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SUBJECT: SUMMARY AND REVIEW OF REPORT TITLED “RUSSIAN RIVER 
HUMAN IMPACT STUDY - PHYLOCHIP MICROBIAL COMMUNITY 
ANALYSIS”  

 
 

Technology has advanced to a point where multiple species in an entire bacterial community 
can be identified instead of just a single pathogen indicator bacteria group or species.  DNA 
sequence analysis can identify possible fecal sources by measuring the total diversity of the 
microbial communities in a water sample (Dubinsky et al. 2012).  The PhyloChip™ (Second 
Genome, San Bruno CA) is a phylogenetic DNA microarray that uses 16S rRNA gene 
probes to identify nearly 60,000 different bacteria taxa in a single water sample.  Analyzing 
the full suite of bacteria taxa in a water sample was used to identify the presence of potential 
pathogens found in the surface waters of the Russian River Watershed.   

 
Regional Water Board staff collected water samples for development of the Russian River 
Pathogen Indicator Bacteria TMDL between 2011 and 2013 (NCRWQCB 2012, 2013a, 
2013b).  The monitoring focused on microbiological source identification in the middle and 
lower Russian River watershed.  Five monitoring tasks were conducted to inform specific 
management questions focused on assessing the spatial and temporal variability of the 
microbial community, the possible impacts from different land uses, recreation at public 
beaches, and onsite water treatment in the Russian River watershed.  Over one-hundred water 
samples were collected and processed using the PhyloChip™ microarray resulting in detection 
of over 10,000 different bacteria taxa in the Russian River Watershed.  The analysis results 
were presented in the report Russian River Human Impact Study - PhyloChip Microbial 
Community Analysis dated May 1, 2014 (Appendix; Dubinsky and Andersen 2014).  In 
addition, samples were collected concurrently for measurement of fecal indicator bacteria 
concentrations (i.e., Escherichia coli (E. coli) and Bacteroides bacteria) by the Regional Water 
Board and Sonoma County’s Public Health Regional Laboratory during both wet (greater than 
0.1 inch of precipitation) and dry periods (zero precipitation within the last 72 hours).  
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Water samples were analyzed using the PhyloChip™ in two different ways.  The first 
analysis method assessed the response of probe quartets for the sense, anti-sense, and 
corresponding mismatch probes of each targeted sequence (Probst et al. 2014).  The results 
of this method are expressed as the percentage of the bacteria DNA gene sequences found 
in the sample that are also found in the specific fecal source reference samples.  The 
second analysis method assessed the presence of bacteria standard operational taxonomic 
unit (OTU) as described by Dubinsky et al. (2012).  This method resulted in an inventory 
of detected bacteria taxa (i.e., OTUs) in each water sample.   
 
Dubinsky and Anderson (2014) also evaluate the relationship between fecal indicator 
bacteria concentrations measured by the Regional Water Board and Sonoma County’s 
Public Health Regional Laboratory and the results of the PhyloChip™ analysis.  However, 
the results from these analyses have different measurement units.  The results of the fecal 
indicator bacteria are presented as concentrations, whereas the PhyloChip™ analysis 
provides the list of bacteria taxa in the samples, but not the concentrations of bacteria cells 
found in the sample.  A previous PhyloChip™ analysis found a correlation between fecal 
indicator bacteria concentration and the number of bacteria taxa found in the sample 
(Dubinsky et al. 2012). 
 
Probe Quartet Analysis Method 
 
The first method analyzed quartets of probes for the sense, anti-sense, and corresponding 
mismatch probes of each targeted sequence (Probst et al. 2014).  This method is more 
robust than the OTU approach for determining the presence and abundance of a targeted 
gene sequences because it controls for nonspecific hybridization and relies on detection of 
both complimentary DNA strands to increase the performance of the assay.   
 
