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ABSTRACT

During 1975 and 1976 a sedimentation study was conducted in th e

Bear Creek watershed, located in the southeastern corner of centra l

Oregon's Crook County. A Rocky Mountain infiltrameter was used to

simulate high intensity rainfall over 468 sedimentation plots . Rainfall

and runoff were measured and a sample of the runoff was collected to

determine the sediment potentials .

The Bear Creek watershed was divided into eight ecological land

units which were further refined into 14 tentative habitat types an d

four unclassified carnunities . These divisions are based upon an

association table developed from vegetation and soil field data .

One- and two-factor analysis of variance was used to analyze the

differences within habitat types, between habitat types within a unit ,

and when appropriate, between treatments or ecological condition within

the habitat type or unit .

Tractor logging in the mixed forest unit caused a significant

increase in soil loss . Non-forest units exhibited a high natura l

variability in sediment production within the site tended to override any

differences that may have resulted frcan a management treatment . Signifi-

cant differences that did occur appeared to be closely related to

differences in soils or ecologic condition .



Wildland watershed managerial implications are explored in th e

summary section .

KEY WORDS : Ecological Land Units, Bear Creek Watershed, Water Quality ,

Sediment Potential, Runoff, Watershed Management .
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INTRODUCTION

Management of semiarid range watersheds is based primarily upon

the harvest of natural resources and the realization of non-tangibl e

benefits from the land and its vegetation. Watershed management on

these rangelands is concerned primarily with the quantity and quality o f

the water that is provided by these lands . Management for water quantity

requires the maintenance of a vegetation and soil cover that is abl e

to utilize and store precipitation at its maximum effectiveness . Arid

rangelands, with high potential evapotranspiration deficits, experienc e

periods of seasonal (simmer) droughts which increase the necessity fo r

maintaining and improving the soil storage component (Satterlund, 1972) .

Management for water quality requires the protection of the vegetation

and soil resource, maintaining it in a progressive, or at least stable ,

state and minimizing the impacts that result from the vegetation and soi l

manipulation .

Erosion and sedimentation are natural phenomena, which have thei r

maximum expression on semiarid watersheds with 25 cm to 36 cm (10 in . -

14 in.) of precipitation annually . Such climatic zones receive sufficient

rainfall to erode and transport soil but not enough to support a continuous

vegetation cover (Langbein and Schumm, 1958) .

Timber management, livestock and game/range management, and recreation

are all interrelated with watershed management through their influence o n

the vegetation and its associated soil, therefore any management decision

that disturbs the land surface for one use will ultimately be reflected

by the watershed .
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The purpose of this study was to determine those ecological land

units which were most susceptible to surface erosion and whether the

response is natural (geologic erosion) or a result of current managemen t

(accelerated erosion) . This study also attempted to identify those factors

within the unit which have the most significant effect on sediment production .

The sediment production value calculated from these units should not impl y

a yield to Bear Creek or its tributaries, but a potential erodabilit y

which could ultimately contribute to the degradation of water quality .

The following objectives were established to provide guidelines fo r

accomplishing this project :

(1) Identify and classify the vegetation-soil units in the Bear

Creek watershed.

(2) Determine habitat types where possible and the condition o f

these habitat types and other vegetation-soil units .

(3) Relate the condition and/or management treatment of each

vegetation-soil unit to potential contribution to the turbidity

of Bear Creek .

The Ecological Land Unit served as the basic interpretive uni t

for determining the relationship between the vegetation-soil complex and

its sedimentation potential . An erodibility rating on sediment potentia l

related expected soil movement from surface runoff (sheet erosion) to a

high intensity rainstorm event similar to the summer convectional storm s

that occur in the Bear Creek area . The integration of a specific ecologica l

land unit with its inherent potential for producing sediment provided a

means to more objectively evaluate the affects of management on wate r

quality.
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STUDY AREi1

Location

The Bear Creek watershed is located near the geographic center of

the state of Oregon, in Crook County, approximately 75 km (40 mi) east o f

Bend, Oregon (Figure 1) . It lies between 44°10` and 43°50' north

latitude, and 120°50` and 120°15' west longitude . The watershed is

bordered by the High Lava Plains to the south and west, and includes the

western half of the Maury Mountains (the southwestern extension of the

Blue Mountain Province) in the northeastern sector of the drainage .

The Crooked River Canyon, with its Columbia River Lava plateaus, form

the northwest boundary of the watershed . The Bear Creek drainage covers

approximately 531 km2 (205 mi2 ) or 53,004 ha (131,200 ac) with elevation s

ranging from 988 m (3250 ft) at the Prineville Reservoir to 1909 m

(6266 ft) as Drake Butte in the Ochoco National Forest . Bear Creek is

a tributary of the Upper Crooked River Drainage with runoff storage in

the Prineville Reservoir .

Bear Creek and Its Tributaries

Bear Creek is a third order stream (Chow, 1972) approximately

61 km (33 mi) long, fed by springs originating in the Maury Mountains ,

and Klootchman Creek and Antelope Flat reservoirs which store the runof f

from spring snowmelt . Springs that occur at lower elevations often for m

intermittent streams which contribute direct runoff only during the sprin g

runoff period or following a rainstorm event . This watershed has three

3
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second order streams, Little Bear Creek, Caw Creek and Klootchman Cree k

and seven first order streams, Calf, Ferguson, Friday, Deer, Faught ,

Soldier, and Antelope creeks . Ant Creek, Salt Creek, Spring Creek and

Sage Hollow are intermittent or ephermeral drainages ()Figure 2) . The

stream order concept was introduced by Horton (1945) and modified b y

Strahler (1952), to rank intermittent and perennial streams fran thei r

point origin to their confluence with another tributary (at which point

the downstream segment represents the next highest order) . Downstream

tributaries were ranked from their point of origin in a similar manner .

This concept was based on the premise that the order number is proportiona l

to the size of the area of the contributing watershed, channel dimension s

and stream discharge .

Bear Creek has a predicted average annual flow of approximately 5

cubic feet per second (cfs) (0 .14 m3/sec) based on the 1976 water year .

Daily flows ranged fran 0 .5 cfs (law summer flow) (0 .014 m3/sec) to a

flood peak of 850 cfs (24 .1 m3/sec) which caused a

mean

daily flow of

240 cfs (6 .81 m3/sec) (Gallino, 1977, personal carmunlcation) (Figure 3) .

Bear Creek has a dendritic drainage pattern which typifies soft

sedimentary rocks and volcanic tuffs ; however, parallel patterns

(indicating faults) occur in the north-central portion and radial pattern s

(indicative of volcanoes or dares) also occur, around Bear Creek Butt e

and West Butte . The drainage density is generally fine texture, which

indicates high levels of surface runoff and soils with low permeabilit y

(Paine, 1975) .

The upper portion of Bear Creek has approximately 9 .25 km (5 mi) of

rechannelization, plus an extensive network of diversion canals to

5
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convert the bottamland into flood irrigated pastures . Runoff from

sprinkler irrigation contributes direct runoff to the Bear Creek stream

system.

In the lower portion of the drainage, rechannelization, and rock

revetments are used to prevent channel erosion, where continued cuttin g

threatens to damage the road . The BIM recently fenced off an area alon g

the lower portion of Bear Creek to eliminate cattle disturbance to the

channel .

The alluvial material that makes up the streambanks is highly

variable, but generally appears to be lower in silts and clays than

associated upland soils would suggest . Fine clay and volcanic ash tuff

occur in localized spots . The straight-sided channels which occur i n

many places suggest low cohesiveness (Paine, 1975) .

The Bear Creek watershed has been identified by the Bureau o f

Land Management (BIM) as one of the most critical areas in its Prinevill e

District due to the high percentage of bare ground present, and the larg e

sediment yields it contributes to the Prineville Reservoir (Bureau of Land

Management, 1973) . Prior to a turbidity study by Silvernale, Simonso n

and Harward (1976), Bear Creek was thought to be the primary contributor o f

an amorphous/clay complex found in suspended sediments that caused a

persistent (long term) turbidity condition in the reservoir and in th e

Crooked River below the dam . The soils identified as capable of causing

this turbidity, the Powder-Courtrock and the Simas-Tub-Soft Sedimentary

Rock Associations, occur extensively throughout the watershed bu t

presumably lacked sufficient amorphous material to form the persisten t

clay complex . X-ray diffraction of Bear Creek clay mineralology, fro m

8



spring runoff samples, indicated the sediment for this period wa s

originating primarily from sheet or surface erosion processes rather

than deep cutting gullies . These authors also noted that the cree k

contained calcium in sufficient amounts to act as an effective flocculat-

ing agent for turbid suspensions during low flaw periods .

Floods

Floods appear to be a common occurrence in the Bear Creek area ,

either as a result of rapid snaanelt generating high spring runoff or

from stormflows caused by high intensity summer convectional thunder-

storms . The Bureau of Land Management (1973) has documented a majo r

destructive event at least once a year since 1969 and has cited the

widespread 1964 flood as being the worst storm on record for the area .

While sedimentation increases as stormflows increase, it i s

important to understand that in the long run it is the more frequent

intermediate-sized stormflows which may produce the greater amount of

sediment (Hewlett and Nutter, 1969) .

Turbidity

Oregon's Department of Environmental Quality found the turbidity

(measured in Jackson Turbidity Units (JTU), but based on a Formazi n

standard) of Bear Creek to exceed the state standard of 5 JTU's during

every season except the low summer flow period (Hose, 1977, personal

communication) . The 5 JTU standard established by the U .S . Public

9



Health Service as a Drinking Water Standard specifies that turbidity shall

not exceed 5 units (McKee and Wolf, 1963) . Current water quality standards

for wildland streams in Oregon prohibit activities which would increase

turbidities by more than 10 percent when natural turbidities are greater

than 30 JTU and permit no increase when natural turbidities are less

than 30 JTU (Brown, 1974) . The 30 JTU standard was established as th e

maximum turbidity allowable for a productive fishery .

The Bureau of Land Management in conjunction with the U .S .

Geological Survey established a monitoring station on the count y

bridge across lower Bear Creek in 1976 . Sediment concentration is

measured with a depth integrating sampler and calculated in milligram s

per liter (Figure 4) . The BIM estimated that 61,664 m3 (80,650 yd3 ) of

sediment are lost annually from the Bear Creek watershed and this in turn

causes the additional loss of 50 a-ft of storage in the Prinevill e

Reservoir (Silvernale et al ., 1976) . Predicted losses calculated from

the tentative and unpublished discharge records for the 1976 water year ,

for Bear Creek put the sediment discharge at 48,056 t (52,983 tons )

(U.S . Geological Survey, 1977) . This is equivalent to 18,134 m3

(23,717 yd3) and a 14 .7 a-ft loss .

Channel Erosion

Rollins (1973) in his "Interviews with the Old Time Residents o f

Bear Creek," talked with two early residents, Frank Scott and George Pierce ,

about the numerous gullies that have formed in the watershed . According

to Scott, Sage Hollow, an ephemeral drainage near the Scott homestead ,

10
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was 1.5 m (5 ft) deep and about 6 m (20 ft) wide in the late 1920's .

Today the channel is 6 m (20 ft) deep and 14 m (45 ft) wide and a bridge

is necessary to cross it. George Pierce stated that early resident s

were able to drive their wagons across Little Bear Creek whereas toda y

it is 5 m (15 ft) deep and 6 m (20 ft) wide . It was the general consensus

of the old timers that overgrazing served as the trigger for the accelera-

tion of gully and streambank erosion .

According to a legislative report by Oregon's State Soil and Wate r

Conservation Commission (1974), moderate streambank erosion occurred alon g

40 km (21 .6 mi) of Bear Creek and minor erosion occurred along 3 .7 km

(2 mi) of Little Bear Creek. Moderate severity is a relative category

based on the statewide maximums and minimums that falls near the mean .

It is obvious that the unstable channels found in the Bear Creek

watershed must be playing a significant role in the contribution o f

sediment to the stream system .

Geology

The geology of the Bear Creek watershed is essentially volcani c

in origin . The Ochoco Mountains, to the northeast, represent the oldes t

formations (Cretaceous) in the area, which may occur as remnants in th e

Maury Mountains that form the headwaters of Bear Creek (McKee, 1972) .

Swanson (1969) considered the Clarno Formation to be the dominant geologic

formation within the watershed, since it covers most of the uplands to th e

north and east of the drainage . The Clarno Formation is a result o f

volcanism and sedimentation which occurred in the Oligocene Epoch ,

12



Tertiary period, and is derived from laval flows, mud flows, volcani c

breccias and beds of volcanic ash . This formation serves as parent

material for fine textured soils (Baldwin, 1964 ; McKee, 1972) (Figure 5) .

The John Day Formation overlies the Clarno Formation on the wes t

side of the lower portion of Bear Creek and occurs as scattered remnant s

within the Clarno area . This formation is composed of nearly pure volcani c

ash, often welded into tuffs as a result of glowing avalanches whic h

usually preceded eruptions . The John Day Formation generally occurs in

three distinctly colored layers which reflect stages of weathering

(Baldwin, 1964 ; McKee, 1972) . This formation serves as the paren t

material for clayey textured soils found in this area (Simonson, 1976) .

During the late Tertiary period and into the Quaternary perio d

olivine basalt flows covered much of the Bear Creek watershed. The flows

rim the watershed along the south side of the creek, providing the

northern boundary of the High Lava Plains . More recent Quaternary basal t

flows from Alkali Butte are found along the lowest extremity of Bear Cree k

creating a canyon similar to the Crooked River Canyon . The topography

associated with the basalt rimrock generally creates steep slopes in exces s

of 100 percent (Swanson, 1969) .

Faulting also occurred during this period, both in the lower portion

of the watershed at its confluence with the Crooked River and in the north-

central sector adjacent to the creek (Swanson, 1969) .

Pleistocene glaciation is not evident in the Bear Creek watershed .

At the end of the Ice Age volcanic activity resumed in nearby areas .

Approximately 25,000 years ago, Paulina Mountain volcano, southwest of

Bear Creek, collapsed forming the Newberry Crater, as a result of fissure

13





flows removing the lava that was providing the support for the mountain

(Brogan, 1963) . Approximately 6,600 years ago, Mount Mazama exploded ,

covering much of northeastern Oregon with a layer of pumiceous ash

(Baldwin, 1964) . This eruption presently is manifested to a larg e

degree on the development of soils and possibly the vegetation found i n

the study area. Newberry Crater and its adjacent cinder cones ar e

believed to have had the mostirecent activity, only 2,000 years ago, but

documentation of the volcanic influences that followed the Mount Manam a

eruption are not available (Williams, 1969) .

The most recent geologic activities are the continuing processes

of alluvial and aeolian deposition, though alluvial sedimentation is th e

most significant (Swanson, 1909) . These processes have altered the

Mazama ash layer by removing it from most of the south aspects (alluvial )

and depositing it on north aspects (aeolian) . It has also been incorporated

into stream terraces and alluvial fans where it may range from a few inches

to several feet in thickness (lull, 1966) .

