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FORAGE UTILIZATION ESTIMATES 
IN RELATION TO ECOLOGICAL UNITS 

IN THE WÍLLOWA MOUNTAINS OF NORTHEASTERN OREGON 

INTRODUCTION 

The study was conducted within the Pine Valley 

cattle and horse allotment, This allotment is a part of 

the Wallowa-Whitman National Forest, and comprises a 

large portion of the Pine Creek watershed (Figure 1). 

The study area is situated upon, and is fairly represen- 

tative of, the southeast flank of the Wallowa Mountains 

of Oregon. The allotment is being grazed under permit 

by members of the Pine Valley Cattle Association. 

Pine Valley is the nearest agricultural section. A 

large portion of the income for residents of this valley 

is dependent upon the interrelated resources of timber, 

forage, water, game, and recreation provided by the 

area of stud. Since forage use affects all resources, 

proper use of this lorage is essential to prevent 

economic loss by waste from underuse and resource 

depletion from overuse. 

Before many conclusions can be made about the manage- 

ment practices on a range there must be a reliable estimate 

of utilization, otherwise one would have to wait a nun- 

ber of years to see the results through condition and 

trend observations. Utilization estimates pose a 

difficult problem for the land manager, and a number of 
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methods have been proposed for his use. No single 

method for measuring utilization has yet been found to 

be entirely satisfactory, although a combination of 

methods may meet most requirements. To be effective, 

methods must not be too time consuming or expensive 

for use on extensive range lands of low value. 

The primary objectives of this study were to 

predict confidence limits and sampling intensities for 

utilization inventories using a 9.6-square-foot circu- 

lar plot, and also to make recommendations to improve 

samplïng efficiency. Information was needed for this 

plot size because of its conventional use for estimating 

production and utilization on forest Service range lands. 

A secondary objective was to describe, by a recon- 

naissance method, the plant communities on the study 

area which are important for land management and 

classification. It was desired to test, the hypothesis 

that thesé plant communities could serve as a more 

efficient framework for sampling forage utilization 

than the more heterogeneous range map unit. 



Figure . A map of' the study area comprising the Pine Valley 
cattle and horse allotment. 



DESCRIPTION OF THE SWDY AREA 

Geo1ogy Topography and Soils 

The Pine Valley cattle allotment covers a major 

portion of the Pine Creek watershed, which drains the 

southeast flank of the Waliowa Mountains. The area is 

extremely heterogeneous, with elevations ranging from 

2,11-FU to 7,938 feet. 

Ross (óu) and Smith et al. (&) have included most 

of this area in their considerations of the geology of 

the Wallowas and have provided the source of information 

for the following geologic resume. It is of interest 

to note that Weatherall in his M.S. thesis (1959) has 

studied the geology of a congruent area. 

Great lava flows and tuff beds were extruded during 

the Permian period. These flows were uplifted and 

eroded but later sank to become covered with salt 

water. These rocks have been referred to as the Clover 

Creek greenstone formation. Varying sedimentary deposits 

were laid down over these rocks during the Triassic 

period. These formations were most likely intensely 

folded and eroded as intrusions of magma took place 

during the Jurassic period. Ps cooling of the magma took 

place, fractures were formed which permitted a series of 

intrusions of granodorite-porphyry, aphte, and 
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lainprophyre into older roc1s. It was during this and 

Cretaceous times that valuable minerai bodies were formed. 

During the Eocene through Oligocene times, a mature 

topography was developed by long continuous erosion and 

stream gravel deposition. Later in the Miocene epoch, 

intrusion and extrusion of basalt formed the Columbia 

River basalt dikes and flows. Folding and faulting 

accompanied this uplift which resulted in the entire 

area being deeply eroded. Glaciation followed in the 

Pleistocene, forming moraines, glacial outwashes, 

U-shaped and hanging valleys, and cirques at higher 

elevations. 3everal of these are found in the study 

area. Glaciation reportedly reached slightly below the 

5uU-foöt level at Fish Lake and Duck Lake areas. Recent 

times have seen slight erosion and alluvium deposits. 

The lower elevations are mainly covered by Columbia 

River basalts, deeply eroded toward the snake River. 

The topography is formed by long broad ridges Interrupted 

by deep valleys with steep sides. The bottom of these 

valleys contain alluvial deposits forming narrow shoe- 

string meadows, The most Important of these meadows are 

along lower Clear Creek, East Pine Creek, Fish Creek, and 

,Torth Pine Creek and some of its tributaries, These 

valley soils are imperfectly drained and have developed 

on mixed recent alluvium material underlain by sand and 
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gravel. The soils on the slopes and ridges under timber 

are well drained forest soils developed on basalt resid- 

uum. These intergrade toward an excessively drained 

Lithosol at the forest edge. A somewhat excessively 

drained Lithosol-Prairie intergrade soil has developed 

on basalt residuum under grass. 

The middle elevations are characterized by a more 

gently rolling topography. Many small intermittent 

streams head from this area. Western Brown Forest Soils 

are developed from a mixture of basalt or acid igneous 

rock and windblown silt material. 

The upper elevations within the study area can best 

be described as a dissected plateau. Much of the area is 

capped by the Miocene basalt flows, the most prominent 

examples of which are Table and Sugar Loaf Mountains, and 

Dead Man Point. A large section of the plateau is corn- 

posed of an intrusive mass of a diorite-gabbro complex, 

found to extend from Clear Creek to Fish Lake and Russel 

Mountain. Clover Creek greenstone lies to the north of 

this. A goodly portion of the area south and east of 

1ish Lake is composed of exposed and folded Triassic 

sedimentarie s. 

Glaciation has caused the U-shaped valleys which 
dissect this plateau. Upper Clear Creek and the eastern 

fork of Pine Creek are prime examples. Tast £,ake is a 
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good example of a cirque. Mixed alluvial and glacial 

deposits are common in draws and valleys. This by no 

means covers all of the geological detail and local var- 

iations. The soils of the upper elevations are quite as 

variable. In general, Western Brown Forest Soils from 

mixed granodorite or basalt and windblown material are 

found on ridges and slopes under the forest. lso 

under the forest are weakly developed Brown Podzolic 

soils. A Prairie-Lithosol intergrade is found in the 

open; it developed under grass and from a mixture of 

basalt residuum and windblown silts. 

The Cornucopia stock, which is typical of much of 

the high Wallowas, lies just west of the study area and 

offers a considerable contrast in relief, soil, and 

vegetation. 

Macroclimate 

No information is available for microclimate and 

weather records are available only from two locations 

that are adjacent to the area. Both precipitation and 

temperature records are kept at Halfway, Oregon, at an 

elevation of 2,675 feet. This could well represent the 

conditions found in the gropyron-Poa zone. (See Table 

1). 

It will be noticed that the summers are dry and hot. 



Table 1. Precloltatlon and snowfall means In inches for Halfway, uregon 
(70 p. 19, 9, 5+) 

Jan. Feb. Mar. Apr. May June July 
Mean monthly ppt. (a) 2.56 3.01 1.28 1.50 1.68 1.0 .31 
Mean monthly snowfall (b) 18)+ i+,o 2,5 .2 T - T 
Mean maximum temp. (e) 31.6 +o)+ '8.9 63.9 71)-f 76.3 69.3 
Mean minimum temp. (c) 8.6 ió)+ 23.7 31.3 j7.7 +1.9 

Aug,. Seo. Oct. Nov. Dec. ?nnual average 
Mean monthly ppt. (a) .17 .3 1.19 2.56 3.22 20.01 
Mean monthly snowfall (b) -- -- T 5.2 12.1+ 52.7 
Mean maximum temp. (e) 88.8 80.2 ó1+.6 '7.3 37.2 61.7 
Mean minimum temp. (c) 1+3,7 37.2 30.9 21+.9 2u.l 30.2 

(a) = based on 10 years (b) - based on 6 years (c) based on 7-11 years 

Table 2. PrecipItation and snowfall means in Inches for Cornucopia, Oregon 
(70 p. b, 1+9) 

Jan. eb. Mar. Apr. May June July 
Mean monthly ppt. (a) 8.0 Z+,73 

1+8.20 
5.53 1.86 2.16 2. .36 

Mean monthly snowfall (b) 93.50 33.00 3.50 3.10 T T 

Mean monthly ppt. (a) 
Mean monthly snowfall (b) 

(a) - based on 6-8 years 

T .oO p.90 31.70 71+.90 

(b) based on 5 years 

Cr 
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The precipitation comes froii local thunderstorms. Most 

oi the moisture in the winter months comes as snow. 

unl.y precipitation records are kept at Cornucopia, 

which is the other weather station adjacent to the 

study area. The elevation is +7OO feet, but the precipi- 

tation may be greater than would be normally expected 

because the station is situated in a narrow north-south 

valley with Cornucopis Peak on the west and the 5+Oo- 

foot plateau on the east. The moisture Is likely to 

represent the upper Grand fir zone or lower spruce-fir 

zone (Table ). 

The same pattern is represented at Cornucopia as in 

Halfway, i.e. dry summers and winter precipitation 

mostly of snowfall. 

The extreme differences in precipitation and snow 

found between Halfway and Cornucopia, in a space of less 

than ten miles, is indicative of the range in vegetation 

arid soil conditions. 

There has been no important departure from long time 

means of precipitation and temperature at either of these 

stations for the l9)3 growing season. 

snow course was established in 1939 within the 

Grand fir zone of the study at Schneider fleadows. Con- 

tinuous data is available since 1951 (Table 3). It is 

of interest to know that the snow pack in the spruce-fir 
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Figtire 2. A view of Turnbull Creek in the Agropyron-Poa zone on the east 
boundary of the Pine Valley allotment. 
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Figure 3. A view across the dissected plateau in the spruce-fir zone; the 
Cornucopia stock appearing in the background Is beyond the west 
boundary of the study area. 
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In the valley, however. It Is not known if they burned 

the vegetation to improve hunting, as the southwestern 

Indians did. 

The first white settler, Charles Fee, came to the 

valley about ldóQ to trap beaver (+ö) Sparse settle- 

ment began in l87. Brief Indian conflicts encouraged 

these pioneers to build a fort and live in it during 

the summer and fall of 187?. In l88+, gold was diseov- 

ered at Cornucopia and the next year saw a large influx 

of people. The Cornucopia mines were at one time the 

largest producing in the United States. Many mines 

were located within the allotment, and gold mining 

added a colorful chapter in the local history. At 

present, however, mining Is negligible or non-exlstent.1/ 

Gr a z ing 

The first band of sheep reportedly came to the 

valley In 1889 ()+7) and made use nf the foothills. By 

the time the allotment area was taken over by the 

iorest Service in l9uó, common grazing by local cattle 

and sheep from distant points was practiced on a first 

corne, first served basis. Within several years sheep 

1/ Information from the files of the Pine Ranger District, 
U.S. Iorest Service, Halfway, Oregon. 
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were removed from this rance and it has been grazed by 

cattle ever since. Forest erviee records indicate that 

head of cattle were permitted on the allotment from 

May i to November 31, 121. This number rf animals was 

reduced by 501) head each year until l92+, when +OUJ head 

were permitted frm May 16 to October Ji. This number 

was again reduced in 1927 to 25ou for the season of 

June 1 to October i. Continued reduction has been made 

until at present less than 1800 head graze from June 1 

to October i. The first boundary fences were not estab- 

lished until 192+, thus cattle were allowed to enter the 

allotment a great deal earlier than the opening date. 

Until recently, trespass by excess numbers was believed 

to be common. 

Timber 

Timber Use has gradually increased to the present 

time. Until 1950 little was done to control cutting 

practices. Most of the timber was used locally. Plans 

now call for close supervision of silvicultural practices 

and watershed protection. /n annusi cut is planned for 

sustained yields. Areas now being cut are seeded to 

grass the following fall for ersion control and planted 

with pine. Logging has been instrumental in establishing 

a rudjmentar' network oÍ gond roads. 
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Water shed 

Irrigated native pasture and hay crops are the back- 

bone nf agriculture In Pine Valley, and to this extent 

the Irrigation water from the study area becomes orof 

its most valuable resources. The first recorded water 

taken out of Pine Creek for irrigation was in 187+ (6). 

According to Forest Service records, 13,b++ acres are 

now under irrigation in Pine Valley. Five reservoirs 

have been constructed within the allotment at high ele- 

vations for the storage of irrigation water. system 

of ditches an natural stream courses serve to transport 

this water to the valley. Erosion in some ditches going 

down steep slopes is a problem. Logging and grazing 

management should consider the preservation of the 

water resource. 

Recreation 

Recreation and hunting are becoming increasingly 

important in the vicinity. Most local people enjoy the 

fine hunting and fishing, but more and more people are 

coming from farther away. The allotment can be consid- 

ered as mainly summer habitat for deer and elk. Over 

population could become a problem for these species. 