Specific quartet-probe profiles were developed to characterize human waste, grazing 
mammal and shorebird fecal sources.  Fecal material from eighty different fecal sources was 
collected and analyzed to establish quartet-probe profiles of fecal bacteria source reference 
samples.  Each reference fecal sample in the library was a composite of individual feces or 
waste from a unique location.  These composite fecal samples included sewage, septic 
waste, and feces for the human fecal reference sample; droppings from cows, horses, deer, 
and elk for the grazing mammal fecal reference sample; and gulls and pelicans for the 
shorebird fecal reference sample.  These reference samples were used to define subsets of 
gene sequences that are common among the fecal samples of a given source type and rare in 
the other fecal sources.  These subsets of gene sequences were used to identify water 
samples containing wastes from humans, grazing mammals, or shorebirds.  The results of 
this approach are expressed as percentage of the bacteria fecal gene sequences found in the 
sample that were also found in the specific fecal source reference sample.   
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The threshold for confirming a specific source was set at 20% or more of the gene 
sequences that are diagnostic for human, grazer, and shorebird fecal waste.  The report 
cites Dubinsky et al. 2006 and Cao et al. 2013 as finding that 20% reference library taxa is 
a “suitable threshold to detect a source signal.”  That is, a sample is assumed to contain 
waste from the specific source if 20% or more of the source-specific gene sequences found 
in the sample were the same as the source-specific gene sequences found in the fecal 
source reference library.  Samples are assumed to not contain a sufficient signal to 
specifically identify the exact source if less than 20% of the source-specific gene 
sequences did not match the reference fecal library.  However, many of the samples 
contained some detectable source-specific gene sequences from human and the other 
animal sources, indicating these sources may be contributing bacteria to the water sample 
but the samples were too diluted for these gene sequences to reach the 20% threshold.   
 
Figures 1 and 2 show the locations where greater than 20% of the fecal gene sequences 
were detected for human and grazing mammal waste, respectively.  Fecal gene sequences 
for shorebird waste were not measured at any location in the Russian River Watershed 
above the 20% detection threshold.  
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Figure 1.  Human Waste Fecal Gene Sequence Measurement Locations sampled 
during Wet Periods. 
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Figure 2.  Grazing Mammal Waste Fecal Gene Sequence Measurement Locations 
sampled during Wet Periods 
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The results of the Probe Quartet analysis method are described below. 
 

• The number of fecal gene sequences for human waste was not associated with 
higher concentrations of E. coli bacteria. 

 
• The number of fecal gene sequences for human waste was associated with higher 

concentrations of human-host Bacteroides bacteria.  
 

• The number of fecal gene sequences for grazing mammal waste was associated 
with higher concentrations of bovine-host Bacteroides Bacteria.  

 
• The source-specific gene sequences threshold (i.e., 20%) for human, grazing 

mammal or shorebird fecal waste was not exceeded in any dry period sample in the 
mainstem Russian River. 

 
• The source-specific gene sequences threshold for human waste (i.e., 20%) was 

exceeded at Johnson’s Beach and Monte Rio Beach in wet period samples.  These 
samples were associated with high numbers of potentially pathogenic 
Staphylococcus taxa. 

 
• Fecal gene sequences for grazing mammal waste were detected at Steelhead beach 

(12%), Forestville Access Beach (19%), Johnson’s Beach (17%) and Monte Rio 
Beach (20%), but were below the 20% threshold.  Cattle and deer are the likely 
sources of these gene sequences, not horse or elk. 

 
• Human and grazer fecal gene sequences were more frequently detected in wet 

period samples than dry period samples draining different land cover areas.   
 
• Fecal gene sequences for human waste were detected above the 20% threshold in 

samples collected at Johnson’s Beach following the Russian River Jazz & Blues 
Festival.   

 
• Fecal gene sequences for grazer mammal waste were detected above the 20% 

threshold in samples from Abramson, Blucher, Copeland, Crane, Gossage, and 
Turner Creeks. 

 
• Fecal gene sequences for human waste were detected above the 20% threshold in 

samples from Copeland, Crane, Limerick and Piner Creeks. 
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• Fecal gene sequences for human waste were not detected above the 20% threshold 
in most samples collected in the investigation of impacts from onsite wastewater 
systems.  However, high numbers of fecal gene sequences for human waste were 
detected draining from catchments into the mainstem Russian River near 
Forestville and Monte Rio suggesting that onsite wastewater systems may be 
failing in these areas.   

 
• Differentiation of human fecal microbial communities to separate septic vs urban 

sewer treatment vs feces sources was not possible within the scope of the sampling 
study design.  A more extensive study of various human sources under different 
kinds and stages of wastewater treatment is needed to determine if they result in 
unique sets genes that can distinguish between these different human sources.   