Climate

Bear Creek watershed hash semiarid climate, typical of much of th e

Great Basin, receiving most o f ', its moisture in the winter as snow and yet

is subject to summer droughts caused by the Cascade Mountain rain shadow .

This semiarid climate has prevailed for the last 5 million years (Baldwin ,

1964) .

Prineville, located 24 kap (15 mi) north of the Prineville Reservoir ,

15



is the closest weather station with long term records (79 years),

Brothers, Barnes and Pine Mountain Observatory located around the

southern boundary of the study area have maintained records for the las t

15 years, but may better represent the conditions for the Bear Creek area .

The Thiessen method of apportionment for the Bear Creek watershed shows

the Brothers station representing 79 percent of the study area, Barne s

station another 17 percent and the Pine Mountain and Prineville station s

accounting for two percent apiece (Figure 6) . The Thiessen average

annual precipitation for the study area is 27 cm (10 .6 in) and the mean

annual temperature is 8°C (47 .6°F) (U .S . Weather Service, 1976) .

Snow occurs primarily in December, January and February and ma y

remain on the ground through April in the forested areas where accumulatio n

is the heaviest .

May and June are often months of moderate rainfall, and are followed

by dry July, August and September months . The simmer precipitation is

seldan effective due to the high potential evapotranspiration rates (BIM ,

1973) (Figure 7) .

While summer precipitation is generally light, high intensity

convectional thunderstorms (downspouts) are cannon to this area .

Mayko and Smith (1966) predicted 6 to 12 thunderstorms annually for

the High Lava Plains to the south and west of the study area and 15 to 2 5

storms per year in the upper valleys of the Ochoco Mountains . These authors

also developed return periods for rainstorms in the Prineville area which

related the amount of rainfall of a stated duration that may be expecte d

in a specified number of years . One inch of rainfall in three hours has

a return period of ten years ; for the same rainfall in two hours the retur n

16
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period is 25 years, and if it comes in one hour, one may expect a return

period of 75 years.

The nights are cool and freezing temperatures may occur at any

time during the summer. The average growing season varies fram 32 day s

at Brothers to 86 days at Barnes .

Keen (1937) studied the effects a current drought in centra l

Oregon was having on growth in ponderosa pine (Pinus ponderosa) . Using

dendrochronology techniques he studied several sites near the Bear Creek

watershed and found the growth rings to adequately represent periods o f

climatic stress or more specifically the drought from 1918 to 1935 . Field

observations suggest further periods of climatic stress persisted unti l

the 1950's as irregular cycles generally several years in length .

Vegetation

Vegetation is a function of climate, parent material (soil), bioti c

factors, initial state (current condition) and time (Jenny, 1958) . A

Mixed Forest covers approximately 17 percent of the watershed in th e

Ochoco National Forest and is managed primarily for ponderosa pine

(Pinus ponderosa) . Douglas-fir (Pseudotsuga menziesii), grand fir

(Mies grandis) and western juniper (Juniperus occidentalis) are also

present in the overstory . Mountain big sagebrush (Artemisia tridentata

ssp . vaseyana), low sagebrush (Artemisia arbuscula) and stiff sagebrush

(Artemisia rigida) occurred in small scattered communities throughout the

forest . The herbaceous understory is predominantly Idaho fescue (Festuca

idahoensis), pinegrass (Calamagrostis rubescens) and elk sedge (Carex

geyerii) in the forest areas and Sandberg's bluegrass (Poa sandbergi.i) ,

19



Idaho fescue and bluebunch wheatgrass (Agr(nron spicatum) in the high

elevation shrublands (Figure 8) .

Western juniper woodlands are the most common vegetation type, an d

cover approximately 70 percent of the watershed . Understory vegetation

is primarily big sagebrush, with low sagebrush becoming daninant on soils

that have a shallow restrictive layer . Much of the area appears to be

a western juniper climax since round-topped, old trees, supporting the

lichen Letharia vulpina are present (Burkhardt and Tisdale, 1969) ; how-

ever, there has been considerable juniper regeneration with trees of

less than 100 years of age . The overall density of juniper appears t o

have increased significantly . Sparse vegetation, typical of clima x

stands may mask the influence of this increase . Burkhardt and Tisdale

(1976) believed fire played a dominant role in controlling invasion o f

juniper into other camnunities and in maintaining old growth climax

juniper stands . The Bureau of Lad Management employs fire suppression

on these woodlands and apparently several trees are burned each year by

lightning-caused fires . With the sparse vegetative understory the fire s

are generally restricted to the individual tree actually struck by

lightning .

Shrublands, composed primarily of big sagebrush and rabbitbrush

(Chrysothamnus spp .) cover the remaining 13 percent of the watershed .

While this area contains nearly pure grasslands of bluebunch wheatgrass ,

Idaho fescue or needle and thread grass (Stipa camata), the shrub layer

is still represented. Law sagebrush, buckwheat (Eriogonum spp .), grease-

wood (Sarcobatus vermiculatus), and stiff sagebrush daninate small carmuni-

20
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ties within this vegetation type .

Idaho fescue, bluebunch wheatgrass and Sandberg's bluegrass are

generally the most dominant species in the herbaceous understory .

Bottlebrush squirreltail (Sitanion hystrix), Thurber's needlegrass

(Stipa thurberiana), Indian ricegrass (Oryzopsis hymenoides), and

California mountain brcane (Bramus carinatus) are important in other

communities or in sub-dominant roles .

Soil

Soils, like vegetation, are influenced by parent material, biotic

factors (includes vegetation), topography, climate and time (Jenny, 1958) .

The study areas are represented by four soil orders and three undifferenti -

ated soil types (Figure 9) .

Mollisols, one of the older soils, have developed from the Clarn o

and John Day formations and are high in sedimentary clay . This order

would cover approximately 80 percent of the watershed and is primarily

associated with the mixed forest and juniper woodland vegetation types .

Soils of the Aridisol order are younger, may be loamy or sandy i n

texture and developed frcan basalt, volcanic ash and pumice . These soils

are associated with the shrubland vegetation found on the High Lava Plains ,

alluvial fans and stream terraces adjacent to Bear Creek .

A Vertisol, the Day clay, is characterized by a high shrink swel l

capacity that creates extensive deep surface cracking during the droughty

summer months, and occurs as small inclusions throughout the watershed .

These soils may be very productive, and generally support big sagebrush /
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bunchgrass canmunities . Mountain brame may be a potential character

species at lower elevations (Jeppesen, 1975, personal carinunication) .

An unnamed Entisol is also found as scattered inclusions at

lower elevations in the watershed and may be associated with recen t

exposures of old sedimentary formations . These soils are extremel y

fluffy and have calcium carbonates in the surface soil . Vegetation is

sparse on these sites .

The undifferentiated soil types are the rockland category, which

includes talus slides and rock outcrops which result from the weatherin g

of the basalt rimrock ; raw sediments, exposed john Day and Clarno

formations ; and an alluvial type for recent erosion deposition (Mayk o

et al ., 1966 ; BLM, 1973) .

Frost heaving occurs extensively in the non-forested areas and is

believed to be primarily the result of the concrete type of frost

(Jeppesen, 1976, personal communication) . While none of the major soi l

types are skeletal (greater than 35 percent coarse material) their surface s

are often gravelly which may indicate residual as well as alluvial

erosion pavement .

Debano (1968a) described a soil wetting phenomena, which he terms

hydrophobic response, in which a drop of water balls up on the soil

surface and does not infiltrate through the air-soil interface . A water

drop penetration time test, described by Bond and Harris (1964), establishe d

a five second penetration time to separate the wettable soils from the

hydrophobic soils . Debano (1968b) discussed the widespread occurrence o f

hydrophobic soils, citing two areas in central Oregon, south of the study
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area, where these soils were associated with juniper and rabbitbrush .

He also found the hydrophobic conditions were often associated with

volcanic parent materials and that amorphous materials, such as recen t

volcanic ash influenced the repellancy .

Based on the penetration time test, only one site on the Bear

Creek watershed had soil with a penetration time greater than fiv e

seconds; however, several similar sites (clayey Mollisols) had times

approaching five seconds .

History of Land Use

Prehistoric man, as evidenced by sandals found in a cave near

Fort Rock may have been the first human visitor to the Bear Creek area .

However, the area was still volcanically active at the time the sandal s

were made, so it is difficult to say just when the first humans did trave l

into the area. More recent aboriginal groups, such as Chief Paulina and

the Walapi tribe of the Snake Indian Nation used Bear Creek for hunting

forays, with arrowheads made fram Newberry Crater's obsidian fla w

(Brogan, 1971) .

The first white settlers moved through the area in 1853 when their

wagon train got lost . The first residents of Crook County arrived fram

1864-1870 with small herds of cattle, horses, and sheep (Brogan, 1971) .

The first documented hamesteading in the Bear Creek watershed occurre d

prior to 1880 . The homesteaders had small family herds that grazed year -

long. Homesteaders and animal numbers both increased significantly in the
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early 1900's . The grazing animals reached their peak in the late 1920's .

Old time residents put the number of cattle at approximately 2,500 head ,

at least 300 horses (a herd of 7,000 horses ran on the High Desert and

moved in the Bear Creek drainage occasionally) and an unknown number o f

sheep. The local residents apparently raised some sheep, while transien t

Irish sheep herders maintained far greater numbers . The early residents

believed overgrazing, erosion and increase in juniper was a result o f

the high animal numbers (particularly sheep and horses) grazing year-long .

Bear Creek was ultimately homesteaded by over 30 families . These home-

steads have subsequently been consolidated into five operating ranches ,

following the decline in animal numbers in the 1930's .

The Ochoco National Forest (including the Maury Mountain Unit) wa s

established in 1905 (Figure 10) . The primary objective of the Fores t

Service was to control fires, grazing use by livestock, and timber harvest .

Cattle numbers have been reduced 250 percent in the Ochoco National Fores t

since 1905 and at present there are no sheep in the Bear Creek watershed .

Deer and elk numbers are believed to have increased considerably, althoug h

no reliable census data are available . Extensive logging started about

1940 and continues . Logging at this time is primarily selective partia l

cutting (Hall, 1966) .

The Prineville grazing district was established in 1935 . The Bureau

of Land Management has established seven major grazing allotments on thei r

Bear Creek watershed which cover 16,700 ha (41,265 a) of public land . These

allotments provide 2822 animal unit months of grazing for 237 cows grazing

year-long, a considerable reduction from the 2,500 plus cows that grazed

in the 1920's (BIM, 1973) .
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The remainder of the watershed is in private ownership althoug h

the state does control several small tracts .

More recently the watershed has seen a number of management treatments

which involved vegetation/soil manipulation . Besides logging in the

forested portion, the rangelands have undergone a juniper chaining in the

Spring Creek drainage, sagebrush spraying on the High Lava Plains and i n

the Mixed Steppe area in the eastern sector and juniper dozing on smal l

areas of private land . Juniper felling, with the trees left in place, is

currently being used to increase soil moisture and herbaceous understory

cover in areas where juniper has invaded or where their density ha s

increased .
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LITERATURE REVIEW

Sedimentation

Erosion is classified as geologic or normal for a natural environ-

ment; and accelerated, which is an additive amount that proceeds at a

rate greater than normal for the same specific site due to the activities

of man, or a natural catastrophy (Soil Consv . Soc . Am., 1976) . Geologic

erosion is a natural phenomena and varies considerably from one area to

another . Likewise, accelerated erosion varies depending on the magnitud e

of the impact, and of the weathering factors that characterize the area

(Branson, Gifford and Owen, 1972) .

Langbein et al . (1958) found the semiarid region (21-30 cm ; 9-12 in .

of rainfall annually) had the greatest potential for yielding sediment ;

since there was sufficient rainfall for soil movement but not enough t o

support a continuous vegetative cover .

Erosion has been divided into three related processes :

1. Soil particle detachment .

2. Sediment transport (entrainment) .

3. Sediment deposition (aggradation) .

Soil particle detachment occurs when raindrop impact on bare soil s

causes soil particles to became dislodged and forced upward (splash) .

This impact may also seal the soil surface and reduce infiltration . The

detached particles often remain in suspension and are carried downslope

in overland flow (Branson et al ., 1972) . To put raindrop impact i n

perspective, and assuming the amount of water and the size of the areas
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are the same, the kinetic energy of the rainfall is 50 .47 ft/lbs while

that of the overland flow is only 0 .02 ft/lbs (Hewlett et al ., 1969) .

In a natural situation, however, the duration of the overland flow ma y

be longer .

Sediment transport is primarily a function of the velocity of the

flow, which in turn is influenced by the physiographic variables of slop e

and surface roughness (friction) . Velocity increases with the squar e

root of slope (a 40 percent slope has twice the velocity of 10 percent

slope) and the sediment carrying power of runoff increases with th e

sixth power of the velocity (V6) ; therefore, this potential carrying

power or competence of surface runoff would theoretically increase with

the cube of slope (Brown, 1974) . The influence of vegetation and soi l

development create an inherent variability on land surfaces and tends

to modify the potential carrying power (Smith and Wischmier, 1962) . As

the depth of water (often termed head) doubles, when it is concentrate d

in rills, gullies and channels, the mean velocity increases four times .

When velocity is doubled, the cutting power is increased four times, the

size of particles moved may increase 32 times, and the volume or weigh t

(carrying power) transported theoretically increases up to 64 time s

(Hewlett et al., 1969) . Surface roughness values as applied to rangeland

watersheds are so broadly defined that they fail to differentiate between

two areas with substantial differences in vegetation cover and bicinas s

(Woolhiser, Hanson and Kuhlman, 1970) .

Sediment deposition has not been empirically described (Wischtrier f

1976) . Semiarid watersheds exhibit considerable variation in microrelie f
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and surface cover components . Since sediment deposition occurs as the

velocity of the flow decreases or as surface roughness (friction )

increases, it is possible to see the influence of slope and increase d

infiltration or transmission losses at the base of hills and porou s

ephemeral channels . The "losing stream" problem discussed by Renard

and Hickok (1967), is a result of increased sedimentation due t o

deposition by diminishing volumes of stormflow caused by high transmissio n

losses. The process is cumulative until an exceptional event occur s

that is capable of removing old deposits . Plants, rock outcrops and

coarse debris, which affect the surface roughness factor, are als o

capable of initiating sediment deposition (Anderson, 1974) .

Wischmier (1976) stated that erosion is not synonymous with soi l

loss . Erosion may result from the impact of raindrops alone, while soi l

loss requires the transport of soil particles from the site, as a resul t

of sheet and rill erosion processes . Sheet erosion is defined as the

removal of a fairly uniform layer of soil from a land surface by runof f

water (Soil Consv . Soc . Am., 1976) and may include splash erosion . Rill

erosion is defined as the collection (of water) into rivulets, o r

numerous small channels (Hewlett and Nutter, 1969) .

Wischmier further states that soil loss may represent sediment

yield only when it is summed for all segments similar in soils, topograph y

(slope steepness and length) and plant cover on the landscape .