The adjoining winter range for deer is already in 

critical condition. Elk have increased from none in 
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195 to an estimated several hundred. 

Fish .ake is the only developed area for recreation 

and overnight caping. It is one of the few reservoirs 

in which enough water remains at the end of the irriga- 

tion season to support a permanent population of fish. 

The Eagle Cap Wilderness [rea, which was estab- 

i.ished by Congress in l9-fO. overlaps several sections 

oí the allotment's northwest corner and is popular for 

hiking and riding. 
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LITERATURE REVIEW 

Ldterature related to this study is being reviewed 

in three divisions: utilization measurements, the 

grazing patterns of cattle, arid vegetation classifica- 

tion. Utilization measurements have drawn considerable 

attention, particularly during the last 2u years. 

However, little attention has been given to applying 

them on an ecological basis. 

Util ization Measurements 

Stoddard and Smith (dó, p. lab) suggest that 

"Utilization the range means the degree to which 

animals have consumed the usable forage production 

expressed in percentage". Thus a 100 percent utiliza- 

tion of the range would indicate correct use of that 

range. Percentage utilization, however is "the degree 

to which animals have consumed the total current herbage 

production expressed In percentage. This latter usage 

refers to a single species. 

Historical Development 

The process of estimating utilization has progressed 

from an art practiced by early graziers to a science of 

measurement and sampling relied upon by land managers and 
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researchers. Stoddard and Smith (bÔ, p. 13b) have indi- 

cated that this evo1utin started with ocular judgment 

estimates, based upon experience, by old-time stockmen. 

In many cases this was quite an accurate estimate. Early 

forest rangers used the same method. 

Concepts of how much forage could be taken or how 

much herbage should remain, for the maintenance and 

improvement nf principal forage plants, developed con- 

currently with measurements of utilization. Jarly 

graziers considered ranges fully used when all growth 

had been consumed (29g. Qur first forest rangers planned 

to leave U to 2u percent of the height growth. This 

was later modified to 20 percent of the seed stalks 

(uô, p. 1ö). During the past two decades researchers 

have suggested guides for proper use on individual 

species based on weight, height, or seed stalks remaining 

(ó2, p. 379-392). Basically this is related to the 

physïological responses of the plants to grazing, such 

as carbohydrate storage, root development, and repro- 

duction (ii-, p. l6+-l69), which in turn Is related to the 

time of Use. 

alitative Methods 

Pn ocular appraisal in purely qualitative terms was 
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developed by Derning (o3, p. 1+1). From a nutnber of obser- 

vatlons the range is classified Into one or more of' nine 

adjective ratings. This is based upon the primary förage 

plants. Attention is also given to other factors--season 

of use, vigor, soil erosion, rodent activity, and fires. 

Stoddard and Smith (óó, p. l+2) state that after a brief 

training period, field men are surprisingly consistent 

with this method, which gives a sufficient basis for 

adjusting management practices. It has been reported 

(0) that this method has been used widely by private 

ranchers and several federal agencies. 

Humphrey (3+) proposed a refined general reconnais- 

sanee utilization survey by range condition classes. He 

proposed that a key forage plant would be used as a basis 

for estimating use, but that a number of other factors 

related t. the condition of the range should be given 

equal consideration. He hoped that this method would be 

simple and fast enough to have acceptance with individual 

ranchers. 

Photographic methods have been used which give 

similar qualitative results. Hormay and Fausett (33) 

and Hormay (2) developed photographic standards for 

annual ranges in California. 3thers (50, p. 15-16) have 

expanded this method to areas in Texas and other 
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shört-rass rances on the Central Plains. 

weight Measurements and Estimates 

Weight determinations of utilization have received 

considerable attention. Weight can be easily related to 

amounts of animal feed consumed, under conventional 

thinking ()2). precise and rather complicated method 

of weight determination was outlined (3, 9) for use In 

grazing trials with sheep on irrigated pasture. 

Twenty-five 8-Inch square link sub-plots, arranged in a 

systematic pattern over one-half acre random plots, were 

clipped before grazing. These plots, and 3 more, were 

clipped after grazing. Thus the amount present before 

grazing, minus amount present after grazing, plus amount 

of growth during grazing, equals the total amount consumed. 

Stoddard and Smith (66, p. 11u) state that this method 

would require a prohibitive number of plots on our 

heterogeneous range lands. Equally accurate but irnprac- 

tical from a management cost basis are several systems 

which use caged and paired plots (21, 39, +l) . All these 

methods account for growth of the forage plants during 

the grazing period and have been used In pasture research. 

Cassady (10) has adapted weight measurements, before 
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and after grazing, for checking utilization on sheep 

ranges. Several important units or predesignated parts 

of frrage and browse species are clipped and weighed 

green, each from lU to 2u random plots (depending on the 

variability encountered) before grazing. After grazing, 

17 to 3U more random plots are clipped and weighed. 

This method adapts well to sheep ranges because only a 

few days need elapse between readings. For adaptation 

to longer periods of cattle grazing, enclosures are 

needed on representative areas to measure growth during 

the grazing period. 

The ocular estimate-by-plot method was developed 

by the United States 3heep Experiment Station (53) 

in 193j. This method consisted essentially of esti- 

mating by weight or volume the percent of herbage 

removed from small plots. Pechanec and Pickford (53) 

tested a refinement which they referred to as the ocular 

estimate by average of plants, where each forage species 

is estimated separately. They found that error in 

estiríates was 1argel personal and, for the most part, 

estimated weight was highly correlated with clipped 

weight. The claimed the essential characteristics of 

greater speed and accuracy for their method. Une and 

one-half hours were required for 15 plots, this was 
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found to be two t three times faster than the volume- 

by-weight method. Attention was called to the fact that 

small plots make the observer concentrate more on the 

plot and thet the greater numbers necessary would mean 

a deeper and. more intensive contemplation. They stressed 

the need for a thorough training period to check esti- 

mates by clipping. The estimator guesses t the percent 

herbage removed from artificially harvested plots. 

Then the remainder of herbage is clipped and the percent 

by weight removed from the first clipping is computed. 

The estImator then adjusts his estimate for the next 

trial. They recommended that one full day should be 

spent on training and that about ten plots should be 

checked each day during the utilization survey. Greater 

accuracy and speed makes It one of the more desirable 

methods. 

Height-Weight Conversions 

Height-weight conversions have been used by a num- 

ber of workers. Lömmasson and Jensen (1+3, 41-t-) reported 

on the development of this method. Tables and field 

scales, which give the percent of weight used when held 

beside the grazed forage plant, have been developed for 

use In converting height to weight (ì+3, 71) or volume (15). 
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The relatlönship of weight to height is curvilinear 

(+3, 71, 17) with th2 bulk of the weight or volume 

concentrated at the base of the plant. Caird (5) found 

that the relationship of height to weight was influenced 

by various site factors of soil and yearly climatic 

changes. Clark (il), working in IJtah, found that species 

of forage plants varies greatly in growth form and 

height-weight relations with environmental changes from 

year to year and site to site. 

Canfield'(8, 9). workIng with several stubble height 

classes on the Santa Rita Experimental Range, found a 

straight-line relation between the percent of plants 

grazed to a 2-Inch stubble height and the percent utiliza- 

tion. This relationship was curvilinear if all stubble 

heights were considered. Methods have been proposed for 

browse where it has been suggested that the percent length 

grazed from tagged twigs would equal the percent of use 

by weight. This, however, is probably not a straight-line 

re1ationhip (72). 

x-ercent of Plants Grazed Method 

The relationship of percent of plants grazed t0 

percent of weight removed hs attracted attention since 

1935. Roach (59) expanded upon Canfield's work and de- 

veloped a relationship for ail species on 'semi-desert" 
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cattle ranges. It was recomrnencJed that lUu-pace tran- 

sects be staked out across the natural variation found 

:I.n the vegetation. The method was reported easy to 

learn, fast, and reasonsbly accurate. Collins and 

Hurtt (lj) showed a curvilinear relationship for 

Bluestem western wheatgrass (Agropyron smithil) , a 

relationship which they recognized as varying from 

year to year arid site to site. They recoramended that 

new relationships should be worked out to meet the 

conditions of any particular survey. These varitims 

were also noted by Ilolscher and Joo1folk (ji) , while 

working with bluestetn iestern wheatgrass (gopyron 

smithii) and Blue gramma (Bouteloua gracilis) on the 

northern great plains. They concluded, however, thct 

percent of plants grazed in that area was the most 

sensitive and useful single criterion for judging 

utilization. Hurd and Kissinger (3(s) working with 

Idaho fescue, (Festuca ahoens1s) felt this nethod 

would be particularly useful on large range units. 

Mattox developed. similar relations for Palouse bunchgrass 

and mixed prairie species which were grazed by unherded 

sheep. When these relationships were tested outside of 

the study area, sorne species showed favorable results, 

arid a few did not. 
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3ther Methods 

Correlations between pellet or fecal counts and 

utilization have been studied and suggested by several 

workcrs (50, p. 16). This is mainly a conversion of 

estimated animal populations to pounds of forage removed 

over a specified period. Julander ()+û) suggested that 

cow chip counts were too variable to give an estimated 

cattle number. Several combinations of methods have 

also been reportd by Van Dyne (72). 

)ifficu1ties in Converti to Weight 

The dangers of using conversion methods have been 

pointed out by sever 

range of fluctuation 

duction from year to 

mental differences. 

tables for each year 

conversions. 

al writers (11, 31). There is a wide 

on vegetative growth form and pro- 

year, and between sites and environ- 

Clark (11) points out that many 

would be necessary for height-weight 

Species äa Areas 

With the great variability encountered in vegetation 

on range lands, many researchers have adopted the key 

species concept (66, p. i4). Therefore, sil efforts are 

concentrated upon the one or two species which provide 
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the bulk of the forage and occupy a favorable eco1oical 
position in a plant cormun1ty so that its maintenance 

would insure soil stability and maxiur forage production. 
Pickford and fleid (5ó) reprted that thi'ee.-fourths of 

the forage eaten on eastern Oregon summer cattle ranges 

was from one-half of the herbage compositinn macle up of 

only five species. He recommended that the most valuable 
range type ín these areas should be selected for manage- 

ruent purposes, and the most cignificant plant within it 
should be used as a guidepost to proper utilization. 

The utilization check of key plants on key areas hRs 
been postulated as a realistic approach on heterogeneous 
range lands. Qn eastern )regon sthnmer cattle range, 
this is generailyin the non-timbered areas (25). 

General 

A thethod of measuring utilization must be fast and 

economical, because of the great expense and low value 
of rauch range land. It must be fairly easy to apply, 
because inexperienced personnel are often called upon to 
perform the task. It must be adaptable to the varying 
species and conditions of the area, yet it must be 

accurate enough for management decisions. 
Brown (+, p. 173) reasons th&t the ocular estimate 

by plot method is best for large-scale planning of grazing 
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on open range land and for research on experimental areas. 

he says the height-weight method is the only serious 

rival, but not nearly so simple. Reid and Pickford (8), 

as previously mentioned. compared the two methods on 

Pacific Northwest ranges and recommended the ocular esti- 

mate by plot method. The writer agrees that this method 

is the most promising for areas similar to the study 

area considered for this thesis. if it is applied t° key 

species on key areas. 

' method for utilization surveys is not solely a 

mathematical question (+2). Campbell (7) noted, however, 

that the real problem is in interpreting, not measuring, 

utilization. Proper use of a species is inf1unced by 

site and climate. Hyder (37, 38) found a decline in 

range conditions at Squaw Butte on units where proper 

use was indicated by a survey using the 9.6-square-foot 

plot for ocular estimates. Ie attributes this to the 

fact that the range in poor condition should have received 

zero use. He further states that the amount of herbage 

remaining, expressed in weight per unit area, is the rnc'st 

important criterion and will represent plant, range, and 

soil conditions. 
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Grazipg r'atterns of Cattle 

Much has been written about the grazing habits of 

cattle. Some of the literature is discussed here in 

order to develop some concepts of utilization measurements. 

nge cattle, :azing freely, generall graze a plant 

once and will not return to it unless forage becomes 

critical (9). The percent-of-plants-grazed method is 

uased largely on this assumption (.. 
Glendening (23) uiscussed several factors which 

affect cattle use of range in Arizona. Distance from 

water was one of the most important. Other factors were 

steepness and length of slope, distance from trails, 

density of timber stand and litter, and the season of 

use. Pickford and Reid (56) found that untimbered areas 

were used steadily all summer; but timbered areas were 

used only in the first half of the season, due to a 

decline in nutritive value or palatability of forage. 

