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This investigation was undertaken to characterize and evaluate 

the forage production and utilization of the successional vegetation 

of the mixed conifer forest. 

Field studies were carried out during the summers of 1962 

through 1964 at the Eastern Oregon Experiment Station Hall Ranch 

which is located 12 miles southeast of Union, Oregon. 

The mixed conifer forest is an assemblage of serai vegetation 

within the ecologic potential of a grand fir (Abies grandis) topo - 

edaphic climax. 

One hundred and forty -one 1/100-acre macroplots, each con- 

taining four 4. 8- square -foot microplots, were used to determine 

dominance and successional trends and the relationship of herbage 

and browse production to other vegetation layers in the mixed coni- 

fer forest. 

Forage utilization by cattle was estimated on each macroplot 



and an average utilization estimate was made for each stand in the 

mixed conifer forest of the Hall Ranch. 

Tree overstory cover was found to be negatively associated 

with herbage production. The coefficient of determination of this 

relationship was . 254. Overstory cover accounted for more of the 

variation in herbage yield than either basal area or stems per acre. 

Mean shrub weight was estimated at 8,000 pounds per acre 

plus or minus 1,750 pounds and shrub current annual growth produc- 

tion was estimated at 85 pounds per acre plus or minus 10 pounds 

both at the 95 percent confidence level. 

Sunspots, intermediate shade and heavy shade areas contribute 

about equally to the total herbage production of the mixed conifer 

forest. Sunspots are about four times as productive as heavy shade 

areas, but make up only 20 percent of the total forest area. 

A sanitation logging in 1960 modified the over story cover, but 

may have contributed to grand fir dominance of the logged mixed 

conifer stands. 

This logging of mixed conifer forest stands was both benefi- 

cial and detrimental to herbage production. Herbage production 

was increased where old sunspots were enlarged or new ones 

created, but some areas were taken out of production by heavy soil 

disturbance and slash accumulations. 

The difference in herbage production of logged and unlogged 



mixed conifer forest stands was highly significant when selected 

plots were used to reduce disturbance variability, There was no 

significant difference between the crude protein yield of logged and 

unlogged stands. 

Through the use of facilitating physical improvements, proper 

class of livestock, improved livestock distribution and proper season 

of use the forage resource of the mixed conifer forest was effectively 

utilized by cattle. The percent of non -use is positively related to the 

amount of overstory crown cover in the mixed conifer forest. 

Suitable forest and range management practices should enable 

an ]ingenious land manager to more fully realize the potential grazing 

resource of the mixed conifer forest. 
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FORAGE PRODUCTION AND UTILIZATION IN A MIXED CONIFER 
FOREST IN THE WALLOWA MOUNTAIN FOOTHILLS 

INTRODUCTION 

The mixed conifer forest of the Wallowa Mountain foothills 

offers a vivid study in contrast. Deep volcanic ash soils, and cool 

north slopes provide good sites for tree growth. Unfortunately, 

grand firl (Abies grandis), the shade tolerant climax dominant of 

these sites is so susceptible to heart rot its commercial value is 

very limited. A rancher -landowner in this foothill area gains very 

little in accrued timber values from his high potential mixed coni- 

fer forest sites. 

Of greater importance to the rancher, in terms of his primary 

source of income, these closed- canopy forests produce little forage 

for his livestock. The tremendous forage production potential of the 

mixed conifer sites is clearly expressed in recent burns and heavily 

logged areas. The relentless tide of plant succession eventually 

closes these openings in the forest canopy, and forage production 

rapidly declines. 

IA list of common and scientific plant names is given in 
Appendix I. Common names are those generally accepted in north- 
eastern Oregon. 
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The land manager in this area is faced with the choice of 

accepting the eventuality of low forage and timber values from these 

grand fir stands or attempting through active management to alter 

the path and rate of plant succession. 

A biologically sound knowledge of the effective environment en- 

compassed by the mixed conifer forest type is essential for effective 

management of this vegetation. To better achieve this goal, the 

present investigation was undertaken to characterize and evaluate 

the forage production and utilization of the successional vegetation 

of the mixed conifer forest type. 
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DESCRIPTION OF STUDY AREA 

The location of this investigation was in the lower Catherine 

Creek basin on and adjacent to the Hall Ranch. The ranch is a part 

of the Eastern Oregon Experiment Station and it is situated about 12 

miles southeast of Union, Oregon. The specific location of the 

study area is in Township 5, South, Range 41, East of the Willamette 

Meridian. The location of the study area is shown in Figure 1. 

Physiography 

Catherine Creek, a major tributary of the Grand Ronde River, 

divides the Hall Ranch into roughly equal parts. The east half of the 

ranch lies on old lava flows which are tilted to the west- southwest. 

The irregular slope is formed by a series of benches and small 

bluffs. Several water worn ravines dissect the slope forming micro - 

north and south slopes. The western portion of the ranch lies on 

the abrupt, 3,000 foot fault escarpment which forms the western wall 

of Catherine Creek canyon. 

The elevation of the Hall Ranch ranges from 3,400 feet along 

the creek to 4,100 feet at the east and west boundary fences. 



Figure 1. Location of study area. 
4 
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Geology 

Origin of the Wallowa Mountains 

The Wallowa Mountains are a roughly circular, domeshaped 

mass of granite some 20 miles in diameter (Lindgren, 21, p. 565). 

This irregular mass is partially surrounded by a lava plateau of 

much lower elevation. Smith, et al. (28, p. 1 -64) considered that 

during Permian time great lava flows were extruded in a manner 

similar to those producing the Columbia River Basalts. After a 

period of uplift and erosion in Lower Triassic time, the area sank 

to sea level. The landmass was believed to have begun emerging 

from the sea during Jurassic times. Folding continued and intru- 

sion by the granitic batholith occurred probably in Cretaceous time, 

accompanied by many dikes of basalt and granodiorite. In Miocene 

time, the Columbia River Basalts flowed over large areas of Wash- 

ington, Oregon and Idaho. Much of the Wallowa Mountain area was 

covered to an estimated depth of three or four thousand feet. Later 

thrust faults and nearby down faults resulted in the uplifting of the 

Wallowa region. 

Structure of Hall Ranch Area 

The Hall Ranch rests entirely on basalt and basaltic andesite, 

but the geologic history of the upthrust of the high Wallowa Mountains 
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has influenced this lower area through associated structural faulting 

(Wagner, 31, p. 32). Catherine Creek in the Hall Ranch area is 

thought to follow a fault line. The lava occurs as a series of flows 

with minor amounts of interbedded sediments and pyroclastics 

(Smith, et al. , 28, p. 40). Wagner (31, p. 32) points out that there 

may be appreciable and possibly significant differences in the compo- 

sition and texture between the flows. 

Soils 

The soils of the mixed conifer forest of the Hall Ranch area 

consist of well- drained medium -textured Regosol soils developed 

from volcanic ash. The parent material of these soils is rather pure 

wind -deposited volcanic ash, which is underlain by unrelated buried 

soil or unrelated bedrock. The ash has been deposited in recent 

times as a result of volcanic activity in the high Cascades. The 

exact origin of the ash is not known. Part of it may be from Mount 

Mazama (Williams, 34, p. 3). 

The ash mantle is rather continuous on broad ridgetops and 

moderately steep to steep slopes with north and northeasterly ex- 

posures. The influence of the volcanic ash is apparent in the soils 

of other exposures, but it is not found there in pure deposits. South 

slope soils consist of a mixture of residual material, glacial loess 

and varying amounts of ash. Often the gradation from pure ash 
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deposits to residual -loessal soils is indefinite and continuous. 

Morphologically the mixed conifer forest soils are young with 

no textural or structural development, but they have color and or- 

ganic matter differentiations. The A horizon is usually a grayish - 

brown silt loam, soft and floury when dry and friable when moist. 

When mixed conifer stands are logged under wet soil conditions, a 

platy structure develops where heavy equipment compacts the upper 

soil profile. There is no structural B horizon developed in these ash 

soils, but the silt loam AC horizon is typically one chroma darker 

in color. The AC horizon grades into a yellowish -brown silt loam 

C horizon. The entire profile is underlain by unrelated bedrock or 

most often by unrelated buried soils. Rodent activity, windfall root - 

turnover and colluvial action have mixed the ash with the buried 

soils in many locations. This is especially evident on steep slopes. 

In basins and deep draws very thick deposits of ash are found. 

Their profiles reveal no horizon development and they may be of 

very recent alluvial origin. 

The buried soils vary greatly in different locations. In general, 

they are silt loam to silty clay soils with structural development. 

Clay films and siliceous ash coatings are often evident on their peds. 

Iron -manganese concretions are common in these buried soils. 

Mixed conifer forest soils are highly permeable, readily 

allowing moisture entrance and flow. Bishop (3, p. 141) working 
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with similar soils in the Blue Mountains, pointed out that since ash 

soils contain considerable glassy, ash -like material most of the 

moisture they contain is probably available for plant use. 

The soils of the Hall Ranch were surveyed in 1956 and again 

in 1963. Much of the information on the characteristics of the mixed 

conifer forest soils is a result of these surveys. A mixed conifer 

forest soil profile and important variations of it are described in 

Appendix B. 

Climate 

In general, the Hall Ranch area receives the bulk of its pre- 

cipitation as rain and snow during the cold winter months. Fall and 

spring months are cool and frequently moist. July and August are 

very dry and warm although infrequent showers do occur. Mild 

frost can occur throughout the summer. 

Climatic data is available from the Hall Ranch only from June 

to November, 1963, and December, 1963, to August, 1964. Pre- 

cipitation for these periods is shown in Table 1. 

The nearest stations with lengthy records are Union, Cove, 

and Elgin, Oregon. These stations are reasonably close to the Hall 

Ranch geographically, but mountainous topography and differing 

storm tracks combine to make variation in climatic data between 

the stations extreme. Mean annual precipitation in inches for the 



Table 1. Hall Ranch precipitation data (in inches) for 1963 -64 and Union, Oregon precipitation data for 1962 -64. 

Location and Gauge Type Year 
Jan. Febr. Mar. Apr. May 

Month 
Aug. Sept. Oct. Nov. Dec. June July 

Westside Temporary 1963 1. 70 . 30 1.75 1. 50 . 5S 

1964 3. 60 1.75 

Westside Permanent 1963 .90 
1964 2.50 1.40 2.70 2.00 .20 3.50 .90 2.20 

Eastside Temporary 1963 . 75 . 30 1. 10 1. 35 .45 

1964 4.00 2.00 

Eastside Permanent 1963 1. 80 

1964 3.90 2.10 2.50 1.80 .7D 4.20 2.00 .70 

Union, Oregonl 1962 1.21 .94 .68 .96 2.37 .29 .17 .18 .65 2.00 .82 .74 
1963 .49 1.29 1. 53 1.50 1.27 2. 30 . 38 . 40 1.46 .08 1.07 . 69 

1964 . 77 . 22 .48 1. 19 .64 2.90 1. 15 . 49 

1 Data from U. S. Weather Bureau (36). 

s.0 



10 

stations are: Union 13, Cove 23, and Elgin 26 (U. S. Weather Bureau, 

36). Considering the precipitation records of the closest stations, 

the brief records available from the ranch, and the bulk of the Hall 

Ranch is in the Pinus ponderosa /Calamgrostis rubescens type eco- 

logically; a rough estimate of the precipitation received is 16 to 20 

inches. 

Land Use History 

Grazing Use 

Settlement started along Catherine Creek in the Union area in 

the mid 1860's (Hug, 19, p. 262). Catherine Creek canyon offered 

a natural path from these early settlements to the high mountain 

rangelands of the western Wallowas. By location, the Hall Ranch 

became used as spring -fall range for cattle and sheep. Bands of 

horses were wintered in more open areas of the ranch. Experiment 

station records indicate the ranch was rather heavily grazed by both 

sheep and cattle from 1936 to 1956. A range condition survey in 

1956 indicated much of the Hall Ranch to be in rather poor condition. 

The mixed conifer forest areas of the ranch were in better condition 

due to their distance from water and dense vegetation which re- 

stricted grazing. 
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Logging on Catherine Creek 

Logging has had a strong influence on the timbered areas of 

lower Catherine Creek. Hug (19, p. 129) describes log drives on 

Catherine Creek to supply a water -powered mill midway between the 

Hall Ranch and Union. The remains of three sawmills are found on 

the Hall Ranch and the foundation of 11 others are located within a 

mile of the ranch's boundaries. Keniston (20, p. 1) reported much 

of the Hall Ranch was logged in the 1930's, but similar cuttings had 

occurred at earlier intervals. 

Vegetation 

Hall Ranch Vegetation in General 

The bulk of the vegetation on the Hall Ranch is dominated by 

ponderosa pine (Pinus ponderosa) with a pinegrass (Calamagrostis 

rubescens) elk sedge (Carex geyeri) understory. On shallow soils 

and south slopes, the pine stands become quite open with a bunch - 

grass understory of bluebunch wheatgrass (Agropyron spicatum) and 

Idaho fescue (Festuca idahoensis). On deeper soils with higher 

volcanic ash content, considerable Douglas -fir (Pseudotsuga 

menziesii) and western larch (Larix occidentalis) become mixed 

with the ponderosa pine. As the abundance of Douglas -fir and 

western larch increases, a shrub layer of ninebark (Physocarpos 
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malvaceus) and oceanspray (Holodiscus discolor) develops. Grand 

fir gains dominance over Douglas -fir, larch and ponderosa pine on 

north slopes with deep ash soils. These north slopes represent the 

mixed conifer forest site. 

Definition of Mixed Conifer Forest 

The vegetation unit under investigation is represented by a 

series of mixed conifer stands which have the potential for a topo- 

edaphic climax dominated by grand fir. Although the sites in ques- 

tion are located at low elevation in a predominantly Douglas -fir- 

ponderosa pine zone, they have the potential for a climax vegetation 

dominated by grand fir due to: (1) their physiographic position on 

north - facing slopes, and (2) their location on ash soils of high mois- 

ture retention and availability. 