 
• The study recommends that suspected human fecal sources near Johnson’s Beach 

and Monte Rio Beach be directly measured to develop a microbial community 
library archive that is specific to local sources.  These reference samples of 
suspected local sources could be matched with the observed microbial community 
observed in the Russian River to specifically identify the local sources of fecal 
bacteria.   

 
Operational Taxonomic Unit Method 
 
The second analysis method is described in Dubinsky et al. (2012).  In this method, the 
presence of different bacterial taxa (i.e., OTUs) was determined by positive hybridization 
of multiple probes.  The results of the method determine the presence or absence of the 
OTU in the water sample.  This method provides an inventory of detected OTUs that 
compose the microbial community in the water sample.  The results of the OTU inventory 
method are described below. 
 

• Most of the taxa detected from samples collected throughout the watershed are in 
the Actinobacteria, Flavobacteria and Proteobacteria bacterial families.  These 
bacteria are naturally abundant in freshwater and soil, and do not likely originate 
from animal fecal sources.   

 
• Bacteroidia, Clostridia, Bacilli and Verrucomicrobia bacterial families were also 

found throughout the watershed and these bacteria likely originate from fecal 
sources.    

 
• Yersinia bacteria species were detected in both wet (greater than 0.1 inch of 

precipitation) and dry periods (zero precipitation within the last 72 hours) in the 
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mainstem Russian River at Commisky Station, Cloverdale River Park and 
Geyserville Bridge.  Pigs and rodents are the main animal sources of Yersinia 
bacteria species.   

 
• The bacterial community composition in the wet period samples was similar to the 

dry period samples in the mainstem Russian River from Commisky Station Road to 
Memorial Beach, but diverged in composition at Steelhead Beach and was 
increasingly distinct at Forestville Access, Johnson’s Beach and Monte Rio Beach. 

 
• Dry period samples from tributaries contained a greater variety of bacteria taxa than 

the mainstem Russian River.  These tributaries contained relatively higher numbers 
Alpha-, Beta- and Gammaproteobacteria.  These Proteobacteria families are 
common in soil and freshwater habitats and are likely native to these tributaries. 

 
• In wet period tributary samples at locations where conventional detection methods 

indicated high fecal indicator counts, PhyloChip™ analysis indicated a microbial 
community dominated by native taxa (i.e., Pseudomonas, Enterobacter and 
Betaproteobacteria), and relatively low numbers of fecal bacteria taxa (i.e, 
Bacteroides or Clostridia) as compared to the native taxa. 

 
• In water samples collected during the recreational beach use study, the 

PhyloChip™ analysis detected high numbers of fecal bacteria taxa (i.e., Clostridia) 
at Johnson’s Beach following the Russian River Jazz & Blues Festival.  These taxa 
included large numbers of potentially pathogenic Staphylococcus taxa.  Despite the 
detection of bacteria from fecal sources, the single sample maximum criterion 
(CDHS 2011) for E. coli bacteria concentrations was not exceeded when analyzed 
using standard culture incubation methods (IDEXX 2001; U.S. EPA 2002).   

 
• In water samples collected during the onsite wastewater treatment system study, 

PhyloChip™ analysis found no significant differences in the composition or 
structure of bacterial communities associated with parcel density or septic risk. 

 
• In water samples collected during the land cover study, PhyloChip™ analysis 

results found no significant differences in runoff from different land covers on the 
composition or structure of bacterial communities.  

 
• There was a positive correlation between E. coli bacteria concentrations detected by 

conventional fecal indicator detection methods and the relative abundance of 
Escherichia genus OTUs found in the PhyloChip™ analysis.  
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Table 1 shows a list of ten potential human pathogen taxa that were detected at various 
locations in the Russian River Watershed.  Each of these pathogens is discussed below.  
Detection of pathogen-related genes do not necessarily indicate that pathogenic strains are 
present, but rather that closely related taxa are present that may or may not include the 
virulent strain.  Additional analyses that specifically target pathogenic strains would be 
necessary to confirm their occurrence.  In addition, the concentration of these potential 
pathogens and the human health risk of the detection of these pathogens are unknown.  
 
