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The objectives of this study were to: 1) determine production

of plant species and utilization by cattle, sheep and deer as related

to plant communities and timber management practices and 2) evaluate

the interaction of range use between cattle and deer and between sheep

and deer as affected by site and timber management practices.

Meadow communities and logged and non-logged areas of the Pinus

contorta/Purshia tridentata /Stipa occidentalis habitat type were

studied during the summer grazing season of a dry (1973) and wet

(1974) year in Klamath County, Oregon.

Six meadow habitat types were proposed. Meadow production

varied from 879 to 2602 pounds per acre in 1973 (dry year) and varied

from 2389 to 3295 pounds per acre in 1974 (wet year). Grasslike

species in the meadows accounted for the greatest response in produc-

tion to yearly moisture fluctuations. Forbs experienced little change



in production on meadows with good soil and water conditions, whereas,

a 93 to 160 percent increase occurred on the more shallow, dry

meadows.

Deer grazing on the meadows maintained a diet dominated by

forbs both years, whereas, cattle and sheep grazed predominantly on

grass and grasslike species while on the meadows.

Meadow species which constituted the greatest potential overlap

in the diets of livestock and deer included: Potentilla gracilis,

Microseris nutans, idalcea oregana, Ranunculus alismaefolius,

Achillea millefolium and Penstemon procerus.

Deer experienced a transition from a forb dominated diet to a

shrub dominated diet during July. Purshia tridentata was the only

species utilized by deer in both logged and non-logged areas with

utilization being minimal during July. After August 1 utilization

accelerated in the logged areas but remained static in the non-logged

areas. Approximately 7 to 10 times more Purshia tridentata was

consumed by deer from logged areas.

Only fringes of non-logged areas were used by cattle. Stipa

occidentalis and Sitanion hystrix growing in logged areas dominated

the diet of cattle in July. By mid-August Purshia tridentata dominated

their diet and comprised 75 percent by the end of the grazing season.

Purshia tridentata was dominant in the diet of sheep on the logged

and non-logged areas throughout the grazing season. Approximately



2.5 times more Purshia tridentata was consumed by sheep in the

logged areas as compared to the non-logged areas.

At the end of the grazing season dual utilization values on Purshia

tridentata in logged areas were 25 and 50 percent for cattle-deer and

sheep-deer, respectively and in non-logged areas were 15 and 30

percent, respectively.

Total herbaceous production was 58-126 and 12-18 pounds per

acre for the logged and non-logged areas, respectively. Purshia

tridentata production was 287-397 and 223-297 pounds per acre for

the logged and non-logged areas, respectively. Purshia tridentata

plants growing in non-logged areas had 55 percent of their current

year's growth in the unutilized spurs. Developed leaders (terminal

and lateral) accounted for 71 percent of the production of Purshia

tridentata in logged areas. Average leader lengths were approximately

2.5 cm longer on plants in logged areas.

Approximately 42 percent of the Purshia tridentata plants were

lost during the logging operations. Sixty-four percent of the > 40 cm

height plants were lost from logging while 16 percent of the 20-40 cm

height plants were destroyed.

Densities of germinated rodent caches of Purshia tridentata were

much lower in logged areas. Percent canopy cover and density of

Purshia contorta were highly correlated with cache densities in logged

areas. Additional managerial considerations relative to timber harvest

were mentioned.
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LIVESTOCK, DEER AND LOGGING INTERACTIONS
IN THE LODGEPOLE PINE-PUMICE

REGION OF CENTRAL OREGON

INTRODUCTION

Timber within the pumice region of central Oregon has been

described over the years as a limited renewable resources. Until

recently, Pinus contorta 1 from this area was considered marginal

for logging. New developments in harvesting and milling technology,

together with increased availability of new markets, have altered the

economic picture for Pinus contorta timber. The strong interrelation-

ships between understory production, wild and domestic animals

which depend on this forage, and dynamics of timber stand develop-

ment suggest that harvest of Pinus contorta will have far-reaching

implications (Vol land 1974).

Livestock grazing has occurred in this region on a limited basis

since the late 1800ts. The grazing potential of the Pinus contorta

types appears to be considerably under-utilized as a result of

administrative factors such as limited knowledge on grazing manage-

ment and shifting emphasis of use because of the transitory nature of

this forage resource (Basile and Jensen 1971). Grazing has been

1

A11 plant species in this paper will be referred to by their
scientific name. Common names are provided in Appendix 0.
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centered in and around the interspersed meadow communities con-

sequently uniform utilization of the timbered communities has not

occurred. Inadequate water supply and suspected damage to young

Pinus contorta seedlings by livestock have also resulted in decisions

to limit grazing activity in this area.

The Pinus contorta-pumice region offers many potential

economic gains from recreational activities associated with wildlife.

Mule deer (Odocoileus hemionus hemionus) which utilize the area for

summer grazing are of particular interest.

Research directed toward evaluation of current management

practices in this region is needed because of the ever-increasing

demand for timber products, the apparent lack of information on the

grazing resource potential, inadequate information relative to

importance of this region as a summer range for mule deer and

limited information in the region concerning influence of timber

harvest on understory production and utilization. This study was

implemented to develop information relative to these needs and

should lead to more effective use of this region's resources.

The objectives of this study were to:

1. determine production of plant species and their utilization by

cattle, sheep and deer as related to plant communities and

timber management practices.



2. evaluate the interaction of range use between cattle and deer

and between sheep and deer as affected by site and timber

management practices.



STUDY AREA

Location

The study areas were located in the east-central portion of

Klamath County, Oregon. One area was located at the western edge

of the Silver Lake District in Fremont National Forest, 21 miles west

of Silver Lake, Oregon. The other area was located in the eastern

edge of the Chemult District in the Winema National Forest, six air

miles west of the Fremont study area and 14 miles east of Chemult,

Oregon. The average elevation for both areas is 4,960 feet. Figure

1 shows the location of the study areas and extent of the pumice

region of central Oregon.

Climate

The climate of the region is characterized by cool to warm,

dry summers and cold, wet winters. Approximately 70 percent of

the annual precipitation occurs as snow during November through

March (Vol land 1974), although a significant amount of precipitation

may fall as rain in May and June (Urness 1966). The growing season

is short, averaging 79 days and frost may occur any month of the

year (Herman 1965).
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The nearest climatological data recorded during the study period

came from the Chemult and Silver Lake weather stations. Past

years' data, average monthly precipitation and average monthly

temperature, are shown in Figure 2. Mean annual precipitation for

Chemult is 26.7 inches and Silver Lake is 9.9 inches (Johnsgard

1963). Chemult receives a much greater amount of winter snow, but

precipitation during the spring and summer is only slightly greater.

Geology

The local geological formations indicate that much volcanic

activity was present within and adjacent to the study area since early

Pliocene time. The presence of basalt outcrops, old volcanoes,

cinder cones, large fault scarps, and deposits of volcanic tuff and

pumice are evidence of the variability of the volcanic activity that

has occurred in the past (Vol land 1963).

During the Pleistocene period, volcanoes and composite cinder

cones developed along the fault lines (Mereweather 1953). Little

Yamsey Mountain (5, 955 feet), just south of the Fremont study area,

is an example of a cinder cone; Yamsey Mountain (8, 085 feet) and

Sugarpine Mountain (6, 338 feet) are examples of volcanoes near the

study areas.

Approximately 6, 600 (Fryxell 1965) to 7,000 (Johnson 1969)

years ago Mt. Mazama, now Crater Lake, experienced a series of
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eruptions which deposited pumice or scoria over extensive portions

of central Oregon. The most widespread deposit, which covers the

area studied, occurred as an aeolian shower of dacite pumice lapilli

and ash (Volland 1974). Between the last of the Pleistocene basalt

flows and the eruption sequence of Mt. Mazama, a relatively inactive

period occurred (Williams 1962). Dyrness (1960) postulated that the

solum which developed from aeolian-deposited ash at that time now

forms the buried soil which underlies much of the pumice deposits in

the area. The present surface soils are young and poorly-developed

due to their recent deposition and to the dry, moderately cool climate

of the area.

The major constituents of the dacite pumice soils are silica,

alumina and soda. The pumice particles are neither cemented nor

compacted and retain their angular or subrounded, equidimensional

shape well when subjected to soil weathering processes (Vol land

1963). For a more extensive review of the geology of the pumice

region see Vol land (1974).

Soils

The environmental characteristic which unifies central Oregon

into one logical geographical region is the extensive occurrence of

pumice-derived soils which cover approximately 2.1 million acres

(849,870 hectares) (Vol land 1974).



Soils found in the study area include the Lapine, Wickiup and

Kirk series (U.S. Bureau Indian Affairs et al. 1958). The Lapine

series is a well-drained entisol developed in dacite pumice mantle

from Mt. Mazama. The profile is characterized by: 1) a 01 horizon

of recent and partially decomposed needles 0.6 to 2.0 centimeters

thick; 2) a dark grayish brown to black loamy coarse sand to loamy

sand Al horizon varying between 3.8 and 6.4 centimeters thick; 3) a

dark grayish brown to dark brown loamy coarse sand to sandy AC

horizon ranging between 10 and 35 centimeters thick; 4) a yellowish

brown, pale, yellow, or white very fine gravelly coarse sand to

gravelly pumice Cl horizon, 15 to 104 centimeters thick; 5) a light

yellowish brown to light gray or white gravelly sand to very fine

gravelly sand C2 horizon 13 to 152 centimeters thick; 6) a C3 horizon

which may either be absent or up to five centimeters thick, mottled

pale brown, gray to light olive green with silty loam, loamy sand or

very fine sandy loam from volcanic ash, compacted to a platy

structure; 7) a buried profile derived from welded tuff, alluvial sands

and gravels, volcanic ash over basalt flow, andesite scoria, or

igneous colluvium which is loamy fine sand to fine sandy loam from

15 centimeters to excess of one meter thick. The average pH values

are slightly below seven.

The Wickiup series is a seasonally ponded to poorly drained

entisol associated with the Lapine series. The horizon sequence,
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parent material, textures, structures, pH values and buried profiles

are very similar to the Lapine series. The series are found on lower-

third to bottom slope positions of internally drained flats and basins

or drainage ways of plateaus (Vol land 1974).

The Kirk series are soils having permanently high or seasonally

ponded water tables and occur along the stringer-like drainage ways.

The Kirk series resembles the Lapine and Wickiup series in horizon

sequence, coarse fragment content and depth to a buried profile.

Since the series supports more productive vegetation, the soil has

darker and finer textured Al and AC horizons. The 01 horizon is 3.8

to 13 centimeters thick. The Al horizon is a very dark gray to very

dark brown fine sandy loam to silty loam, 9 to 20 centimeters thick.

The AC horizon is a dark yellowish brown, or dark gray sandy loam,

loamy sand, or loamy course sand, 13 to 51 centimeters thick. The

loamy coarse sand C horizon is a light brownish gray loamy and 13

to 76 centimeters thick. In some cases the C horizon may be

absent or the Al-AC-C horizon sequence is repeated down through

the profile as a result of past alluvial deposits. Vol land (1974) has

a more detailed description of the more common soil series found

in the study area.

Soils developing from pumice are unlike mineral soils developed

from solid rock; their moisture and temperature characteristics differ

because the pumice is exceptionally porous (Vol land 1974). Cochran
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et al. (1967) found the thermal conductivities of the Lapine soil to be

very low. They found it to behave more like peat soils than mineral

soils. As a result, pumice soils warm up slower than a mineral soil

and concentrate the heat and cold within the first few centimeters of

soil surface. Cochran (1969b) showed that presence of soil moisture

improved the thermal conductivity but decreased the thermal dif-

fusivity of the Lapine AC horizon.

Youngberg and Dyrness (1964) found that pumice soils contain

a much higher proportion of readily available moisture at 0.1 to one

atmosphere tension than mineral soils. However, the high porosity

of pumice soils contribute to slow rates of unsaturated water move-

ment which commonly takes place through water vapor transfer

(Cochran 1966). Dyrness (1960) found the Al and AC horizons of the

Lapine series to be depleted of available moisture by mid to late

summer within the Pinus ponderosa type in central Oregon. The Cl

and C2 horizons had ample water throughout the growing season.

The Lapine series are exceptionally low in fertility (Youngberg

and Dyrness 1964) and the fertility levels decrease from the Al to C

horizons (Cochran 1966). For example, Pinus ponderosa seedlings

were shown to respond to nitrogen, phosphorus and sulphur applica-

tions (Youngberg and Dyrness 1965).
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Vegetation

The general physiognomy of the vegetation is coniferous forest

with Pinus contorta and Pinus ponderosa being the two most important

tree species. Shrubs dominate the understory over most the acreage.

Meadows are sporadically dispersed throughout the area on poorly

drained flat topography. Shrub communities are restricted to

localized deposits of recent alluvium or to very shallow, stony soils

found at the upper-third slope positions of the higher peaks or along

the periphery of the pumice deposits (Vol land 1974).

Species composition of the meadows is strongly influenced by

water table conditions and history of grazing use. Vol land (1974)

described three meadow types based upon moisture regime. 'Wet

meadows!! contained Deschampsia caespitosa with numerous sedges

(Carex nebraskensis, C. lasiocarpa, C. pachystachya) and rushes

(Juncus balticus, J. nevadensis). The nmoist meadows!! are

dominated by Poa pratensis, an introduced species, and numerous

forbs. Muhlenbergia squarrosa and Danthonia californica were

reported to be common on meadows experiencing continued heavy

grazing while Deschampsia caespitosa was found on least-disturbed

sites. "Dry meadows!! which are lightly grazed usually support

Poa cusickii and Agropyron caninum. Where these areas are grazed
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heavily they are usually dominated by Muhlenbergia richardsonis and

Danthonia californica and forbs such as Achillea millefolium,

Cerastium arvense, Ranunculus alismaefolius and Potentilla gracilis.

Ecological Status

Pinus contorta is considered an edaphic and topographic climax

on many sites in the pumice plateau of south, central Oregon. It has

an unusually wide ecological amplitude and can be found on wet,

poorly drained to extremely droughty sites (Franklin and Dyrness

1969). The distribution of Pinus contorta has been attributed to fire

(Munger 1914), permanent or fluctuating water tables (Tarrant 1953),

greater resistance to low temperature by its seedlings during the

early portion of the growing season (Youngberg and Dyrness 1959;

Berntsen 1967; Cochran and Berntsen 1973) and less nutrient demand

of seedlings in the first four months of development (Cochran 1972).

Weaver (1961) related fire influence to understory characteristics

and felt that the frequency of fires (30 + 14.5 years) maintained a

grass dominated understory over much of central Oregon now

occupied by Purshia tridentata.

Vol land (1974) and U.S. Forest Service (1972) have described

and classified 11 Pinus contorta communities in the pumice region

of central Oregon. These include the following:
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Pinus contorta/grass-sedge wetland
Pinus contorta/shrub-grass wetland
Pinus contorta/Arctostaphylos uva-ursi
Pinus contorta/Purshia tridentata/forb
Pinus contorta/Purshia tridentata/Fescue idahoensis
Pinus contorta/Purshia tridentate Sti a occidentalis
Pinus contorta/Stipa occidentalis
Pinus contorta/Purshia tridentata/Carex inops-Stipa occidentalis
Pinus contorta/Carex inops-Lupinus argentens
Pinus contorta /Carex inops-Lupinus argentens-Linanthastrum

nuttallii
Pinus contorta/Arctostaphylos spp.

Detailed descriptions of the various lodgepole pine communities

and associated plant communities in the pumice region of central

Oregon can be obtained from the following sources: Dyrness and

Youngberg (1958, 1966), Youngberg (1959), Dyrness (1960), Volland

(1963), Youngberg and Dahms (1970), Dealy (1971), U.S. Forest

Service (1972) and Volland (1974). A brief description of the Pinus

contorta/Purshia tridentata/Stipa occidentalis habitat type (hereafter

referred to as Pico/ Putr/Stoc h. t.) has been given below since it has

received the bulk of attention in this paper. Observations concerning

other communities are documented within the discussion section.

The Pico/Putr/Stoc h. t. usually lies on the middle to lower

third slope positions of broad basins, benches, escarpment backslopes

and plateaus (Volland 1974). Slope gradients are generally less than

12 percent. This community is generally associated with the Lapine

soil series. A perched water table may occur within the root zone

during spring months. Common ground vegetation includes Purshia
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tridentata, Stipa occidentalis, Sitanion hystrix, Carex rossi, Viola

nuttallii and Lupinus lepidus var. labbii. Ribes cereum and

Hapopappus bloomeri are subordinate to Purshia tridentata in least-

disturbed stands. Purshia tridentata crown cover exceeds 10 percent

in this community. The Pinus contorta/Purshia tridentata/Stipa

occidentalis community is usually found interspersed with or in close

proximity to the Pinus contorta/Arctostaphylos uva-ursi and Pinus

contorta/Purshia tridentata/forb communities. Slight variations in

water table differentiate the three communities. These three com-

munities make up approximately 76 percent of the Pinus contorta-

pumice acreage with the Pinus contorta/Purshia tridentata/Stipa

occidentalis community dominating most of the acreage (U.S. Forest

Service 1974).

History of Use

White man first explored central Oregon in the 1840's and the

first settlement of the Silver Lake country occurred in the early

1870's (Brogan 1965). Livestock grazing probably had its beginning

then. Thousands of horses (Equus caballus) were raised in the Silver

Lake and Fort Rock area along with sheep (Ovis aries) and cattle

(Bos taurus) (U.S. Forest Service - no date). Several bands of sheep

were grazed through the area from the late 1800's until 1909. Much

pressure was put on sheepherders by the cattlemen causing a decline

in the sheep industry (Brogan 1965). The portion of the region which
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presently encompasses the study area was used only intermittently

by sheep until 1930. However, from 1930 to 1943 bands of sheep in

excess of 2,000 ewes were in this area from July through September.

From 1944 to 1968 the numbers of sheep in the Fremont area were

reduced to 700 to 800 head per band. In 1969 one hundred head of

cattle replaced the sheep on this area and were grazed from July 1

to September 30. This practice exists today. Sheep are still grazed

on the allotment studied in Winema National Forest. Sheep numbers

on this allotment have dwindled from 5, 300 head to 1, 500 head since

1930.

The study area serves as summer range for mule deer which

winter primarily in the Silver Lake area (Dealy 1971). The deer

usually leave for their summer range in mid-April and move back

down to their winter range in mid-December (Maw et al. 1963).

These movements depend primarily on snow fall patterns. Figure 3

gives a view of the summer range area of the Silver Lake deer herd

as determined by Maw et al. (1963) and Zalunardo (1965). Both sites

studied were within the area delineated as comprising 50 percent of

the herd.

Timber harvesting had its beginning in 1863 when logging of

Pinus ponderosa and Abies spp. began at Fort Klamath. Large tracts

of Pinus ponderosa were logged between 1915 and the 1950s (Brogan

1965). The extensive, commercial harvest of Pinus contorta in

in central Oregon did not begin until 1956 and is continuing today at an

accelerated rate.
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Figure 3. Summer range of the Silver Lake mule deer herd.
(Adapted from Zalunardo (1965).
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LITERATURE REVIEW

Pinus contorta Production Potentials on Pumice Soils

Market demand for Pinus contorta has increased considerably

in central Oregon over the past decade. This species is now being

processed for lumber, veneer, paper and miscellaneous products

such as poles, posts and stakes (Messner 1974). Large timber sales

of Pinus contorta in this region did not begin until 1956 (Messner 1974).

Gross and net yield tables which can be used for determining

productivity of Pinus contorta in the central Oregon pumice region

have been worked out by Dahms (1964). His data was later reevaluated

by Youngberg and Dahms (1970). They attempted to correlate stand

productivity with pumice soil series and plant communities. Poor

correlation was found between site index values and soil series.

However, they did show site indices were higher on those soils exhibi-

ting well-mixed horizons or on pumice flows. Site indices were

higher for plots having a fairly shallow pumice deposit or an Al+AC

horizon depth exceeding 10 inches. Plant communities proved to be

better indicators of productivity than soil series. Those stands with

understories dominated by Ribes cereum and Vaccinium spp. had

higher site indices than stands with bitterbrush dominated understory.

Four other communities had similar mean site index values to the
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Ribes cereum. community. The Pinus contorta/Purshia tridentata

community was significantly less productive than the Pinus contorta/

Purshia tridentata/Ribes cereum and Pinus contorta/Ribes cereum

communities when basal area and volume increment parameters

were used,

Vo lland (1974) made a more intensive study and found that plant

communities can be useful as a method of stratifying the productivity

of forest stands for intensive management purposes. Table 1 gives

a summary of timber production parameters as they relate to various

Pinus contorta plant associations in the pumice region of central

Oregon. This information was generated by Vol land (1974) and used

to determine if the various plant associations could be grouped into

meaningful production classes. He noted that the value of community

classification to natural resource management was directly related to

the amount of information known about the strata, the degree of strata

refinement and the purpose for which the classification is needed.

