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Quantifying the Impacts of Riparian Cattle Grazing At Soap Creek Ranch
Near Corvallis, Oregon

INTRODUCTION

Riparian zones, or land adjacent to water, provide several important
products including: biological diversity, fish and wildlife habitat, water quality,
agricultural and timber production, recreation, and many aesthetic values (Mosley
et al. 1997).

As competition for limited natural resources continues to increase, many
believe that domestic livestock grazing should be eliminated from all riparian
systems. Some studies have shown that improper grazing practices adversely affect

nparian sites however, others have identified grazing management techniques that
are compatible with maintaining or improving riparian areas (Ehrhart and Hansen
1997, Leonard et al. 1997, and George 1996).

In order to develop effective strategies for managing livestock in nparian

vegetation it is important to understand the abiotic and biotic attributes ofa specific
area or watershed. This may include the physical setting, climate, domestic and
wild animal impacts, land owners and managers, vegetative communities and
stream hydraulics (Krueger, 1996).

The primary purpose, or main objective of this study was to evaluate the
impacts of four different riparian grazing treatments. Emphasis was placed on
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maintaining water quality while providing rip arian forage for beef cattle
production.

Four distinct grazing treatments, late spring and fall grazing year 2000 and

2001, were designed taking into account season of use, duration of grazing,
intensity of forage utilization, natural climatic variability, water quality and overall
cattle productivity.

The following objectives were established for data collection. First, identify
forage species composition of the study site, the big center field, and estimate grass
utilization by cattle in the riparian pasture by calculating changes in the average
stubble height of the dominant grass Festuca

arundinacea,

tall fescue. Second,

quantify shrub density and percent cover in the riparian area of the big center
field. Third, calculate the direct effect cattle have on streambanks by measuring the
rate at which previously vegetated water gaps lose permanent vegetative cover due

to hoof action or heavy grazing. And fourth, monitor total coliforms and E. coli
concentrations in Soap Creek before, during, and after riparian cattle grazing.

Lessons learned in this study will be incorporated into an overall ranch
management plan for the Soap Creek Ranch. Funding for this project was provided
by the Oregon State Legislature in 1999.
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LITERATURE REVIEW

BACKGROUND OF RIPARIAN CATTLE GRAZING
Riparian areas are characterized by the presence of water during part or all
of the growing season. Functions of healthy riparian systems include: water storage
and recharge, chemical filtration, sediment trapping, streambank maintenance,
biotic production, and energy dissipation of stream flow (Ehrhart and Hansen
1997). Management components of riparian systems include: water, soil, and

vegetation. There is a fundamental interrelationship among aquatic, riparian, and
upland ecosystems (Kaufffiian 1995).

Due to the relative abundance of forage, shade, and water, cattle typically
congregate within these fairly level landscapes (Swanson 1986). Deterioration of
riparian areas on public lands is often caused by over utilization or poorly managed
livestock (Knopf and Cannon 1982). Cattle can destabilize and break down
streambanks by weakening streamside vegetation and trampling or compacting
moist soil with their hooves (Marlow and Pogacnik 1985).

Mclnnis (1994) observed that cattle grazing can be compatible with riparian
ecosystem management and could possibly enhance riparian recovery efforts. To
do this, riparian grazing systems must include ecological goals and objectives as
well as agricultural production requirements.

DEVELOPING GRAZING STRATEGIES COMPATIBLE WITH FISHERIES
Platts (1989) evaluated several existing grazing strategies based on the
amount of streambank vegetation used, control of seasonal plant regrowth, control
of animal distribution, effects on streambank stability, ability to maintain woody

shrub species, and rate at which stream-riparian habitats were able to rehabilitate
after being under the influence of each grazing strategy. Platts identified seven
options that land managers should consider when designing grazing strategies for
fisheries compatibility. These include: 1) control of grazing frequency; 2) control

of animal stocking rates; 3) control of animal distribution; 4) control of season of
forage use; 5) control of livestock species or class; 6) control of forage utilization;
and 7) application of artificial rehabilitation techniques to improve current fisheries
conditions within the grazing location (Platts 1989). Recovery of riparian areas
brings improved habitat for wildlife and aquatic organisms, stable channels and
streambanks, and improved water quality. In addition, livestock producers sustain a
productive source of forage (Elmore and Beschta 1987).

ADVANTAGES OF RIPARIAN PASTURES

Riparian pastures can be defined as a portion of land, near or adjacent to
water, within an allotment that is managed independently to achieve a specific goal
(Platts and Nelson 1985). By creating riparian pastures, ranchers can still utilize the
forage produced within; however, cattle disturbance can be minimized due to the
application of specific management practices. When designing this type of a

pasture, managers should include some upland forage so that cattle are not
restricted to the woody riparian shrub species for food (Kinch 1989).

FECAL COLIFORMS AS AN INDICATOR OF WATER QUALITY

Types, Importance, Health Considerations

Coliform bacteria are most commonly associated with water quality. This
large group of bacteria commonly occurs in the intestines of healthy warm-blooded
animals including humans (AGWT 2000). Coliforms are defined as rod-shaped,
facultative anaerobic, gram-negative non-spore-forming bacteria belonging to the
family Enterobacteriaceae that ferment lactose in a suitable culture medium within

48 hours at 44.5 ± 0.2°C (Clesceri et al. 1998).
Escherichia coli

(E.

coil) is one species of fecal coliform that can easily be

cultured in a laboratory using membrane filtration techniques or multiple-tube
fermentation. However, due to the phenotypic diversity within the pathogenic E.
coil group no standard microbiological method has been developed (Clesceri et al.
1998).

Coliforms themselves are considered benign. However, the presence of
these rod shaped bacteria can indicate fecal contamination (Bohn and Buckhouse
1985) . Pathogenic organisms commonly found in fecal material include:

salmonella, shigella, typhoid fever, hepatitis A and bacterial gastroenteritis (Baker
2000). Coliforms are not however, good indicators for the protozoa Giardia ssp.

(Williams 1981). The Federal Water Pollution Control Act of 1972 (PL 92-500,
Section 208) requires the evaluation of non-point source pollutants such as fecal

coliforms (Buckhouse and Bohn 1983). More specifically, the Oregon State Health
Division set an allowable arithmetic mean equal to one fecal coliform colony per
100 milliliters within any individual water sample to be used for drinking water. It

should be noted that few wildiand streams meet this criteria (Buckhouse and Bohn
1983). In general, relationships between total fecal coliform concentrations and
livestock management remains uncertain. Variability in scale, site characteristics,
grazing strategies and sampling protocols often confound measurable relationships.

Edwards et a! (2000) found that, studies taking samples at fixed-intervals are
usually weighted in favor of base-flow conditions instead of storm runoff
conditions. At base-flow conditions, it may be easier to identify changes relating to

land management or use alterations. Bohn and Buckhouse (1985) suggest that
coliform sampling methods account for spatial and temporal variability.

Water Quality Standards and Criteria for Bacteria in Oregon

Oregon Revised Statute 468B.048 is often referred to by the Oregon Farm
Bureau and Local Advisory Committees for Senate Bill 1010 as guidance for water
quality standards. This statute, revised in 1999, states that "the Environmental
Quality Commission by rule may establish standards of quality and purity for the
waters of the state in accordance with the public policy set forth in ORS

468B.015"(ORS 468B.048 1999). To establish these standards, the commission

7

must consider numerous criteria including: floating, suspended or settleable solids,
dissolved oxygen content, physical, chemical, biological or radiological properties,
bacteriological organisms including the coliform group, and potential virus within
the water. These and other criteria are evaluated to determine which substances
might put the public health at risk and therefore should be eliminated (ORS
468B.048 (g), 1999).

The Oregon Department Of Environmental Quality (DEQ) has established
bacteria parameters for the following beneficial uses: water contact recreation,
public and private domestic water supply, and livestock watering. Measurements
are divided into two time periods, October 1 through May 31 and June 1 through
September 30. Emphasis is placed upon the June through September measurements
when human water recreational use is the highest (OAR 340-41-(basin)(2)(e and
F), 2002).

The following DEQ bacteria standards are applicable to all basins. Bacterial

organisms in question are those of the fecal coliform group. The preferred method
of sampling involves most probable number (MPN) or using an appropriate number
of samples for an equivalent membrane filtration technique (OAR 340-41
(basin)(2)(e and F), 2002).
Department of Environmental Quality Bacteria Standards:
(A) Numerical Criteria: Organisms of the coliform group
commonly associated with fecal sources shall not exceed
the criteria described below.
(i) Freshwaters and Estuarine Waters Other than
Shellfish Growing Waters:

(I) A 30-day log mean of 126 K coli organisms per
100 ml, based on a minimum of five samples;
(II) No single sample shall exceed 406 E. coil
organisms per 1 OOml.

