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ABSTRACT
Effects of Rotational Beef Cattle Grazing on Microbial Parameters
in Elk River, Humboldt County, CA
Justin M Harrison
The addition of nutrients and fecal coliforms from grazing activities to stream
systems has been of great concern to farmers, cattlemen, environmental agencies and
advocates, and local citizens. The North Coast Regional Water Quality Board is in the
process of developing Total Maximum Daily Loads (TMDLs) for the Elk River
(Humboldt County, California), primarily focused on sediments, however, fecal
coliforms may derive from rural septic systems, wildlife sources, and/or livestock
grazing. Water samples were collected upstream, downstream, and at a stream crossing
of the Westfall Mazzucchi Ranch, a rotational beef cattle grazing operation, over a period
of 16 months. Particular attention was paid to wet and dry seasons and the presence or
absence of cattle. An additional experiment was performed to characterize the
attenuation of fecal coliforms and Salmonella in grazed paddock soils and bovine fecal
pats over a period of about one month. An ANOVA revealed that there was no significant
difference in fecal coliform concentrations in Elk River as a function of sampling
location (p = 0.84). There was a significant difference in concentrations with regards to
cattle presence or absence (p = 0.0007). The maximum colony forming unts (CFUs) per
100 mL (occurring June 10th, 2010) were 200, 213, and 285 at upstream, crossing, and
downstream sampling sites, respectively. It was inferred that fecal coliform values were
higher at the same time that cattle were present on the ranch and not that cattle were the
sole contributors of bacteria, as this was an observational study. The maximum value per
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dry gram of bovine feces was 6.95 x 109 CFUs. Additional ANOVAs showed that there
was a significant difference in fecal coliform values found within cowpats as a function
of moisture content (p = 1.0 x 10-6). However, there was no statistical difference in fecal
coliform concentrations of soils as a function of moisture content (p = 0.1248) or
sampling location (p = 0.5036). It was concluded that the Westfall Mazzucchi Ranch
utilizes management practices that reduce and/or eliminate microbial contributions made
by cattle. However, further investigations would be needed to identify the magnitude of
these contributions within the watershed as a whole and other possible sources of
contamination.
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INTRODUCTION

Microbial levels in riparian systems are impacted by rural septic systems,
wildlife, and (or) agricultural practices (Tein et al. 2002, Barnes and Gordon 2004, Hill
2004). The purpose of this study was to assess the effects of a well-designed rotational
cattle-grazing operation on fecal microbial levels found in stream water. I quantified
microbial survival in cowpats and the attenuation of enteric bacteria in soils after removal
of grazing livestock. I hypothesized that there are no significant differences in water
quality/microbial parameters as a function of this rotational grazing operation along the
Elk River, Humboldt County, California. Responses used to test this hypothesis included
fecal coliform concentrations in stream water, bacterial concentrations in bovine feces,
and bacterial concentrations in the soil of one paddock used for cattle grazing on the
Westfall Mazzucchi Ranch. Fecal coliforms were enumerated in stream water over a
sixteen-month period. In an additional experiment, three bovine fecal pats and 22 soil
sampling plots were tested for fecal coliform and Salmonella concentrations over a period
of approximately one month. An additional hypothesis was that under the Westfall
management practices, there were no significant differences in soil fecal coliforms and
Salmonella concentrations before and after cattle grazing on a specific paddock.
Many residents in rural areas acquire drinking water from both groundwater wells
and surface water pumps. Concerns for clean water for residential use in Humboldt
County, California, increased recently as the North Coast Regional Water Quality
Control Board developed Total Maximum Daily Loads (TMDLs) for the Elk River
regarding sediment impairment (North Coast Regional Water Quality Control Board
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2003). Bacteria such as fecal coliforms and Salmonella were not cited as concerns for the
Water Quality Board’s investigation.
Since it was first discovered as the link to the spread of disease by John Snow in
1854, water has been validated as the vehicle for the transmission of pathogens from one
host to another (Diesch 1970). Fecal coliforms are often used as an indicator of fecal
contamination in freshwater sources (Geldreich 1970). Fecal coliform bacteria in the
environment may themselves represent a health risk or indicate the possible presence of
other potential human pathogens (Barnes and Gordon 2004). In general, livestock
grazing may raise concerns about microbial contamination of stream water caused by
direct contact with surface waters and disposal methods of animal wastes. In most
studies, land management practices such as the use of exclusionary fencing, remote water
and mineral placement, and rotational grazing regimes are often not specified even
though management may profoundly affect the likelihood of microbial contamination.
Most microorganisms are not pathogens, meaning they are not disease-inducing,
and perform useful functions for humans including assisting digestion in our intestines
(Hill 2004). Pathogens may be introduced from both point sources, such as sewagetreatment plants or wastewater lagoons, and non-point sources, such as runoff from
poorly operating septic systems or livestock operations. The main pathway by which
fecal material of agricultural origin reaches streams and lakes is through surface water
runoff (Stainer et al. 1979). Additionally, animal waste in the form of raw or composted
manure may be applied to land as a crop fertilizer or soil amendment (Yang et al. 2007).
Under favorable environmental conditions with nonlimiting nutrients, microbial
growth proceeds through multiple phases, beginning with an adaptive phase, exponential