Using multivariate analysis Vol land (1974) was able to cluster

Pinus contorta communities according to production potentials. How-

ever, the specific grouping of communities depended on the attributes

analyzed. Three groupings were made of the 11 Pinus contorta com-

munities when discriminant analysis was made of basal area and site

index: 1) Low elevational communities occupying basin terrain 2) high



Table 1. Summary of tree productivity data by Pinus contorta community type, Winema National
Forest (Adapted from U.S. Forest Service 1972).

Plant community
Site Index
(base 100)

Total
Basal Area

Growth basal
Area (15 rpi)

Biological m. a. i.
ft3/A/yr

mean range mean mean range

Pinus contorta/Vaccinium spp./forb
wetland 78.1 70-86 147.0 85.8 67-109 64.0 + 20.26

Pinus contorta/sedge-grass/forb
84.0 78-95 141.4 114.2 95-152 81.4 + 19.25wetland

Pinus contorta/Purshia tridentata/ 73.9 59-83 109.2 70.1 51-104 46.1 + 12.91
forb

Pinus contorta /Arctostaphylos
uva-ursi

Pinus contorta/Purshia tridentata/ 75.9 70-86 118.0 86.0 54-113 62.7 + 15.06
Festuca idahoensis

Pinus contorta/Carex inops-Stipa 82.8 70-96 161.6 100.0 72-135 79.8 4-30.73
occidentalis

Pinus contorta/Purshia tridentata/ 85.3 77-91 140.7 112.7 89-124 82.9 + 26.53
Carex inops-Stipa occidentalis

Pinus contorta/Purshia tridentata/ 75.7 61-90 109.1 64.1 36-96 47.2 + 5.41
Stipa occidentalis

_

Pinus contorta/Stipa occidentalis 69.5 63-92 66.3 44.3 33-65 29.4 + 6.36
Mixed coniferlArctostaphylos spp. 49.5 43-67 124.1 37.5 28-63 17.9 + 4.89

( Pinus contorta variant)
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elevational communities and 3) communities occupying areas with

high water tables throughout the growing season.

When multivariate analysis of Purshia tridentata density with

herbaceous production was made, four similarity groups emerged.

These include communities with: 1) Low shrub density/high herb

density 2) High shrub density/high herb density 3) High shrub density/

low herb density 4) Low shrub density/low herb density.

The U.S. Forest Service has recently made groupings of the 11

Pinus contorta communities in the pumice region of central Oregon.

The communities were stratified according to the biological produc-

tivity or mean annual increment (cubic feet/acre/year) (U. S. Forest

Service 1974). The Forest Service production class (PC) groups

include:

PC 1

Pinus contorta edge-grass/forb-wetland
Pinus contorta/Vaccinium spp./forb-wetland
Pinus contorta/Purshia fridentata/Fescue idahoensis
Pinus contorta/Festuca idahoensis

PC 2

Pinus contorta/Purshia tridentata/Stipa occidentalis-Carex inops
Pinus contorta/Carex inops-Lupinus argentens
Pinus contorta/Stipa occidentalis-Carex rossii-Carex inops

PC 3

Pinus contorta/Purshia tridentata/Stipa occidentalis (Dry)
Pinus contorta/Purshia tridentata /forb (wet)
Pinus contorta/Arctostaphylos uva-ursi (wettest)
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PC 4

Pinus contorta/Stipa occidentalis
Pinus contorta/Stipa occidentalis-Carex rossii (Panhandle)

Messner (1974) gave a brief overview of harvesting practices of

the Pinus contorta and their relationship to regeneration success in

the pumice region of central Oregon. The major cutting schemes

include diameter cuts, strip clearcutting, patch clearcutting and

shelterwood cutting. The old diameter cutting practices, which cut

all trees nine inches d.b.h. and larger, utilized stems down to a six

inch top. Slash problems were great and the debris could be disposed

of only by expensive tractor piling and burning. In both the strip and

patch clearcut areas it has been difficult to attain proper stocking

levels of Pinus contorta through natural regeneration. Cochran (1969)

found this to be related to the extreme temperatures within the clear-

cut. His research indicated that this can be modified by reducing

strip or patch widths to less than three times tree height. Messner

(1974) noted that the planting of trees was a feasible regeneration

method, providing managers are willing to adequately prepare the

site. Shelterwood cutting has been shown to give favorable natural

regeneration response. However, the amount of residual trees

needed for optimum natural stocking has not been determined

(Messner 1974).
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Present day harvesting techniques include modern equipment

such as the Beloit harvestor which enables an operator to cut, limb

and arrange for skidding at least 500 trees per eight hour shift

(Messner 1974).

Slash disposal methods include piling with a crawler tractor,

concentrating scattered tops and larger cull logs with a rubber-tired

grapple skidder and tomahawk crushing (Messner 1974).

Overstory-Under story Relationships

Limited data are available on overstory-understory relationships

in the Pinus contorta-pumice region. However, information from

other forest ecosystems is relatively abundant and much of this can

be related to this region.

Canopy Influence

It has been demonstrated that forage production varies with

shade classes within forest types and that logging produces transitory

grazing values in those stands (Young et al. 1967). As crown closure

increases, forage production decreases. Young et al. (1967) noted

that without an estimate of the relationship of overstory cover to

under story production, it is difficult to gauge the transitory grazing

potential of the successional vegetation on logged areas. An under-

standing of succession following logging is needed in order to
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accomplish dependable planning of forest grazing (Garrison and

Rummell 1951; Garrison 1960).

Young et al. (1967) and Hedrick et al. (1968) noted that over-

story cover accounted for more variation in herbage yield than either

tree basal area or stems per acre. Herbaceous densities under 10

percent cover have been reported to be five times greater than under

100 percent canopy coverage (Arnold 1950). Pase (1958) noted a

decline of Poa pratensis from 191 pounds per acre in an open Pinus

ponderosa canopy to one pound per acre in a closed canopy. Cooper

(1960) found only small amounts of grass species under canopies

greater than 75 percent. Forbs dominated understory production

where a Pinus ponderosa canopy was greater than 45 percent, while

grasses were dominant under a canopy less than 45 percent

(McConnell and Smith 1965). Young et al. (1967) found current annual

growth of shrubs to peak at crown covers between 20 and 35 percent.

Cooper (1960) measured a loss of 21 pounds per acre for every

one percent increase of Pinus ponderosa canopy in Arizona while

McConnell and Smith (1965) associated only a six pounds to the acre

loss for every one percent increase in pine canopy cover in eastern

Oregon. When pine-hardwood forest canopies closed from 20 percent

to 100 percent in Texas a 4.4 pounds per acre decrease per one

percent cover increase was noted (Halls and Schuster 1965).
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Transitory Grazing Values

In eastern Oregon, logged areas should provide approximately

20 years of grazing before forage is significantly reduced by cover

from maturing forests (Anonymous 1971). Pengelly (1963) stated that

peak forage production depends largely on the site potential of the

area logged. He reported forage production peaked six to eight years

after logging on Vancouver Island. Arnold (1950) noted that it takes

approximately five years for Pinus ponderosa seedlings to gain

dominance over grass cover. Forage yields have been found to

decline when planted southern Pinus elliottii trees were nine years

old (Pearson and Whitaker 1974).

On the Kaibab National Forest, production of herbage peaked at

six years after cutting Pinus ponderosa and then started to decline.

After 15 to 20 years it was approximately the same as the nearby

uncut area (Reynolds 1962a). Basile and Jensen (1971) found that

clearcutting Pinus contorta in Montana stimulated production of under-

story vegetation which could provide a grazing resource for cattle and

big game over an estimated 20 years. Peak production occurred 11

years after cutting and was correlated with maximum root occupancy

of tree seedlings. Similar trends in forage production were observed

on Pinus contorta clearcuts in Colorado (Wallmo 1969; Wallmo et al.

1972). Basile and Jensen (1971) speculated that additional thinning
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of Pinus contorta after 11 years could stimulate higher grazing values

for 20 years. They found a slight increase in production of grasses

13 years after logging. Sedges showed no pattern and forbs peaked

at 10 years while shrubs peaked 11 to 16 years after cutting.

Harvesting Methods-Impact

Type of logging practices can alter the production trends after

cutting. The composition of the plant community within clearcuttings

can be influenced strongly by the amount of soil disturbance during

logging, by methods of slash disposal and by post-logging treatment

(Taber 1973). Where logging activities expose subsoil, herbage

production can be reduced to one-third the level that could be realized

if the soil surface is not greatly disturbed (Wood 1972). In a Pinus

ponderosa forest of northern Arizona, tree overstory reduction with

slash cleanup produced the greatest increase in herbaceous vegeta-

tion. Greatest losses in herbaceous production occurred on areas

where there were heavy slash accumulation (Arnold 1953).

Forest Grazing-Domestic Livestock

Timbered summer ranges provide an important part of the year-

long maintenance of livestock in eastern Oregon (Pickford and Reid

1948). One of the biggest problems in grazing forested areas is
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obtaining uniform utilization of forage species across different habitat

types (Miller 1974). Consequently, many of the grazing management

issues of today revolve around those factors which affect livestock

distribution.

Distribution Factors-Physical

Mackie (1970) found that areas receiving limited use by cattle

were generally characterized as having inadequate water or broken

topography with steep slopes and limited ridgetops. Where dispersal

area was limited in relation to good water sources, use by cattle was

low. Yearly differences in habitat use were related largely to pre-

cipitation and its influence on plant growth and water supplies. When

summer rains occurred additional water sources were provided and

more extensive movement resulted. Cooler temperatures also

resulted in better distribution. Morris and Schwartz (1957) found

spring or fall drought reduced the acreage of grassland used by cattle

during the spring, summer and fall.

Other researchers have noted that cattle distribution decreased

as steepness and roughness of slope increased in mountainous range

(Julander 1955; Julander and Jeffery 1964; Mueggler 1965). Julander

and Robinette (1950) found the greatest amount of cattle use on slopes

less than 30 percent. Patton (1969) found the heaviest concentration

of cow chips on areas with less than 15 percent slope.
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Cook (1969) studied 21 different parameters which he felt could

influence cattle distribution in mountainous terrain. Percent slope,

distance from water, thickness of brush and percent palatable species

were found to have the most influence. Miller (1974) correlated

percent utilization with eight variables and found distance to salt and

water, soil depth and canopy cover to be most highly correlated.

He felt that salt and water distance had a direct effect on use patterns

while soil depth and canopy cover indirectly affected forage

availability and amounts.

Mackie (1970) conducted an extensive study in Montana, one

part of which involved investigation of livestock use patterns. He

noted that slope, forage availability, water supplies and weather

conditions seemed to have the greatest influence on cattle distribution.

The areas of greatest cattle densities were major coulee bottoms

and upland areas associated with ridgetops, slight to moderate

slopes and well distributed water sources. He found no use on

slopes greater than 25 percent and maximum distance of use from

water was 0.75 miles with most of the grazing occurring within

one-quarter mile. Miller (1974) noted that although water was

within one-quarter mile, distance to the source, still had an

influence on use patterns.
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Distribution Factors-Vegetational

Cattle use within dense overstory canopies or thick brush areas

is usually limited and the range manager finds it difficult to obtain

moderate to heavy use in the areas (Julander and Jeffery 1964; Hedrick

et al. 1968). Hedrick et al. (1968) reported difficulties obtaining even

use by cattle on available forage in forested and non-forested com-

munities. Animals preferred sites with low density of tree canopy

cover while light or no use occurred on heavily shaded areas.

Mc Ewen and Dietz (1965) attributed heavier grazing on meadow

vegetation, in comparison to available forage on forested sites, to

the lower palatability of shaded forage. Shaded plants have been

compared to sun plants as having lower percentage of nitrogen free

extract, lower production, higher percentage lignin and higher per-

centage of, protein (Vallentine and Young 1959; Halls and Epps 1969).

Hedrick et al. (1968) listed the following areas in order of decreasing

preference by cattle 1) open areas 2) edges of tree stands where they

seek shade and 3) areas with dense canopies. Reynolds (1962) found

cattle to prefer forest openings and forest borders.

Distribution Factors-Managerial

Many of the problems of livestock distribution can be related to

management (Julander 1955). Knowledge of the seasonal values of
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range types can be used to determine the best salting, riding, and

fencing practices that will promote the most efficient use of the range

(Pickford and Reid 19494. Management tools for improving livestock

distribution include fencing, water development, integration of logging

and grazing plans, reseeding, rotation grazing and riding (Arnold

1950; Harris 1954; Skov lin 1967; Hedrick et al. 1968). Young et al.

(1967) reported changes in management which resulted in improved

use of the mixed-coniferous forest were: 1) facilitating actions of

adequate fencing and water development 2) use of younger animals in

those areas 3) good salting and riding practices and 4) earlier grazing

of these areas to obtain better use of Calamagrostis rubescens and

associated high value leguminous forbs. Hedrick et al. (1968) noted

that livestock management practices which improve patterns of

forage use in areas of relatively steep topography fall into four main

categories 1) facilitating actions 2) selection of livestock 3) methods

of improved livestock distribution and 4) proper season of use.

It is important to consider forage use when designing logging

plans so that movements of grazing animals will not be unduly

restricted by blocked skid trails or slash accumulations (Young et al.

1967). Hedrick et al. (1968) recommended that when livestock produc-

tion is a major managerial objective, timber sale contracts should be

written so that trails are left clear, cull logs are positioned for better

access and slash or logging debris are removed. Proper management
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of logged areas will dramatically increase the quantity and quality of

forage since mature forests monopolize sunlight and soil nutrients

(Miller 1974).

Utilization is greatly influenced by the degree of accessibility of

forage (Edgerton 1971). Clary (1972) stated that slash should not

cover more than ten percent of the logged areas to allow for maximum

forage yields. Edgerton (1971) noted that slash not cleaned up can

affect cattle distribution. Plants growing along skid trails and in

open areas were heavily used, and those growing through slash or

adjacent to cull logs were lightly used. Access to a few small areas

of forage was completely blocked by slash and logs. Reynolds (1966)

supported these findings when he found cow chips to be more numerous

where slash was cleared.

Animal Performance

In northeastern Oregon, maximum steer gains were obtained at

the peak of plant growth when percent dry matter content was highest.

This was also the period when steers, which effectively utilized rough

and relatively inaccessible areas, were most effective in grazing the

range uniformly (Young et al. 1967). Forested areas were most

effectively used by steers, replacement heifers, dry cows and cows

with calves--in decreasing order. Skolvin (1962) found calves with

average starting weights of 275 pounds on July 1 to gain an average of
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2.1 pounds per day until September 15 when they were taken off sum-

mer range. In dry years cows and calves were unable to maintain

weights during the fall months of September and October.

Forest Grazing-Mule Deer

On forested game range, forage diversity is often the key to

habitat quality (Lay 1969; Zeedyk 1969). Forest vegetation has a con-

stantly changing value for wildlife because the vegetation is constantly

changing (Lyon 1966).

Knowledge concerning values of forested summer range to mule

deer is limited when compared to that of winter ranges. Julander et

al. (1961) stated that poor summer ranges may be responsible for

subtle reductions in deer herds--not through starvationbutbylowering

reproductive capacity of the herds. They placed emphasis on the need

for documentation of summer range values for migratory deer herds.

Distribution Factors-Physical

In regions of diversified topography, the elevation, slope,

exposure, and surface formation in addition to vegetative cover are

factors which influence deer usage of certain habitats (Hos ley 1956).

Loveless (1967) found high densities of deer on upper slopes having

heavy shrub cover. Julander and Robinette (1950) found the heaviest

deer use on steep slopes of 30 percent or more. Mackie (1970)
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observed most deer on slopes between 11 and 43 degrees.

Most of the differences in game animal use relative to topography

have been associated with vegetation differences (Reynolds 1962b,

1964; Patton 1969). Clary and Larson (1971) reported little direct

influence of topography on distribution of southwestern deer populations.

Distribution Factors-Vegetational

Deer activity and distribution within the vegetation matrix are

modified by food supply and availability, microclimate, seasonal

phenology, population density-, land form orientation and shape and

other environmental factors (Loveless 1967). Miller (1974) noted

that phenology and site conditions, as they affect forage availability,

appeared to be important factors in forage intake by big game. Nellis

(1969) and Edgerton (1971) reported similar findings. Leckenby

(1968) stated that food preference, forage availability and weather

seem to have been determinants of preference for the phytosocio -

logical units he studied. Mackie (1970) could not find significant

changes in deer use patterns during dry years.

Mule deer food preferences and the quality and quantity of avail-

able forage appear to be primary factors influencing local and

seasonal movements within home ranges (Mackie 1970; Skovlin 1967).

Loveless (1967) showed that deer preferred areas which had forage

available alone or in conjunction with cover. In those areas where
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food was sparse or was unavailable, deer use was limited irrespective

of cover characteristics.

Factors affecting animal preference or selectivity for forage

also plays an important role in habitat use by herbivores (Miller

1974). Krueger (1972) stated that animal preferences for any plant

was dependant upon season of use, ecotypic variation, animal function,

changes in plant community structure and many other environmental

characteristics.

Klebenow (1965) found that mule deer do not utilize browse as

heavily in areas of high tree densities as they do in more open areas

although forage may be present in the former types. Miller (1974)

reported similar findings. However, Mackie (1970) reported that

deer consistantly preferred the forested areas over grassland

openings. This was based upon pellet group densities. Caution must

be exercised in interpreting deer use based upon pellet group density.

Miller (1974) stated that although pellet group techniques may estimate

time spent by animals in each community, they can easily under-

estimate forage value of some plant communities. He found where

forage potentials and utilization were high, pellet group densities were

low.

Distribution Factors-Timber Management

Clearcutting has been considered one of the best ways to

improve deer habitat. Beyond the knowledge that clearcutting should
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produce good habitat, very little is known about the influences of

forest practices on deer ecology. Much is assumed, but few facts

are available to back-up the assumptions (Crouch 1969). Edgerton's

(1972) study confirmed that clearcuts can benefit wildlife but

additional studies are needed to determine optimum size, shape and

distribution of cutting units.

Deer populations in western Oregon are in direct proportion to

the amount of land logged within the previous 15 years (Harper 1953).

The increase in patch cutting of Douglas-fir stands which began in the

mid-1940's coincides with an estimated four-fold increase in deer

populations (Hansen and Smith 1970). Leopold (1950) said that plant

succession can be manipulated to benefit deer by rotation cutting

since deer are considered seral animal species.

The abundance and variety of forage available in a clearcut

make these areas very attractive to deer (Reynolds 1962c, 1966;

Edgerton 1972). Edgerton (1972) expressed the need to understand

the stage of plant development where clearcuts are no longer attrac-

tive to big game. Taber (1973) pointed out several factors affecting

forest vegetation response to logging including 1) deer population

density before tree cutting 2) deer population density after cutting 3)

the sequence of annual production of forage as secondary plant

succession proceeds 4) the rate of increase of the deer population and

5) the particular silvicultural practice applied to the site.
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Porter (1959) reported a decrease in herd size for two years

after logging of a sub-alpine forest in Colorado. However, Wallmo

(1969) found approximately a two-fold increase in deer use in the same

area 10 years later as compared to an adjacent non-logged watershed.

He felt that the deep tangle of residual slash and, possibly, the dis-

turbance from logging operations were responsible for Porter's (1959)

findings. Wallmols (1969) study revealed that the logged Pinus

contorta strips received three times more use than the non-logged strips.

Later Walimo et al. (1972) determined that deer obtained 63.3 per-

cent of their forage from cut strips, 27.4 percent from uncut strips

and 9. 3 percent from logging roads. They grazed 72 species in the

cut strips, 42 species in the uncut strips and 32 species on the logging

roads. Miller (1974) found that a mixed - conifer- clearcut that was

seeded to grass provided 66 percent of the forage consumed by big

game even though it made up less than 33 percent of the area studied.

The unlogged communities provided only eight percent of the forage

removed yet accounted for 41 percent of the area studies. Browse was

the main component of the big game diets in these unlogged communities.

Regelin et al. (1974) found that because of greater species

diversity and plant productivity and because deer spend more time

grazing in clearcut strips, they obtain over twice as much of their

dietary crude protein and digestable dry matter there. However, if

uncut areas have ample quantity and quality of forage, logging on some
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summer ranges may not necessarily produce larger deer populations.