Watershed sediment yield is then the summation of all upland soil

losses, less sediment deposition plus estimates of gully and channe l

erosion (Renard and Simanton, 1975 ; Wischmier, 1976) .
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Influence of the Vegetation/Soi l

Complex on Sedimentation

There is considerable literature on infiltration, runoff and

sediment production for rangeland sites in most of the western states ,

but prior research from eastern Oregon is conspicuously lacking (Gifford ,

1968) .

Blackburn and Skau (1974) were the first to look for the relation-

ship between an ecologically defined area (plant community) and its

sediment potential . They studied 29 plant communities and soils on fiv e

semiarid watersheds in Nevada. Infiltration and sediment production

rates varied considerably both within and between communities . Pinyon/

juniper and big sagebrush communities had high sediment yields on

several watersheds ; however, none of the communities that occurred o n

more than one watershed were consistently high . Infiltration and sedi-

mentation was more a characteristic of the watershed and its surfac e

soil than of the associated communities . Pinyon/juniper communities

produced the greatest sediment quantity on one community and the smalles t

amount from another. A big sagebrush/rabbitbrush community produced

the greatest amount of sediment on two watersheds and the least on ye t

another . Vesiscular crusts forming on soils of the Aridisol group

appeared to be the most erosive .

Forsling (1931) in Utah was one of the first to study the influenc e

of vegetation cover on surface erosion . He discovered that while less

than five percent of the annual surface runoff was caused by sunnier

rainstorms, those summer storms caused nearly 85 percent of the erosio n

on sites with less than half of their original (potential) plant cover .
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As succession progressed and the vegetation returned to original cove r

(approximately 40 percent), the annual sediment discharge decreased, mos t

notably during the summer rainstorm period . Bailey and Copeland (1961) ,

also frown Utah, found that as vegetation and litter cover decreased, surfac e

runoff and erosion increased . Lusby (1970) in Colorado found runoff to b e

directly related to percentage of bare ground present in the watershed .

Aldan and Garcia (1973) investigating a semiarid watershed in th e

southwest found sediment to decline over a 17 year period as a result of

increasing perennial grass size and litter production .

Meeuwig's (1970) results in northern Utah emphasized the importanc e

of vegetation and litter cover in maintaining soil stability and infiltra -

tion capacity. Soils with high inherent erodibility needed more protectiv e

cover than those less erodible . Water retention was directly related t o

vegetation and litter cover, and erodibility was inversely related to

vegetation cover .

In the northern California wildlands, Andre and Anderson (1961 )

showed the intensity and frequency of rainfall and the condition of the

land were the most important factors needed to determine the erosion

hazard of the area . In their study, grass cover was associated with the

least erodible soils, forest cover with the moderately erodible soils ,

and shrub cover with those most erodible . In the semiarid southwest ,

Renard (1972) noted that where the vegetation was naturally sparse, it s

influence through litter accumulation and soil development may have been

important as the protection of the land surface from the erosive force

of rainfall impact. Desert brush cover was shown to contribute littl e

to the reduction of runoff presumably because of the limited vegetation

the area can naturally support (Simanton, Renard and Sutter, 1973) .
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Investigators studying the influence of rangeland soils on

sediment production and sediment yields have found that fine textured

(clayey) soils yielded over three times the sediment than those wit h

medium textures (silts and sands) (Hanson et al ., 1973) . Blackburn

et al . (1975) found a vesicular surface horizon to be a major facto r

contributing to lower infiltration rates and greater sediment production .

His study, on semiarid watersheds in Nevada, found these vesicular crusts

to be common in the interspace areas between the sagebrush . Andre et al .

(1961), working in the northern California wildlands, found that soil s

developed on acid igenous rock produced more than twice the erosion a s

soils developed from basalt. In Hawaii, Yamamoto and Anderson (1967 )

studied soils derived from volcanic ash and basalt . The loose condition

and the dispersive characteristics of the ash soils suggested that they

may be twice as erodible as those soils derived from basalt flows o r

colluvium. Yamamoto and Anderson (1973) also looked at splash erosion

on these soils, and their data suggested that ash and basalt colluviu m

had the greatest potential for erosion in the early phase of rainfal l

exposure .

Influence of Man on Sedimentation

Timber Harvest

Timber felling is usually insufficient to cause increased sedimenta-

tion . It is the yarding of logs to landings which generally creates the

soil disturbance and leads to subsequent erosion (Likens et. al ., 1970) . The
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lack of erosion due to felling properly focuses attention on tree

removal and transportation systems as the primary source of erosio n

problems . Drag systems which require higher densities of roads and sk i

trails have the greatest potential for surface erosion . Hi-lead, skyline

and helicopter systems have a minimal effect on subsequent sedimentation .

Uphill felling has also been useful for removing trees along streams ,

by avoiding the channel completely . Anderson (1970) predicted future

forest harvests would increase sediment yields by a factor of four with

roads accounting for 80 percent of the increase and logging practices

the remaining 20 percent .

Buffer strips (no entry zone) along stream systems have prove n

useful in many situations, protecting channel banks and strearnbanks

during logging . They may also reduce the amount of debris which woul d

normally be transported to the stream . Debris accumulation during

periods of high flows was the principle cause of failure for bridge s

and culverts (Rothacher and Glazebrook, 1968) . Bethlahmy (1967) found

erosion was related to the aerial extent of the exposure . His results

showed that runoff and erosion were greater on southwest slopes than on

northeast exposures, since the density of the stands on the northeas t

aspects tended to canpensate for the disturbance caused by the selectiv e

removal . Similar densities were not present on the southwest exposure s

and even after careful selective logging practices erosion increased

significantly .

Roads are generally associated with logging, as the transportation

system necessary for tree removal . However, it is important to realiz e
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that the impacts of roads would be similar for other situations . Roads

are often a significant source of sediment, because their campacte d

surfaces generally carry surface runoff during storms . This problem

is compounded when culverts and drainage systems are inadequate or

poorly maintained. Poorly planned roads may block normal subsurfac e

flow patterns besides the reduction in infiltration . The amount of

sedimentation from roads and skid trails is proportional to their density ,

and is often influenced by associated cross drainage (Brawn, 1974) .

Declines in sediment yields that are directly attributable to roads may

be slow, particularly when location and road drainage systems show

poor planning (Brown, 1974) .

With the exception of roads and skid trails, vegetation recover y

following timber harvest usually occurs within the first few year s

following the removal and results in a corresponding reduction in

sedimentation (Brown, 1974) .

Grazing

Buckhouse and Gifford (1976) found that grazing and debris burning

in a chained pinyon/juniper area did not significantly effect sedimenta-

tion due to the high natural variability of the area . Smeins (1975 )

found that although runoff increased after grazing it generally required

severe overgrazing before significant erosion could be observed .

Rich and Reynolds (1963), in the southwest, observed that the

amounts of sediment trapped were so variable from year to year tha t

differences due to grazing were not statisically significant .
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Although runoff increased slightly on the heavily grazed watershed th e

amount of change was not significant .

Sharp et al . (1964) looked at the effects of three grazing intensi -

ties on runoff . Their study in South Dakota found little differenc e

between light and moderate intensities . Whereas the heavily grazed

watershed produced more runoff for three storms, a fourth storm cause d

the lightly grazed watershed to produce the most runoff .

Woolhiser, Hanson and Kuhlman (1970) ccanpared the influence of

heavy and light grazing on the surface roughness of a rangeland watershe d

in South Dakota. They noted that while there were substantial difference s

in vegetal ccanposition, cover and biomass there were no significant

differences in the roughness component .

In western Colorado, Lusby (1970) found grazing increased sediment

yields 45 percent due to the increase in bare soil and rock and a

corresponding decrease in vegetative ground cover .

Light and moderate grazing intensities had little effect on sedi-

mentation, while heavy grazing, and the long term reduction of vegetativ e

cover may increase runoff and erosion .

Mechanical Treatments

Branson et al . (1972) and Gifford (1968) have reviews covering

earlier research primarily in the pinyon-juniper and sagebrush areas of

the Great Basin Region. They have found that sediment yields varied

considerably with time (seasonal) and within a given storm event, an d

that treatments that disturb the soil may increase infiltration and
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decrease sediment or if the soil is already at field capacity, the

response may be an increase in both runoff and sediment .

Gifford (1972) observed seasonal fluctuation in infiltration rates .

Higher infiltration rates occurred in the spring fran the increase in

porosity caused by freezing and thawing over winter, while during the

summer months the soil dried and was disturbed and/or sealed by

convectional storms which in combination tended to lower the rate .

The reduced infiltration rate could potentially increase surface runoff

depending on the antecedent soil moisture conditions and the magnitude

of the rainfall event .

Buckhouse (1975), studying chained areas in Utah, experienced a

high natural variability among his study locations which he felt may

have tended to mask any changes in sediment production caused by a

management treatment.

Gifford and Busby (1974), working in a plowed big sagebrush site ,

found that soil cover characteristics did not adequately describe the

potential hydrologic performance on areas that had been greatly modified

by treatments such as plowing . They also found that grazing did not

increase sediment production potentials over the increases expected as

a result of the disturbance associated with plowing . In Arizona, Kincaid

and Williams (1966) studied the effects of rainfall on surface characteris -

tics following various range improvement treatments . They observed that

exposed soil and litter (mulch) resulting from the treatments were washed

away and erosion pavement was exposed but that surface characteristi c

appeared to stabilize after one summer's rainfall . They also found that

vegetation crown cover had a greater effect in reducing surface runof f

than soil treatments .
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Gifford (1973), working in Utah, found sediment production wa s

greatly reduced on chained sites with debris left in place as compared to

chained areas with the debris windrowed . He predicted that 1 .6 to 6

times the sediment could be expected from the windrowed sites than from

adjacent undisturbed woodlands . The debris in place treatments were not

significantly different in sediment production than the woodland control .

Gifford believed that the debris that remained scattered over the bare

soil surface maintained sufficient retention and detention water storage

to compensate for the initial disturbance .

Skau (1961) found the surface pits left by uprooting juniper reduced

overland flow and increased soil moisture storage .

In Wyoming, Sturges (1975), studying converted big sagebrush

communities, believed that the treatment which minimized soil disturbance

maintained the best watershed protection values following the conversion .

Comparing undisturbed big sagebrush sites with sprayed (2,4-D) sites h e

could detect no differences in the suspended sediment concentration or

bed load deposition and concluded that spraying was one of the bes t

methods available since it maintained the watershed's protection .

Williams, Gifford and Coltharp (1972) looked at the relationshi p

between vegetation and edaphic factors, and erosion at chained pinyon /

juniper sites in Utah . The factors which influence sediment production

were so variable between geographic locations that no consistent relation -

ships were found .

The detrimental effects of a mechanical treatment are generally short -

lived if there is ' an adequate response in vegetation recovery . The soil

surface features stabilized after a single wet season (Kincaid et al . ,

1966) .
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Other Influences on Sedimentation

Fire

Wildfire or controlled slash burning following timber harvest are

common occurrences on forests and rangelands, and interest in fire a s

a management tool is increasing . The effect that these fires have on

soil erodibility is generally related to the intensity of the fire . Hot

fires may consume litter and duff materials leaving the mineral soi l

exposed to raindrop impact . Light fires usually have little effect on

erosion if sufficient organic material is left to protect the soi l

surface (Brown, 1974) .

Fires may also induce a hydrophobic condition in the soil surfac e

or as a discontinuous layer below the surface . This non-wettability

appears to be a widespread phenomena, and when associated with fire i t

is believed to involve the chemical binding properties of essential oi l

residues interacting with soil particles (Debano, 1969a) .

Raindrop impact may also influence the infiltration of water o n

burned areas by plugging soil pores with ash. Increases in sedimentation

following slash burning are cpnerally the release of sediment that wa s

trapped and retained by the logging debris prior to burning . Megahan and

Molitor (1975) believe proper slash disposal techniques are necessary to

avoid the hazards created by an excessive accumulation of fuel for

wildfires .

On rangelands the effect of wildfires is not well known. If the
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vegetation and litter cover are completely destroyed we may expect a

response similar to the erosion that occurs on forested sites . When we

consider the inherent differences in herbaceous vegetation and litter

which characterize range coarmunities, the effects of a light fire may b e

more complex .

Channel Scour

Stream banks are a natural source of sediment for streams . Anderson

(1954) observed that about 50 percent of the sediment yields in th e

Willamette River could be attributed to bank cutting, another 25 percen t

to logging activity and the remaining 25 percent to agriculture . A study

in northern California determined that stream bank erosion contributed an

estimated 55 percent of the sediment discharge, while land surfac e

erosion accounted for 20 percent (Anderson, 1970) . In mountainous areas ,

channel erosion may be one of the principal geologic forces forming th e

landscape. Headward erosion within the channel often creates highly

unstable banks, particularly at the top of channels where downcutting i s

most active (Brown, 1974) .

Stream beds are also a common source of sediment . Porous gravel

beds may hold significant amounts of fine material which have filtered ou t

of suspension at lower flows and may be reentrained during large storm

flows as the bed load shifts to accorrodate higher flows (Brown, 1974) .

One of the greatest threats to channel stability is the failure o f

the debris dams and the movement of large rocks, logs and coarse sediment s

when the channel is flushed out at high flows . While much of the debri s
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is natural, its ability to erode or scour the channel system is no les s

detrimental . Jams caused by large debris may alter flow directions ,

causing the channel to shift and creating a new cycle of channel erosion .

It is important to realize that stream channels are highly

sensitive to disturbance and if disturbed, there is usually an immediate

influence on downstream sediment levels .
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METHODS

Reconnaissance

The initial phase of identifying and locating the vegetation -

soil units employed currently available aerial photography for Crook

County, Oregon (U-2 Highflight, 72-114 ; 1 :120,000 scale, color infra-

red and black and white 9x9 prints plus an uncontrolled mosaic) . The

mosaic had been delineated and subjectively verified for vegetation/land

use and soils by an interdisciplinary group at Oregon State University

in cooperation with the Environmental Remote Sensing Applications

Laboratory (ERSAL), O .S .U ., Corvallis, Oregon . The Ecological Land

Units of this study reflect a synthesis of the ERSAL vegetation and

soils maps, coupled with an extensive application of Daubenmire's (1968 )

habitat type classification for potential climax or original vegetation .

The habitat type is defined as "the aggregate of all areas that support ,

or can support, the same primary vegetation climax . This terminal

association is usually synonymous with original vegetation and may

imply a climatic, edaphic or physiographic climax" (Daubenmire and

Daubenmire, 1968) .