3
or logarithmic growth, limited growth, a stationary phase where growth and death are at
equilibrium, and a death phase (Sylvia et al. 2005). Bacteria emanating from the
digestive tracts of warm-blooded animals require specific environmental conditions of
pH, moisture, temperature, and oxygen levels for optimal survival and growth.
Escherichia coli and other enteric bacteria continue to multiply after outside the host,
albeit for a very short time (Hendricks and Morrison 1967). The decline in growth rate
once a fecal coliform population is voided from the host body is rapid, with growth not
lasting more than a day or two (Thelin and Gifford 1983). For many species of bacteria,
the amount of moisture in the surrounding environment is a major limiting factor. Under
dry surface conditions, biodegradable materials such as fecal material or plant residues
might accumulate because there is insufficient water to support microbial activity. In
most soil conditions, however, microorganisms exist in a state of starvation-induced
dormancy for long periods of time (Sylvia et al. 2005).
There are some disagreements over whether cattle production on open rangeland
and pastures contribute a significant amount of non-point source water pollution (Kress
and Gifford 1984). Buckhouse and Gifford (1976) found that there was no significant
difference in FC indicator bacterial concentrations between grazed and ungrazed pastures
on semiarid rangelands Robbins (1979) found that pollution yields were dependent on
hydrological factors, and were not directly related to the amount or characteristics of
animal wastes. However, Bohn and Buckhouse (1981), found fecal coliform
concentrations to be diurnal and seasonally cyclic in the stream sampled, even though
fecal coliform counts were found to be higher on grazed pastures than on ungrazed
pastures.
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Atwill (1995) generalized the pathways needed for transmission of pathogenic
material excreted by livestock to humans. There are four primary steps needed for
waterborne transmission of pathogens from livestock to humans: 1) the pathogen must be
excreted by livestock, 2) the pathogen must reach a water supply either by the animal
defecating in the water, overland transport, and (or) subsurface flow, 3) the pathogen
must retain the necessary cellular structure for infection to occur in humans, and 4) the
concentration of pathogens must be great enough to initiate an infection. When any one
of these key steps is eliminated, the potential for transmission can be greatly reduced
(Atwill 1995).
Unrestricted access to streams due to improper management practices can lead to
deleterious effects on water quality. Direct deposition of fecal material by livestock in
and around riparian zones may contribute harmful pathogens such as Cryptosporidium,
Giardia, and pathogenic E. coli to surface waters (Adams 1994, Veira 2003). For fullbody-contact beneficial uses such as swimming and bathing, the U.S. Environmental
Protection Agency currently recommends an E. coli standard of 126 cfu/100 ml or less
for an average of five samples collected over 30 days, or a maximum of 235 cfu/100 ml
for a single sample (U.S. Environmental Protection Agency 1986).
Streamside livestock exclusion can lead to increased livestock productivity,
improved water quality, and restored stream banks (Zeckoski et al. 2007). A ranch
operator may use water, minerals, or fencing to influence where livestock graze.
Restricting livestock access to streams and providing alternative water sources, such as
troughs, limits direct contact with pathogens already present in streams and may therefore
reduce the potential for widespread infections. Areas of shade, cooler air temperatures,
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and fresh drinking water are what usually attract cattle to riparian zones, and if left
unfenced, these areas may become seriously contaminated with sediment, phosphorus,
and fecal material (Byers et al. 2005). Installation of fencing along stream banks or
riparian zones can significantly reduce sediment concentrations in storm runoff and total
sediment transport, which may reduce microbial contamination of stream water (Owens
et al. 1996). Combinations of various management practices, including the use of
vegetative or wetland buffer strips and minimum rest periods, can have the greatest effect
on lowering fecal coliform concentrations in stream water (Knox et al. 2007).
Sinton et al. (2007) described comparative survival of bacterial indicators and pathogens
in bovine feces on a pasture over four consecutive seasons. They examined the length of
time it would take to reach 10% viability (90% inactivation) by sampling simulated,
composite cowpats up to 150 days after deposition (Table 1). Fecal samples were
collected from the simulated cowpats in the field during the months of January, April,
July, and October. The average times necessary for 90% inactivation were as follows:
Campylobactor jejuni, 6.2 days; fecal streptococci, 35 days; Salmonella enterica, 38
days; Escherichia coli, 48 days; enterococci, 56 days. Sinton et al. found an initial
increases (up to 1.5 orders of magnitude) in E. coli and S. enterica counts during the first
1 to 3 weeks in many of the cowpats. Water content appeared to be the critical factor
determining the growth period and magnitude of bacterial populations. When water
content was greater than 80%, microbial growth occurred, but bacterial counts decreased
when water content was below 75% (Sinton et al., 2007).
Fecal bacteria found in soils may present a source of contamination for surface
and groundwater systems. One method of introducing additional bacteria and pathogenic
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Table 1. Initial, peak, and final counts of indicators and pathogens in cowpats placed on
pasture in each season. Each count is the mean of four samples (one sample from each
cow pat). Peak counts are given only where they were greater than the initial count. The
number in parentheses is the day on which the peak count was recorded. (all data from
Sinton et al., 2007)

(CFU/g [dry wt] of feces)
Measurement
E. coli

Fecal streptococci

Enterococci

C. jejuni

S. enterica

2.2 × 106

6.9 × 105

3.2 × 102

6.7 × 106

1.1 × 107

1.0 × 106 (21)

1.3 × 103 (21)

1.3 × 103 (149)

4.7 × 102

3.1 × 102

(149)

(76)b

6.3 × 106

1.7 × 107

Winter
Initial
Peak
Final

91 (149)

2.4 × 107 (7)
5.0 × 102 (140)

Spring
Initial

3.3 × 105

7.2 × 106

1.3 × 105

Peak

5.0 × 105 (7)

3.4 × 107 (7)

3.5 × 106 (7)

Final

1.4 × 103 (148)

1.4 × 103 (148)

71 (148)

46 (16)b

40 (153)

Initial

3.0 × 106

1.4 × 106

2.8 × 104

2.7 × 107

1.7 × 107

Peak

4.8 × 107 (7)

5.0 × 107 (7)

1.3 × 105 (7)

Final

2.9 × 104 (141)

1.3 × 104 (141)

1.5 × 103

4 (10)b

1.5 × 104 (146)

6.1 × 106

3.2 × 107

Summer

(141)
Autumn
Initial

2.2 × 105

Peak

1.9 × 106 (14)

Final

1.7 × 103 (155)

4.0 × 106

99
9.6 × 102 (7)

1.6 × 102 (155)

1 (155)

6.5 × 107 (5)
54 (27)b

1.6 × 103 (153)
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microorganisms in these systems may be the application of animal manures to
agricultural lands (Reddy et al. 1981).
How quickly enteric bacteria in the soil-water system reach deactivation greatly
influences the availability of pathogens in runoff during rain storms. Gerba et al. (1975)
reported that the survival times of enteric bacteria in soil and groundwater ranged from 2
to 4 months. Two studies by Entry et al. (2000a, 2000b), applied liquid animal wastes to
grass buffer strips and then monitored concentrations of fecal coliform bacteria in soil
and runoff. They found that after 90 to 120 days, fecal coliform levels were not
significantly different from strips that had not received animal wastes. Survival of E. coli
has been shown to be greatest in organic soils under flooded conditions (Tate 1978).
Hagedorn et al. (1978) found that E. coli levels were highest after major rainfalls that
caused a rise in the water table.
Because water content plays such an important role in microbial concentrations of
soil, it is understandable that drier conditions yield lower bacterial levels. The capacity
of soil to deactivate microorganisms is increased at low soil water contents and at greater
soil clay contents and cation exchange capacities (Reddy et al. 1981). Finer-grained soil
textures such as silts and clays are more efficient in straining bacteria due to smaller
average pore sizes (Canter and Knox 1988). Gerba and Bitton (1984) concluded that
removal of bacteria from percolating liquid within a relative uniform soil is inversely
proportional to particle size of the soil.
Since the 1950’s, specialized grazing systems have been a major focus of
rangeland researchers, managers, and farmers (Holechek et al. 2004). The Westfall
Mazzucchi Ranch used in this study employs short-duration grazing, which has been used
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with success by several other ranch operators in the area. Short-duration grazing, also
known as “cell grazing” or the Savory grazing method, uses numerous fenced grazing
areas to rotate cattle between each paddock every few days (Holechek et al. 2004).
Developed by Allen Savory in the 1970’s, Holistic Resource Management advances the
idea that rangeland managers must mimic how animals work in natural grazing systems,
where periodic disturbance is needed to maintain soil cover, promote floral diversity, and
encourage nutrient cycling and growth (Savory and Butterfield 1999). Through proper
management, inedible plant biomass can be converted into edible, concentrated protein,
while animal manure can be converted to a re-usable form of biomass for crops and soil
fauna (Gliessman 2007).
The Westfall Mazzucchi Ranch uses a well-developed grazing strategy to take full
advantage of these benefits. Single strand electric wire fence divides large pastures into
small one to two acre paddocks, allowing the ranch operator to rotate cattle efficiently
across the field. Water is pumped from stream and groundwater sources into troughs
within each of the paddocks, providing clean drinking water while excluding cattle from
riparian zones. Most forages within a cell are consumed or trampled before the animals
are moved to the next paddock, after which there is a period of rest for the grazed
paddock.
It is not surprising that the general public might express concern about water
quality degradation with the introduction of livestock into a watershed. At this particular
ranch, dairy cows were removed in 2002 and the fenced beef cattle operation was put in
place in May 2009. The intensively-managed grazing approach is often lumped with
other forms of livestock management when issues of water quality and microbial
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contamination are raised. The management system at the Westfall Mazzucchi property
excludes nearly all direct contact between livestock and surface water and should be
considered on its own merits. This study assessed the effects of a well-designed rotational
cattle-grazing operation on fecal microbial levels found in stream water. Fecal coliform
concentrations in stream water, bacterial concentrations in bovine feces, and bacterial
concentrations in the soil of one paddock used for cattle grazing on the Westfall
Mazzucchi Ranch were enumerated.