The fact that logged areas are more heavily used by deer indicates,

however, that logging generally stimulates beneficial habitat changes.

Patton (1969) reported deer use increased 300 percent after

clearcutting a Pinus ponderosa forest in Arizona. Maximum develop-

ment of deer forage occurred six years after logging in northern

Arizona and declined to original levels in 15 years (Reynolds 1962b).

Hoover (1973) found deer use increased for 15 to 20 years after

logging. Browse was not affected by canopy closure as much as the

associated herbaceous species.

Edgerton (1972) has questioned the value to deer of extensive

partial cuts verses mosaics of clearcuts interspersed through uncut

timber. He found the clearcuts offered more preferred forage but

little cover while the adjacent uncut stand rated low as a producer of

preferred forage but provided excellent hiding cover. The partial cut

stands not only lacked the volume and variety of forage found in the

clearcuts but also the cover found in the uncut areas. The movement

to and into clearcut areas varies with animal species, individual home

range size, size of clearcuts and the years after cutting (Taber 1973).

Clary and Larson (1971) reported that deer were more reluctant to

move into clearcuts if slash had been removed from logged Pinus

ponderosa communities in Arizona. Slash burning has been shown to
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increase the diversity of plant species and create a more adequate

diet for deer (Komarek 1967). Clary (1972) offered a set of guidelines

for improving big game habitat in Pinus ponderosa forests of Arizona.

However, the guidelines are unique to the region and it is questionable

whether these guidelines apply to other regions.

Reynolds (1972) using pellet group densities indicated use of

natural Pinus ponderosa forest openings was greater 600 feet into the

clearing by deer than in the bordering forest. He claimed that the

most desirable size of openings for deer would be 24 acre squares or

strips no wider than 1200 feet. In an earlier study Reynolds (1962a)

noted deer pellet groups changed little up to a distance of 700 feet

from the forest edge. Small openings up to about 35 acres were used

equal to adjacent uncut areas. In a Picea spp. -Abies spp. habitat

deer seemed to prefer smaller openings of less than 20 acres

(Reynolds 1966).

Halls (1970) stated that although many wildlife biologists feel

30 to 40 acres would be optimum size for big game use, 50 to 100

acres would be more practical for multiple use purposes. A Wyoming

U.S. Forest Service study team (U.S. Forest Service 1971) suggested

that until research has been done, clearcuts should be no larger than

40 acres and no closer than 200 feet from existing openings.

Alexander (1972) felt that the size of openings does not appear

to be critical, but openings interspersed with standing old growth
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Pinus contorta were preferred for ruminating, resting and hiding. He

listed the following three alternatives to provide for this situation:

1) cut small irregular openings in the canopy about four to five times

as wide as the average tree height at periodic intervals to provide

food, cover and edge effect 2) cut one-sixth of a cutting block (each

block at least 300 acres) every 20 years to create openings four to

five times tree height and 3) extend the size of natural openings

(approximately 300 acres) and periodically harvest the remaining old

growth Pinus contorta stand with some form of partial cutting.

Reynolds et al. (1972) suggested that islands of pinyon-juniper

be at least 500 feet across, more than 25 acres in size and no more

than a half mile apart. Urness (1974) found full use by deer on 80

acre blocks of rootplowed chapparal. However, he recommended

that some intact areas be left on all exposures in reasonable

juxtaposition.

Distribution Factors-Food Habits

Edgerton and Smith (1971) found that deer in northeastern Oregon

fed mostly on grasslands and open forests where succulent forbs were

available. As forbs matured, deer shifted almost entirely to forested

habitat for food and cover. Availability of forage species was partially

dependent upon weather conditions. Forbs increased in the diet of
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southwestern mule deer as they moved from grasslands into forested

communities and browse consumption increased in the fall (Arnold

1950). A shift from a forb dominated diet to a browse diet generally

took place in late summer-early fall (Wilkins 1957; Julander et al.

1961; Mackie 1970). Maw et al, (1963) found a predominance of

Purshia tridentata and mushrooms in rumen contents of deer killed in

October in the Pinus contorta -pumice region of central Oregon.

Miller (1974) and Miller and Halls (1969) noted use of mushrooms

during the fall also. An excellent review of food habits of the Rocky

Mountain mule deer can be found in Kufield et al. (1973).

Distribution Factors-Animal Behavior

Physiological status of the animal has been shown to affect deer

use patterns. Reynolds (1974) noted that pregnant and lactating does

required a succulent diet and ready access to free water. Margins of

meadows and lakes were found to provide feed, water and excellent

cover for concealment and care of young fawns. Patton and Judd

(1970) also noted the dual cover-forage role of meadows and their

margins.

Deer distributional patterns may function not only to provide

protection from predators, and from heat and cold, but also satisfy

certain psychological requirements such as seclusion from members

of their own kind (Al lee et al. 1949).
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Because mature deer have well defined home ranges within

which they habitually move and which they seldom leave, they will

only become aware of a clearcutting that occurs within their home

range (Taber 1973). Taber and Dasmann (1956) supported this obser-

vation when they noted that increases in blacktailed deer populations

following burning of chapparral could be accounted for on the basis of

movement within home ranges. Mackie (1970) reported summer home

ranges of mature mule deer does to be 300 acres. Home ranges of

marked females were established the second summer and were

partially superimposed on those of parent females. Males did not

leave the family group until 16-20 months of age. The average group

size was generally four to six individuals. Patton (1969) noted that

uncut areas which had high pellet group densities were similar in

densities two years after logging.

Livestock-Mule Deer Relations

Competitive Relationships

Julander (1955) defined forage competition between deer and

livestock as lithe conflict for a limited supply of forage which begins

with the overuse of important forage species by grazing animals.

Factors which affect the degree of overlap of deer and cattle usually

include 1) natural forage preferences, 2) intensity of stocking, 3)



42

range conditions and forage composition, and 4) season of grazing

(Julander 1955; Cole 1958). Hedrick (1969) found that the degree of

competition between livestock and big game depends largely upon the

nature of forage involved, the dietary preferences of both livestock

and various species of big game, the intensity and the season of

grazing by livestock and the ability of the land manager to control or

improve distribution of grazing animals. Urness (1966) noted that the

factors affecting the extent to which deer and livestock utilize the

same areas were steepness of slope, roughness of topography, water

supply, forage composition and management practices.

Mackie (1970) found that although overlap between areas of

intensive cattle grazing and high mule deer densities provided oppor-

tunities for interaction, food and range-use habits differed substan-

tially. Grass comprised the major portion of the cattle diets whereas,

browse and forbs were the most important foods of mule deer. He

concluded that the potential for competition between mule deer and

cattle was limited by broad differences in food and range-use habits.

Greatest competitive situations occurred in the early spring or in the

late summer-early fall period. Little overlap occurred in early and

mid-summer, though some forbs were eaten occasionally by cattle and

deer on certain sites. In late summer, overlap increased on browse

when Chrysothamnus nauseosus, important as deer forage, was

moderately eaten by cattle. Mackie further stated that cattle
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utilization may have increased its palatability for deer because of the

deers preference for clipped stems.

Although Skov lin et al. (1968) and Edgerton (1971) showed that

cattle and big game utilized many of the same plant species in the

Blue Mountains of Oregon, the total use did not reach detrimental

levels on any of the forage plants. Miller (1974) observed that deer

moved to adjacent areas when cattle came onto pasture or range.

However, Skov lin. and Harris (1970) showed that increased stocking

intensities of cattle had no significant effect on deer use. Deer often

utilized large areas inaccessible to cattle due to topography or lack

of water (Julander 1958).

Range condition may influence the amount of overlap in diets of

wild ungulates and livestock (Stoddart and Smith 1955). Edgerton and

Smith (1971) found competition on an overstocked cattle range was

most likely to occur in the open forest during summer and fall when

both cattle and deer were using the same habitat. On depleted over-

stocked range in Utah, plant species making up 92 percent of the cattle

diet accounted for 99 percent of the deer diet (Julander 1955). On good

condition aspen-browse sites moderately populated with deer and

stocked with cattle, species that made up 100 percent of the cattle

diet composed 10 percent of the deer diet. On fair to good condition

mixed-coniferous forest with available clear cuts, 91 percent of the

species in the cattle diet made up 47 percent of the big game diet
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(Miller 1974). Theilenus and Hungerford (1967) found that cattle

utilized browse as a major portion of their diet on ranges containing

insufficient forage.

Complementary Relationships

Benefits can be derived from livestock grazing vegetation which

is competitive to shrubs. Grazing of herbaceous vegetation associated

with Purshia tridentata has been shown to increase leader length

(Hubbard and Sanderson 1961). Smith (1949) found that on properly

stocked ranges, browse was in healthier condition than on areas where

livestock were excluded. Smith and Doell (1968) clipped herbaceous

vegetation during the growing season and significantly increased yields

of Purshia tridentata and demonstrated that cattle grazing before

July caused little competition for forage with big game on winter range

in Utah. Jensen et al. (1972) found sheep browsing of Purshia

tridentata increased twig production. Hedrick et al. (1971) noted that

light browsing by cattle in the spring and early summer maintained

browse in an available form for deer. Such findings suggest that

vegetation may be manipulated by controlling livestock use to main-

tain or increase forage production of desirable shrubs (Garrison 1953;

Ferguson and Basile 1968; Jensen et al. 1972).

Although preferences for forage were similar, sheep grazing

could be considered beneficial to deer management in California



45

Adenostoma fasciculatum-chaparral. Sheep grazing helped suppress

rapid growth of sprouts thereby prolonging availability of deer browse

(Biswell et al. 1952). Cattle grazing may be essential to keep growth

of browse from getting out of reach on logged areas grazed lightly by

big game in the first few years after timber harvesting (Hedrick et

al. 1968).
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METHODS OF STUDY

Selection of Study Area

The criteria used in selecting areas for this study were that both

livestock (cattle or sheep) and mule deer were utilizing the area and

that logged and non-logged Pico/Putr/Stoc h. t. were associated

within a half mile radius of meadow communities (Figure 4). Although

seven of the eleven Pinus contorta-pumice communities described by

Vol land (1974) were present in the study areas, only the Pico/Putr/

Stoc h. t. and meadow communities were intensively studied. The

meadow communities, although limited in acreage, were determined

to be centers of grazing activity and the Pico/Putr/Stoc h. t. was the

most extensive.

Two areas for replication were selected for the meadow, logged

and non-logged communities in the Fremont National Forest and were

designated ifEASTIT and TIWESTit (Figure 5). Most of the Pinus

contorta has been logged within a basin which extends approximately

10 miles north from Bear Butte. The southern portion of this basin

was studied because of the presence of an uncut section (section 16)

that could be compared with adjacent logged areas. Also, water

distribution was more uniform in this area. The area was cut in

1971 and the slash was not treated during the course of this study
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Figure 4. Sites replicated in this study; a) meadow community b) non-
logged Pico/Putr/Stoc h. t. c) logged Pico/iPutr/Stoc h. t.
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leaving heavy accumulations throughout the area. Twenty-five head of

cattle (17 cows and 8 calves) and an undetermined number of mule

deer grazed in the area.

The two Winema National Forest replications were designated

ItOCONNORH and 11BARTLEYIT for the meadow, logged and non-logged

sites (Figure 6). There was a series of clearcut strips located on the

east side of the road which follows flOCONNORtf meadow. Each strip

was three chains wide with a non-logged strip seven chains wide

inbetween. Cutting units number six (OCONNOR) and number 14

(BARTLEY) were chosen for study. The areas were logged in 1969

and slash was piled and burned in 1970. These areas were grazed by

1,500 head of sheep, which were trailed through the area, and by

mule deer.

Production and Utilization of Herbaceous Vegetation

All 12 sites were sampled (EAST log, WEST log, OCONNOR log,

BARTLEY log, EAST non-log, WEST non-log, OCONNOR non-log,

BARTLEY non-log, EAST meadow, WEST meadow, OCONNOR meadow

and BARTLEY meadow). A single one-acre livestock exclosure was

placed in representative portions of each of the 12 sites. Utilization

of herbaceous vegetation was calculated by the ocular weight estimate

method (Pechanec and Pickford 1937). Samples were taken from

forty 2.4 square foot, circular plots in the meadows and forty 9.6
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square foot, circular plots in the logged and non-logged sites. The

plots were randomly located in each site. Twenty of these plots were

placed in each one-acre livestock exclosures to determine percent

utilization of herbaceous vegetation by mule deer. The remaining 20

plots were situated outside each exclosure to determine percent

utilization by both deer and cattle or deer and sheep depending on the

site sampled. Percent utilization of current annual growth for each

species was estimated separately.

Sampling for deer utilization was conducted four times each

season. The first sampling was taken after the deer had set up their

summer residency and prior to the time livestock entered the area

(Late June). The next sampling period was after the cattle had entered

and adjusted to the area (late July and early August). Samples were

collected again 10 weeks after the cattle had entered the area (mid-

September). The fourth sampling period was after cattle had been

removed to provide a measure of deer use prior to winter migration

(late October). Cattle utilization was measured in conjunction with

deer utilization after cattle had entered the allotment. Utilization

data for sheep were obtained once each season for each site. This was

done because the sheep were trailed through the area only once. The

sheep utilized the different sites between mid-July and early August.

They were trailed through the area without special instructions con-

cerning length of stay in an area or methods of trailing to more closely

approximate normal sheep grazing patterns.
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Eleven randomly placed 2.4 square foot, circular plots were

used to determine production on each of the meadow sites. These

plots were located inside a cage with a six inch buffer around each

plot. All species were clipped and weighed separately. Sampling of

production in the logged and non-logged sites involved random selec-

tion of locations until eleven 9. 6 square foot circular cages were

established with vegetation in them. The number of incidences without

vegetation was recorded for later analysis. Samples of each plant

species were collected and oven dried at 60° C for 48 hours, to con-

vert measurements to dry weight. The cages were relocated each

year. Production of herbaceous vegetation was determined in the

second week of July of both years after most plants had attained

peak production.

Purshia tridentata Production and Utilization

Since Purshia tridentata was the major browse species in the

study areas, utilization and available production of this shrub were

measured in the logged and non-logged sites. Forty randomly selected

shrubs were used to determine utilization. Twenty shrubs located in

the livestock exclosures were used to check mule deer utilization and

twenty were selected outside the exclosures to determine sheep or

cattle utilization. The intervals for measuring utilization were the

same as those of the herbaceous vegetation.
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Production of Purshia tridentata was determined by clipping

those plants which were in the 11 randomly selected 9.6 square foot

circular cages. Three twig classes designated terminal, lateral and

spur (secondary leaders less than one centimeter) were used to

measure Purshia tridentata production and utilization (Figure 7).

Production of Purshia tridentata was determined in the second week

of September both years.

The percentage of current years growth utilized was determined

by measuring the average leader length of the terminal and lateral

leaders in an adjacent protected area at the time of sampling. One

branch from twenty randomly selected Purshia tridentata shrubs was

selectively clipped and the terminal and lateral leaders were measured,

weighed (oven dried at 60° C for 48 hours) and recorded. The leader

length determinations were stratified into Winema and Fremont sites

due to possible growth condition differences.

After the average leader length had been determined for the

Winema and Fremont sites, the shrubs were randomly sampled for

utilization. Each shrub sampled was mentally divided into quarters.

The quarter used for measurement was selected randomly to avoid

bias due to visual recognition of utilized portions of the shrub. Each

cropped terminal and lateral leader was measured. The number of

cropped and uncropped terminal and lateral leaders were counted

within the quartered shrub. The following formula was used to deter-

mine percent utilization of each leader or twig class.
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Figure 7. Three twig classes of Purshia tridentata which were used
in production and utilization measurements.



% utilization =

average length of
the cropped leaders (cm)
average leader length (cm)
at period sampled

% leaders = # leaders cropped
cropped # leaders # leaders

cropped uncropped

X % leaders
cropped

X 100
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These measurements were converted into pounds dry weight utilized

per acre. (Percent utilization x pounds dry matter produced per acre

= pounds dry weight utilized per acre).

Purshia tridentata Shrub Density

Purshia tridentata shrub density was determined during the 1974

sampling season for each of the logged and non-logged sites using

eight, 150 X 4.4 foot belt transects. The transects were randomly

located inside and outside of the livestock exclosures. Shrubs were

classified into three groups based on height and were designated: 1)

greater than 40 centimeters, 2) 20-40 centimeters and 3) less than

20 centimeters (Figure 8). Those that were dead were also recorded.

Germinated Purshia tridentata Cache Density

The density of germinated Purshia tridentata caches were

counted on the same transects used for measuring shrub density.

Sampling took place in the 1974 season only since no significant
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Figure 8. The three height classes of Purshia tridentata used in
density determinations 1) less than 20 cm 2) 20-40 cm and
3) greater than 40 cm.
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number of caches germinated in 1973. Differences in cutting patterns

as they affected cache germination were analyzed.

Pinus contorta Canopy Cover

Canopy cover of the tree over story was measured on the logged

and non-logged sites with a Type C forest densiom.eter (Lemm.on1956).

Readings were taken at a 45 degree angle 25 steps from each corner

post of the livestock exclosures. This constituted four readings per

site.

Pinus contorta Stems Per Acre

Number of tree stems greater than two inches in diameter were

counted on the eight 150 X 4.4 foot belt transects located on each of

the logged and non-logged sites. These values were converted to

trees per acre by multiplying the number of trees within each transect

by 66.

Diet and Relative Preference Index

The percentage of each plant species in the diet and relative

preference index (RPI) for each species were calculated for mule deer,

sheep and cattle. Diets were determined from measurements of deer,

sheep and cattle utilization as outlined by Laycock et al. (1972):



% diet = 100 X % utilization X % composition
E (% utilization X % composition)

58

Animal preference for each plant species was evaluated with a

relative preference index (Krueger 1972):

RPI = % diet
% composition

This was a ratio between percent composition of a plant in the animal's

diet to percent composition of the plant on the site.

Meadow Habitat Type Determinations

The north end of OCONNOR meadow was observed to contain

more than one plant community. Frequency was determined for each

species in mid-July using three replications with ten, 1.2 square foot,

circular plots per replication. Only least-distributed portions of

homogeneous areas within OCONNOR meadow were sampled.

Frequency data were arranged into an association table in order to

evaluate community structure.

Statistical Analysis

Five statistical methods were used to interpret those sets of

data suitable for statistical analysis. They were analysis of variance

(completely randomized design), t-test, linear regression, factorial

analysis and Duncan's test.
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Analysis of variance and Duncants new multiple range test (Steel

and Torrie, 1960) were used to determine differences among sets of

data on the 95 percent confidence level. Total production on the

meadows, density of Purshia tridentata within logged and non-logged

sites, density of germinated rodent caches of Purshia tridentata and

stems per acre and canopy cover of Pinus contorta within logged and

non-logged sites were examined with analysis of variance (completely

random design) and Duncan's test.

The student's t-test was used to evaluate sheep utilization on

Purshia tridentata between logged and non-logged sites and density

differences of bitterbrush between logged and non-logged sites.

A five-factor factorial analysis was used to determine the

differences in deer utilization in the two main study areas. Utilization

in logged and non-logged sites were analyzed along with the influence

of year, period of grazing, leader utilized and replication of site.

Linear regression was used to correlate the density of germina-

ted rodent caches (Purshia tridentata) with the following vegetative

parameters within each site: percent canopy cover of Pinus contorta

stems per acre of Pinus contorta, density of Purshia tridentata plants

> 40 cm in height, density of Purshia tridentata plants 20-40 cm in

height, density of Purshia tridentata plants < 20 cm in height and total

density of Purshia tridentata plants. The density of the three Purshia



60

tridentata height classes within each site were also correlated with

production on that site.

Because of the large numbers of zeros in the data, statistical

analysis was not attempted on production data within the Pico/Putr/

Stoc h. t. Also, percent composition in the diet and relative pre-

ference values were not statistically analyzed, since cattle did not

utilize the non-logged sites, statistical analysis was not needed.



61

RESULTS AND DISCUSSION

Weather Variation Between Years

Figure 9 gives a comparison between monthly precipitation for

both years and the 30 year average for the Chemult station. The data

were presented on an October to September basis in order to give an

idea of the amount of precipitation received prior to and during the

growing season. The 1972-1973 season was generally below average

for most months. The Chemult station reported an annual precipitation

of 18 percent less than the 30 year average for the 1972-1973 period.

There was 42 percent more precipitation recorded at the Chemult

station for the 1973-1974 season as compared to the 30 year average.

However, no precipitation was recorded in August and September for

1974, This corresponds to the period of active growth in Purshia

tridentata and will be discussed in the section concerning environ-

mental influences on growth rates of Purshia tridentata leaders.

