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1. Project Summary 

 Innisfil Creek, located in the southeastern region of the Nottawasaga River watershed, 
has long suffered from poor water quality, including high turbidity and phosphorus levels. 
Stream water quality changes from unimpaired where discharges from the Simcoe 
upland headwaters to impaired as the creek flows down into the Simcoe lowlands and 
joins the Nottawasaga River. The impacts of poor water quality along Innisfil Creek 
extend downstream into the Nottawasaga River and persist all the way to Wasaga 
Beach. Building on previous research, we carried out a 7-month temporally and spatially 
intensive water quality monitoring project to more fully understand the hydrologic- and 
land use-related controls on water quality in this system. Using the results of 9 
longitudinal synoptic water quality surveys that spanned a range of flow levels (i.e. 
baseflow to stormflow), we found positive linear concentration-discharge relationships for 
total suspended solids (TSS), total phosphorus (TP) and soluble reactive phosphorus 
(SRP), suggesting that the export of problematic sediment and excess nutrients from this 
watershed are exacerbated during high flow conditions that connect critical sources 
areas (e.g. agricultural fields) to the stream and promote erosion of stream banks. We 
also assessed the relative contributions of inorganic and organic matter to total 
suspended solids (TSS) along the creek and its tributaries and found that the fraction of 
TSS that is particulate organic carbon is highly variable at low flows but decreases 
rapidly with increasing flow. Interestingly, this was not the case for the major agricultural 
drainage ditch draining the southern mid-section of the watershed where the organic 
fraction of TSS increased rapidly with increasing flow. In terms of land use, we chose to 
examine effects of potatoes, pasture, and wetlands on water quality through multiple 
regression and residual spatial analysis. The results of this modeling work showed that 
proportion of pastureland in the local contributing area was negatively (albeit weakly) 
related to turbidity and TP under high flow conditions. Despite low sample size, we 
observed some spatial structure (clustering) in the residuals. We expect that the results 
of this study will help inform land management practices and initiatives along the creek 
that could reduce the mobilization of sediment excess nutrients to the stream. Future 
research in this watershed will focus on understanding the physical and hydrological 
processes that are responsible for mobilizing sediment and nutrients under varying flow 
conditions. 
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2. Introduction 

 
2.1. Background Information 

 The Nottawasaga Valley Conservation Authority (NVCA) reports poor water quality and 
stream habitat along Innisfil Creek in their 2013 subwatershed report card (NVCA, 2013). 
More specifically, stream water quality (indicated by benthic grade, total phosphorus and 
E. coli concentrations) changes from unimpaired where water discharges from the 
Simcoe upland headwaters to impaired as the creek flows down into the Simcoe 
lowlands and joins the Nottawasaga River. Trout habitat is limited to the cool, unimpaired 
headwater regions of the subwatershed. The impacts of poor water quality along Innisfil 
Creek extend downstream into the Nottawasaga River and persist all the way to Wasaga 
Beach on Southeastern Georgian Bay. Land use in the Innisfil Creek subwatershed is 
dominated by intensive agriculture (e.g. sod, potato), particularly in the Simcoe lowlands. 
Limited riparian vegetation and agricultural drainage ditch activities have been identified 
by the NVCA as potential drivers of water quality impairment along the creek. Several 
large wetlands located within the subwatershed (Cookstown Hollows Swamp, Innisfil 
Creek Swamp and Bailey Creek Swamp) may also play important roles in the 
downstream evolution of water quality in Innisfil Creek. In 2006, a technical report 
commissioned by the NVCA to investigate the sources of elevated turbidity and 
phosphorus levels along Innisfil Creek determined that stream discharge levels were an 
important control on the relative contributions of inorganic (e.g. silt) and organic (e.g. 
algae) to total suspended solids (Chow-Fraser, 2006). The report concluded that a more 
spatially and temporally detailed assessment of the controls on longitudinal patterns in 
water quality was required. In particular, future water quality monitoring efforts should 
occur over a range of streamflow conditions, from low flow in the summertime when 
water-taking for field irrigation peaks to high flow conditions after the spring freshet and 
during late summer and autumn storms.  

 
2.2. Research Questions and Objectives 

Building on previous and ongoing initiatives related to elevated turbidity and phosphorus 
levels in the creek, we carried out a 7-month, temporally and spatially detailed water 
quality monitoring project with the goal of improving our understanding of the hydrologic- 
and land use/cover-related controls on water quality in this system. Several key research 
questions motivated our study: Do critical source areas for suspended sediment, total 
phosphorus and dissolved phosphorus exist in the Innisfil Creek watershed? How do 
streamflow levels impact suspended sediment, total phosphorus and dissolved 
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phosphorus concentrations and the development of critical source areas? What role do 
agricultural drainage ditches play in delivering suspended sediment and total phosphorus 
to the stream? To begin to answer these questions we addressed the following specific 
objectives: (i) measure the spatial variability in sediment, nutrients and related water 
quality parameters across the stream network over a range of flow conditions; (ii) use 
this data to examine concentration-discharge relationships for sediment and phosphorus; 
(iii) assess the relative contribution of particulate organic carbon to total suspended 
sediment under varying flow conditions; and (iv) develop regression models of changes 
in water quality in relation to land use/cover (e.g. agriculture/wetland). 