A lower scale of aerial photography (U-2 Highflight 72-134 ;

1:30,000 scale, color infrared 9x18 positives) was used to further locate

and define the vegetation-soil units . While these scales are too smal l

for intensive ecological classification, they were the only scales

currently available for this watershed and were adequate to meet the

objective of determining the ecological land unit .
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The vegetation-soil units which characterize the ecological land

unit were located using the criteria established by Poulton, Faulkner

and Martin (1971) (Figure 11) . The identification techniques of Kuchle r

(1967) and the color codes of Driscoll (1969) were also employed . These

methods stratify the study area and use color, pattern, texture, ton e

and stereoscopic appearance to delineate the homogeneous areas . The

classification legend was initially based on the dominant plant specie s

and soil series or association and then refined by the field data to

describe potential climax vegetation (using the presence or absence o f

differentiating character species) or simply retaining its initia l

vegetation-soil unit classification based on dominant vegetation . The

final ecological synthesis phase of this classification was based on

association tables developed from the vegetation frequency data . The

association tables were constructed using the methods and procedure s

explained by Winward (1976, personal communication) and Schallig (1967 )

(Appendix A-1) .

Field Methods

Site Location

Each vegetation-soil unit had to meet several preliminary criteria

to be selected for sediment sampling .

1. Homogeneity in vegetation and soils .

2. Accessible to the mobile rainfall simulator .

3. Slopes less than 30 percent .
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4. Soil surface horizon could not be excessively stony (subjective) .

5. Juniper overstory could not restrict the placement of the rainfal l

simulator.

Criteria 2 through 5 are limiting factors inherent to the Rocky Mountai n

infiltrometer which is used to simulate rainfall . This system is not

absolutely portable and incorporates in its design several features

which reduce extraneous influences while at the same time creatin g

other limitations . The affect of these limitations on sampling will b e

discussed in Appendix C .

Vegetation-Soil Methods

Field sampling to provide the ecological data base for the

sedimentation phase was carried out on all major vegetation soil units

using a modified approach of the macroplot method developed by Poulton

and Tisdale (1961) (Figure 12) . The procedure was designed to integrate

vegetation and soil sampling techniques describing and classifying a

plant coimtunity . Each vegetation-soil unit was examined for homogeneity ,

based on species composition and dominance and stratified if consisten t

differences in the various layers were evident . Ecotones were avoided .

Units with young, and presumably invading, juniper which seemed to be

a3cidentally dispersed were not considered ecotones ; however, the presence

of juniper was noted . After the determination of a homogeneous unit was

made, a random reference point was located by pacing along a compas s
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heading . The direction and number of paces were selected at random for

each site within the limitations imposed by the size and accessibility

of the unit . The macroplot, which measured 15 m by 30 m, was oriented

with the transects paralleling the contour to avoid the effects o f

gradient . The 15 m baseline was laid out upslope from the reference

corner and four equidistant points (0, 5 m, 10 m, 15 m) served as the

origins for the perpendicular transects .

A 30 meter tape was stretched at the lowest continually paralle l

height possible for each transect . The line intercept method of canop y

coverage was used to measure all shrub species . Dead plants and dead

material on living plants was not measured and openings due to growth

form were ignored . The percent cover derived from this technique was

used in the identification of the vegetation-soil unit .

Herbaceous cover was measured within each sedimentation plot with

the ocular estimate method. This method also was used to estimate th e

relative amounts of litter, pavement (gravel and stones) and bare groun d

that occurred in each plot. A point frequency method, recorded at 10 0

points, was used in conjunction with the ocular estimate method o n

10 percent of the plots and served as a means of checking the estimates .

The tree strata (individuals greater than 1 m in height) wa s

measured with the crown diameter method for western juniper and a

densiometer for ponderosa pine . The densiometer was read in the fou r

cardinal directions at each corner of the macroplot . The crown cove r

method

cc' =	 d1	 + d2) 2TT

4
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with d = diameter measured in two directions (Mueller-Dombois an d

Ellenberg, 1974) was done for all juniper that were rooted within the

macroplot (Daubenmire, 1970) . These data were used to describe th e

tree component of the ecological land units .

Distribution and occurrence of vegetation was sampled with the

frequency method which employs a nested plot technique (Mueller-

Domboisr Ellezbergq,1974 ) s The nested plot represents the minimum area in

which one or two species will occur with 100 percent frequency (Daubenmire ,

1968) . Species area curves were developed for a vegetation-soil uni t

representative of an ecological land unit and also for those units which

were extreme in species richness based on the 1975 field data usin g

30 microplots (25 cm x 75 cm) along three transects (Cain, 1938) . Whereas

curves suggested that three transects, 30 microplots, were adequate . The

microplot frame (25 cm x 100 cm) was placed at 10 equidistant points (3 m

spacing) along each of the four 30 m transects .

Frequency was recorded as the first occurrence of each species rooted

within the boundaries of the appropriate nested plot in the microplot .

The following plot sizes and frequency classifications were used :

Plot Size Frequency Class Vegetation Type
(m)

10 x 10 0 Meadow

25 x 25 1 Forest, meadow,
non-forest*

25 x 50 2 Forest, non-forest

25 x 75 3 Forest, non-forest

25 x 100 4 Non-forest

*The non-forest vegetation type consisted of juniper woodlands ,
sagebrush shrublands and grasslands .
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Class 0 was used to describe the meadow type and class 3 adequately

described the forest type . In the non-forest types class 4 was used

and while frequency values greater than 65 percent are desirable for

dominant species, lower values were often common .

A belt transect, 1 m x 30 in, was sampled to determine shrub

density . Shrub species were tallied by height classes (0-15 cm, 15 cm -

30 cm, and 30 an plus) for living plants . If the plant was dead, but

standing, a fourth category "dead" was used . In all cases the plant had

to be rooted within the boundaries of the belt to be measured an d

recorded . These data provided species density, information on the

condition of the area, and evidence as to whether the species wa s

increasing, decreasing or remaining stable (Winward, 1976, persona l

conunication) .

Plant identification was accomplished by keying each unknown

species through the taxonomic manual, Flora of the Pacific Northwest

(Hitchcock and Cronquist, 1974) and by checking reference collection s

from the Crook County Extension Office and the Oregon State University

Range Herbariums . The taxonomic authority used in the preparation o f

the species list for the Bear Creek Watershed was the Northwest Plant

Names and Symbols for Ecosystem Inventory and Analysis, fourth edition

(Garrison et al., 1976) (Appendix A-2) .

Soil

The soil at each macroplot was examined from pit and core samples

during the 1975 field season and described by the standard procedure s
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listed in the Soil Survey Manual (U.S . Department of Agriculture, 1951) .

Since correlation of these data to the latest soil taxonomy (USDA, 1976 )

and the Soil Conservation Service's series descriptions was required ,

assistance from Darwin Jeppesen, Soil Scientist, Bureau of Land Management ,

Prineville, Oregon, was obtained . Additionally, past soil surveys wer e

used extensively (Mayko et al ., 1966 ; USDA 1975 ; Green, 1975) . Soils

were classified to series when possible and to most similar series o r

association where necessary (USDA, 1975) (Appendix B-1) .

Sedimentation

A Rocky Mountain Infiltrometer (Dortignac, 1951) was used t o

determine the soil loss for each vegetation-soil unit . This infiltrometer

consists of a three-headed sprinkler which is capable of simulating a

high intensity rainstorm . The simulated rainstorms were representativ e

of the summer convectional storms which occur in this area . The pump

and sprinkler were set to approximate a storm producing about 10 cm o f

precipitation per hour (4 inches/hour) . A wind screen was used to

minimize the effects of wind .

The sedimentation trials consisted of randomly locating six

replications of three plot frames (30 cm x 75 cm) along the contour

above and below the macroplot for the non-forest vegetation-soil units ,

and three replications below the macroplot for the forest, meadow and

bareground units . The first replication was placed near the referenc e

point and replications 2 through 3 (or 6) were arranged around th e

periphery of the macroplot within 50 m of the first (Figure 12) .
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Prior to each trial the soil was pre-wetted to field capacity to

eliminate the confounding effects of antecedent moisture . The simulated

rainfall and runoff was collected and measured at an initial 3 minut e

interval and at 5 minute intervals thereafter over a 28 minute period .

The runoff was saved in large containers providing a pooled sedimen t

sample at the completion of the trial . The runoff for each plot was

poured from the large collection containers into a quart jar (0 .95 liters )

(Figure 13) . The jar was allowed to stand for 24 hours to permit the

sediment to settle . The clear water was then decanted and the remainin g

slurry was oven dried (T < 10 50C) . The dry sediment sample was

weighed and the jar was cleaned, dried and reweighed . Sediment weights

(to 0 .1 grams) were derived from the difference . This sediment represents

the soil loss that resulted from sheet and rill processes created by thi s

particular rainfall event .

The sediment weights were converted to pounds per acre and tons

per acre in order to facilitate comparison to other studies and fo r

statistical analysis . These were also recorded in kg/ha . The formula ,

Runoff (liters) x Sediment (grams x 40 .42 = Soil loss (lbs/a), was

used . The correction factor 40 .42 adjusts plot size and converts metri c

values to the English system . These data were used to determine th e

sediment production potential, or erodibility, of each vegetation-soi l

unit and served as the basis for evaluating variations within the

ecological land unit . Pounds per acre was used for comparison with earlier

studies .
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d rainfal l

e runoff sample

f wind screen

Figure 13 . Rocky Mountain infiltrometer layout .
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A hydrologic potential (runoff/rainfall) was calculated for each

site, which indicated the relative response to a precipitation even t

(Hewlett and Nutter, 1969) .

Assumptions

There were several assumptions made during the course of this

study. The first was that the litter, pavement and surface soi l

characteristics were as homogeneous as the vegetation . It was assumed

that the slope and aspect of similar vegetation-soil units would hav e

a minimal influence on the soil loss . The disturbance caused by driving

the plot frames into the ground was assumed to be the same for all plots .

It was also assumed that the runoff generated was not confounded by

translatory (subsurface) flow brought to the surface by the downs lope

boundary of the frame. The forest, meadow and bareground sites wer e

essentially homogeneous in surface cover and permitted the assumption

that each plot frame was equally representative of the site's surface

characteristics . In the semiarid, non-forested areas the surfac e

characteristics are heterogeneous so it was assumed that a cluster of

three plot frames was more representative of those sites than a single

plot would be . Therefore, six replications were used to describe suc h

units (Figure 11) .
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Precipitation

Rainfall was monitored by four recording rain gages during th e

suer field season from mid-June to mid-September 1976 . The gages have

a recording period of 30 days, and the recording sheets were changed o n

the 20th of every month . Eight standard, non-recording rain gages wer e

located in the central portion of the watershed between Freguson Creek

and Sage Hollow, since this area appeared to respond to every high

intensity storm event during the 1975 field season (Figure 14) . The

rainfall data are useful in determining the intensity, frequency

and movements of the summer storm events .

Turbidity

Water samples were collected along Bear Creek when convenient ,

and within 24 hours following major storms (Figure 14) . Samples were

taken from the surface 15 cm at midstream, in 30 ml culture tribes and

returned to the lab for processing . A Hach Engineers Laboratory DR-

el/2(yodel 2506) was used to measure the optical transmission propertie s

(reflectance) of the water sample . The reflectance was measured in

Formazin Turbidity Units ; however, distilled water replaced formazin as

the standard so the values are only suited to relative comparisons withi n

the framework of the Bear Creek study . Serial dilution was used to remove

the inaccuracies caused by the increased absorption capabilities of th e

higher concentrations of suspended sediment . The turbidity data were

55



y
a)
Co

~7 U

56



used to monitor the suspended sediment that occurred in Bear Creek an d

to identify areas which may be contributing unusual amounts of sediment

following a major storm .

Experimental Design

Sample size (n) for the infiltrometer trials is based on Stein' s

Two Stage technique (Steel and Torrie, 1960) ,

n-calculated = t 2s2

d2

The t -value is based on an alpha of .05, the standard deviation (s) i s

derived from the sediment production data collected during the summe r

of 1975 and the d-value is 10 percent of the mean (+ 10% x) .

A modified randomized block design was used to analyze th e

variation between and within the habitat types of a particular ecologica l

land unit . Forest, shrublands were analyzed independently .

One-factor analysis of variance was used to analyze difference s

within habitat types and two-factor analysis of variance was used t o

compare different habitat types within an ecological land unit, an d

treatments .
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The experimental design was as follows :

One Factor ANOVA

Forest
df

Non-forest
df

Location (site) 1 1

Error 16 10

Total 17 11

Two Factor ANOVA

Habitat type (treatment) 1 . 1

Location (site) 1 1

Habitat type x location 1 1

Error 32 20

Total 35 23

There were no missing data during the 1976 field season .

A t -test was used to analyze unequal sample sizes among two dryland

fields and their respective habitat types . All statistical tables are

shown in Appendix C .
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RESULTS AND DISCUSSION

A preliminary analysis divided the Bear Creek watershed int o

six Ecological Land Units (Table 1) based on the ERSAL vegetation/land

use aerial photography . The land units were further refined after the

development of an association table (Appendix Al) ,

	

-into eight

Ecological Land Units, containing 13 tentative habitat types (Table 2) .

Ten of the 13 habitat types were sampled for sediment production, an d

generally reflect various stages of ecologic condition, and fou r

management treatments . The four habitat types that were not sampled

failed to meet previously established criteria, having steep slopes

or excessive rock pavement, or they were subject to internal drainage

(Table 2) .

Eight of the tentative habitat types were previously identified

and described by Daubenmire (1968, 1970) and six were classified to

vegetation-soil units or associations by other investigators (Eckert ,

1957 ; Driscoll, 1964 ; Burkhardt and Tisdale, 1969 ; Hall, 1973) (Table 2) .

Due to the aerial extent and heterogeneity of the semiari d

juniper and sagebrush rangelands, the emphasis of the sedimentation

sampling was concentrated in that area .

The Ecological Land Units were divided into three genera l

categories (forest, non-forest and meadow) for statistical analysis .

The meadow category (and unit) is represented by only one sample site

and was included to provide a relative means of comparison with the

other units . Tentative habitat types that occurred within a unit
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Table 1 . Preliminary Ecological Land'Units which served- as, the
base for site selection .

Meadow (dry )

Mollisol soi l

Mixed Fores t

Pinus ponderosa/Calamagrostis rubescens-Festuca idahoensis

Mollisol soi l

Mixed Stepp e

Artemisia tridentata/Festuca idahoensi s
Purshia tridentataphas e

Simas-Tub-Day soil Associatio n

Juniper Shrubland

Juniperus occidentalis /Artemisia tridentata/Agropyron spicatum

Simas - BLM 171 soil. Association

Sandy Shrublands

Artemisia tridentata/Sti.pacomata

BLM 171 soil Association

High Lava Plains (Oregon High Desert )

Artemisia tridentata-Artemisia arbuscula/Festuca idahoensi s

Deschutes soil Association
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Table 2 . Ecological Land Units of the Bear Creek Watershed and
their respective tentative habitat types and unclassified
communities .