The Meadows

Proposed Meadow Habitat Types

The north end of OCONNOR meadow was found to be in a near-

climax condition. An old crossfence prevented livestock from grazing

this area during the period when overgrazing was prevalent. The
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station based on an October to September year.
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area continues to be lightly grazed by various wildlife species. In

addition to the crossfence in the meadow, windthrown timber was

prevalent around the meadow margins creating access problems for

both sheep and cattle which occasionally grazed the area in the past.

Because of the above conditions, it was felt that the north end

of OCONNOR meadow would provide an unique opportunity for the

determination of potential habitat types. Habitat type as used in this

study is defined as all the area that now supports, or within recent

time has supported, and presumably is still capable of supporting one

plant association (Daubenmire 1968). Although designation of habitat

types require confirmation on at least two stands, it was felt that the

OCONNOR meadow provided the best representation of near-climax

stands of meadow vegetation. Since environmental features of these

plant communities were not adequately studied, designation of habitat

types beyond a proposed status was not possible. Successional

structure of other meadows in various stages of disturbance provided

additional supportive evidence for these proposed habitat types.

Frequency data provided the basis for determination of four

proposed meadow habitat types: Carex aquatilis/Hordeum brachyan-

therum, De schampsia caespitosa/Carex aquatilis, Deschampsia

caespitosa/Carex microptera-C. athrostachya and Deschampsia

caespitosa/Carex microptera (Table 2). Species assumed to be

dominant in climax were designated in the blocks and were used in the



Table 2. Association table showing proposed OCONNOR meadow habitat types and their associated
species (values represent percent frequency of species using a 1. 2 ft2 plot).

a
Species

Deca/Cami Deca/Cami-Caar Deca/Caaq Caaq/Hobr

Transect

1 2 3 1 2 3 1 2 3 1 2 3

Grasses
Deca 100 100 100 100 100 100 100 100 100 40 50 40
Muri 100 90 90 30 30
Daca 90 80 90 50 10 40 30 40
Abal 20 20 10
Agca 10 50 50 40 30 30 20 30 30
Pocu 10 20 20
Popr 20 20 60 50 50
Kocr 10 10
Stoc 10 -
Hobr 10 90 80 80
Phal 10
Poal 10

Grass likes
Cami 100 100 100 100 100 100 70 90 80 90 80 80
June 100 80 100 40 80 70 100 100 100 100 100 100
Caaq 40 10 10 100 100 100 100 100 100
Caat 30 40 40



Table 2. Continued.

Speciesa

Deca/Cami Deca/Cami-Caar Deca/Caaq Caaq /Hobr

Transect

1 2 3 1 2 3 1 2 1 2 3

Forbs
Trio 100 100 100 100 100 100 100 100 100 100 100 100
Raal 100 100 100 70 100 100 80 90 90 70 70 80
Minu 80 40 60 20 10 20 40 50 40
Pogr 30 10 60 50 50 60 50 50
Asca 10 10 30 10 30 30 20 30
Arch 10 30 30 30
Pobi 90 70 80 30 30 40
Orhi 30 20 20
Acmi 50 20 10 50 40 40
Rupa 20 30 40
Copa 10 20
Pepr 30 10 20

a Plant symbols and names follow Garrison and Poulton (1967) and Hitchcock and
Cronquist (1973).
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naming of the proposed habitat type. Figure 10 depicts the possible

relationships of the potential meadow habitat types as affected by

stability of the water table, thickness and horizon characteristics of

the soil and depth to bedrock. Two additional sites are shown in this

figure as potential habitat types (Poa cusickii/Carex microptera and

Carex rostrata). Plant communities on these sites were either too

highly disturbed or received only limited sampling consequently, their

climax status was not well enough defined to assign habitat type names

beyond a proposed status. The more common Pinus contorta habitat

types which lie adjacent to these meadows are also diagramed.

Carex aquatilisniordeurn brachyantherum
Habitat Type (Proposed)

Carex aquatilis was a strong dominant and gave the appearance

of a pure stand of vegetation. Hordeum brachyantherum had a high

frequency but was found growing inconspicuously among Carex

aquatilis. This habitat type occupied areas where the water table

remained high during the growing season. Generally the soil was

deep. Intermittent and perennial streams or standing water was

associated with the occurence of this habitat type. Species diversity

was low and grazing values appeared moderate due to low preference

for these areas by cattle and especially by sheep. Cattle were more

prone to utilize this habitat type after grasses in associated habitat
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types had shattered seed. Forage values to deer appeared low due

to the small number of forbs present on the site. Arnica chamissonis

var. incana appeared to be a potential increaser problem in areas

where heavy concentrations of livestock and subsequent overgrazing

occurred. Cattle would not utilize this species but sheep occasionally

utilized the flower heads.

Deschampsia caespitosa/Carex aquatilis
Habitat Type (Proposed)

On this habitat type Carex aquatilis became a subordinate to

Deschampsia caespitosa. The abundance of Carex aquatilis was

related to site factors which affected soil water conditions. This

habitat type gave the appearance of an ecotone between the proposed

Carex aquatilis/Hordeum brachyantherum h. t. and the proposed

Deschampsia caespitosa/Carex microptera-Carex athrostachya h. t.

(discussed in the following section).

Close examination of the association table (Table 2) revealed

that the occurrence of certain important forb species such as

Polygonum bistortoides and Penstemon procerus along with the near-

absence of Muhlenbergia richardsonis suggested this to be a separate

habitat type. Although forb production was lower in this habitat type

than the proposed Deca/Cami-Caat h. t. , its forage value to deer was

moderate due to the presence of more preferred forage species such
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as Polygonum bistortoides and Penstemon procerus. However this

habitat type had a high forage value to livestock. Carex aquatilis will

remain a strong dominant in the stand under moderate to heavy

grazing. Deschampsia caespitosa decreased under heavy grazing

while Danthonia californica, Agropyron caninum. and Poa pratensis

increased. As grazing pressure increased Ranunculus alismaefolius

and Aster campestris also increased.

Deschampsia caespitosa/'Carex microptera-
Carex athrostachya Habitat Type (Proposed)

Deschampsia caespitosa remained a community dominant and

Carex aquatilis was conspicuously missing. Carex microptera was a

strong codominant species in the stand. Carex athrostachya had

frequencies of 30 to 40 percent but was found to be unique to these

sites. Therefore it was used as one of the habitat type designators.

This habitat type was the most me sic of all habitat types in the

meadows. The soils were relatively deep and the water table was

such that good soil water and aeriation conditions were maintained

throughout the growing season. The greatest potential for livestock

and deer forage production existed in this habitat type due to diversity

of vegetation. Poa cusickii, an increaser species, was found only on

this habitat type in OCONNOR meadow.
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Gopher activity appeared to be much more prevalent on this

habitat type than all other habitat types. The proposed Deschampsia

caespitosa/Carex aquatilis h. t. showed some gopher activity also.

Deschampsia caespitos / Carex microptera
Habitat Type (Proposed

Depressioned areas in the meadows which received overland

flow of water during snow melt characterized conditions in which this

habitat type was found. The flooding which occurred in the early

spring, coupled with thinner soils which resulted in faster drying of

the site caused a set of conditions which limited species diversity in

the stand. Carex athrostachya was absent and Muhlenbergia

richardsonis was the major associated species. Agrostis alba was

found only on this site and Polygonum bistortoides was more prevalent

than on the proposed Deschampsia caespitosa/Carex aquatilis h. t.

Although moisture conditions throughout most of the growing

season appeared limiting to Carex aquatilis, the spring flooding

apparently provided adequate moisture for growth and survival of this

species. It did, however, appear much more stunted in growth than

on other habitat types where it occurred.

Productivity and species diversity in this habitat type were

lower than on other habitat types. As grazing pressure increased

Danthonia californica and Muhlenbergia richardsonis became the
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strong community dominants. The forage value of this habitat type

for domestic livestock appeared to be moderate due to low productivity

and diversity, particularly of the grass species. Forage values were

moderate to deer due to the presence of more preferred forb species.

Carex rostrata Habitat Type (Proposed)

Due to the small acreage occupied by this community and

because it was located in standing water this proposed habitat type was

not sampled. Carex rostrata appeared to dominate these areas and

consequently it was assigned as the proposed habitat type designator.

Poa cusickii/Carex microptera
Habitat Type (Proposed)

Dry meadow areas were typically characterized by high

frequency of Poa cusickii. Generally, the water table was very

unstable with poor recharge into the meadow. Soils were more poorly

developed with shallow bedrock. Production was moderate compared

to the previously mentioned habitat types. Species diversity was high

with a large variety of species from all major vegetational classes.

Table 3 gives the frequency data at peak production in all meadows

studied. The WEST and EAST meadows represented seral stages of

the proposed Poa cusickii/Carex microptera habitat type as evidenced

by Potentilla gracilis, Achillea millefolium and other increaser

species.



Table 3. Frequency data (second week in July) for all four meadow locations (1973 and 1974).

BARTLEY

a/o Frequency

EAST OC ONNORWEST

Species 1973 1974 1973 1974 1973 1974 1973 1974

Grasses
Daca 81 100 96 90 75 72 84 72
Pocu 81 90 72 100 90 90 51 18
Muri 54 100 54 100 69 63 60 72
Kocr 9 35 18 24 9 21 9
Popr 36 27 9 54 18
Stoc 15 63 21 63 21 36 9
Agca 96 100 9 18 27
Posa 6 54
Agal 9 36 27
Caru 9
Hobr 9 18
Deca 90 100
Aica
Phal 9

Grasslikes
Cami 66 90 72 90 90 90 96 100
June 81 90 72 81 84 81 60 90
Caaq 9 9 36
Caat 27
Cafi 27 6 27



Table 3. Continued.

BARTLEY

% Frequency

EAST ()CONNORWEST

Species 1973 1974 1973 1974 1973 1974 1973 1974

Forbs
Tr lo 100 100 90 100 96 100 96 90
Raal 100 90 93 90 100 100 96 100
Pogr 72 81 69 72 75 81 54 72
Acmi 84 100 69 72 66 63 45 45
Minu 15 18 36 18 69 36 75 63
Asca 39 27 36 72 51 90 18 27
Pobi 45 45 9 63 9 63 39 45
Pepr 9 18 6 9
Taof 6 63 30 45 24 54 6
Rupa 6 18 9 54 9
Phmu 9 36
Epmi 27 45
Coti 30 18 6
Copa 15 9
Dear 15 63 54 45 9 27
Sior 21 53 24 36 15 27
Deme 15 27
Hahi 9 30 36 24 18
Lotr 9 36 54
Raoc 9
Oebr 9 9



Table 3. Continued.

BARTLEY

% Frequency

EAST OCONNORWEST

Species 1973 1974 1973 1974 1973 1974 1973 1974

Forbes (continued)
Mia l 90 81
Migr 54 72 15 18
Or hi 63 18
Heca 9 18
Arch
Ange 9
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Two unique seral communities were noted on this habitat type.

Poa pratensis dominated those areas where overland flow from

adjacent forested sites was concentrated onto certain portions of the

meadow and Carex filifolia dominated those areas where soil develop-

ment was poor due to erosion of the more fertile Al horizon.

Elevated areas in eroded sites also had a dominance of Carex filifolia.

Forage values to domestic livestock were only moderate due to

low production but was high to deer due to high species diversity.

Meadow Production

Production on a habitat type basis was not possible in the meadow

areas since they were not characterized until late in the study. An

analysis of specific location of the habitat types showed that most

production data was taken on the drier proposed habitat types.

Total productivity of the meadows depended primarily upon the

depth of the soil and stability of the water table during the growing

season. Table 4 gives the total production values for the four meadow

locations studied. As mentioned previously, 1973 was an unseasonably

dry year with production varying from 879 to 2602 pounds per acre.

The unseasonably wet year (1974) had a narrower range of values

(2389 to 3295 pounds per acre).
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Table 4. Total production of the four meadows studied (1973 and 1974).

Pounds per Acre
1973 1974

Meadow Unseasonably Dry Unseasonably Wet Increase

EAST 879a1 2389a b 172

WEST 1020a 2048a 101

OCONNOR 1486b 2969bc 99

BARTLEY 2602c 3295c 27

Those values with the same letter within each year indicate no
significant difference at the 95% level.

Yearly fluctuations in herbage production also depended on the

degree of soil development, depth to bedrock and stability of the water

table during the growing season. Production on areas with greater

soil depth and stable water tables fluctuated the least. The greatest

increases in production between years occurred in the EAST and WEST

meadows. The more than doubled response resulted from greater

recharge of water into the meadow over a longer period of the growing

season. OCONNOR meadow responded in a similar fashion; however,

deeper soils accounted for the response on this meadow. BARTLEY

was able to maintain a higher amount of production in the dry year due

to the rapid recharge of the water table. Observations on a small

pond in BARTLEY meadow revealed that standing water was maintained

in the pond throughout the year while ponds in other meadows had dried.
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Tables 5 and 6 give a complete coverage of production and composition

by species and by year for the four meadow locations studied.

Composition and production by location for the major vegetative

classes showed considerable change between years (Table 7). Grass

production more than doubled except on BARTLEY meadow where

moisture was less limiting. Analysis of changes in percent com-

position and production revealed that grasslike species accounted for

the greatest response to yearly moisture fluctuations. Forbs were

lower in composition when moisture conditions were better and gave

only a minimal response to increased moisture in those meadows with

good soil development and/or stable water tables. The forbs in the

shallower and drier EAST and WEST meadows gave a much greater

response to improved moisture conditions in 1974.

Although the availability of forbs extend over a longer period of

time in wet years, grasses and grasslike species appeared to better

utilize the improved moisture conditions associated with wet years.

This would help explain the observed reduced diversity and abundance

of forbs in the later stages of succession.

The peak production periods were from July 5 to July 15 depen-

ding on the moisture conditions prior to and during the growing season.

There were approximately two more weeks of green forage available

on the meadows in the wet year.



Table 5. Production and composition of species found in the meadow communities (1973).

Species

BART LEY WEST EAST

lbs/A % comp. lbs /A % comp. lbs /A % comp.

OC ONNOR

lbs /A 0/0 comp.

Perennial Grasses
Daca 262. 8 10. 0 190.9 18. 8 44. 0 5. 0 208. 4 13. 6
Pocu 207.3 7.9 138. 5 13.6 233. 5 26. 5 104. 7 6.8
Muri 211.9 8. 2 32. 0 3. 1 8. 8 1.0 10. 8 0.7
Kocr 9. 1 0.03 26.6 2.3 27. 5 3. 1 19. 1 1. 2
Popr 295.3 11. 4 29.5 2.9 t t t t
Stoc 59. 1 2.3 68.6 6.7 16. 5 1.9
Agca 510.5 19.7 26.5 3.0
Deca - - 676.4 43.9
Agal 17.7 0.7 -
Posa 17.2 0.7 4.9 0.5 -
Hobr t t

Total 1590.9 61.1 491.0 48.1 356.8 40.6 1019.4 68.6

Gras slikes

Cami 120.8 4.6 109.7 10.8 115.7 13.4 104.7 7.0
June 24.3 0.9 20.5 2.0 21.7 2.1 16.4 1.2
Caaq 2. 2 0. 1 - 23.3 1. 5
Cafi - t t t t

Total 147.3 5. 6 129. 2 12.8 136.4 15. 5 144. 4 9. 7



Table 5. Continued.

BARTLEY WEST EAST ()CONNOR

Species lbs/A 0/0 comp. lbs /A 0/0 comp. lbs /A 0/0 comp. lbs/A 0/0 comp.

Forbs
Trio 86.4 3.3 8.1 0.8 10.4 1.2 24.0 1.6
Raal 77.5 3.0 102.7 10.1 172.9 19.7 50.7 3.3
Pogr 200.5 7.8 44.5 4.4 28.9 3.3 51.4 3.3
Acmi 283.1 10.9 43.5 4.3 62.1 7.1 15.0 1.0
Minu 8.7 0.03 78.2 7.7 17.7 2.0 163.6 10.6
Asca 14.5 0.6 19.6 1.9 39.0 4.4 2.0 0.1
Taof 34.9 1.3 14.6 1.4 36.1 4.1 8.8 0.6
Pobi 23.0 0.9 4.0 0.4 2.0 0.2 3.3 0.2
Coti 3.5 0.1 t t t t t t
Phmu 0.1 0.01 0.3 0.02 t t 3.3 0.2
Pepr t t 4.9 0.5 t t t t
Migr 2.2 0.1 13.9 1.4 0.5 0.05
Cear 47.7 1.8 23.4 2.3 13.2 1.5 - -
Sior 69.4 2.6 21.9 2.2 1.0 0.1 - -
Hahi t t 6.4 0.6 1.5 0.2
Deme 7.2 0.3 11.4 1.1
Rupa 1.0 0.03 0.4 0.03 t t
Lotr t t 1.9 0.2 - -
Copa 0.6 0.02 - -
Epmi 0.1 0.01 - -
Raoc 3.8 0.1 - - - -

Total 864.2 33.3 399.7 39.1 384.3 43.9 322.1 21.7
Total 2602.4 1019.9 878.5 1485.9



Table 6. Production and composition of species found in the meadow communities (1974).

BARTLEY WEST EAST OC ONNOR

Species lbs/A % comp. lbs /A % comp. lbs/A comp. lbs/A % comp.

Grasses
Daca 350. 6 10.6 284.3 13.9 185.9 7. 8 250.4 8. 7
Pocu 595.9 18. 2 505.9 24. 7 542. 8 22. 7 121.4 4. 1
Muri 230.3 7.0 43.8 2. 1 28. 4 1.2 59.0 2. 0
Kocr 28.0 1.4 38.9 1.6 10.2 0. 5
Popr 84.4 2.6 79.6 3.9 20.0 0.7
Stoc 43.4 1.3 39.7 1.9 24.3 1.0 1. 3
Agca 670.3 20.3 1.6 0.1 11.9 0.5
Posa 22.7 1. 1
Agal 91.6 2.8 5.6 0.2
Hobr 4. 4
Deca 21.6 O. 9 1671.5 56.3
Phal 0. 9
Aica t t

Total 2071. 8 62.9 1005.6 49. 1 853.8 35.7 2140. 3 72. 5

Grasslike s
Cami 237.5 7.2 146.4 7.1 410.0 17.3 386. 3 13. 1
June 56.4 1.7 34.7 1.7 24.9 1.0 28. 1 0. 9
Caaq 9.8 0. 4
Caai 96. 8 3. 3
Cafi 89.3 4.4 89.4 3.7

Total 293.9 8.9 270.4 13. 2 534. 1 22.4 511. 2 17.3



Table 6. Continued.

BART LEY WEST EAST OC ONNOR

Species lbs/A % comp. lbs/A % comp. lbs/A % comp. lbs/A % comp.

Forbs
Trlo 79.1 2.3 38.8 1.9 60.3 2.5 49.1 1.8
Raal 119.0 3.7 121.3 6.3 142.2 6.0 91.2 3.2
Pogr 293.3 8.9 139.7 6.6 110.5 4.6 35.9 1.2
Acmi 184.7 5.7 84.6 4.1 165.7 6.9 23.0 0.8
Minu 6.0 0.2 25.4 1.2 8.5 0.4 32.5 1.1
Asca 16.5 0.5 37.1 1.8 255.7 10.7 6.8 0.2
Pobi 78.3 2.4 36.2 1.8 55.8 2.3 28.7 0.9
Coti 2.9 0.1 2.0 0.1 0.5 t
Pepr 2.8 0.1 1.3 t
Cear 40.3 1.2 61.6 3.0 51.7 2.2
Migr 31.7 1.5 8.5 0.4
Sior 63.1 1.9 5.5 0.3 29.5 1.2
Hahi 32.9 1.6 4.8 0.2
Lotr 1.7 t 13.8 0.7
Deme 7.6 0.2 9.6 0.5 2.1 0.1
Rupa 3.6 0.1 9.6 0.4 2.4 0.1
Epmi 7.3 0.2 3.5 0.1 25.0 0.8
Raoc 2.2 t 0.2 t
Mial 87.2 4.2 53.4 2.2
Taof 24.7 0.7 10.4 0.5 29.6 1.2
Oebr 1.9 t 1.1 0.1
Orhi 16.7 0.8 2.5 0.1



Table 6, Continued.

Species

BART LEY WEST EAST ()CONNOR

lbS /A % comp. lbSiA % comp. lbs /A % comp. lbs/A 0/0 comp.

Forbs (continued)
Heca 13.4 0. 7 3.7 0.2
Arch 4. 1 0. 1

Total 929. 3 28. 2 772. 2 37. 7 1000.7 41. 9 300. 5 10. 2

Total 3295.0 2048. 2 2388.6 2952. 0



Table 7. Percent change in composition and production of the major meadow vegetational classes
from the dry year to the wet year.

