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1. Introduction 

Escherichia coli (E. coli) are a type of thermo-tolerant coliform bacteria that are commonly 

found in the intestinal tracts and fecal waste of warm-blooded organisms (Ishii and Sadowsky, 

2008). They are released into the environment from a variety of sources and are generally 

used as a water quality indicator of fecal contamination pertaining to public health and 

recreational activities. E. coli in and of itself is not a health concern it is the pathogenic forms 

that present concerns. Although the use of E. coli is well established as an indicator for human 

health for drinking water and recreation, they are not widely used to indicate environmental 

impact as there is insufficient research regarding how E. coli functions in the natural 

environment. 

 

The Nottawasaga Valley Conservation Authority (NVCA) has sampled E. coli as part of the 

environmental surface water quality monitoring program since 2010. The driver to sample 

E. coli originated in 2009 with an inquiry from Tiny Township which suggested the 

Nottawasaga River was a causal factor for its beach closures due to elevated levels of fecal 

contamination. The lack of data for E. coli at that time meant that the NVCA could not 

effectively respond to the request. In response, the NVCA’s watershed monitoring program 

initiated a fecal contamination monitoring program with 19 E. coli sampling stations (18 

stations paired with the Provincial Water Quality Monitoring Network (PWQMN) sites and one 

additional station located at the Nottawasaga River Main Street, Wasaga Beach).  The E. coli 

sampling program provided the ancillary benefit of providing data to measure the 

environmental health of the watershed as defined and captured in the Conservation Ontario 

watershed report card initiative (https://www.nvca.on.ca/watershed-science/watershed-

report-cards). 

 

Beginning in 2018 the E. coli sampling program was ended due to a shift in program direction.  

In an effort to provide a modicum of knowledge on E. coli discharges to Nottawasaga Bay, 

one sample site (Nottawasaga River at Klondike Park Road, Wasaga Beach) was maintained. 

Therefore, the objective of this report is to: 

 

1. Review the usefulness of E. coli as an environmental health indicator, 

2. Analyze the annual E. coli monitoring data gathered from the NVCA water quality 

monitoring program for the period of 2011-2017, and 

3. Provide future direction of E. coli monitoring as an environmental indicator at the 

NVCA. 

The results of E. coli counts for the NVCA watercourses are to illustrate long-term trends over 

time and for information purposes only. They should not be used to replace or supersede the 

more frequent monitoring obtained at public beaches in the watershed. Public beaches are 

monitored more rigorously by local Health Units than sampling conducted in this report. 

Municipal health inspectors/park officers monitor the health of local beaches at regular 

intervals throughout the summer to ensure that they are safe for recreational use.  
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2. Background 

E. coli tend to exhibit uneven distribution throughout a watercourse which is generally 

influenced by the surrounding land-use practices, direct and indirect nearby sources, and the 

natural characteristics of a water channel. They generally originate from sources such as 

livestock manure, municipal wastewater effluents, failing on-site sewage systems, poorly 

functioning septic systems, and wildlife/pet waste (Oram, n.d.). E. coli commonly enters 

surface waters through contaminated runoff and sediment loading, which is often the result 

of rainfall events (Oram, n.d.).  

While fecal bacteria are deemed to be an important indicator for recreational use and public 

health, they are not typically used as a direct indicator of ecological or environmental health 

of stream systems. It is quite difficult, in the absence of genetic testing, to accurately 

determine the source of E. coli (Blanch, 2012). Environmentally naturalized E. coli strains can 

be indistinguishable from fecal-derived strains based on current water quality testing methods 

and may not indicate the occurrences of recent fecal contamination (Cabral, 2010). Therefore, 

the use of these bacteria as an environmental indicator and as a tracker of pollution sources 

is misguided due to the uncertainty in the distribution and source of E. coli populations in the 

environment. Since there is no established numerical guideline for E. coli as an environmental 

health standard (versus a recreational water quality standard) it is difficult to evaluate and 

determine the ecological and stream health based on fecal bacteria concentrations. Limitedly, 

E. coli monitoring can help determine broad trends throughout a watershed and whether there 

are any severe bacterial problems in the tributaries. Furthermore, monitoring E. coli in 

conjunction with monitoring nutrient concentrations can in part help with source attribution 

to organic pollution.  Currently, there is no province-wide program whereby water samples 

are collected for E. coli as an environmental indicator. However, many Conservation 

Authorities take surface water samples and incorporate E. coli into their watershed health 

report cards.  