Characterization of Present Vegetation 

Walton (32, p. 20) described the mixed conifer forest as con- 

sisting of an over story of predominantly grand fir, Douglas -fir, 

western larch and a few ponderosa pines. Scouler willow (Salix 

scouleriana) maple (Acer glabrum) and service berry (Amelanchier 

alnifolia) occasionally form a subordinate layer under the conifer 

overstory. The shrub layer is composed of the tall shrubs ninebark 

and oceanspray, and the low shrubs snowberry (Symphoricarpos 
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albus), spiraea (Spiraea lucida) and more rarely huckleberry 

(Vaccinium membranaceum). The understory is dominated by pine - 

grass, Cusick's vetch (Lathyrus nevadensis spp. cusickii) meadow 

rue, (Thalictrum fendleri) and twinflower (Linnaea borealis). 

Present and Past Stand Renewal Processes 

The mixed conifer forest stands do not consist of a uniform 

vegetation, but of a complex flora of seral and climax trees with an 

intricate understory mosaic of fragments of different vegetation types. 

Daubenmire (6, p. 312) describes the process of stand renewal which 

creates this complex as one of small groups of trees dying, ( as a 

result of insect damage, disease and windthrow, etc. ) allowing above- 

average illumination to reach the forest floor. Shrubs and herbaceous 

vegetation respond to this increased illumination, until tree seedlings 

assume dominance. Typically the young trees become established 

in considerable numbers, and before long their canopies come into 

contact so lighting at the ground level drops below- average. This 

brings about a drastic purge of the subordinate flora, leaving the 

ground bare, except for scattered plants of highly mycotrophic 

sciophytes. 

Many of the mixed conifer stands are dominated by old- growth 

individuals of the relatively less tolerant ponderosa pine, western 

larch and Douglas -fir. These stands may represent 
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fire- disclimaxes. Weaver (33, p. 570) describes fire scars on 

living trees as mute, but irrefutable evidence that in earlier days 

the forest was burned frequently by comparatively light surface 

fires. Many of the ponderosa pine and western larch old- growth 

trees in these mixed conifer stands show such scars. Cusick 

(5, p. 176) reported ground fires were common in this area in the 

latter portion of the 19th century. 

The complexity of succession in these stands is increased by 

the interplay between the stand renewal process of fire which pro- 

duced the old- growth dominants, and the present stand renewal pro- 

cess where the fire has been almost eliminated. 

Relation of Mixed Conifer Forest to Other Sites 

Although the mixed conifer stands have the potential for a cli- 

max of a grand fir association, it is a rather marginal type of grand 

fir. Many of the understory forage species of the mixed fir forest 

are characteristic of Douglas- fir -ponderosa pine forest. At higher 

elevations in the Wallowa Mountains, where grand fir approaches a 

climatic climax, the shrubs huckleberry, whortleberry (Vaccinium 

scoparium), prince's pine (Chimaphila menziesii), and bearberry 

(Arctostaphylos nevadensis) are abundant and dominant understory 

species. In the mixed conifer forest, bearberry and whortleberry 

are absent, and huckleberry and prince's pine are rare. 
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Burns in grand fir stands at higher elevation often result in 

dense stands of lodgepole pine (Pinus contorta). Lodgepole pine is 

almost absent in the mixed conifer forest of the Hall Ranch and burns 

frequently support dense stands of western larch. 

Anderson (2) has described a mixed fir range and forest site 

which includes the mixed conifer forest. The mixed conifer forest 

of this investigation represents only a portion of the spectrum of 

ecologic amplitude encompassed by Anderson's mixed fir classifica- 

tion unit. 

Impact of Logging on the Mixed Conifer Forest 

As is evident from the discussion of land use history, the mixed 

conifer forest stands have been highly disturbed. Logging has played 

an especially important role in the shaping of the present mixed fir 

vegetation. Daubenmire (8, p. 322) has described the effect of log- 

ging on similar vegetation. He points out the valuable lumber species 

are serai and when they are cut, an under story of slow growing cli- 

max trees is released to develop. Logging serves to hasten the 

course of succession so a forest of low commercial value, but of 

unlimited tenure comes into full dominance of the habitat. 

Silviculture of Grand Fir 

According to Huber (18, p. 408) grand fir could be a valuable 
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forest tree with its rapid growth, high volume and wide- ringed, light - 

colored wood. The problem is that heartwood of grand fir is attacked 

by fungal rots. Indian paint fungus (Echinodontium tinctorum) is one 

of the most important species destroying grand fir heartwood. Ken - 

iston (20, p. 9) reported the grand fir on the Hall Ranch greater than 

16- inches in diameter could be assumed to have some rot. He stated 

the older grand fir trees were completely riddled by rot. 

A pathologic cutting cycle for grand fir which removes diseased 

trees and favors the regeneration of serai resistant species has been 

suggested by Huber (18, p. 409) and Keniston (20, p. 9). 

A timber sale in 1960 on the southwest portion of the Hall Ranch 

was designed to place heavy cutting pressure on grand fir and pro- 

tect ponderosa pine, western larch and Douglas -fir seed trees. The 

sale made several recently logged mixed conifer stands available 

for this investigation. The appearance of one of these stands before, 

two years and four years after logging is shown in Figures 2, 3, 

and 4. 

In 1963, a mixed conifer stand on the east side of the Hall 

Ranch was clear -cut in preparation for a timber and forage species 

adaptation experiment. This treatment provided an area to observe 

plant succession on a mixed conifer forest site with the forest canopy 

removed and the ash soil highly disturbed. This clear -cut is shown 

in Figure 5. 
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Figure 2. Mixed conifer forest cattle exclosure before logging 
in 1960. 
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Figure 3. Mixed conifer forest cattle exclosure two years 
after logging in 1962. 
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Figure 4, Mixed conifer forest cattle exclosure four years 
after logging in 1964, 
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Figure 5, Clear -cut mixed conifer forest stand. 
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Forage Production in Mixed Conifer Forest Stands 

The seasonal yield and nutrient content of the forage of a mixed 

conifer forest stand on the Hall Ranch was investigated by Walton 

(32, p. 63). He recommended the site should not be grazed, because 

of the scarcity of forage and density of the timber and brush. Walton 

did not have an opportunity to observe the tremendous impetus given 

forage production in the Hall Ranch mixed conifer stands the second 

year after they were logged. Cross- fencing, water development, 

and logging have facilitated livestock utilization of Hall Ranch mixed 

conifer stands, since he completed his investigation. 

Several authors have reported observations and investigations 

on the transitory grazing resources of heavily timbered range lands. 

Lommasson (22, p. 2) indicated for 13 years after the Dollar Moun- 

tain forest fire in northern Washington forage production was above 

pre -burn levels, but after that time reforestation had seriously 

limited forage production through crown closure. 

Tisdale (30, p. 856) reported the best timbered ranges in in- 

terior British Columbia were made by fire, and as succession is 

allowed to proceed toward climax forage production cannot help but 

decrease. 

Martin, Dunkeson and Baskett (23, p. 513) in a study of the 

effects of timber harvest on forage production on Missouri forested 
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range lands reported logging released all classes of forage and for- 

age production was inversely related to overstory crown cover. 

Forage production decreased as basal area of the tree stand 

increased in second growth longleaf pinelands of southern Alabama 

according to an investigation reported by Gaines, Campbell and 

Brasington (10, p. 54). The curvilinear regression showing this 

relationship was highly significant, but accounted for only 14 percent 

of the variation in forage production. 

Tisdale and McLean (30, p. 247) found yield of herbaceous and 

small shrubby species inversely related to average tree basal area 

per acre in the Douglas -fir zone of British Columbia. They reported 

the herbage yield from insect killed lodgepole pine stands was about 

50 percent greater than for comparable sites occupied by normal 

lodgepole stands. 

Overstory basal area was compared with under story density 

on a timbered California deer range by Adams and Dunway (1). 

Understory density decreased significantly with increasing over - 

story basal area density. However, the correlation in this regres- 

sion was very low. Changes in over story density accounted for only 

13 percent of the changes in understory density. 

Schuster and Halls (27) reported that the abundance or scar- 

city of forage for deer in the coastal plain area of east Texas is 

chiefly determined by timber stand structure. They reported that 

. 

. 
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forage yields were more closely correlated with crown cover than 

with soil and physiographic factors. 

Relation of Herbage Protein Content to Over story Cover 

Cook and Harris state that areas having more shade produce 

vegetation higher in protein and phosphorus than more open sites 

(4, p. 34-37). Hopper and Nesuitt have shown that shading causes 

an increase in crude protein and a decrease in nitrogen -free extract 

(17, p. 18). The effect on crude fiber is reported as variable among 

species. Pickford and Reid indicate that in most areas with a domi- 

nant tree canopy the understory may be recognized as waste areas 

because of a rather scant supply of suitable forage (25, p. 21). 

Walton (32, p. 64) reported the herbage of the mixed conifer forest 

on the Hall Ranch was adequate in content of crude protein for cattle 

for the summer period during which he sampled. 
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METHODS AND PROCEDURES 

Sampling Methods 

A system of macro and microplots was used to measure the 

variation within each vegetation layer in the mixed conifer forest 

and to characterize the interrelationship of these layers. 

Macroplot 

The purpose of the macroplot in this investigation was to char- 

acterize the overstory in relation to other vegetation layers in the 

stand. In a dense, highly disturbed forest such as mixed conifer 

stands, it is impossible to stratify sampling on the basis of the area 

influenced by a single tree or group of trees. The structure of the 

vegetation of these stands consists of a multitude of microseres, 

small vegetation units of different successional status, superimposed 

on each other through time. Considering precision, a macroplot 

larger than the median-sized microsere, yet not of unwieldy size 

would fit the intended purpose. During the 1962 field season differ- 

ent size and shape macroplots were tested in mixed conifer stands on 

the Hall Ranch. It was found that an 1/100-acre plot included enough 

. 
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area to permit sampling the interrelationship of vegetation layers 

yet was not of unwieldly size. 

Number of Macroplots. Areas of mixed conifer forest stands 

on the Hall Ranch were planimetered on aerial photographs and 

acreage determined. One macroplot was allotted to every two to 

six acres of area within the stand depending on variation within. 

Location of Macroplots. The time required for location and 

the great difficulty in relocating plots in dense timber made the use 

of completely random sampling systems unwise. Instead a strati- 

fied random system was employed. The plots were randomly located 

along paced lines from a landmark which could be recognized on an 

aerial photograph. The locations of mixed conifer forest stands 

sampled are shown for the eastside of the Hall Ranch in Figure 6 

and the westside in Figure 7. 

Tree Macroplot Methods. The objective of sampling trees on 

the macroplot was to determine dominance, rate and direction of 

succession in the overstory. The following methods were employed: 

(1) crown cover of the tree overstory was ocularly estimated by 

species on each plot, (2) the d. b. h. (diameter at breast height) of 

all trees on the macroplot was determined with a diameter tape, and 

(3) stumps from recent logging and increment borings were used to 

determine age classes for the different tree species. Trees with a 

d. b. h. of less than 1/2 -inch were considered seedlings. 



Figure 6. Mixed conifer forest stand locations eastside of the Hall Ranch. 
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Figure 7. Mixed conifer forest stand locations westside of the Hall Ranch. 
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Shrub Macroplot Methods. The objective of sampling shrubs 

on the macroplot was to determine dominance and trend in the shrub 

layer. Shrub crown cover was ocularly estimated by species on each 

plot. An estimated average shrub height was recorded at the same 

time. Each shrub species on a macroplot was given a sociability 

rating based on the following classes: (1) singly, (2) grouped, 

(3) patches, (4) small colonies, and (5) dense, pure patches. 

Microseres. During the 1962 and 1963 field seasons several 

microseres common to this vegetation were documented with domi- 

nance and cover estimates using the system described by Poulton 

(76). The portion of each macroplot occupied by clearly definable 

microseres was estimated and recorded. Each microsere was 

identified by its dominant species. 

Soils. At each macroplot location a detailed soil description 

was made following methods outlined in the Soil Survey Manual (35). 

Other Information from the Macroplot. Other information 

recorded to help characterize the macroplots were as follows: 

(1) physiographic (including position on and length of slope, micro - 

relief, slope and aspect), and (2) restrictions to grazing. Restric- 

tions to grazing include such materials as logs and slash which 

interfere with the movements of grazing animals. 
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Microplot 

There are two important objectives of microplot sampling: 

(1) to obtain a measure of dominance and forage production in the 

herbaceous and shrub vegetation layers and (2) to obtain information 

on the relation of these layers to the over story. 

Microplot Size and Location. One 4. 8- square -foot circular 

plot was located in each quarter of a macroplot. The plots were 

located by an over - the - shoulder throw from plot center of a short 

rod which became the microplot center. 

Sampling Herbaceous Vegetation. The following methods were 

employed: (1) projected herbage cover was ocularly estimated by 

species for each microplot, and (2) herbage weight was estimated 

in grams green weight by species for each microplot. One randomly 

selected microplot in each macroplot was clipped and a green weight 

taken as a check on estimates. A comparison of estimates and 

checks revealed no significant differences between the two methods. 

The clipped material, separated by species, was dried and dried 

weights recorded. The clipped material was placed in a forage 

dryer at the Eastern Oregon Experiment Station for drying. The 

drying treatment lasted 24 -hours at a temperature of 170° F. After 

this treatment grass stems would snap and the leaves of all spe- 

cies would crumble. Microplots were clipped when pinegrass 
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inflorescenses emerged from the boot, but before the legumes of 

Cusick's vetch had started to shatter. 

Additional Information from the Microplots. The following 

additional information was taken to help relate the understory to 

other vegetation layers: 

1. Tree overstory cover. The tree cover intercepted by a 

vertical extension of the microplot perimeter was recorded 

in three classes as follows: (1) 0 -20 percent, (2) 21 -40 

percent and (3) 41 -100 percent. 

2. Shrub overstory cover. Shrub cover intercepted by a verti- 

cal projection of the plot perimeter was recorded in the 

same classes used for tree cover. 