STUDY SITE

The Westfall Mazzucchi Ranch is located on Elk River Road, approximately 0.5
miles northwest of the Headwaters Forest Reserve and 8 miles southeast from the city of
Eureka, Humboldt County, California (Figure 1). Historically, the property was a small,
family-operated dairy farm. After 2002, livestock were removed and fields were left
ungrazed. Pastures were hayed several times a year between 2002 and 2008, until cattle
were brought onto the ranch in May of 2009. The Russ Series, a coarse-loamy, mixed,
superactive, nonacid, mesic Typic Udifluvents, is the dominant soil series (Natural
Resource Conservation Service, 2001). The Russ series consists of deep, well-drained
soils on natural levee positions and lower alluvial flats. The textural class of this soil is a
loam, and is typically found on nearly level slopes under pasture.
The grazing area consists of 36 hectares divided into three main fields, delineated
in part by the Elk River. Each one of the main fields was fenced off by the current
landowner from the stream channel by double-strand electrified wire, then subdivided
into smaller paddocks of approximately 0.5 to 1.5 hectares each using single-strand
electrified wire. Corridors approximately 20 meters from the stream channel were
excluded from grazing during winter and spring, as well as during periods of elevated
stream height or heavy rains. The South Fork of Elk River runs southeast to north northwest, emptying into Humboldt Bay. The only place where cattle have direct contact
with surface water is at a farm road crossing (Figure 1), which provided access from Elk
River Road to the southwest field (between sampling sites a and b) and the smallest field
to the northwest. Livestock crossings occurred 3 or 4 times during this study and lasted
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Figure 1. Google image of the Westfall Mazzucchi Ranch. The solid line represents the
extent of the property. The letters a, b, and c represents the water sampling sites. Site b is
centrally located on a farm road at a stream crossing. Dashed line shows the location of
the soils experiment (modified from Terrametrics - Google, 2010).
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at most 3 minutes (cattle were brought across the stream at a trot). Fencing precludes
direct contact between livestock and surface water at any other time under the current
management system.

MATERIALS AND METHODS
Kick and Grab Method for Water Sample Collection
Stream water samples were collected on the Westfall Mazzucchi Ranch from the
Elk River using the “kick and grab” method from April 2009 to August 2010 at three
separate locations throughout the ranch (Figure 1). Site a, located at the southeastern,
upstream end of the property, represents water flowing onto the property without the
possibility of contamination by Westfall Mazzucchi livestock feces. Site b is centrally
located at the stream crossing, and is the only place where cattle come into direct contact
with surface water. Site c is the downstream site, located in the northwestern part of the
property, where the Elk River flows off of the property (See Appendix A for GPS
coordinates of these locations). A sampling time-line of when cattle were present on the
property is found in Table 2.
The kick and grab method of collecting water samples allows one to create a
“worst case scenario” for the sample site (Clesceri et al. 1999). A main concern
regarding stream water quality involves levels of sediment and bacteria being introduced
during storms that result in overland flow. After water levels return to normal, sediments
and bacteria settle out of suspension. Stirring up the sample site with a swift kick along
the bottom dislodges sediment and bacteria, which may be grabbed by the collection
vessel. Grab samples are single samples collected at a specific spot at a particular time
(Clesceri et al. 1999). In order to minimize the possibility of collecting a specific grab
sample of abnormally elevated microbial levels, three separate grabs were collected
during each sampling event and combined into one sterile 500 ml Nalgene bottle.
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Table 2. Timeline of when cattle were present or absent on the Westfall Mazzucchi ranch,
when sampling took place for this study, and when sampling was conducted by the North
Coast Regional Water Quality Control Board staff.
Activity