Established E. coli standards are limited to public health and recreation. The Ontario Ministry 

of Health and Long-Term Care changed the recreational water quality standard for E. coli 

testing: the new recreational water quality standard for E. coli is based on a geometric mean 

concentration from a minimum of five grab samples per site per sample day that is of less 

than 200 colony-forming units (CFU)/100 mL (Ministry of Health and Long-Term Care, 2018). 

This is compared to the previous recreational water quality standard for E. coli of less than 

100 CFU/100 mL (Westcott, 2018). Since bacteria counts tend to be extremely variable as 

they grow exponentially under optimal conditions, a geometric mean is widely used. Using 

the geometric mean calculates an unbiased average that is not readily skewed by extreme 

outliers. The use of water contaminated with bacteria for irrigation may also become a human 

health concern, as recent recalls of fresh produce have demonstrated.  While not a regulatory 

standard, a water quality guideline was introduced for the protection of agriculture for 

irrigation uses, it was set at 100 CFU/100 mL (OMAFRA, 2017). 
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3. NVCA E. coli Monitoring Initiative 

Nineteen stations were sampled and tested for E. coli from 2010 to 2017 (Figure 1). All 

eighteen of the NVCA PWQMN stations were sampled with an additional non-PWQMN site 

located at the mouth of the Nottawasaga River in Wasaga Beach. NVCA PWQMN study design 

has subdivided stations into two sampling regimes, where nine E. coli stations are sampled 

10 times per year while an additional 10 stations are sampled six times per year (Table 1).   

Table 1: Stations sampled under each sampling regime and associated catchment land use 

Stations 

Annual 

Sampling 

Frequency 

Land Use 

(%) 

Agricultural 

Land Use 

(%) 

Development 

– Other 

Land 

Use 

(%) 

Natural 

Land 

Use 

(%) 

Urban 

Land 

Use 

(%) 

Water 

Batteaux River 6 67 4 24 4 0.4 

Bear Creek 6 33 7 46 14 1 

Beeton Creek 6 65 4 24 6 1 

Black Ash Creek  6 53 6 32 9 1 

Black Creek 6 40 6 47 7 0.1 

Boyne River  10 65 4 24 5.6 1 

Coates Creek 6 60 4 34 1.3 1 

Innisfil Creek 10 71 4 20 4 0.5 

Mad River  10 61 2 36 1 0.5 

Marl Creek 6 56 3 38 2 0.5 

McIntyre Creek 6 78 4 13 5 0.3 

Nottawasaga 

River at Baxter  
10 67 3 25 4 1 

Nottawasaga 

River at Hockley  
10 53 3 40 4 0.5 

Nottawasaga 

River at 

Klondike Park 

Road 

10 58 1 34 4 0 

Nottawasaga 

River at Mouth 
10 58 1 34 4 0 

Pine River  6 51 2 42 4 0.5 

Pretty River  10 50 2 44 4 0.4 

Silver Creek  6 32 3 57 6 1.8 

Willow Creek 10 45 5 43 6 1.3 

 

NVCA PWQMN study design also subdivides sampling between storm and baseflow events.  

Baseflow events corresponded to periods when greater than 72 hours have elapsed without 

precipitation. Stormflow events corresponded to precipitation events with greater than 10 mm 

of precipitation in the past 24 hours. Individual grab samples were taken at each site during 

each sample run. Samples were collected using sterilized bottles with a sodium thiosulphate 

preservative provided by SGS Canada Limited in Lakefield, Ontario who also conducted the 

laboratory analysis within 24 hours of the time of collection. Time series and statistical 

analysis of the E. coli data were examined from 2011 to 2017. It is noted that the 2010 data 

was not incorporated into the time series analysis, since the 2010 data was analyzed using 

different laboratory methods at the Central Ontario Analytical Laboratory (COAL) in Orillia, 

Ontario.  
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Figure 1: E. coli sampling sites throughout the NVCA watershed 
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4. Results  

The results for the baseflow vs. stormflow conditions, due to the considerable variance per 

site, are herein considered independently for each site and are analyzed as such. The data 

were statistically analyzed for geometric mean, time series analysis, and Mann Kendall trend 

test to evaluate for trends and relationships. 

4.1 Geometric Mean 

Bacterial geomean counts generated during baseflow event sampling (no rain for 

over 72 hours) are of particular importance as they illustrate a background bacterial 

concentration of a watercourse (Meals et al., 2013). During baseflow, E. coli counts in 

watercourses are not augmented by terrestrially-derived inputs, and are therefore a better 

representation of a system “natural” state.  