Creek bottoms receive heavier use since water is readily 

available and forage is greener. ilolscher and Woolfolk 

31ì related use patterns more specifically to range 

subtypes recognized by soil, topography, vegetation- 

composition, weather condition, and exposure differences. 

Parker and Glendening (l) point out that one of the 

first steps in utilization measurements would be 
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stratifying by utilization zones. 

Classificatíon of Vegetation 

The practical value of ecological units for wild 

lands ranagernent such as forestry, grazing, and wildlife 

has been discussed by Daubeninire (17, p. 321f327). Many 

systems have been developed for classifying vegetation. 

3ome of the earliect systerris had a value for conceptual 

purposes. ccording to ckert (19, p. 2) ntnone of these 

early classifications divided the vegetation mosiac into 

phytosocioloical units small enough for intensive 

management purposes". Recently three approaches t 

understanding ecology of grazing lands have been used 

i.e. vegetation, soils, axìd cjmbined vegetati.n-soil 

studies. The latter seems to be the most promising 

(19, p. J1/) 

Sampson (61., 63) described the grazing lands of 

the 'h,lloi.yas and classified them into four Merriam life 
zones. These he called the transition or yellow pine 

zone, Canadian or lodgepole pine zone, Hudsonlan or 

white-bark pine zone, and Lrctic-aipine or timberless 

zone. He did not publish association groups within 

these zones. 

i)aubenrnire (16, 17) has describd the semi-desert 

grassland and forest vegetation of Washington and northern 



Idaho. Since his system of classiflcatlön is reportedly 

Useful for sound management decisions and lì1 use of it 

was relatively close (less than lOU miles) to the Pine 

Valley cattle and horse allotment, it i of particular 
interest. He called his sniallest structural unit of 

vegetation the union, which is a population of one or 

moro species that are cinsely similar in their ecological 

requirements. His basic unit is the association which 

is a structural combination of Unions. The association 

is climax, or appears t be self-regenerating. "The 

area occupied or potentially occupied by a closely related 

group of associations is called a zone." (17) In all, 

he divided the area into seven zones conposed of a 

number of associ.tions. !here soils were previously 

mapped, he rioted a close correlation of soil zone and 

vegetative zones. Tisdale (68) studied n extension of 

three of these zones into southern 15rtish columbia, He 

recognized a correlation of great soil groups to vegeta- 

tive zones. Poulton (57) studIed three zones in Morrow 

and TJrnatills counties. 1ach type of climax was associ- 

ated with a part1culr group of soil series. 

Head (27) described seven associations related to 

f-ur zones, similar to some of Daubenmire's zones, in 

a floral survey of the east Eagle Creek drainage. This 

area is just ten miles west of the Pine Valley allotment. 
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Although the two areas are similar in many respects, 

there are some striking differences. Vegetation de- 

scriptions have been made (67) for Lostine Canyr'in, 1 

miles northeast of Pine Valley. 

Humphrey (3) described six common range forage types 

of the inland Pacific Northwest. 3oi1 relationships were 

not shown, nor was there a differentiation between serai 

and climax vegetation. Inderson (1) showed the rela- 

tian of soils to natural range sites. He has developed 

site guides for much of 9astern Oregon including the 

Blue Mountains, with which he included the allowa 

Nountains. Although these guides have a rather broad 

application, they are sometimes difficult to apply to a 

specific area such as the Pine Valley cattle and horse 

allotment. 

Combined vegetation-soil investigations have led to 

a better understanding of land management. Soil vegeta- 

tive surveys have been In progress in Californis since 

l7. Their use will aid in better management of wild 

lands (22). If sound ecological research precedes these 

surveys, we shall have an even more latent tool for 

management. s stated by Daubenmire, "The maximum 

utility of the habitat typel/ concept to land managers 

.1/ Habltot types ere the collective areas which one 
association occupies, or will come to occupy as 
succession advances (17, p. 303). 



i.joU1d result from mapping the land surface on the basis 

oí habitat types, with secondary subdivisions to indicate 

the status o1 vegetation now occupying the 1and. 

(17, p. 32t) Successional trends can bo predicted and 

application of research and practical observations could 

be applied safely tr similar units. Mapping on this 

basis would have permanent value, whereas many of our 

present da cover maps become obsilete after timber 

harvest (17 p. 32-, 
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ThODS 

The writer first became fmiiiar with the study area 

thi1e insta11in Parker condition and trend transects 

during three weeas in Lugust, 197. A iioro thorough 

acquaintance was obtained by classifying vegetation and 

making iti1ization estimates during the 13 grazing 
season. 

ive stock Management 

The Pine Valley Cattle and Horse Association gath- 

ered the bulk of their cattle from winter range, mainly 

13J4.M. lands, the last weeks in June and first weeks 

in July arid presented them to the Forest Service for 

marking and counting. Immediately after marking, the 

association turned the cattle into the lower portion 

of the allotment along main drainages. 

The cattle grazed freely but were held out Of the 

spruce-fir zone by a partial drift fence and riders 

until the seventh of ugust. After that date, the bulk 

of the cattle wus forced into, or drifted into the high 

elevations where they remained until snow flurries forced 

many of them back tû Pine Valley the first week in 

ctober. î few remained until late October. 

Salting was confined mostly to ridges within old 

established salt grounds. Otherwise, little control was 
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exercised upon cattle movements. 

Lllotment Analysis i 

An allotment aria1'sis map was prepared for the area 

in 1956 by E. B. Abbott. The map showed rance types and 

the conditinn classes, together with approximate carrying 

capacities. Field reconnaissance, based on aerial photo- 

graphs, was used in its preparation. Field sheets were 

used to list the more important species of plants found 

in each designated type. It was felt that this map 

provided the best available framework from which to 

sample utilization. 

Vegetative composition was interpreted from the 

field sheets and aerial photos in order to delIneate 

vegetative zones. Four zones were recognized. The 

analysis map showed three range types; i.e. meadows, 

npen grass lana, and open timber land. Tach type was 

divided into one or more of the following condition 

classes; excellent,, good, fair, or poor. Twenty-three 

strata were outlined by condition classes of each type 

within the four zones. Condition classes withft the 

same type were later grouped together to form seven 

strata. 
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Selection of Sample Plots for Utilization Estimates 

Iifty-nine sample plots were located within the 

various strata by random coordinates on the analysis 

map. Sampling was proportional to the size of the areas 

of each strata with the restriction that all of the 

original strata received at least rne sample plot. 

Distribution of sample plots is shown in Table +. 

Table 4. Distribution of sample plots 

Zone Range type Stratum No. of Pcreage 
Plots 

Spruce-fir Meadow A 882 
Open grass B 9 5957 
Open timber C 7 $lÛ6 

Grand fir Meadow D 3 352 
Open timber E 13 8519 

Douglas-fir Open timber F 11+ 9392 

Agropyron-Poa Open grass G 10 6113 

Plot locations were transferred to aerial photo- 

graphs, used in the original survey, for easy location 

in the field. This could be considered a modification 

of the method outlined by Harris (26) . The sample plot 

was located upon the ground and a stake was driven into 

the ground to represent a starting point for a transect. 



Plot size and Shape for Measuring tTtilization 

Each sample plot for measuring utilization consisted 

of ten sub-plots of 9.6-square-foot circles distributed 

one-chain apart in a ten-chain transect. The transect 

began at the randomly located starting point. The 

direction of these transects was determined from pre- 

viously selected random azimuths. To avoid running a 

transect outside of the map type, a change in direction 

to a new random azimuth was made at the last possible 

sub-plot on the original direction. 

Utilization Plot Data 

Measurements were made on all of the utilization plots 

belo, the drift fence after the bilk of the cattle had 

moved into the spruce-fir zone. When the utilization 

appeared proper In the spruce-fir zone, all plots above 

the drift fence were measured. These plots were measured 

again after most of the cattle drifted back to Pine Valley. 

Utilization plot data was obtained in three phases. 

Eirst an estimate was made of the percentage of herbage 

bT species which had been removed from each sub-plot by 

grazing (p3). Concurrently, estimates of weight remaining 

were made on each of the sub-plots. Finally, each sub-plot 

was classed as belonging to a particular plant community. 
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Jne of the ten sub-plots in each sample plot was 

selected by random for double sampling. On this plot 

green weight of each forage species was measured by 

clipping and weighing in paper sacks, using a 100-gram 

spring-type scale. These samples were saved for air 

drying and re-weIghing. 1/ 

Photographs in both color and black and white were 

taken at the sample plots, to document forage Use. Piso, 

notes were made while traveling between plots on use of 

forage. These were used as an aid in preparing a general 

reconnaissance map of utilihation. 

Training 

training period was Initiated prior to sampling. 

e1ected plots were delineated and clipped to represent 

utilization. An estimate was made of the percent of each 

species artificially used. The remainder of the forage 

was clipped and the actual percent of removal computed. 

Estimations were adjusted after each trial (53). WeIght 

estimates of herbage were also made and checked on these 

trial plots. 

Near the end of the grazing season, this same 

training procedure was continued by using plots which 

were protected from grazing by previously located cages. 

1/ P balance scale was used. 



These protected plots were clipped to represent the 

degree of utilization on surrounding vegetation and before 

and after photographs were taken. 

Vegetative Data 

Plot location: Prior to the measurement of utiliza- 

tion, a reconnaissance method was used to determine the 

important plant communities that exist within the allot- 

ment. Early in the grazing season plots were located 

in such a manner as to represent a modal situation in 

the dominant vegetation units. These plots were sub- 

jectively located in about half of the map units sampled 

for utilization. In addition, ecological data were ob- 

tained on some areas of non-usable range. 

Plot size and shape: A rectangular macroplot 100 

feet by U feet (2, p.5) was established by pacing. A 

staae was driven into the ground at one corner and tern- 

porary range poles set In the other three corners. The 

staked corner was referenced to known locations. P. 

one-fifth acre circular plot was also established in the 

center of the macroplot to measure crown cover of trees. 

Vegetative plot data: The percentage of ground 

cover for each species other than trees was estimated 

within the rnscroplots. Ground cover was taken to be 
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the average outer extension of all living plant parts and 

was estimated without compression of the vegetation. 

Seven cover classes were used to record the dominance of 

each species (Table 5). Since ground cover wa.s estimated, 

the sums of the individual cover classes were generally 

greater than 100% (2, p. 12). 

Table . Vegetation cover classes. 

Class Limits 

i o-1% 
2 1-5% 
3 5-10% 

10-25% 
25-50, 

b 

50_75% 
7 75-100» 

The average maximum spread was considered as complete 

cover when growing 

maximum spread was 

tips of the longes 

adding them to the 

the same arc, The 

pletely covered. 

leaves just touched. The average 

estimated by imaginary cutting of the 

t leaves, cuim and flower stalks and 

shortest so that they would extend to 

gaps In the arc were considered corn- 

Shrubs and tree cover were estimated in a similar 

manner. However, holes and gaps in the crown would be 

disregarded unless a single hole equaled or exceeded 5o 

percent of the crown spread within the plot. The crown 



spread of trees was estimated within the 1/-acre plot. 

Litter dominance was estimated for the macroplot by 

Use of the five following classes: 

Class 1, litter hard to see or absent, 

Class 2, litter hard to see in the interspaces, 

Class 3, litter easy to see in the interspaces, 

Cless r, litter equal t bare grund, 

Class i3, litter dominant over bare ground. 

Four age classes nf trees were recognized: seedlings, 

saplings, thrifty trees, mature trees, and the dominant 

age class was recorded (2 p. 1c) 

Supplemental information recorded for each nf the 

macroplots included slope in percent, aspect by cardinal 

directions, land form ¿nd relief. 

Soil Data 

Soil pits were dug in representative macroplots. A 

small sample from the center of each profile was taken to 

the laboratory for pH, color, and texture analysis. The 

pEts were determined by colormetric means, using chioro- 

phenol red and bromthymol blue. Color of individuai peds, 

both dry ar moist, was determined from a Muncell color 

chart under daylight florescent lighting (69 p. 19+-2u3). 

Root distribution was determined in the field by 

horizon (Table ô). 
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Table b. Root distribution classes. 

Class Definition 

i Roots very difficult to find 
2 Roots hard to see 

3 Roots easy to see 
If Roots and soil about equal 
5 More roots than soil 

Dr. C. T. Youngberg made morphological descriptions 

in the field of representative soil profiles. 

P ho to graphs 

P, photographic record was kept of each macroplot and 

related soil pit. Both black ar white Kodak Panatomic X, 

and Kodachrome color film were used. The photographs of 

the macroplot were taken from the staked corner looking 

diagonally across the plot. o1l pits were photographed 

from the position which gave the best lighting effects. 
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RESULTS AND DISCUSSION 

Vegetation and Soil 

The writer feels that a fair understanding of the 

important ecological units for this area is now possible. 