Forest

Mixed Forest Uni t

Pseudotsuga menziesii/Calamagrostis rubescens h . t .
Daubenmire (1968 )

Pinus ponderosa/Festuca idahoensis h.t .
Daubenmire (1968 )

Non-Fores t

Mixed Steppe Uni t

Artemisia tridentata_ssp . vaseyana/Festuca idahoensis h .t .
Daubenmire (1970 )

Juniperus occidentaLis/Artemisia tridentata ssp. vaseyana /
Festuca idahoensis h.t . similar to Driscoll (1964 )

Juniper W ood Land Uni t

Juniperus occidentalis/Artemisia tridentata /Agropyron
spicatum-Festuca idahoensis h. t . similar to Driscoll
(196 4 )

Stipa thurberiana phas e
Eckert (1957 )

Juniperus occidentaLis /Stipa thurberiana h . t .
an extension of Burkhardt et al . (1969 )

Big Sagebrush Uni t

Artemisia tridentata/Festuca idahoensis-Agropyro n
spicatum h, t .
Daubenmire (1970 )

Low Sagebrush Uni t

Artemisia arbuscula/Festuca idahoensis-Agropyron_	
spicatum h. t .

Eckert (1957)

	

(Continued on next page )
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Sand.y Shrubland Unit

Artemisia tridentata/Stipa comata h . t ,
Daubenmire (1970 )

Adobeland Uni t

Agropyron spicatum-Poa sandbergiihot .
Daubenmire (1970 )

Unclassified Communitie s

Juniperus occidentalis/Poa sandbergj

Chrysothamnu s nauseosus /Trifolium macrocephalurri -
Poa sandbergi i

Artemisia tridentatassp . vaseyana/Sitanior hystri x

Ribes spp . /Carex spp . --Dry meadow
similar to Hall (1966 )

Habitat types and unclassified communitie s
not sampled for sedimentatio n

Artemisia rigida/Poa sandbergii h, t .

Artemisia cana /Carexspp . - unclassified community

Sarcobatus vermiculatus /Distichlis stricta h . t .
Daubenmire (1970 )

Juniperus occidentalis /Agropyron spicatum h . t .
similar to Driscoll (1964 )
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and their respective stage of ecological condition were compared within

the unit and when possible within the habitat type . The ecologic

condition is simply a comparison of the best sites to the worst sites

based on the frequency data shown in the association table (Appendix A-1 )

and will be described as appropriate in the discussion of each ecologica l

land unit .

Data pertaining to management treatments are limited . In the forest

unit (and category) an area which had undergone a partial cut to harves t

ponderosa pine was sampled and compared with an unlogged forest habita t

type. Grazing in the forested upland areas appeared light and was no t

sampled. In the non-forest category, the grazing treatment wa s

sampled in only the Mixed Steppe Unit . Animal use in other units

accessible to the Rocky Mountain infiltrometer was too extreme (too

light or too heavy) to satisfactorily represent the treatment, however

ecological condition will reflect the cumulative effect of environmenta l

stresses (which may include grazing) on these sites .

Dryland fields were sampled and statistically compared to adjacent

habitat types with a t-test for uneven sample sites .

The rainfall generated for all sites (n=30) was 10 .62 + 1 .35 cm/hr

(4 .18 + 0 .53 in/hr), and ranged from 8 .1-13 .7 cm/hr (3 .2-5 .4 in/hr) .

The slope, measured with an Abney level, represented an average

slope for the macroplot established within a habitat type and may

have varied in micro relief by 5 prcent, for those sites steeper tha n

5 percent. Upland sites generally reflected a midslope position . While

slopes ranged from 1 to 19 percent, depending on the habitat type, the
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steeper sites exhibited geomorphic terracing which would tend to reduce

the confounding affects of slope on sedimentation .

Forest

Mixed Forest Unit

The Mixed Forest unit was represented by two tentative habita t

types :

Pseudotsuga menziesii/Calamagrostis rubescens h .t . (Psme/Caru)

Pinus ponderosa/Festuca idahoensis h .t . (Pipo/Feid)

The Psme/Caru h .t. is currently dominated by and managed for

ponderosa pine. Elk sedge and the forbs, heartleaf arnica (Arnica

cordifolia) and n hawkweed (Hieracium albertinum) occurred as

important subdominants in the understory . This site had rolling

slopes, of 10 percent, and an elevation of 1675 m (5500 ft) . The

soil, a silty clay loam similar to the Hankins series, is a deep, wel l

drained, frigid Ultic Paleoxeroll . The 0 horizon, consisting primaril y

of pine needles, provides a continuous ground cover approximately 7 . 5

cm (3 in) thick . This site had no evidence of disturbance . The sediment

produced from this habitat type ranged from zero to 73 kg/ha (65 lb/a )

with a mean of 47 kg/ha (42 lb/a) . The hydrologic potential for thi s

site was 30 .

The Pipo/Feid h .t. is currently dominated by ponderosa pine, with

elk sedge and heartleaf arnica occurring in subdominant roles . The

site has rolling slopes of 13 percent and an elevation of 1585 m

(5200 ft) . The soil is the Hankins series, with a 0 horizon, nearly
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continuous in ground cover and about 3 cm (1 in) thick . There is

evidence of past logging adjacent to this site . Sediment production

varied from 28 kg/ha (25 lb/a) to 1860 kg/ha (1660 lb/a) with a mea n

of 331 kg/ha (296 lb/a) . The hydrologic potential for this site wa s

43 and bare ground accounted for 7 percent of the total ground cover .

Analysis of variance comparing the two sites showed no significan t

differences in sediment production .

The partial cut is a part of the Antelope Spring sale and involve s

tractor logging, with debris piled and burned . The sites sampled were

located at the west end of the sale area near Badger Spring . The area

was dominated by ponderosa pine and was similar to the Psme/Caru h.t .

The elevation was 1675 m (5500 ft) and the slopes were 7 percent . Site

1 was adjacent to a yarding area and site 2 included a debris pile which

had been burned . The sediment produced from site 1 ranged for 218 kg/ha

(195 lb/a) to 2995 kg/ha (2674 lb/a) with a mean of 1365 kg/ha (1219 lb/a) ,

and from site 2 varied from 85 kg/ha (76 lb/a) to 19,900 kg/ha (17,769 lb/a )

with a mean of 7013 kg/ha 6262 lb/a) . The plots located on the burned

area yielded the greatest amount of sediment .

Analysis of variance showed no significant differences betwee n

the partial cut sites ; however, when compared to the untreated site s

they were significantly different (a= .05) . Although there is

considerable internal variation in both treatments, it was not sufficient

to mask the expected differences . The increase in soil loss resulting

from the tractor logging method of tree removal was highly variable

within both disturbed sites . This suggests a differing magnitude in th e
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severity of the impact within these sites . Compaction is often associated

with tractor logging practices and may explain some of the variatio n

measured within the sites . Highly skewed values (greater than four

standard deviations from the mean) which were recorded for the site

containing the burned debris suggest a potential repellancy may exist

at the soil surface following a fire on these soils (Buckhouse, 1975) .

Non-Forest

Mixed Steppe Unit

The Mixed Steppe unit was represented by two tentative habitat types :

Juniperus occidentalis/Artemisia tridentata ssp . vaseyana/
Festuca idahoensis h .t . (Juoc/Artrv/Feid )

Artemisia tridentata spp . vaseyana/Festuca idahoensis h .t .
(Artrv/Feid )

The Juoc/Artrv/Feid habitat type was characterized by two sites

in different stages of ecological condition . The first site appeared

to be in good condition, with Idaho fescue dominant and bluebunch

wheatgrass and sedge (Carex spp.) in subordinate roles, and a divers e

but inconspicuous forb component . Western juniper density was increasing .

This site occurred near the meadow site and experienced some grazin g

pressure (to 10 cm (4 in) stubble height on bluebunch wheatgrass) .

The second site appeared to be in a poorer condition, with

Sandberg's bluegrass as the only species of grass widely distributed .

The juniper at this site was primarily old growth, supporting the folios e
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lichen Letharia vulpinus (Levu) and having blunt crowns (Burkhardt and

Tisdale, 1969) . The forb component was dominated by low pussytoe s

(Antennaria dimorpha) and the moss, Tortula ruralis . This site had no

recent disturbance .

Both sites occurred on the Tub soil series, a Calcic Pachic

Argixeroll, which is a deep, well drained, clay loam formed in ol d

sediments of volcanic origin . This series is essentially a deepe r

example of the Simas series . Both sites are hilly uplands and have

slopes around 7 percent, north aspects, and occur at an elevation o f

approximately 1372 m (4500 ft) . Bitterbrush (Purshia tridentata) and

bluebunch wheatgrass would presumably play more significant roles tha n

the data suggest .

The sediment produced from the first site average 7396 kg/h a

(7705 lb/a) with a range of 1179-26,500 kg/ha (1053-23,664 lb/a) and a

hydrologic potential of 56 .

The second site varied for 198 kg/ha to 1717 kg/ha (177-1533 lb/a )

with a mean of 851 kg/ha (760 lb/a) and a hydrologic potential of 50 .

Due to the high variability within both sites there were no significan t

differences (a= .05) between them .

The Artrv/Feid h .t . was characterized by two sites, both appearing

in good ecological condition . The first site had more mountain bi g

sagebrush (by canopy cover frequency), more bottlebrush squirreltail ,

and fewer forbs than the second site, which suggested some influence from

past grazing. The area was currently being grazed (13 cm (5 in) stubbl e

height on Idaho fescue) . The soil, a silty clay loam, was similar t o

the Simas series, an Aridic Paleoxeroll .

67



The second site had a diverse forb component with Wyeth' s

buckwheat (Eriogonum heracleoides) as a suffretescent codominant . The

soil has a silica hardpan, and would be similar to the Iamonta soil

series, an Abruptic Aridic Durixeroll, with a loam texture . While this

site had the steepest slope sampled (19 percent), it exhibited considerable

terracing, almost a series of benches, which tended to reduce to the

actual slope to around 7-10 percent . This site had no evidence of

recent disturbance .

The sediment produced at the first site average 660 kg/ha (589 lb/a )

and varied from 215 kg/ha to 1469 kg/ha (192-1312 lb/a) with a hydrologic

potential of 27 . The second site had the lowest hydrologic potentia l

samples, 15, which was surprising considering the initial steepness o f

the slope . Sediment ranged from 1 to 673 kg/ha (1-601 lb/a) with a mean

of 295 kg/ha (267 lb/a) . This site reflected a more mesic environmen t

than the juniper site and possibly a greater potential for a pyric (fire )

climax . Analysis of variance showed that neither site was significantly

different .

Comparison of the Juoc/Artrv/Feid h .t . to the Artrv/Feid h .t .

indicated no significant differences between the habitat types and a

further comparison of the grazed sites representing both habitat type s

to the ungrazed sites in both types also showed no significant differences .

The high natural variability within these sites masks any difference s

that may occur between them .
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Juniper Woodland Unit

The Juniper Woodland unit was represented by two tentativ e

habitat types :

Juniperus occidentalis/Artemisia tridentata/Festuca idahoensis -
Agropyron spicatum h .t.(Juoc/Artr/Feid/Agsp )

Juniperus occidentalis/Stipa thurberiana h .t . (Juoc/Stth )

The Juoc/Artr/Feid-Agsp h .t . was characterized by four sites .

Two of the sites appeared to constitute a Stipa thurberiana phase

described by Eckert (1957) . This unit is as ccmplex in soils as th e

mixed steppe unit is complex in vegetation . The highly dissected

rolling hills have a considerable influence on the soils and subsequent

vegetation. Big sagebrush (tentatively ssp . wyomingensis) was dominant

on four sites ; however, low sagebrush was often present within or

adjacent to the site . Green rabbitbrush (Chrysothamnus vicidiflorus )

and granite gilia (Leptodactylon pungens) occurred on all four sites .

The first two sites were located within the Spring Creek drainage

at an elevation of approximately 4280 m (4200 ft), and south facing

slopes, approximately 10 percent . Sandberg's bluegrass was the

dominanat herbaceous species . Since Idaho fescue appeared to be

restricted to the litter accumulation surrounding western juniper it is

not a c odominant with bluebunch wheatgrass in this particular habita t

type . While there were several old juniper within the macroplot, 50/h a

(45/a), there was an equal density of the younger trees also present .

Low pussytoes and Hood's phlox (Phlox hoodii), dominated the forb

component . The soil was an Aridic Paleoxeroll of the Simas serie s
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which is clay loam in texture .

Site one appeared to be in poor ecological condition . This site

had no evidence of current disturbance . The hydrologic potential of

the site was 55, with a mean sediment production of 3109 kg/ha (2776 lb/a) ,

and although soil loss varied from 701-6144 kg/ha (626-5459 lb/a) it was

consistently high .

Site two appeared to be in fair condition, and although Sandberg' s

bluegrass was still the dominant species, Idaho fescue and bluebunc h

wheatgrass had higher frequencies . This site had some evidence of

grazing on the forb component . The hydrologic potential for this site

was 49 and the mean sediment produced was 2715 kg/ha (2424 lb/a) . The

soil loss was more variable on this site ranging from 436-5888 kg/ha

(389-5257 lb/a) .

Analysis of variance indicated that these two sites were no t

significantly different .

The Stipa thurberiana phase of Juoc/Artr/Feid-Agsp was located in

the Sage Hollow drainage and was characterized by Thurber's needlegras s

dominating the herbaceous understory . Sandberg's bluegrass and Idaho

fescue occurred as subdominants . In this phase, young juniper wer e

conspicuously absent and the density of the old growth was about hal f

(25 trees/ha) of that found on the Spring Creek sites . While these sites

were mapped as the Simas soil series (HIM, 1973), and possessed th e

characteristics argillic horizon, the surface texture indicated les s

clay and more sand. These woodlands appeared more open, on slopin g

uplands of 5 percent and at an elevation of 1158 m (3800 ft) . While

both sites showed the presence of cattle, there was no evidence of recen t
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grazing.

The first site had an average soil loss of 177 kg/ha (158 lb/a )

with a range of 1-560 kg/ha (1-500 lb/a) and a hydrologic potential o f

15 . The second site produced an average sediment load of 645 kg/h a

(576 lb/a) and had more variation than the first site, losing fro m

55-1459 kg/ha (49-1303 lb/a) . The hydrologic potential for this sit e

was 21 .

The Stipa thurberiana phase sites were compared to the Sprin g

Creek sites and indicated a highly significant difference (a= .01) . It

appears that the difference in the soils may explain some of the

variation . Cover characteristics data (Table 3) shaved more bare

ground within the sedimentation plots located in the Stth phase, and

although the juniper were not as dense in the Stipa locations, the

relative crown cover was essentially the same (16 and 17 percen t

respectively) . This would suggest that the vegetation component i s

having a similar effect on the soil losses from both types and that the

soil and topographic factors are probably exerting the greatest influence .

Another confounding factor was a low simulated rainfall rate on the firs t

Stipa phase site of 8 .4 cm/hr (3 .3 in/hr) . This site produced the least

sediment (mean) for all of the non-forested sites .

The second tentative habitat type, Juniperus occidentalis/Stipa

thurberiana, was represented by one site on Hook Ridge in the Fische r

Canyon drainage. Green rabbitbrush was the only shrub present withi n

the macroplot and its occurrence did not appear to be significant .

Granite gilia was absent and Hood's phlox dominated the forb component .
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Table 3 . Vegetation Cover Characteristics .