Site

% AComposition %E Production
Grasses Grass likes Forbs Grasses Grasslike s Forbs

BARTLEY 1.8 3.3 - 5.1 30 100 8

WEST 1.0 0.4 - 1.4 123 109 93

EAST -4.9 6.9 - 2.0 139 292 160

OC ONNOR 3. 9 7.6 -11.5 110 254 - 7
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Meadow Utilization

The diets of cattle, sheep and deer were found to vary depending

on moisture conditions prior to and during the growing season. Major

vegetational components in the diets of cattle, sheep and deer grazing

the meadows fluctuated yearly (Table 8). Deer maintained a near-

pure diet of forbs both years, whereas, grass and grasslikes

dominated the diet of cattle and sheep. The composition of forbs in

the diet of cattle and sheep fluctuated slightly, varying from 14.2 to

24.0 percent. Grass remained high in the diet of sheep with a slight

rise in grasslike species in the wet year. Cattle however had a more

drastic change in diet between years. Grasses dominated their diet

in the dry year while grasses and grasslikes were equal in com

position during the wet year. The shift to grasslikes in wet years

can be related to the increased productivity and composition of grass-

like plants noted in Table 7 of the previous section. Also, the RPI

values in Tables 9 and 10 for the grasslike species were greater than

two2 for both cattle and sheep during the wet year indicating the

increase composition of grasslike species in the diet was not only

a function of availability but also one of preference.

2 RPI values greater than two are assumed to be preferred
specie s.
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Table 8. Yearly fluctuations of meadow vegetational components in
the diets of cattle, sheep and deer (all sites combined).

Vegetational
% Diet

Cattle Sheep Deer
Class 1973 1974 1973 1974 1973 1974

Grasses 64.9 39.8 70.0 63.2 0.0 1.1

Grass likes 13.2 39.6 6.0 22.6 0.0 1.1

Forbs 21.9 20.6 24.0 14.2 100.0 97.8

Important Meadow Species in the Diet of Deer

Species which had high RPI values (Tables 9 and 10) and which

constituted 90 percent of the diet of deer were as follows:

Potentilla gracilis
Microseris nutans
Ranunculus alismaefolius
Polygonum bistortoides
Sidalcea oregana
Achillea millefolium

Minor dietary species which had high RPI values included: Penstemon

procerus, Lornatium triternatum, Microseris alpestris, Ranunculus

occidentalis and Delphinium menziesii. Grasses and grasslikes were

lightly utilized in the early portion of the grazing season during the

wet year.

The use patterns of deer on the meadows were closely related

to yearly differences in precipitation as it affected forage availability



86

Table 9. Percent utilization, percent diet and relative preference
index (RPI) for species in the meadow communities grazed
by cattle, sheep and deer in 1973.

% Utilization % Diet RPI

Cattle Sheep Deer Cattle Sheep Deer Cattle Sheep Deer

Grasses

Daca 3.5 17.7 - 14.6 12.8 1.2 1.1
Pocu 4.7 26.4 30.6 12.6 1.6 1.7
Muri - 0.3 0.1 - - -
Kocr 6.6 1.6 - 6.4 0.1 - 2.3 0.4
Popr 5.0 29.0 - 2.6 13.1 - * 1.8
Stoc 6.4 5.6 - 9.7 0.5 - 2.2 0.4
Agca 0.1 30.5 - 0.5 23.6 - 0.4 1.9
Deca - 6.6 - - 6.8 - 0.4
Agal 21.4 - 0.6 - - 1.4
Posa 5.7 - 0.5 - - 1.7
Hobr t - t - *

Caru

Grasslikes

Cami 3.2 16.7 - 12.8 5.8 1.1 1.1
June 1.2 3.6 0.9 0.2 0.4 0.2
Caaq 1.9 - t - -
Cafi 7.2 t

Forbs

Trlo 1.5 0.3 0.1
Raal 1.0 8.0 0.4 4.9 1.6 3.3 0.3 0.5 0.6
Pogr 0.4 5.7 6.9 0.5 2.2 53.6 0.1 0.4 9.9
Acmi 0.8 14.8 2.1 1.5 6.8 20.2 0.3 0.9 3.0
Minu 7.6 37.2 1.7 13.0 9.3 11.1 2.5 2.3 2.5
Taof 2.2 0.2 0.2
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Table 9. Continued

% Utilization % Diet RPI

Cattle Sheep Deer Cattle Sheep Deer Cattle Sheep Deer

Pobi - 0.1 4.6 0.1 3.6 1.0 7.2
Pepr - 1.0 - 0.1 - - 1.5
Cear 0.9 2.6 0.2 0.6 0.2 0.3 0.3 0.2 0.2
Sior 0.3 26.9 3.5 0.1 2,9 7.6 0.8 1.. 7 5.1
Deme 2.5 12.6 0.4 0.5 0.1 0.2 0.8 0.5 0.7
Raoc - 15.0 0.1 1.0 -

J.

a highly preferred species which had only trace composition in
the stand.
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Table 10. Percent utilization, percent diet and relative preference
index (RPI) for species in the meadow communities grazed
by cattle, sheep and deer in 1974.

% Utilization

Cattle Sheep

Grasses

Daca 5.7 27.2
Pocu 3.8 16.1
Muri 1.1 0.8
Kocr 8.0 10.0
Popr 16.3 9.52
Stoc 9.2 0,9
Agca NA** 1.2
De ca NA 10.3
Agal NA 0.2
Posa 2.7 -
Hobr NA 5.0

Grass likes

Cami 10.4 30.7
June 32.8 4.2
Cafi 8.0

Forbs

Trlo 4.2
Raal - 37.1
Pogr 1.5 1.6
Acmi 0.6 4.1
Minu 6.1 30.9
Mial 1.3
Taof - 10.0
Pobi 6.8
Pepr 10.4 -
Cear - 1.6

% Diet RPI

Deer Cattle Sheep Deer Cattle Sheep Deer

3.2
2.5

t
1.5
0.1
0.4
4.3
6.4

-

11.5 19.2 t 1.1 2.0
17.2 13.4 t 0.7 1.2
0.4 0.3 0.2 0.1
2.3 0.1 - 1.5 0.8
5.6 1.2 - 3.1 0.7
2.5 0.1 - 1.8 0.1

8.9 - 0.8
20.0 0.8

t - - -
0.3 - 0.5 -

t - 0.4

25.0 22.2 t 2.0 2.2
8.4 0.4 t 6.3 0.3 -
6. 2 - - 1.5

- 0.6 - - 0.3 -
9.1 35.9 - 2.7 8.1

1.6 0.6 33.7 0.3 0.1 6.2
0.6 1.0 0.7 0.1 0.3 0.2
0.9 1.4 2.6 1.2 2.1 3.8
0.8 - 0.4 0.3 - 3.5

0.3 0.6 - 0.7 1.0
0.9 20.2 - 0.5 10.9

0.1 - 0.9 2.2 17.0
0.1 - 0.1
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Table 10. Continued

% Utilization % Diet RPI

Cattle Sheep Deer Cattle Sheep Deer Cattle Sheep Deer

Sior 5.7 2.5 0.5 0.9 0.2 1.1 1.1 0.2 1.2
Deme - - 0.8 - - 0.4 - 1.9
Raoc - 5.5 3.6 - t 0.2 - 0.3 9.5
As ca 12.2 0.4 t 15.4 0.1 0.5 2.3 - -
Lotr 5.0 7.7 7.5 0.3 t 0.3 1.0 0.7 16.5
Rupa t 3.8 0.8 t t t - 0.3 0.5
Epmi - t - t - - 0.2
Caqu t - t t t * *

**

a highly preferred species which had only trace composition in
the stand.

these species were not available to the animal.
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and composition. Desirable forb species were available over a longer

period of time in wet years, thereby, affecting their preference status.

The deer utilized Ranunculus alismaefolius from early May

through mid-June. This species is prevalent on meadows through the

spring season. Only the flower heads and stalks were utilized on

Potentilla gracilis, Sidalcea oregana and Achillea millefolium. This

also was true for Penstemon procerus, Lomatium triternatum and

Delphinium menziesii. Sidalcea oregana and Achillea millefolium

were more heavily utilized in the dry year due to the reduced availa-

bility of more preferred species.

Potentilla gracilis, Achillea millefolium and Sidalcea oregana

were utilized more heavily from mid-June to early July. Again

phenological stage played an important role in that flower stalks were

at their peak of development on these species at this time. Microseris

nutans and Polygonum bistortoides developed later than the previously

mentioned species and were utilized from late June to mid-July.

Camassia quamash was heavily utilized by the deer in swale areas of

drier meadows dominated by Poa cusickii. Since it was not practical

to place production cages in these swales, the importance of this

species was not quantified.

Observations of deer using OCONNOR meadow revealed that they

spent much of their grazing time on areas that were in lower succes

sional stages. Most of the deer utilization in the near-climax meadows
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took place on forbs found growing on disturbed areas such as gopher

mounds and areas where domestic animals were concentrated.

Meadows in lower successional stages received more use due to the

greater variety and abundance of forbs available to the animals. This

was particularly true for BARTLEY meadow. Appendix A gives the

percent utilization, pounds per acre removed, percent diet and

relative preference index values for the species utilized by deer in

each of the four meadows studied.

Important Meadow Species in the Diet of Cattle

Cattle grazed the meadows for approximately seven days and

then moved out of the study area when local watering ponds went dry

during the low precipitation year (1973). Cattle distribution remained

stable during the wet year and the meadows received use at various

times throughout the grazing season (July 1 through September 31).

This points to the need for better water distribution in this region in

order to utilize available forage in a more efficient manner. The

cattle moved off the meadows during seed set and grazed on a limited

basis thereafter.

RPI values were generally low for most species in the meadows

with only Poa pratensis, Stipa occidentalis var. minor, Carex microp-

tera, Juncus nevadensis, Microseris nutans, Penstemon procerus and

Aster campestris having values greater than two. All of these
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preferred species accounted for only 40 to 57 percent of the cattle's

diet. However, species which made the greatest contribution to the

diet of cattle were as follows:

Poa cusickii
Danthonia californica
Koeleria cristata
Stipa occidentalis var. minor (dry years)
Poa pratensis
Carex microptera
Juncus nevadensis (wet years)
Microseris nutans (dry years)
Aster campestris (wet years)

Approximately 87 to 89 percent of the diet can be .accounted for by

these nine meadow species. Of these species, Poa cusickii, Danthonia

californica and Carex microptera comprised 50 percent of their diet.

Because cattle had access to the drier meadows only, grass species

such as Deschampsia caespitosa, Agropyron caninum, Agrostis alba

and Hordeum brachyantherum were not available for comparison.

During the wet year the cattle utilized Aster campestris to such

an extent that a distinct contrast existed inside and outside the

exclosures. Aster campestris appeared to be an increaser species on

the drier meadows and was later in development. Since the cattle left

the meadow early in the dry year, they did not utilize this late develop-

ing forb.

Microseris nutans was a highly preferred forb by cattle

especially during the dry year. This likewise was related to its later
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development. In dry years most of the forbs had matured by July 1

when cattle were placed on the allotment. Microseris nutans was still

actively growing during this period, consequently it was heavily

utilized by cattle in early July. Appendix B gives the percent utiliza-

tion, pounds per acre removed, percent diet and relative preference

index values for the species utilized by cattle in the EAST and WEST

meadows.

Important Meadow Species in the Diet of Sheep

Relative preference index values were generally low for most

species in the meadows with only Danthonia californica, Carex micro-

ptera, Agropyron caninum, Ranunculus alismaefolius and Microseris

nutans having values greater than two.

Species which made the greatest contributions to the diet of

sheep were as follows:

Danthonia californica
Poa cusickii
Agropyron caninum
Deschampsia caespitosa
Poa pratensis
Carex microptera
Ranunculus alismaefolius
Microseris nutans
Achillea millefolium

Approximately 87 to 91 percent of the diet was accounted for by these

nine species. Appendix C gives the percent utilization, pounds per
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acre removed, percent diet and relative preference index values for

all species utilized by sheep in BARTLEY and OCONNOR meadows.

Overlap of Diets on Meadow Species

Thirty four of the 49 meadow species available for utilization

by the three herbivores were utilized during the summer grazing

season. Six species which were considered to be important in the

diet of deer were found to have RPI values greater than two for sheep

and/or cattle (Table 11). However, under existing grazing manage-

ment programs there is minimal competition for forage between

domestic livestock and deer since only limited overlap in seasonal

use was indicated and overall utilization values were low.

Production and utilization data also demonstrated an interesting

relationship between the influence of livestock grazing on successional

stage of the meadow community and availability of deer forage. The

variety and abundance of desirable forb species appeared to be

directly related to season and intensity of grazing by domestic live-

stock. All six species considered important in the diets of deer

except Microseris nutans were increaser species. As grazing

intensity increased the abundance of these species increased. How-

ever, with high intensity livestock grazing during this season (July 1 -

October 1) these species potentially could be reduced in composition

and become less available to deer. If livestock are allowed to graze
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earlier in the spring, even judicial stocking rates could potentially

cause a decline in desirable forb species. The land manager is faced

with the problem of maintaining a balance in providing a good variety

of forbs for deer and at the same time stabilize or improve the con-

dition of meadows through proper livestock management.

Table 11. Meadow species in which dietary overlap may become a
serious livestock-deer management consideration.

Type of Interaction Specie s

Cattle, Sheep and Deer Potentilla gracilis
Microseris nutans
Sidalcea oregana

Sheep and Deer Ranunculus alismaefolius

Achillea millefolium

Cattle and Deer Penstemon procerus

Coordinated grazing programs which take into account forage

preferences of all three herbivores, yearly fluctuations in precipitation

and the existing conditions of the meadows should include the

flexibility necessary for managing these meadows. The dual use of

sheep and/or cattle may have applicability in these situations.
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Forbs in the meadows and in the logged, wetter Pinus contorta

communities reached maturity in July and subsequently the deer began

utilizing the actively growing shrubs. The date of transition depended

upon the precipitation received prior to and during the growing season.

Purshia tridentata was the only species utilized by deer in logged

and non-logged areas of this habitat type (Figures 11 and 12). Deer

followed similar utilization trends for both years. Utilization was

first detected July 1 on Purshia tridentata in the non-logged areas

during the dry year while logged areas received little use until August

1. However, utilization of Purshia tridentata was first noted in the

logged areas the wet year.

Utilization was minimal in both the non-logged and logged areas

until August 1. After August 1 utilization accelerated in the logged

sites and remained relatively constant for the remainder of the season

in the non-logged areas. Utilization on leaders reached approximately

13 percent in the logged areas but never exceeded three percent in the

non-logged areas. By the end of the grazing season 7.2 to 10 times

more forage was consumed from the logged areas (40-55 pounds per

acre removed versus 4-8 pounds per acre removed for logged and
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non-logged areas respectively).

The deer utilized mainly the terminal leaders until approximately

mid-August. Because of differential growth rates of the two developed

leader classes and limited quantity of terminal leaders, utilization on

lateral leaders increased and exceeded use on terminal leaders in the

latter third of the grazing season (Appendix D and E). The third

leader class (spurs) were not eaten by the deer during any portion of

the growing season.

Average leader length proved to be a good indicator of time when

deer began to utilize Purshia tridentata (Table 12). In the dry year

initial use was detected when the average leader length was 2.75 to

3.00 cm. However, in the wet year initial utilization was not evident

until leaders had attained an average length of 4.00 cm. In the dry

year forbs had matured earlier and growth rates of Purshia tridentata

were somewhat depressed causing deer to utilize it at an earlier

phenological stage than in the wet year.

Table 12. Relationship of Purshia tridentata leader length to time of
deer utilization.

Initial Use - July 1
2.75-3.00 cm - Dry Years
4.00 cm - Wet Years

Major Use - August 1
4.00-4.50 cm - Dry Years
5.00-6.00 cm - Wet Years
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Leader length at the time when Purshia tridentata was starting

to receive heavier use was approximately 4.00 to 4.50 cm for dry

years and 5.00 to 6.00 cm for the wet years. These measurements

were taken only on logged and non-logged areas of the Pico /PutrfStoc

h. t. and values may not be applicable to other habitat types.

Cattle Utilization

Inadequate water supplies caused the cattle to move out of the

study area to a more stable water source during the dry year. Con-

sequently, no cattle utilization took place on the Pico/Putr/Stoc h. t.

in 1973. However, there were ample water supplies in 1974. Utiliza-

tion by cattle could not be found in the non-logged areas. The cattle

used only the fringes of the timbered areas for shade and occasional

foraging. Therefore, cattle utilization data were obtained only for

the logged Pico/Putr/Stoc h. t. (Table 13).

Cattle diets were dominated by grasses in the early grazing

season. Stipa occidentalis and Sitanion hystrix comprised 96 percent

of the diet during the first two weeks on the allotment. By mid-August

Purshia tridentata dominated the diet and by the end of the grazing

season (September 31) comprised 75 percent of their diet. RPI values

for Purshia tridentata were less than one indicating utilization may be

a function of availability (actively growing forage) rather than

preference.



Table 13. Summary of
Putr/Stoc

percent utilization, percent diet and RPI values for cattle on the logged
h. t. (1974).

Pico/

Species

% Utilization % Diet RPI
7/15 8/15 10/1 7/15 8/15 10/1 7/15 8/15 10/1

Grasses

Stoc 1.2 1.6 5.0 21.1 8.0 7.8 2.6 1.0 0.9
Sihy 8.0 8.6 19.6 75.3 23.9 16.5 17.1 5.4 3.7

Grass likes

0.0 3.9 4.1 0.0 1.1 0.3 2.8 0.8Caro

Forbs

Migr t t 0.0 t t 0.0
Mina t 0.0 0.0 t 0.0 0.0
Lule 6.1 0.0 0.0 3.6 0.0 0.0 12.0

Shrubs

0.0 1.2 4.6 0.0 67.0 75.4 0.8 0. 9Putr
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Stipa occidentalis was utilized until seed set (July 15) and had

a RPI value higher than two. However, after maturity its forage con-

tribution to cattle was low. Sitanion hystrix maintained high RPI

values and was the most sought after herbaceous species available to

cattle. Carex rossii, a more xeric sedge, was utilized on a limited

basis at mid-grazing season when Stipa occidentalis and Sitanion

hystrix were setting seed.

An important factor was observed concerning distribution of

grazing on logged areas near meadows. Although Purshia tridentata

comprised approximately three-fourths of the diet by the end of the

grazing season, only 4.6 percent utilization had taken place (Table 14).

A maximum of 5.2 percent of the total vegetation in the logged sites

had been utilized by the end of the grazing season. Meadows, on the

other hand, had received from 30 to 60 percent utilization on the major

grass species by the end of the grazing season. Methods for improving

livestock distribution such as water development, salt placement and

fencing are needed in order to more efficiently utilize vegetation in

the Pinus contorta-pumice region.

In areas where cattle and deer occupy the same habitat, dual

utilization values should approximate 15 to 25 percent for non-logged

and logged areas respectively under existing management conditions.

However, concentration areas such as meadows, water sources,

salting grounds or major travel ways will receive greater utilization.
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In dry years when the number of water sources are reduced grazing

will become severe around remaining ponds or springs.

Table 14. Average percent utilization by cattle for the major vegeta-
tion classes on the logged Pico/Putr/Stoc h. t.

Vegetation
Class

Average % Utilization
July 15 August 15 October 1

Herbaceous 3.2 3.9 8.7

Shrubs 0.0 0.5 4.6

Total 0.5 1.6 5.2

Slash can become an effective barrier to good livestock distribu-

tion. Areas where slash accumulations were heavy such as the clear-

cut, wetter Pinus contorta communities were avoided by the cattle.

An effective slash disposal program may be necessary to avoid this

problem. The advent of the portable chipper may provide an excellent

opportunity for increased revenue from the slash and in turn create

more desirable grazing conditions for cattle.

Appendix F gives the percent utilization, pounds per acre

removed, percent diet and relative preference index values by area

for each species utilized by cattle.
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Sheep Utilization

Unlike cattle, sheep began utilizing Purshia tridentata within a

few hours after arrival on the allotment and continued to consume it in

large quantities throughout the grazing season (July 1 to September 31).

Table 15 gives the dietary composition of the major vegetational

components consumed by sheep in the logged and non-logged areas for

both years. A complete breakdown of utilization by species is given

in Appendix G.