Table 1.  Summary of Potential Human Pathogens Measured in Russian River Watershed 

 
  

Pathogenic Bacteria 

Number of Locations 
Measured Percent of 

Samples with 
Detected 
Bacteria 

Mainstem 
Russian 

River 
Tributaries 

Klebsiella pneumoniae 10 23 42% 

Proteus mirabili 1 10 11% 

Salmonella enterica 1 9 10% 

Serratia marcescens 3 27 41% 

Shigella flexneri 0 15 16% 

Staphylococcus epidermidis 3 13 22% 

Staphylococcus haemolyticus 2 0 2% 

Streptococcus sp. 0 8 8% 

Vibrio cholerae 0 1 1% 

Yersinia sp. 4 7 15% 
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Klebsiella pneumoniae 
 
The normal flora of the human mouth and intestine contains Klebsiella pneumonia bacteria.  
Although it occurs naturally in soil, humans are the primary animal reservoir for K. 
pneumoniae bacteria.  Feces are the most significant source of K. pneumoniae bacterial 
infections.  
 
K. pneumoniae bacteria can infect many different organs of the body in people with a 
weakened immune system.  The most common infection caused by the bacteria is 
pneumonia, typically affecting the lungs.  K. pneumoniae bacteria has also been associated 
with urinary tract infection, pulmonary infection, liver abscess, brain abscess, meningitis, 
inflammation of the internal coats of the eye, accumulation of pus within the prostate, bone 
marrow inflammation, infection of the joints, and/or abscesses on muscles.   
 
Figure 3 shows the locations where water samples were collected for analysis of K. 
pneumonia bacteria.  K. pneumonia bacteria were found at ten (10) locations on the 
mainstem Russian River and twenty-three (23) tributaries to the Russian River: 

• Russian River at Commisky Station Road 
• Russian River at Cloverdale River Park 
• Russian River at Highway 128 Bridge near Geyserville 
• Russian River at Jimtown Bridge 
• Russian River at Camp Rose Beach 
• Russian River at Veteran’s Memorial Beach 
• Russian River at Steelhead Beach 
• Russian River at Johnson's Beach 
• Russian River at Monte Rio Beach 
• Blucher Creek 
• Crane Creek 
• Dutch Bill Creek 
• Foss Creek 
• Green Valley Creek 
• Laguna de Santa Rosa 
• Palmer Creek 
• Piner Creek 
• Santa Rosa Creek  
• Fourteen (14) unnamed tributaries 
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Figure 3.  Klebsiella pneumonia Bacteria Measurement Locations 
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Proteus mirabili 
 
Proteus mirabilis bacteria are found as part of the micro-flora of the human intestine.  P. 
mirabilis bacteria are highly mobile using a flagellum that helps the organism infect host 
animals.  The bacterium becomes a significant problem mostly in people that have 
vulnerable immune systems. 
 
P. mirabilis bacteria are responsible for causing urinary tract infections in thousands of 
people each year.  These infections are becoming more difficult to treat because many of P. 
mirabilis bacteria strains are resistant to broad-range activity antibiotics.  Kidney infection 
can also occur when the bacteria migrates from the lower urinary tract.  P. mirabilis 
bacteria can also enter the bloodstream through wounds and cause blood poisoning and 
systemic inflammatory response syndrome, which has a high mortality rate.  P. mirabilis 
bacteria can also colonize the lungs and cause pneumonia with symptoms of fever, chills, 
chest pain, rales, and cough.  P. mirabilis bacteria can infect the prostrate causing fever, 
chills, and tender prostate in men. 
 
Figure 4 shows the locations where water samples were collected for analysis of P. 
mirabilis bacteria.  P. mirabilis bacteria were found at one (1) location on the mainstem 
Russian River and in ten (10) tributaries to the Russian River:  

• Russian River at the Jimtown Bridge in the Alexander Valley.   
• Foss Creek 
• Green Valley Creek 
• Mays Creek 
• Santa Rosa Creek 
• Van Buren Creek 
• Five (5) unnamed tributaries   
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Figure 4.  Proteus mirabili Bacteria Measurement Locations 
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Salmonella enterica 
 
Salmonella enterica bacteria are the cause of two diseases (1) acute gastroenteritis, 
resulting from ingestion of the bacterium, and (2) typhoid fever, resulting from the 
bacterial infection of the blood.  S. enterica bacteria are most commonly associated with 
consumption of contaminated food, but can also be ingested from waters during recreation.  
S. enterica bacterial infections can originate from household pets containing the bacteria 
since the bacterium can be transmitted from animal to human.  Salmonella originating from 
wild opossums have been found in California surface waters (CCLEAN 2011).  In the United 
States, Salmonella is responsible for 1.4 million infections, 15,000 hospitalization, and 400 
deaths per year (Ravel 2014).  
 