For this report, baseflow geometric means were calculated for each station over the entire 

sample period (Figure 2). The station that was shown to have to highest E. coli baseflow 

geometric mean from 2011 to 2017 was located at Marl Creek with 212.11 CFU/100 mL. 

Whereas the stations with the lowest E. coli baseflow geometric means were located at Pine 

River with 30.92 CFU/100 mL and along the Nottawasaga River at Hockley with 31.17 

CFU/100 mL. As a result of no coliform bacteria environmental health standard there is no 

easy means of determining if any of these levels are problematic.   

Purely for illustrative purposes, the E. coli data were compared to the recreational water 

quality standard and the agricultural irrigation guideline. From all 19 stations during baseflow 

sampling over the years of 2011 to 2017, only Marl Creek exceeded the 200 CFU/100 mL 

recreational water quality guideline.  This could be as a result of Marl Creek located within an 

agricultural catchment area with a relatively dense drainage network.  Beeton Creek, Innisfil 

Creek, Black Creek, Willow Creek, Marl Creek, McIntyre Creek and Silver Creek all surpassed 

the agricultural irrigation guideline, suggesting that their waters should not be used for the 

irrigation of food crops without procedures in place for post-harvest crop washing. 

Bacterial geomean counts generated during stormflow event sampling (greater than 10 mm 

of precipitation in the preceding 24 hours) are generally higher compared to baseflow 

conditions, and frequently exceeded the recreational limit. Precipitation events can lead to 

overland runoff which acts as a transport pathway for numerous contaminants from the 

surrounding landscape to enter a watercourse, including bacteria (Meals et al., 2013). Runoff 

derived contaminants are strongly associated with the surrounding land use. Stormflow event 

sampling provides a representation of the highest periods to risk for human recreation 

exposure. It is important to note that due to lags in flow movement, it can be quite difficult 

to collect samples from the actual stormflows in a timely manner. This is due to the timing of 

stormflows can vary from arriving a day after to several days after a storm event has occurred.  
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Figure 2: E. coli baseflow geometric mean from 2011 to 2017. Stations depicted show a 

downstream progression. The red line indicates the 2018 E. coli recreational water quality 
guideline shown for illustrative purposes.  

The station with the highest E. coli stormflow geometric mean between 2011 and 2017 was 

located at McIntyre Creek with 449.46 CFU/100 mL (Figure 3). Whereas the stations with the 

lowest E. coli stormflow geometric means were located at the mouth of the Nottawasaga River 

with 98.82 CFU/100 mL and along the Nottawasaga River at Klondike Park Road with 

98.03  CFU/100 mL.  

For illustrative purposes only. From the 19 stations where samples were collected, 11 of the 

stations exceeded the 200 CFU/100 mL recreational water quality guideline during stormflow 

events. These stations are: McIntyre Creek (449.46 CFU/100 mL), Beeton Creek (434.60 

CFU/100 mL), Innisfil Creek (421.52 CFU/100 mL), Marl Creek (409.75 CFU/100 mL), Silver 

Creek (338.53 CFU/100 mL), Black Ash Creek (309.62 CFU/100 mL), Pretty River (308.36 

CFU/100 mL), Batteaux River (278.07 CFU/100 mL), Mad River (274.84 CFU/100 mL), Boyne 

River (247.70 CFU/100 mL), and Bear Creek (220.29 CFU/100 mL). Additionally, the 

Nottawasaga River at Baxter, and Willow Creek stations had geometric means just below the 

recreational guidelines at 196.13 CFU/100 mL and 198.16 CFU/100 mL, respectively. 

Seventeen of the 19 stations, all but the Nottawasaga River at Klondike Park and at the 

mouth, exceeded the agricultural irrigation guideline, suggesting that their waters should not 

be used for the irrigation of food crops without procedures in place for post-harvest crop 

washing. 
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Figure 3: E. coli stormflow geometric mean from 2011 to 2017. Stations depicted show a 

downstream progression. The red line indicates the 2018 E. coli recreational water quality 
guideline shown for illustrative purposes. 

Box and whisker plots were created for each sampling station for the annual geometric mean 

of baseflow and stormflow conditions to analyze the distribution of the datasets (Figure 4). 