(C) Animal Waste: Runoff contaminated with domesticated
animal wastes shall be minimized and treated to the
maximum extent practicable before it is allowed to enter
waters of the State;
(F) Bacterial pollution or other conditions deleterious to
waters used for domestic purposes, livestock watering,
irrigation, bathing, or shellfish propagation, or otherwise
injurious to public health shall not be allowed;
(L) Aesthetic conditions offensive to the human senses of
sight, taste, smell, or touch shall not be allowed
(OAR 340-41-(basin)(2)(e and F), 2002).

It is important to note that after January 11, 1996 all Department of
Environmental Quality 3 03(d) lists for water quality limited areas are based on E.

coil data. If E. coii data are not available, the water quality limited evaluation can
be based upon the following fecal coliforms standard: "Freshwaters and Estuarine
Waters other than shellfish growing waters: a log mean of 200 fecal coliform per
100 milliliters based on a minimum of five samples in a 30 day period with no

more than ten percent of the samples in the 30 day period exceeding 400 per 100
ml" (OAR 340-41-(basin)(2)(e and F), 2002).

Prior to 1996, fecal bacteria standards were based upon the beneficial use of the
water in question. For example: drinking water must contain less than 1 E. coil per
100 ml of water sampled, water involving primary human contact such as

swimming must contain less than 100 E. coil per 100 ml of water, and water
involving secondary contact such as fishing or boating could not contain bacteria

levels higher than 200 E. coli per 100 ml of water sampled. If bacteria levels
exceeded these standards the water body was declared out of compliance by the
Oregon Department of Health (State of Oregon 1986).

Identifying the Source of Fecal Pollution
Bacterial sources can be tracked and identified using three primary
methods: chemical, biochemical, and molecular. Chemical means are typically used
in treating wastewater and are limited to a simple human or non-human
classification system (Kern et al. 2002).

Biochemical evaluation methods are phenotypic in nature and focus on the
type and amounts of substances bacteria produce under different conditions. For
example, E. coli conducts mixed acid fennentation producing hydrogenlyase
whereas Aerobacter aerogenes conducts glycol fermentation (Stanier et al. 1957).
Using the Millipore membrane filtration method, (10029 m-ColiBlue 24 Broth)

different types of fecal coliform colony forming units show up on a slide in
different colors based on their reaction to NaC1 and Lactose (Clesceri et al. 1998).

Many studies suggest using the ratio of fecal coliforms (FC) to fecal
streptocococcus (FS) as a way to differentiate human fecal contamination from that
of livestock or wildlife (Quigley et al. 1989). This group of bacteria also comes

from the feces of warm-blooded animals and includes: S.faecalis, S.faecium, S.
avium, S. bovis, S. equines and S. gallinarium (Clesceri et.al., 1998). In livestock,
the FC/FS ratio ranges from 1.2 to .08, cattle and wildlife the ratio is about 0.08 to
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0.04, wildlife without livestock typically averages less than 0.04, and in humans the
FCi'FS ratio is greater than 4. (Quigley et. al., 1989).
Limitations of this ratio approach include false-positive rates using the KF

membrane filter technique from 10 to 90% and sensitivity to disinfectant of
wastewater. Furthermore, S. bovis and S. equines die off quickly whereas S.

faecalis and S.faecium live much longer (Clesceri et al. 1998).
Molecular (genotype) detection methods identify different strains of fecal
bacteria using "DNA fingerprinting" (Kern et al. 2002). One such method involves
the identification of fecal bacteriodes or genetic marker sequences. These
sequences are specific to fecal bacteria and to the host animal that produced the
feces. This approach is based upon a PCR- amplified 1 6S rDNA that detects

differences in gene fragments by use of Length Polymorphism Chain Reaction
(LH-PCR) and Terminal Restriction Fragment Length Polymorphism ( T-RFLP).
This method is not dependent upon living cells, therefore, water samples can be
taken and stored for extended periods of time. Currently this method only identifies
the source of fecal pollution and not the concentration. More work is underway to

calculate proportions or concentrations of bacterial contamination (Field and
Bernhard, 2001)

A similar study conducted by Simmons and others discovered 439 different
DNA bacterial isolates from fifty five water samples. These isolates were evaluated
using the Analytical Profile Index (API 20E). Using this method, 37% of the
identifiable E. coli bacteria were genetically traced to waterfowl, 17% to human
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sources, 15% to raccoon, 10% to deer, 9% to canine type animals with the
remaining 12% defined as other (Simmons et al. 2002).

Variations in Coliform Concentrations
Researchers estimate that one 1,000 pound beef cow will defecate
approximately twelve times a day. These defecations add up to 60 to 70 pounds of
wet manure. This manure is estimated to contain 3.84* 1010 fecal coliform colony

forming units and roughly 7.2*108 fecal streptococci units (Johnstone-Wallace and
Kennedy 1944). When these colifonns are deposited or carried into a stream, 95
percent of the indicator organisms settle to the bottom within the first 50 meters
(Biskie et al. 1988). In fact, stream sediments may contain 100 to 1,000 times more
fecal coliform per unit volume than the overlying water (Donsel and Geidreich
1971).

To more accurately characterize bacterial concentrations within a stream,
samples can be taken from the water column, water-sediment slurries, and sediment
cores (Simmons et al. 2002). The twentieth edition of Standard Methods for the
Examination of Water and Wastewater also suggests collecting bacteria samples
from stream sediments. When there is great variability in overlying water,
sediments may provide a stable bacterial concentration index (Clesceri et al. 1998).

Bacterial organisms within stream sediments may be resuspended by
increased water flow or any other disturbance such as cattle walking through the
stream (Sherer, et al. 1988). When incubated in stream sediment, fecal coliform
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tend to survive for eleven to thirty days and fecal streptococci bacteria can survive
for nine to seventeen days (Sherer et al. 1992). However, bacteria that exist within

the protection of a fecal pat can survive for at least one year (Buckhouse and
Gifford 1976).

Under restricted conditions, E. coli bacteria within stream sediments and
microbial films are capable of reproducing on their own through cloning, further
elevating bacteria levels (Simmons et al. 2002).

Factors that influence fecal coliform longevity include temperature,
dissolved nutrients, predators, antibiosis, organic matter, algal toxins and toxic
metals (Sherer et al. 1992). Fecal bacteria are also light sensitive. E. coli bacteria
have been shown to live longer when protected from ultraviolet radiation sources
such as direct sunlight (Simmons et al. 2002).

Sample size and sampling frequency should be representative of the type of
stream being monitored. Factors to consider include time of day, season of the year,
management strategies or land uses, storm events and changes in stream flow.

h a study by Simmons and others, fifty five water samples were taken
throughout four seasonally different time periods. However, no discemable pattern
between winter and summer fecal coliform concentrations could be determined
(Simmons et al. 2002). A three year study in Colorado concluded that fecal
coliforms levels peaked in late summer however, no reasonable explanation for the
increase was identified (Skinner et al. 1974). Studies by Kunkle and Meiman
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(1968) suggest that bacteria concentrations are lower in the afternoon than evening
hours.

Fecal bacteria concentrations are extremely variable. Hydrologists in Alaska
measured E. coli bacteria changes exceeding one order of magnitude within a four
hour sampling interval. Stream flow remained constant and multiple quality control
samples confirmed data accuracy (Frenzel and Couvillion 2002). Therefore, the real
challenge is to design sampling methods that are cost effective, comprehensive, and

accurately represent the high degree of temporal and spatial variability (Barbour
and Burton 2002).
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SITE DESCRIPTION

The Soap Creek Valley is located in the northwestern corner of Benton
County, Oregon and represents approximately 6,073 hectares (15,000 acres) of
eastern sloping coastal mountain range. Valley land use is dominated by
commercial forests, agriculture, residential tax lots primarily less than ten acres in
size, and a solid waste landfill (Zybach 2000) (see Appendix A).

In 1948, Oregon State University and the Animal Science Department

received a 761 hectare (1,880 acre) allotment from the U.S. Military's Camp Adair
located eleven miles north of Corvallis in the Soap Creek Valley. Approximately
65% of the ranch is open grassland with the remaining 35% as forestland (Oldfield
1994).

The ranch has multiple pastures utilized for research, class instruction,
student projects, extension service activities, and the general maintenance of beef
cattle production. Facilities on the ranch include: scales, covered processing areas,
calving facilities, feeding areas, hay barns, and an office. The Animal Science
Department maintains two separate herds consisting of approximately 100 cows
each. One herd is bred to calve in the spring and the other to calve in the fall. Most
of the cows are commercial crossbreeds; however, fifteen purebred Red Angus and

twenty five Registered Black Angus cows are also maintained at Soap Creek
Ranch (Oldfield 1994).
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Soap Creek itself originates from springs 1.61 kilometers into the
McDonald-Dunn Forest. Upon leaving the forest, Soap Creek is bordered on both
sides by residential development for approximately 6.84 kilometers before entering

Oregon State University Soap Creek Ranch. Soap Creek runs the length of the
ranch, approximately 7 kilometers, and eventually meets up with the Luckiamute
river which feeds into the Willamette (Appendix B).