Cattle Present

Samples Taken

Control Board
Sampling

April 2009
May 2009
June 2009
July 2009
August 2009
September 2009
October 2009
November 2009
December 2009
January 2010
February 2010
March 2010
April 2010
May 2010
June 2010
July 2010
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Collection equipment included a long pole with a 500 ml Nalgene bottle fastened to one
end with duct tape. Three to five sterile 500 ml Nalgene bottles were used to store
composites of three separate grabs at each of the sampling sites and were labeled
accordingly. A cooler and ice pack were used to transport bottles. Composite samples
provide a more representative sampling of heterogeneous matrices in which the
concentration of analytes of interest may vary over short periods of time and/or space
(Clesceri et al. 1999).
Microfiltration of Fecal Coliforms and Salmonella in Stream Water
Stream water samples were brought back to be processed in the Water Quality
Lab on the Humboldt State University campus within 1 hour after collection. Following
the Standard Laboratory Methods for Membrane Microfiltration technique (Figure 2,
Appendix B), three 10 ml aliquots were obtained from the labeled 500 ml Nalgene bottle
and filtered through 47 mm diameter, 45 micron pore-size membrane paper (Millipore SPak, Billerica, Massachusetts). Each sampling site was tested in triplicate, for a total of
nine membrane plates used per field sampling event. Once the vacuum pulled all liquid
through the membrane paper, it was plated on mFC agar (Difco, St. Louis, Missouri) in
50 mm by 9 mm tight-fit lid dishes (BD Falcon, Sparks, Maryland). Plates were sealed in
watertight whirl-pak bags (Nasco, Ft. Atkinson, Wisconsin), and placed in a 44.5o C
water bath for a period of 24 hours. Counting was done either with or without the aid of a
laboratory microscope, depending on the density of colony forming units (CFUs).
Procedures for quantifying Salmonella species in water samples during the
months of June and July 2010 were similar and used the same apparatus. Before
travelling to the ranch, three 250 ml flasks were prepared with 90 ml of Tetrathionate
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Figure 2. Apparatus used for membrane filtration of fecal coliforms and Salmonella. The
apparatus includes a stand capable of holding 3 filter funnels (along the bottom of the
picture), a vacuum flask, and a vacuum motor. Water is pulled through the filter paper
and is discarded in the vacuum flask. There is an additional filter element at the top of
the photograph to prevent moisture from entering the vacuum motor.
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broth (Difco, St. Louis, Missouri) as an enrichment media for the isolation of Salmonella.
Once water samples were collected and brought back to the laboratory, 10 ml aliquots
from each sampling site were added to the prepared broth, resulting in a ten to one
dilution. These were incubated at 37o C in an oven for approximately 24 hours. The
following day, samples were diluted further if necessary and filtered through 47 mm
diameter, 45 micron pore-size filter paper, then plated on SS agar (BBL, BD Diagnostic
Systems, Sparks, Maryland). Plates were inverted, and incubated at 37o C in an oven for
24 hours before counting.
Fecal Coliform and Salmonella Concentrations in Soils
The soils experiment was designed to investigate soil microbial activity in a single
“cell” on the Westfall Mazzucchi Ranch before and after cattle grazing. A paddock or
cell is a fenced grazing enclosure within a larger field or pasture (Holechek et al. 2004).
The paddock chosen for this study was the last cell grazed by cattle on the ranch before
the owner moved them to another ranch for the remainder of the 2010 summer. The
northern fence of this paddock is 3 to 4 meters from the fenced-off stream corridor. The
gate opening to the stream crossing is in one corner. Approximately half of the paddock
is partially shaded throughout the afternoon due to Alnus and Salix species that line the
stream bank. The overall shaped of the area is roughly rectangular, sloping toward the
stream channel, and is approximately 44 meters long by 13 meters wide (Figure 3).
Before cattle arrived on the paddock, soil samples were collected on July 1 2010
to establish a baseline reference. Cattle had not been in this pasture since September
2009. Field sampling took place every 2 to 3 days for one month, ending on August 1
2010. Sod and any remaining vegetative matter was pulled aside or scratched away from
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Figure 3. Schematic of sampling block design. It was divided into 22, 5m by 5m sample
plots. The Elk River stream channel is located on the northern side of the paddock. The
farm road used to cross cattle is shown where it intersects the stream. All 22 sample plots
were tested.
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the soil surface using a stainless-steel scoopula sterilized with ethanol and butane lighter.
The scoopula was marked so that mineral soil samples were obtained from the top 5
centimeters of the soil surface. Samples were placedin sterile whirl-pak bags and stored
in a cooler with ice pack until they were returned to the laboratory. For the remainder of
the experiment, the paddock was divided into twenty-two plots, each approximately 5 by
5 m square. Sampling plots were assigned a number at random to assign sequential
sampling days. For instance, soil from sample plot 8 was collected on the 8th sampling
day. Soil sampling was concluded when all 22 plots had been tested.
In addition to sampling the soil within the paddock, three bovine fecal pats were
sampled for fecal coliforms and Salmonella for a period of approximately 30 days.
Before cattle were moved onto the paddock, a fecal sample was obtained from a cowpat
15 seconds after deposition using a stainless steel scoopula sterilized with ethanol and
butane lighter. The fecal material was placed in a sterile whirl-pak bag and stored in a
cooler with an ice pack until brought back to the lab within one hour for processing. This
provided baseline data for fecal coliforms and Salmonella contributed by cattle.
Beginning a few hours after the cattle were removed from the paddock and ranch
altogether, three cowpats were marked and sampled. Fecal deposits were arbitrarily
chosen throughout the paddock. The possibility of transfer of material from adjacent
paddocks was low because cattle had not grazed in the area for about one month, the
main pasture is on relatively flat slopes of less than 5%, and there was no rainfall
anticipated for the duration of the experiment. Field sampling of soil and cowpats was
conducted every two to three days to monitor bacterial fluctuations while notes were
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recorded regarding the location and physical conditions of the three fecal pats. Field
sampling concluded on August 4, 2010.
Dilutions of both soil and bovine fecal samples were needed for the enumeration
of Salmonella and fecal coliforms during the soils experiment. A 0.1 percent peptone
dilutent (Difco, St Louis, Missouri) was prepared. Labeled glass jars filled with 99 ml of
peptone solution were autoclaved prior to having one gram of either moist soil or bovine
feces added, resulting in 10-2 grams per 100 ml dilution. To make suspensions more
dilute than 1 g per 100 ml, dilutions were carried out using sterile glass jars with 99 ml of
peptone solution, or sterile test tubes with 9 ml of peptone solution.
Moisture content of individual samples was calculated throughout this experiment
to investigate any correlation between water content and microbial activity and to express
results on a consistent dry weight basis. Moisture content is defined here as the ratio of
the mass of water in a sample to the mass of dry soil or fecal material in the sample,
expressed as a percentage (Liu and Evett, 2009, Appendix C). Prior to membrane
filtration, samples were sealed in airtight whirl-pak bags to minimize fluctuations in
moisture content after samples were collected on the ranch. A clean, dry soil moisture tin
can was weighed and recorded to the nearest hundredth gram. Once material for
microbial analysis had been removed, the remaining sample was added to the moisture
can, weighed, and placed in an 110o C oven for a minimum of twenty-four hours. Once
the specimen was completely dried, it was reweighed. The percent moisture of each
sample was determined by taking the mass of water, dividing it by the mass of dry soil or
fecal material and multiplying the quotient by 100.
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Statistical Analysis
An analysis of variance (ANOVA) was performed to test how different predictor
variables affected fecal coliform values. A linear model was developed to use when
analyzing Elk River stream water, in which the natural logarithm of fecal coliforms (ln
FC) is predicted as a function of a continuous variable “ln 5dPrecip.7lag”, which is the
five day running average of daily precipitation with a seven day lag. The model also
included the two categorical predictors “site”, reflecting sampling sites a, b, or c, and
“cattle” (presence or absence in time), and their interaction (Van Kirk 2010, personal
communication). The natural logs of the data were taken due to the orders of magnitude
differences that existed between values. Similar models were developed to test fecal
coliform values in bovine fecal pats as a function of a continuous variable “ln moisture”,
and the categorical variables “day of year” and “cowpat”, and their interaction.
Additionally, a model was created to test fecal coliform values found in soil as a function
of the continuous variable “ln moisture”, the two categorical variables “day of year” and
“site”. R statistical software was used to perform the ANOVAs, and generate summary
tables of the results and graphs displaying information about the residuals (R Foundation,
2009).

RESULTS
Fecal Coliform Concentrations in Stream Water
Water testing of Elk River began on April 7, 2009, and concluded July 23, 2010. I
took samples on 14 occasions during this time. Nine sampling times occurred before
cattle were brought onto the property, two sampling times coincided with periods of
cattle grazing, and three sampling events occurred after cattle had been removed from the
ranch. Due to limited sampling data during the 2009 season, information collected during
this time was regarded as field and laboratory methods development, and therefore not
included in the final assessment.
The number of CFUs per 100 ml from Sites a, b, and c is plotted along with the 5day running average of precipitation compiled from data obtained by the Eureka office of
the National Weather Service (Figure 4). Fecal coliform concentrations increased
between the days 118 and 161 (April 28 to June 10, 2010, respectively) at all three
sampling locations. Site a levels increased from 50 to 200 CFUs per 100 ml, Site b
increased from 33 to 213 CFUs per 100 ml, and Site c increased from 36 to 285 CFUs per
100 ml (Figure 4). These increases were followed by a sharp decline in a matter of 13
days. Site a fecal coliform levels increased again between days 174 and 182 (June 24th
to July 1, 2010), from 11 to 195 CFUs per 100 ml (Fig. 4). Site c levels increased during
this time period from 20 to 105 CFUs per 100 ml.
Precipitation and Stream Discharge
In order to better understand the relationship between fecal coliform
concentrations found in stream water samples, cattle grazing, and rainfall, the amounts of
precipitation and flow rate (Q in m3 / sec) were analyzed. Five-day moving averages for
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Figure 4. Fecal coliform levels found in Elk River water. Samples were processed at 10
ml and then multiplied by 10 to obtain displayed values of CFU per 100 ml. The shaded
area represents when cattle were present on the Westfall Mazzucchi ranch, between May
5 and July 7, 2010. Refer to Table 2 for a comprehensive timeline of when cattle were
present and when sampling took place.
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Q were generated from data collected by the Humboldt Redwood Company (Sullivan
2010, personal communication). Preliminary graphs showed that as flow rate increased,
so did CFUs per 100 ml at all 3 sampling sites. When 5-day precipitation averages were
low, fecal coliform concentrations appeared to increase. Unfortunately, flow data for the
months of June, July, and August 2010 were not recorded because of biofilm fouling of
monitoring equipment so statistical analysis that involved flow rates could not be
performed (Sullivan 2010, personal communication).
The correlation between fecal coliforms and rainfall was plotted as a function of
lag days (Figure 5). The results of the correlation analysis showed that the highest
correlation (0.35) occurred on the 7th lag-day, meaning that rainfall occurring 7 days
before stream sampling had the greatest effect on fecal coliform levels. The correlation
quickly decreases after this day and remains negative, meaning that rainfall events
occurring 9 or more days before stream sampling did not have much effect.
The correlation analysis allowed for the development of a linear model and an
ANOVA to address the 3 null hypotheses:
H01: After accounting for the effect of precipitation, there is no significant
difference in fecal coliforms across the three sampling sites
H02: After accounting for the effect of precipitation, there is no difference in fecal
coliforms between the presence and absence of cattle
H03: After accounting for the effect of precipitation, there is no difference in the
effect of the presence or absence cattle grazing on fecal coliforms across all three
sampling sites