3. Microsere. The microsere each plot fell into was recorded. 

Sampling Shrub Vegetation. On microplots which had shrubs 

rooted in the plot, the following procedure was followed: (1) the 

height of each shrub was taken and the shrub cut off at ground level 

and total weight determined, and (2) current annual growth was clip- 

ped from the shrub and both green and dry weights were recorded. 

Relation of Herbage Protein Content to Overstory Crown Cover. 

To determine the influence of crown cover on protein content 

of the under story herbage forty 9. 6- square -foot plots were clipped X- 

in each of three crown cover classes. 
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Crown Cover Classes. The crown cover classes were (1) 

sunspot, 0 -20 percent crown cover, (2) intermediate shade, 21 -40 

percent crown cover and (3) heavy shade, 41 -100 percent crown 

cover. The herbage from four contiguous plots was composited for 

protein analysis, resulting in ten protein determinations for each 

crown cover class. 

Location of Plots. The location of the plots was selected to 

represent relatively undisturbed examples of the three crown cover 

classes. The plots were located in mixed conifer stands on the west 

side of the Hall Ranch which had been previously sampled for herb- 

age production in relation to overstory crown cover. 

Species Separation. Pinegrass is the major forage species 

of the mixed conifer forest and the only major species consistently 

present in all crown cover classes. Considering the importance of 

pinegrass as a forage plant it was kept separate for analysis. All 

other species were composited for chemical analysis. When the 

plots were clipped green weights were taken with a spring scale for 

each species. 

Time of Clipping. The plots were clipped in late June of 1964. 

This is before the peak of forage production, but at the period when 

pinegrass is more highly preferred by cattle. 

Processing of Samples. The samples were placed in the forage - 

dryer at the Eastern Oregon Experiment Station until the grass 



32 

stems would snap and the leaves of all species would crumble. Air - 

dry weights were taken at this time. The samples were ground 

through a Wiley Mill for chemical analysis. 

Chemical Analysis. The samples were analyzed for percent 

crude protein according to the standard procedures of the Associa- 

tion of Official Agricultural Chemists and under the direction of Dr. 

J. E. Oldfield in the Animal Nutrition Laboratory at Oregon State 

University. 

The Effect of Logging on Herbage Protein Content 

The effect of logging on the protein content of mixed conifer 

forest herbage was determined by repeating the previously described 

methods in the area on the westside of the Hall Ranch which was log- 

ged in 1960. 

Utilization 

Utilization of herbaceous and shrubby vegetation was recorded 

for each macroplot near the end of the grazing season. The degree 

of utilization was recorded in the following classes. 

1. No Use. No use evident and little or no evidence of cattle. 

2. Light Use. Less than 50 percent of the preferred species 

utilized. 
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3. Moderate Use. Approximately 50 percent utilization of 

preferred species. 

4. Heavy Use. More than 50 percent utilization of preferred 

species, but uneven use of other species. 

5. Very Heavy Use. Even use on all species greater than 50 

percent. 

Concurrent with the rating of each macroplot an average rating 

was applied to the stands which contained the macroplots. This is 

the same utilization mapping system used to obtain management data 

on the entire Hall Ranch. 

In this investigation forage is used when considering utilization 

and herbage when considering production. Herbage consists of the 

total herbaceous vegetation found on an area. Forage is that portion 

of herbage that can be removed by grazing animals without injury to 

the grazed plant in a given environment. 

Statistical Analysis Procedures 

The I. B. M. 1620 computer was used to compute correlation 

coefficients indicative of relationships among several species and 

other variables encountered on the macroplots. The program used 

made it possible to obtain all possible correlation coefficients, 
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means, standard errors, variances, and covariances for 26 vari- 

ables. 2 

The simple correlation coefficient matrix was used as a guide 

in determining possible significant relationships to analyze in more 

detail. 

2Program from Statistical Service, Agricultural Experiment 
Station, Oregon State University. (By Dr. D. R. Jensen) 
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RESULTS AND DISCUSSION 

Criteria for Stratification of Stands 

Mixed conifer stands on the east and west sides of the Hall 

Ranch offer some interesting contrast. The structure of these vege- 

tation units is modified by differences in aspect and topography. The 

eastside of the ranch is generally a south and west- facing slope with 

micro north slopes where ravines dissect the main slope. The west - 

side is located on a steep northeast - facing slope which is broken into 

a series of benches. 

Eastside Mixed Conifer Stands 

The mixed conifer stands on the eastside of the Hall Ranch are 

elongated and narrow because of their restricted occurrence on ra- 

vine north- facing slopes. The volcanic ash deposits on these slopes 

are relatively deep with alluvial accumulations extending to a depth 

of eight feet along the bottoms of draws. 

Eastside Alluvial Basin Grand Fir Stands. The draw bottoms 

and small basins on the eastside of the Hall Ranch with very deep 

alluvial ash soils support a forest type significantly different from 

the modal mixed conifer forest. The dense overstory canopy is 
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nearly all grand fir. The type can be distinguished from upland 

mixed conifer forest stands by the cathedral -like calm which pre- 

vails under the dense canopy. The striking reduction in shrubs and 

the sciophytic nature of the herbaceous vegetation serve to further 

identify the site. The soils of these areas show no horizon develop- 

ment and are composed of very pure and unstable volcanic ash. Any 

break in the duff layer results in the ash being swirled around in the 

reduced light beneath the dense canopy by the slightest eddy of wind. 

The herbaceous vegetation, which is largely composed of such scio- 

phytes as mountain clover, (Trifolium microcephalum), heart leaf 

arnica (Arnica cordifolia), trail plant (Adenocaulon bicolor), onion 

grass (Melica bulbosa), twinflower, and rattlesnake plantain (Good - 

yera oblongifolia) is characteristically thinly coated with white ash 

dust. 

The height of the over story and the location of the stands in 

depressed topography limit lateral light beneath the canopy. All age 

classes of grand fir are present creating an intermeshing canopy to 

intercept light rays before they can strike the forest floor. Sunspots 

must be very large before conifer species less shade tolerant than 

grand fir can become established. When large sunspots have been 

artifically created in this type by logging as many as 150 conifer 

seedlings have been observed in a 1 /100 -acre area. It is interest- 

ing that the species composition of conifer seedlings in these 
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sunspots is similar to the present overstory composition of much of 

the mixed conifer forest. Reproduction outside large sunspots is 

almost entirely grand fir. Old growth grand firs are spirally circled 

by the bracket fruiting bodies of heart rot fungi. Suppressed, sub - 

ordinant- canopy grand fir trees are subjected to rot at very small 

diameters in this type. Although interesting from a soils and vege- 

tation standpoint, the alluvial basin grand fir stands are too small in 

area to have much management significance. They are closely re- 

lated, but ecologically distinct from the bulk of the mixed conifer 

forest. 

Eastside Upland Mixed Conifer Stands. The restriction of 

eastside mixed conifer stands to north micro- slopes reduces their 

potential ecologic variability, but imparts some special character- 

istics. The narrow, elongated stands tend to be largely ecotonal in 

nature with a considerable infusion of species characteristic of 

ponderosa pine and open grassland types. Because of their large 

periphery in relation to area, the eastside mixed conifer stands are 

now, and apparently have been, subjected to higher grazing pressure 

than the more extensive westside stands. The physiographic position 

of the stands makes them a barrier to cross slope movement of live- 

stock. This has forced cattle to find trails through the dense stands 

to reach adjacent forage areas and has helped to keep old logging 

and post cutting roads open. The combination of higher grazing 
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pressure and the infusion of species characteristic of adjacent envi- 

ronmental units makes it difficult to determine if the eastside upland 

mixed conifer stands differ from the westside stands in ecologic 

potential, departure from climax or both. 

Westside Mixed Conifer Stands 

The westside of the Hall Ranch offers a large variety of expo- 

sures and topographic situations which are within the amplitude of 

the mixed conifer forest. The generally north and northeast -facing 

slope is broken into a series of benches. These slump -like benches 

often have a high outer edge which results in a part of the bench hav- 

ing an area of exposure in reverse to the general slope. Shallow 

drainage patterns have developed on the benches. The slope is cut 

by a few deep ravines which have north - facing slopes vegetated 

similarly to eastside upland mixed conifer stands. Topography has 

double significance in the structure of the mixed conifer forest. It 

not only influences the structure of the vegetation through aspect, 

but it also affects the depth of the ash soil layer. The wind deposited 

ash often appears to have been reworked by colluvial and alluvial 

action. The ash layer tends to be the deepest in topographic situa- 

tions that favor accumulation such as toe slopes, ravine bottoms and 

concave benches. 

Topoedaphic Situations. The five following topoedaphic 
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situations can be recognized on the westside of the Hall Ranch: (1) 

northwest slopes, (2) convex benches, (3) concave benches, (4) north- 

east slopes, and (5) ravine north slopes. Table 2 presents species 

composition of the tree and shrub layers and physiographic factors 

for the five topoedaphic situations and Table 3 illustrates the species 

composition of the herbaceous vegetation of the five units. The plots 

from which these data were obtained were selected to represent the 

five identifiable topoedaphic situations from the 95 macroplots strati- 

fied- randomly located in mixed conifer forest stands on the westside 

of the Hall Ranch. The northwest -facing slopes represent a xeric 

extreme and the north -facing ravine slopes a mesic extreme in the 

mixed conifer forest. Each extreme contains about seven percent 

of the total number of plots. The benches account for 20 percent 

and the northeast -facing slopes one -third of all the plots. The strik- 

ing factor of this analysis is that one -third of the total number of 

stratified - randomly located macroplots do not fit in any of the iden- 

tifiable topoedaphic situations, but represent gradation between the 

groups. The mesic and xeric extremes have the strongest topo- 

graphic discontinuity of the five situations. The convex and concave 

benches represent a mild topographic change and a rather continuous 

gradation in soil depth. 

Westside Mixed Conifer Forest Successional Trends. An im- 

portant consideration in comparing the topoedaphic situations 
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Table 2. Physiographic factors and tree and shrub species composition for five topoedaphic situations 
in the westside mixed conifer forest. 

Physiographic Factors and Species 
N. W. 

Slopes 
N. E. N. 

Ravine 
Slopes 

Benches Slopes 
Convex Concave 

Mean Soil Depth 28 23 36 40 49 
Mean Ash Depth 19 18 21 24 28 
Percent Slope 27 5 5 26 38 

Species Composition2 

ABIES GRANDIS 30 28 39 50 54 
PSEUDOTSUGA MENZIESII 40 50 32 30 25 
LARIX OCCIDENTALIS 10 7 10 9 8 
PINUS PONDEROSA 20 14 8 8 2 
SALIX SCOULERIANA T3 T 10 2 8 
ACER GLABRUM T 2 

PHYSOCARPOS MALVACEUS 68 73 60 64 60 
HOLODISCUS DISCOLOR 12 12 20 17 14 
VACCINIUM MEMBRANACEUM T 2 8 10 16 
SYMPHORICARPOS ALBUS 14 8 3 3 4 
ROSA GYMNOCARPA 5 5 9 5 5 
BERBERIS REPENS T T T T T 
CHIMAPHILA MENZIESII T T T 

Mean Crown Cover 

Trees 36 34 39 44 56 
Shrubs 21 17 31 27 21 
Herbaceous 40 42 66 47 35 

Number of plots 7 9 10 31 6 

1 Soil and ash depth in inches. 
2 Percent species composition based on crown cover. 
3(T) represents less than one percent composition. 
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Table 3. Herbaceous species composition for five topoedaphic situations in the westside mixed 
conifer forest. 

Species N. W. 

Slopes 

Species Composition) 
N. E. N. 

Ravine 
Slopes 

Benches Slopes 
Convex Concave 

CALAMAGROSTIS RUBESCENS 34 43 62 57 54 
ELYMUS GLAUCUS 15 8 5 6 4 
CAREX GEYERI 20 7 S 5 5 

MELICA BULBOSA T2 T 2 4 5 

BROMUS MARGINATUS T T T T 1 

FESTUCA OCCIDENTAL'S T T T T T 
SPIRAEA LUCIDAS 1 1 1 1 1 

LATHYRUS NEVADENSIS 4 10 8 13 15 

LUPINUS POLYPHYLLUS 15 10 7 2 T 
ARNICA CORDIFOLIA 5 15 7 7 10 
THALICTRUM FENDLERI 2 3 2 2 3 

ASTER CONSPICUUS 1 1 T T T 
FRAGERIA CUNEIFOLIA 1 T T 1 T 
OSMORHIZA PURPUREA T T T T T 
LINNAEA BOREALIS T T T T T 
HIERACIUM ALBIFLORUM 1 T T T T 
PEDICULARIS RACEMOSA T T T 1 1 

ANEMONE PIPERI T T T T T 
VIOLA ADUNCA T T T T T 

Number of plots 7 9 10 31 6 

Mean cover 40 42 66 47 35 

1 Percent species composition based on projected herbage cover. 
2 (T) represents less than one percent composition. 
3 Spiraea has a woody base, but is commonly browsed to ground level by grazing animals so 

it is considered with herbaceous vegetation. 
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encountered on the westside of the Hall Ranch is the trend in conifer 

reproduction. Table 4 illustrates conifer reproduction species corn - 

position for the five topoedaphic situations in the westside mixed 

conifer forest. Grand fir contributes a commanding amount of re- 

production even in the most xeric situation. This is a logical result 

since even on northwest -facing slopes under established grand fir 

patches only grand fir reproduction is successful. Thus the common 

denominator of all the westside topoedaphic situations is the predomi- 

nance of grand fir in the conifer reproduction. If the present laisse- 

faire management scheme is followed the mixed conifer forest stands 

appear to be moving toward a similar successional goal. Further 

evidence of this is shown in Table 5 which compares the herbaceous 

species composition of sunspots and heavy grand fir shade areas for 

the five westside topoedaphic situations. There is considerable 

variation in the composition of the sunspot vegetation for the different 

situations, but heavy grand fir shade vegetation is very similar for 

all the five topoedaphic units. If the situations share a common 

successional goal the time required and the stages involved may 

differ considerably. 
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'Table 4. Conifer reproduction species composition for five topoedaphic situations in the westside 
mixed conifer forest. 