According to Oregon Department of Fish and Wildlife, Soap Creek
supports: resident and fluvial populations of cutthroat trout, steelhead, sculpin,
Pacific and brook lamprey, northern pike, squawfish, suckers, and the occasional

spring Chinook. In the 1960's and 1970's Coho salmon were stocked in Soap
Creek on an experimental basis (Galovich 2000 personal communication).
The 600 meter stretch of Soap Creek running through the study site has
been classified as a Rosgen B type channel with approximately 80% cover (Kelly
and Krueger 2001). Average daily stream temperatures collected at three different
locations along Soap Creek in 2000 using temperature thermisters vary from

9.06 C to 20.05 C depending on season and sampling location (Appendix C).
Soap Creek is characterized by dramatic fluctuations in flow throughout
winter and early spring. These fluctuations reflect precipitation events mainly in the
form of rainfall. Table 1 presents average daily precipitation reported in millimeters

of rainfall at the Corvallis, Oregon AgriMet station. Dates reported in this table
correspond with days in which water samples were collected.
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Table 1. Average daily precipitation in Corvallis, Oregon (USBR Pacific Northwest
Regional Hydromet System 2002).

Date

Precipitation in cm

06/06/00

0.18

06/07100

0.48

06/08/00

0.15

06/09/00

0.13

06/10/00

0.03

06/11/00

1.12

06/12/00

0.79

06/13/00 to 06/26/00

0.00

06/27/00

0.15

06/28/00 to 07/02/00

0.00

07/03/00

0.13

07/04/00

0.23

07/05/00 to 08/18/00

0.00

08/19/00

0.03

08/20/00 to 09/01/00

0.00

09/01/00

0.00

09/02/00

1.04

09/03/00

0.28

09/04/00 to 09/07/00

0.00

09/08/00

0.03

09/09/00

0.00

09/10/00

0.00

09/11/00

0.03

09/12/00 to 09/30/00

0.00

10/01/00

0.20

10/02/00 to 10/08/00

0.00

10/09/00

2.67

10/10/00

0.05

10/1 1/00

0.03

06/05/01

0.66

06/06/01 to 06/10/01

0.00

06/11/01

1.12

06/12/01

0.03

06/13/01 to 06/23/01

0.00

06/24/01

0.46

06/25/01

0.00

06/26/01

0.97

06/27/01

1.52

06/28/0 1 to 07/28/01

0.00
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Table 1. Continued

07/28/01

0.00

07/29/01

0.71

07/30/01

0.00

07/31/01 to 08/02/01

0.00

08/03/01

0.03

08/04/01 to 08/20/01

0.00

08/21/01

0.51

08/22/01

1.96

08/23/01

0.15

08/24/01 to 09/14/01

0.00

09/15/01

0.03

09/16/01 to 09/24/01

0.00

This area receives an average of 89 centimeters of rain each year. In the
summer, precipitation events decrease dramatically and Soap Creek drops down to
base flow conditions. A permanent three meter transect was established midway
through the big center field along which average stream velocity was calculated
using a standard floating object (U.S.D.1.1997). Stream width and depth was

recorded in the same location to provide general flow data. Flow measurements
were taken in correlation with the water quality sampling regime (Table 2).

EI

Table 2. Estimated flow in cubic meters per second in study area for selected dates
in 2001 and 2002.

Date

Total Flow m3 I second

7/5/00

0.08

8/11/00

0.03

8/16/00

0.04

9/4/00

0.55

9/13/00

0.26

9/19/00

0.18

10/11/00

0.18

6/5/01

1.02

6/7/01

1.30

6/12/01

1.18

6/14/01

1.19

6/19/01

0.72

6/27/01

2.07

8/30/01

0.40

9/6/01

0.42

9/10/01

0.51

9/17/01

0.49

9/24/01

O.87

Soils in the study site (big center field) consist of McAlpine silty clay loam
(Mn) and Waldo silty clay loam (Wa). Both soils are characteristically located

along streams and drainage ways with zero to three percent slope. The McAlpine
series was formed in alluvium weathered from basic igneous rock and is
moderately well drained. The Waldo series consists of deep, poorly drained soils
formed in recent alluvium (Appendix D).

Vegetation along this portion of Soap Creek is dominated by Quercus

garryana Oregon White Oak, Alnus rubra red alder, Fraxinus latfolia Oregon ash,
Acer macrophyllum bigleaf maple, and Pseudotsuga menziesii Douglas fir. The
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shrub community consisting of: Symphoricarpos albus snowberry, Rosa nutkana

Nootka rose, Oemleria cerasformis Indian-plum, Mahonia aqu4folium Oregon
grape, Holodiscus discolor Oceanspray and Crataegus douglasii Black hawthorn
also characterizes this site. Nearly all of the Soap Creek Valley can be classified as
potential forestland. Or in other words, all of the species listed above are capable of
covering every open surface of land excluding solid rock or concrete (Zybach
2000).

Noxious weeds or species of concern include: Rubus discolor Himalayan

blackberry, Centaurea maculosa Spotted knapweed, Dipsacus sylvestris Teasel,
Cirsium arvense Canada thistle, and Delphinium glaucum Tall larkspur. The

poisonous properties of Delphinium glaucum in the spring have caused great
concern and several cattle deaths over the years at Soap Creek Ranch.
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METHODS
This is a documented case history of riparian cattle grazing at Soap Creek

Ranch. Grazing took place in the spring and fall in year 2000 and 2001. A
comprehensive grazing plan was developed for the entire 40 hectare pasture to
optimize forage and beef production without compromising the integrity of the
creek. Mineral supplement was available during each grazing treatment. In
addition, a semi-permanent electric fence was constructed to run parallel with the
creek. This fence delineated a 12.5 hectare riparian sub-pasture that was used for

spring grazing only after the threat ofDelphinium

glaucum,

Tall larkspur poisoning

had passed.

GRAZING TREATMENTS
Treatment I.
Duration: June 6-June 15, 2000
Animals: forty cows from the fall herd. Pregnant cows/non-lactating, calves
weaned. 3.2 cows/hectare.
Location: riparian portion of the big center field only (12.5 hectares).
Treatment II.
Duration: August 18-September 18, 2000
Animals: 100 cow/calf pairs from the spring herd. Mid-gestation pregnant and
lactating. 2.5 cows/hectare.
Location: entire 40 hectares of the big center field.
Treatment III.
Duration: June 6-July 15, 2001
Animals: eighty cows from the fall herd. Pregnant cows/non-lactating, calves
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weaned. 6.4 cows/hectare.
Location: riparian portion of the big center field only (12.5 hectares).
Treatment IV.
Duration: September 4-9, 2001
Animals: 120 cow/calf pairs from the spring herd. Mid-gestation pregnant and
lactating. 3.0 cows/hectare.
Location: entire 40 hectares of the big center field.

Alterations in the grazing treatments reflect climatic variability, forage
availability, cattle health concerns related to the phenology of tall larkspur in the

riparian pasture, E. coli concentrations above acceptable levels, and limitations of
Soap Creek Ranch staff. For example, large quantities of forage remained
following treatment I. Therefore, the stocking rate was doubled in treatment III.
Background measurements of total coliforms and E. coli bacteria were relatively
high prior to initiation of grazing treatment IV. Bacteria concentrations continued
to rise with the addition of livestock in the study area. As a result, all livestock

were removed from the riparian zone of the big center field after four days of
grazing.

During spring grazing treatments I and 111 cattle congregated under the large

riparian trees for cover during significant rainfall events. Activities in and around
the stream were held to a minimum due in part to deep sticky mud and fast moving
water. Cattle only moved to the stream to drink at key access points or water gaps
and then quickly returned to the upper portions of the riparian pasture. The herd
appeared to be divided into three distinct groups and grazed evenly throughout the
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entire riparian pasture. During these two treatments, the cows were pregnant and
had just weaned their calves.
During the fail treatments II and IV, the cattle had access to the entire big
center field. During a typical day cattle only ventured to the upper portions of the
pasture during the early morning or evening hours. The majority of their activities

concentrated in the ripanan portion of the pasture. Warm temperatures combined
with low creek flow seemed to facilitate cattle remaining in the creek for long
periods of time. These behaviors were accentuated during treatment IV, fall grazing

2001, due to the drought conditions. Cows used in this portion of the study were in
their mid gestation period, pregnant and lactating.

VEGETATIVE MEASUREMENTS

Forage Composition and Utilization
To quantify species composition, twenty one 550 meter random transects
were established throughout the entire length and width of the big center field and
accompanying riparian pasture. Along these transects, the plant located closest to
the 5.5 meter mark was identified and recorded (Elzinga et al. 1998). From these

data, the composition of the study site consisted of: 50% Festuca arundinacea tall

fescue, 27% Alopecurus pratensis meadow foxtail, 5% Ranunculus acris meadow
buttercup, 4% Vicia sative common vetch, 3% Trfo1ium pratense red clover, 2%
Taraxacum officinale dandelion, 1% Rumex crispus curled doc, and 8% other
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annuals, rushes and forbs. A complete listing of species identified can be found in
Appendix E.