Tentative Habitat

	

Tree Cover Shrub
cover

Sediment Plot Cover (% )
Type

	

(%)
(Site)

	

Pipd Juoc (%) Vegetation Litter Bareground

Mixed Fores t

Ptm e/ Caru

	

50
Pipo/Feid

	

57

Mixed Steppe-Artrv/Fei d

w/Ju ac 1 14 4 .6 14 12 74
2 10 5 .3 18 12 70

w/o Juoc 1 1 17 .8 29 25 4 6
2 1 12 .1 27 22 5 1

;'s niper Woodland-Juoc/Artr/Feid-Agsp

1 17 3 11 39 50
2 16 5 .4 21 17 6 2

Stthp t,

	

1 20 7 11 13 76
2 13 .5 6 13 13 74

Juoc/Stth 14 1 .3 12 14 74

ig Sagebrush-Artr/Agsp-Fei d

w/Juoc

	

1 15 a 11 9 80
2 18 .5 1 1 10 89

w/o Juoc 1 a 12 15 16 6 9
desert

	

2 a 1 .2 26 14 60

Sandy Sagebrush-Artr/Stc o

1 a 9 .5 13 8 79
2 a 1 12 5 83

Low Sagebrush_Artr/Feid-Agsp

a 24 26 13 6 1Desert
1 3 20 .4 2p 9 70
2 a 13 27 18 55

B .C . Butte a 13 29 34 3 7

A dob eland

Agsp-Posa 4 1 .5 21 16 6 3

Urc'assified Communities

Juoc/Posa 13 1 .5 0 0 100
China/Trma-Posa a 1 9 22 6 9
Artrv/Sihy a 21 .7 28 22 50

Meadow-Rihes/Carex a 5 75 13 1 2

aPresent but not sampled .
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The occurrence of Sandberg's bluegrass was conspicuously reduced from

the distributions found on the other woodland sites .

The soil was a Calcic Argixeroll, similar to the Gem series . The

surface texture was a gravelly loam, with residual pavement covering

much of the area . This site was located on a ridge with a south aspect

and a slope of 10 percent and occurred at an elevation of 1219 m (4000 ft) .

The site showed no evidence of recent disturbance . The hydrologic

potential was 41 and that was with the least amount of simulated rainfal l

measured at any of the sites in the study .

Analysis of variance showed significant differences in the sedimen t

losses for the two Stipa thurberiana phase sites . The soil and vegetation

were essentially the same and the condition appeared to be a littl e

better on the second site although it produced the greater amount o f

sediment . The hydrologic potentials for both sites were law indicatin g

a relatively good infiltration rate . These sites differed by 3 .2 cm

(1 .3 in) of mean simulated rainfall, a factor which probably explains

the variability .

The average soil loss for this site was 1528 kg/ha (1364 lb/a) wit h

a range of 525-2585 kg/ha (469-2308 lb/a) from the nest of plots withi n

the site . Since the Gem soil series is related to the Simas series an d

a part of the Simas Association it was compared to both sites in the

Juoc/Artrv/Feid-Agsp h.t . and showed no significant differences . A

further comparison with the Stipa phase of the Juoc/Artrv/Feid-Agsp h.t.

was significantly different for only the first site . It would seem that

the soil difference is responsible for the greater sediment losse s

associated with the finer textured soils . In this comparison, both
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sites received approximately the same mean rainfall, differing by only

0 .25 cm (0 .1 in) . This should eliminate the confounding effects tha t

were present in the earlier comparisons and indicate that more of th e

variation is accounted for by the soil difference .

Big Sagebrush Uni t

This unit is represented by one tentative habitat type :

Artemisia tridentata/Festuca idahoensis - Agropyron spicatum h.t .
(Artr/Feid-Agsp )

The big sagebrush habitat type (Artr/Feid-Agsp) was characterized

by four sites and included a site in the High Lava Plains (which is a

part of the Sage Hollow drainage) . The Feid-Agsp grouping does not

imply codaninance but simply a limited data base . The site located

in the High Lava Plains would presumably favor Idaho fescue . The other

sites will be discussed with the appropriate site description . Juniper

is dominant on two sites and present on all four . Although there are

several old juniper in the stands where it is dominant, they comprise

only 25 percent(4/16) of the current population . The sites were located

along the terrace of the ephemeral channel, Long Hollow, an area whic h

presumably would have had a pyric big sagebrush climax . Juniper felling

has been conducted on one of the juniper dominated sites .

The first big sagebrush site (with western juniper) will probably

become an Artr/Agsp h.t . now that the juniper have been cut . This may,

however, be only a temporary stage since young juniper seedlings appear

to be emerging at the rate of 680 trees/ha (275/a) . Regrowth from uncut
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basal limbs is also occurring throughout the treated area . The soil on

this site is a Calcic Pachic Argixeroll, representative of the BLM 11 8

soil type, an unnamed series . It is a light loam, occurring on a 7

percent slope at an elevation of 1219 m (4000 ft) . The juniper on this

site was cut in 1973 . The site was being grazed for the first tim e

since the cut during these trials .

Sediment production at this site averaged 2778 kg/ha (2480 lb/a )

and ranged from 107 kg/ha (96 lb/a) to 7574 kg/ha (6763 lb/a) . The

hydrologic potential of the site was 37 .

The second site with juniper was across the ephemeral channe l

from site one . This site had little understory vegetation . Western

wheatgrass (Agropyron smithii) had the highest frequency . With the

juniper present, Idaho fescue would potentially become the dominant

grass since it is closely associated with the litter which accumulates

around the base of the tree . Bluebunch wheatgrass would probably

become dominant following the removal of juniper . Indian ricegras s

(Oryzopsis hymenoides) would presumably have a subdominant role . The

soil is a Cumulic Haploxeroll and may be similar to the Powder series .

This soil is sandy loam, a little coarser than site one and occurs o n

a nearly level terrace with about 2 percent slope . Although cattl e

were present, there was no evidence of use within this site . The

average soil loss for this site was 1145 kg/ha (1023 lb/a) varying from

86-3648 kg/ha (77-3257 lb/a) . The hydrologic potential was 45 .

Analysis of variance showed the sites were not significantl y

different .
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The sites that had few juniper (one percent or less) were savannah

like in appearance. Both sites were in fair to good condition, and ha d

the same shrub cover (12 percent) . The first site was located on th e

gently sloping toe of a steep north aspect . This site would probably

favor bluebunch wheatgrass at climax, but presently is dominated by

Sandberg's bluegrass, downy brome (Bromus tectorum) and needle-and-thread

grass . This site is within a spring calving pasture so its conditio n

may reflect an influence from past early spring grazing . The soil is

mapped as the BLM 118 type (BLM, 1973), and appears to be a deep loam ,

Calcic Haploxeroll . The ash influence is very prevalent in the soil .

The elevation is about 1219 m (4000 ft) . The average sediment produced

from the site was 1510 kg/ha (1349 lb/a) and ranged from 701-3533 kg/ha

(626-3154 lb/a) . The hydrologic potential was 48 .

Analysis of variance indicated that this site was not significantl y

different from the previously mentioned sites with juniper overstory .

The last big sagebrush site was located on the High Lava Plains ,

and would presumably be an Artr/Feid h .t . Bottlebrush squirreltail was

the most frequently occurring species at the present and green rabbitbrush

was a codominant with big sagebrush . Thurber's needlegrass and Idaho

fescue were currently subdominants . The sagebrush saprophyte, broomrap e

(Orobanche fasiculatus), may qualify as a character species for this typ e

or as an indication of condition . The soil is a sandy loam, Xerollic

Camborthid, and is mapped as the Deschutes series .

The site was gently sloping, about 5 percent, and at an altitud e

of 1372 m (4500 ft) . The average sediment produced from this sit e

was 318 kg/ha (284 lb/a) and varied from 12-1045 kg/ha (11-973 lb/a) .

This site had a hydrologic potential of 19 .
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Analysis of variance indicated this site was significantl y

different from the previous site and a further comparison between the

habitat types with juniper to those without showed no significan t

differences ; however, the variation with tentative habitat types wa s

significant . The difference in soil would presumably account for most

of the variation between the High Lava Plains site and its counterpart .

Ground cover characteristics are essentially the same in vegetation

(14 percent crown cover) . The influence of grazing superimposed o n

different soils and conditions make it difficult to adequately asses s

the importance of either . Of the three confounding factors, it i s

believed that the soil would tend to exert the greatest influence .

The remaining factors were too subjective to serve as comparable

causative agents . The sandy loam soil found on the High Lava Plains

and the lower hydrologic potential (19 versus 48) seem to support thi s

conclusion .

Low Sagebrush Unit

This unit is represented by one general habitat type :

Artemisia arbuscula/Festuca idahoensis - Agropyron spicatum h.t.
(Arar/Feid-Agsp )

The Arar/Feid-Agsp h.t. was represented by four sites . Two of

the sites were closely associated with the Juniper Woodland Unit, as

scabland inclusions within the woodland area . A third site was located

on the High Lava Plains and on the last site, on the north side o f

Bear Creek Butte . Low sagebrush dominated all sites, with green rabbit -

brush as a subdominant . Western juniper was present as an accidental
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invader. Sandberg's bluegrass was the most frequent species on thre e

of the sites ; however, all of the sites show a potential for Idaho

fescue or bluebunch wheatgrass. Bottlebrush squirreltail was common on

all sites . Hood's phlox, law pussytoes andcushion buckwheat (Eriogonum

ovalifolium) had high (100 percent) constancy for all sites .

The first site was located in Norman Canyon drainage and appeare d

to be in good ecological condition . Cattle were present but there wa s

no evidence of recent grazing within the site . Idaho fescue wa s

dominant and junegrass (Koeleria cristata) occurred in a subdominant

role . Juniper is invading downslope along the upper boundary of thi s

site . The soil was a shallow Simas, an Aridic Paleoxeroll, tha t

occurred on slopes of 7 percent, at an elevation of 1280 m (4200 ft) .

This site produces from 113-641 kg/ha (101-572 lb/a) of sediment wit h

a mean of 340 kg/ha (304 lb/a) . The hydrologic potential was 21 .

The second site occurred within a juniper woodland area and wa s

in the poorest condition of all of the low sagebrush sites . Sandberg' s

bluegrass and bottlebrush squirreltail were the .most frequent gras s

species encountered. A small legume (possibly Astragalus ssp .) dominated

the forb component. This site would appear to favor Idaho fescue a s

the dominant climax herbaceous species .

The soil was an Aridic Paleoxeroll, or shallow Simas series, cla y

loam in texture . There was rock and gravel in the surface horizon tha t

appeared to be of both residual and alluvial origin . Rill erosion was

also present on this location . The slope was 12 percent and the elevatio n

was 131 m (4300 ft) . This site produced the most sediment for thi s

habitat type, with an average of 1347 kg/ha (1203 lb/a) and a range o f
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200-1883 kg/ha (267-1681 lb/a) . The hydrologic potential of this site

was 50 .

The third site occurred on the High Lava Plains and appeared to

be in good condition . Juniper occurrence was infrequent and green

rabbitbrush was the subdominant of the shrub layer . Idaho fescue was

the dominant grass species and Thurber's needlegrass occurred as the

subdominant grass species . The soil is an Aridisol, the Deschute s

series, a Xerollic Camborthid, with a sandy loam texture . The slope

was 3 percent and the elevation of the site was 1372 m (4500 ft) .

Cattle were present in this allotment but there was no evidence o f

current grazing use . The average soil loss from this site was 63 0

kg/ha (567 lb/a) and it varied from 40-1230 kg/ha (36-1098 lb/a) .

The hydrologic potential for this location was 25 .

The Bear Creek Butte site appeared to be in fair condition . Law

sagebrush was more widely distributed on this site than any of the others .

Green rabbitbrush was again the subdominant shrub . Western juniper

was present but its distribution was scattered and it was uncommo n

within this type . Although Sandberg's bluegrass occurred with the

greatest frequency, bluebunch wheatgrass likely is the potentia l

herbaceous dominant. The soil for this site is a frigid Lithic Argixerol l

and may be similar to the Ruckles series . It has loam texture, and a

gravelly surface horizon (residual) . This site had been lightly graze d

(to 20 am (8 in) in stubble height on Agsp) . It occurred at an elevation

of 1372 m (4500 ft) and had a slope of 7 percent . The mean sediment

loss was 642 kg/ha (573 lb/a) and ranged from 399 kg/ha (346 lb/a) to

727 kg/ha (649 lb/a) . The hydrologic potential was 37 for this location .
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Analysis of variance showed the poorer condition sites (1 and 4 )

to have a highly significant difference from the better condition site s

(2 and 3) ; however, the difference in soils may be responsible for some

of this difference . A comparison within conditions shaved a highl y

significant difference between sites 1 and 4 and no significant

differences between sites 2 and 3 . Analysis of variance between the

Simas series soils 1 and 2 indicated a highly significant difference

which may reflect in part their difference in condition . Site 2 was

located on more of a plateau than site 1, and did not have a steep

slope above it that site 2 had . While condition may explain some o f

the variance that has occurred, other confounding factors make i t

impossible to assess its actual contribution .

Sandy Big Sagebrush Uni t

This unit was represented by one tentative type, and was locate d

in an unnamed drainage in the central portion of the watershed :

Artemisia tridentata/Stipa comata h .t. (Artr/Stco )

This type was characterized by two sites . Juniper was present

in and around the first site ; however, it was conspicuously absent ,

along with big sagebrush, from the second location . While it appeared

that fire possibly occurred on the second site neither charcoal o r

scarred trees were found to substantiate the observation . Needle-and-

thread grass was the dominant grass on both sites . There were few forbs

in this habitat type . The soil on both locations was the BIM 17 1
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(unnamed series), a Xerollic Camborthid, similar to the Redmond soi l

series, but finer in texture . This silty clay loam was derived from

alluvium that reflects a volcanic origin and is high in pumice and ash .

The area had not been grazed since 1973, following a juniper cutting

project in the upland areas of the allotment . There was evidence that

juniper had been invading this habitat prior to the cutting . Both sites

had gentle slopes of 5 percent and an elevation of 1158 m (3800 ft) .

The first site was dominated by green rabbitbrush (9 percen t

crown cover) with big sagebrush as a subdominant (5 percent crown cover) .

Needle-and-thread grass was the dominant herbaceous species with bottle -

brush squirreltail, Sandberg's bluegrass and downy brome playing sub -

dominant roles . The high frequency of rabbitbrush, squirreltail an d

downy brome suggested past disturbance and would place the site in a

poor ecological condition . The average sediment production at thi s

site was 963 kg/ha (860 lb/a) and varied from 55-1823 kg/ha (49-162 8

lb/a) .

The second site was a homogeneous grassland with needle-and-thread

grass as the obvious dominant . Downy brome was the subdominant species .

