grass prairie 
ecosystem . Ph.D . Thesis. Univ. Wyo. , Laramie . 
206 p. 

Thatcher, Albert P. 1959. Distribution of sagebrush 
as related to s i te differences in Albany County, 
Wyoming . J. Range Manage. 12:55 - 61 . 

h'hitman, Warren a nd Her bert C. Hanson. 1939 . Vege
tation on scoria and clay butte s in west er n 
North Dakota. Ecology 20 :4 55-4 57 . 

Hight, J . Ross . 1976. Range fertilization in the 
northern Great Pla i ns. J. Range Manage . 29 : 180-
185 . 

Wright, John C. and Elnora A. Wright. 1948. Grass
land types of south central Montana. Eco logy 
29:449-460. 



Figure 2. 

Fig ur e 3. 

The physiographic features of 
Wyoming allowi ng Great Basin 
air masses to fl ow int o the 
north ern Great Plains. 

Powder Ri ver Basin i n Wyoming, 
typical of northern Great 
Plains land fo rms . 

Figure 4 . 

Figure S . 
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Wyoming Big sagebr us h (A. 
t ridentat a ssp. wyominge nsi s ) 
community in th e northern 
Great Plains of Wyoming. 

The distinctive long , linear 
leaves of silver sagebrush 
(~ . ~ ssp . cana ) 
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Abstract 

Sagebrush ecosystems provide food, cover, escape routes, 
breedi ng s i tes , rearing si t es, etc., for a variety of animal 
species. Some of these speci es inhabit sagebrus h habita ts 
year-round, while others utilize them only seasonally . A few 
animal s (e.g., pygmy rabbits, sagebrus h voles , Great Basin 
pocket mice, least chi pmunks, sage grouse, Brewer's sparro ws , 
and some insects) are highly dependent on sagebrus h communi
ties, whereas t he more adaptable species occur in other habi 
tats as wel 1. 

Foraging animals may uti l i ze grasses, forbs, and shrubs 
associated with sagebrush co1T1Tiunities, and often the sage
brush specie s as wel l. The rodents, l eporids, small bi rds , 
repti l es, amphib i ans , and insects supported by sagebrush com
munitites are import ant as prey for predatory animals living 
in and/or adjacent to these areas. 

INTRODUCTION 

The faunal composition of any sagebrush ecosys
tem will depend upon the species of sagebrush occur
ring in the area and the species compositi on of other 
vegetation . Percent cover, soil type, and terrain are 
also contributing factors, as well as associated habi
tat types . For example, ripari an associations ~1ithin 
sagebr ush communities might re sult in the presence of 
animal s which would not other wise occur in the type . 
Faunal composition may also vary with the int ensity 
of grazing by domestic livestock. 

To enumerate all animal species which occur in 
sagebrush ecosystems and elabo r ate on t heir rela tion 
ships to each other and t heir enviro nment i s not pos
s ible in this format. We have attempted to review 
pertinent literature on the more important spec ie s. 
Not surprisingly, much more information is available 
on gan~ species than on reptiles, amphibians, inverte
brates, and many bird ; and mammal _non-game species. 

In this paper "sagebrush" 1rost of ten refe rs to 
bi g sagebrush (Artemisi a tridentata) , but "sagebr ush 
conm1unities", "sagebrush habitats", etc., may in cl ude 
many of the other species. Emphasis has been placed 
par tic ularly on sagebrush ecosystems of the Great 
[lasin area . 

MAMMALS 

Ungul ates 

Mule deer (Odocoiieus hemionus ) are close ly 
associated with sagebrush ecosystems in much of 
their r ange. Although scarce during prepioneer and 
early pioneer days, this species built up in l arge 
numbers during the second quarter of the twentieth 
century (Julander and Low 1976). This buil d-up was 
concurre nt with predator contro l, l imi ted harvests, 
and a change in range composition ( from grass t o 
browse). 

According to Urness (1976) , "an extens i ve liter
ature attes t s to genera l abusive rangeland use by 
1 ivestoc k over most of western North Ameri ca fro m 
mid-n ineteenth century settlement, up to the present 
in some cases. " In the sagebrush-bunchgrass type, 
heavy grazing resul ted in a decl ine in grasses and 
an increase in shrubs (Stoddart 1941, Urness 19 76). 
Fire suppress ion al so contributed to the in cre ase 
in shrubs (Julander 1962) . Sin ce mule deer are pri 
marily browsers (Mackie 1970, Kufeld et al. 1973, 
Tuell er and Monroe 1975 , Hansen and Rei d 1975, Papez 
1976 , Hansen and Clark 197 7) , the successional change 
favoring shr ubs permitted the increase in deer den
sities (Urness 1976) . 
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Figure 11, Relocation of snow into large drifts is an important hydrologic process on windswept sagebrush 
lands. Such drifts persist after the general snow cover has melted and can recharge groundwater. 

A. Snow conditions on Wayne's Creek June 3, preceding peak snowmelt runoff.

B. Snow conditions June 16, about 1 week after the hydrograph peak, 
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