However, many years of intensive research ere needed 

before the serai relationships can be completely under- 

stood. The important plant communities necessary for 

the classification of vegetation are described in enough 

detail for their recognition by field men. Vegetative 

composition and cover class data are presented in 

appendixes 2 through 5. It should be noted that vege- 

tation of this area has been greatly disturbed by bio- 

logical pressures, therefore the descriptions of the 

modal concept of these communities are for the vegetation 

that now exists. It should be pointed out that present 

conditions are likely to exist for some time and that 

many of the species are increasers and some are in- 

vader s. 

Each of these communities has different management 

requirements and production potentials for watershed, 

range, forestry, and wildlife. These are classification 

units which are of a level to be useful in land manage- 

ment. Cartographic detail cannot be fine enough in 
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some cases tn show each vegetative unit, but trust 

necessarily show complexes of several vegetative units. 

The description of the map unit should be in terms of 

the classification units, including the percentages of 

each community and their pattern of occurence. This 

procedure is a basic premise in relating soil series to 

soil map units (o9 p. 278) but unfortunately it has all 

too often been disregarded in the mapping of vegetation 

for land management. Without this information it is 

very difficult to make proper interpretations from the 

map for utilization, and condition and trend surveys. 

Agropyron-Poa Zone 

The Agropyron-Poa zone is not widely represented 

in the study area. If' a larger area of the state were 

under consideration, this zone might actually be termed 

a mixture of several zones. The three dominant plant 

communities representing associations in this zone are: 

Agropyron spicatum-Poa secunda, Purshia tridentata- 

Agropyron spicatum, secunda, and Festuca idahoensis- 

Pgropyron spicaturn. (See appendixes 2 and 5). 

gropyron icatum - Poa secunda: This community 

seems to be the most extensive of these three. It is an 

open grassland with a good grazing potential. 



Agropyron spicatum, Balsamorhiza sagittata, and 

and Eriogonum heracleoldes have a high constancy. 

ropyron spicatum and Poa secunda show the greatest 

relative dominance. (see appendix 5). When this 

community is overgrazed, Bromus tectorum and a host 

of other annuals become dominant. 

The Agropyron spicatum-Poa secunda community is 

found in the study area generally between 2Lu (. feet and 

35Ju feet elevation (Figure )+) At the lower elevations 

it intergrades into the Douglas-fir zone and requires a 

more southerly exposure and is found on slopes up to 

8o or luG percent. As the communities become surrounded 

by forest, more and more of the forest species inter- 

grade into the openings. The land form is generally a 

ridge top or slope varying from flat to mountainous. The 

microrelief is charactérized by knolls and swales. 

The soils associated with this community are 

developed from basalt residuum or colluviurn. They are 

generally less than lU inches deep and in many cases 

could be classed as lithosols. They are very shallow 

and. excessively drained, Roots are generally hard to 

see. 



Figure +. This photo shows a typical Agropyron spicatum-Poa secunda 
community found within the study area. 

-V 



Profile: 
A1 L-1 Yellowish brown (1OYR 5/)+ 

dry), dark brown (1OYR 3/+ 
moist) silt loam; pH 5.8. 
Roots easy to see. 

B l-6 Yellowish brown (lYR /b 
dry); dark yellowish brown 
(lYR +/+ moist) silt loam; 
pH 5.9. Roots eas to see. 

C 6. Pale red (2.5YR /2 dry), 
weak red (2.5YR /2 moist). 

Variations: Colors range from brown to yellow- 

ish brown in the surface and dark brown to 

yellowish brown in the subsoil. The pH 

ranges from 5.8 to o.5. 

Purshia tridentata-gropyron spicatum-Poa secunda: 

This community is of the next greatest importance in this 

zone (Figure ). It is a browse type with an excellent 

potential for winter deer range. 

The species which characterize this commuiity by 

high constancy are: Purshia tridentata, Agropyron 

spicatum, Balsamorhiza sagittata, and Bromus tectorum. 

These same species have the greatest relative dominance. 

(See appendix 5) . Heavy spring grazing in the past has 

caused most of the perennial grasses to be replaced by 

Bromus tectorum and other annuals. The depleted condi- 

tion and related moisture qualities together with a 

heavy deer population are serious threats t0 the remain- 

Ing Purshia tridentata plants. 



Figure 5. The community of Purshia tridentata-Agropyron spicatum shown 
in this photo is in "Good Condition." 



This community is found between 2000 and 3000 feet 

elevation, predominantly southern slopes. There is 

some slight gradation into the forests. The land form 

is generally ridge tops or steep mountainous slopes. The 

inicrorelief is characterized by interrupted knolls and 

swale s. 

The soils are developed from basalt residuum or 

coiluvium, They are generally shallow, from 13 to 18 

inches, and stony. 

Profile: 
A1 0-Ô Brown (1°YR 5/3 dry) , dark 

brown (1OYR 3/3 moist) silt 
loam; pli 6.6. Roots easy 
to see. 

Bi b-13 Dark browxi (1OYR +/3 dry) 
(1OYR moist) silt 
loam; pH ú.6. Roots 
hard to see. 

C 13+ Gray brown (2.5Y 5/2 dry) 
olive brown (2.5Y +/3 
moist). 

Festuca idahoensis-.\gropyron soicatum: This commun- 

ity is not widely represented and is confined mostly to 

north exposures. This is an open grassland type and 

has an excellent grazing potential. 

Species of high constancy and relative dominance are; 

¡gropyron spicatutn, balsamor sagittata, Festuca 

idahoensis and Bromus brizaeformis. The latter appears 

to show a high fidelity to this comniunìty. This unit 

is found between 2uu O and 3000 feet elevation, on 



steep mountainous slopes with northerly aspects. 

The sil is developed from basalt residuum or 

colluvium and is deeper than those in the other commun- 

ities in the Àropyron-Poa zone. 

Profile: 

ii G-1t3 Dark yellowish brown 
(1UYR ±A.dry) (luTh 
3/1f moist) loam; pH 6)F. 
Roots easy to see. 

f-B 18- Dark yellowish brown 
(luTh dry) (luTh 3/1+ 

moist) sandy loam; pH ó.1+. 

Roots easy to see. 

Inclusions: Several small areas which appear to 

be examples of a pine zone are found south of the study 

area existing as Isolated timber stands in draws and 

canyons or around openingsin the lorest. Communities of 

Pinus pnderosa-Symphoricarpis alba and Pinus ponderosa- 

Purshia tridentata are probably represented. In each 

case they are on shallow soils. 

Douglas-fir Zone 

This zone is fairl' extensive in the study area. 

Small communities of !gropyron spicatum-Poa secunda 

exist as inclusions on shallow lithosols in this zone. 

3tringer meadows common along stream courses here are 

related to and discussed with the Grand fir zone. (See 

appendixes 2 and 5). 



Pseudotsu menzies1i-iphcricarus alba: This 

community is of' major importance in this zone (Figure 

Q. -Lt is an open forest type with but little grazing 

for cattle. The community is probably related to 

head's (27) Pseudotsua menziesli-Calamagrostis 

rubescens-pirea lucida association. The variation 

may be due to differences in grazing management (or 

use) , i.e. sheep in }ead's area and cattle grazing In 

this study area. High constancy Is shown by Pseudotsuga 

enzIesii, phorIcarpus alba, pirea pç1da, 

Calamagrostis rubescens, Carex geyeri, Ämelanchi 

florida, Prunus demiss, honia repens and Pinus 

pderosa (appendixes 2 and 5). The latter species 

occupies the area in a serai status. High relative 

dominance is expressed by Pinus ponderosa, phoricarpus 

lba, Stea lucida, and alamagrostis rubescens. 

Pseudotsuga menziesil seedlings and saplings are dominant 

over pine reproduction. 

The community is found from 3000 to feet ele- 

vation on rolling to mountainous ridge tops and slopes. 

The microrelief is chsracterlzed by Interrupted topog- 

graphy of knolls and swales. Slopes are generally l 

percent to percent. At its lowest elevational range 

it is found mostly on northerly aspects and mostly 

southerly aspects at the higher ranges. 



The soil is a part of or closely related to the 

Kileker series mapped as Underwood in the Baker County 

19t soil survey, and is developed on basalt residuum. 

It is a well drained Western Brown Forest soil. 

Profile: 
Poo l-u 

Al Li-Ô 

B1 

B ¿L 

6-13 

13-29 

B22 or 29J4f,- 

B3 

Consisting of a litter 
rne.t of coniferous 
needles. 
Reddish brown (6Ya '+ 

dry) , dark reddish brown 
(5Th 3/2 rco1st) loam; 
strong, fine granular 
structure , si ightly 
sticky, non-plastic, very 
friable, loose; pH of 6.5; 
roots abundant. 
Reddish brown (5YR +/+ 
dry) dark reddish brown 
(5YR 3/)+ moist) silty clay 
loam; moderate, fine sub- 
angular blocky structure, 
the peds being very por- 
DUS with thin discontinuous 
clay flows; sticky, 
plastic, friable, soft; 
pH u.5; roots many. 
Reddish brown (5YR +/'+ dry), 
dark reddish brown (5YR 
3/1+ moIst) light clay; 
ioderato medium sub-angular 
blocky structure, the peds 
being very porous with thin 
discontinuous clay flows; 
sticky, plastic, firm, hard; 
pE Ó.O roots common. 
Dark reddish brown (+YR 3/I+ 

dry and moist) light clay; 
weak fine and medium sub- 
anguiar clocky, the peds 
being very porous and having 
thin discontinuous elny flows 
sticky, plastic, firm, hard; 
pR 6.3; roots few. 



Figure 6. A typical community of Pseudotsuga menziesii-Symphoricarpus alba 
in the Douglas-fir zone. 



52 

Variatlnns: soil textures of the A horizons 

vary from loam to silty clay loam, while the 

B horizons texture varies from silty clay loam 

to clay. The colors vary from reddish brown 

to dark brown (dry). The pH's vary from b.( 

to 6.5. 

Grand fir Zone, 

The Grand fir zone is characterized by the climax 

dominant, Thies grandis. s in the Douglas-fir zone, 

Pinus ponderosa frequently dominates these communities. 

(See appendix 3). 

Abies gandis-a11x lssioiepis-Calamag,rostis 

rubescens: This is the 

ity in the zone (Figure 

its best growth when oc 

is limited in this open 

which Prunus emarginata 

recognized. 

most frequently occurring commun- 

7). Plnus ponderosa attains 

upying this site. Cattle grazing 

forest type. P community in 

replaces a1ix lasiolepis may be 

3pecies which show high constancy are Abies grandis, 

Pseudotsuga menziesli, ponderosa, Salix lasiolepis, 

Calamagrostis besce, lucida, and Rosa 

gymnocarpa. These species plus Ceanothus velutinus 



1:-Ç , 

Figure 7. This photo shows an Ables grandis-Salix lasiolepis-Calamagrostis 
rubescens community. Notice that the overstory of this stand 
is dominated by Pinus ponderosa in a serai state. 
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and pioricarpus alba show the greatest dominance. 

Salix 1asio1pis, Irnica cordifolia, 2smorhiza occiden- 

tails appear to show high fidelity for this community. 

The community Is found between 3500 and 5u feet 

elevation. It is generally situated on westerly, 

rarely northerly aspects. The land forms are either 

ridge tops or hilly to mountainous slopes. Slopes are 

generally 1 to 35 percent. Microrelief is interrupted 

knolls and swales. 

The soil is a well drained Western Brown Forest soil 

developed from a mixture of residuum of acid igneous rock 

and windblown silts. 

Profile: 
A1 o-1 Dark grayish brown (1UYR 

+/2 dry), very dark gray 
brown (loYR 3/2 moist) 
silt loam; weak very fine 
granular structure; 
slightly sticky, slightly 
plastic, very friable, and 
loose; pH of 5.. 

B1 l-l(. Light yellowish brown (l0YI 
()/Lf dry) dark brown (7.5YR 
).4/i+ moist) silt loam; weak, 
fine subangular blocky 
structure; slightly sticky, 
slightly plastic, very 
friable and loose; pH of 
6.0. 

B2 10-19 Light yellowish brown (lOIR 
o/1+ dry) dark brown (7.51R 
)+/Lf moIs) silty clay loam; 
weak, medium subangular 
blocky structure; sticky, 
plastic, firm and hard; 
with a pH of 6.3. 