Festuca arundinacea, tall fescue was identified to be the most abundant
type of grass in the study site. In addition, tall fescue was also frequently selected

by cattle in this area. Therefore, Festuca arundinacea was selected to represent
forage utilization during the spring grazing treatments.

A 550 meter line transect was established running parallel to the creek
within the riparian portion of the big center field. Stubble height measurements

were taken on the Festuca arundinacea plant located closest to the 5.5 meter mark
along the transect (Blzinga et al. 1998).

Shrub Density
The total number of individual plants per unit area was counted. Shrub
species measured include: Fraxinus laqfolia Oregon ash, Rubus discolor Himilayan

blackberry, Crategus douglasii Black hawthorn, Oemleria cerasformis Indian
plum, Mahonia aqufolium Oregon grape, Rhus diversiloba Poison oak, Rosa
nut kana nootka rose, Syinphoricarpos albus Snowberry, Alnus rubra Red alder and

Acer macrophyllurn Bigleaf maple. Three, 1 by 30 meter permanent belt transects
were delineated within the riparian pasture along the outside perimeter of
vegetation accessible to cattle. Total shrub density was calculated along each
transect by species and by life stage before and after each grazing treatment
(Elzinga et al. 1998).
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Percent Shrub Cover
The amount of ground covered by vertical projection of shrub matter on
three permanent line transects was recorded by species before and after each
grazing treatment (Elzinga et al. 1998). This measurement focused on vegetation
within the normal reach of a grazing cow or calf, 1.5 meters above the ground to
ground level.

WATER GAP MEASUREMENTS

Due to dense woody vegetation along the riparian portion of the big center
field, cattle can only access water from Soap Creek at eight specific locations or
water gaps. Using randomization, the odd numbered gaps were assigned to the
livestock accessible group. Whereas the even numbered gaps, through the use of
electrically charged poiy wire fencing were protected from livestock impacts.

Size Expansion! Recovery:

hi May 2000, permanent line transects were established within each of the
eight water gaps at the outer most points of visible ground disturbance.
Perpendicular measurements were taken above and below the line transect at halfmeter intervals. These perpendicular measurements represent the upper and lower
most disturbed points in the water gap. Surface bedrock and areas under water are

not considered "disturbed". Vegetated clumps within disturbed areas were also
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measured and then subtracted from the total disturbed area calculation. These
measurements were take before and immediately following each grazing treatment.

In addition to the physical measurements, photographs were also taken of
each water gap before and after each grazing treatment. Changes that could not be
recorded along the measuring tape may be more apparent through careful
assessment of the photographs. These pictures further define the sampling protocol
and visually represent seasonal changes in the system.
All temporary water gap exciosures were removed at the completion of each
treatment.

Data Analysis
Total bare area measurements were calculated by XAREA, a DOS based
computer program that creates a graphic image of each data set (Stringham 2001).

WATER QUALITY MEASUREMENTS
A six hundred meter reach of Soap Creek found within and around the Big
Center Field was evaluated to find three similar sampling locations that would meet
the requirements of the experimental design. Namely: one location before water

enters the study site, one location in the middle of the study site where the cows
could have direct access to it, and one immediately downstream from the study site.
Sampling locations were selected where creek width was approximately three

meters and depth was no less than sixteen centimeters. All sampling locations had a
mixed rocklgravel substrate which the water moved over with out restriction.
To serve as a reference point of water quality entering Oregon State University
Soap Creek Ranch property, an additional sampling location was added under the
bridge of the South Boundary Road. Water characteristics in this sampling location
were similar to those of the Big Center Field. For grazing treatments I and II,
Spring 2000 and Fall 2000, samples were collected at the boundary location under
the bridge once a week. For treatments III and IV, Spring 2001 and Fall grazing
2001 samples were taken on the same day as those in and around the Big Center
Field, (A, B, C).

After monitoring E. coli changes during treatments I and II, it was hypothesized
that the residential developments located upstream from the designated sampling
locations may be directly contributing to the E. coli concentration fluctuations.
Although direct relationships are difficult to identify, it became necessary to add an
additional sampling location 12.6 km upstream from the South Boundary Road.
This new location identified as: Forest, represents water as it first flows out of the
Soap Creek Springs. This sampling location is surrounded by the McDonald-Dunn
Forest and represents water in its most pristine condition. Creek disturbance in this
area is limited to wildlife, occasional recreation, forest harvesting activities and
natural climatic events. Creek width at the Forest sample location was

approximately two meters wide with an average depth of ten centimeters. The
creek bottom is this area consisted primarily of a loose sandy loam.
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To minimize human sampling bias, all water was collected in precisely the
same way, in the same location, in a well mixed portion of the creek, at
approximately the same time of day using standard methods developed by the
American Public Health Association, American Water Works Association, and the
Water Environment Federation (Clesceri et al. 1998).
One sample was collected at each location starting furthest downstream at site
C and concluding near the headwaters at the Forest site. All samples were protected
from sunlight and kept at a cool consistent temperature. Sampling began at 10:00
am and concluded at 2:30 pm when they were delivered to Pacific Analytical Lab
Incorporated for analysis.
The grab samples or point in time/point in place daily samples were analyzed
for the total number of coliforms present and then specifically for E. coli bacteria.

Each weekly water sample was also be evaluated for the ratio of fecal coliform to
streptococcus bacteria. This ratio is commonly used to segregate bacteria arising
from ruminant verse monogastric animals (Quigley et al. 1989). This particular
sample is taken at the southern most boundary of Soap Creek Ranch.

Sample Locations:

A. Southern most end of the big center field, representing water coming into the
study site. Cattle involved in this study had no access to sampling point A.
B. Middle of the big center field, representing water in an area where cattle
frequently access the creek.

C. Northern most end of the big center field, representing water just as it leaves the
study site.

Boundary. Taken under the bridge on the South Boundary Road, representing
water as it enters Oregon State University's Soap Creek Ranch.
Forest. This sample was taken 12.6 km upstream of the South Boundary Road near
the springs! headwaters of Soap Creek. This sample represents water as it leaves
the McDonald-Duiin Forest prior to any residential housing influences. The forest
sample will only be collected during grazing treatments III. and IV (Appendix F).
Laboratory Analysis
Fecal coliform and E. coli enumeration was conducted by Pacific Analytical
Laboratory in strict accordance to sampling protocols developed by the American
Public Heath Association, American Water Works Association and the Water
Environment Federation. These protocols for sample collection, preservation,
storage, evaluation and data analysis are described in detail in the Twentieth
Edition of Standard Methods for the Examination of Water and Wastewater
(Clesceri et.al., 1998).

All samples are first diluted in sterile buffered water at 1:10, 1:100 or
1:1000 dilution. The samples are then captured on a 0.45 urn pore size filter. Two

milliliters of m-ColiBlue24 broth is added to each sample. The samples are then

incubated for 24±4 hours at 35 ± 0.5 C in the dark.
All red and blue colonies are counted as total coliform colony forming units
(cfu) and all blue colonies are counted as E. coli cfu. Values are reported for filters
that produce between 50 and 300 total coliform cfu per plate. The units reported are
cfu per 100 mis.
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If the plate contains bacteria growth across across the entire filter it is
reported as "confluent growth with colonies". If the total number of colonies far
exceeds 300 it is reported as "too numerous to count" (TNTC).

The data confidence intervals can be derived using the following normal
distribution equations: upper limit

c+2(c)"2,

lower =c-2(c)1"2, c

cfu counts

(Pacific Analytical Laboratory 2000).

Fecal Streptocci Enumeration
Twenty eight total water samples were collected from four different
locations over seven collection dates from June 2000 to September 2001. Each
sample was analyzed first for the presence of fecal streptocci bacteria and second to
determine the ratio between fecal streptococci and total fecal coliforms. Pacific
Analytical Laboratory conducted fecal streptococci enumeration in the following
maimer: First, a fifty to one hundred milliliters of sample was filtered and
incubated using K F Streptococci agar. Next, the samples were incubated for forty

eight hours at a constant temperature of 37 C. If no fecal streptococci bacteria
were identified after the initial incubation period, the samples would be reexamined after four additional days of incubation. The detection limit using this
particular method is set at twenty-five colony forming units per milliliter (Pacific
Analytical Laboratory 2000).
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STATISTICAL ANALYSIS
Statistical analysis was preformed in SAS to determine significant
differences within each of the null hypothesis listed below (SAS 1999).
Paired t-tests were conducted on each hypothesis under objective two for
woody vegetation density and cover. Groups were paired by date.

2. Hol. There will be no difference in woody vegetation density before and after
each grazing treatment. (Treatments include before and after spring grazing, after
spring before fall grazing, and before and after fall grazing).

2. Ho2. There will be no difference in the percent cover of woody vegetation before
and after each grazing treatment.

Analysis of variance (ANOVA) was preformed on hypothesis one and two
listed below using water gap as the blocking factor and treatment date as the error
term or SAS model.