Correlation
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Lag days
Figure 5. Correlation between fecal coliforms and ln (5-day moving average
precipitation) as a function of lag (days). This graph illustrates when the highest
correlation occurs between fecal coliform levels and precipitation. Correlation was
highest on the 7th lag day, meaning that it took 7 days after a rainfall event for fecal
coliform levels to be affected.
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There was no difference in fecal coliform concentrations across sampling sites (p = 0.84)
and that the effect of cattle grazing did not differ across sampling sites (p = 0.41) (Table
3). However, there was a significant difference in fecal coliforms due to the presence or
absence of cattle (p = 10-5). A summary of the model used to test the hypotheses showed
how well the model did at explaining the data (Table 4). The estimate of the standard
deviation of the normally distributed error variable is 0.8331. This model explains
63.23% of total sum of squares in the data (R-squared) and when adjusted for degrees of
freedom, adjusted R-squared is 53.63%. The model as a whole was a significant
predictor of fecal coliforms (p = 0.0004) (Van Kirk 2010, personal communication). A
scatter plot of ln FC versus the ln 5-day precipitation corrected for the 7-day lag shows
the “cattle effect” on fecal coliform levels (Figure 6). The mean distance between the top
group of lines and the bottom group of lines corresponds to the coefficient table, which
shows that after accounting for the effect of precipitation, the natural log of fecal
coliforms is on average, 1.37 greater when cattle are present. Additional testing of the
residuals, along with a Shapiro-Wilks normality test showed that the residuals were
normally distributed (W = 0.9678, p = 0.4803). When the fitted values were compared
with the residuals from the ANOVA, no systematic patterns were apparent, suggesting
the assumptions of independence and constant variance were met.
Fecal Coliform and Salmonella Concentrations in Bovine Fecal Pats
Soil and bovine fecal moisture contents were obtained for the soils experiment. A
conversion factor was determined from these measurements, and the dry weights of soil
and bovine feces were calculated. A table displaying the sample day, day of year,
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Table 3. ANOVA table of linear model testing response variable (ln FC), with site, cattle
presence, and precipitation as predictor variables.
Response: ln FC
Df

Sum of
Squares

Mean
Square

F-value

P-value

Ln 5dPrecip.7lag

1

5.3408

5.3408

7.6958

0.010179 *

Site

2

0.2462

1231

0.1774

0.83857

Cattle

1

20.5786

20.5786

29.6526

0.0000156 ***

Site x Cattle

2

1.2775

0.6388

0.9204

0.41253

Residuals

23

15.9617

0.694

Significant
Codes:

0 "***"

0.001 "**"

0.01 "*"

0.05 "."
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Table 4. Summary of ANOVA showing residuals and table of coefficients. Residual
standard error and adjusted R2 value are displayed.
Residuals:
min

1st Q

Median

3rd Q

Maximum

-1.5737

-0.3145

0.0685

0.4433

1.5906

Coefficients:
Estimate

Standard
Error

t-value

p-value

(intercept)

2.6055

0.3765

6.92

4.69E-07

ln.5dPrecip.7lag

5.4257

1.5023

3.612

0.00147

Site B

-0.5828

0.4809

-1.212

0.2379

Site C

-0.2017

0.4809

-0.419

0.6788

Cattle

1.3735

0.5401

2.543

0.0181

Site B x Cattle

0.9329

0.7604

1.227

0.2323

Site C x Cattle

0.0847

0.7604

0.111

0.91227

Significant
Codes:

0 "***"

0.001 "**"

0.01 "*"

Residual standard error: 0.08331 on 23 degrees of freedom
Multiple R-squared: 0.6323

Adjusted R-squared: 0.5363

F-statistic: 6.591 on 6 and 23 DF, p-value: 0.0003732

0.05 "."

ln FC
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ln 5dPrecip.7lag
Figure 6. Scatter plot of ln FC versus ln 5dPrecip.7lag, where ln FC is the natural log of
fecal coliforms and ln 5dPrecip.7lag is the natural log of the 7-day lagged 5-day running
averages of precipitation. Regression lines are fitted to each cattle x site group. The top
group of lines consists of the 3 sites when cattle are present. The bottom 3 lines are the 3
sites when cattle are absent (Van Kirk 2010, personal communication).
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moisture content, and CFUs per dry gram of bovine feces can be found in Appendix D.
A conversion factor used to calculate CFUs per dry gram was obtained by using the
following equation:
Dry Mass = Moist Mass ÷ [1 + (θ)],
where θ is the gravimetric moisture content calculated as follows:
θ = (Mass of moist sample - Mass of dry sample) ÷
(Mass of dry sample - Mass of moisture can)
Since moisture contents were obtained for each sampling day, the conversion
factor varied for each date. Over the 31-day period that bovine fecal pats were sampled,
average fecal coliform moisture contents were 187.31 %, 218.14%, and 142.21 % for
Cowpats 1, 2, and 3, respectively.
Total average concentrations of CFUs per dry gram for all 3 cowpats
ranged from 3.4 x 109 on July 7, to 1.53 x 105 on August 1st, 2010. Calculated CFUs per
dry gram of bovine feces were plotted against time, illustrating similar correlations
between each of the cowpats sampled (Figure 7). Colony forming unit concentrations in
each of the 3 cowpats were of similar amounts and decreased at similar rates. Moisture
contents of the 3 cowpats decreased during the sampling time period (Figure 8).
CFUs per dry gram were also plotted against moisture content (Figure 9). CFUs
per dry gram decreased proportionally to the moisture content within each cowpat. An
ANOVA was performed to test the following null hypotheses:
H01: there is no difference in ln CFU across the 3 cowpats sampled.
H02: there is no difference in ln CFU between days of the year.
H03: there is no difference in ln CFU as a function of cowpat moisture content.