The logged areas offered a greater amount of forage and greater

variety of species to sheep. This is reflected in the dietary composi-

tion of herbaceous species in Table 15. Grass species growing under

tree canopies were smaller and had only three to five leaves per plant,

whereas, in logged areas the grasses formed large bunches. Along

with high preference for Purshia tridentata, reduced visibility and low

productivity of the herbaceous species were felt to be other reasons

why Purshia tridentata was utilized almost exclusively by sheep in the

non-logged Pico/1"th 24tos h. t.

Stipa occidentalis and Sitanion hystrix were the dominant

herbaceous species in the diet of sheep on logged areas. There

seemed to be a decline in use of these species as they became mature.

Utilization of Purshia tridentata leaders approximated 42 and 33

percent for logged and non-logged areas, respectively. This is
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equivalent to 34 and 20 percent utilization of total current years

growth in logged and non-logged areas, respectively. Approximately

2.5 times more Purshia tridentata was consumed in the logged areas

as compared to non-logged areas (Appendix G). Table 16 illustrates

the differential use of leaders in the two study locations for both years.

No utilization occurred on Purshia tridentata spurs. Significance of

differential use of the three leader classes will be discussed in the

section concerning distribution of production on a per plant basis.

Because of greater control of sheep distribution through herding

and hauling water and because they show a high preference for Purshia

tridentata, sheep may be a more desirable domestic animal than cattle

for utilizing forage in non-logged areas.

Table 15. Dietary composition of species grazed by sheep on the
logged and non-logged Pico/Putr/Stoc h. t. both years.

Logged areas* Non-logged areas
Vegetational categories 1973 1974 1973 1974

Grasses and grasslikes 37.8 9.8 0.4 0.0

Forbs 1.8 1.3 0.0 0.0

Shrubs (Purshia tridentata) 60.4 87.9 99.6 100.0

% use-Putr (total current
years growth)

lbs/A removed-Putr 92 143 54 38

37 36 21 17

significance was found between logged and non-logged areas
in all categories both years.



Table 16. Percent utilization of Purshia tridentata leaders by sheep in logged and non-logged areas
both years.

Areas

Non-logged Logged
1973 1974 1973 1974

Terminal Lateral Terminal Lateral Terminal Lateral Terminal Lateral

OCONNOR 58.4a1 27.6a 35.7a 29.3c 75.5a 34.4 46. 2a 34. 5a

BARTLEY 50. 3a 40. la 26.7 19.7d 70.9a 54.8 36.8a 30.6a

X (Location 54.4a 37.9 31.2a 5b 72.9a 44.6 b 41.5a 32.6 b

X (Year 44.1 a 27.9 b 57.8a Ob

X (Treatment) 32.6a 41.5

1 those values with the same letter within each year and/or non-logged and logged areas
indicate no significant difference at the 9 5% level.
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Production of Logged and Non-logged
Pico/Putr Stoc h. t.

Table 17 gives the summary of production values in the Pico/

Putr /Stoc h. t. (all areas combined) for the major vegetation classes.

Corresponding values indicating the degree of change in production

after the logging operation are also recorded. Information concerning

production by species for both years on all sites can be found in

Appendix H. The herbaceous species accounted for a large majority

of the increase in production after logging. Although production

generally increased in the wet year as compared to the dry year, it

was lower for Purshia tridentata in the wet year on the non-logged

areas. This area received average minimum temperatures below

freezing for nine consecutive days during early August (1974)

(Appendix I). These data suggest that plants growing under a tree

canopy in this region may be more susceptible to cold conditions

during active leader development than those bitterbrush plants

growing in logged areas. Also, the area experienced only a trace

amount of rainfall during August and September in 1974. Cold tem-

peratures coupled with greater transpirational demand by the trees

during the late growing season may have been responsible for low

production of Purshia tridentata in the wet year.

A depression in growth rates of Purshia tridentata leaders was

also noted on non-logged areas in August of the wet year (Figure 13).



Table 17. Summary of production values for all areas combined with the corresponding change in
productivity after logging (Pico /Putr /Stoc h. t. ).

Vegetation class

1973
Unseasonably Dry

lb S/A

1974
Unseasonably Wet

lbs /A
Non-logged Logged Degree change Non-logged Logged Degree change

Grasses 8.9 47.6 5.3x 11.4 110.4 9. 7x

Gras slike s 2.6 5.8 2.2x 5.1 9.9 1. 9x

Forbs 0.7 4.5 6.4x 1.4 5.5 3. 9x

Total Herbaceous 12.2 57.9 4. 7x 17.9 125. 8 7. lx

Total Shrub 297.0 282. 0 -0. 9x 223. 0 396. 6 1. 8x

Total 309.2 339.9 1. lx 240.8 522.4 2. 2x
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Figure 13. Average seasonal growth rates of all Purshia
tridentata leaders on all sites combined for
plants growing in logged and non-logged
areas (Pico/Putr/Stoc h. t. ).
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Depressed growth rates during the active growth period of the leaders

resulted in lower production. The values noted here contrasted an

unexpected response and produced questions concerning the possibility

of at least partial cold hardiness in actively growing plants. Since

both production and leader growth rate data showed similar results,

the unexpected values were not felt to be related to sampling error.

A complete answer lies beyond the scope of this study.

Purshia tridentata leaders grew at differential rates on plants in

logged and non-logged areas (Figure 13). Those plants in logged areas

initiated leader growth approximately one week earlier. However,

they were soon surpassed by the more rapid leader growth of plants

under a tree canopy. By late July and early August the leaders on

plants in logged areas exceeded those in non-logged areas. At the

end of the growing season leaders averaged 2.0 and 2.5 cm longer on

plants in logged areas.

The leaders grew at slower rates during the dry year for logged

and non-logged areas. Leader growth followed similar trends both

years except for the mentioned depression of growth for the non-logged

areas during the wet year. Leader development was less in the

Fremont study area as compared to the Winema study area. The

ridgeline which separates the two main study areas could have had a

slight rainshadow effect on major storm patterns creating drier

conditions in the Fremont study area.
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Table 18 gives the average leader lengths of Purshia tridentata

at the end of the growing season for non-logged and logged areas.

The lateral leaders were generally not as long as the terminal leaders

by the end of the growing season. More complete information on

leader development can be found in Appendix J which gives the

seasonal growth rates of the terminal and lateral leaders in both

study areas for both years.

Table 18. Average leader length of Purshia tridentata at the end of
the growing season (September 11) in the Fremont and
Winema study areas as affected by logging and yearly
precipitation,

FOREST

Average Leader Length (cm)
Non-logged areas Logged areas

Leader Class 1973 1974
(dry) (wet)

1973
(dry)

1974
(wet)

WINEMA

Terminal 6.7 5. 8 8. 8 10. 6

Lateral 5.7 5.2 7.8 8.7

FREMONT

Terminal 5.3 5.2 5.4 6.7
Lateral 5.3 5.1 5.9 6.4

Plants in logged and non-logged areas not only differ in total

production and growth rates, but they also differed morphologically.

Those plants growing in non-logged areas had a fine, lacy appearance

while those in logged areas were more compact (Figure 14). These



NON-LOGGED AREAS LOGGED AREAS

Figure 14. Contrast between the morphology of Purshia tridentata as affected
by logging and logging pattern.
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morphological differences are reflected in Table 19 which gives the

percentage production of the various Purshia tridentata leader classes

for logged and non-logged areas. Those plants growing inlogged areas

had approximately 71 percent of their production accounted for by

developed leaders. Over one-half of the production on Purshia

tridentata plants growing in non-logged areas was in the spurs. Since

spurs were seldom utilized by the three herbivores studied, plants

growing in logged areas also had more desirable production on a per

plant basis. More detailed information concerning the variation in

production of the various Purshia tridentata leader classes can be

found in Appendix K.

Table 19. Percent production of the various Purshia tridentata
classes in logged and non-logged areas.

LEADER CLASS Logged areas (%) Non-logged areas (%)

Terminal 17.5 23.5

Lateral 53.5 21.5

TOTAL LEADERS 71.0 45.0

Spurs 29.0 55.0

Purshia tridentata Density

There was an average 42.3 percent loss of Purshia tridentata

plants during the logging operation (Table 20). However, these data

indicated that the > 40 cm height class was more susceptable to
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damage during the logging operation. Approximately 64 percent of

the > 40 cm plants were lost during logging, whereas, only 16 percent

of the 20-40 cm height plants were lost. The < 20 cm height plants

received losses intermediate to the other two groups.

Table 20. Average density and percent loss of the various Purshia
tridentata height classes as affected by logging.

Height
Class

Average Density (WA)
Non-logged area Logged area Percent loss

> 40 cm 1044 380 63.6

20-40 cm 503 425 15.5

< 20 cm 823 563 31.6

Total 2370 1368 42.3

Table 21 further illustrates where these losses occurred in the

various height classes of Purshia tridentata. The major shift in com-

position of the different height classes came from the > 40 cm group.

More detailed information concerning individual site responses can be

found in Appendix L.

Table 21. Average percent composition of the Purshia tridentata
plants of the various height classes in the logged and non-
logged areas.

Height Non-logged area Logged area
Class range (90 range

> 40 cm 43 (38-47) 25 (18-38)
20-40 cm 22 (19-27) 32 (24-35)

< 20 cm 35 (32-40) 43 (37-48)
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Although there was a large reduction in the density of Purshia

tridentata as a result of logging, no substantial change in productivity

was generally noted. Correlation of the various height class densities

with production revealed that the 20-40 cm group accounted for

approximately 62 percent of the variation in production (Table 22).

This was based on only four paired observations, therefore, signifi-

cance could not be demonstrated. However, a strong indicator of

the important role of the 20-40 cm height group in providing com-

pensitory response after logging is given.

Table 22. Correlation of percent reduction
tridentata height classes as related

of plants in the Purshia
to production.

Height class r2

> 40 cm .01

20-40 cm .62

< 20 cm .21

Plants in the > 40 cm group were more brittle and were damaged

more in the logging operation. Also, they did not appear to respond

well to the new conditions created by logging. However, the > 40 cm

group provided the bulk of seeds needed for regeneration of Purshia

tridentata. Therefore, the potential exists for a serious reduction

in seeds available for caching and subsequent regeneration if this

age class is lost from the stand. Plants in the < 20 cm group were
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physically too small for immediate response, however, they can

provide a substantial portion of the production in the future.

Density of Germinated Rodent Caches
of Purshia tridentata

Density of germinated rodent caches of Purshia tridentata were

lower in the logged areas compared to the non-logged areas. Figure

15 illustrates the relationship between cutting pattern and subsequent

cache germination. These data were collected in 1974 only since

germinated caches were not evident during the 1973 season.

The strip-logged areas had higher density values than did the

large clearcut block area. Cache densities in the non-logged strips

were unexpectedly lower than areas in the large non-logged block.

Several vegetative characteristics were measured in each of the

stands in hope of isolating possible site factors affecting cache

germination. Soil factors were ruled out because no significant

difference could be found between study areas (Appendix M). Linear

regression analysis revealed that there was a significant correlation

between the density of the caches and percent cover and/or stems per

acre of Pinus contorta in the logged areas (Table 23). A moderately

high correlation was found between cache density and the density of the

greater seed producing plants (> 40 cm height). However, this value

was not significant. Perhaps Cochran's (1969b) findings which have
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Figure 15. Densities of germinated rodent caches of Purshia
tridentata as affected by logging and logging
patterns.
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revealed beneficial environmental influences of a tree canopy cover

on natural regeneration following logging of Pinus contorta also have

some applicability to germination and growth of Purshia tridentata

caches. Correlation between vegetative influences and the occurrence

of Purshia tridentata caches was poor for the non-logged areas.

Appendix N gives the values for percent canopy cover and stems per

acre of Pinus contorta on the individual areas both logged and non-

logged.

Table 23. Linear relationships between Purshia tridentata cache
density (dependent variable) and various vegetative
influences (independent variables) in logged and non-logged
areas.

Independent variable
r2 values

Non-logged areas Logged areas

J.

Percent Cover Pico 0.0400 0.9800

Pico Stems /Acre 0.1370 0.9220

Putr Density > 40 cm ht. 0.2700 0.6080

Putr Density 20-40 cm ht. 0.0060 0.0580

Putr Density < 20 cm ht. 0.0004 0.3250

Total Putr Density 0.1370 0.3360

denotes significance at the 95 percent level.
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There appears to be three possible factors influencing densities

of germinated rodent caches of Purshia tridentata.

1. The status of the rodent population within the site,

especially the golden mantle chipmunk (Citellus lateralis)

and Townsend ground squirrel (Citellus townsendi).

2. The micro-macro environmental conditions associated

with the germination phase of the cached seeds and of

the bloom stage of seed producing plants the previous

year.

3. The quantity of seed producing plants occupying the site.

It appears likely that rodent population status would be the most

important factor in the non-logged areas. The environmental con-

ditions associated with seed germination and production may be the

most important influencing factor in logged areas especially in light

of the previously mentioned findings. The quantity of seed producing

plants would likely be of intermediate influence since on a long term

basis amount of seed produced is generally not a limiting factor to

reproduction of a species.
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SUMMARY AND CONCLUSIONS

The objectives of this study were to 1) determine production of

plant species and utilization by cattle, sheep and deer as related to

plant communities and timber management practices, and 2) evaluate

the interaction of range use between cattle and deer and between sheep

and deer as affected by site and timber management practices.

The study areas were located in Klamath County, Oregon, on

the Silver Lake district of Fremont National Forest (21 miles west of

Silver Lake) and on the Chemult district of Winema National Forest,

14 miles east of Chemult. Two major plant communities were

studied. These communities were the drier meadows which were

centers of grazing activity and logged and non-logged areas of the

Pico/Putr/Stoc h. t. which constituted over 50 percent of the Pinus

contorta-pumice acreage. The research findings applied to areas in

which both livestock (cattle and/or sheep) and mule deer were utilizing

the area and where logged and non-logged Pico/Putr/Stoc h. t. were

associated within a one-half mile radius of meadow communities.

Frequency data arranged into an association table were used to

distinguish four potential habitat types within a near-climax meadow.

The weight estimate method was used to measure utilization

on herbaceous species by cattle, sheep and deer on each area.

Production by species was obtained by clipping. Purshia tridentata
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production and utilization measurements were stratified into three

major leader classes: terminal, lateral and spurs. A direct ruler

and count measurement was used to calculate utilization of Purshia

tridentata. Livestock exclosures were set up to separate deer utiliza-

tion from livestock utilization. Cages were set up to measure annual

production. Dietary composition and relative preference indices were

obtained from utilization and production measurements for cattle,

sheep and deer.

Effect of logging on the density of bitterbrush was determined.

Purshia tridentata densities were segregated into three major height

classes: > 40 cm, 20-40 cm and < 20 cm. Eight 4.4 x 150 foot belt

transects were used in determining densities.

Densities of germinated Purshia tridentata rodent caches were

determined on the belt transects to ascertain the influence of logging

pattern on rodent activity and on germination of Purshia tridentata.

Several vegetative parameters were correlated with recorded

densities on each area. These parameters included canopy cover of

Pinus contorta (measured with a type C forest densiometer), stems

per acre of Pinus contorta, density of the three height classes of

Purshia tridentata and differences in total Purshia tridentata density.

Soil profile analysis revealed no significant differences between

study areas, therefore, it was not included.
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The study was conducted in an unseasonably dry year and

unseasonably wet year. Based on an October to September precipita-

tion period at the nearby Chemu lt station, there was 18 percent less

precipitation in the 1972-1973 study year compared to the 30 year

average. The 1973-1974 study year had 42 percent more precipitation

than the 30 year average.

Four potential habitat types were identified. These were:

Carex aquatilis/Flordeum brachyantherum
Deschampsia caespitosa/Carex aquatilis
De schampsia caespitosa/Carex microptera-Carex anthrostachya
Deschampsia caespitosa/Carex microptera

Two additional habitat types were also proposed:

Carex rostrata.
Poa cusickii/Carex microptera

The occurrence of these proposed habitat types appeared to be

related to the stability of the water table within the meadow, thickness

and horizon sequence characteristics of the soil and depth to bedrock.

The factors affecting the occurrence of the habitat types men-

tioned previously also affected meadow production. The more stable

the water table in the meadow community and the thicker the soil

development the less yearly fluctuations in production. Production

varied from 879 to 2602 pounds per acre in 1973 (dry year). In 1974

(wet year) production varied from 2389 to 3295 pounds per acre. There

was more than a double response in the meadows with shallow soils.
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Grasslike species, especially Carex microptera and Juncus

nevadensis, accounted for the greatest response to yearly moisture

fluctuations. Forbs experienced essentially no change in production

on the two meadows with good water tables and with good soil develop-

ment. However there was a 93 to 160 percent increase inforb produc-

tion on the drier meadows with shallow soils. Forbs declined in

composition during the wet year on all meadow areas. Grasses

generally increased in composition and were intermediate in produc-

tion response. There was approximately two more weeks of green

forage available on the meadows in the wet year.

The meadow diets of all three herbivores were found to vary

depending on moisture conditions prior to and during the growing

season. Deer maintained a forb dominated diet both years, whereas,

cattle and sheep had a grass and grasslike dominated diet. Sheep had

well over 60 percent of their diet represented in grasses both years.

Cattle diets were approximately the same as sheep the dry year.

However, in the wet year grasslikes and grasses were found equal in

the diet. This increase of grasslikes in the diet of cattle was related

primarily to their increased availability in the wet year.

Under existing grazing management programs there is minimal

competition for forage between domestic livestock and deer since only

limited overlap in seasonal use was indicated and overall utilization

values were low. Of 48 meadow species available for utilization by
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the three herbivores, 34 were utilized and only six of the 34 species

exhibited a high potential overlap in the diets of livestock and deer.

These six meadow species included Potentilla gracilis, Microseris

nutans, Sidalcea oregana, Ranunculus alismaefolius, Achillea

millefolium. and Penstemon procerus. Moderate use of the meadows

by cattle, however, may be complementary to deer by providing a

greater diversity of desirable forb species.

July was found to be a period of dietary transition for deer.

During this period forbs had reached advanced maturity and were

declining in the diet of deer. Purshia tridentata was starting active

leader development and was increasing in their diet. The timing of

this transition from a forb dominated diet to a shrub dominated diet

depending on yearly precipitation prior to and during the growing

season. This transition to Purshia tridentata took place two to three

weeks earlier in the dry year (1973). Purshia tridentata was found to

be the only species utilized by deer in both logged and non-logged

ar eas of the Pico/Putr/Stoc h. t. Utilization was minimal during July

for both the logged and non-logged areas. After August 1 utilization

of Purshia tridentata accelerated in the logged areas and averaged 13

percent by the end of the grazing season (mid-May through mid-

November). Utilization was fairly static in the non-logged areas and

never exceeded three percent by the end of the grazing season.
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Approximately 7.2 to 10 times more Purshia tridentata was consumed

from logged areas by deer.

Terminal leaders were preferred over lateral leaders and spurs

were not consumed during the course of this study. Deer began their

initial utilization of Purshia tridentata when it had attained an average

overall leader length of four centimeters. In dry years, however,

deer initiated use when Purshia tridentata leaders were approximately

three centimeters.

Inadequate water supplies prevented collection of cattle utiliza-

tion data on the Pico /Putr /Stoc h. t. the dry year, however, cattle

utilization took place during the wet year (1974). Non-logged areas

were not utilized by the cattle except on the fringes. Grasses, Stipa

occidentalis and Sitanion hystrix, dominated the diets of cattle in the

early portion of the grazing season (July 1 - August 1). By mid-

August Purshia tridentata dominated their diet and by the end of the

grazing season comprised 75 percent of their diet. Consumption of

Stipa occidentalis became insignificant in their diet as the season

advanced, while Sitanion hystrix remained a highly preferred species

throughout the grazing season. Carex rossii was evident in their diet

when Stipa occidentalis and Sitanion hystrix were setting seed.

Although Purshia tridentata was high in the diet of cattle,

approximately only five percent of the current years growth had been

consumed from the sites at the end of the grazing season, while the
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meadows had received 30 to 60 percent utilization on major grass

species. Distributional problems on logged areas near meadows needs

further study in order to determine methods to more efficiently utilize

available forage in surrounding areas.

Purshia tridentata dominated the diet of sheep through the entire

grazing period on the Pico/Putr/Stoc h. t. Logged areas offered a

much greater variety of species to the sheep, whereas, the non-logged

areas provided a near-pure diet of Purshia tridentata. There was

approximately 2.5 times more Purshia tridentata consumed by sheep

in the logged areas as compared to the non-logged areas.