S. enterica bacteria invade the cells lining the intestine.  Once established in the intestine, 
the bacteria's virulence factors go to work.  The bacterium excretes an enterotoxin that 
results in the release of fluids from the intestinal cells.  The bacteria then move to the liver 
or spleen, where they replicate.  After replication, they migrate back to the intestines to be 
expelled and transmitted to new hosts. 
 
The most common symptoms of acute gastroenteritis include fever, diarrhea, vomiting, 
abdominal cramps, muscle aches, and headache.  These symptoms generally occur quickly 
after the bacteria has been ingested and symptoms can last many days past ingestion. 
 
Typhoid fever is a common worldwide bacterial disease transmitted by the ingestion of 
food or water contaminated with the feces of an infected person.  Typhoid fever is caused 
by a sub-species of the bacteria called Salmonella enterica serovar Typhi.  Persons with 
typhoid fever usually have a sustained fever as high as 103° to 104° F.  Death can occur 
from the infection, pneumonia, intestinal bleeding, and/or intestinal perforation. 
 
Figure 5 shows the locations where water samples were collected for analysis of S. enterica 
bacteria.  S. enterica bacteria were found at one (1) location on the mainstem Russian River 
and in nine (9) tributaries to the Russian River: 

• Russian River at Commisky Station Road. 
• Blucher Creek 
• Dutch Bill Creek 
• Piner Creek 
• Six (6) unnamed tributaries 
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Figure 5.  Salmonella enterica Bacteria Measurement Locations 
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Serratia marcescens 
 
Serratia marcescens bacteria are found naturally in the environment in soil, water, air, on 
plants, animals, and in feces.  S. marcescens are mobile airborne bacteria that can grow in 
extreme ranges of temperature and pH.   S. marcescens bacteria can cause illness in many 
different and animals and plants.   
 
S. marcescens bacteria can cause infection in the urinary tract, respiratory tract, exposed 
wounds, and the eyes.  The bacteria can also cause of inflammation of the heart and bone 
marrow, pneumonia, and meningitis.  S. marcescens bacteria have steadily increased as a 
cause of human infection, with many strains gaining resistance to multiple antibiotics.  
Most strains are resistant to several antibiotics because of the presence of specific genes 
coding for antibiotic resistance. 
 
Figure 6 shows the locations where water samples were collected for analysis of S. 
marcescens bacteria.  S. marcescens bacteria were found at three (3) locations on the 
mainstem Russian River and in twenty-seven (27) tributaries to the Russian River: 

• Russian River at Johnson’s Beach 
• Russian River at Monte Rio Beach 
• Russian River at the boat ramp near Jenner 
• Blucher Creek 
• Copeland Creek 
• Dutch Bill Creek 
• Foss Creek 
• Green Valley Creek 
• Mays Creek 
• Palmer Creek 
• Santa Rosa Creek 
• Van Buren Creek 
• Eighteen (18) unnamed tributaries 
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Figure 6.  Serratia marcescens Bacteria Measurement Locations 
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Shigella flexneri 
 
Shigella flexneri bacteria are found in the feces of infected individuals.  S. flexneri bacteria 
are present in the diarrheal stools of infected persons while they are sick and for up to a 
week or two afterwards.  The bacteria pass from one infected person to other people in 
unsanitary conditions.  Infection typically occurs via ingestion.  Infections can be easily 
passed to and from children who are not fully toilet-trained.  Family members of young 
children are at higher risk of becoming infected. 
 
S. flexneri bacteria cause an acute bloody diarrhea known as shigellosis.  The bleeding is 
due to destruction of the intestines.  Other symptoms can include fever and stomach 
cramps.  The condition can be fatal if not treated early.  S. flexneri bacteria cause infection 
by injecting a protein into intestine cells.  The protein allows the bacterium into the cell 
where the bacterium replicates destroying the cell.  The bacteria destroy cells in the 
intestinal epithelium and mucosa.    
 
Water may become contaminated with S. flexneri bacteria from untreated sewage or from 
infected people swimming and shedding the bacteria.  S. flexneri bacterial infections can be 
acquired by swimming or drinking the contaminated water. 
 