CFU's per dry gram

31
1.00E+10

Cowpat 1

1.00E+09

Cowpat 2

1.00E+08

Cowpat 3

1.00E+07
1.00E+06
1.00E+05
1.00E+04
1.00E+03
1.00E+02
1.00E+01
1.00E+00
185

190

195

200

205

210

215

Day of Year (beginning Jan. 1st 2010)

Figure 7. Fecal coliforms present in cowpats as a function of time. Sampling took place
between July 1 2010 and August 1 2010. Average CFU’s per dry gram of bovine feces
from each sampling date were used for this graph.
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Figure 8. Moisture content obtained from cowpats over time. By the last week of
the soils experiment, all 3 cowpats had moisture contents below 20%.
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Figure 9. Fecal coliform concentrations in cowpats as a function of moisture content
obtained during the soils experiment. The R2 values for all cowpats were above 0.45.
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Due to orders of magnitude differences between the data, the natural logs of both
CFUs per dry gram and percent moisture were used for this test. Table 5 displays the
ANOVA table with ln CFU as the response variable and cowpat, ln moisture, day of year,
and cowpat x day of year as predictor variables. There was no difference in ln CFU
across the 3 cowpats (p = 0.5267), however there was a significant difference in ln CFU
between the day of year (p = 0.0007) and between moisture contents (p = 1.01e-07).
Table 6 shows a summary of the ANOVA, which includes information on the residuals
and coefficients. The estimate of the standard deviation of the normally distributed error
variable was 2.457. When adjusted for the degrees of freedom, the R-squared was
72.1%. This model was a significant predictor of ln CFU, with a p-value of 6.513 x 10-7.
Fecal Coliform and Salmonella Concentrations in Soil
Fecal coliform and Salmonella values in soil samples collected over a 35-day
period between July 1 and August 4 2010 exhibited little correlation to moisture content,
sampling site, or sampling date. Appendix E shows the soil moisture content and the
mean CFUs per dry gram of fecal coliform concentrations in soil. The mean soil fecal
coliform concentrations were calculated by taking the average of the 3 results from
membrane filtration for each sampling location. Soil moisture content ranged from 8.6%
to 115.5% with a mean moisture content of 26.14 %, and standard deviation of 21.63.
With the exception of one sampling location that yielded 19 CFUs per dry gram, fecal
coliform concentrations remained below 10 CFUs per dry gram and averaged 2 CFUs per
dry gram throughout the duration of the experiment. Ten out of 22 sampling sites
resulted in < 2 CFUs per dry gram.
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Table 5. ANOVA results with ln.CFU as the response variable and cowpat, ln moisture,
day of year, and cowpat x day of year as predictor variables.
Df

Sum of
Squares

Mean
Square

F-value

P-value

cowpat

1

2.49

2.49

0.4132

0.52669

ln moisture

1

349.19

349.19

57.8445

1.01E-07***

day year

1

93.62

93.62

15.5079

0.00066***

cowpat x day year

1

0.001206

0.001206

0.0002

0.9888

residuals

23

138.84

6.04

Significant Codes: 0"***"

0.001 "**"

0.01 "*"

0.05 "."
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Table 6. ANOVA summary for cowpats including coefficients. Residual standard error
and adjusted R2 value are displayed.
Residuals:
minimum

1st Q

-4.07893

-1.69752

Median

3rd Q

0.02344

1.51727

maximum
3.77457

Coefficients:
Estimate

Standard
Error

92.122605

34.682094

2.656

0.0141

Cowpat

0.356981

14.676091

0.024

0.9808

ln.moisture

0.716685

0.524144

1.367

0.1847

-0.403005

0.169038

-2.384

0.0258

0.001036

0.073305

0.014

0.9888

(intercept)

Day.year
Cowpat*Day.year

Significant
Codes:

0 "***"

0.001 "**"

t-value

0.01 "*"

Residual standard error: 2.457 on 23 degrees of freedom
Multiple R-squared: 0.7623

Adjusted R-squared: 0.721

F-statistic: 18.44 on 4 and 23 DF, p-value: 6.513e-07

p-value

0.05 "."
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The relationship between fecal coliform and Salmonella concentrations in the soil
versus time is illustrated (Figure 10). Recall that sample sites were tested one day after
the other. The relationship between fecal coliform and Salmonella concentrations is
plotted against moisture content, and illustrates less correlation than when compared to
time (Figure 11). Sample site 3, which had a moisture content of 115.5%, was
considered an outlier and omitted so that the remaining soil moisture contents could be
plotted and clearly displayed.
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Figure 10: Fecal coliform and Salmonella levels found in soil versus sampling site. All
samples were collected during the soils experiment.

39
12

Soil FC

10

CFUs per dry gram

Soil S
8

6

4

2

0
40.00

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00

Percent Moisture

Figure 11. Fecal coliform and Salmonella levels in the soil as a function of moisture
content obtained from samples collected during the soils experiment.
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An ANOVA was also performed on fecal coliform concentrations found in soil
during the soils experiment. Table 7 shows that there were no significant differences in
CFUs per dry gram as a function of soil moisture content (p = 0.1248), sampling location
(p = 0.5036), or day of the year (p = 0.1088). A summary of the ANOVA is contained in
Table 8. The model used for this ANOVA had a residual standard error of 0.8298, and
overall, did not do a good job of predicting CFUs per dry gram (p = 0.1549).
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Table 7. ANOVA results of predictor variables ln.moisture, site, and day of year in
response to soil ln CFU. All p-values are greater than 0.05, and there was no difference
in ln CFU to predictors
Df

Sum of
Squares

Mean
Square

F-value

P-value

ln moisture

1

1.7843

1.7843

2.5914

0.1248

site

1

0.3208

0.3208

0.4659

0.5036

day.year

1

1.9605

1.9605

2.8472

0.1088

Residuals

18

12.3941

0.6886

Significant
Codes:

0 "***"

0.001 "**"

0.01 "*"

0.05 "."
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Table 8. Summary of ANOVA for soil with table of coefficients. R-squared and
adjusted R-squared values are displayed.
Residuals:
minimum
-1.1192

1st Q
-0.5962

Median
-0.2061

3rd Q
0.7653

maximum
1.1912

Coefficients:
Estimate

Std. Error

t-value

p-value

(intercept)

-20.8695

12.18561

-1.713

0.104

ln.moisture

0.64299

0.38304

1.679

0.1105

Site

-0.17942

0.09892

-1.814

0.0864

Day.year

0.10642

0.06307

1.687

0.1088

Significant Codes:

0 "***"

0.001 "**"

0.01 "*"

Residual standard error:0.8298 on 18 degrees of freedom
Multiple R-squared: 0.247

Adjusted R-squared: 0.1215

F-statistic: 1.968 on 3 and 18 DF, p-value: 0.1549

0.05 "."