The shrub component was inconspicuous and while big sagebrush wa s

present within the macroplot, only a single green rabbitbrush was

recorded for shrub cover (less than one percent) . This site produced

a mean sediment loss of 606 kg/ha (541 lb/a) and ranged from 237 kg/h a

(212 lb/a) to 1518 kg/ha (1355 lb/a) . The hydrologic potential for

both sites was essentially the same, 30 and 31 respectively .

Analysis of variance showed no significant differences between

these sites .
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The Artr/Stco h .t . was compared to the Juoc/Artr/Feid-Agsp

h .t . that occurred in the Juniper Woodland Unit, with the Stipa phase .

Analysis of variance showed no significant differences between habita t

types but did show a significant difference within the types . The

difference in the rainfall at the first Stth phase site apparently was

reflected again in this comparison .

Adobeland Unit

The Adobeland Unit is represented by a single tentative type :

Agropyron spicatum-Poa sandbergii h.t . (Agsp/Posa)

This habitat type was found on the Day clay soil series and i s

a Vertisol that has a high shrink/swell capacity which causes deep

surface cracking during the periods of summer drought . Juniper is

invading this location, for 90 percent of the trees present were young ,

probably less than 50 years old (crown less than 2 m in diameter) . Big

sagebrush (presumably ssp . tridentate) was present within the site but

accounted for only 2 percent of the ground cover . This site was

dominated by bluebunch wheatgrass with Sandberg's bluegrass as the sub -

dominant species . The forb component was very diverse, similar to th e

Mixed Steppe Unit, but with more arid species . Hood's phlox and low

pussytoes were the natural dominants in this component, which make th e

site similar to the low sagebrush types found on shallow soils . The

soil was a deep, dark red clay of the Typic Chronvxerert subgroup . The

average sediment produced at this site was 785 kg/ha (701 lb/a) wit h

soil losses varying from 265-2039 kg/ha (237-1821 lb/a) . The hydrologic

potential was 34 .
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Unclassified Communities Unit

This unit is represented by three different communities :

Juniperus occidentalis/Poa sandbergii community (Juoc/Posa)

Chrysothamnus nauseosus/Trifolium macrocephalum-Poa sandbergii
community (Chna/Tnna-Posa )

Artemisia tridentata ssp.	 vaseyana/Sitanion hystrix community
(Artrv/Sihy )

The Juoc/Posa community was dominated by western juniper and

understory vegetation was sparse (less than 5 percent) . Sandberg' s

bluegrass and Hood's phlox were presently the codominants in th e

understory component . Big sagebrush (tentatively ssp . tridentata)

and green rabbitbrush were present within the site but were closely

associated with the juniper and contribute only one percent each to

the total ground cover . Spiny hopsage (Grayia spinosa) may be a

character species for the site . Needle-and-thread grass was a sub-

dominant in this community . The soil was an Entisol with a fluffy,

calcareous surface horizon . The calcium carbonates on the surfac e

indicate little soil development . The subgroup Xeric Torriorthent

indicates a soil moisture regime more productive than the presen t

vegetation suggests (USDA, 1975) . The slope at this location is 7

percent and the elevation is 1097 m (3600 ft) .

This community produced one of the largest amounts of sedimen t

of all of the study sites . The average sediment loss was 19,598 kg/h a

(17,498 lb/a) with a range of 5673 kg/ha (5065 lb/a) to 41,457 kg/h a

(37,015 lb/a) . The hydrologic potential was 59 .

The Chna/Trma-Posa city was represented by one site, and a t

present was dominated by rubber rabbitbrush (Chrysothamnus nauseosus) ,
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bighead clover (Trifolium macrocephalum), and western needlegrass (Stipa

occidentalis) . Juniper and mountain big sagebrush occurred in adjacent

communities and bluebunch wheatgrass was present within the site . This

site could potentially become a western juniper/bluebunch wheatgrass

habitat type but the ecologic information was not sufficient for tha t

conclusion at this time . The soil at this site was a Lithic Haploxeroll ,

similar to the Lickskillet series . It was skeletal and shallow with a

loam texture . The slope was 15 percent and although terraced, th e

modification was not as extensive as in the Mixed Steppe site . The

elevation was 1676 m (5500 ft) . This site produced the greatest range

in soil losses, from 163 kg/ha (146 lb/a) to 67,738 kg/ha (60,123 lb/a )

with an average loss of 13,052 kg/ha (11,654 lb/a) .

The sampling at this site was completed during a rainstorm an d

the greatest soil loss occurred at this time . The site also had the

highest mean rainfall of all the study sites, 13 .7 cm (5 .4 in) . The

cluster of plots that yielded the highest amount were located on a smal l

alluvial bench that was essentially devoid of vegetation and apparently

formed from recent deposition from an earlier runoff event . This singl e

value may therefore be more representative of rill and gully erosio n

than of sheet erosion processes .

The .Artrv/Sihy community was located within the Mixed Steppe Unit .

This site was located near a cattle salting area and appeared to be in

poor ecological condition with a dense population of mountain big sagebrush ,

and high subdominant population of rubber rabbitbrush . Bottlebrush

squirreltail was the dominant species in the herbaceous layer . Mountain

brome occupied the subdominant position in this layer . The forb component

was comprised of species that respond to disturbance, such as tumbl e

84



mustard (Sisymbrium altissimum) and autumn willowweed (Epilobium peniculatum) .

The soil at this site resembled the Day clay, a Typic Chromoxerert, and

had extensive surface cracking. The site appeared to have the potential

for an Artrv-Putr/Feid habitat type, with mountain bron a serving as a

character species reflecting the high clay soil . Neighboring communitie s

supported good populations of antelope bitterbrush ; however, the soil s

may have been different enough to restrict it from this community.

The slope at this site was 10 percent and the elevation wa s

1433 m (4700 ft) . The hydrologic potential was 55, producing a n

average soil loss of 7225 kg/ha (645 lb/a) . The variation within the

site ranged from 3144 kg/ha (2807 lb/a) to 16,661 kg/ha (14,876 lb/a) .

Analysis of variance indicated that this site was significantl y

different from the sites in the Artrv/Feid h.t.

The sites were very different in both soils and condition to the

contribution of either is difficult to explain .

Fields (Dryland)

Sediment production was determined for two dryland fields, on e

recently plowed and one in cereal rye (Elymus spp .) stubble to see i f

they differed from their untreated naturally vegetated counterparts .

The plowed field located in the Mixed Steppe Unit, produced the greates t

mean sediment of the two field locations, 3191 kg/ha (2850 lb/a) versu s

704 kg/ha (629 lb/a) . Analysis of variance showed no significan t

difference due to the high internal variation within the plowed site .
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The plowed site was then compared to the untreated habitat typ e

it represented (the first Artrv/Feid h.t . site) and showed no significant

difference, which again appears to be due to the variation within bot h

sites . The stubble field was-conapred to an adjacent Artr/Agsp-Feid site

and also showed no significant difference . The stubble field had little

internal variation ; however, the untreated site varied considerably and

consistently produced more sediment than the field . Both habitat types

used in these comparisons had been grazed and were not in excellen t

condition however . It was interesting to note that the naturally

vegetated soils had relatively similar potentials for soil loss . The

fields may have improved infiltration characteristics that compensate fo r

the lack of vegetation when exposed to rainfall events .

Dry Meadow Community

This community was dominated by Ribes spp . and Carex spp . and

was located at the lower edge of the Mixed Forest Unit at the fork o f

Klootchman Creek and Bear Creek . Western juniper and mountain big

sagebrush appeared to be encroaching on this site . Kentucky bluegrass

(Poa pratensis) and fatal mannagrass (Glyceria stricta) were subdominant

herbaceous species . The soil at this site as derived from alluvia l

parent material and similar to the Court series, a Calciorthidic Haploxeroll .

The community occurred on nearly level terrain, with a slope of one percent ,

and at an elevation of 1524 m (5000 ft) . The site was experiencing heavy

grazing (approximately 3 cm or 1 in stubble height on all grass specie s

present) . The surface restricted the simple placement of sediment plot s
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and required precutting along the outline of the frame with an axe . A

high density of roots and/or compaction could have been responsible fo r

this phenomenon. Rodent activity was also present throughout the area .

The sediment produced from this community was the least of th e

study sites . The soil losses ranged from zero to 8 kg/ha (7 lb/a) and

averaged 2 kg/ha (1 .5 lb/a) . While this site is not meant to represen t

all dry meadows it serves to illustrate the affect a continuous vegetatio n

cover, gentle slopes and apparently a well developed soil on sedimentation

potentials . Table 4 illustrates the hydrologic and soil characteristic s

present on each tentative habitat site .

Habitat Types Not Sampled for Sedimentatio n

The four tentative habitat types not smapled for sediment production

that did not meet the criteria established for selection were :

Artemisia rigida/Poa sandbergii h .t. (Arri/Posa )

Artemisia cana/Carex spp . (Arca/Carex )

Sarcobatus verm_iculatus/unclassified community (Save )

Juniperus occidentalis/Agropyron spicatum h.t. Juoc/Agsp )

The Arri/Posa h.t . had a skeletal surface soil (greater than 3 5

percent rock and cobbles), which would have prevented the placement o f

the sedimentation plots . The site appeared in good condition and ther e

was a diverse forb component dominated sedum (Sedum lanceolatus) . Big-

head clover was also common on the site . The soil was the Bakeoven series ,

a very shallow Lithic Haploxeroll . The habitat types occur on nearl y

level basalt plateaus . Although the vegetation is generally sparse on

these site, the rock pavement would tend to compensate for the lack of vegetation .
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Table 4 . Hydrologic and Soil Characteristics .

Tentative Habitat

	

Hydrologic	 	 Sedimentation	
Type

	

Potential

	

Rainfall

	

Mean

	

Range

	

Slope

	

Silt cla y
(Site)	 (°/)	 (cm/hr)	 (kg/ha)	 (kg/ha)

Mixed Fores t

Psme/Caru

	

30

	

47

	

0-73

	

10

	

5 5
Pipo/Feid

	

43

	

331

	

28-1860

	

10

	

5 5

Mixed Steppe - Artrv/Feid h .t .

Artrv/Feid w/Juoc 1

	

56

	

11,2

	

7396

	

1179-26, 500

	

7

	

5 0
2

	

50

	

11 .2

	

851

	

198-1717

	

5

	

50
w/oJuoc 1

	

27

	

9 .1

	

660

	

215-1469

	

9

	

60
2

	

15

	

10 .2

	

295

	

1-673

	

19

	

40

Juniper Woodland -Juoc/Artr/Feid-Agsp h.t .

1

	

55

	

11 .7

	

3109

	

701-6144

	

6

	

5 5
2

	

49

	

10 .9

	

2715

	

436-5888

	

13

	

45
1

	

12

	

8 .4

	

177

	

1-560

	

5

	

2 0
2

	

21

	

11 .7

	

645

	

55-1459

	

7

	

3 0
41

	

8 .1

	

1538

	

525-2754

	

10

	

5 0

Big Sagebrush -Artr/Agsp-Feidh .t .

w/Juoc

	

1

	

37

	

9 .1

	

2778

	

107-7574

	

2

	

49
2

	

45

	

11 .9

	

1145

	

86-3648

	

2

	

49
w/o Juoc

	

1

	

48

	

11 .2

	

1510

	

701-3533

	

7

	

40
(desert)

	

2

	

19

	

10,7

	

318

	

12-1045

	

5

	

2 5

Sandy Big Sagebrush - Artr/Stco h .t .

1

	

31

	

11 .2

	

963

	

55-1823

	

5

	

40
2

	

30

	

8 .6

	

606

	

237-1518

	

5

	

45

Low Sagebrus h -Arar/Feid-Agsp

25

	

11 .9

	

630

	

40-1230

	

3

	

40
1

	

21

	

9 .4

	

340

	

113-641

	

7

	

3 5
2

	

50

	

11 .2

	

1347

	

200-1883

	

12

	

6 0
37

	

10 .2

	

642

	

399-727

	

7

	

5 5

Adobeland - Agsp-Pos a

34

	

8 .9

	

785

	

265-2039

	

3

	

60

Unclassified Communities

Juoc/Posa

	

59

	

13 .7

	

19, 598

	

5673-41, 457

	

7
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The Arca/Carex h .t . was located on the High Lava Plains an d

reflected internal drainage. Bottlebrush squirreltail was the only

grass sampled on this site and its occurrence was infrequent . Forbs

were generally absent . The soil for this type was similar to the Odi n

series, an Aquic Haploxeralf with fine pumiceous alluvium surface layer .

The Save community occurred along the road at the fork of the

Bear Creek drainage with the Sage Hollow drainage . The site appeared

to have restricted drainage resulting from the county road which inter -

sected the area. Sandberg's bluegrass was the only grass sampled o n

the site . The soil would be similar to the Gabbut series, a Xerolli c

Calciorthid that is alkaline .

The Juoc/Agsp h.t. was located on a steep south-facing canyon

wall which rims the lowest portion of Bear Creek . The habitat type was

in very good ecologic condition with bluebunch wheatgrass dominating the

area and Indian ricegrass occurring as a subdominant . Western juniper

was present but appeared to occur as anaccidental invader away from th e

ridgelines . Rubber rabbitbrush was the only shrub sampled within th e

site and it occurred infrequently. The forb component was generally

absent. The soil is derived from colluvial basalt and wind laid sediment s

and may be a droughty version of the Wrentham soil series . The steep slopes

and the skeletal ground surface with a considerable quantity of boulder -

sized rocks, restricted sampling on the type .
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Precipitation

The data from recording rain gages were plotted with a multiple _

mass analysis technique to determine whether the stations located withi n

the Bear Creek watershed showed any similarity to the peripheral U .S .

Weather Bureau stations at Brothers and Barnes (Figure 15) . The Mountain

House station, located near a homestead on Ferguson Creek, appeared to

provide the closest approximation to the Brothers station, for the majorit y

of the August storms . The Blackstone station located near an old homestead

near the Brothers-Bear Creek road was approximately 8 km (5 mi) closer to

Brothers, Oregon and appeared to be more representative of the High Desert

storms than the Mountain House station . The Antelope station, located

in the Ochoco National Forest at 1524 m (5000 ft) received the least

rainfall of all the gages, due to poor placement in a small openin g

under ponderosa pine ; the Milliorn station was located on the top of

Milliorn Hill at 1585 m (5200 ft) and received the highest amount o f

precipitation, most likely as a result of poor site selection due to a n

enhancement of actual rainfall resulting from an eddy effect that commonly

occurs on the lee side of a physiographic barrier . These data suggest that

Ferguson Creek storm patterns may be similar to Brothers, and the differenc e

that did occur is simply due to elevation .

The single season of precipitation data was not sufficient for any

futher comparisons .
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Figure 15 . Mass analysis of the precipitation (summer 1976) relating Bear Ccee1E,
to important adjacent U .S . Weather Bureau .

91



Turbidity

The turbidity data (Figure 16) show a general decline in suspende d

solids as the water moved downstream, similar to Miner's (1968) result s

in Alaska . The peaks and plateaus that occur at downstream station s

indicate portions of the watershed that responded to the rainstorm/

flashflood events in August 1976 . The June 21 data are essentially

a preflood baseline and the September 2 data should be comparable lo w

flow postflood conditions . The dates listed within this period reflec t

the relative turbidity experienced immediately following a runof f

producing storm event .