Figure 7 shows the locations where water samples were collected for analysis of S. flexneri 
bacteria.  S. flexneri bacteria were found in seventeen (17) tributaries to the Russian River: 

• Copeland Creek 
• Crane Creek 
• Gossage Creek 
• Laguna de Santa Rosa 
• Piner Creek 
• Santa Rosa Creek  
• Eleven (11) unnamed tributaries 
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Figure 7.  Shigella flexneri Bacteria Measurement Locations 
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Staphylococcus epidermidis 
 
Staphylococcus epidermidis bacteria typically live on the skin and in the nostrils of humans.  
Healthy people can have up to 24 strains of the species.  Many of the strains can survive on 
a dry surface for long periods of time.  Although S. epidermidis bacteria are not pathogenic 
to most people, those with compromised immune systems are at risk of developing 
infection.  Certain strains form biofilms that provide a high resistance to many antibiotics, 
including penicillin, amoxicillin, and methicillin.  The resistant strains are most commonly 
found in the intestines. 
 
S. epidermidis bacterial infections cause serious skin inflammation and pus secretion.  S. 
epidermidis bacterial infections can also cause blood poisoning and inflammation of the 
heart.  Symptoms include fever, headache, fatigue, weight loss and/or shortness of breath. 
 
S. epidermidis bacteria can be spread in recreational surface waters by direct and indirect 
contact with infected persons.  Direct contact can happen when swimmers touch the 
infected person.  Indirect contact can happen when swimmers or they touch surfaces (like 
hand rails or benches) contaminated with the bacterium. 
 
Figure 8 shows the locations where water samples were collected for analysis of S. 
epidermidis bacteria.  S. epidermidis bacteria were found at three (3) locations on the 
mainstem Russian River and in thirteen (13) tributaries to the Russian River:   

• Russian River at Cloverdale River Park 
• Russian River at Johnson’s Beach 
• Russian River at Monte Rio Beach 
• Blucher Creek 
• Crane Creek 
• Dutch Bill Creek 
• Gossage Creek 
• Palmer Creek  
• Eight (8) unnamed tributaries 
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Figure 8.  Staphylococcus epidemidis Bacteria Measurement Locations 
  



File: Russian River TMDL - 22 - June 5, 2014 
 
 
 

 
 
 

 
Staphylococcus haemolyticus 
 
Staphylococcus haemolyticus bacteria are part of the natural flora on human skin with the 
largest concentrations in the armpit and groin areas.  S. haemolyticus bacterial infections 
can cause several diseases that can be either localized or systemic.  Although S. 
haemolyticus bacteria are not pathogenic to most people, those with compromised immune 
systems are at risk of developing infection.  Certain strains have a high resistance to many 
antibiotics, including penicillin, amoxicillin, and methicillin.   
 
Blood poisoning can occur when S. haemolyticus bacteria enter a person's bloodstream.  
Blood poisoning can infect many body organs including the brain, heart, lungs, bones and 
muscles.  The bacteria can also infect surgically implanted devices, such as artificial joints 
or cardiac pacemakers.  S. haemolyticus bacteria can also cause blood poisoning, wound 
infections, urinary tract infections and pink eye.   
 
Figure 9 shows the locations where water samples were collected for analysis of S. 
haemolyticus bacteria.  S. haemolyticus bacteria were found at two (2) locations on the 
mainstem Russian River: 

• Johnson’s Beach 
• Monte Rio Beach 

 
  



File: Russian River TMDL - 23 - June 5, 2014 
 
 
 

 
 
 

 
Figure 9.  Staphylococcus haemolyticaus Bacteria Measurement Locations 
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Streptococcus sp. 
 
Many Streptococcus bacteria species are nonpathogenic, and are part of the natural fauna in 
the human mouth, skin, intestine, and upper respiratory tract.  Infections occur when the 
bacteria get into sores or other breaks in the skin or when the person has an illness that 
affects the immune system.   
 
The most common infections include strep throat and impetigo (a highly contagious skin 
infection).  Streptococcus bacteria species are also responsible for causing pink eye, 
meningitis, pneumonia, inflammation of the inner layer of the heart, skin infection, lymph 
node infection, and 'flesh-eating' bacterial infections. 
 