Most of the box and whisker plots for the baseflow annual geometric mean show that the 

median of the data points were under 200 CFU/100 mL except for the station located at Marl 

Creek (238.48 CFU/100 mL). There were two outliers in the datasets, one from the station at 

Beeton Creek (416.65 CFU/100 mL) and the other from the station located at Silver Creek 

(545.79 CFU/100 mL). Silver Creek was found to have the widest distribution of annual 

geometric mean of E. coli during baseflow conditions compared to the rest of the stations.  

Moreover, the box and whisker plots of the geometric mean of annual E. coli samples collected 

during stormflow (Figure 5) show that the median of each dataset for most sites were above  

200 CFU/100 mL except for the sites located at the Nottawasaga River at Hockley 

(130.17 CFU/100 mL), Nottawasaga River at Baxter (196.01 CFU/100 mL), Pine River 

(108.10 CFU/100 mL), Coates Creek (160.80 CFU/100 mL), Nottawasaga River at Klondike 

Park Road (90.78 CFU/100 mL), and the mouth of the Nottawasaga River 

(70.29 CFU/100 mL). It should be noted that the Boyne River, Mad River, and McIntyre Creek 

had a large range in their distribution within their datasets. The Boyne River, Mad River and 

McIntyre Creek had strong outliers within their datasets with the highest concentrations 

reaching 1014.40 CFU/100 mL, 1317.03 CFU/100 mL and 1351.30 CFU/100 mL, respectively. 

The wide distribution seen in most sites for the stormflow geometric mean was likely a result 

of variability in weather conditions throughout the watershed, antecedent conditions, the 

storm characteristics, and the timing of when the samples were taken relative to the storm 

event.   
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Figure 4: Box and whisker plots of E. coli annual baseflow geometric mean. Stations depicted 

show a downstream progression. The red line indicates the 2018 E. coli recreational water 
quality guideline shown for illustrative purposes. 

4.2 Time Series Analysis and Mann Kendall 

Time series analysis was completed for each individual sampling site for the baseflow and 

stormflow geometric means between the years of 2011 to 2017 (Appendix A).  The linear 

trendline and R2 value were added to each graph.  The linear correlation coefficient was 

calculated to measure the strength and direction of the linear relationship between the 

concentrations of E. coli over time. The linear correlation coefficient is always between -1 to 

+1, where a coefficient of -1 indicates a strong negative linear relationship and +1 indicates 

a strong positive linear relationship. In addition, the R2 value was computed to determine how 

well the regression model fit the dataset. As R2 values approach 1, there is stronger correlation 

and indicates that the regression model fits the dataset very well.  

The Mann Kendall’s trend test along with the Kendall’s Tau rank correlation coefficient were 

calculated for each individual station over the years of 2011 to 2017 using RStudio software 

and Kendall Package (McLeod, 2011). The Mann Kendall’s test was used to determine 

whether E. coli concentrations tend to exhibit a temporal trend and whether the trend is 

statistically significant (Table 2, Table 3). 
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Figure 5: Box and whisker plots of E. coli annual stormflow geometric mean. Stations 

depicted show a downstream progression. The red line indicates the 2018 E. coli 

recreational water quality guideline shown for illustrative purposes. 

During baseflow conditions all of the sites indicated a very weak to moderate linear 

correlation to the concentration of E. coli over time (Table 2). The sites that were shown to 

have the strongest linear correlation were located at Pine River with a negative linear 

correlation of -0.69 and at the Nottawasaga River in Baxter with a negative linear 

correlation of -0.58. The moderate to very weak linear correlations are largely as a result of 

the high variability within the dataset. This is further illustrated from the very low R2 values 

ranging from 0.0004 to 0.47 that indicate high variance of the data points around the fitted 

regression line. The Mann Kendall’s trend test was also used to determine whether the 

temporal trend in the data was statistically significant. All of the ρ-values were greater than 

0.05 suggesting that the null hypothesis cannot be rejected for any station and thus no 

statistically significant trend was detected. 

Table 2: Statistical analysis summary for annual baseflow E. coli geometric mean between 

the years of 2011 to 2017 

Station ID Linear Correlation Coefficient (R) R² 
Mann Kendall  

Trend Test (ρ) 

Nott-Hockley -0.13 0.02 0.76 

Beeton Creek 0.12 0.01 0.76 
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Station ID Linear Correlation Coefficient (R) R² 
Mann Kendall  
Trend Test (ρ) 