DISCUSSION

It was hypothesized that under the management practices of the Westfall
Mazzucchi ranch, cattle grazing would not affect fecal coliform and Salmonella
concentrations in Elk River. The ANOVA showed that there was a significant difference
(p = 0.0001) in fecal coliform concentrations between cattle presence and absence.
However, the ANOVA showed that fecal coliform concentrations between Site a
(upstream) and Site c (downstream) were not statistically different (p = 0.84). It is
because of this key component that one cannot infer cattle were the sole input of fecal
coliforms into Elk River, only that fecal coliform values were higher at the same time that
cattle were present on the Westfall Mazzucchi Ranch. Fecal coliform values did increase
when cattle were brought onto the property, but did so at both upstream and downstream
locations. If increases in fecal coliform values were only seen downstream from the
operation, it would suggest that cattle caused the variation. It is plausible that increases
observed during this study were coincidental.
Jamieson et al. (2003) found that fecal coliform concentrations in stream waters
were impacted by livestock operations, wildlife, and septic systems, and that exceedances
were more common during baseflow, or dry conditions. They confirmed that 75% of the
bacteria load at the watershed outlet occurred during stormflow conditions. This is
primarily due to stream sediments acting as a reservoir of fecal bacteria, which are stirred
up and dislodged during storms. Jamieson et al.’s study was conducted in the 1000
hectare Thomas Brook watershed of Nova Scotia, where agricultural is the primary land
use. Mallin et al. (2000) showed that turbidity positively correlated with enteric bacterial
abundance, but did not display consistent temporal abundance patterns. During this
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project, the kick and grab method used for stream sampling imitated conditions during
storms, and exceedances were seen during drier conditions in the early summer.
Geist (2003) reported on fecal coliform contamination in Humboldt Bay and
surrounding watersheds. Measurements were obtained from 51 water-sampling stations,
including the mouth of Elk River watershed, and researchers used tube fermentation and
Most Probable Number to quantify fecal coliforms. Samples collected at the mouth of
the Elk River exhibited fecal coliform concentrations ranging from 20 to 500 MPN
during the dry to wet season, respectively. While the magnitudes of fecal coliform
concentrations were similar overall with my thesis study, Geist’s research focused on first
flush contamination downstream of additional agricultural lands and septic sources. First
flush concentrations were not addressed in this study. Concentrations contributed by the
Elk River watershed and other tributaries have an episodic impact on Humboldt Bay
waters during rainfall and suggest a variety of non-point sources within a given
watershed, including livestock and agriculture, wildlife, migratory waterfowl, septic
systems, urban runoff, boating activities, and Cal-Trans and railroad maintenance (Geist,
2003).
Limiting grazing in close proximity to stream channels and excluding direct
contact with surface waters can greatly reduce fecal coliforms contributed by cattle.
These exclusionary management practices were employed on the Westfall Mazzucchi
Ranch. Within 31 days after deposition, fecal coliform concentrations found in bovine
fecal pats had significantly decreased (p = 0.0007) and there was strong correlation
between moisture content and fecal coliform values (p = 1.01 e-07). Results indicate that
fecal coliform concentrations in the soil did not fluctuate over a 35-day period after cattle
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grazing, and moisture content did not have a significant effect on fecal coliform values in
soil samples (p = 0.1248). Salmonella concentrations were below threshold or
undetectable and were not used in the statistical analyses of soil or fecal pats.
This study examined the potential contribution of microbial contamination to the
South Fork of the Elk River from a small ranching operation. The Westfall Mazzucchi
Ranch consists of 36 hectares along the South Fork of the Elk River. The North Coast
Regional Water Quality Control Board (2003) addressing sedimentation and erosion
stated that the entire Elk River watershed encompasses almost 13,760 hectares, of which
5,335 hectares make up the South Fork sub basins. To put it into perspective, the ranch
occupies less than 0.7% of the total acreage of the South Fork of the Elk River watershed.
Wildlife habitat occurs throughout the watershed, with most of the acreage comprising
the South Fork of Elk River located in the upper reaches of the headwaters (3,032
hectares, North Coast Regional Water Quality Control Board, 2003). The predominant
land use of this area is industrial timberland.
There are two main pathways for enteric bacteria to enter a waterway: direct
contact through deposition, and surface runoff. Because the Westfall Mazzucchi Ranch
eliminated direct contact between cattle and stream water through the use of streamside
exclusionary fencing, the other mechanism for introducing bacteria into waterways is
overland flow. Any cattle grazing that took place near the stream channel occurred when
heavy rainfall was not expected within the following month (i.e. grazing ceased in these
areas by August or September). Additionally, overland flow is more likely on steep
slopes located in the upper regions of the South Fork watershed. Almost all of the
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pasture area is flat with little to no slope, so overland flow at this location would be less
likely when compared to upper regions of the Elk River watershed.
During the spring and early summer of 2010, two offsite rivulets entering the
ranch were sampled, but were omitted because there were insufficient data to perform
statistical analysis. One of these ditches drained off of Elk River Road and an adjacent
farm, and another drained off of a forest slope. Sampling stopped in late June 2010 when
the drainage ditches stopped flowing. Although preliminary findings yielded an average
of 500 CFUs per 100 ml from these two rivulets, the volume of water entering the Elk
River was small when compared to what was seen at the sampling sites a, b, and c.
Despite recording very high concentrations of fecal coliform, the downstream sampling
sites b and c showed no difference in concentration between the upstream sampling site a.
This suggests the importance of quantifying stream flow data to determine dilution
effects on microbial values in stream water.
Simultaneous increases in indicator species concentrations on the ranch as well as
in upstream, forested areas would strengthen the argument that other environmental
factors were causing the increase, not simply cattle grazing under Westfall Mazzucchi
management practices. A comparative study examining paired watersheds, one with
cattle grazing present and one without, could be conducted and used to test for
differences between grazed and ungrazed watersheds.
Monitoring stream discharge and seasonal tributaries more comprehensively
could lead to a better understanding of the composite effects of different sources, their
microbial concentrations, and dilution upon entering the main drainage channel.
Other sources of fecal coliforms, such as failing septic systems, may exist in this
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area but were not addressed in this study. A septic system may release fecal coliforms
into nearby surface and ground waters, even when they do not exhibit a failure in
performance (Ahmed et al., 2005). Soltren (2007) found that fecal coliform
concentrations, supplemented with human sorbitol-fermenting bifidobacteria analysis,
could be used to determine possible human fecal contamination, especially when there is
a primary source of suspected fecal pollution, such as where Soltren’s study of septic
leach fields in Humboldt Redwoods State Park.
Isolating bacteria from septic sources may help future investigations. One method
of isolating human and non-human sources of contamination is through antibiotic
resistance analysis. Harwood et al. (2000) concluded in a Florida study of surface waters
that the antibiotic resistance analysis technique promises to be a useful tool in assessing
sources of fecal contamination in subtropical waters. Booth et al. (2003) studied sources
of fecal pollution in south-central Virginia’s Blackwater River. They used classification
analysis to determine fecal coliform isolates as human, livestock, or wildlife. The study
area encompassed intensive dairy and beef farming, abundant wildlife populations,
homes with on-site septic systems, and four stream segments listed as impaired due to
elevated fecal coliform concentrations. The county where this study took place has the
third highest population of dairy cows and eighth highest for total cattle in Virginia.
From a total of 8,542 fecal coliform isolates collected between 1999 and 2001, the rate of
correct classification averaged 85.3%. Livestock contributed the highest percentage of
isolates (47.6%), followed by wildlife (29.1%), and human (24.9%), but their proportions
varied seasonally and were dependent on stream segment location. Their results indicate
that reducing fecal pollution will require dealing with all three sources (Booth et al.,
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2003).
Future researchers would benefit greatly by developing a well-designed
experiment that closely monitors stream discharge, local precipitation, ephemeral streams
and rivulets, water temperatures, fecal coliforms traceable to wildlife, and possible
leaking septic systems. This multi-source, multi-parametric, and volumetric tracking
could help build a better model to understand sources of fecal coliforms in the watershed
as well as critical times of year or ripe circumstances for excessive microbial
contamination. This could lead to a more robust approach in addressing water quality
concerns of those living within the Elk River watershed.
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APPENDICES

Appendix A. GPS coordinates of water sampling locations
Site Description and GPS coordinates
Site A

Upstream of Westfall Mazzucchi ranch, southeastern section of property, left bank
N 40o 41' 36.2"

ele. 36.7 ft

W 124o 08' 40.0"