3. Hol. There will be no significant difference throughout the grazing treatment
periods in total bare area calculations in the livestock protected water gaps.
3. 11o2. There will be no significant difference throughout the grazing treatment

periods in total bare area calculations in the livestock accessible water gaps.
Unpaired t-tests were conducted on hypothesis three below.
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3. 11o3. There will be no significant difference throughout the grazing treatment

periods in total bare area calculations between the livestock protected water gaps
and the livestock accessible water gaps.
Paired t-tests were conducted on each hypothesis listed under objective
four. Tests were paired by date.

4. Hol. E. co/i bacteria concentrations in Soap Creek will not change when riparian
grazing takes place in the big center field. (Comparing bacteria levels entering the
pasture and leaving the pasture before and after each grazing treatment).

4. Ho2. There will be no difference in the E. ccli bacteria concentrations at the
water gaps along the creek compared to the bacterial concentrations entering the
pasture.

4. Ho3. There will be no difference in the E. coli bacteria concentrations at the
water gaps along the creek compared to the bacterial concentrations leaving the
pasture.
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RESULTS AND DISCUSSION

FORAGE UTILIZATION
During treatment I., spring grazing 2000, average Festuca arundinacea
stubble height was 72.93 cm with a standard deviation of 11.84 before grazing and
33.38 cm with a standard deviation of 9.86 after grazing representing a decrease in
average total stubble height of 46%.

During treatment III., spring grazing 2001, average Festuca arundinacea
stubble height was 65.27 cm with a standard deviation of 13.67 before grazing and
25.92 cm with a standard deviation of 14.31 after grazing representing a decrease in
average total stubble height of 40%.
Changing the stocking rate from 3.2 cows/hectare in the first year to 6.4
cows/hectare did not have a noticeable impact on forage utilization. Both grazing
treatments took place on the same calendar dates respectively, June 6 through June
15, 2000 and 2001. Year 2001 received less precipitation during the grazing period,
1.81 cm compared to 2.88 cm in year 2000 (US Bureau of Reclamation Pacific

Northwest Region Hydromet System 2002).
Stubble height measurements or estimations are typically used as an
indicator of when to rotate cattle out of a particular pasture. In this study, stubble
height measurements may underestimate cattle impact on riparian zones. Spring
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grazing could not begin until the poisonous Delphinium

glaucum,

tall larkspur had

completely matured. As a result, the cool season grasses which dominate the study
site had also matured and produced seed. When riparian grazing was finally

initiated, the tall fescue was less palatable. A large percentage of the forage was
trampled and laid flat against the ground as the cattle worked their way through the

ripanan pasture.

SHRUB DENSITY
Significant statistical differences only appeared during the summer of 2000
between spring and fall grazing treatments when all livestock were removed and

during spring grazing of year 2001 (Figure 1). Both differences represent a
significant increase in total mean density.
On an individual species level only Rubus

discolor,

Himalayan blackberry,

showed significant statistical differences in total density. Before fall grazing year
2001, Himalayan blackberry increased significantly (p

0.006).

Significant increases in shrub density during and after spring grazing of
2000 and 2001, could be attributed to the seasonal growth curves of these particular
ripanan shrub species. Although density counts were based on individual plants per
unit area it was often difficult to distinguish between several of the sprouting
species, ie: rose, snowberry and blackberry.
Furthermore, direct cattle impact on total density counts before and after
each grazing period may not have been illustrated by shrub density alone. Often, a
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plant would show significant signs of cattle disturbance such as trampling or
browsing. However, the plant was still present along the transect and still included
in the density calculation. A percent utilization study may emphasize cattle
disturbance better than density alone.

Shrub density appears to increase through time. In other words, total shrub
density is greater in the fall of 2001 than it was in the spring of 2000. With only
two years of data, it is difficult to determine if the increase in total shrub density
was due in part to our spring and fall grazing strategy with complete livestock
removal in the summer and winter. Little information exists on the livestock
management in the big center field prior to fall of 1999. Additional monitoring may
be necessary to determine actual trend in shrub density over multiple seasons and
multiple years.
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Figure 1. Comparison of shrub densities before and after each treatment.
Statistically significant differences (p. value < 0.05) within treatments are identified
by different superscripts.
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PERCENT CANOPY COVER
Significant statistical differences were only detected before and after fall
grazing in year 2000 (Figure 2). For this treatment period, total mean percent cover
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decreased significantly. Further investigation into this decrease unveiled a

significant decrease in the percent cover ofRosa

nutkana,

nootka rose. All other

species remained fairly constant in the amount of cover they contributed to the total
mean. The standard error for this particular comparison was very low, thus
allowing the change to be detected. Variability between all other treatments was
relatively high.

Out of the dominant species measured, only Rubus discolor, Himalayan
blackberry, showed a statistically significant increase in cover. This increase was
identified in the summer of year 2001, (after spring grazing 2001 and before fall
grazing 2001). Year 2001 was unusually dry. Perhaps Himalayan blackberry
possesses certain traits allowing it to remain competitive during drought conditions.
For the majority of these comparisons, standard error along with standard
deviations were quite high representing great variability between samples.
Variability within the data could be due to: small sample size, wildlife impacts,
changes in season and growing conditions, competition between plants, long-term
affects of previous grazing periods and location of the transect within the treatment
area.
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Figure 2. Percent shrub cover comparisons within treatments. Statistically
significant differences (p. values < 0.05) within treatments are identified by
different superscripts.
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WATER GAPS

Figure 3 illustrates the differences in actual total size between the water
gaps from which cattle were restricted. For example, before spring grazing 2000,

water gap number four had thirty eight square meters of bare ground and water gap

number eight was completely vegetated or had zero square meters of bare ground.
After fall grazing 2001, water gap number four had seven square meters of bare
ground and water gap number eight continued to be completely covered by
vegetation. The total bare area in water gaps two, four, six, and eight, were
averaged together by date (before and after each grazing treatment) to represent
overall changes in size over time.

Figure 3. Actual total area, in m2, of ground not covered by vegetation in individual
water gaps closed to cattle. Labels on the right of the graph represent measurements
before and after each grazing treatment.
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Figure 4 visually represents the actual size of each water gap before and

after each grazing treatment. Water gap number one was located closest to the
pasture boundary and is characterized by deep wet soil that compacts easily. In
contrast, water gap number seven is located further away from the boundary and is
primarily composed of bedrock and loose gravel.

Figure 4. Actual total area, in m2, of ground not covered by vegetation in individual
water gaps open to cattle. Labels on the right of the graph represent before and after
measurements of each grazing treatment.
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Water Gaps Protected From Cattle
Differences were not detected within livestock grazing treatments ie: before
spring grazing 2000 and after spring grazing 2000 (Figure 5). However, after
having livestock activity eliminated for two consecutive years, these particular
water gaps decreased in size. On average, water gaps closed to cattle had larger
amounts of bare ground in the before spring grazing treatment 2000 than the after
spring grazrng treatment 2001. Over time, bare ground within these water gaps was

replaced with permanent vegetation, predominately that of Festuca arundinacea.
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Figure 5. Average change over time of total bare area, in m2, of water gaps closed
to cattle grazing. Statistically significant differences (p <0.05) are identified by
different superscripts.
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Water Gaps Open to Cattle

The water access points which cows had access remained fairly constant in
size throughout the four grazing treatments. The only statistically significant
change occurred after fall grazing year 2000 and before spring grazing year 2001
(Figure 6). Fall grazing 2000, treatment II, represents the longest grazing period in
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the study, August 18 to September 18, 2000. After the cattle were removed, no
livestock activity took place in the area for almost nine months. During this time,
cool season grasses and annual forbs reestablished along the trails and streambanks

previously used as water gaps. After spring grazing 2001, or treatment III, these
same water gaps returned to their original size.
Under the current grazing management system, areas used by livestock to
get water from the creek do not expand beyond their current size during livestock
grazing. Or in other words, the water gaps in this study are primarily used as trails
to get to the water. If the cows are not stocked at a higher rate, these trails will
remain constant in overall size with livestock utilization. After the cattle are
removed from the site, the water gaps will decrease in size relative to the amount of
vegetation re-establislmient, time of year, and length of time between grazing
rotations.

Although the water gaps accessible to livestock did not change dramatically
overall, on an individual basis some areas seemed to be impacted less by livestock
activity. Water gap number seven, for example was primarily composed of bedrock
material whereas gap number one was characterized by sticky clay and mud. As a
result, the soils and vegetation in water gap one were easily trampled by livestock
while gap number seven did not show visible signs of cattle impact. An additional
point to consider is location within the riparian pasture. Water gap one is the closest
to the pasture boundary fence. When the cows became restless or were ready to
move, they would congregate near the fence and focus more activity on that portion
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of the creek. Conversely, water gap seven was located along a more remote part of
the creek far from any fence lines and areas of ranch activity. Cattle only accessed
this water gap while they were grazing in the immediate area.