• S. pyogenes bacteria are the cause of strep throat, impetigo, Scarlet fever, and toxic 
shock syndrome, “flesh- eating” bacterial infections, pneumonia, blood poisoning, 
acute rheumatic fever and acute kidney failure. 

 
• S. pneumoniae bacteria are a leading cause of bacterial pneumonia and occasionally 

cause inflammation of the middle ear, sinus infections, meningitis and inflammation 
of the inner abdominal wall. 

 
• S. agalactiae bacteria cause pneumonia, meningitis and occasional systemic blood 

poisoning. This species can also colonize the intestines and the female reproductive 
tract, increasing the risk for premature rupture of membranes during pregnancy, 
and transmission of the bacteria to the infant. 

 
Figure 10 shows the locations where water samples were collected for analysis of 
Streptococcus bacteria species.  Streptococcus bacteria were found in seventeen (17) 
tributaries to the Russian River: 

• Copeland Creek 
• Dutch Bill Creek 
• Piner Creek 
• Van Buren Creek 
• Thirteen (13) unnamed tributaries  
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Figure 10.  Streptococcus species Bacteria Measurement Locations  
  



File: Russian River TMDL - 26 - June 5, 2014 
 
 
 

 
 
 

 
Vibrio cholerae 
 
Vibrio cholerae bacteria cause Cholera diarrheal disease which is the second leading cause 
of death for children, with an estimated minimum of 120,000 deaths each year worldwide.  
Cholera diarrheal disease has often become epidemic in sub-Saharan Africa and South Asia, 
particularly in India and Bangladesh.  V. cholerae bacterial infections are most commonly 
acquired from drinking water in which it has been introduced from the feces of an infected 
person.  Not all strains of V. cholerae bacteria are pathogenic, since non-pathogenic strains 
have been found in surface water. 
 
V. cholerae bacteria secrete cholera toxin, a protein that causes profuse, watery diarrhea. 
Symptoms include abrupt onset of watery diarrhea, occasional vomiting and abdominal 
cramps.  Dehydration follows with symptoms such as thirst, dry mucous membranes, 
decreased skin turgor, sunken eyes, hypotension, weak radial pulse, increased heart rate, 
rapid breathing, hoarse voice, lack of urination, cramps, renal failure, seizures, drowsiness, 
coma and death. 
 
Figure 11 shows the locations where water samples were collected for analysis of V. 
cholerae bacteria.  V. cholerae bacteria were found in only one location of the Russian River 
Watershed: 

• Laguna de Santa Rosa at the Sebastopol Community Center. 
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Figure 11.  Vibrio cholerae Bacteria Measurement Locations 
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Yersinia sp. 
 
Pigs and rodents are the main animal sources of Yersinia bacteria species, but other 
Yersinia bacteria strains are also found in other animals including rabbits, sheep, cattle, 
horses, dogs, and cats.  Not all species or strains of Yersinia bacteria are pathogenic to 
humans. 
 

• Y. pestis bacteria are the causative agent of the plague.  The symptoms of plague 
depend on the concentrated areas of infection in each person: bubonic plague in the 
lymph nodes, septicemic plague in the blood vessels, pneumonic plague in the lungs. 

 
• Y. enterocolitica bacteria can cause a variety of symptoms including fever, 

abdominal pain, bloody diarrhea, skin rash, joint pains, inflammation of the small 
intestine, inflammation of the fat cells under the skin, sepsis (a potentially fatal 
whole-body inflammation), arthritis and/or blood poisoning. 

 
Yersinia bacteria may also be associated with Crohn's disease, an inflammatory 
autoimmune condition of the gut.  Yersinia bacteria can also cause reactive arthritis, an 
autoimmune condition that develops in response to the infection.  
 
Figure 12 shows the locations where water samples were collected for analysis of Yersinia 
bacteria species.  Yersinia bacteria were found at four (4) locations on the mainstem 
Russian River and in in seven (7) tributaries to the Russian River: 

• Russian River at Commisky Station Road 
• Russian River at Cloverdale River Park 
• Russian River at Highway 128 Bridge near Geyserville 
• Russian River at Steelhead Beach 
• Blucher Creek 
• Crane Creek 
• Palmer Creek 
• Van Buren Creek 
• Thirteen (13) unnamed tributaries  
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Figure 12.  Yersinia sp. Bacteria Measurement Locations 
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Review Findings 
 