CD 19+ Weathered rock; pH of 6.3. 
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Variations: Soil depth varies from 10 to 2+ 

inches (ligure 9). The texture of the B 

horizon varies from silt loam to silty clay 

loam. The color of surface soil varies from 

very dark grayish brown to brown (dry) and 

that of the subsoil varies from dark brown to 

light yellowish brown (dry). The pH's vary 

from 5.5-6.3 in the surface and 5.9-6.2 in 

the sub-surface soil. 

ithies grandis-Vaccinium membranaceurn: This dense 

forest type is found upon steep northerly slopes, and is 

c1ssed as non-usable for cattle grazing. Species high 

in constancy and relative dominance are Abies grandis, 

Pseudotsuga menziesil, and Vaccinium mbraiaceum. 

High fidelity is shown by Sorbus sitchensis, a1icu 

occicentale and Pyrola secunda. 

This community is found from +U00 to feet 

elevation on mountainous slopes of 15 to 35 percent with 

an interrupted microrelief of knolls and swales. 

The soil is a well drained Western Brown Forest soil 

developed from a mixture of basalt residuum and windblown 

silt. 



ôu 

Profile: 
A u-2 Dark grayish brown (lOIR 

-/2 dry) , very dark brown 
(lOIR 2/2 moist) silt 
loam; weak, Very fine 
crumb structure; slightly 
sticky, slightly plastic, 
very friable and loose; 
pH of 6.3; many roots. 

Bi 2-8 £dght yellowish brown 
(lo YR ó/+ dry) , dark 
yellowish brown (lUIR /+ 
moist) silt loam; very 
weak, fine subangular 
blocky structure; slightly 
sticky, slightly plastic, 
very friable and loose; 
pli o.3; roots common. 
Yellowish brown (lOIR /1+ 

¿ r dry), dark yellowish brown 
(9111 1+/)+) silty clay loam; 
moderate, fine subangular 
blocky structure; sticky, 
plastic, firm and hard; 
pH of 5.2 with few roots. 

B.D 20+ 
j r 

Yellow (loIR 7/6 dry), 
yellowish brown (5.5/b 
moist) gritty clay loam; 
weak, fine subangular 
blocky structure; sticky, 
plastic firm, hard; having 
a pH of 6.o; roots scarce. 

Artemisia tridentata-igropyron icatum: This commun- 

ity is rarely found outside of the Grand fir zone (Figure 

9). It is not extensive but provides some grazing for 

cattle. it is a shrub type which has been classed as open 

grassland. 

Species of high constancy and relative dominance are 

¿tisia tJntata, gropyron pcatum Eriogonurn 

heracleoides and Arenaria aculeata. Also Penstemon 
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lcoxii, Penstemo ynustus, JJ acurninotuin and 

iomatiurn g1 show a high constancy. rtemisia 
tridentata shows high fidelity in this area (appendix 3). 

This community is found between +UL'U to 5500 feet 
in el3vation on mountainous slopes of around +0-5o per 

cent. The aspect is generally south with an interrupted 
knoll and swale inicrorelief. 

The soil is a somewhat excessively drained Lithosol 
developed on basalt residuum or colluvium. 

Profile: 
A1 u-0 Dark brown (7.)iT +/+ dry), 

dark reddish brown (5YR 3/ 
moist) stony loam; weak, 
medium granular structure; 
very slightly sticky, non-. 
plastic, very friable, and 
loose; pH 6.0, with abun- 
dant roots. 

Dr 6+ This layer consisted pri- 
manly of basalt rock with 
some accumulation of soil 
material similar to the 

material in the rock 
fractures. 

Meadows: Two common meadow situations can be observed 

in the Grand fir zone and extending into the Douglas-fir 
zone. The most important one could be called a Poa 

pratensis meadow. Species showing high constancy and 

relative dominance are Poa pratensis, folium repens, 
Deseharapsia elonßata. Pruneila 4garis and Rumex 

acetosella appear to have high fidelity for this community. 
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This meadow type is found between 2500 and 5000 feet 

on flat valley bottoms or terraces. Microrelief is 

generally made up of swales. 

The soll is Imperfectly drained, developed on mixed 

recent alluvium and underlaid by sand and gravel. 

Profile 
!.i -2 Very dark grayish brown 

(lUTh 3/ moist) silt 
loam; weak, fine granular 
structure with a peaty 
grass root mat; slIghtl 
sticky, slightly plastic, 
firm; pH .0; roots abun- 
dant. 

B2G 2-7 Very dark gray (Y 3/1 
moist1 silty clay loam; 
sticky, plistic, and firm; 
massive 
taming common mottles 
that are dark brown (7.)YH 
1I/+ moist); pit (.. Roots 
few. 

C 7, Very dark gray (5Y 3/i 
moist) gravelly, silty 
clay; massive structure; 
very sticky, very plastic, 
very firm; pH 7.2, roots 
few. 

Closely associated with this community Is en Linus 

enuIfolla rneadow-type(Figure 10) . High constancy anu 

relative dominance are expressed by Linus tenuifolia, 
terldlurn aQulilnum, SymphorIcarpps alba, and Crataeg 

colurnbiana at the lower elevation. Microrelief is essen- 

tially the same as the 2ratensis, but generally is 

characterized by knolls. The soll Is somewhat more rocky 



Figure lu. This photo shows a meadow in the oug1as-rir zone. Notice tI dense 
growth of hawthorn ax alder in the bsckground. The cage, which has 
been removed from the protected plot is nne oiT 25 used in the study area 
t) check utiLi.ation estinictes. This photo shows 9Li percent use of the 
surrounding forage species. 



Figure 11. sectiön f the drift fence on Clear Creek. The portion o the a 
meadow to the right of the photo has been protected from grazing until 
the first week in August since i9+8. The visual difference Is related 
to vegetative composition rather than current herbae utilization. 



and shallow, P profile description is not available. 

Uce-Iir Zone 

This zone has more recogniz&ble cotnciunities than any 

other. This is due, at least in part, to the varied 

topography and geologic material. 

Picea engelmanni-Vaccinium scoriurn: ThIs conim'in- 

Ity is the iost highly developed one in this zone and 

quite likely represents a climatic climax. This is a 

dense forest which is not usable for grazing (Figure 12). 

Species which show high conEtancy and relative 

dominance are Picea engelmanni and Abies lasiocarpa. In 

addition, high constancy is shoun by Vaccinium scparium, 

Polemonjurn californicum, and Valeriana sitchensis 

(appendixes + and 5). 

This community is found between I+5O and 7500 feet in 

elevation on undulating slopes, generally not over to 10 

percent, and on most aspects. Iicrorelier is generally 

concave or flat. The one site on which soil was investi- 

gated was concave. The soil was re11 drained and developed 

011 silty alluvium underlaid by silty sand and gravels. 

This s-i1 appears to be a Regosol-i3rown Podzolic inter- 

grade. 
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Pr o f i i e: 
Ao 2-1 3/lf Thin layer of coniferous 

litter. 
Ao 1--3/+ F and H layer, pH of .2. 

-o 
A1 O-7 Very (lark giarish brown 

(1CTh 3/2 moist) slit 
loam; weak, fine granular 
structure; slightly sticky, 
slightly plastic, very 
friable; pH of 5.3. 

AC 7-28 Brown (1OYR .'.5/3 dry, 
dark brown (10Th +/3 
moist) silt loam; weak, 
fine and medium subangular 
blocky structure; slightly 
sticky, slightly plastic, 
friable; pH 0f 5.5. 

C 2b. Dark yeliowlsb brown (1OYR 
3.5/ii- moist) gravelly loam; 
very slightly sticky, non- 
plastic, friable; very 
weak, fine stibangular 
blocky structure; pH 6.0. 

Picea engelmannl, Jbles isioc2a-Vacclnlum 

membranaceuni: This community is also a dense tiiThr type, 

not usable for cattle grazing (Figure 13) . It is probably 

a topoclimax. 

Species which show high constancy and relative domi- 

nance are Picea engelmanni, !bies laslocarpa, and Vaccinium 

membranaeurn. Vaccinlum scoparlum, 1emon1 jorni- 
and 1a1eriana sitchensis exhibit high constancy 

(appendixes + and 

The community is found between +0L and 6500 feet 
elevation. The understory .Í' brush is heavy in this 
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community and the topogrhy is generally a steep north 

mountainous slope of i-i-u percent or more. The microrelief 
is generally flat. 

The soll is a well drained, weakly developed Brown 

Podzolic soil. 

.trofi1e: 
Aoo 2-1 3/+ Consisting of thin, conif- 

ernus litter. 
Io i 3/+-Q Consisting of an F nd II 

layer having a pH of ,.O. 
ß2 u-1/2 Light grey brown (1CYR 6/2 

dry) dark gray brown 
(1OYR 1t/2 m'-ist) loam; very 
weak, very fine granuler 
structure; slight1 sticky, 
non-plastic, very friable, 
and loose; pH of )5 
Roots abundant. 

B. 1/2-9 Yellowish bro (l(,YR 5/+ 
:. dry), dark yellowish brown 

(ICYR )+/± moist) Silt loam; 
weak, medium subangular 
blocky structure; slightly 
sticky, slightly plastic, 
fricble, soft; pH of 
Roots abundant. 

Bo: 9-16 BrownIsh yellow (1OYR 6/ 
-J dry) , yellowish brown (iL) 

YR 3/6 moist) heavy loam; 
very week, fine subangular 
blöcky structure; slightly 
sticky nd slightly plastic, 
friable, soft; pH of 5.. 
Many roots in this horizon. 

C 
r 

164. Yellow (1OYR 7/6 dry1, 
brownish yellow (1CYR 5.5/6 
moist) gritty loam; rnssive 
crumbling to a very weak, 
fine suba ., nu1ar bloeky 
structure; slightly sticky, 
non-plastic, firm, slightly 
hard; with a pH of 5.0. Few 
roots in this horizon. 



Figure 13. An example of a Picea engeimanni-Ableslasiocarpa-Vaccinium 
membranaceum community. This is noii-uaable for cattle range. C 
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Abies lasiocarpa, Pinus itorta-Fesuc viridula: 

This community is an open forest type which provides 

suitable grazing. It is very extensive in the study area 

(Iigure 1+). 

Constancy Is expressed by ies asIocar, Pinup 

contorta, Carex species, and Festuc viridu. All of 

these species show a high relative dominance (appendixes 

+ and 5). 

This community is found between 5Û0 and 75ü feet 

upon all aspects. The topography is characterized by 

hilly slopes of 5 to 20 percent. The microreìief is of 

swales and knolls. 

The soil is a well drained uncorrelated silt loam 

Western Brown Forest soil developed on a mixture of basalt 

and sedimentary residuum and windblown silts. 

Profile: 
A1 U-2 Very dark gray brown (1OYR 

3/2 dry) , very dark brown 
(10Th 2/2 moist) silt loam; 
weak very fine crumb 
structures; slightly sticky, 
non-plastic, very friable, 
and loose; pH 5.3 roots 
abundant. 

A 2-7 Dark brown (1OYR 1+/2 dry), 
j very dark gray brown (1°YR 

3/1f moist) silt loam; weak, 
fine crumb structure; slight- 
ly sticky, non-plastic, very 
friable, loose; pH of 5.7. 
Roots abundant. 
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B1 7-12 Yellowish brown (1OYR /)+ 

dry) dark yellowish brown 
(1oY 3/Lj. moist) , silt loam; 
very weak , med iuni sub angular 
blocky structure; slightly 
sticky, non-plastic, very 
friable, loose; pli of 5.7. 
Roots abundant. 

BD 12i Light yellowish brown (1UYR 
-) 

6/h-F dry) dark yellowish 
brown (1YR /)+ moist) silt 
loam; very weak, mediun 
subangular blocky structure; 
slightly sticky, non-plastic, 
very friable, loose; pH of 
6.0. Many roots in this 
horizon. 

Variations: Soil depth varies from 5 to 2+ 

inches. The surface soil varies from a very 

dark grayish brown to brown (dry) and the sub- 

soil varies from light reddish brown to 

yellowish brown (dry). 

Abies lasiocarpa-Pinus contorta-ostis 
rubescens: This community is not an extensive one. Its 

seral relation to the preceding community needs further 

study. It is an open forest type but is rarely grazed by 

cattle because of the sparseness of palatable species 

(Iigure 15). 

Species high in constancy and relative dominance are 

Abies lasiocarpa, Pinus contorta, Calatnagrostis bescens, 

and Arenaria aculeata, Larix occidentalis shows some 

affinity for this site, and Calamagrostis rubescens 
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Figure f. This photo shows an Abies 1asiocarp, Pinus contorta-Festuca 
viridula community. ClippIngs from the protected plot indicate 
Bpercent use of green fescue. 
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exhibits high fidelity if this zone is considered alone 

(appendixes + and 5). 

The community is found from O00 to 7000 feet eleva- 

tions, generally on southern exposures. Slopes are hilly 
and generally not steep, about 1) percent. Microrelief 

is characterized by knolls and swales. 