Species 
Species Composition) 

N.W. N.E. N. 
Slopes Benches Slopes Ravine 

Convex Concave Slopes 

ABIES GRANDIS 30 32 41 49 60 
PSEUDOTSUGA MENZIESII 28 30 21 34 34 
LARIX OCCIDENTALIS 18 17 24 10 5 

PINUS PONDEROSA 27 21 14 7 1 

Number of plots 7 9 10 31 

1 Percent species composition based on density of seedlings per 1 /100 -acre macroplot. 

Fluvial Mixed Conifer Forest. The west bank of Catherine 

Creek on the northwestern and southeastern parts of the Hall Ranch 

is formed by a very steep, rocky slope. In many places small 

bluffs are exposed. Much of the exposed rock, with many small 

moisture seeps, is coated with mosses, lichens and bladder fern 

(Cystoperis fragilis). The slope supports a mixed conifer forest 

of grand fir, Douglas -fir, western larch and Engelmann's spruce 

(Picea engelmannii). The environment is within the ecologic ampli- 

tude of the spruce because of the cold air drainage down Catherine 

Creek canyon. A perpetual ice cave is located in this type on the 

Hall Ranch which attests to air movement through the canyon. This 

type is of too limited area and rough topography for extensive 

6 
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Table 5. Species composition of sunspot and grand fir heavy shade herbaceous vegetation for five 
topoedaphic situations in the westside mixed conifer forest. 

Species N. W. 

Slopes 

Species Composition' 
N. E. N. 

Ravine 
Slopes 

Benches Slopes 
Convex Concave 

Sunspot 

CALAMAGROSTIS RUBESCENS 45 59 51 62 68 

CAREX GEYERI 18 11 14 8 3 

ELYMUS GLAUCUS 24 12 11 4 5 

BROMUS MARGINATUS T2 T T 1 T 

LATHYRUS NEVADENSIS 3 2 11 17 20 

LUPINUS POLYPHYLLUS 7 9 9 3 1 

ASTER CONSPICUUS T 1 1 T T 

THALICTRUM FENDLERI 2 2 2 3 1 

SPIRAEA LUCIDA T 1 T 1 T 

PEDICULARIS RACEMOSA T T T T T 

FRAGERIA CUNEIFOLIA T T T T T 

Heavy Grand Fir Shade 

CALAMAGROSTIS RUBESCENS 30 34 35 26 29 

MELICA BULBOSA 28 24 20 27 26 

LATHYRUS NEVADENSIS 7 5 10 11 10 

ARNICA CORDIFOLIA 28 34 27 28 26 

LINNAEA BOREALIS 2 1 2 2 3 

THALICTRUM FENDLERI 1 2 4 4 4 

VIOLA ADUNCA T T T T T 

PTERIDIUM AQUILINUM T T T 
ANEMONE PIPERI T T T T T 
SMILACINA STELLATA T T T 
CAREX ROSSII T T T 

Mean Herbaceous Cover 

Sunspot 89 84 91 94 92 

Heavy Grand Fir Shade 14 17 11 12 15 

1 Percent species composition based on projected herbage cover. 
2(T) represents less than one percent cover. 
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livestock grazing, but it is ecologically different from the rest of the 

mixed conifer forest. 

Summary of Stand Stratification 

The structure of the mixed conifer forest is complicated by the 

effects of differential burning in the past and more recent repeated 

logging and post cutting. Recurrent fires shaped the structure of the 

old growth overstory, but fire has not influenced the current conifer 

reproduction. The rate of succession has been both accelerated and 

set back by disturbance. 

The alluvial basin grand fir stands and the fluvial mixed coni- 

fer stands are sufficiently distinct ecologically to be excluded from 

this investigation of the mixed conifer forest. 

As defined and used in this study, the mixed conifer forest has 

a rather close tolerance of ecologic potential. The important critera 

are: (1) within this narrow range of ecologic amplitude known as the 

mixed conifer forest all stands seem to be proceeding toward a simi- 

lar successional goal and (2) it is very difficult to determine if varia- 

tions in the composition of the vegetation represent degrees of ecolo- 

gic potential or successional differences in this highly disturbed 

vegetation. If it is demonstrated that further subdivision of ecolo- 

gical classes in the mixed conifer forest is necessary sufficient 

time must elapse to permit long term observation of successional 
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trends. It may be that chance disturbance will perpetuate the mixed 

conifer forest as something similar to its present form. In view of 

the foregoing evidence it was decided to proceed with an analysis of 

the effect of crown closure on forage production considering all the 

mixed conifer forest stands as an assemblage of seral vegetation 

within the ecologic potential of a grand fir topoedaphic climax. 

Over story 

The tree overstory is the controlling layer in the structure of 

the vegetation of the mixed conifer forest. As shown in Appendix C 

an increase in tree crown cover is strongly associated with de- 

creases in both herbaceous cover and yield and current annual shrub 

growth and weight per unit area. 

Overstory Crown Cover 

On the basis of 141 macroplots, mean overstory crown cover 

was estimated at 45 percent with a range from 40 to 50 percent at 

the 95 percent confidence level. 

Crown Cover Classes. In an attempt to clarify the relation- 

ship of overstory crown cover to other vegetation factors the cover 

ratings for each macroplot were arrayed and seven crown cover 

classes were broken out on the basis of natural groupings. 

Crown Cover and Species Composition. Species composition 
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of the overstory and of the crown cover classes are shown in Table 

6. Grand fir is the dominant contributor to crown cover. It is espe- 

cially well represented in the higher cover classes. The higher 

cover classes often represent old growth patches of grand fir which 

are too rotten for logging. Douglas -fir shares dominance with grand 

fir in the middle cover classes. Western larch is the third ranking 

species in the structure of the over story. Ponderosa pine, the spe- 

cies which has been subjected to the highest logging pressure, con- 

tributes a lesser amount of crown cover. Willow and Rocky Moun- 

tain maple contribute only a small amount to the overstory canopy. 

The latter two species represent a subcanopy below the conifer over - 

story. They are restricted to the more moist locations in the mixed 

conifer forest. 

Table 6. Species composition of the overstory and overstory cover classes in the mixed conifer 
forest. 

Species 
Species Composition) 

All Crown Cover Classes 
Classes 0 -5 6 -20 21 -35 36 -50 51 -65 66 -80 81 -100 

ABIES GRANDIS 57 66 20 25 30 44 62 72 

PSEUDOTSUGA MENZIESII 24 23 26 50 40 29 22 16 

LARIX OCCIDENTALIS 13 10 13 11 17 21 7 11 

PINUS PONDEROSA S 31 7 8 4 8 1 

SALIX SCOULERIANA 1 1 10 7 5 2 1 

1 Percent species composition based on crown cover. 
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Figure 8. The percent of crown cover in relation to cover 
classes for ABIES GRANDIS, PSEUDOTSUGA 
MENZIESII and LARIX OCCIDENTALIS combined. 

Percent of Total Crown Cover in Relation to Crown Cover 

Classes. Figure 8 illustrates the percent of total crown cover in 

each class for grand fir, Douglas -fir and western larch combined. 

The three species have similar distributions of mean crown cover 

with the range increasing in the higher cover classes. Figure 9 

shows the percent of total crown cover in each class for ponderosa 

pine and willow. Ponderosa pine has a large portion of its crown 

cover contribution in the lower cover classes with a few old growth 
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Figure 9. The percent of crown cover in relation to cover 
classes for PINUS PONDEROSA and SALIX 
SCOULERIANA. 

trees represented in the higher cover classes. Willow is largely 

restricted to the lower cover classes. 

Over story Size Classes 

Table 7 shows the species composition of diameter size 

classes in the mixed conifer forest. Grand fir shares dominance 

in the mid -cover classes with Douglas -fir. Western larch has a 

similar size -class distribution, but a much lower percent of total 

-- 

\ 

\ 
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Table 7. Size classes of overstory species within crown cover classes in the mixed conifer forest. 

Species 
Size 

Class 
(in inches) 

Percent Composition Per Size Class 

Crown Cover Classes 

0 -5 6 -20 21 -35 36 -50 51 -65 66 -80 81 -100 

ABIES GRANDIS to 1/2 7 4 7 7 13 14 49 
1/2 -4 2 1 9 9 31 21 27 

4 -8 2 11 9 18 30 30 
8 -12 17 SO 8 25 

12 -16 16 17 33 34 
16 7 22 71 

PSEUDOTSUGA MENZIESII to 1/2 7 5 20 30 26 1 7 

1/2-4 2 5 16 15 41 13 8 

4-8 7 5 7 31 7 43 
8-12 4 5 22 30 17 22 

12-16 36 18 46 
16 60 20 20 

LARIX OCCIDENTAL'S to 1/2 17 19 21 24 19 

1/2-4 1 5 S 15 33 4 37 

4-8 7 13 7 27 33 13 

8-12 33 33 33 

12-16 50 25 25 
16 

PINUS PONDEROSA to 1/2 28 19 32 19 1 1 

1/2 -4 30 20 10 20 20 
4 -8 29 14 29 14 14 

8 -12 33 33 34 
12 -16 50 25 25 100 
16 

SALIX SCOULERIANA to 1/2 66 34 

1/2-4 25 40 25 10 

ACER GLABRUM to 1/2 84 12 3 

1/2-4 70 24 6 
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composition. Ponderosa pine has a rather restricted representation 

in the larger size classes. 

Crown Cover and Tree Size Classes. Table 8 gives an indica- 

tion of the shade tolerance of the overstory species of the mixed 

conifer forest by comparing composition of diameter size classes 

in relation to overstory cover classes. Grand fir has a large per- 

cent of its reproduction in the higher cover classes. Douglas -fir 

reproduction is best represented in the middle cover classes. The 

reproduction of ponderosa pine is restricted to the lower cover 

classes. Figure 10 compares the relationship of seedlings to crown 

cover for grand fir, Douglas -fir and ponderosa pine. Western larch 

reproduction does not seem to follow any clear pattern in relation to 

crown cover. The importance of fire in larch establishment may 

mask the relationship between crown cover and seedling establish- 

ment for this species. Reproduction of the subordinant- canopy spe- 

cies is restricted to the lower crown cover classes. 

Table 8. Overstory percent composition by size classes for the mixed conifer forest. 

Percent Composition 
Species 

(to 1/2) 
Size Classes (d. b. h. in inches) 

(1/2 to 4) (4 to 8) (8 to 12) (12 to 16) (16 plus) 

ABIES GRANDIS 44 52 51 29 34 64 
PSEUDOTSUGA MENZIESII 26 20 32 57 41 32 
LARIX OCCIDENTALIS 18 19 12 7 16 

PINUS PONDEROSA 10 6 5 7 16 4 
SALIX SCOULERIANA 2 3 

ACER GLABRUM T1 T 

1(T) represents less than one percent composition 
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Figure 11. Relation of shrub crown cover to overstory crown 
cover in the mixed conifer forest. 

Shrub Layer 

The mixed conifer forest generally has a well developed shrub 

layer. The development of this layer is definitely related to tree 

crown cover, but even under the heaviest overstory canopy a few 

shrubs persist. Figure 11 shows the relationship between shrub 

and over story crown cover in the mixed conifer forest. 
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Species Composition 

The species composition, mean crown cover and frequency of 

the mixed conifer forest shrubs are shown in Table 9. 

Table 9. Species composition, mean crown cover and frequency of mixed conifer forest shrub 

species based on 141 1 /100 -acre macroplots. 

Species 
Compositionl Crown Cover 

Percent 
Frequency 

PHYSOCARPOS MALVACEUS 54 14 60 
HOLODISCUS DISCOLOR 23 6 33 

ROSA GYMNOCARPA 7 3 23 

SYMPHORICARPOS ALBUS 12 4 16 

VACCINIUM MEMBRANACEUM 4 2 8 

1Species composition based on crown cover. 

Growth Form 

Two different growth forms are represented in the shrub 

species of the mixed conifer forest. The tall shrubs, ninebark, 

oceanspray and serviceberry become quite woody and often dom- 

inate the herbaceous vegetation in their immediate area. The low 

shrubs of the mixed conifer forest, snowberry, huckleberry and 

wood rose have woody bases and often are found growing mixed with 

herbaceous vegetation. 

Tall Shrubs. The most wide spread and aggressive shrub in 



55 

the mixed conifer forest is ninebark. This shrub is characteris- 

tically found in dense clumps beneath the margins of openings in the 

overstory canopy. Creeping rootstocks radiate from these clumps 

to produce robust new shrubs in the interior of sunspots and sup- 

pressed, stunted plants under the overstory canopy surrounding the 

openings. Ninebark clumps that are disturbed by tractor logging 

vigorously root and crown sprout. Shoots from rootstocks may 

elongate 36 inches or more in a single season. The root crowns of 

old ninebark plants become enlarged and frequently stems of several 

different diameters emerge from a single crown. Ninebark root- 

stocks rapidly invade burned slash piles and send up vigorous 

sprouts. 

Oceanspray is the second most abundant shrub in the mixed 

conifer forest. Although oceanspray has more woody stems that 

are taller and larger in diameter than ninebark, it lacks creeping 

rootstocks. Characteristically several deep russet stems emerge 

from a single base and reach four to eight feet in height. The root 

crowns often become greatly enlarged forming a small burl at the 

soil surface. When root crowns are disturbed by tractor logging 

oceanspray sprouts profusely. Some root crowns of oceanspray 

have been observed to sprout after their tops were destroyed by 

slash fires. Oceanspray, like ninebark, is a shrub of the forest 

edge, but it can persist as a tall shrub long after being overtopped 
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by conifer reproduction. Several groups of senescent oceanspray 

plants, now overtopped by conifers, can be observed in the mixed 

conifer forest on the Hall Ranch. These groups have the character- 

istic elongated - elliptical shape of sunspots suggesting shrub domina- 

tion before conifers became established and eventually overtopped 

the shrubs. Oceanspray would be the last shrub to survive in such 

a situation in the mixed conifer forest by the virtue of its height. 