Figure 6. Average change over time of total bare area, in m2, of water gaps open to
cattle grazing. Significant differences (p <0.05) are identified by different
superscripts.
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Water Gaps Open to Cattle vs. Closed to Cattle

No significant differences were detected between the water gaps open to
livestock compared to the water gaps closed to livestock until the final treatment in
the final year, after fall grazing 2001 (Figure 7).

Seasonal vegetation changes might play a greater role in the total amount
of bare area within the water gaps than livestock grazing. Standard deviations are
also high making it difficult to detect significant differences between treatment
groups.

Figure 7. Comparison of water gaps open to cattle (white bars) vs. those closed to
cattle (black bars). Statistical analysis was conducted within treatment group.
Significant differences (p.< 0.05) are denoted by different superscripts.
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Wildlife impacts were not measured. Elk are commonly seen in this area
during the winter months and do at times use the water gaps to cross Soap Creek

and enter into other pastures on the ranch. However, measurements taken at the end
of fall grazing 2000 and before spring grazing 2001 did not identify any significant
changes (Figure 7). Tn fact, water gaps open to livestock grazing actually got

smaller during the winter months (Figure 6). This suggests that the elk and other

wildlife using this area during the winter are not contributing to the removal of
permanent vegetation on these eight water gaps in the big center field.
From careful examination of the photo documentation substantial
vegetative tillering takes place in winter and early spring. During these same
months, the saturated soils within the water gaps seem most vulnerable to trampling
and compaction.

Although no soil erosion measurements were collected, water gaps areas
open to livestock grazing did not appear to be contributing to increased rates of
streambank erosion.

WATER QUALITY

Total Coliform Enumeration
Total coliform concentrations were highly variable between sample
location, sample date, grazing treatment, season and year. Water samples collected
in the forest during treatments III and IV had fewer coliforms when compared to
the other locations (Table 3). No other patterns or trends could be identified.
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Table 3. Total coliform enumeration for grazing treatments I-TV. A forest sample
collection point was added for treatment III and TV. n indicates the number of
samples collected during a particular time period. Numbers at the top of each cell
are sample means reported as total colony forming units (cfu). Numbers in
parentheses are standard deviations of the sample mean.
Treatment I.

Forest

Boundary

Site A

Site B

Site C

N/A

1720

690

450

1160

N/A

2530(n=1)

2951(3274)

3556(4412)

3283

6/6/00-7/15/00
Before Grazing
N=1

DuringGrazing
N=9

After Grazing

(4297)

N/A

2427 (882)

1340 (79)

4840 (582)

N=3

1500

(1062)

Treatment H.
8/11/00-10/11/00
Before Grazmg

N/A

5300

1860

940

2700

N/A

3823

6281 (6039)

10248(8144)

6750

n=1

DunngGrazing
n=9

(3678)

(3492)

n=4

After Grazing
n=3

N/A

101167

102200

101450

111833

(172195)

(171314)

(177950)

(163641)

Table 3. Continued
Treatment Ill.

Forest

Boundary

Site A

Site B

Site C

1500

1700

4800

3300

4900

420(566)

605(488)

1660 (1683)

2075 (1237)

3175

6/5/01-6/26/01

Before Grazmg

n1
During Grazing

n2

(35)

AfterGrazing

1503

n2

(704)

1890 (71)

4545 (3755)

6975 (389)

5300

(495)

Treatment IV.
8/30/01-9/24/01

Before Grazing

1335

10350

9800

10750

7750

735

3800

4800

4950

12400

AfterGrazing

2002

5400(800)

5667(3583)

4833 (2313)

6383

N3

(2297)

N=1

During Grazing
N=1

(1318)

Results for Grazing Treatment I.
Before grazing:

samples not replicated. Water collected entering the ranch at the

boundary site contained more total coliforms than the study site A, B and C.
ing: no significant difference between sample means of each collection

After grazing: no significant differences between sample means of each collection
site.

Results for Grazing Treatment II.
Before grazing: samples not replicated. Water collected entering the ranch at the
boundary site contained more total coliforms than the study site A, B and C.

During grazing: no significant difference between sample means of each collection
site.

After grazing: no significant differences between sample means of each collection
site.

Results for Grazing Treatment III.
Before grazing: samples not replicated. Water collected leaving the ranch at the site
C contained more total coliforms than the other sampling locations.

During grazing: no significant difference between sample means of each collection
site. Only two samples reported from each location.

After grazing: Water collected at site B, midway through the study site, had a
significantly higher concentration of total colifonns than site C (p

boundary site (p

0.03) and the

0.04). Only two samples from each collection site were reported.
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Results for Grazing Treatment IV.

Before grazing: samples not replicated. Water collected midway through the study
site, B contained more total coliforms than the other sampling locations.
During grazing: samples not replicated. Water leaving the study site contained
more total coliforms compared to the other sampling locations.

After grazing: no significant differences were identified between sample means of
each collection site.

E. coli Enumeration

E. coli concentrations reported in this study were highly variable. A total of
141 total water samples were collected and analyzed over a two year period

representing five different locations along Soap Creek. Samples collected in the
forest contained fewer E. coli bacteria compared to the boundary, site A, site B, and
site C (Table 4). The presence E. coli bacteria typically represent fecal
contamination (Bohn and Buclthouse 1985). With the remote location of the forest
collection point, there may be less opportunity for contamination.

In an effort to find potential patterns not identified by statistical
comparisons the following comments are made in relation to both spring grazing
treatments I and III.. Site B had lower E. coli concentrations than site A and site C
before and during livestock grazing. After the cows were removed site C had less

bacteria than site A and site B. Samples collected at the boundary contained the
highest level of E. coli bacteria before spring grazing in treatment I and no E. coli
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before spring grazing treatment III. Water samples collected at the boundary during
the spring grazing periods were lower than the concentrations at the other four
sites. Samples collected after the cows were removed had less E. coli bacteria at
site C than site A and B.

The potential patterns identified above do not appear in the water samples
collected during the fall grazing treatments II and IV. Before treatment II, site A
had a lower concentration of bacteria than the boundary, site B, and site C. Before

treatment N, site C had a lower bacteria concentration than the boundary, site A,
and site B. During treatment II, site B had a higher E. coli concentrations than site

A and C. Whereas in treatment N, site C had a higher concentration than any other
location. After the cows had been removed site B was the highest in treatment II
and site A was the highest in treatment IV (Table 4).
The E. coli enumeration also suggests that bacteria concentrations are
higher in the fall than the spring. Spring 2000 ranged from 60 to 486 cfu. Fall 2000
ranged from 220 to 3192 cfu during thirty-two days of continuous grazing. Spring
2001 ranged from 0 to 2500 cfu. Fall 2001 ranged from 5 to 9700 cfu during only
four days of continuous cattle grazing. This study explored two possible
explanations for the increase in E. coli concentrations during the fall grazing
treatment first cattle behavior and second decreased water flow.
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Table 4. E. coli enumeration for grazing treatments I-IV. A forest sample collection
point was added for treatment III and IV. n indicates the number of samples
collected during a particular time period. Numbers at the top of each cell are
sample means reported at colony forming units (cfu). Numbers in parentheses are
standard deviations of the sample mean. Numbers divided by a hyphen represent
the upper and lower 95 % confidence interval of the reported number.

Treatment I.

Forest Boundary Site A

Site B

Site C

N/A

Spring 2000
Before

310

120

60

80

275-345

98-142

45-75

62-98

230 n=l,

486

374

456

200-260

(805)

(614)

(625)

153

186(87)

183(75)

130(98)

Forest Boundary Site A

Site B

Site C

N/A

n=1

During

N/A

n=9

After

N/A

n=3

Treatment II.

(185)

Fall 2000

Before
n=1

300

220

450

1150

265-335

190-250

408-492

10821218

During

N/A

n=9

After
n=3

N/A

1160n4

1512

3192

3138

(2227)

(1807)

(3555)

(2571)

533 (586)

580

1400

1033

(131)

(721)

(462)
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Table 4. Continued

Treatment III.

Forest Boundary Site A

Site B

Site C

0

2000

500

1000

1911-

455-544

937-

Spring 2001

Before

0

n=1

2089

During

70

n=2

(84)

After

0

145 (49)

135 (21)

n=2

Treatment IV.

1063

2500

1075

1672

(1697)

(106)

(1028)

1077

1175

975

(314)

(388)

(388)

Forest

Boundary Site A

Site B

Site C

Before

5

4400

2050

3600

900

n=1

0.53-9

4267-4533

1959-

3480-

840-960

2141

3720

FaIl 2001

During

15

100

1050

2050

9700

n=1

7-23

80-120

985-

1959-

9503-

1115

2141

9897

2567

1533

1650

(3637)

(1617)

(1502)

After

71

11=3

(111)

417(231)
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Results for Grazing Treatment I.

4. Elol. E. coli bacteria concentrations in Soap Creek will not change when riparian
grazing takes place in the big center field. (Comparing bacteria levels entering the
pasture, site A, and leaving the pasture, site C, before and after each grazing
treatment).