This is an uncorrelated soil developed from residuums 

from Clover Creek greenstone or gabbro-diorite complex 

and is a Western Brown Forest soil. 

Profile: 
A1 U-2 Dark grayish brown (l03R 4/2 

dry) , very dark brown (1OYR 
2/2 moist) loam; weak, fine 
crumb structure; slightly 
sticky, non-plastic, very 
friable, ana loose; pH of 
5.5. Roots abundant. 

A B 2-6 Brown (1OYR 5/3 dry), dark 
3 1 brown (1OYR 3/3 moist) loam 

weak, fine granular and very 
fine subangular blocky 
structure; slightly sticky, 
very slightly plastic, 
friable, and loose; pH of 
5.8. Roots abundant. 

B2 ó-lL ' Yellowish brown (lu ' YR 7/4 
dry) , dark yellowish brown 
(1OYR 1+/1i moist) silt loam; 
moderate, fine subangular 
blocky structure; slightly 
sticky, slightly plastic, 
friable, and soft; pH ó.2. 
Roots common. 

BD 1. 
r 

Light yellowish brown (1OYR 
-J 6/1+ dry) yellowish brown 

(1OYR Lf/Lf moist) heavy 
loam; weak, fine subangular 
blocky structure; slightly 
sticky and slightly p1astic, 
friable, and soft; pH of 6.). 

Roots few. 
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Figure 15. ThIs is a view of an Abies lasiocarpa, us ontata-Cajamagrost1s 
rubescens cofl%munity. Note the lodgepole pine reproduction In the 
openings. 
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The entire solum is fairly high in silt and fine sand 

particles. There are numerous rock fragments distributed 

throughout the entire profile. 

Festuca viridula-Stipa letteranii: This Is an open 

grassland or prairie situation which Is quite extensive 

(Figure 16). A large portion of the grazing in this zone 

is derived from these areas. There Is a lupine phase of 

this community which most likely represents a deteriorated 

condition, although it is quite probable that subtle 

differences would exist even if both were in excellent 

condltion( (F igure 17). 

Species which show constancy and high relative domi- 

nance are: Festuca yridula, Stipa lettermanli, and Carex 

species (appendixes + and 5) . The comrriunities are found 

above 6uu feet elevation characteristically on plateau- 

like mountain ridge tops; however, it occurs on slopes up 

to 5u percent on most all aspects. i4icrorelief varies 

from flat to knolls and swales. 

The soil Is a well drained Prairie-Lithosol inter- 

grade developed on a mixture of basalt residuum and 

windblown silts. 



Figure 16. This is a typical example f the Festtica ridula-t1a letternni1 
convunity. This stend n Table Nountin rPcíeive lieht rairìg use. 



Figure 17. This Is a lupine phase of the CÖ?nmunity shown in Figure 16. NotIce 

that the grass species are completely masked by the dominance of 
cx' 

the lupine. 
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Profile: 

l 
O-2 Dark brown (1OYR 3/3 moIst) 

. 

slit loam; weak, very fine 
crumb structure; slightly 
sticky, slightly plastic, 
very frisble; pH 6.0; 
roots abundant. 

AJ 2-9 Dark yellowish brown (1OYR 
.3 1 moist) silt loam; weak, 

fine granular and fine 
subangular blocky struc- 
ture; slightly sticky, 
slightly plastic, very 
friable; pH 5.5, roots 
abundant. 

B,D 9+ Yellowish brown (1OYR 5/1+ 

2 r dry) dark yellowish brown 
(l0Y 35/)+ moist); heavy 
silt loam; weak, fine and 
medium subangular blocky 
structure; slightly sticky, 
slightly plastic, firm and 
soft; pH 5.3; roots common. 
fewer grass roots in this 
horizon due to increase in 
firmness and slightly higher 
clay content. 

Variations: Soil depth varies from 10 to 35 

inches. Color of the soll varies from dark 

brown to light yellowish brown. The pli varies 

from 5.0 to 6.0 In the surface and 5,1 to 5,8 

in the subsoil. 

The lupine phase contains Lupine arbutus as a species 

of high constancy and relative dominance. Soil differences 

are very slight. Most of the sites examined, however, 

appeared to be receiving some alluvial material from above. 

Small gravel is common In the 4B horizon. An exciosure at 

Trinity which was established in lf+ includes this phase. 
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Xq,SgellBq sggrpsenhehlg*,#,re4pf*& ggglsg$Sr firte
eommunS.ty Xs not extsnslve and has a l"ow potentlal for
grazlng or tlmber productlon (Flgure 18).

SpaeXes whleh show htgh constancy are: tk$SfJ"lgn

magrogenhelum, Arenarta acuLeata, and Sltanton Jubalgm.

Xtre flrst trro s$ettr"es shffiil a slightly hlgh*r relatlrre
domtnance although the vegetatXve covsr l"s lupoverlehed.

$ftt.gl*Fq &a$r?p,,,,,,,,,,,,,,,,S&hatH* appsars to have a hlgh fldellty
f,or thls comnunlty (appendixes t+ and ,).

thls eomuunl.ttr ls generally found abaye 6SSfi feet
elevatLaa on r*111n9 ffdge topa, flhe mtsnorel"ief le
generalLy eharactsrlred by kno}ls.

t1le sstl le a vsry shallow Ltthosol" devel.oped from

basalt re*lduum. fhs depth Ls &enerslly leso than 6

inches.

Artemisia trldentata var. vgsiaga-Synphorlcarous

gqtql|*,*fpltusr Shls stxub type l.s sleo an shallol* ll,tho*
sols, but J.s slfghtl"y more extensive than the abave

conmunLty ($-lgure 1-?) . $ome graalng potenttal may bo

aehLeved by brush removal.

llrtenislg trldentata var. vssiana, $yophqftcglpUs

rplur+4* ,gl$Sg a*d Sppelpqhq qqt,*+1fet{a sho$ hLeh

constaney and relattve d,ofiinanee. &*lfg,g qgp$lqespq
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F1ure 19. This photo shows an Artemisia ridentata-ymphoricarpus rotundifolius 
community in the spruce-fir zone. 

f 



and Aster species show high constancy. High fidelity is 

also expressed by the two species f0r which the community 

is named. 

This coimun1ty is found above 5500 feet elevation. 
t its lower limits it tends to intergrade with the 

Lrte,isia trldentata-AgrQpyron spicaturn community. The 

relief Is generally steep mountainous slopes up t0 L 

percent, on southwest exposures. Microrelief Is charac- 

terized by knolls and swales. 

The soll Is a shllow idthosol developed on basalt 

or metamorphozed sedimentaries and some mixture of silty 

material. The soll Is a brown (dry) dark brown (moist) 

gravelly silt loam. The pH's range around 6.t to t.2. 

Meadows; Uthough meadows of this zone present a highly 

variable pattern, two meadows communities are common and 

easily recognized. These meadows occupy a small part of 

the total area but furnish a large portion of the forage, 

The Deschampsla caespitosa type meadow varies from 

dry to wet areas (Figure 2(). species which generally 
show high relative dominance and constancy are 

Çarx festivella, Polygonum bistortoldies, ragara 

bracteata. High constancy Is also shown by Deschampsla 

caesptosa and Phleurn alpinutn. grostIs hiemalis and 

Phieum alpinum appear to have high fidelity. tTnder Its 
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Figure 20. A typical Deschampsia caespltosa meadow in the spruce-fir zone. 
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most aerLc eondlt5"on the vegetatl"rrs eompsslt*.on has been

radleaLly *ltered by grauLn6n and speales such as

il,$Fel*,t* pqgcuml$p$ show doufi"nanee.

fhls mead.otl tme l"e founs above fOSS feet on flat
to unduJ"etlng alluviaL fane and valley bottoms nttlr a

flat alcrore}Lef.

The ssl} ls a moderately rrell dratned Pralrle eoil
oeveloped on mlxed alluvluu tFlgure e1). She soLl ts wet

with a htrgh weter tablo in the

Prof,Lle:A:.t o*3

sB*1n9.

Vcry dark brsronr (ICYR ale
nolsti stlt l.oam; moderate
fine granular structure;
sllghtly stlcky, sllghtly
plastle, and friable; pH
of ).?. Roots are abundant
formlng a strong xnat.
Very dark gr&y brown (10Yn
lrl2 m*tst) etlt loaml weak,
Yery flne subangular blocky
strueture I sllghtly stlcky,
sllghtly plastlc and friablg
pH of 5.5, ma-ny roots ln
thls horlson.
Smrk br*wn (LOYH h/3 molst)
sLLty elay loaml weak,
eoarse prlsmatle structure
breaklng down to a weak,
medlum and eoarse subangular
bloelry structure, the peds
have many pores wlth thln
clay flor*o extend$.ng lnto
the por€s; stleky, p1astl.c,
and f lrmi pH 5.8, roots
eomullon.
Dark yelLowlsh browr (10YR
l+1tr nolst), nottles strong
brown (7.5tn 5/8 unolst) ,

Ata 3-12

la-3I+

silty elay loam; dry, w6ak
eoerse. subaneular bloeky ;

dry: ueako
co&rse, subangular bloeky ;sttcky. plastic. and flrmi
contalnine few laree round

llu &*IHI .
ge round

Cl 3l+*t+6

eo&rse, subangular bloeky ;sttcky. plastic. and flrmi
contalning few large round
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Figure 21. This is a photo of a soil pit in the meadow 
shown in Figure 20. 
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gravels and boulders; pH 

p.7, roots few. 

C2 Dark yellowish brown (IOYR 
)+./ì moist) gravelly, 
sandy clay loam; massive; 
sticky, plastic, firn; 
pH 6.0; roots scarce. 

The Carex meadow type is a high forage producer 

(Figure 22). High dominance and constancy are expressed 

by Carex species and Deschampsia caespitosa. High con- 

stancy and fidelity are expressed by Muhienbergia 

filiforrnis. 
The meadow is found in flat valley bottoms with a 

flat uniform microrelief. 

The soil is a poorly drained alluvial one developed 

on mixed alluvium underlaid by sand and gravel (Figure 

23) . The ground water table wis at 1f8 inches on 3ctober 

1:. 

Profile: 
(d-9 Very dark (1C)YR 2/2 

moist) silt loam; weak, 
fine and medium granular 
structure; slightly sticky, 
slightly plastic, friable; 

nf 5.5, with an abun- 
dant distribution of roots 
forming a peaty root mat. 

9-2k Very dark grayish brown 
(1UYR 3/2 moist) silty 
clay; weak, medium subangu- 
lar blocky structure with 
thin clay flows on the 
surface of the peds; sticky, 

plastic, and firm; pH 5.5; 
numerous roots and organic 
remains in this layer. 
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k 4 Ql ___ 
F1re 22. . wet meadow in th'-' 'ruce-fir zone. 
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FIgure 23. A soil pit located in the meadow shown in 
Figure 22. 
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2+-25 Grayish brown (2.5Y 5/2 
moist) fine sandy clay 
loam; massive structure; 
slightly sticy, slightly 
plastic and friable; this 
layer appears to consist 
of very fine pumice or ash 
material; pH 6.0. Roots 
Were scarce. 

25-29 Very dark brown (1OYR 2/2 
moist) silty clay loam; 
massive structure; sticky, 
plastic and firm; pH 6.0. 
ioots cDrnrnon; very peaty. 

29-35 Dark gray (2.5Y 1+/o moist) 
gravelly, sandy clay; 
slightly sticky, slightly 
plastic, firm; massive; 
containing many gravels and 
roots and organic remains; 
pH 5.8. Roots common. 

35J+8 Dark olive gray (SY 3/2 
moist) silty clay; massive; 
sticky plastic, and firm; 
containing many gravels and 
roots and organic remains; 
pH 5.8. Roots common. 

ö-51 Very dark brown (1OYR 2/2 
moist) silty clay loam; 
massive; slightly sticky, 
slightly plastic, firm; 
pH 6.0; very peaty. 

51, Sands and gravels. 

The two very dark brown (1UYR 2/2 moist) peaty layers 

at the 5-29 inch and +8-5l depths are suggestive of sur-. 

face horizons of older soils that have been subsequently 

covered by alluvial material and may not be related to 

the surface two feet of soil material as presently exists 

in the area. 
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Generai 

Heavy grazing early in this century followed by corn- 

piete fire protection with the inception of the Forest 

Service has produced a profound effect on vegetative 

composition. The grazing has provided an avenue of Inva- 

sien by weedy species. The fire protection has produced 

a trend toward climatic climax tree species. Almost any 

location In the allotment shows a past history of fires. 

]orrst boundaries are now being extended or re-extending 

to their former limits. 