Serviceberry is a tall shrub rarely found in the mixed conifer 

forest. It characteristically forms one large stem and persists 

under the forest canopy. 

Low Shrubs. The low shrubs of the mixed conifer forest all 

spread by creeping root stocks. Snowberry, wood rose and huckle- 

berry contribute to the vegetation cover at the forest edge and in 

mixtures with herbaceous vegetation in sunspots in the mixed conifer 

forest. As shown in Table 2 under critera for stand stratification, 

the species composition of the mixed conifer forest low shrubs shows 

a relationship to the topoedaphic situation. Snowberry assumes its 

greatest dominance in the more xeric topoedaphic situations espe- 

cially under an open ponderosa pine /Douglas -fir canopy. Wood rose 

is most important in situations midway along the gradient from xeric 

to mesic conditions within the mixed conifer forest. Huckleberry is 

the characteristic shrub species of openings within the dense conifer 

overstory in the most mesic situations of the type. 
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Oregon grape (Berberis repens) and Prince's pine are un- 

common low shrubs in the mixed conifer forest. Neither of these 

shrubs have significant value as forage plants. 

Shrub Weight 

Microplots that fell on sites where shrubs had been sampled 

the year before were rejected and relocated in undisturbed areas. 

Because shrub weight is relatively unaffected by single season 

differences and 1963 and 1964 were quite similar in regard to effec- 

tive precipitation, the two years' results of sampling for shrub 

weight and current annual growth were composited. This doubling 

of the number of samples greatly increased precision. On the basis 

of this sampling, mean shrub weight per acre was estimated at 8,000 

pounds plus and minus 1,750 pounds at the 95 percent confidence 

level. 

Shrub Weight in Relation to Overstory Cover. The relation of 

shrub weight to over story crown cover is shown in Figure 12. The 

bulk of the tall shrubs are found at the forest edge which accounts 

for the concentration of shrub weight in the middle overstory cover 

classes. 

Weight of Individual Shrub Species. Table 10 compares the 

weight of individual shrub species of the mixed conifer forest in 

relation to three shade classes. The classes and the degree of 



T
ot

al
 S

hr
ub

 W
ei

gh
t 

1,
00

0 
Po

un
ds

 /A
cr

e 

10- 

9- 

8_ 

58 

0 -5 6 -20 21 -35 36 -50 51 -65 66 -80 88 -100 
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Figure 12. Relation of total shrub weight to overstory crown 
cover in the mixed conifer forest. 

crown cover they represent are: (1) sunspots, 0 -20 percent, (2) 

intermediate shade, 21 -40 percent and (3) heavy shade, 41 -100 

percent. 

Ninebark and oceanspray were sampled with a fair degree of 

precision, but the sample of the lower frequency shrubs was in- 

adequate. 

All the mixed conifer forest shrubs tend to have their great- 

est weight per acre in the intermediate cover classes. This is not 
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as pronounced with the low shrubs as it is with ninebark and ocean - 

spray. The larger diameter, taller stems of the persistent shrub 

oceanspray give it a higher weight per acre than the more abundant 

ninebark. 

Table 10. Total weight of shrub species in relation to shade classes within the mixed conifer forest. 

Species Mean Weight Thousands of Pounds /Acre 
Sunspot Intermediate Shade Heavy Shade 

PHYSOCARPOS MALVACEUS 2.5 ( .6)1 3.7 ( .7) 1.7( .8) 
HOLODISCUS DISCOLOR 3. 1 ( .7) 7.0 (2.1) 3.2 (6.1) 
ROSA GYMNOCARPA .6(1.2) .7( .9) .2( .8) 
SYMPHORICARPOS ALBUS .4(1.1) . 2 ( .7) . 1 ( .9) 
VACCINIUM MEMBRANACEUM .3( .4) .9(1.3) .5(1.8) 

Total weight 6.9(1.6) 12.5(3.1) 5.7 (1.8) 

Number of plots 56 84 142 

1Plus or minus figure in parenthesis gives range at 95 percent confidence level. 

Current Annual Growth 

Mean current annual growth was estimated at 85 pounds per 

acre plus or minus 10 pounds at the 95 percent confidence level. 

Relation of Current Annual Growth to Overstory Cover. Figure 

13 illustrates the relationship between shrub current annual growth 

and overstory cover. As is characteristic of shrub production in 

the mixed conifer forest, the bulk of the current annual growth is 

found under the mid overstory cover classes. 
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Figure 13. Relation of shrub current annual growth to over - 
story crown cover in the mixed conifer forest. 

Current Annual Growth of Individual Species. Table 11 shows 

the mean yield of current annual growth from mixed conifer forest 

shrubs in relation to the shade classes previously used with total 

shrub weight. Ninebark is the leading producer of current annual 

growth followed by oceanspray. Under heavy shade conditions the 

taller, more persistent oceanspray contributes more browse than 

ninebark. The more frequent tall shrubs were sampled with a fair 
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degree of precision and the sampling of the low shrubs was quite 

variable. 

Table 11. Current annual growth of mixed conifer forest shrub species in relation to shade classes. 

Species 
Sunspots 

Air Dry C. A. G. Pounds /Acre 
Heavy Shade Intermediate Shade 

PHYSOCARPOS MALVACEUS 35 ( 8) 60 ( 9) 15 ( 9) 

HOLODISCUS DISCOLOR 20 ( 6) 45 (10) 30 (18) 
ROSA GYMNOCARPA 5 ( 4) 15 ( 6) 5 ( 6) 

SYMPHORICARPOS ALBUS 15 ( 9) 10 ( 7) T 

VACCINIUM MEMBRANACEUM T2 10 ( 8) 10 (11) 

Total 75 (19) 140 (41) 60 (24) 

Number of plots 56 84 140 

1 Plus or minus figure in parenthesis gives range at 95 percent confidence level. 
2(T) represents less than one pound mean yield. 

The low shrubs of the mixed conifer forest are under tremen- 

dous browsing pressure from wild and domestic animals. Huckle- 

berry is characteristically browsed to a hedged growth form. Indi- 

vidual plants of the abundant and productive tall shrubs are not 

usually as heavily browsed as low ones, but in recently logged areas 

the rapidly growing sprouts of ninebark and oceanspray are often 

hedged. Winter is the season of use for most mixed conifer forest 

shrub production. 

Dynamics of Shrub Succession 

There is abundant evidence in the mixed conifer forest of 

shrub invasion into herbaceous sunspots, followed by a period of 
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shrub dominance and eventual overtopping by conifer reproduction. 

There is no clear relationship between shrub dominance as measured 

by cover or total weight and conifer reproduction. The shrubs seem 

to be neutral in relation to conifer seedling establishment. The 

effect of shrub competition on the rate of conifer seedling growth did 

not enter into this investigation. 

The time required for shrub crown closure of highly disturbed 

areas in the mixed conifer forest is very short. Table 12 presents 

four years current annual growth production data for a cattle exclo- 

sure in the mixed conifer forest on the westside of the Hall Ranch. 

The exclosure is located in the portion of the Hall Ranch logged in 

1960. The increase in shrub production has been very striking in 

this area. Openings of an acre in size now support a dense canopy 

of ninebark and oceanspray. 

Table 12. Current annual growth production of a mixed conifer forest cattle exclosure for 1960 
and 1962 -1964. 

Species 
1960 1962 

C. A. G. Pounds Air Dry /Acre 
1963 1964 1964 Outside 

PHYSOCARPOS MALVACEUS - 3 60 70 90 50 
HOLODISCUS DISCOLOR 6 4 10 20 10 

ROSA GYMNCARPA - 2 5 5 5 

SYMPHORICARPOS ALBUS 4 7 5 5 8 

VACCINIUM MEMBRANACEUM 7 5 10 10 8 

1Data from R. L. Walton, The seasonal yield and nutrient content of native forage species 
in relation to their synecology. M. S. thesis. Oregon State University Corvallis. 1962. 

2Data from similar adjacent area which has been subjected to moderate grazing preasure 
since 1960. 

3No data available. 

2 
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Undisturbed pinegrass sunspots seem to be very resistant to 

shrub invasion. Daubenmire (6) suggests that pinegrass sunspots 

with a fringe of ninebark and oceanspray may well be permanent 

openings in the forest of the Blue Mountains of Washington. 

Herbaceous Vegetation 

The mixed conifer forest floor is clothed by a mosaic of herba- 

ceous vegetation intricately controlled by various combinations of 

environmental factors. Differences in overstory cover, topography 

and soils interact to produce multidirectional gradients within the 

structure of the herbaceous vegetation. 

Sampling of Herbaceous Vegetation 

Table 13 presents mean herbage cover and yield for 1963 and 

1964. Figure 14 illustrates the relationship of herbage cover and 

Figure 15 the relationship of herbage yield to overstory cover in 

1963 and 1964. The ranges for both cover and yield overlap for the 

two years and their distributions in relation to overstory cover are 

very similar. A shift in thunderstorm patterns produced more pre- 

cipitation on the eastside of the Hall Ranch in 1964 (see Table 1) 

where there is a concentration of mixed conifer stands with high 

crown cover. The increase in herbage cover and yield under the 

higher overstory cover classes in 1964 probably reflects this shift 

in storm patterns. - 
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Figure 14. Relation of mixed conifer forest herbage cover 
to overstory cover classes for 1963 and 1964. 

Table 13. Mean and range of herbage cover and yield for 1963 and 1964 in the mixed conifer 
forest. 

1963 1964 
Mean Range Mean Range 

Percent Herbage Cover 

Air Dry Herbage Yield 
(Pounds Per Acre) 

47 ± 4.3 49 ± 5.1 

160 + 20 180 + 20 
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Figure 15. Relation of mixed conifer forest herbage yield 
to overstory cover for 1963 and 1964. 

On the basis of the similarity in herbage production the re- 

sults of the two years of sampling were composited and the means 

used for analysis. 

Herbage Cover and Yield 

Relation of the Overstory. Table 14 presents simple correla- 

tions of selected variables with herbage cover and yield in the mixed 

conifer forest. For other correlations which were not significant 
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see Appendix C. 

Table 14. Simple correlation of selected variables with mixed conifer forest herbage cover 
and yield. 

r Values 
Variable Herbage 

Cover 
Herbage 
Yield 

Tree Crown Cover -. 410 ** 1 -. 503** 
Tree Basal Area Per Acre -. 254** -. 319 ** 
Tree Stems Per Plot -. 294** -. 307 ** 
Herbage Yield -.690** 

1( * *) indicate significance at 99 percent level. 

There is a highly significant negative relationship between 

tree crown cover and herbage cover and yield. The coefficient of 

determination for herbage cover and overstory cover is . 168 and 

for herbage yield and tree crown cover . 254 both of which are sig- 

nificant at the 99 percent level. 

Figure 16 illustrates the relationship between herbage yield 

and tree basal area per acre. The correlation coefficient of deter- 

mination is much lower than the one for herbage yield and over - 

story cover. 

The relationship of herbage yield to tree stems per acre is 

shown in Figure 17. The negative correlation coefficient of this 

relationship is highly significant, but again the coefficient of deter- 

mination is much lower than for herbage yield and overstory cover. 

The greatest number of tree stems per acre is not indicative of the 
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Figure 16. Relation of herbage yield to tree basal area in 
the mixed conifer forest. 

lowest herbage production in the mixed conifer forest, since large 

numbers of reproduction commonly occur in the more open areas. 

Overstory crown cover is the more difficult statistic to ob- 

jectively sample, but it accounts for more of the variability in 

herbage production than either tree basal area or tree stems per 

acre. 
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Figure 17. Relation of herbage yield to number of tree stems 
per acre in the mixed conifer forest. 

Species Herbage Yield. Table 15 presents the yield of herba- 

ceous species of the mixed conifer forest in relation to over story 

shade classes. The three shade classes contribute about equally to 

total herbage production. Sunspots (0 -20 percent overstory cover) 

produce significantly more herbage, but make up only 20 percent of 

the forest area. Intermediate shade areas (21 -40 percent overstory 

cover) are intermediate in production and occupy 30 percent of the 

total forest area. The heavy shade areas (41 -100 percent overstory 
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Table 15. Herbage yield in relation to overstory cover in the mixed conifer forest. 

Air Dry Herbage Yield Pounds /Acre 
Species Weighted 

Sunspot Intermediate Shade Heavy Shade Mean. 

CALAMAGROSTIS RUBESCENS 190 140 20 90 
ELYMUS GLAUCUS 30. 10 T 10 

CAREX GEYERI 30 10 T 10 

LATHYRUS NEVADENSIS 20 20 T 10 

THALICTRUM FENDLERI 10 10 T T 
LUPINUS POLYPHYLLUS 20 T T T 
SPIRAEA LUCIDA T1 T T T 
FESTUCA OCCIDENTALIS T T T T 
FRAGARIA CUNEIFOLIA T T T T 
VICIA AMERICANA T T T 
ASTRAGALUS SPP. T T T 
HIERACIUM ALBIFLORUM T T T 
BROMUS MARGINATUS T T 
FRASERA SPECIOSA T T 
ASTER CONSPICUUS T T 
CASTILEJA CUSICKII T T 
PEDICULARIS RACEMOSA T T 
ACHILLEA LANULOSA T T 
ARNICA CORDIFOLIA T 10 10 10 

MELICA BULBOSA T 10 T 
TRIFOLIUM MICROCEPHALUM T T T 
PTERIDIUM AQUILINUM T T T 
OSMORHIZA PURPUREA T T T 
CAREX ROSSII T T T 
LINNAEA BOREALIS T T 
VIOLA ADUNCA T T 

ANEMONE PIPERI T T 
SMILACINA STELLATA T T 
ADENOCAULON BICOLOR T T 
GOODYERA OBLONGIFOLIA T T 

Total 310 + 302 210 + 10 85 + 30 170. + 20 

Percent of all plots 20 30 50 

1(T) represents less than ten pounds herbage yield per acre. 
2 Range at 95 percent confidence level. 

- 
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cover) have a much lower herbage production, but comprise 50 per- 

cent of the forest. 