Under existing grazing management programs dual use values

on Purshia tridentata would be approximately 25 percent and 50 percent

utilization of the current years growth by cattle-deer and sheep-deer

respectively, in logged areas. Dual use values on Purshia tridentata

growing in adjacent non-logged areas would approximate 15 percent

and 30 percent of current years growth for cattle-deer and sheep-deer,

respectively.

Herbaceous species accounted for a large majority of the

increase in production after logging. Shrub production (Purshia

tridentata) was 10 percent less after logging, during the dry year,

and 1.8 times more in logged areas the following wet year. Total

herbaceous production was 12-18 pounds per acre and 58-126 pounds

per acre for the non-logged and logged sites, respectively. Purshia
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tridentata production was 223-297 pounds per acre and 282-397

pounds per acre for the non-logged and logged areas, respectively.

Purshia tridentata plants growing in non-logged and logged areas

differed morphologically. The fine, lacy Purshia tridentata plants

growing under a tree canopy had 55 percent of their current years

production accounted for by spur growth. These spurs were not eaten

by the three herbivores during the course of this study. Approximately

71 percent of the current years production on Purshia tridentata plants

in logged areas was from the more preferred terminal and lateral

leaders.

The plants not only differed morphologically but also differed in

growth rates of the terminal and lateral leaders. Those Purshia

tridentata plants in logged areas initiated leader growth earlier but

grew at a slower rate than plants in non-logged areas. This trend

existed until early August when growth of leaders on plants in logged

areas exceeded those plants growing under a tree canopy. By the end

of the growing season the average overall leader length was approxi-

mately 2.5 cm longer in the logged areas.

Approximately 42 percent of the Purshia tridentata plants were

lost during the logging operation. The > 40 cm height group sustained

the greatest losses (64 percent) while the 20-40 cm height class was

least affected (16 percent). Correlation between the densities of the

various Purshia tridentata height class groups and production of
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bitterbrush on the areas revealed that plants in the 20-40 cm height

class accounted for most of the compensatory response after logging.

Plants in the > 40 cm group were more brittle and were damaged more

in the logging operation. Also, they did not appear to respond well to

the new conditions. The < 20 cm plants were physically too small for

immediate production but will likely provide a major proportion of

the future production in the site.

Cutting patterns were found to influence the regeneration of

Purshia tridentata. Densities of germinated rodent caches of Purshia

tridentata were much lower in logged areas as compared to non-logged

areas. The strip-logged areas had higher densities of germinated

caches than did the large clearcut block. The germinated cache

densities in non-logged strips were unexpectedly lower than the large

non-logged block.

Two vegetative parameters were highly correlated with the sub-

sequent cache densities in logged areas. These were percent canopy

cover and stems per acre of Pinus contorta. The vegetative factors

exhibited no significant correlation in the non-logged areas. Although

densities of the > 40 cm height Purshia tridentata plants in logged

areas were not significant, the r 2 value was high. Plants in the > 40

cm height class supplied most of the seed for rodent caches. Factors

which appeared to influence densities of germinated Purshia tridentata

caches include: 1) the status of the rodent population 2) the
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micro-macro environmental conditions during the germination phase

and the bloom stage of the previous year and 3) the quantity of seed

producing plants available on the area.

Purshia tridentata was demonstrated to be the most important

forage species to the three herbivores utilizing the Pico/Putr/Stoc

h. t. The compensatory response of this important species after

logging can be related to: 1) more leaders produced on a per plant

basis 2) longer leaders and 3) differential response of certain age

classes, especially in the 20-40 cm height class.

These findings suggest that a density of 1400 Purshia tridentata

plants per acre (three per 100 ft2) would give an adequate compensatory

response to overcome the loss of plants during the logging operation.

Special efforts should be made to minimize losses of the 20-40 cm

height group and to maintain a good distribution of the > 40 height

group for seed production.

Special attention should be given to site conditions which affect

the natural regeneration of Purshia tridentata to insure replacement

of those individuals lost during the logging operation.
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ADDITIONAL MANAGERIAL CONSIDERATIONS

This section is separated from the main text in order to allow

presentation of observational material which were believed to be

important considerations for planning timber sales in this area.

Meadow Margins

Fawning activity was evident in the meadow margins approxi-

mately June 10 (+ 5 days). The importance of the meadows as a forage

source for deer during this period has been discussed. During

fawning and during the early lactation phase of the doe's physiological

cycle, her mobility is reduced. The meadows and their margins

provide an area which has forage, good fawning cover and water in

close proximity. Removal of timber around meadow margins could

prove detrimental by eliminating conditions which maximize the does

ability to take care of her fawn and provide for her own needs. The

psychological impact of establishing new fawning areas after traditional

fawning sites have been altered by logging are not well understood.

Also, the cover needs of the fawn during the first three weeks of

life are not understood. Careful consideration should be given to the

impact of logging meadow margins in light of the questions generated

here.
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The Wetter Pinus Contorta-Pumice Communities

These sites should be designated special management decision

areas. They have the ability to produce more wood than other Pinus

contorta-pumice communities and when logged, provide a tremendous

amount of forage for both deer and livestock. They are also excellent

cover areas for deer. Consequently, the land manager is faced with

the decision whether to log these sites for increased lumber and

subsequent forage production or to leave the areas unharvested

thereby providing critical cover for deer. Comprehensive manage-

ment objectives should be established before timber is removed from

the se site s.

Tree Groups

Isolated islands of trees missed during the logging operation

were found to be heavily used by deer during the day as summer

temperatures increased. These tree groups provided shade near

forage sources which may allow maximization of energy conversion

into needed fat reserves for the critical winter season. The size,

shape and number of these tree groups which would be beneficial to

deer needs further investigation.
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Ridge Sites

Ridge sites were found to be used for bedding areas and are

believed to be important to the deer for body thermal regulation. Air

currents moving up out of the basins provide cooler temperatures

during the day and currents moving into the basins provide warmer

temperatures at night. The ridges also were used as major travel

ways by deer. Logging should be conducted in such a manner to

minimize loss of the beneficial aspects of these ridges to deer. Thin-

ning timber or leaving periodic patches along these ridges may serve

a dual role in allowing timber harvest yet still maintain acceptable

deer habitat.
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APPENDIX A. Species utilized by deer on the four meadows in 1973 and 1974.

Species utilization
lbs/A

removed diet RPI Species utilization
lbs /A

removed diet RPI

BARTLEY MEADOW (1973) OCONNOR MEADOW (1973)

Raal 0. 9 0. 70 2. 1 0. 7 Pogr 2. 6 1.34 80.2 24. 3
Pogr 9. 5 19.05 57.8 7.4 Minu 0. 2 0. 33 19.8 I. 9
Acmi 3. 0 8. 49 25.7 2. 4
Pobi 6.3 1.44 4.4 4.9
Pepr t t t
Cear 0.3 0. 14 0.4 0.2
Sior 4.5 3.12 9.4 3.6
Deme 1. 1 0.08 0. 2 0. 7

WEST MEADOW (1973) EAST MEADOW (1973)

Pogr 2. 5 1. 11 25. 5 5.8 Raal 0.4 0.69 22. 5 1. 1
Minu 4. 0 3. 13 72. 0 9.4 Pogr 3. 8 1. 10 35.9 10.9
Pobi 1.4 0.06 1.4 3.5 Minu 6.8 1.20 39.3 19.7
Pepr 1. 1 0.05 1. 1 2.2 Sior 7.0 0.07 2.3 23.0



APPENDIX A (continued)

Species utilization
lbs /A

removed diet RPI Species utilization
lbs /A

removed diet RPI

BARTLEY MEADOW (1974) OCONNOR MEADOW (1974)

Raal 3.2 3.76 20.6 5.6 Raal 2.4 2.19 76.6 23.9
Pogr 3.1 9.00 49.3 5.5 Pogr 0.4 0.15 5.2 4.3
Minu 5.0 0.30 1.6 8.0 Pobi 1.8 0.5 18.2 20.2
Asca 0.1 0.02 0.1 0.2
Pobi 6.0 4.70 25.8 10.8
Sior 0.2 0.11 0.6 0.3
Rupa 0.8 0.03 0.2 2.0
Raoc 3.7 0.08 0.4 *
Taof 1.0 0.25 1.4 2.0

WEST MEADOW (1974) EAST MEADOW (1974)

Pocu 0.2 0.76 6.9 0.3 Daca t 0.02 0.2
June 0.8 0.27 2.5 1.5 Cami t 0.12 1.2
Raal 3.1 3.71 33.5 5.3 June 0.3 0.06 0.6 0.6
Pogr 1.9 2.68 24.4 3.7 Raal 3.9 5.52 54.2 9.0
Minu 1.7 0.42 3.8 3.2 Pogr 2.2 2.43 23.8 5.2
Pobi 7.0 2.53 23.0 12.8 Acmi 0.2 0.30 2.9 0.4
Pepr 12.9 0.36 3.3 33.0 Minu 4.3 0.37 3.6 9.0
Lotr 1.0 0.14 1.3 1.9 Pobi 1.4 0.80 7.8 3.4
Deme 1.3 0.12 1.1 2.2 Sior 1.3 0.37 3.6 3.0
Caqu 2.5 0.01 0.1 * Deme 1.3 0.03 0.3 3.0

Epmi 0.6 0.02 0.2 2.0
Mial 0.3 0.16 1.6 0.7

4-

A highly preferred species which had only trace composition in the stand.



APPENDIX B. Species utilized by cattle in the EAST and WEST meadows (1973 and 1974).

Species

EAST MEADOW (1973) WEST MEADOW (1973)

%
utilization

lbs /A
removed diet RPI utilization

lbs/A
removed diet RPI

Grasses
Daca 1.7 0.75 3.9 0.8 3.9 7.45 20.3 1.1
Pocu 3.2 7.47 38.4 1.4 7.1 9.38 26.8 2.0
Kocr 1.7 0.47 2.4 0.8 11.7 3.11 8.5 3.7
Stoc 1.0 1.82 9.4 4.9 5.3 3.64 9.9 1.5
Agga 1.0 0.27 1.4 0.5 - - -
Pose - - 5.7 0.28 0.8 1.6
Popr 5.0 1.48 4.0 1.4

Grasslikes
Cami 2.5 2.89 14.9 1. 1 3.9 4.28 11.7 1.1
June 1.2 0.26 1.3 0.6 1.1 0.23 0.6 0.3
Caaq 3.8 t t -
Cafi 7.0 t t - 12.4 t t

Forbs
Raal 2.7 2.77 7.5 0.7
Pogr - - 0.6 0.27 0.7 0.2
Acmi 0.6 0.37 1.9 0.3 1.1 0.48 1.3 0.3
Minu 28.8 5.10 26.3 13.2 2.8 2.19 6.0 0.8
Cear 0.1 0.01 0.1 0.1 1.4 0.33 0.9 0.4
Sior 0.3 0.07 0.2 0.1
Deme - 2.5 0.29 0.8 0.7



APPENDIX B (continued)

Species

EAST MEADOW (1974) WEST MEADOW (1974)

utilization
lbs /A

removed diet RPI utilization
lbs/A

removed diet RPI

Grasses
Daca 6.9 12.83 9.3 1.2 13.9 39.52 32.8 2.4
Pocu 6.6 35. 82 25.9 1. 1 4.0 20.24 16.8 0.7
Kocr 1.0 0.38 0.3 0.2 5.0 1.40 1.2 0.8
Stoc 7.7 1.87 1.4 1.4 4.0 1.59 1.3 0.7
Agca - -
Pose - - O. 6 0. 13 O. 1 O. 1
Popr 13.0 10.35 8.6 2.2
Muri 2.6 0.74 0.5 0.4 O. 8 0.35 O. 3 O. 1

Grasslike s
Cami 10.6 43.52 31.4 1.8 14. 4 21. 08 17. 5 2. 5
June 5.9 1. 47 1. 1 1. 1 18.1 6. 17 5. 1 3. 0
Caaq -
Cafi 8. 4 7. 51 5. 4 1. 5 6.8 6.07 5.0 1.2

Forbs
Raal
Pogr 2. 6 3. 63 3. 0 0. 5
Acmi 0. 6 0.99 0. 7 0. 1 0. 6 O. 51 0. 4 0. 1
Minu 8. 2 2. 08 1.7 1. 4
Cear -
Sior 6. 7 1.98 1. 4 1. 2
Deme



APPENDIX B (continued)

EAST MEADOW (1974) WEST MEADOW (1974)

Species utilization
lbs /A

removed diet RPI utilization
lbs/A

removed
%

diet RPI

Forbs (cont. )
Asca 11.7 29.92 21.6 2.0 15.8 5.86 4. 9 2.7
Pepr - 10.3 0.29 0.2 0.1
Caqu - 12.7 t t
Mial 2.6 1.39 1.0 0.5 0.5 0.44 0.4 0.9
Rupa - - 2.4 t t
Lotr 13.0 t t 5.0 0.69 0.6 0.8



APPENDIX C. Species utilized by sheep in OCONNOR and BARTLEY meadows in 1973 and 1974.

Species

OCONNOR MEADOW (1973) BARTLEY MEADOW (1973)

utilization
lbs /A

removed diet RPI
%

utilization
lbs/A

removed diet RPI

Grasses
Daca 12.4 25.84 17.4 1.3 21.9 57.55 11.3 1.1
Pocu 3.5 3.66 2.5 0.4 38.0 78.77 15.5 2.0
Muri - 0.3 0.64 0.1 0.1
Kocr - - 5.0 0.46 t
Popr 29.0 85.64 16.9 1.5
Stoc - - 5.6 3.31 0.7 0.3
Agca 30.5 155.70 30.9 1.6
Deca 6.6 44.64 30.1 0.7 -
Agal - 21.4 3.79 0.7 1.0
Hobr 0.5 t t -
Caru - 2.0 t t -

Grasslike s
Cami 8.1 8.48 5.7 0.8 24.1 29.11 5.7 1.2
June 0.1 0.02 5.9 1.43 0.3 0.3

Forbes
Tr lo - 1.9 1.64 0.3 0.1
Raal 5.0 2.54 1.7 0.5 13.8 10.70 2.1 0.7
Pogr 2.4 1.23 0.8 0.2 6.6 13.23 2.6 0.3
Acmi 6. 3 0.95 0. 6 0.6 15.3 43.31 8.5 0.8
Minu 37.2 60.86 41.0 3.9 -
Taof 2.8 0.98 0.2 0.2



APPENDIX C (continued)

OCONNOR MEADOW (1973) BARTLEY MEADOW (1973)

Species utilization
lbs/A

removed diet RPI utilization
lbs/A

removed diet RPI

Forbes (cont. )
Pobi 10.0 0.33 0.2 1.0
Cear 2.6 1.24 0.2 0.1
Sior - 26.9 18.67 3.7 1.4
Deme 12.7 0.91 0.2 0.7
Raoc 15.0 0.57 0.1 1.0

OCONNOR MEADOW (1974) BARTLEY MEADOW (1974)

lbs /A lbs/A
Species utilization removed diet RPI utilization removed diet RPI

Grasses
Daca 37.8 97.68 19.4 2.2 19.3 67.67 19.0 1.8
Pocu 18.3 22.22 4.4 1.1 15.7 93.52 26.3 1.4
Muri 0.3 0.18 t 0.9 2.07 0.6 0.1
Kocr 10.0 1.02 1.2 6.7 3.3 t t -
Popr 10.0 2.09 0.4 0.6 9.4 7.93 2.2 0.9
Stoc - 0.9 0. 39 0. 1 0. 1
Agca - 11.5 77.08 21.6 1.1
Deca 10.3 172.16 34.1 0.6 -
Agal 0.2 0.18 0.1 -
Hobr 5. 0 0.22 0.1 0.6



APPENDIX C (continued)

Species

OCONNOR MEADOW (1973) BARTLEY MEADOW (1974)

utilization
lbs /A

removed diet RPI utilization
lbs /A

removed diet RPI

Grasslikes
Cami 37.3 144.09 28.6 2.2 20.0 47.50 13.3 1.9
June 2.4 0.67 0.1 0.1 5.1 2.88 0.8 0.5

Forbs
Trlo 1.8 0.88 0.2 0.1 5.7 4.51 1.3 0.6
Raal 54.0 49.25 9.8 3.1 24.1 28.68 8.1 2.2
Pogr 2.3 0.83 0.2 0.1 1.5 4.40 1.2 0.1
Acmi 1.7 0.39 0.1 0.1 4.4 8.13 2.3 0.4
Minu 36.3 11.80 2.4 2.1
Taof 10.0 2.47 0.7 1.0
Pobi 5.0 1.44 0.3 0.3 7.5 5.87 1.7 0.7
Cear 1.6 0.64 0.2 0.2
Sior - - 2.5 1.58 0.4 0.2
Raoc - 7.3 0.16 t 8.0
Rupa 6.3 0.23 0.1 0.6
Lotr - - - 7.5 0.13 t 8.0
Asca 0.6 0.10 t 0.6



APPENDIX D. Percent utilization of terminal and lateral leaders of
the logged and non-logged areas (1973 and 1974).

Purshia tridentata by deer on

1973 1974

Sampling Dates EAST WEST BARTLEY OCONNOR EAST WEST BARTLEY OCONNOR

Non-logged Areas

July 1

Terminal 2.2 3.1 0.0 0.0 0.0 0.0 0.0 0.0
Lateral 1.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0

August 1

Terminal 8.0 0.7 0.3 6.1 1.5 1.0 1.4 0.1
Lateral 3.1 0.3 0.3 0. 9 0.5 0.6 0.6 t

September 11

Terminal 4.7 2.0 0.1 0.0 2.8 1.0 0.5 0.1
Lateral 3.3 0.4 0.0 0.0 2.0 0.6 0.2 t

October 26

Terminal 2.1 3.8 1.4 2.9 8.9 3.4 0.5 2.2
Lateral 2.1 3.8 1.4 2.8 7.9 2.7 0.2 2.0



APPENDIX D (continued)

1973 1974

Sampling Dates EAST WEST BARTLEY OCONNOR EAST WEST BARTLEY OCONNOR

July 1
Logged Areas

Terminal 0. 0 0. 0 0. 0 0. 0 0.0 0.0 0..9 2. 2
Lateral 0. 0 0. 0 0. 0 0. 0 0.0 0.0 0. 6 0. 5

August 1

Terminal 8.7 9.3 1.3 0. 0 2.8 1.8 3. 8 1. 6
Lateral 2. 9 4. 8 0. 5 0. 0 1. 5 O. 9 3. 0 0.9

September 11

Terminal 13. 0 12. 8 2. 8 11. 5 11.3 5. 2 11. 5 4. 3
Lateral 12.3 10. 2 3. 1 8. 6 7.8 4.1 7. 5 2. 9

October 26

Terminal 13.9 20.6 19. 8 25. 7 22.0 12.2 14. 7 2. 5
Lateral 13.9 20.6 19.4 22. 2 18.3 11. 5 12.9 3. 0



APPENDIX E. Pounds per acre of terminal and lateral leaders
deer on the logged and non-logged areas (1973

of Purshia tridentata removed by
and 1974).

Sampling Date

1973 1974

EAST WEST BARTLEY OCONNOR EAST WEST BARTLEY OCONNOR

Non-logged Areas
July 1

Terminal 0.5 1.0 0.0 0.0 0.0 0.0 0.0 0.0
Lateral 0. 3 0. 1 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0

August 1

Terminal 2.7 0.3 0. 1 1. 8 0.9 0.3 1.0 0. 1
Lateral 0.9 0. 1 0. 1 0. 6 0.3 0. 2 0. 4 t

September 11

Terminal 2.0 1.2 0. 1 t 1.9 0.3 0.4 0. 1
Lateral 1. 1 0. 2 t t 1. 2 0. 2 0. 1 t

October 26

Terminal 0.9 2.3 0.9 1.3 6. 1 1. 1 0. 4 1.3
Lateral 0.7 1.6 0.9 2.7 4.9 0.8 0.1 0.7



APPENDIX E (continued)

Sampling Date

1973 1974

EAST WEST BARTLEY OCONNOR EAST WEST BARTLEY OCONNOR

Logged Areas

July 1

Terminal 0.0 0.0 0.0 0.0 0.0 0.0 0. 4 0. 7
Lateral 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 7 0. 3

August 1

Terminal 0.3 1.6 0.5 0.0 2.0 1.5 2. 1 0. 7
Lateral 1.8 6. 5 0. 5 0. 0 2. 1 1. 7 5. 0 0. 8

September 11

Terminal 0. 5 2.8 2.0 1.0 10. 5 5.7 12. 0 3. 3
Lateral 12.5 22.7 5.9 2.7 14.6 10.3 18. 1 3. 8

October 26

Terminal 0. 6 4.6 14.0 2.3 20.4 13. 3 15.4 2. 0
Lateral 14.2 45.9 36.6 6.9 33.4 28.8 31.2 3. 9



APPENDIX F. Species utilized by cattle on the logged areas at three sampling periods in 1974.