Innisfil Creek -0.63 0.39 0.23 

Boyne River 0.33 0.11 0.76 

Nott-Baxter -0.58 0.33 0.23 

Pine River -0.69 0.47 0.76 

Bear Creek 0.28 0.08 0.55 

Coates Creek -0.39 0.15 0.76 

Mad River 0.03 0.0012 1.00 

Black Creek -0.53 0.28 0.23 

Willow Creek -0.02 0.0004 0.76 

Marl Creek -0.16 0.03 1.00 

Nott-Klondike -0.35 0.12 0.76 

McIntyre Creek -0.55 0.30 0.37 

Nott-Mouth -0.60 0.36 0.13 

Batteaux River 0.07 0.0042 0.76 

Pretty River 0.34 0.11 0.55 

Black Ash Creek 0.24 0.06 0.76 

Silver Creek 0.24 0.06 0.76 

 

The summary of statistical analysis of annual stormflow geometric mean is presented in Table 

3, where all sites exhibit a negative linear correlation between the years of 2011 and 2017. 

The sites that showed the strongest negative linear correlations were Innisfil Creek (- 0.74), 

Coates Creek (-0.76), Mad River (-0.75), McIntyre Creek (-0.79) and the mouth of the 

Nottawasaga River (-0.87). The site with the largest R2 value (suggesting low scatter of data 

points around the fitted regression line) was located at the mouth of the Nottawasaga River 

with 0.75. The Mann Kendall trend test was used to determine whether the temporal trends 

in the data were statistically significant. There are two sites where a statistically significant 

trend was occurring; McIntyre Creek (ρ=0.04) and at the mouth of the Nottawasaga River 

(ρ=0.02). 

Table 3: Statistical analysis summary for annual stormflow E. coli geometric mean between the years 
of 2011 to 2017 

Station ID Linear Correlation Coefficient (R) R² 
Mann Kendall  

Trend Test 

Nott-Hockley -0.21 0.04 0.76 

Beeton Creek -0.58 0.34 0.13 

Innisfil Creek -0.74 0.55 0.23 

Boyne River -0.61 0.38 0.37 

Nott-Baxter -0.22 0.05 0.76 

Pine River -0.42 0.17 0.23 

Bear Creek -0.58 0.34 0.23 
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Station ID Linear Correlation Coefficient (R) R² 
Mann Kendall  

Trend Test 

Coates Creek -0.76 0.58 0.07 

Mad River -0.75 0.56 0.07 

Black Creek -0.32 0.10 0.37 

Willow Creek -0.30 0.09 0.55 

Marl Creek -0.70 0.49 0.13 

Nott-Klondike -0.65 0.42 0.13 

McIntyre Creek -0.79 0.62 0.04 

Nott-Mouth -0.87 0.75 0.02 

Batteaux River -0.60 0.37 0.23 

Pretty River -0.10 0.01 0.23 

Black Ash Creek -0.58 0.34 0.13 

Silver Creek -0.14 0.02 1.00 

5. Discussion 

It is inappropriate to summarize the E. coli in the Nottawasaga River watershed using 

generalized water quality statements like good or poor, due to the lack of an environmental 

standard against which to compare.  If one compares the analysis results against the 

recreational standard in Ontario of 200 CFU/100 mL, while this is improper, for illustrative 

purposes it does ease comprehension of this difficult topic.  Six stations (Beeton, Black, Marl, 

McIntyre, Silver and Willow Creeks) have at one time during the eight years of sampling 

exceeded the standard at least once.  Marl Creek was the only station with a geomean E. coli 

concentration in exceedance during baseflow conditions.  These results suggest that waters 

of the Nottawasaga River watershed are not ideally suited for swimming, with users needing 

to remain vigilant depending on which watercourse and during which conditions they plan on 

recreating.  Key periods prove especially problematic, including the first several days following 

runoff generating precipitation or melt events and during especially hot, sunny periods. 

Comparing the analysis results against the agricultural irrigation guideline in Ontario of 100 

CFU/100 mL, twelve stations (Beeton, Black, Black Ash, Coates, Innisfil, Marl, McIntyre, Silver 

and Willow Creeks and Batteaux, Nottawasaga (mouth) and Pretty Rivers) have at one time 

during the eight years of sampling surpassed the agricultural irrigation guideline at least once.  

These results suggest that most of the waters of the Nottawasaga River watershed are not 

ideally suited for food crop irrigation without prior targeted water quality testing or without 

procedures in place for post-harvest crop washing. 

The E. coli data show that within the Nottawasaga River watershed, using raw water for crop 

irrigation, some recreational activities, or swimming during and for several days after a storm 

event is not recommended since bacteria levels commonly exceed safe levels. 