The major herbage producing species in the mixed conifer for- 

est are facultative heliophytes with the exception of the facultative 

sciophytes heartleaf arnica and oniongrass. Pinegrass is the most 

important contributor to mixed conifer forest herbage yield in all 

three shade classes. 

Herbaceous Vegetation Assemblages 

Herbaceous vegetation within the structure of the mixed coni- 

fer forest includes several consistently recognizable assemblages 

of plant species (microseres). Table 16 presents the herbage yield 

of three of the most abundant sunspot assemblages: (1)CARU /LANE3, 

pinegrass /Cusick's vetch; (2) CARU /LUPO, pinegrass /green lupine 

(Lupinus polyphyllus); and (3) ELGL /LUPO, blue wild rye (Elymus 

glaucus) /green lupine. 

The composition of these assemblages reflect micro- environ- 

mental differences within the structure of the mixed conifer forest. 

Pinegrass /Cusick's vetch microseres are associated with the bulk 

of the type and pinegrass /green lupine and blue wild rye /green 

3Assemblages are identified by dominant species. Four - 
letter plant name abbreviations are formed from the first two 
letters of generic and specific names. 
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lupine are common under the more xeric and open conditions found 

in the mixed conifer forest. 

Table 16. Sunspot herbaceous vegetation assemblages in the mixed conifer forest. 

Species Air Dry Herbage 
Assemblages 

Per Acre Yield Pounds 
CARU /LANE1 CARU /LUPO ELGL /LUPO 

CALAMAGROSTIS RUBESCENS 210 170 80 
ELYMUS GLAUCUS T2 20 140 

LATHYRUS NEVADENSIS 60 10 20 
THALICTRUM FENDLERI 10 10 10 

LUPINUS POLYPHYLLUS 20 110 80 
CAREX GEYERI 20 40 20 
SPIRAEA LUCIDA 10 10 10 

ASTER CONSPICUUS 10 10 T 
CASTILEJA CUSICHII T T T 

PEDICULARIS RACEMOSA 10 T T 
HIERACIUM ALBIFLORUM T 10 10 

Others 10 10 20 

Mean yield 360 400 390 

Percent of all sunspots 45 15 5 

1 Assemblages are identified by dominant species. Four -letter plant name abbreviations 
are formed from the first two letters of generic and specific names. 

2(T) represents less than ten pounds herbage yield per acre. 

The areas of intermediate overstory cover in the mixed coni- 

fer forest do not present clear -cut herbaceous plant assemblages. 

The abundance of shrub cover makes it difficult to recognize herba- 

ceous vegetation groupings under these middle overstory classes. 

Table 17 presents herbaceous vegetation assemblages found 

under heavy shade conditions in the mixed conifer forest. The 

ARCO /MEBU, heartleaf arnica /oniongrass assemblage is one of 

the most abundant in the type. The TRMI /ADBI, mountain 
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clover /trail plant, assemblage is restricted to the shaded areas 

under dense grand fir. 

Table 17. Herbaceous vegetation assemblages in the heavy shade of the mixed conifer forest. 

Species 
Assemblages 

Air Dry Herbage Yield Pounds /Acre 
ARCO /MEBU TRMI /ADBI 

ARNICA CORDIFOLIA 40 T 
MELICA BULBOSA 20 T 
CALAMAGROSTIS RUBESCENS 10 T 
TRIFOLIUM MICROCEPHALUM 20 
THALICTRUM FENDLERI 10 T 
ADENOCAULON BICOLOR T 
CAREX ROSSII T T 
LINNAEA BOREALIS T T 
ANEMONE PIPERI T T 
FRAGARIA CUNEIFOLIA T T 
SMILACINA STELLATA T T 
Others 10 10 

Mean yield 

Percent of heavy shade 

90 30 

55 15 

Differences in forage production among herbaceous assem- 

blages are accentuated by grazing preferences of livestock. 

Phenology of Herbaceous Vegetation 

Striking shifts occur in the composition of the mixed conifer 

forest herbaceous vegetation as the growing season advances. 

Grasses and Grass -like Plants. Pinegrass the dominant 

herbaceous species in the mixed conifer forest begins active 

growth by late April or early May depending on the season. It 
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reaches peak herbage production about July 15th and flowers in late 

July or early August. By mid -October pinegrass herbage has be- 

come well decumbent and weathered. The other grasses in the 

mixed conifer forest have a phenology similar to pinegrass with 

some variation in the date of flowering. The persistent foliage of 

elk sedge is the dominant herbaceous vegetation in the fall after 

pinegrass weathers. 

Forbs. The phenological development of most forbs is more 

rapid than grasses and sedges in the mixed conifer forest. By late 

June their growth cycle is complete and drying and weathering of 

the foliage begins. This early maturity of green lupine is pro- 

nounced, since the cauline leaves dry and fall as soon as its legumes 

dehisce. Rust infection hastens the maturity of Cusick's vetch 

foliage so that it disappears from the composition of the vegetation 

soon after its seeds ripen. 

Meadow rue and heartleaf arnica have similar growth cycles 

to Cusick's vetch, but since they are not attacked by rust their 

foliage remains intact for a longer period after maturity. 

The sciophytic forbs, trail plant and mountain clover, flower 

later and mature in July. Conspicuous aster (Aster conspicuus), a 

late -flowering forb, adds considerably to sunspot herbage produc- 

tion in mid -August. 
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Manipulation of Over story Crown Cover 

The abundant evidence of past logging is one of the striking 

factors about the mixed conifer forest stands on the Hall Ranch. 

Over story crown cover in this forest has been modified by logging 

since the late 1860's. 

The 1960 westside timber sale on the Hall Ranch was an 

attempt to manipulate the structure of mixed conifer forest stands 

by reducing the number of diseased grand fir and encouraging the 

more valuable serai tree species. 

Effect of 1960 Logging on Over story Cover 

Table 18 compares the over story cover of 1960 logged and 

adjacent unlogged mixed conifer forest stands. The only significant 

difference found in 1962 was that grand fir crown cover was lower 

in the area logged in 1960. 

Table 18. Influence of logging in 1960 on overstory cover in mixed conifer forest stands. Data 
taken in 1963. 

Species Percent Cover 
Unlogged Logged 

ABIES GRANDIS 19 + 51 32 + 6 

PSEUDOTSUGA MENZIESII 6 + 4 11 + 4 

LARIX OCCIDENTAL'S 2 + 4 2 + 2 

PINUS PONDEROSA 6 + 5 S + 3 

1 Range at 95 percent confidence level. 
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Species composition of conifer reproduction is compared for 

logged and unlogged stands in Table 19. Grand fir reproduction was 

13 percent higher in the logged than in the unlogged mixed conifer 

forest stands. This difference is accentuated by 21 percent higher 

average number of conifer seedlings per plot in the logged stands. 

Table 19. Conifer reproduction by species three years after logging in the mixed conifer forest. 

Species Composition 
Species Percent 

Logged Unlogged 

ABIES GRANDIS 58 45 

PSEUDOTSUGA MENZIESII 30 35 

LARIX OCCIDENTALIS 8 15 

PINUS PONDEROSA 4 5 

The 1960 westside logging was successful in modifying over - 

story cover, but it may have encouraged continued grand fir domi- 

nance of logged mixed conifer forest stands. 

Effect of 1960 Logging on Herbage Production 

The 1960 logging of mixed conifer forest stands was both bene- 

ficial and detrimental to herbage production. Herbage production 

was greatly increased where old sunspots were enlarged or new ones 

created, but some areas were taken out of production by heavy soil 

disturbance and slash accumulations. 

Soil Logging Disturbance and Herbage Production. Data in 
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Table 20 illustrate the relationship of soil logging disturbance and 

herbage yield. Sixty percent of the logged area showed no evidence 

of soil disturbance and herbage production was not significantly 

different from adjacent unlogged areas. Twenty -four percent of 

the area showed evidence of surface soil disturbance. Herbage 

production of these areas was significantly higher than undisturbed 

areas. The difference in production probably resulted from the 

fact that (1) soil disturbances are associated with areas where the 

over story canopy was removed or thinned by logging and (2) pine - 

grass appears to respond favorably to moderate amounts of soil 

disturbance. Fifteen percent of the logged area received heavy 

soil disturbance and produced only one -third as much herbage as 

undisturbed areas. If these heavily disturbed areas had been 

seeded to adapted forage species herbage production of the logged 

area would probably have been much greater. 

Table 20. Herbage yield in relation to the extent of soil disturbance caused by logging in the 
mixed conifer forest. 

Soil Disturbance Percent Herbage Production 
Class of Area Air Dry Pounds /Acre 

No disturbance 61 240 + 30 
1 

Surface disturbance 24 320 + 40 
Subsoil disturbance 15 80 + 20 

1 Range at 95 percent confidence level. 
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Succession on Heavily Disturbed Soils. The 1960 westside 

logging and the 1963 eastside clear -cut provided areas to observe 

succession on highly disturbed volcanic ash soils. The sterility 

of these areas for several seasons after logging is very striking. 

The most prevalent forb on exposed ash areas was bull thistle 

(Cirsium lanceolatum) which becomes established soon after logging 

and declines greatly in abundance by four years after logging. An- 

nual hairgrass (Deschampsia danthoniodes) is characteristic of dis- 

turbed ash areas the second and third years following logging. 

Woodrush (Luzula spp. ) is common under the more moist conditions 

where ash is exposed. Miner's lettuce (Montia perfoliata) and field 

chickweed (Cerastium arvense) were abundant in highly disturbed 

areas of the 1963 eastside clear -cut. The average herbage cover 

on soil heavily disturbed by logging was estimated at 21 percent in 

1964 four years after the westside logging. Adjacent to the Hall 

Ranch some highly successful seedings of forage species were ob- 

served on ash soils heavily disturbed by logging. 

Succession on Moderate and Undisturbed Areas. Data on 

herbage production for a cattle exclosure in the mixed conifer for- 

est before logging and four years after logging are presented in 

Table 21. Herbage production has greatly increased in this exclo- 

sure following logging. The main compositional changes were the 

increase in Cusick's and American vetch (Vicia americana). The 
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striking successional change in the vegetation of the exclosure area 

since logging has been the crown closure of tall shrubs which has 

already been discussed in the presentation on mixed conifer forest 

shrubs. 

Table 21. Herbage production sampled in a mixed conifer forest cattle exclosure before and 
four years after logging. 

Species 
19601 

Herbage Production 

1964 
Air Dry Pounds Per Acre 

1962 1963 

CALAMAGROSTIS RUBESCENS 95 120 190 160 
CAREX GEYERI 10 10 10 10 

LATHYRUS NEVADENSIS 10 40 50 40 
VICIA AMERICANA 10 5 10 

Other forbs 40 60 70 60 

1 Before logging. 

Herbage and Crude Protein Yield of Selected Plots 

The relation of herbage yield to overstory crown cover is 

complicated by the abundance of disturbed areas encountered in this 

mixed conifer forest. To clarify this relationship, but still reduce 

the variation encountered in sampling, plots free from disturbance 

were selected to represent the three shade conditions previously 

used (sunspot, intermediate shade, and heavy shade). 

Herbage Yield of Selected Logged and Unlogged Plots. Table 

22 presents the herbage yield of selected logged and unlogged plots 

in the mixed conifer forest. The standard error of the difference 

between total herbage production of the logged and unlogged areas 
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is 2.63 which is significant at the 99 percent level. Herbage produc- 

tion from the three shade classes within both logged and unlogged 

conditions are significantly different. 

Table 22. Herbage yields by three shade classes from selected logged plots in the mixed conifer 
forest. 

Species 
Sunspot 

Air Dry Herbage Yield Pounds /Acre 
Shade Intermediate Shade Heavy 

Unlogged 

260 
270 

130 

140 
60 
30 

CALAMAGROSTIS RUBESCENS 
Other species 

Total 530 + 40* 270 + 30 90 + 10 

Logged 

CALAMAGROSTIS RUBESCENS 380 190 70 
Other species 310 120 50 

Total 690 + 60 310 + 40 120 + 10 

Percent Increase 33 13 25 

* Range at 95 percent confidence level. 

Crude Protein Yield of Selected Logged and Unlogged Plots. 

Table 23 presents the crude protein yield of selected logged and un- 

logged plots in the mixed conifer forest. The standard error of the 

difference between crude protein yield of logged and unlogged plots 

was not significant. The crude protein production of the three shade 

classes is significantly different within unlogged plots, but within the 

logged plots the ranges at the 95 percent confidence level overlapped 

for sunspot and intermediate shade. The logged heavy shade plots 
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were significantly lower in crude protein production than the inter- 

mediate shade plots. 

Table 23. Crude protein yields by three shade classes from selected logged and unlogged plots 
in the mixed conifer forest. 

Species 

Sunspot 

Crude Protein Yield Pounds /Acre 
Intermediate Shade Heavy Shade 

Unlogged 

26 

36 

14 

19 

3 

6 

CALAMAGROSTIS RUBESCENS 
Other species 

Total 

Logged 

62 

36 

39 

+ 17* 33 

20 
17 

+ 6 9 + 

7 

5 

16 

CALAMAGROSTIS RUBESCENS 
Other species 

Total 

Percent Increase 

75+ 28 37 11 12 4- 5 

20 12 35 

* Range at 95 percent confidence level. 

The increase of herbage and crude protein production within 

shade classes after logging probably was due to increased lateral 

light transmission in the logged stands. 

Forage Utilization by Grazing Animals 

Many of the densely timbered areas of northeastern Oregon 

have been considered to be non - grazing sites (Pickford and Reid 25, 

Anderson 2). Walton (32) considered the mixed conifer forest areas 

on the Hall Ranch to be ungrazable areas, because of the difficulty 
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in getting effective livestock use. 

Factors Affecting Utilization of Mixed Conifer Forest Forage 

Observation of livestock utilization on the Hall Ranch from 

1962 through 1964 revealed proper utilization of the forage resource 

of the mixed conifer forest is dependent on the following factors: 

(1) facilitating actions such as fencing, water development and stock 

trails, (2) class of livestock grazed, (3) management methods to 

improve livestock distribution, and (4) proper season of use. 