The irrigation dam on the lower portion of Bear Creek appears t o

be effective in reducing turbidity in the stretch below the dam . The

gentle gradient of less than one percent in the lower 13 km (8 mi) mus t

also play a part. The stream flow generally decreases downstream a s

water is removed for irrigation and by evaporation ; however, some

replacement by sprinkler irrigation runoff does occur .

Predicted streamflow for the September reading was over thre e

tines the flaw for the June reading, 0 .04 m3/s (1 .3 cfs) versus 0 .01 m3/s

(0 .41 cfs) (USAS, 1976), and may be responsible for some of the differences

in the turbidities for the two dates . The flood related factors of

channel scour and stream bank erosion could also be contributing factors .
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SUMMARY AND CONCLUSIONS

During the suers of 1975 and 1976 a sedimentation study wa s

conducted in the Bear Creek watershed, located in the southeaster n

corner of Crook County, in central Oregon . This area was selected

because of a concern for high sediment loads it contributed to th e

Prineville Reservoir and because it had vegetation and soils that wer e

representative of much of the central Oregon area . The study predicted

soil losses that could be expected from different ecological land

units that were defined by their potential vegetation .

During the 1975 field season, preliminary vegetation and soi l

identification and classification were accomplished to provide a data

base for subsequent site selection . The sedimentation sampling was

conducted during the 1976 field season, in eight ecological land units ,

with a Rocky Mountain infiltrometer to generate simulated high intensity

rainstorms over 468 plots . The ecological land units were furthe r

refined into 14 tentative habitat types for statistical comparisons .

The ecological land unit approach for defining soil losses from

upland range sites was too broad in its classifications to adequately

describe the erosion potentials . Even the general habitat types describe d

by Daub nmire (1970) are too extensive to properly assess the sedimen t

that could be produced from these types . The wide amplitude of the

vegetation in this area and the generalized soil limitations, such a s

restrictive layers or extreme chemical conditions (alkalinity) which
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influence that amplitude, lead to the development of habitat types

which may not adequately represent the sites' true sediment potentia l

from a hydrologic viewpoint .

Amore intensive investigation of vegetation/soil complex is

needed to eliminate the variation within habitat types that occurs due

to differences in surface soil properties . While one should not

necessarily expect a soil series correlation with a particular habitat

type, the soil family level of classification may better reflect the

degree of refinement necessary to describe the hydrologic parameters

of the ecologic unit. A greater attention to those associated specie s

that exhibit a high fidelity for a specific soil family would provide

a means of separating soil texture classes, which influence soil loss

potentials . The high inherent natural variability within the habita t

types tended to mask any differences that may have occurred through a

management treatment imposed by man . While the data suggests an increase d

sediment potential as a type retrogresses in ecological condition, th e

increase may not be significantly different than that which can b e

expected from the better site. Differences in potentials were often

confounded by other factors which make it impossible to determine the

greater influence without additional sampling .

The experimental design required to adequately sample this semiarid

habitat type was beyond the scope of this study in both time and money .

This study will hopefully serve as a pilot for more intensive investiga-

tions which may address themselves to specific problem areas within thi s

watershed. While this study was concerned primarily with the upland soi l

losses caused by sheet and rill erosion processes, additional work is
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required to more accurately measure these potentials, with a sensitivity

capable of discerning the variations in management treatments and

ecological conditions . A better understanding of gully and channe l

erosion processes in semiarid watersheds is needed before we can us e

water quality standards in our decision making .

Although this study found little difference within the units du e

to the confounding caused by methodology, soils and multiple variables ,

a number of interesting patterns did emerge . The majority of the soil s

in this area are of the fine, montmorillonitic soil family . These

soils are derived from volcanic parent material and exhibit a considerable

influence from ash and pumice (Appendix B-1) . This family was consistently

high in sediment production when total ground cover was lacking, generall y

exceeding 1000 kg/ha . The Aridisol soils, found on the High Lava Plains ,

are members of the coarse loamy mixed family and rarely exceeded 100 0

kg/ha . Mean sediment potentials were calculated for each ecologica l

land unit to serve as a means of comparison with other units . Due to

the similarity of conditions the High Lava Plains is listed as an extr a

unit (Table 5) . It must be understood that these potentials were

extrapolated from small sample plots to represent the ecological uni t

as a whole, and the simulated rainstorms that generated these potentials

were unusual events . Therefore, the values indicate a relative magnitud e

at which the ecological land unit may respond to an actual storm event .

Sediment potentials, listed by tentative habitat type (Table 6) ,

provide an improved means for comparing vegetation-soil complexes . Where

character species, such as the Thruber's needlegrass phase of the junipe r
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Table 5 . Mean Sediment Potentials for Selected Ecological Land
Units within the Bear Creek Watershed .

Ecological Land Unit
Sediment Potentia l

(kg /ha )

Meadow 2

Mixed Forest 38 0

Mixed Steppe 230 0

Juniper Woodland 1660 (2460 )
Thurber's needlegrass Phase (

	

420 )

Big Sagebrush 182 0

Low Sagebrush 78 0

Sandy Big Sagebrush 78 0

High Lava Plains 480
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Table 6 . Mean Sediment Potentials for Selected Habitat Types in th e
Bear Creek Watershed .

Tentative Habitat Type

	

Sediment Potential
(kg /ha)

Psme /Caru-

Pipo/Feid

Juoc /Artrv/Feid

Artrv/Fei d

Juoc /Artr /Ags p-Feid

Juoc/Artr/Feid-Agsp Stth phas e

Juoc /Stth

Artr/Agsp-Feid w /Juoc

Artr/Agsp-Feid w/o Juo c

Arar/Feid-Ags p

Artr/Stc o

Agsp/Posa

4 7

33 1

412 4

47 7

291 2

41 1

153 8

196 1

91 4

77 6

78 4

785
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woodland unit, allow one to identify variations in the soil's componen t

which cause differences in the site's hydrologic response, we ar e

approaching the degree of classification necessary for aridland

watershed management.

Management Implications

Forest managers may find it necessary to have timber contractors

plow and reseed the burned and compacted areas following tree removal ,

prior to the first rainfall season . This would also apply to skid trails

and roads that are no longer being used . Rehabilitation of these

disturbed areas immediately after the removal is completed shoul d

minimize the soil losses resulting from the harvest practices .

In the semiarid rangelands, managers may expect a high natural

variability in the soil losses that occur in those areas . More intensive

management may be required in areas with fine textured soils, sinc e

they appear to be the most susceptible to erosion . Water harvesting

and diversion techniques should be considered to alleviate gully an d

channel erosion and prevent the natural soil losses from becoming a

sediment yield, degrading downstream water quality . In those units where

water is scarce, sufficient water could potentially be harvested t o

improve animal distribution .

The soil losses from the hilly uplands units do not necessaril y

imply a sediment contribution to the stream system . Much of the soil

lost from the steeper slopes appears to be deposited on gently sloping

terraces at the base of the hill, due to decreasing runoff velocities
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and increasing transmission losses through a more permeable, mixe d

textured soil surface .

Although the mixed forest unit was the only mechanical treatmen t

sampled, it is reasonable to expect a similar response in the non-forest

or meadow units to a treatment that completely removes the vegetatio n

and litter cover and disturbs the soil . Treatments such as the juniper

cutting or proper grazing management, that do not significantly alter

the vegetation or soil cover characteristics, would not be expected t o

accelerate erosion beyond the range that naturally exists for the site .

While Silvernale et al . (1976) identified surface erosion as a

major contributor of sediment during peak flows in the spring runof f

period, this same relationship may not be true for the summer convectiona l

storm period, which contributed 97 percent of sediment during the 197 6

water year. Different processes are involved with summer storms whic h

are not present during the spring snowmelt period . In several areas of

the Bear Creek watershed there is a high potential for surface erosio n

and the erosion indicators, such as pedistalling and freshly cut rill s

are there, however, evidence of channel scour and streambank sloughing

is also present .

Managers must be more objective in assessing the significance o f

the role geologic erosion processes play in semiarid lands . The influence

of the natural phenomena, evapotranspitation, interspecific competitio n

and erosion may explain more of the variation in an area's potential to

contribute sediment than all the external variables combined . It

becomes evident that additional research is necessary to determine the

reason for the highly skewed responses that occurred within several of the

sites .
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Appendix A-1 . Association Table of Selected Plant Species and Their Tentative Habitat Types .

Mixed Forest Mixed Steppe Juniper Woodland

	

Big Sagebrush

Psme/ Pipc)/

	

Artrv / Feid Juoc / Artr

	

/ Feld - Agsp Juoc,/

	

Artr / Agsp - Fei d
Cato

	

Feid

	

w/Putt a w/Juoc Seth phase Stth

	

w/Juo c

Pipo a50
Psm e
Juoc +

	

+

	

1 3 1 10 14 10 10 15(16) 3(17) 3(20) +(14)

	

3(14

	

(cut(15) 13(19) 1 +(1) +(1 )
Artrv 23 50 15 1 8
Putt 3 1 + + (3)
Fxhe 68 3
Chna 3 + 5
Artr ! 10 13 5 3

	

I

	

+ + 43 35 1
Chvl 13 10 10 15 38 3 20 45 13 3 3 3
Arab 5 3 S
Rice 3
Arri
Arca
Save {
Cam

	

) 93
Feid 6 55

	

198 80 . 55 8( 33 13 18 13 5 10 8 5 3 8
Agsp 55 65 35 + 20 3 10 10 ll

	

8 5 4 33 5
Posa 63 73 65 90 85 58 43 28

	

8

	

8 30 80 3
Sihy 3

	

13 50 30 3 20 8 10 3

	

8

	

10 13 18 4 5
Rocs 18 45 18 13 5 8 5

	

3

	

15 10 18
Seth 10 5 5 8 45 335

	

in

	

13 13 13 3 3
Stco 3 18 3 43 8
Agsm
Orhy 3 5

	

15 8
Bete S S 5 3 3 23 40 8
area
Gut
Pbpr
Pop e
Carex 33

	

35

	

IS

S

10 35 5 1 3
Juncus
Arco 97

	

60
)ialt 60
Acmi 40

	

13

	

10 13 5 3
And 10 3 75 25 20 40

	

30 10 5
Luca 3

	

20 5 8
Erfi 38 33 3 3 6
Phho 5 20 48 5

	

68

	

25 13 5
Lelia 3 3 13 3

	

3
Ersp 3 3

	

2
Evm 3 10 3 3 1 8
Pea 10 3 10 5

	

3 S
91a 3 3 S
Seca 25 23

	

10 5
Astragalus 5 3
Aspu 3 5 5 3 5
Ep pa 3
Tana
Lott
Via m
Pogr
Tons 8 5 50 25 13 20 30

	

3

	

13 3 28 33

(Continued on next page)
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Appendix A-1 . (Continued)

Sandy B1 g
Sate rash Low Sagebrus h

Artr

	

/ Stec Arar/Feid - Ags p

Pipo
Pam e
Juoe +(1) +(I)

	

+(1) +(3) 3(3 )
Arty
Putr
&fi e
Chna
Ari 1 5
Chvi 53 5

	

28 15 3 3 5
Arab ~ 48 58 68 78 1
Ric e
Arri
Arc a
Save
Caru
Paid 75 63 20 5
Agsp 8 ' 3 3 5
Posa 56

	

13 85 78 10 0
Sihy 13

	

20 8 55 1 0
Kocr 10 40
Seth 8 43 13 1 3
Stco [is 98 i
Agsm
Orhy 5 3
Bete 38 7 5
Bre t
Glst
Phpr
Pope
Care x
Juncus
Arco
Hiatt
Acmi 3 5
Audi 3

	

15 35 30 3 7
Luca
&fl 2 3
Phho 8 33 10 53
Lepu
F+'s P 10
Bruin 3
Pees
&la
Seca
Astragatua 33 3
Aspu 8 1 0
Eppa
Tema
Lotr
Viam
Pogr
Toru 43 B

	

63 35 30 63

a Parenthes'es indicate percent mown cover .

Adobe-
land

Unclassified Communitie s
Chnala Rihes/ A ~ P / Ara / Arca

	

Sav eApp.. JuoeT Mtn./ Mtn./ Trrt{a_
P03a	 Posa	 Silsy	 Pere	 Cerex

	

Orh

	

Poc a

I

	

3
3

43
1

	

8

3
8

	

8 3

Q

83
37

	

7
13

7 5

t3
3

	

'1 3
+

	

48

	

5

n
46

5$
3 5
8 8

10 0
68

37
3 3

20 10 13
1 0

13

45

10 10
8

5 1 3

5 8
5

40
70

32
23

18

	

3 5
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Appendix B-1 . Soil Associations of the Bear Creek Watershed .

1

	

Powder-Courtrock Association

2 Sima s

(a) Simas-Tub Association
includes Ginser, Gem, and Day serie s

.(b) Simas-Soft Sedimentary Rock Associatio n
includes Day ;and Tub serie s

(c) Simas-Ginser-Ruckles Associatio n

3 , Deschutes-Redmond Association

4

	

Tub-Prag-Lamonta Association

5

	

Hankins-Boardtree Associatio n

6 Wrentham

(a) Wrentham-Lickskillet-Rockland Association

.(b) Rockland-L,ickskillet Association
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Appendix C

Limiting Factors Associated with the

Rocky Mountain Infiltrometer

There were a number of limiting factors that are inherent to the

Rocky Mountain infiltrometer. The first assumes homogeneity in . vegetati.on

soils .

The second criterion, accessibility, limited site selection to

those vegetation-soil'units within 90 m (300 ft) of a road or trail ,

because the system was mounted on a vehicle or trailer and greater

distances were beyond the design capabilities of the pump . Additional

leeway in distance from the road was also required to allow random

location of the macroplot within the vegetation-soil unit .

The third criterion required the avoidance of slopes greater tha n

30 percent . The difficulties in plot and sprinkler placement, th e

capabilities of the pump and the design limitations of the frames wer e

the primary reasons for this limitation . The limited accessibility to

areas with steep slopes usually restricted selection first .

The fourth criterion prevented the placement of sedimentation plot

frames on rocky or stony soils, because of the surface soil disturbance

that resulted from driving the frame into the ground . When this occurred

during the placement of a nest of plots, the restricted frame was move d

laterally away from the disturbed spot or the entire nest of plots wa s

moved away from the macroplot and clear of the stony disturbed area .

The fifth criterion limited the placement of sediment plots under

low overstory vegetation such as western juniper due to possible interception
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of the simulated rainfall, and its possible return to the plots i s

larger drop sizes as throughfall . The sprinkler system requires an

operational clearance height of 4 m (13 ft) for the raindrops to

approach terminal velocity . The growth form of juniper often restricted

this placement. Nested plot frames were moved away from the macroplo t

and clear of the overstory on those stands which met the selection

criteria .
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