Two stations, McIntyre Creek and Nottawasaga River (mouth) have demonstrated significant 

decreasing trends in E. coli concentrations over the last eight years.  Without undertaking a 

source tracking endeavor to determine the origin of the bacteria pollution, it is impossible to 
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determine what the cause(s) of the decline might be.  Microbial source tracking programs 

often confirm “assumed” bacterial sources (e.g. faulty septic systems in rural residential areas 

or wildlife in forested areas); they have also returned unanticipated results (e.g. wildlife in 

highly agricultural watersheds).  Results from these programs suggest that the most likely 

culprit is obvious based on dominant land uses, but not always.   

Due to the wide variation within the baseflow and stormflow geometric means and the 

relatively short data record period when computing statistical analysis for each station, there 

is no conclusive evidence to indicate that trends in the data are statistically significant at other 

stations. The factors influencing this could stem from a variety of sources such as weather 

variability, land use, stream and channel characteristics, amount of data collected, as well as 

how sampling was conducted. The sampling methods for E. coli monitoring in the NVCA 

watershed take only one grab sample per site. However, since bacteria tend to exhibit an 

uneven distribution throughout a watercourse a single grab sample does not depict a high 

accuracy of the average coliform bacteria count across variable temporal or spatial conditions 

(Ministry of Health and Long-Term Care, 2018). In order to acquire a greater precision in the 

evaluation of E. coli in a watercourse, typically multiple samples (recreational guidelines are 

a minimum of five samples) should be taken in such a way that a random, unrepresentative 

sample does not strongly skew the average (Ministry of Health and Long-Term Care, 2018). 

Due to the high variability of E. coli counts in a water body, it is extremely difficult to generate 

statistical significance and trending over time without a more robust sampling design. 

6. Recommendations 

The use of E. coli as an environmental indicator for ecological and stream health is quite 

limited in its applicability and obtaining valuable results. This is in part due to the lack of 

understanding of how E. coli functions and its minimal impacts on the well-being of the 

natural environment. Other methods such as physical and chemical parameters provide a 

more reliable and accurate depiction of overall aquatic health. Thus, using E. coli as an 

environmental indicator for ecological health should be considered a weak parameter to 

allocate resources for field time and analysis.  

 

The objective of watershed monitoring is to allow for a water resource perspective of the 

associated land use impacts. Given the significant variability of E. coli as an environmental 

indicator due to land use practices, direct and indirect nearby sources, and natural 

characteristics of the water channel, it is recommended that the 2011 to 2017 E. coli 

sampling program be curtailed to the present one sampling site. Further, maintaining one 

downstream site (Klondike Park Road) provides the opportunity to characterize the impacts 

of the Nottawasaga River on the Nottawasaga Bay with respect to E. coli. It also provides a 

proximal E. coli station that can be cross referenced with Wasaga Beach Provincial Park. It is 

suggested that E. coli monitoring should be in partnership with local provincial park and 

public health authorities to identify how E.coli monitoring can be used to help pinpoint 

severe bacterial problems in the tributaries of the watershed, ultimately protecting public 

safety for recreational water use. 

Furthermore, sampling E. coli as a monitoring parameter in partnership with public health 

authorities and agricultural land owners can be useful. Both in terms of encouraging 
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practices like fencing livestock from rivers, manure management, septic care – but also in 

general knowledge about raw water quality in the tributaries. Knowing that most of the 

tributaries exceed the recreational water quality guideline at high flows illustrated in this 

report, make compelling arguments to funders to encourage additional stewardship 

projects.
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Appendix A: E. coli Time Series Graphs from 2011 to 2017  
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Appendix B: E. coli Geometric Mean from 2011 to 2017 

Station ID Baseflow Stormflow 

Nott-Hockley 31.17 130.76 

Beeton Creek 115.58 434.60 

Innisfil Creek 122.74 421.52 

Boyne River 55.10 247.70 

Nott-Baxter 38.80 196.13 

Pine River 30.92 161.30 

Bear Creek 55.05 220.39 

Coates Creek 79.97 174.98 

Mad River 54.22 274.84 

Black Creek 101.82 151.34 

Willow Creek 137.43 198.16 

Marl Creek 212.11 409.75 

Nott-Klondike 45.51 98.03 

McIntyre Creek 136.43 449.46 

Nott-Mouth 46.28 98.82 

Batteaux River 49.13 278.07 

Pretty River 68.90 308.36 

Black Ash Creek 71.15 309.62 

Silver Creek 149.63 338.53 
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