Species

EAST LOGGED AREA WEST LOGGED AREA

utilization
lbs /A

removed diet RPI utilization
lbs /A

removed diet RPI

July 9

Stoc 0.8 0.41 59.4 5.1 1.9 0.59 14.6 2.7
Sihy 10.5 0.27 39.1 65.2 7.9 3.29 81.4 11.2
Caro - -
Migr 14.0 t t -
Minu 0. 1 t t 5. 0 t t
Lule 1.0 0. 01 1. 5 7.3 1. 5 0. 16 4.0 2. 2
Putr

August 15

Stoc 1.4 0.72 73.5 6.3 1.8 0.56 3.7 0.7
Sihy 8.8 0.23 23.5 39.2 8.6 3.59 23.9 3.3
Caro 2.7 0.03 3. 1 10. 3 4.4 0. 14 0.9 1. 8
Migr 50.0
Minu
Lulu -
Putr

Terminal 4. 1 4. 46 29.7 1. 6
Lateral 2. 5 42.90 41. 8 9.6



APPENDIX F (continued).

Species

EAST LOGGED AREA WEST LOGGED AREA

utilization
lbs /A

removed diet RPI utilization
lbs /A

removed diet RPI

October 4

Stoc 6.6 3.37 26.6 2.3 2.3 0.72 1.8 0.3
Sihy 21.8 0.57 4.5 7.5 19.5 8.13 20.3 2.8
Caro 5.0 0.06 0.5 1.7 3.6 0.12 0.3 0.6
Migr
Minu
Lule
Putr

Terminal 4.3 3.99 31.5 1.5 12.4 13.50 33.8 1.8
Lateral 2.5 4.69 36.9 0.9 7.0 17.51 43.8 1.0



APPENDIX G. Pounds per acre removed, percent utilization, percent diet and relative preference
values for species utilized by sheep onthe logged and non-logged areas of the Pico/
Putr/Stoc habitat type.

lbs/A removed % utilization

OCONNOR BARTLEY OCONNOR BARTLEY OCONNOR BARTLEY OCONNOR BARTLEY
Species 7/11/73 7/23/73 7/22/74 8/3/74 7/11/73 7/23/73 7/23/74 8/3/74

Non-logged Areas

Stoc 0. 5
Sihy
Caro
Hahi
Phha
Lule
Putr 60.3 73.9 31.9 31.9 19.4 20.2 13.7 18.7

% Diet R PI

Stoc 0.8 - 0.3 - -
Sihy - - - -
Caro - - -
Hahi
Phha - - -
Lule
Putr 99.2 100.0 100.0 100.0 1.0 1.0 1. 1 1. 2



APPENDIX G (continued)

Species

lbs /A removed % utilization

OCONNOR
7/11/73

BARTLEY OCONNOR
7/23/73 7/22/74

BARTLEY
9/3/74

OCONNOR
7/11/73

BARTLEY
7/23/73

OCONNOR
7/23/74

BARTLEY
8/3/74

Logged Areas
Stoc 22.2 12.5 6.1 5.0 39.5 20.0 3.8 3.7
Sihy 13.0 t t 2. 0 32. 5 65. 0 15.0 23. 3
Caro 5. 2 t 4. 1 25. 0 8. 5 11.7
Hahi 1.8 - - 35.0 -
Phha t t t 60. 0 30. 0 25. 0
Lule - t 40.0 -
Gara 0. 2 - 10. 0
Putr 19.0 178.4 112.2 80.3 33.0 40.3 25.5 28.9

% Diet RPI

Stoc 36.3 6.6 5.2 5.5 1.2 0.5 0.2 0.2
Sihy 21.2 t t 2.1 1.0 0.5
Caro 8. 5 4. 5 0. 7 0. 6
Hahi 2.9 - 1.0
Phha t t t
Lule t -
Gara 0. 1 - -
Putr 31. 1 93.4 94. 7 87.9 1.0 1. 1 1.3 1. 5



APPENDIX H. Production and percent composition by species on the logged and non-logged
Pico/Putr/Stoc hit in 1973 and 1974.

Species

FREMONT WINEMA

EAST WEST BARTLEY OCONNOR

lbs/A lbs/A fffo lbs/A lbs /A

Non-logged (1973)
Stoc 4.3 1.7 7.2 2.6 5.7 1.5 9. 1 2. 8
Sihy 2.3 0.9 3.3 1.2 3.6 0.9
Total Grasses 6.6 2.6 10.5 3. 7 9.3 2.4 9. 1 2. 8

Caro 2. 1 0. 8 0. 1 t 3. 3 0. 9 4. 9 1. 5

Total Grass likes 2. 1 0.8 0. 1 t 3.3 0.9 4.9 1.5

Lule 1. 0 0.4 -
Vinu 0.1 t 0. 2 t 0.1 t 0.1 t
Gara 0. 1 t 0. 3 t 0. 3 t 0. 1 t
Phmu 0.1 t 0.1 t _

Sein 0. 1 t
Minu 0.1 t - -

Total Forb 0. 5 0. 2 1. 6 0. 6 0. 4 0. 1 0. 2

Total Herbaceous 9.2 3.7 12.7 4. 5 13.0 3. 4 14.2 4. 4



APPENDIX H (continued).

Species

FR EMONT WINEMA

EAST WEST BART LEY OCONNOR

lbs/A lbs/A lbs/A lbs/A

PUTR

Non-logged (1973) cont.

Terminal 50.4 20. 2 65.6 23. 2 86. 1 22. 7 49.3 15. 1
Lateral 39. 4 15. 8 45.0 15.9 76. 4 20. 1 105.0 32. 2
Spur 150.7 60.4 158.9 56.3 203.7 53.7 157.2 48.3

Total Shrub 240. 5 96.3 269.6 95.5 366. 2 96.6 311. 5 95. 6

Total Production 249. 7 282.3 379.2 325. 7

Non-logged (1974)

Stoc 7. 3 2.5 9.9 4.4 9.6 3. 8 18. 8 9. 5

Total Grasses 7. 3 2.5 9.9 4.4 9.6 3. 8 18. 8 9. 5

Caro 1. 1 0.4 1.4 0.6 10.5 4:3 7.3 3.7
Total Grasslike s 1. 1 0. 4 1. 4 0. 6 10. 5 4.3 7. 3 3.7

Lule 0. 1 t
Vint. 0 . 1 t 0.1 t 0.1 t 0.3 0.2
Gara I. 7 0. 6 0. 7 0. 3 0. 4 0. 2 0. 3 0. 2



APPENDIX H (continued).

Species

FREMONT WINEMA

EAST WEST BARTLEY OCONNOR

lb s /A lb s/ A s /A lbs /A

Non-logged j 19 7 4 ) cont.

Minu 0. 4 0. 1
Migr 1.3 0.5 0.1
Total Forb 3.6 1.3 0. 9 0. 4 0.5 0.2 0.6 0.3

Total Herbaceous 12.0 4.2 12.2 5.4 20.6 8. 1 26. 7 13. 5

Putr
Terminal 68.2 23.8 31.7 14.0 71.9 28. 4 59. 1 30. 0
Lateral 61.4 21.4 28.8 12.7 64.3 25. 4 36.8 18. 7
Spur 145.5 50.7 153.5 67.9 96. 1 38. 0 74. 7 37. 9

Total Shrub 275.1 95. 8 214.0 94. 6 232.3 91. 9 170. 6 86. 5

Total Production 287. 1 226. 2 252.9 197.3

Logged (1973)

Stoc 15.9 7. 1 11. 2 2. 5 62.6 12.4 56.2 31. 0
Sihy 4. 8 1. 1 39.9 22. 0

Total Grasses 15.9 7. 1 16. 0 3.6 62. 6 12. 4 96.1 53. 1



APPENDIX H (continued)

Species

FREMONT WINEMA

EAST WEST BARTLEY OCONNOR

lbs/A lbs /A lbs/A lbs/A

Logged (1973) cont.
Caro 1. 1 0.5 1.2 0.3 - 20.7 11.4
Total Grasslikes 1. 1 0.5 1. 2 0. 3 - 20. 7 11. 4

Lule 4.4 2.0 4.5 1.0 - 0. 7 0. 4
Vinu -0.2 t 0. 1 t 0.3 t 0. 2
Gara 0.5 t 0.2 t 0.2 t 0. 7
Phha - 0.6 0.1
Lotr 0. 1 t
Habl 5. 1 2. 8

Total Farb 5. 1 2. 3 5. 5 1.2 0.5 0.1 6.7 3. 7

Total Herbaceous 22.1 9.9 22.7 5. 1 63.1 12.5 123.5 68.2

Putr
Terminal 4. 4 2. 0 25.6 5. 7 82. 2 16.2 9.9 5. 5
Lateral 109. 2 48. 8 256.9 57. 3 220. 0 43.5 33. 7 18. 6
Spur 88. 2 39. 4 143.3 31.9 140. 9 27.8 14. 0 7. 7

Total Shrub 201.8 90. 1 425.8 94. 9 443.1 87.5 57.6 31. 8

Total Production 223.9 448. 5 506.2 181.1



APPENDIX H (continued)

Species

FREMONT WINEMA

EAST WEST BARTLEY °CONNOR

lbs/A °Io lbs/A ibs/A lbs/A

Logged (1974)

Stoc 51.1 11.7 31.3 5.4 161.7 26.7 134.9 28.9
Sihy 2.6 0.6 41.7 7.3 18.4 3. 9

Total Grasses 53.7 12.3 73.0 12.6 161.7 26.7 153.3 32.8

Caro 1.2 0.3 3.2 0.5 35.0 7.5

Total Grasslikes 1.2 0.3 3.2 0.5 35.0 7.5

Lule 1.0 0.2 10.6 1.8 -
Vinu 0.5 0.1 0.1 t 0.2 t 0.2 t
Gara 1.1 0.2 2.0 0.3 1.5 t 0.8 0.2
Phha 0.2 t 1.4 0.2
Lotr - - 0.5 t -
Minu - t t -
Erla 0.1 t 0.1 t 0.9 0. 1
Cram 0.1 t 0.8 0.1 - -
Migr t t t t - -

Total Forb 3.0 0.7 15.5 2.7 2.6 0.4 1.0 2.0

Total Herbaceous 57.9 13.3 91.7 15.8 164.3 27.2 189.4 40. 6



APPENDIX H (continued)

Species

FREMONT WINEMA

EAST WEST BARTLEY OCONNOR

lbs/A lbs/A lbs/A lb s /A afo

Logged (1974) cont.
Putr

Terminal 92. 7 21. 3 108. 9 18. 7 104.6 17.3 77. 0 16. 5
Lateral 187.6 43. 0 250. 2 42.9 241.9 40. 0 129. 6 27. 8
Spur 98. 2 22. 5 131. 2 22. 5 93.7 15. 5 70.9 15. 2

Total Shrub 378.3 86.7 490.3 84. 2 440. 2 72. 8 277.5 59. 4

Total Production 436. 2 582. 0 604.5 466.9
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APPENDIX I. Maximum and minimum temperatures recorded at
the Chemult station in August 1974.

Day

Temperature (F)

Day

Temperature (F)

Maximum Minimum Maximum Minimum

1 94 42 17 82 37.

2 90 44 18 81 34
3 90 46 19 69 29
4 92 46 20 76 28
5 90 49 21 77 28
6 84 46 22 79 46
7 78 30 23 80 36
8 79 28 24 81 32
9 79 32 25 85 38

10 84 33 26 89 40
11 85 34 27 90 45
12 85 32 28 92 46
13 78 28 29 92 46
14 70 27 30 94 42
15 75 28 31 90 42
16 82 38



APPENDIX J. Growth rates of terminal and lateral leaders of Purshia tridentata in logged and
non-logged areas of the Winema and Fremont study areas (1973 and 1974).

Terminal-Winema
Lateral-Winema

Terminal-Fremont
Lateral-Fremont

1973-Non-logged Areas

June July Aug

Date

Sept

1974-Non-logged Areas

June July Aug

Date

Sept

00



APPENDIX J. Continued

6

5

4

3

1973-Logged Areas 1974-Logged Areas

June July Aug
Date

Sept June July Aug Sept
Date



APPENDIX K. Percent production of the various bitterbrush leader classes in non-logged and
logged areas by year.

Non-logged Areas (%) Logged Areas (%)

Leader Class 1973 Range 1974 Range 1973 Range 1974 Range

Terminal 21. 2 (15. 8-24. 3) 25.9 (14. 8-34. 6) 10. 8 ( 2. 2-18. 6) 24. 2 (22. 2-27. 2)

Lateral 22.4 (16. 4-33. 7) 21.4 (13. 5-27. 7) 54.9 (54. 1-60. 3) 51.0 (46. 7-54.9)

Spur 56.4 (50. 5-62. 6) 52.7 (41. 3-71. 7) 34. 2 (24. 3-43. 7) 24.8 (21. 3-26. 8)



APPENDIX L. Density of the various
tridentata in logged

height classes
and non-logged

of Purshia
areas.

Density (#/A) Significance

> 40 cm Non-logged Logged

1

N. S.

N. S.
N. S.
N. S.

N. S.
N. S.
N. S.

*

N. S.

*-

*

OCONNOR
BARTLEY
EAST
WEST

429.0
990.0a2

1287. Oa
1468. 5a

280. 5
a
b

635. 3
b420. 8a

181. 5

20 - 40 cm Non-logged Logged

OCONNOR
BARTLEY
EAST
WEST

305. 3
b

478. 5a
ab

569. 3
660. 0a

387. 8a
405. laa
544. 5
363. Oa

< 20 cm Non-logged Logged

OCONNOR
BARTLEY
EAST
WEST

404. 3a
990. Oa
891, Oa

1006. 5

544. 5
a

618. 8a
610. 5a
478. 5a

Total Non-logged Logged

OCONNOR
BARTLEY
EAST
WEST

1138. 6a
2458. 5a
2747. 3
3135. 0

a

1212. 8a
1659. 2
1575. 8a
1023. 8

Dead Non-logged Logged

OCONNOR
BARTLEY
EAST
WEST

198. 0
a
b

66. Oa
182. 0

b41.0

404. 0
a

454. Oa
363. Oa
924. 0

171

1 Indicates significance between logged and non-logged sites.
2Those values with the same number indicate no significant
difference between areas within the logged or non-logged
treatment.
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APPENDIX M. Soil horizon characteristics of the Pico/Putr/Stoc
h. t.

Horizon

WINEMA Study Area

OCONNOR BARTLEY Significance

Al thickness (cm)
AC thickness (cm)
depth to C (cm)

9. 6
23. 4
33. 0

7.9
17. 0
25. 0

N. S.
N. S.

FREMONT Study Area

Horizon Non-logged Areas Logged Areas Significance

Al thickness (cm)
AC thickness (cm)
depth to C (cm)

9.0
21. 1
29. 1

9. 3
14. 0
23. 3

Horizon

All Areas Combined
SignificanceWINEMA FREMONT

Al thickness (cm)
AC thickness (cm)
depth to C (cm)

8. 8
20. 1
29. 2

8. 6
17. 8
26. 5

N. S.
N. S.
N. S.



APPENIDX N. Percent canopy cover and stems per acre of Pinus contorta on the logged and
non-logged areas studied.

Canopy Cover (%) Stems Per Acre ( > 2 inches)

Treatment

WINEMA FREMONT WINEMA FREMONT

OCONNOR BARTLEY EAST WEST OCONNOR BARTLEY EAST WEST

Logged

Non-logged

6. 1

50.0

12.6

59.5

5. 1

52.4

4.6

60.8

41.3

486.8

66.0

336.0

8.3

321.8

8.3

206.3
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APPENDIX 0. Scientific name, common name and abbreviation of plants cited in text.

Abbr. Scientific Name Common Name

Trees

Pico Pinus contorta Dougl. lodgepole pine
Pipo Pinus ponderosa Dougl. ponderosa pine

Shrubs

Amy Antostaphylos uva-ursi (I .) Spreg. bearberry
Putr Purshia tridentata (Pursh) antelope bitterbrush
Rice Ribes cereum Dougl. squaw currant
Vacci Vaccinium sp. L huckleberry

Grasses and Grass likes

Agcama Agropyron caninum var. majus (L.) Beauv. slender wheatgrass
Agal Agrostis alba L. redtop
Aica Aira caryophyllea L. silver hairgrass
Cam Calamagrostis rubescens Buck'. pinegrass
Caaq Carex athrostachya Olney slenderbeaked sedge
Cafi Carex filifolia Nutt. threadleaf sedge
Cala Carex lasiocarpa Ehrh. slender sedge
Cami Carex microptera Mack. smallwinged sedge
Cane Carex nebraskensis Dewey Nebraska sedge
Capa Carex pachystachya Cham. chamisso sedge
Caro Carex rossii Boott. Ross sedge
Caro Carex rostrata Stokes beaked sedge
Daca Danthonia californica Boland. California oatgrass
Deca Deschampsia caespitosa (L.) Beay. tufted hairgrass
Elgl Elymus glaucus Buckl. blue wildrye
Feid Festuca idahoensis Elmer Idaho fescue
Hobr Hordeum brachyantherum Nevske . meadow brome
Juba Juncus balticus Wind. Baltic rush

June Juncus nevadensis Wats. meadow rush
Kocr Koeleria cristata (L.) Pers. junegrass
Muri Muhlenbergia richardsonis (Trin.) Rydb. mat muhly
Phal Phleum alpinum L. alpine timothy
Phpr Phleum pratense L. common timothy
Poal Poa alpina L. alpine bluegrass
Pocu Poa cusickii Vas. cusick bluegrass
Popr Poa pratensis L. Kentucky bluegrass
Posa Poa sandbergii Vasey Sandberg bluegrass
Sihy Sitanion hystrix (Nutt.) J .G . Sm. bottlebrush squirreltail
Stoc Stipa occidentalis Thurb. western needlegrass
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APPENDIX 0. (continued)

Abbr. Scientific Name Common Name

Forbs

Acmila Achillea millefolium var. lanulosa (Nutt.) Piper
Ange Antennaria geyeri Gray
Arre Arab is rectissima Greene
Arch Arnica chamissonis Less.
Asca Aster campestris Nutt.
Caqu Camassia quamash (Pursh) Greene
Cear Cerastium arvense L

Copa Collinsia parviflora Dougl.
Coti Collomia tinctoria Kell.
Cram Cryptantha ambigua (Fray) Greene
Dem e Delphinium menziesii Hook
Epmi Epilobium minutum L.
Er la Eriophyllum lanatum (Pursh) Forbes
Cara Gayophytum ramosissimum Nutt.
Habl Haplopappus bloomeri (Gray) H.M. Hall
Hahi Haplopappus hirtus Gray
Heca Hesperchison californicus (Benth.) Wats.
Lotr Lomatium triternatum (Pursh) Coult.
Lule Lupinus lepidus Dougl.
Mial Microseris alpestris (Gray) Q. Jones
Minn Microseris nutans (Geyer) Schultz-Bip
Migr Microsteris gracilis Hook..
Oebr Oenothera breviflora T & G
Orhi Orthocarpus hispidus Benth.
Peprbr Penstemon procerus var. brachyanthus (Pennell)

Cronq.
Phhale Phacelia hastata var. leucophylla (Torr.) Cronq.
Phmu Phlox muscoides Nutt.
Pobi Polygonum bistortoides Pursh
Pogr Potentilla gracilis Dougl.
Raal Ranunculus alismaefolius var. davisii Benson
Raoc Ranunculus occidentalis Nutt.
Rupa Rumex paucifolius Nutt.
Sein Senecio integerrimus Nutt.
Sior Sidalcea orelkana var. oregana (Nutt.) Gray
Taof Taraxacum officinale Weber.
Trio Trifolium longipes Nutt.
Vinu Viola nuttallii Pursh

western yarrow
Geyer pussy-toes
rockcress
meadow arnica
meadow aster
common camas
field chickweed

littleflower collinsia
collomia
obscure cryptantha
menzies larkspur
small flowered willow-weed
common eriophyllum
hairstem groundsmoke
antelope goldenweed
hairy bristleweed
California hesperchison
nineleaf biscuitroot
least lupine
alpine lake agoseris
nodding microseris
pink microsteris
short-flowered evening-primrose
hairy owl-cover
beardtongue

varileaf phacelia
moss phlox
knotweed
beauty cinquefoil
plantain leaf buttercup
western buttercup
mountain sorrel
lambstongue groundsel
Oregon checkermallow
common dandylion
longstalk clover
goosefoot violet