Certain ubiquitous species such as Achillea rnIllefolIun 

are found in many zones and communities. Ceanothus velutl- 

nus Is ubiquitous to forest types of the Grand fir zone 

while Polygonum douglasil is found in the open grass types 

of ail zones. 

The above conditions may result in a continuum ordi- 

nation of the vegetation if spacial distribution and 

physiognomy are disregarded. Climatic sequences can be 

visualized between zones while topo-edaphic- and 

chrono-sequences can be seen within zones. In this study 

area the previously describ classification units repre- 

sent modal conditions but nearly ali intergrading situa- 

tiens might be found. Ecotones may be fairly sharp, 

however. 



92 

The Artemisia tridentata-Agröpyron spicatum community 

may well have a serai status to the 4grpyron spicatum- 

Poa secunda community. Pickford and Reid (55) have shown 

a serai relationship of the Artemisia identt var. 

vasiana-1mphoricarpos rotundifolius nmrnunity to a 

green fescue climax. 
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Utilization Measurements 

Gtratification 

evera1 writers have pointed Dut the need of strati- 

fying utiLization samples (51, 9, 31). The principal 

reasons for stratIfying are listed by Cochran (12, p. 65). 

tjtillzation data of known precision is needed for several 

parts of the population to determine intelligently the 

distribution problems and to adjust managnent practices. 

3ampling problems differ throughout the population, such 

as between meadows and open forest types. Strata which 

are more homogenous than the total area may bring about 

a gain in precision of estimates of herbage removal or 

production over ti-E whole range. 

Pt present the best stratification available is by 

condition classes of range types. Data obtained in this 

study indicate that ecological units or plant communities 

can be defined which are more homogeneous than the exist- 

lug range types. Condition classes of these communities 

would be the best unit of stratification, but were not 

available for use in this study. 

i species 

The measurement of all herbage including current twig 

growth on browse herbage is necessary to determine total 
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range production and the amount utilized. [hen percentage 

utilization estimates are made n many species the inter- 

pretation of these data is confusing, since available 

standards of proper use are prepared for Individual specie 

Key species, however, can be selected on the basis of those 

which provide the most forage and occupy a favorable eco- 

logical niche. It can be seen in Figure 25 that selected 

key species produce the bulk of the herbage. This herbage 

is also grazed the heaviest. This selection is further 

substantiated by the more frequent occurrence of these 

species as shown in appendix 6. 

21 J\reas 

Range areas, which produce the major portion of 

livestock feed can be termed key areas. It has been 

indicated ()±3, 13, 56) that management practices can be 

based upon these areas. Certain plant communities de- 

scribed in this thesis can be related tr key areas 

(see Thble 7) , where lack of water or physical barriers 

(AO not hinder distribution. This relation is based upon 

the relative dominance of forage species in these 

comunities as shown by appendix , 
and the relative 

production of' herbage by forage species in the various 

range types as shown in Figures 2i- and 25. 
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Pickford and Reid (56) have pointed out that untim- 

bered summer ranges are more productive an management 

decisions can be based principally upon those areas. If 

information is desired about the total fi.U.M's consuied 

on the key areas selected, a problem arises in determin- 

in the relative sIze of' those areas since many of the 

ke plant communities are mapped as complexes with other 

communities, it is not feasible to determine the percen- 

tage of each by present range survey techniques. t 

sample taken only in key communities woulci give infornm- 

tion about the degree of use upon those areas and this is 

actually the aim of many utilization surveys; for example, 

whether meadows are overused. 

Table 7. Relation of key species, key areas or plant 
communities range types dveetation zones. 

Vegetation Range Type Key Areas or Key Species 
Zone Plant Communities 

Spruce-fir Meadows "Carex Meadow" Carex spp. 

"Deschampsia Deschampsia 
caespitosa Meadow" caespitosa 

Open "Festuca viridula- lestuca 
grasslands tipa lettermanil" viridula 

*Stipa 
1 t:t erman i4 

Open forest 'tÂbles lasiocar- iestea 
Pinu s cont or t a - v1iva 
Festuca vIridula" 



Grand fir Meadows 

upen forest 

Douglas-fir Open forest 

Open grass- 
land 

Agropyron Open grass- 
poa land 

Poa pratensis Carex 
dow" species 

P08 
paens is 

UAbies randis-- Carex 
Salix s1o1epis- eyer1 
Ca1aiiagrostis 
rubesceris 

grostis rie seen s 

trp ot Cal arnagro s- 
inenziesil" tis rubescer 

Carex 
geyeri 

"Âgron Qica- roon 
tum-Pa secu' sjcatum 

"Aropjrron spica-. Agropyron 
secuia" picatum 

"Purshia tridentata- pyron 
Agroyron siicatuna'1 caturn 

TPur shia 

tridentata 

* Species which are not very palatable but could become 
key species where the more desirable ones are lacking. 

i A key species in the fall and winter grazing period. 

Production of Herbage arid Forag Utilization 

It can be seen from Figures 24, 25 and appendix t 

that the highest producing areas do not always produce the 

largest portion of feed when total acreage is considered. 
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Figure 2L1. The bar graphs represent production of total herbage from 

forage species on primary range. The shaded portion 

u) 
represent5 the portion utilized prior to September 19, 1958 

Figure 25. The bars represent production of forage species per acre. 

The shaded portion represents production of key species 

per acre. 



Plthough sorne of the meadows of the grand fir zone pro- 

duce as much as those of the spruce-fir zone, lack of 

stratification caused this fact to be hidden because all 

condition classes are averaged together and 259 of 352 

acres of these meadows sampled are in poor condition. 

Some of the best meadows in this area are also privately 

owned and were not sampled. Proper use cannot be in- 

ferred from these data because some of the herbage is 

composed of weedy species which are grazed only 

occasionally. 

A total of 1,753 cattle were permitted on the allot- 

ment. They would have used approximately 5,229 A.tJ.M»s 

by September 19, 1958. ThIs figure is five times the 

total utilized forage estimated by plots (see appendix 

6) . This discrepancy can be accounted for in several 

ways. First, the data were collected over a three-week 

period. This illustrates the need for collecting data 

at the end of the grazing season or by using large 

crews. Second, cattle were sometimes turned into the 

allotment following the marking date. Third, grazing 

took place on private land and secondary range was not 

sampled. Fourth, regrowth can account for a large 

portion of forage. Colorado (30) reports that utiliza- 

tion estimates based upon cages indicate as much as twice 
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the weight of forage removed as indicated by ocular esti- 

mates by plot. This difference is attributed to regrowth. 

Sampling Intensities 

Range values per acre of forested areas are very 

low. The ranges are extensive and travel time is expen- 

sive. For these reasons the cost of intensive sampling 

is not always justified. 

Sampling intensities were determined for the key 

species within key areas for two error limits using four 

confidence coefficients. These results presented in 

Table 8 and Figures 2ö and 27 show the relationship of 

sampling intensities needed for key species with error 

limits of l and 2u percent of the mean. It will be 

noticed from Figure 26 and Table 8 that sampling size 

for limits of l percent of the mean is too large to 

be practical, when time and cost are considered. For 

this reason, limits of 2u percent of the mean are 

recommended. 

Figure 27 shows a family of curves for key species 

depicting sample size using an error limit of 20 percent 

of the mean. It will be noticed that sample sizes soar 

when confidence levels go above the 8u percent level of 

probability. Probability levels below 80 percent may 

be deemed unacceptable because of the large number of 
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false hypotheses which would be accepted. Therefore, the 

80 percent probability level is recommended for utiliza- 

tion estimates (Table 8). 

Table 8. Sample size for a probability level of 8o percent._ 

Strata Key Sample Sample 
Species Size Size 
Symbol Needed1 Needed2 

Spruce-fir zone 

Meadows CPB 7L17 187 
Deca 23b 60 

Grasslands Fevi 97 2+ 
Stle l5+ 38 

Open forest Ievi 1+7 37 

Grand fir zone 

Meadows CAR li 

Open forest Cage )+55 111+ 

Caru 112 28 

Douglas-fir zone 

Open forest Cage 166 
Cru l3+ 314 

Agropyron-poa zone 

!gsp 1+11 103 

1 predicted sample size for error limits of 10 percent of 
the mean. 

2 predicted sample size for error limits of 20 percent of 
the mean. 
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Figure 26. Predicted swnplthg intensity for Agropyron sicatua 
using error limits of 10 and 20 percént of the mean. 
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Figure 274 Predicted sampling intensities for selected key species 

using ai error limit of 20 percent of the mean. 
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Calculated sampling intensities for strata are based 

on only 2 to 8 degrees of freedom. This procedure results 

In an overestimate of the recommended sample size. It Is 

proposed that future surveys use a sample size large 

enough to arrive at a better estimate of the variance. 

Importance of Herbage Weight to Percenta Utilization 

The estimates of mean percentage utilization in this 

thesis were based upon weight of herbage. f.side from the 

value of totals for forage consumed and herbage remaining, 

the importance of using weight data to compute average 

percent utilization can be seen In Table 9. To compute 

an accurate average of percentages that have different 

bases, one should use the original fraction, add their 

numerators and denominators separately, then divide 

(6), p. 20), 

Table 9. single plot data for one species. 

Stratum + 

Plot 
Herbage Estimated Recon- Recon- 

Sub-plot Weight Percentage structed structed 
Number (grams) Utilization Weight Total 

(grams) Removed 'p/eight 

(grams) (grams) 

i 15 +5 12.27 27.27 
2 

5 
0 0.00 5.00 

3 5 50 5.00 10.Ou 
Lj. i 6o 1.50 2.50 
5 - - -- -- 



6 5 50 5.00 10.00 
7 5 lo .56 5.56 

5 5 .26 5.26 

9 lo 8.18 18.18 
lo 2 0 0.00 2.00 

Totals 265 32.77 8.77 

Percent utilization 
Unweighted Average 29.+ (265/9) 

Weighted Average 3b.21% (32.77/85.77) 

It has been reasoned that measurement of weight re- 

maining or residue would be more accurate than estiniating 

percentages removed. (37, 38). Graphing herbage weight 

against percentage utilization for key species failed to 

show any correlation. It is assumed, however, that if 

residue standards are developed for each community and 

condition class they would provide a tangible estimate of 

degree of utilization. The development of such standards 

would be particularly difficult in forest types where so 

many non-palatable species contribute to the total residue 

unless the standards could be based upon key species. 

Pttention is called to the lower coefficients of varia- 

tion (see appendix 7) exhibited in most cases by herbage 

remaining when compared to forage removed for key species. 



lo 5 

Estimate of Bias Due to Ocular Method 

Double sampling conducted by clipping one random 

sub-plot in each plot showed that simple ratios of 

ocular estimated to actual weight of key species were 

close to 1:1 (Figure 28). These ratios are based upon 

very small samples and it Is suggested that sampling 

one in ten sub-plots is not enough in this type of 

vegetation to produce adequate data even for key 

species. The same problem was encountered in moisture 

determination. Because of the near ll ratio exhibited 

and the low sampling intensity, no correction was made 

for bias. 

The clipping of at least every 10th plot is a 

necessary training feature and tends to keep estimates 

in line with actual conditions. It is not known what 

effect, if any, estimates of weight have upon concurrent 

estimates of utilization. It is important, however, to 

continually train for utilization estimates by clipping 

ungrazed plots. No regression was possible between 

utilization estimates and actual percentage removed, 

because of the subjective selection of protected plots 

and a low frequency of occurrence for each species 

within these plots. 
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Species 
synibol df Ratio s(R) 

CAR 2w 2 .8761 .1045 

Stie 5 .9111 .0707 
Fevi 6 .914244 .1038 

Cani 8 .9956 .1353 

CAR sp 8 .9907 .1936 

Cage 2 1.1111 .01314 /CAR2W 

Agsp 9 1.2612 .1584 /Stle 
/ t Fevi 

Actual grams per plot 

sp 

Cage 

Agsp 

Figure 28. Simple ratio of estimated to actual weight per p1ot 

of key species 
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Time iactor 

The most important factor of time in this sort of 

survey is travel time (see Table l4. Maximum travel 

tirae was as much as three hours between plots, although 

minimums were as low as five minutos. Therefore, an 

increase in sample size would not proportionally increase 

costs. 

Table lu. Averagetimes required for utilization esti- 
mates. (Minutes) 

Maximum Mini*Um Average 
- - 

Travel time 
between plots 5.0 
between sub-plots 2 

Time spent locating 
starting point 2 l,L 6.3 

Time spent estimating utiliza- 
tion on single sub-plots ô l.0 3.3 

Time spent clipping sub-plots 
within each plot 30 0.0 7.5 

Sample Procedure 

Un much of the timbered area the vegetation is too 

sparse and heterogeneous to sample economically by randomly 

located plots. If just the key areas are sampled, however, 
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the problems of livestock distribution cannot be deter- 

mined. Therefore, it is proposed that utilization 

surveys upon mountain summer range can best be handled 

by a combination of plot estimates in critical key areas 

and ocular appraisal of other areas. 