Facilitating Actions. The upland portion of the Hall Ranch 

was not cross -fenced until late in the summer of 1962. In the early 

fall of 1963, a drift fence was added to help hold cattle in the mixed 

conifer forest area of the westside of the ranch. An ambitious pro- 

gram of water development was undertaken on the Hall Ranch in 1963. 

The aim of the program was to reduce the distance from stock water 

of any portion of the ranch to less than one -quarter of a mile. To 

improve the accessibility of water developments, old logging roads 

were cleared of down logs. All of these facilitating actions were 

necessary to obtain utilization of the forage resource of the mixed 

conifer forest areas. 

Class of Livestock. It was observed in 1962 that yearling 

heifers would voluntarily graze mixed conifer forest areas while 

it was almost impossible to keep cows and calves in thee areas. 
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The cow herd was separated on the basis of age in 1963, and it was 

observed that first and second -calf cows would use densely timbered 

areas where older cows would not graze. This was especially true 

of first -calf cows who had grazed the timbered areas the season be- 

fore as bred yearling heifers. By separating the grazing animals on the 

basis of age, utilization of the forage of mixed conifer forest areas 

of the Hall Ranch has been greatly improved. 

Livestock Distribution. The use of good management methods 

in placing salting stations and herding to prevent concentrations of 

animals in more open areas has been necessary to obtain utilization 

of the forage resource of the mixed conifer forest. Unless facili- 

tating physical improvements are undertaken and young cows and 

calves are used, the salting and herding practices are ineffective in 

obtaining improved utilization. 

Proper Season of Use. The present management plan for the 

Hall Ranch defers one -half of the upland area each year. Grazing 

begins about the first of July and the cattle are switched to the de- 

ferred forage about the first of September. This deferred grazing 

system creates problems in obtaining utilization of mature pinegrass 

and in maintaining calf gains. Cattle do not prefer pinegrass espe- 

cially after it is mature. Dry cows have been forced to utilize pine - 

grass forage on the Hall Ranch late in the fall after their calves had 

been weaned and the cows were on a maintenance ration. There is 
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danger in over -utilization of the highly preferred, evergreen elk 

sedge with this system. 

A logical time to graze the mixed conifer forest areas of the 

Hall Ranch would be the early summer. High protein forbs are at 

peak production in mid -June and pinegrass is still immature. The 

highly preferred elk sedge should not be as susceptible to over- utili- 

zation in the early summer when it constitutes only a small fraction 

of the total green herbaceous vegetation. Unfortunately, livestock 

improvement experimental commitments made it impossible to test 

early summer grazing during the period of this investigation. 

Relation of Forage Utilization to Tree and Shrub Cover 

Tree Overstory Cover. Figure 18 illustrates the relationship 

of forage utilization to mean stand overstory cover for 1962 and 1963. 

The reduction in non -use and the increase in light and moderate utili- 

zation in 1963 reflects the facilitating actions, proper class of live- 

stock and improved livestock distribution. The degree of improved 

utilization is related to the amount of overstory crown cover. It is 

more difficult to achieve moderate utilization under a dense over - 

story canopy than it is in more open areas. Conversely open canopy 

areas are more subject to over - utilization than heavily timbered 

areas. Ellison and Houston (9) comment that an appreciation of this 

relationship is the key to understanding timbered rangeland 
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utilization by livestock and to the development of sound standards to 

guage this utilization. Figure 19 shows the forage utilization on 

macroplots in relation to overstory shade classes for 1963. This is 

a more precise graphic description of the relationship of utilization 

and overstory crown cover than using mean stand overstory cover. 

The same relationships are apparent. The degree of non -use in- 

creases with increasing crown cover and moderate utilization de- 

creases. This increase in non -use is both a reflection of the limited 

forage production of heavily timbered areas and a result of the diffi- 

culty cattle have in moving through densely timbered areas. 

Shrub Cover. There is no clear relationship between the 

amount of shrub cover and the degree of forage utilization. The 

dominant role of the tree overstory in the structure of the mixed 

conifer forest vegetation probably over -rides the role of shrubs in 

influencing forage utilization by grazing animals. 

Cattle Preference and Herbaceous Vegetation Assemblages 

Cattle exhibit a high degree of preference for blue wild rye/ 

green lupine assemblages. This is true before and after green 

lupine is mature. The abundant pinegrass /Cusick's vetch assem- 

blage is most preferred before Cusick's vetch is mature. This 

assemblage is about equal with the pinegrass /green lupine assem- 

blage in the degree of preference shown by grazing cattle. The 
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mountain clover /trail plant assemblage is the most highly preferred 

heavy shade assemblage, but the forage production of this unit is too 

low for significant grazing. 

Influence of Logging on Forage Utilization 

Cattle seem to have a preference for the rapidly growing vege- 

tation found in openings created by logging in the mixed conifer for- 

est. Roads and skid trails expedite the movement of cattle into 

mixed conifer forest stands. Observation of the 1960 logging on the 

westside of the Hall Ranch illustrated many of the problems found in 

grazing logged areas. Many roads and skid trails were blocked by 

cull trees which were haphazardly fallen after the general logging 

was completed. The cull logs and slash take considerable area out 

of forage production and greatly restrict the movement of grazing 

animals. In contrast the eastside mixed conifer forest clear -cut 

was almost totally accessible to grazing animals after burning. 

Careful consideration for movement of grazing animals should be 

made when designing logging plans for mixed conifer forest stands, 

Application of Results 

The mixed conifer forest stands of the Hall Ranch area offer 

a potential grazing resource if its development is closely tied to 

good forest management. Even under the present passive 
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management of the mixed conifer forest, dynamic stand renewal 

processes continually create areas of high, but transitory herbage 

production. The development of the production potential of the 

mixed conifer forest offers a challenge to the ingenuity of the land 

management research worker. 

There are many unanswered questions concerning the develop- 

ment of the forage potential of the mixed conifer forest. The rapid 

crown closure of shrubs on highly disturbed areas may be a problem 

in obtaining increased forage production. Very little is known of the 

sprouting habits of mixed conifer forest shrubs under broadcast burn- 

ing conditions. 

The ash soils of the mixed conifer forest are a definite asset 

to the land manager. Their rapid permeability and high moisture 

availability create a favorable environment for seeded forage spe- 

cies. The very slow natural revegetation of areas highly disturbed 

by logging is an advantage to the land manager. It permits him to 

allow slash to dry for an entire season before burning. If he 

attempted this under other soil conditions native plants would prob- 

ably have revegetated the disturbed areas reducing the chance of 

seeding introduced forage species. 

The 1963 clear -cut experiment on the eastside of the Hall 

Ranch is an empirical approach to answering many of the problems 

in developing the forage resource of the mixed conifer forest. The 
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experiment will test the forage production of native and introduced 

species in relation to controlled forest management regimes. The 

influence of the existing overstory canopy was removed by clear - 

cutting the experimental area. The slash was allowed to dry over - 

winter and was broadcast burned in July of 1964. Three replica- 

tions each consisting of five one -acre plots were established. The 

acre plots were subdivided in the following design: (1) two 1/8 -acre 

plots were established with one being planted to blue wild rye and 

the other to mountain bromegrass, (2) a 1/4 -acre plot was planted 

to a mixture of introduced forage grasses and clover and (3) one - 

half of each plot was left unseeded. In the spring of 1965 one plot 

in each replication will be planted to each of the following tree 

species; ponderosa pine, Douglas -fir, western larch and lodgepole 

pine. The fifth plot will be left unplanted. 

To determine the influence of big game animals one replica- 

tion will be fenced to exclude deer and elk. The remaining replica- 

tions will be fenced to exclude cattle. Cattle grazing experiments 

will be carried out on the plots. 

Forage and tree nurseries will be established on the clear -cut 

site to test the performance of native and introduced species under 

mixed conifer forest environmental conditions. 

The results of the present investigation estimate the para- 

meters of ecologic potential and broadly characterize the 
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successional dynamics within the mixed conifer forest. The clear - 

cut experiment will empirically test these results to provide stand- 

ards for development and manipulation by land managers of the for- 

age resource of the mixed conifer forest. 



91 

SUMMARY 

The objectives of this investigation were to characterize and 

evaluate the forage production and utilization of the mixed conifer 

forest. 

Field work was carried out in the summers of 1962, 1963 and 

1964 on a study area located on and adjacent to the Hall Ranch of the 

Eastern Oregon Experiment Station which is grazed by a herd of ex- 

perimental Hereford cattle. 

The Hall Ranch is located on Catherine Creek 12 miles south- 

east of Union, Oregon and rests on basalt and basaltic andesite lava 

flows which are similar to the Columbia River Basalts. The soils 

of the mixed conifer forest of the Hall Ranch consist of well- drained, 

medium -textured Regosol soils developed from volcanic ash. 

The Experimental Area receives the bulk of its precipitation 

as rain and snow during the cold winter months. Fall and spring 

months are cool and frequently moist. July and August are very dry 

although infrequent showers do occur. Mean annual precipitation 

was estimated at 16 to 20 inches for the Hall Ranch. 

The bulk of the vegetation on the Hall Ranch is dominated by 

ponderosa pine with a pinegrass understory. The vegetation unit 
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investigated is represented on the Experimental Area by a series of 

mixed conifer forest stands which have the potential for a topo- 

edaphic climax of a grand fir association. 

Sampling macroplots were alloted to mixed conifer forest 

stands in relation to their area and the variation they contained. A 

total of 141 macroplots were employed. The circular macroplots 

contained 1 /100 -acre. 

Tree overstory crown cover, basal area and density were 

sampled with the macroplots. Shrub cover and height were also 

sampled with the macroplots. 

Physiographic features were recorded and a detailed soils de- 

scription made at each macroplot location. 

Four 4. 8- square -foot microplots were stratified - randomly 

located in each macroplot. Projected herbage cover and yield were 

estimated by species for each macroplot. Herbage on one random 

microplot in each macroplot was clipped, dried and weighed. Tree 

and shrub overstory cover above each microplot was estimated. 

Shrubs that were rooted in microplots were cut at ground 

level, measured for height and weighed. Their current annual 

growth was clipped and weighed. 

To obtain a more precise measure of the relation of overstory 

cover and herbage yield 40 selected 9. 6- square -foot plots were 

clipped in each of three over story cover classes in the unlogged 
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portion of the westside mixed conifer forest. The overstory cover 

classes were sunspot (0 -20 percent cover), intermediate shade (21- 

40 percent cover) and heavy shade (41 -100 percent shade). The 

plots were clipped in late June, before peak forage production, but 

when pinegrass is most highly preferred by cattle. 

The effect of logging on the yield and crude protein content of 

mixed conifer forest herbage was determined by repeating the select- 

ed plot experiment in the 1960 logged area. 

The utilization of herbaceous vegetation by cattle was estimated 

in classes for the mixed conifer forest stands in 1962 and for the 

stands and the macroplots within the stands in 1963. 

The I. B. M. 1620 computer was used to compute all possible 

correlation coefficients of 26 selected variables sampled in the 

mixed conifer forest. The correlation coefficients were used as a - 

guide for detailed analysis. 

Differences in aspect and topography modify the structure of 

the mixed conifer forest. The mixed conifer forest stands of the 

eastside of the Hall Ranch tend to be elongated while those on the 

westside cover broader areas. 

The following five topoedaphic situations were recognized on 

the westside of the Hall Ranch: (1) northwest slope, (2) convex 

benches, (3) concave benches, (4) northeast slopes, and (5) ravine 

north slopes. The topoedaphic situations represent variations in 
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the structure of the mixed conifer forest. 

Under present management conditions all of the topoedaphic 

situations appear to be proceeding toward a grand fir climax. The 

time required for each to reach this successional goal may differ. 

Mean overstory crown cover in the mixed conifer forest was 

estimated at 35 percent with a range from 40 to 50 percent at the 95 

percent confidence level. 

Grand fir was the dominant contributor to crown cover in the 

higher cover classes. Douglas -fir shares dominance with grand fir 

in the middle cover classes. Western larch is the third ranking spe- 

cies in the structure of the overstory. Ponderosa pine contributes 

a lesser amount of cover. 

Grand fir has a large percentage of its reproduction in the 

higher crown cover classes. Ponderosa pine reproduction is re- 

stricted to the lower cover classes. Western larch reproduction 

did not follow a clear pattern in relation to crown cover. 

Shrub cover was highest beneath the mid overstory cover 

classes. This was also true for shrub weight and shrub current 

annual growth production in the mixed conifer forest. 

The tall shrubs ninebark and oceanspray compose respectively 

50 and 20 percent of the mixed conifer forest shrub cover. The 

remainder is made up of the low shrubs: wood rose, huckleberry 

and snowberry. 
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Mean current annual growth was estimated at 85 pounds per 

acre plus or minus 10 pounds at the 95 percent level. Ninebark is 

the leading producer of current annual growth except under heavy 

shade conditions where the more persistent oceanspray assumes 

dominance. 

Mean herbage cover in the mixed conifer forest was estimated 

at 48 percent plus or minus 4 percent at the 95 percent confidence 

level. Mean air dry herbage yield was estimated at 170 pounds per 

acre plus or minus 20 pounds at the 95 percent confidence level. 

There is a highly significant negative relationship between tree 

crown cover and herbage yield. The coefficient of determination for 

herbage cover and tree crown cover is . 168 and for herbage yield 

and tree crown cover . 254 both of which are significant at the 99 per- 

cent level. 

Tree basal area and tree stems per plot also are negatively 

related to herbage production, but the coefficients of determination 

of their relationships to herbage production are much lower than for 

overstory cover. 

Sunspots produce significantly more herbage than other shade 

classes, but make up only 20 percent of the mixed conifer forest 

area. Intermediate shade areas are intermediate in production and 

occupy 30 percent of the total forest area. The heavy shade areas 

have a much lower herbage production, but comprise 50 percent of 
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the forest. 

Apparently the 1960 westside logging was successful in modify- 

ing overstory cover, but it may have encouraged continued grand fir 

dominance of logged mixed conifer stands. 