Before grazing: samples not replicated, lower and upper confidence limits on
E. co/i enumerations do not overlap. Total E. coli colony forming units at site A are
higher than site C.
During grazing: no significant difference p = 0.71.
After grazing: no significant difference p = 0.41.
4. 11o2. There will be no difference in the E. coli bacteria concentrations at the

water gap, site B, compared to the bacterial concentrations entering the pasture,
site A.

Before grazing: samples not replicated, lower and upper confidence limits do not
overlap. Total E. co/i colony forming units at site A are higher than site B.
During grazing: no significant difference p = 0.27.
After grazing: no significant difference p = 0.96.

4. Ho3. There will be no difference in the E. co/i bacteria concentrations at the
water gap, site B compared to the bacterial concentrations leaving the pasture,
site C.

Before grazing: samples not replicated, lower and upper confidence limits do
overlap. Total E. coli colony forming units at site B are lower than site C.

----
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During grazing: no significant difference p

0.07.

After grazing: no significant difference p = 0.14.

Results for Grazing Treatment II.

4. Hol. E. coli bacteria concentrations in Soap Creek will not change when riparian
grazing takes place in the big center field. (Comparing bacteria levels entering the
pasture, site A, and leaving the pasture, site C, before and after each grazing
treatment).

Before grazing: samples not replicated, lower and upper confidence limits on
E. coli enumerations do not overlap. Total E. coli colony forming units at site A are
lower than site C.

During grazing: significantly different p = 0.014.
After grazing: no significant difference p = 0.30.

4. Ho2. There will be no difference in the E. coli bacteria concentrations at the
water gap, site B compared to the bacterial concentrations entering the pasture,
site A.

Before grazing: samples not replicated, lower and upper confidence limits do not
overlap. Total E. coli colony forming units at site A are lower than site B.

During grazing: no significant difference p = 0.20.
After grazing: no significant difference p = 0.14.
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4. Ho3. There will be no difference in the E. coli bacteria concentrations at the
water gap, site B compared to the bacterial concentrations leaving the pasture,
site C.

Before grazing: samples not replicated, lower and upper confidence limits do not

overlap. Total E. coli colony forming units at site B are lower than site C.
During grazing: no significant difference p

0.968.

After grazing: no significant difference p = 0.64.

Results for Grazing Treatment III.

4. Hol. E. coli bacteria concentrations in Soap Creek will not change when riparian
grazing takes place in the big center field. (Comparing bacteria levels entering the
pasture, site A, and leaving the pasture, site C, before and after each grazing
treatment).

Before grazing: samples not replicated, lower and upper confidence limits on

E. coli enumerations do not overlap. Total E. coli colony forming units at site A
are higher than site C
During grazing: no significant difference p = 0.33.
After grazing: no significant difference p

0.87.

4. Ho2. There will be no difference in the E. coli bacteria concentrations at the
water gap, site B, compared to the bacterial concentrations entering the pasture,
site A.
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Before grazing: samples not replicated, lower and upper confidence limits do not

overlap. Total E. coli colony forming units at site A are higher than site B.
During grazing: no significant difference p
After grazing: no significant difference p

0.46.
0.87.

4. Ho3. There will be no difference in the E. coli bacteria concentrations at the
water gap along the creek, site B compared to the bacterial concentrations leaving
the pasture, site C.
Before grazing: samples not replicated, lower and upper confidence limits do not

overlap. Total E. coli colony forming units at site B are lower than site C.
During grazing: no significant difference p

0.59.

After grazing: no significant difference, standard error exactly the same on both,
SE

388, no p value.

Results for Grazing Treatment IV.

4. Hol. E. coli bacteria concentrations in Soap Creek will not change when riparian
grazing takes place in the big center field. (Comparing bacteria levels entering the
pasture, site A, and leaving the pasture, site C, before and after each grazing
treatment).

Before grazing: samples not replicated, lower and upper confidence limits on
E. co/i enumerations do not overlap. Total E. coli colony forming units at site A are

higher than site C.

During grazing: samples not replicated, lower and upper confidence limits on
E. coli enumerations do not overlap. Total E. coli colony forming units at site A are
lower than site C.

After grazing: no significant difference p

0.58.

4. Ho2. There will be no difference in the P1 co/i bacteria concentrations at the

water gap, site B, compared to the bacterial concentrations entering the pasture,
site A.

Before grazing: samples not replicated, lower and upper confidence limits on
E. co/i enumerations do not overlap. Total E. coli colony forming units at site A are
lower than site B.

During grazing: samples not replicated, lower and upper confidence limits on

E. coli enumerations do not overlap. Total E. co/i colony forming units at site A
are lower than site B.

After grazing: no significant difference p = 0.47.
4. 11o3. There will be no difference in the E. coli bacteria concentrations at the

water gap, site B compared to the bacterial concentrations leaving the pasture,
site C.

Before grazing: samples not replicated, lower and upper confidence limits on
E. coli enumerations do not overlap. Total E. coli colony forming units at site B are
higher than site C.
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During grazing: samples not replicated, lower and upper confidence limits on
E. coli enumerations do not overlap. Total E. coli colony forming units at site B are
lower than site C.
After grazing: no significant difference p = 0.79.

Fecal Streptococci
No streptococci bacteria were ever discovered in any of the twenty-eight
water samples submitted from June 2000 to September 2001. Based on this
information, no human fecal contaminants were present in Soap Creek during the
sampling period.

WATER QUALITY DISCUSSION
During the spring grazing treatments I and III, streambanks were extremely
muddy and water in Soap Creek was moving very fast. These two factors seemed to
discourage cattle from lingering in or near the water. Thus, opportunities for fecal
material to be deposited directly in the water column were minimized. In the fall
grazing treatments II and IV however, streambanks were drier and water flow
decreased. The day time temperatures were warmer and the majority of cattle in the
fall grazing treatments used the creek as a place to loaf and find shade.

Not surprisingly, the only statistically significant E. coli difference
identified in all comparisons made among: treatments (I-IV), location (forest,
boundary, A, B, and C), season (spring and fall), and year (2000 and 2001) was in

treatment II during livestock grazing. At this time, water entering the study at site
A contained significantly less bacteria than water leaving the study at site C (ç'

0.014). During this treatment period, 100 cow/calf pairs had direct access to Soap
Creek for thirty-two consecutive days. When water samples were collected, cattle
could be seen stirring up sediment as they walked through the creek or occasionally
defecating directly into the water.

To understand the possible impact stream flow had on

E. co/i

concentrations, flow measurements taken at site B were plotted along with E.

coli

counts from the same location on the same day for grazing treatment III and IV. We
wanted to see if E. coli counts decreased when stream flow increased. For treatment
III, spring grazing 2001 the relationship between flow and E. co/i concentration
was not statistically significant (p = 0.305). For treatment IV, fall grazing 2001 the
relationship was not significant either (p = 0.11). Variability in this comparison
might be reduced if stream flow could be recorded on a continual basis in each
location where water samples were collected.

The relationship between E.

coil

concentrations and precipitation events

is also unclear. During the first grazing treatment

I, E. co/i

concentrations increased

dramatically at a time that coincided with heavy rain. Bacteria counts jumped from
the 200s to the 2000s within one day of sampling with 1.12 centimeters of rain.

However, no additional patterns seemed to emerge throughout the other three
grazing treatments. Soerens and Nelson (2001) found that in order to identify
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changes in bacteria concentrations due to changes in precipitation, water samples

must be taken every 2.5 hours to 45 minutes depending on the type of stream.
To meet the Department of Environmental Quality's sampling protocols, a
minimum of five water samples must be taken within the time period of June 1 to
September 30 (OAR 340-41-(basin) (2) (e and F), 2002). Each individual location
within this study had a minimum of five different water samples collected each
year within the designated DEQ time frame. Some locations had as many as
twenty-six different samples collected between June 6 and September 11, 2000
(Appendix G).

The E. coli sampling protocol developed for this study were as intensive
and composed of more individual water samples than many other studies completed
in the past (Simmons et al. 2002, Finck et al. 2000, Quigley et al. 1989). Despite
our efforts to accurately represent changes in the bacterial concentrations of Soap

Creek, many more water samples are needed. Variability between samples cannot
be attributed to a single influential variable. Precipitation, water flow, temperature,
wildlife, livestock, and human activities all contribute in some degree and in such a
way that cannot yet be fully understood.
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CONCLUSIONS

Managing cattle in the riparian zones of Soap Creek Ranch can be
challenging. Forage quality, water quality, poisonous plants, and neighbor criticism
were just a few of the obstacles we faced in designing appropriate grazing
strategies.