The ocular appraisal could best be accomplished 

by mapping the area using five descriptive ratings listed 

in Table 11. 

Table 11. ocular appraisal ratings. 

Descriptive Rating Definition 

Under use Key species are either unused or very 
lightly used. Either is more than 
adequate to protect the soil from 
surface runoff. 

Light use Use of key species so light that 
forage is wasted. Litter is more 
than adequate to prevent runoff 
commensurate with slope and plant 
density. 

Proper use 1/ Use of key species leaves enough her- 
bage to maintain vigorous plant growth. 
Iorage is not wasted. Litter is ade- 
quate to prevent runoff and erosion, 
commensurate with slope and plant 
density. 

Heavy use Use of key species is heavy. Under 
this continued degree of use, plant 
vigor will decline. Litter is not 
adequate to prevent erosion. Soil 
movement is evident. (See Figures 29 
and 3(i). 
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etrosloR. A dffrttxard trend ts
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not known, samples should be taken within the indu- 

slons as well. 

Utilization surveys serve a purpose for basIng 

Immediate management decisions upon stocking rates and 

distribution. Stocking rates, however, are not flexible 

enough in most cases to make yearly changes. Therefore, 

rates should be based upon information obtained through 

several years of climatic fluctuation (25), The validity 

of these decisions can be checked over c long period of' 

time by condition and trend studies. 

It is recommended that consideration be given to 

the use of a 2+-square-foot sub-plot rather than the 

conventional 9.6-square-foot plot. The Bange xperiment 

$tation at starkey has indicated that this larger size 

is the most efficient (2u) and more variation is included 

within sub-plots. 
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SUMMARY 

A study was conducted upon the Pine Valley cattle 

nd hor$e allotment on the southeastern flank of' the 

Waliowa Mountains. The primary objectives of this 

study were to predict confidence limits and sampling 

intensities for utilization inventories using a 

9.6-square-foot circular plot. P. secondary objective 

was to describe, by a reconnaissance method, the plant 

communities on the study area which are important for 

land management and classification. 

The Pine Va11e cattle and horse allotment is a 

heterogeneous area with elevations ranging from 2,l-FO 

to 7,938 feet. The summers are hot and dry and most of 

the annual precipitation comes in the winter as snow. 

Annual precipitation ranges from about 2(i inches at the 

lower elevations to above inches at the higher eleva- 

tions. 

Four vegetative zones were recognized as important 

cartographic units; namely the Pgropyrnn-Poa zone at the 

lower elevations, the Douglas-fir and Grand fir zones at 

the middle elevations, and the spruce-fir zone at the 

higher elevations. Nineteen communities are described 

as important classification units for land management. 

It is proposed that map units could best be described 
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in terms of these classification units. Current inven- 

tories such as forage utilization could then be strati- 

fied on the basis of the classification units. 

Certain plant communities are recognized as key 

areas, and ön cr two key species In each key plant 

community or area is designated. 

A good measure of the total forage used by cattle 

was not possible because of low sampling intensity, 

regrowth and other factors. An estimate of herbage 

residue weight on a plot basis was noted to be Important 

in computing weight averages of percentage utilization. 

Sampling intensities are recommended for key 

species for the 80 percent confidence interval using 

error limits of lU or 20 percent of the mean. This 

applies to meadows, grasslands and open forest in the 

several vegetative zones. 

It is proposed that utilization surveys upon raoun- 
tain summer range can best be handled by a combination 

of plot estimates in critical key areas and ocular 

appraisal by mapping the other areas according to five 

descriptive ratings. A procedure is outlined for taking 

random plot data. It is felt that a 24- square-foot 

sub-plot recommended by the Starkey Range Experiment 

Station would prove more satisfactory than the 9.6- 

square-foot sub-plot. 
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Appendix 1. Symbols and scientific names used to 
desigpate plant communities. 

Symbol Community Nare 

1. Abla/Fevi Abies lasiocapa - lestuca viridula 

2. Abla - Pico/Caru Íbies lasiocara - Pinus contorta - 

Calamagrostis rubescens 

3. Abgr/Caru Abies grandis - Calamagrostis 
rubescens 

+. Abgr/Vame Abies grandis_- Vacciniurn 
membranaceum 

. tgsp/Pose tgropyron icatum - Poa secunda 

ô. Alte - 2w Alnus tenuifolia meadow 

7. Prtr/Pgsp Artemisia tridentata - Agropyron 
spicatuni 

8. Artr/Syro Artem1 tridentata - Symphoricarpus 
- 

rotund if olius 

9. CAR - 2w Carex - meadow 

le. Deca - 2w Deschampsia caespitosa - meadow 

11. Feid-Agsp Festuca idahoensis - .Agropyron 
sp Ic atum 

12. }evl/Stle Festuca viridula - Stipa lettermanli 

13. Fevi/Stie, LTJP Fstuca viridul, - Stipa letterrnanii, 
Lupine arbustus phase 

]),-. Piem - Abla/Vame Picea enge1manni - ¡bies lasiocarpa - 

Vaccinium membranaceum 

15. Piern/Vasc Picea engelmanni - Vaccinium 
scopar lum 

16. Popr - 2w patensis - meadow 

17. Psme/Syal Pseudotsuga menziesil - Symphoricarpu. 
alba 
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Appendix 1. (cont) 

18. Putr/igsp/Pose Purshi - gropyron 
icatun - secuda 

19. Trma/Lrac Trifolium macro 1 - irenar1a 
aculeata 



Appendix 2, Cover class a1 species by plot and conirnunity for the Pgropyron-Poa and 
flnm1ns-fir 

Sp ec I es 
Vsme/3yaL kUtr/i\gsp/ ieici/ Pgsp/Pnse 

- Pose Agsp 

Pteridlum aqullinum i 

Ribes viscossimum i 
Srnilaclna stellata i 
Vicia americana i 
Paeonia browni i 
Geurn macrophylium i 
Taraxacurn officinale i 
Cynoglossutn officlnaie i 
Ceanothus velutinus 2 
Acer glabrurn 2 
Elyrnus glaucus 2 
Rosa gyinnocarpa 2 i 
Festuca occidentalis 2 1 2 
Fragaria bracteata 2 2 
Carex geyeri 2 2 1 2 
Arneianchier florida 2 1 2 1 2 
Caiamagrostis rubescens 4- 6 3 2 
Pinus ponderosa 3 3 5 
Symphoricarpus aibus 7 6 L 2 
Spirea lucida + 3 7 2 
Pseudotsuga menziesil 2 1 + i 
Prunus deniissa i 3 2 + 2 1 
Mahonia repens 2 1 2 1 2 
Carex species 2 2 
Apocynum androsaenifoliurn 2 i 3 
BrOE:us carinatus i i 2 
Brodiaea douglasii i 
bitanion hystrix i 
Collornia grandiflora i 1. 1 
Lactuca serriola i 
Koeleria cristata i 
Prunus etnarginata 2 
Lithospermum ruderale i 2 
Pensternon species i 2 
Lotnatium grayl 1 2 1 i 
Tragapoon dubius i 2 
Festuca idahoensis 2 2 Achillea lanuiosa i i i 2 i i i Heliantheila uniflora 2 3 i I3rornus brizaeforrnus i 
Purshia tridentata i 2 + 

Poiygonutn douglasil i 3 2 3 1 + 
Annual species i i 2 3 3 i + 
ßgropyron spicaturn 5 2 6 + 7 5 5 5 
Poa secunda 2 2 5 1 5 Baisamorhiza saittata 3 + 3 3 3 3 3 5 }+ + 

Bromus tectorum 2 6 6 2 1+ 

Eriogonurn heracleoides i i 3 Arenaria acuieata 
l3romus mollis 2 2 
Erlogonum species 2 3 2 2 2 2 1 3 
Ailium acuminatum 2 1 1 + 

S'ertia nitida 2 2 }ia glomerata 2 i 
Hieraciurn scouleri ¿ Aster species i Anaphalis margaritacea 
enicio species 

Castilleja species 
Crataeus columbiana 
Stipa coluinbiana 
Sanibucus coerulea 

r') 'o 



Pppendix 3. Cover class oÍ' species by plot and community 
of the Grand fir zone. 

3pec1es 7bgr7 - - Alte- Popr-. J'rtr/ 
- Verne }bgr/Caru 2w 2w Agsp 

Lonicera utahensis 
Thalictrum occidentale 
Pyrola picta 
Viola species 
Geum macrophyllum 
Chimaphila umbellata 
Ribes viscossiraum 
Smilacina stellata 
orbus sitchensis 

Vacc inium membranaceum 
Fragaria bracteata 
Pterid luna aquilinum 
J\bies grandis 
Pseudotsuga tnenzlesii 
Calamagrostis rubescens 
Pinus ponderosa 
Salix lasiolepis 
pirea lucida 

Symphoricarpus alba 
Ceanothus velutinus 
Rosa species 
Annual species 
Carex geyeri 
Amelanchier florida 
Larix occidentalis 
Apocvnum anUrosenhio1iurn 
Rubus parviulorus 
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tppend1x Cover ciss of psei** by pInt and community ,t the spruce-fir zone. 
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Appendix 5. Mean cover class of species for all communitiese 
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Lppendlx . (cont) 
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Appendix 5. (cont) 
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Appendix Herbage and forage production in pounds of green weight. 

rota1 mtI Total 
Acres Herbage Forage Porage/!cre Herbage TJtilizod/ 

Utilized ocre 
Species 3pecies 

-- All Ker PII Key 

spruce-fir Zone 
meadows 882 913,000 267,OOU l,O3+ uI8 3L2 231 
grassland 5,9)7 l,895,O(0 606,000 318 258 1ü2 96 
open forest 5,1U6 623,000 l61,uU 122 5 7 

Grand Fir Zone 
meadows 352 27,000 13,000 75 8 35 24 
open forest 8,519 l,228,CO( 31S,U O V+ 98 37 lo 

Douglas-fir Zone 
open forest 9,392 75,Á?O á1+,000 79 59 7 6 

tgropyron-poa Zone 
grassland 6,l3 9O6,O 8,OoO l+8 79 l'+ 8 
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AppendIx 7. Table of standard error of the mean and coefficient of variation 
for weight remaining, total weight and weight removed brazing. 

Key 
Strata Species df Weight Total Weight Weight Total Weight 

symbol Remaining Weight Removed Remaining Weight Removed 

Spruce-fir Zone 
Meadows ' 2 333.7 ++5.l 268.0 +5.ó +3.O 8.7 

CAR 2w CM 2w 28+)+ 378.8 220.5 5+,2 52.0 108.2 
Deca 31.2 5L!.8 31,2 51.6 61.7 11+.9 

Grassland * )2.2 251.7 38,8 ¿+.1 79.1 38.1 
Fevi lb8 29.9 17.2 26.7 25.2 36.0 
Stie 29.* +6)+ 21.7 32.0 33.2 

Open forest * + 23.1 30.5 1ir.6 25.6 25.0 
lev]. 6.1+ 8. .8 60.9 .9 87.2 

Grand Fir Zone 
Meadows " 2 +1.7 70.1+ 28.7 105.6 93,2 798 

CAR sp 2 18.9 28.8 11.3 93.1 88)+ 92.+ 
Popr 1 2.6 Lf9 +,1 53.2 29)-F 35,1 

Open forest * 10 27.5 31.8 ii.+ 25.8 22.1 30.6 
Cage 10 2.0 +.l 2)+ 3.6 i1.7 60.3 
Cani 10 26.5 3.6 5.6 36.0 3.8 39.8 

Douglas-fir Zone 
Open forest 12 22.2 23.b 3.8 30.6 29.7 55.0 

Cage 12 1.5 1.5 .2 38.6 
Caru 12 2U.+ 21)i- .9 70.1 7.2 71.5 

Agropyron-poa Zone 
Grassland * 23.0 2i.5 7.1 17.1 16.5 

Agsp 6 18.6 17.0 55 26.0 21)+ 69.7 
*jndjcates total of all herbage species 
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Appendix b. Moisture percent of key species during 
a three-week period from Pugust 28 
to Seember 1958. 

Standard Error 
Key Species df Mean of the 

Mean 

Agropyron catum 7 2 1.8 

Carex geyeri I 1U.0 

Ca1amgrost1s rubescens 8 5 

Festuca viridula b 51 1.7 

Stipa lettermanli o 2.2 

Carex species 1 57 91 



Appeidix 9. ! map ol the tuu; 'ea showth vegetative zones and 
uti1izatirn 1)1c)t lc;t1ons, 