The 1960 logging was both beneficial and detrimental to mixed 

conifer forest herbage production. Thinning of the overstory in- 

creased herbage production in some areas, but heavy soil disturbance 

and slash accumulation removed other areas from production. 

Ash soil areas highly disturbed by logging exhibit a marked 

degree of sterility for several seasons following logging. Although 

native vegetation is slow to revegetate these areas, several highly 

successful forage species seedings have been observed on similar 

areas adjacent to the Hall Ranch. 

Using selected plots to reduce the variation caused by disturb- 

ance, a highly significant difference was shown in the herbage yield 

of logged and unlogged stands. The herbage production of shade 

classes within both logged and unlogged stands was significantly 

different. 

Using selected plots there was no significant difference in the 

crude protein production of logged and unlogged stands. 

Utilization of the forage resource of the mixed conifer forest 

was found to be dependent on the following factors: (1) facilitating 

physical improvements, (2) proper class of livestock, (3) improved 
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livestock distribution and (4) proper season of use. 

Forest utilization is related to overstory crown cover. As 

overstory crown cover increases in the mixed conifer forest the per- 

centage of non -use increases and the percentage of light and moderate 

use decreases. 

Cattle seem to have a preference for the rapidly growing vege- 

tation found in openings created by logging in the mixed conifer forest. 

Careful consideration for the movement of grazing animals 

should be made when designing logging plans for mixed conifer forest 

stands. 

The mixed conifer forest stands of the Hall Ranch area offer a 

potential grazing resource. The development of this resource is 

closely tied to forest management. The development of the forage 

production potential in the mixed conifer forest offers a challenge to 

the ingenuity of the land management research worker. 
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APPENDIX A 

Scientific and Common Names of the Plants Found 
in the Mixed Conifer Forest 

Common Name Scientific Namel 

Trees 

Douglas -fir 
Engelmann's spruce 
Grand fir 
Lodgepole pine 
Ponderosa pine 
Rocky Mountain maple 
Scouler's willow 
Western larch 

Shrubs 

Bearberry 
Grouse whortleberry 
Huckleberry 
Ninebark 
Oce anspray 
Oregon grape 
Prince's pine 
Serviceberry 
Snowberry 
Spirae a 

Wood rose 

Grass and Grass -like 

Annual hairgrass 
Blue wild rye 
Elk sedge 
Kentucky bluegrass 
Mountain bromegrass 
Oniongrass 
Pinegrass 
Rosses sedge 
Western fescue 
Woodrush 

PSEUDOTSUGA MENZIESII (Mirb. ) Franco 
PICEA ENGELMANNII (Parry) Engeim. 
ABIES GRANDIS Lindl. 
PINUS CONTORTA Dougl. 
PINUS PONDEROSA Dougl. 
ACER GLABRUM Torr. 
SALIX SCOULERIANA Barr. 
LARIX OCCIDENTALIS Hook. 

ARCTOSTAPHYLOS NEVADENSIS Gray. 
VACCINIUM SCOPARIUM Leiberg. 
VACCINIUM MEMBRANACEUM Dougl. 
PHYSOCARPOS MALVACEUS (Greene) Kuntze. 
HOLODISCUS DISCOLOR (Pursh. ) Maxim. 
BERBERIS REPENS Lindl. 
CHIMAPHILA MENZIESII Spring. 
AMELANCHIER ALNIFOLIA Nutt. 
SYMPHORICARPOS ALBUS (L. ) Blake. 
SPIRAEA LUCIDA Dougl. 
ROSA GYMNOCARPA Nutt. 

DESCHAMPSIA DANTHONIODES (Trin. ) Munro. 
ELYMUS GLAUCUS Buckl. 
CAREX GEYERI Boott. 
POA PRATENSIS L. 

BROMUS MARGINATUS Nees. 
MELICA BULBOSA Geyer. 
CALAMAGROSTIS RUBESCENS Buckl. 
CAREX ROSSII Boott. 
FESTUCA OCCIDENTALIS Fisch. and Mey. 
LUZULA spp. 

1Plant names from Hitchcock(13); Hitchcock et al. (14, 15, 16), and Peck (24). 
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APPENDIX A (continued) 

Common Name Scientific Name 

Forks 

American vetch VICIA AMERICANA Muhl. 
Astragalus ASTRAGALUS spp. 
Bladder fern CYSTOPTERIS FRAGILIS (L. ) Bernh. 
Bull thistle CIRSIUM LANCEOLATUM (L. ) Scop. 
Canadian thistle CIRSIUM ARVENSE Scop. 
Conspicuous aster ASTER CONSPICUUS Lindl. 
Cusick's vetch LATHRUS NEVADENSIS ssp. CUSICKII 

(Wats. ) C. L. Hitchc. 
Elk weed FRASERA SPECIOSA Dougl. 
False Solomon's seal SMILACINA STELLATA (L. ) Desf. 
Field chickweed CERASTIUM ARVENSE (L. ) 

Green lupine LUPINUS POLYPHYLLUS Lindl. 
Heartleaf arnica ARNICA CORDIFOLIA Hook. 
Indian paintbrush CASTILLEJA CUSICKII Greenm. 
Leafy pedicularis PEDICULARIS RACEMOSA Dougl. 
Meadow rue THALICTRUM FENDLERI Engelm. 
Miners lettuce MONTIA PERFOLIATA (Donn. ) How. 
Mountain clover TRIFOLIUM MICROCEPHALUM Pursh. 
Piper's anemone ANEMONE PIPERI Britt. 
Purplish sweet cicely OSMORHIZA PURPUREA (C. & R.) Suksd. 
Rattlesnake plantain GOODYERA OBLONGIFOLIA Raf. 
Strawberry FRAGARIA CUNEIFOLIA Nutt. 
Trail plant ADENOCAULON BICOLOR Hook. 
Twinflower LINNAEA BOREALIS L. 

Western long -spurred violet VIOLA ADUNDA J. E. Sm. 
Woolyweed HIERACIUM ALBIFLORUM Hook. 
Yarrow ACHILLEA LANULOSA Nutt. 
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APPENDIX B 

Mixed Conifer Forest Soils of the Hall Ranch Area 

Soil Profile Mixed Conifer Forest Soils 

AO 1/2 - 0 inches Duff and conifer litter. 

Al 0 - 3 inches Dark grayish brown (10YR 4/2) moist, siltloam; 
weak, thin, platy, breaking to grandular structure; 
very friable, slightly sticky, slightly plastic; 
abundant roots; few fine continuous pores; pH 6. 2; 
clear, smooth lower boundary. 2 -6 inches. 

AC 3 - 10 inches Dark brown (10YR 3.5/3) moist, siltloam; weak, 
fine subangular blocky structure; very friable, 
slightly sticky, slightly plastic; abundant roots, 
few fine continuous pores; pH 6. 2 to 6.6; clear 
smooth boundary. 7 -24 inches. 

C 10 - 20 inches Dark yellowish brown (10YR 4/4) moist, siltloam; 
weak subangular blocky structure; very friable. 
slightly sticky, slightly sticky plastic; abundant 
roots; few fine continuous pores; pH 5. 8; clear. 
smooth boundary. 4 -24 inches. 

B21b 20 - 26 inches Dark brown (10YR 3/3) moist, silty clay; moderate 
fine, subangular blocky structure; firm, slightly 
sticky, slightly plastic; plentiful roots; common 
fine continuous pores; thick continuous clay films 
and siliceous ash coatings on peds; pH 6.6; clear 
smooth boundary. 1 -14 inches. 

B22b 26 - 32 inches Dark grayish brown (10YR 4/2.5) moist, siltloam; 
weak fine subangular blocky structure friable 
slightly plastic, slightly sticky; plentiful roots; few 
fine continuous pores; pH 6.3; wavy, smooth 
boundary. 2 -12 inches. 

Dr 32 inches Basalt and basaltic andesite. 

Modal Profile Location 

The location of the modal mixed conifer forest soil profile from which the above descrip- 
tion was made is the northeast corner of the Hall Ranch clear -cut in the S. E. 1/4, S. E. 1/4, 
Sec. 16, T. 5 S. R. 41 E. of the Willamette Meridian. 
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APPENDIX B (continued) 

Range in Characteristics 

The depth of the siltloam ash layer varies from 6 to 72 inches. In exceptional cases it may 
reach 10 feet. The buried soil may be completely absent and the ash profile resting on basalt 
or basaltic andesite. 

Relation to Established Soil Series 

Most of the mixed conifer forest soils with ash layers of 18 inches or more in depth belong 
to the Tolo soil series (Walton 32). Some of the mixed conifer forest soils with shallow ash layers 
may be classified in the Hall Ranch series (Walton 32). 



APPENDIX C - Simple Correlation Coefficients of Selected Variables in the Mixed Conifer Forest, Calculated by the Oregon State University 
Statistics Laboratory 

Variable Number 1 2 3 4 5 6 7 8 9 10 

Tree Crown Cover 1 

Shrub Crown Cover 2 196 
Tree and Shrub Crown Cover 3 .717 ** ..417 ** 
Slope 4 -.093 .177* -.023 
PHYSOCARPOS MALVACEUS Height S . 035 . 386** . 254** . 007 
HOLODISCUS DISCOLOR Height 6 .024 .255** .146 .014 .322 ** 
Tree Basal Area 7 .501 ** -.245** .244** -.046 -.040 -.061 
Tree Seedlings Per Plot 8 . 116 .019 .066 .016 -.016 -. 013 -. 027 
Tree Stems Per Plot 9 . 375** .080 .264** -.066 .029 -. 014 120 .101 
Soil Depth 10 . 109 .053 .171 -. 188* .025 -.230** .054 ..007 -.005 
Ash Depth 11 .201* .078 .248** -.147 .009 -.132 -.074 .021 -. 024 .565** 
Buried Soil Depth 12 .081 .011 -.054 -.058 -.062 -.125 -. 074 -.024 -. 041 .558 ** 
Herbage Cover 13 -.410** -.140 -. 435** .019 -. 188* -. 174 -. 253** -. 106 -. 293** 116 
Herbage Yield 14 -.503 ** -.039 -.484** .079 -.091 -. 148 -. 319 ** -. 147 . 307 .010 
Current Annual Growth Yield 15 -.153 .597 ** . 216* . 091 .462 ** . 360 ** -. 219* . 052 .024 .017 
Shrub Weight 16 .032 .340** .173 .214* .361 ** .231 ** -.053 .009 .084 .222* 
SPIRAEA LÙCIDA Yield 17 -.106 .104 .023 .082 .110 -. 020 -. 129 -.068 .023 -.187* 
CALAMAGROSTIS RUBESCENS Yield 18 -. 358** -. 052 -. 366** -. 064 .009 -. 007 -. 256** -.110 -. 247 ** -.120 
LATHYRUS NEVADENSIS Yield 19 .047 .011 .002 .010 -.064 -.090 .008 .090 . 095 .056 
ELYMUS GLAUCUS Yield 20 -.277 ** .022 -. 258** -. 086 .152 -.151 -.175 -.076 -.464 .024 
ARNICA CORDIFOLIA Yield 21 .244** -.138 . 137 -.041 -.057 -. 053 . 096 .076 . 218* .085 
THALICTRUM FENDLERI Yield 22 . 027 .034 . 022 .027 .080 -. 017 . 011 .008 . 002 .027 
LUPINUS POLYPHYLLUS Yield 23 -.230** .132 -.127 -.074 -.126 -.124 -. 122 .062 ;, 014 -.140 
TRIFOLIUM MICROCEPHALUM Yield 24 . 279 ** .021 . 235** .108 .073 . 103 .005 .026 .034 .048 
CAREX GEYERI Yield 25 .023 .140 .067 .067 .015 .051 .004 .059 -.147 .138 
MELICA BULBOSA Yield 26 . 149 .027 .130 -.074 .004 -.045 . 260** .069 -. 034 .050 

* Significant at 95 percent level. 
** Significant at 99 percent level. 



APPENDIX C (continued) 

Variable Number 11 12 13 14 15 16 17 18 19 

Tree Crown Cover 1 

Shrub Crown Cover 2 

Tree and Shrub Crown Cover 3 

Slope 4 
PHYSOCARPOS MALVACEUS Height 5 

HOLODISCUS DISCOLOR Height 6 

Tree Basal Area 7 
Tree Seedlings Per Plot 8 

Tree Stems Per Plot 9 
Soil Depth 10 
Ash Depth 11 

Buried Soil Depth 12 -. 367 ** 
Herbage Cover 13 -. 123 .056 
Herbage Yield 14 -.162 .031 .690** 
Current Annual Growth Yield 15 -. 058 .074 -. 169 .062 
Shrub Weight 16 .019 . 235** .080 -. 148 . 339** 
SPIRAEA LUCIDA Yield 17 .035 .174 .006 .172 .080 -.044 
CALAMAGROSTIS RUBESCENS Yield 18 .218* .083 .50544 .801 - 038 -. 098 . 174 
LATHYRUS NEVADENSIS Yield 19 . 103 .039 . 257 ** .311** .013 -. 104 .053 .229* 
ELYMUS GLAUCUS Yield 20 .062 .036 . 319** . 519** -.017 -.066 .046 .037 .065 
ARNICA CORDIFOLIA Yield 21 -.030 .122 .030 -. 268** -.084 . 188 -. 186 ** -.238** .092 
THALICTRUM FENDLERI Yield 22 -. 031 .001 .003 .092 .009 .078 .028 .104 .348** 
LUPINUS POLYPHYLLUS Yield 23 -.090 -. 107 . 249** .348** -.094 .064 . 127 .013 .077 
TRIFOLIUM MICROCEPHALUM Yield 24 .016 .069 . 031 -.012 .063 . 040 -.101 -.045 .043 
CAREX GEYERI Yield 25 .017 .050 .075 -.148 .003 .031 -.138 -.172 -.135 
MELICA BULBOSA Yield 26 .028 . 125 .088 .068 .028 .053 .087 -. 134 -.067 

* Significant at 95 percent level. 
Significant at 99 percent level. *4' 