Site B

Stream crossing, center of property
N 40o 41' 49.8"

ele. 33.9 ft

W 124o 08' 42.8"

Site C

Downstream of Westfall ranch, most northwestern section of property, left bank
N 40o 41' 53.3"

ele. 24 ft

W 124o 08' 54.6"

Road
Runoff

Between road and right bank, left of main gate, upstream of crossing
N 40o 41' 43.7"

ele. 44.2 ft

W 124o 08' 33.3"
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Appendix B. Standard methods for membrane microfiltration of fecal coliforms
(based on Clesceri et al., 1999).
Before travelling out to the Westfall Mazzucchi Ranch, 50 mm by 9 mm tight-fit
lid dishes (Falcon, 08-757-105 BD Vacutainer Labware Medical No.:351006) were
prepared with 5 ml of m-FC agar (Difco, DF0677-17-3 BD Diagnostic Systems
No.:267720). Once the agar had cooled and dried (approximately 2 hours) the petri dishes
were fitted with their lids, inverted, and stored in a refrigerator until needed.
After approximately 1 hour of field collections, samples were transported back to
Humboldt State University’s campus in a cooler with ice pack to be processed in Dr.
Kristine Brenneman’s water quality lab. During preliminary testing, various aliquots
amounts were trialed to obtain optimal results. Larger aliquots of 100 ml and 50 ml
clogged the filter papers with sediment and made it difficult to count colonies. Five ml
and 1 ml amounts were too small. Three 10 ml aliquots, which yielded optimal results for
counting colonies, were obtained using a pipette from one of the labeled 500 ml Nalgene
bottle.
Sampling sites were tested in triplicate, for a total of nine filter plates used per
field sampling event. Using a pair of tweezers sterilized using ethanol and flame, one
filter paper was placed on top of the filter funnel, followed by the gradated cylinder top
(refer to Figure 2 for an image of actual apparatus used). The filter paper was wetted
with a 0.1% peptone solution to allow even pull of the sample. The 10 ml aliquot was
filtered through 47 mm diameter, 45-micron pore-size filter paper (Millipore S-Pak,
HAWG647SP Millipore). Once the vacuum pulled all liquid through the filter paper, it
was plated face-up on mFC agar. The plates were sealed in watertight whirl-pak bags
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Appendix B. Standard methods for membrane microfiltration of fecal coliforms
(based on Clesceri et al., 1999). (continued)
(Nasco Ft Atkinson, various sizes), and placed in a 44.5o Celsius water bath for a period
of 24 hours. Enumeration was done either with or without the aid of a laboratory
microscope, depending on the density of colony forming units (CFUs).
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Appendix C. Determining the moisture content of soil and rock by mass
(based on Lui and Evett, 2009).
The moisture content of soil is an indicator of the amount of water present in the
soil, and by definition, is the ratio of mass of water in a sample to the mass of solids in
the sample. Quite simply, obtaining the mass of moist soil, drying the sample thoroughly
to remove moisture, and then measuring the mass of the remaining oven-dried sample is
the process of determining moisture content. The difference between the mass of ovendried sample and the mass of the moisture sample is the mass of water. The mass of
water is divided by the oven-dried mass and multiplied by 100 to obtain the percent
moisture of the sample.
Soil and bovine feces collected in the field were kept in sealed whirl-paks (Nasco
Ft Atkinson) until they were brought to the lab. A drying oven was preheated to 110 oC.
A clean, dry, aluminum soil moisture can was weighed and recorded to the nearest
hundredth gram. The soil or fecal sample was added to the container and its weight
recorded, before it was placed in the preheated oven for a minimum of twenty-four hours.
Once the specimen was completely dried, it was weighed immediately after removal from
the oven and the dry weight recorded.
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Appendix D. Moisture content in cowpats and calculated CFUs per dry gram
Moisture content was determined for each sample and then used to calculate the
mean CFU’s/ dry gram. An average was computed since each sample was
processed in triplicate by membrane filtration.
Cowpat 1

sample day

day of year

%
moisture

conversion
factor

mean CFU's/dry
gram

7/1/10

Preliminary

182

623.49

0.1382

6.95E+09

7/7/10

1

188

733.33

0.1200

3.45E+09

7/9/10

2

190

429.32

0.1889

8.38E+07

7/11/10

3

192

136.32

0.4232

1.05E+09

7/14/10

4

195

35.56

0.7377

7.46E+08

7/16/10

5

197

29.74

0.7708

4.76E+06

7/18/10

6

199

14.52

0.8732

3.86E+04

7/23/10

7

204

9.65

0.9120

1.20E+05

7/25/10

8

206

16.15

0.8609

1.32E+05

7/28/10

9

209

16.15

0.86

1.39E+03

8/1/10

10

213

16.15

0.86

2.59E+05

Cowpat 2

sample day

day of year

%
moisture

conversion
factor

mean CFU's/dry
gram

7/9/10

2

190

571.62

0.1489

5.87E+08

7/11/10

3

192

259.87

0.2779

2.46E+09

7/14/10

4

195

291.76

0.2553

2.73E+09

7/16/10

5

197

231.91

0.3013

2.07E+08

7/18/10

6

199

304.78

0.2471

1.01E+06

7/23/10

7

204

256.19

0.2807

3.36E+05

7/25/10

8

206

15.69

0.8644

2.36E+05

7/28/10

9

209

15.69

0.8644

1.20E+04

8/1/10

10

213

15.69

0.8644

1.37E+05
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Appendix D. Moisture content in cowpats and calculated CFUs per dry gram
Cowpat 3

sample day

day of year

%
moisture

conversion
factor

mean CFU's/dry
gram

7/9/10

2

190

651.75

0.1330

4.50E+08

7/11/10

3

192

350.31

0.2221

3.74E+09

7/14/10

4

195

146.00

0.4065

5.06E+09

7/16/10

5

197

47.94

0.6759

4.93E+05

7/18/10

6

199

19.85

0.8344

1.56E+07

7/23/10

7

204

9.77

0.9110

5.20E+05

7/25/10

8

206

18.08

0.8469

3.66E+05

7/28/10

9

209

18.08

0.8469

5.27E+04

8/1/10

10

213

18.08

0.8469

6.22E+04
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Appendix E. Moisture Content in Soil and Calculated CFUs per Dry Gram
Beginning July 25th, multiple sampling plots were tested to expedite soil
collection and analysis.
date

moisture
fraction

sample site

conversion
factor

mean CFU/dry g

7/1/10

preliminary

0.5097

0.6624

0

7/7/10

1

0.2850

0.7782

0

7/9/10

2

0.1964

0.8359

6

7/11/10

3

1.1550

0.4640

19

7/14/10

4

0.3431

0.7445

0

7/16/10

5

0.1958

0.8362

0

7/18/10

6

0.2034

0.8309

0

7/23/10

7

0.0863

0.9205

0

7/25/10

8

0.1615

0.8609

1

9

0.1569

0.8644

10

10

0.1808

0.8469

6

11

0.1865

0.8428

5

12

0.3182

0.7586

2

13

0.1558

0.8652

0

14

0.2224

0.8181

2

15

0.2869

0.7771

1

16

0.1598

0.8622

3

17

0.3629

0.7337

0

18

0.1279

0.8866

0

19

0.2066

0.8288

1

20

0.1513

0.8686

1

21

0.2171

0.8216

0

22

0.1422

0.8755

1

7/28/10

8/1/10

8/4/10
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