Based on the review of the report on the PhyloChip™ microarray results in the Russian 
River Watershed, Regional Water Board staff can make the following four findings: 

 
1. The report compares bacteria concentrations with the number of taxa or fecal gene 

sequences from a fecal source reference sample.  No relationship was found 
between the fecal indicator bacteria concentration measurements with the number 
of bacteria taxa or fecal gene sequences from the fecal source reference sample.  
For example, when fecal indicator bacteria concentrations exceeded single sample 
maximum criteria (CDHS 2011), the fecal bacteria taxa or fecal gene sequences 
counts were lowest, and vice versa.  Cao et al. (2013) supports this finding:  

“One would not expect total bacterial DNA to correlate well with [bacteria] 
concentrations, particularly when the latter was determined by a culture-
based method.” 

However, a previous PhyloChip™ analysis did find a correlation between fecal 
indicator bacteria concentration and the number of bacteria taxa found in the 
sample (Dubinsky et al. 2012). 
 

2. The “detection” of a fecal signal at a few locations was based on the 20% fecal 
reference library threshold.  The selection of the threshold appears arbitrary and 
does not seem to be defined by an analytical approach.  The report cites Dubinsky 
et al. (2012) and Cao et al. (2013) as finding that 20% reference library taxa is a 
“suitable threshold to detect a source signal.”  Dubinsky et al. (2012) “defined” the 
20% threshold without presenting any analysis on the selection of the threshold.  
Cao et al. (2013) explains that the 20% threshold was based on field tests of marine 
waters that were contaminated with sewage or bird feces, but does not provide 
further justification for selection of the threshold.   
 
It appears that the PhyloChip™ microarray may not have adequate sensitivity to 
detect specific fecal sources in diluted ambient water.  The approach seems to only 
provide detection of fecal source material at relatively higher bacteria 
concentrations.  Cao et al. (2013) provides justification for this finding:   

“Despite their advantages, community analysis methods usually have lower 
sensitivity than single indicator PCR or qPCR assays. Because community 
analysis methods measure all indicators and target all sources 
simultaneously, signals from the less abundant (or rare) sources can be low 
and overwhelmed by signals from dominant contributing sources. This may 
partially explain the lower sensitivity with sewage, naturally a multiple-
source mixture, compared to that with pure human feces.  
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Another possible reason for the observed low sensitivity of community 
analysis methods is that they mostly focused on identifying dominant sources. 
It is reasonable that it would be easier to match an unknown sample 
(containing human feces or sewage and another animal source) to a "pure 
reference source" (i.e., human feces) than to a "mixed reference source" (i.e., 
sewage which may itself contain other animal sources).  The relative low 
sensitivity makes this class of methods inappropriate for management 
applications where high analytical sensitivity is preferred, e.g., for detecting 
low levels of human waste input.  Source identification results by the 
community-based methods are currently qualitative (dominant vs. minor), 
which may not be sufficient for comparing the extent of contamination by one 
particular source across sites.” 

 
3. The report found no significant differences in the composition or structure between 

bacterial communities associated with onsite wastewater treatment system density 
or runoff from different land uses.  The lack of observed differences does not mean 
that such a difference does not exist.  There are a number of possible explanations:    
 
First, all catchments for land use and onsite wastewater treatment system density 
may not have been fully representative of the category.  For example, all forested 
catchments had a small density of homes on onsite wastewater treatment systems 
that could confuse observing a difference with other land uses.  Also, catchments 
with a low density of onsite wastewater treatment system could contain one or two 
failing systems that would bias the results.    
 
Second, the limited budget allowed only a few samples to be collected.  The sample 
sizes were likely too small to detect significant differences between land covers or 
onsite wastewater treatment system risk categories due to the large natural variation 
of bacteria concentrations.    
 
Third, many of the storm events sampled had relatively small amounts of rainfall 
relative to the size of storm event typically observed in the wet period.  Due to the 
drought, only two storm events sampled had more than 1-inch of rain, the minimum 
required volume for designation as a wet period sampling event.  These storms may 
not be representative of typical stormwater runoff and the collected samples may be 
biased. 
 
Finally, as described above, the relatively low sensitivity of the PhyloChip™ 
microarray may not be adequate for detecting the low concentrations of fecal 
bacteria found in ambient streams.    
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Russian River Human Impact Study - PhyloChip Microbial Community Analysis  
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