In the study site, average stubble height measurements on Festuca
arundmnacea, did not adequately represent ripanan livestock impacts. Shrub density
and percent cover did not change significantly when cows had access to the riparian
zone. No differences were measured between water gaps open to cattle vs. those
closed to cattle until the end of the second year of riparian grazing. Total coliform
and E. coli bacteria concentrations changed dramatically throughout the two-year
study. The only statistically significant increase in E. coli concentrations took place
during riparian cattle grazing in treatment II. Cattle during this fall grazing
treatment were often seen in and around the creek for long periods of time. Based
on these and other observations, fall grazing in the riparian zone was reduced from
thirty-two days the first year to four day in the second year. Although E. coli and
total coliform levels were high the second fall grazing treatment, no significant
differences were identified between areas in which the cows had access to the creek
to those in which they were restricted.
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With the exception of the water quality data, riparian cattle grazing in the
big center field at Soap Creek Ranch near Corvallis, Oregon did not significantly
impact on the grass, shrubs, or water gaps measured in this study. It is difficult to
quantify the relationship between riparian cattle grazing and water quality. Efforts
should be made however to limit cattle access to Soap Creek in the fall. During this
time, cattle linger in and around the creek and occasionally defecate directly into
the water.
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Appendix A. Aerial photograph of the Soap Creek Valley and Soap Creek
Ranch. Ranch headquarters can be seen in the middle of the photo as small
white boxes. Photograph courtesy of Chuck Rosenfield.
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Appendix B. Land ownership of the Soap Creek Watershed. Soap Creek Ranch is
located in green area along Soap Creek just after the blue section. Map courtesy of
Jennifer Thatcher and Oregon State University's Research Forest.
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Appendix C. Figure 1. Average hourly temperature of Soap Creek in the forest.
Water collection site F. near the headwaters.
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Appendix C. Figure 2. Average hourly temperature of Soap Creek at the South
Boundary Road. Water collection site #1 or Boundary.
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Appendix C. Figure 3. Average hourly temperature of Soap Creek as water leaves
the big center field. Water collection point C.
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Appendix D. Benton County soils map of the study site at Soap Creek Ranch.
Yellow lines represent study site boundary, the big center field. North is at the top
of the map. Map courtesy of the Benton Soil and Water Conservation District,
March 2002.

Appendix E. Plants identified in the big center field of Soap Creek Ranch by
Cynthia McArthur in years 2000 and 2001.

Species Name
1 Alopecurus pratensis
2 Aster?

3 Brassica campestris
4Brodiaea hyacinthine
5 Camassia quamash
6 Carex?
7 Cirsium arvense
8 Cirsium vulgare
9Daucus carota

oDisacus sylvestris
ii Festuca arundinacea
1

12 Geranium molle

l3Juncus effusus?
l4Lupinuspolycarpus
15 Poa bulbosa

l6Poapratensis
l7Prunella vulgaris
l8Ranunculus acris
l9Ranunculus uncinatus
20 Rumex crispus
21 Taraxacum officinale

22 Trfolium pratense
23 Veronica serpyllfolia
24 Vicia sativa

Common Name
Meadow Foxtail
Aster
Field Mustard
Fools Onion
Common Camas
Sedge
Canada Thistle
Bull Thistle
Queen Anne's Lace, Wild Carrot
Teasel
Tall Fescue
Dovefoot Geranium
Common Rush
Small-Flowered Lupin
Bulbous Bluegrass
Kentucky Bluegrass
Self-Heal
Meadow Buttercup
Little Buttercup
Curled Doc
Dandelion
Red Clover
Thyme-Leaved Speedwell
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Appendix F. Water quality sample locations (not to scale). Ovals indicate
sample location along Soap Creek in relation to the study area, the big
center field.
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Appendix G. K coli counts in colony forming units (CFU) recorded by date and
location. The Cow Factor column relates to the riparian cattle grazing treatment.
Before G. = before cattle grazing in the creek, During G. = during cattle grazing,
and After G. = after the cattle had been removed from the study site.

Date

Cow Factor Location E. co/i Count
06/06/00 Before G. A
120
06/06/00 Before G. B
60
06/06/00 Before G. C
80
06/06/O0BeforeG.
1
310
06/07/00 During G. A
0
06/07/00 During G. B
310
06/07/OoDuringG. C
310
06/08/00 During G. A
70
06108/00 During G.
B
200
06/08/OoDuringG. C
160
06/09/O0DuringG. A
510
06/09/00 During G.
B
0
06/09/00 During G. C
270
06/1O/OoDuringG. A
210
06/10/00 During G. B
130
06/10/00 During G. C
170
06/11/00 During G. A
290
06/11/00 During G.
B
200
06/11/OoDuringG. C
230
06/12/00 During G. A
2600
06/12/00 During G. B
2000
06/12/00 During G. C
2100
06/13/00 During G. A
300
06/13/00 During G. B
200
06/13/00 During G. C
500
06/13/00 During G.
1
230
06/14/OoDuringG. A
150
06/14/OoDuringG. B
170
06/14/00 DurinG. C
170
06/15/00 During 0. A
250
06/15/00 During G. B
160
06/15/00 During 0. C
200
06/20/OOAfterG.
A______
90
06/20/OOAfterG.
B
150
06/20/00 After 0.
C
50
06/20/O0After G.
1
0
06/27/OOAfterG.
A
210

Appendix G. Continued
06/27/00 After G.
06127/OOAfterG.
06127/OOAfterG.
07/05/00 AfterG.
07105/OOAfterG.
07105100 AfterG.

B

C
1

A
B
C

07/05/OOAfterG.
08/11/00 Before G.
08/11/00 Before G.

A

08/llIOOBeforeG.

C

08/11/O0BeforeG.
08/30/00 During G.
08/30/00 During G.
08/30/00 During G.
08/30/OoDuringG.
09/01/00 During G.
09/01/000uringG.
09/01/OoDuringG.
09/04/00 During G.
09/04/OoDuringG.
09/04/00 During G.
09/06/00 During G.
09/06/00 During G.
09/06/00 During G.
09/06/00 During G.
09/08/00 During G.
09/08/OoDuring G.
09/08/OoDuringG.
09/11/00 During G.
09/11/OoDuringG.
09111/00 During G.
09/13/00 During G.
09/13/00 During G.
09/13/00 During G.
09/13/OoDuringG.
9/15/00 During G.
9/15/OoDuringG.
9/15/OoDuringG.
9/18/00 During G.
9/18/OoDuringG.
9/18/00 During G.
9/18/00 During G.

1

B

1

A
B

C
1

A
B
C

A
B

C

A
B

C
1

A
B
C

A
B

C

A
B
C
1

A
B
C

A
B
C
1

270
240
360
260
130
100
100
220
450
1150
300
900
3500
4300
4500
5500
6000
7500
30
410
1100
80
320
540

40
500
1500
3400
300
11400
1500
3000
2000
6800
100
2300
2700
1100
1000
900
2000
0

Appendix G. Continued
9/27/OOAfter G.
9/27/OOAfterG.
9/27/OOAfterG.
9/27/OOAfterG.
10/4/00 After G.
10/4/OOAfterG.
10/4/00 After G.

10/4/OOAfterG.
10/11/00 After G.
10/11/OOAfterG.
10/11/OOAfterG.
10/11/OOAfterG.
06/05/0 1 Before G.
06/05/01 Before G.
06/05/01 Before G.
06/05/01 Before G.

A

600

B

1200
1300
300
440

C
1

A
B
C
1

A
B
C
1

A
B

C
1

800
1300
1200
700
2200
500
100
2000
500
1000
0
0
3700
1000
2400
180

06/05/OlBeforeG.

F

06/07/01
06/07/01
06/07/01
06/07/01
06/07/01

During G.
During G.
During G.

A

During G.

F

10

06/14/OlDuringG.

A

1300
1150

DirG.

B

C
1

06/14/01DuriG.B
06/14/01 During G.
06/14/01 During G.

C

06/14/OlDuringG.

F

06/19/01 After G.
06/19/01 After G.
06/19/01 After G.
06/19/01 After G.
06/19/01 After G.
06/26/01 After G.
06/26/01 After G.
06/26/01 After G.
06/26/01 After G.

A

945
1

B

C
1

110
130
855
1450
1250
120

F

0

A

1300
900
700
150
0
2050
3600
900
4400
5

B

C
1

06/26/0 1 After G.
08/30/0 1 Before G.

A

08/30/0 1 Before G.

B

08/30/OlBeforeG.
08/30/01 Before S.
08/30/OlBeforeG.

C

F

1

F

F;33

Appendix G. Continued
09/06/OlDuringG.
09/06/OlDuringG.

A

09/06/01 During G.
09/06/01 During G.
O9IO6IOlDurEngG.
09/10/01 After G.
09/10/01 After G.
09/10/01 After G.
09/10/01 After G.
09/10/01 After G.
09/17/01 After G.
09/17/01 After G.
09/17/01 After G.
09/17/01 After G.
09/17/01 After C.
09/24/01 After C.
09/24/01 After G.
09/24/01 After G.
09/24/01 After G.
09/24/0 1 After G.

C

1050
2050
9700

B

1

F

A
B

C
1

F

A
B

C
1

F

A
B

C
1

jF

100
15
150
650
1550
150
5
6750
3400
3200
550
10
800
550
200
550

200