 
 

3. Methodology 
Our research approach for this project includes a combination of field-, laboratory-, and 
geospatial modeling-based methods. The field component of our approach combines 
newly collected data (both continuous and longitudinal synoptic surveys) with archived 
water quantity and quality data collected by the NVCA, thereby increasing the value of 
both datasets. Within the hydro-biogeochemical and water quality science literature, it is 
widely accepted to combine both continuous in situ water quality monitoring (e.g. using 
optical sensors) with longitudinal synoptic surveys (using a sonde and grab sampling) to 
fully capture the temporal and spatial variability in water quality in a river (e.g. Kaushal et 
al., 2014; Creed et al., 2015). Our goal was to apply geospatial modelling-based methods, 
utilizing recent developments in spatial modeling techniques that allow unexplained 
residual spatial structure to be included as a stochastic term in the model. Such models 
are estimated using realistic measures of flow-connected distance along stream networks 
(e.g., Peterson et al., 2013; Isaaks et al., 2014).  These geospatial models of within 
stream variables have been used successfully to model pollutants in river networks (e.g., 
Peterson et al., 2006; Peterson and Urquart, 2006) and temperature changes from 
headwaters to outlets (e.g., Isaaks et al., 2010). Yet such modelling approaches require 
high resolution water quality surveys throughout the stream network (e.g., longitudinal 
synoptic survey points every 500 m), and this level of intensity was not possible during 
our 7-month study. To take full advantage of our synoptic surveys in a geospatial context, 
we performed regression analysis using multiple linear regression combined with spatial 
residual analysis.  

 
3.1. Study Sites 

The Innisfil Creek watershed is located in the southernmost end of the Nottawasaga River 
Valley and is characterized by a low lying central valley surrounded by steeper uplands 
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(Figure 1). Land cover in the watershed is dominated by agriculture with several small 
urban areas located throughout the region (Figure 2). Forests are limited to several of the 
headwater tributaries of the catchment, whereas wetlands are strewn and isolated across 
the low lying areas. 
 

 
Figure 1. Digital elevation model of the Innisfil Creek watershed with stream network 
(from the Ontario Integrated Hydrology layer) overlaid. 
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Figure 2. Land cover (landsat derived) in the Innisfil Creek watershed with stream 
network overlaid (Strahler orders >2). 
 

3.2. Continuous Water Quality Monitoring 
Water quality was measured at 15-minute intervals using a YSI EXO2 water quality 
sonde installed in Innisfil Creek at the Water Survey of Canada federal stream gauge 
(Figure 3). Water quality sensors installed on the sonde included pH/ORP, 
temperature/electrical conductivity, blue-green algae/chlorophyll, fDOM, dissolved 
oxygen, and turbidity. A central wiper was programmed to clean the sensor heads before 
every four measurements to minimize interference due to bio-fouling. 
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Figure 3. Map of location of Water Survey of Canada stream gauging station and the 
synoptic longitudinal water quality survey sites overlaid on the stream network of Innisfil 
Creek. Contributing areas (local and non-overlapping) for each synoptic survey site are 
also shown. 
 

3.3. Synoptic Longitudinal Water Quality Surveys 
Eight synoptic longitudinal water quality surveys were conducted over the November 
2016-April 2017 study period (Figure 4). As shown in Figure 4, synoptic surveys were 
carried out over a range of flow conditions, including sampling during four relatively large 
storm events. For each survey, a separate roving YSI EXO2 sonde was used to collect a 
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full suite of water quality parameters at the 13 sites indicated in Figure 3. These sites 
were strategically chosen to capture changes in stream chemistry due to inputs of 
tributaries and agricultural drainage ditches to the main stem of Innisfil Creek (i.e. they 
were located upstream and downstream of major tributary and ditch confluences with the 
main stem). 

 
Figure 4. Continuous and synoptic sampling periods overlaid on the flow exceedance 
curve for the lower Innisfil Creek site (Water Survey of Canada gauging station).  
 

3.4. Water Quality Analyses 
Total suspended sediment was analysed using the standard method of subtracting the 
dry filter weights post- and pre-filtering. Water samples (500 - 1000 mL) were filtered 
depending on a visual inspection of the amount of sediment in the water. Unfiltered water 
samples and filtered water samples were analysed for total phosphorus and soluble 
reactive phosphorus, respectively, at the University of Waterloo using standard methods. 
Dissolved and particulate organic carbon were analysed on a subset of 36 samples from 
the synoptic surveys. Attention was paid to analysing samples collected across a range 
of flow conditions. 
 

3.5. Geospatial Landscape Data 
We acquired geospatial data for several potential land-based attributes that could have 
an impact on water quality in Innisfil Creek, including: 1) type of agricultural crops grown 
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on fields throughout the watershed (Figure 5ab); 2) wetland and wooded area coverage 
(Figure 5a); 3) land use/land cover (e.g., urban, Figure 2); and 4) hydrologic connectivity 
layers (Figure 1). The integrated hydrology layers and the Ontario Flow Assessment Tool 
(OFAT III) were used to delineate catchment boundaries (otherwise known as sub-
catchments or sub-watersheds) that circumscribe land areas draining to each of our 13 
synoptic survey locations (Figure 3). Land-based geospatial characteristics for each of 
these catchments were determined in a Geographic Information System (GIS) using 
ArcMap version 10.2 (i.e., Toolbox items tabulate areas and summarize by zones).  
  
Table 1: Description of geospatial layers used in this study. 

Description Geospatial 
data layer 

Source Resolution 

Wetland Wetlands 
(Unit) 2013 

Ontario Ministry of 
Natural Resources and 
Forestry (OMNRF), Land 
Information Ontario 
(LIO), 2013 

Digitized polygon 
(variable) 

Wooded  Wooded 
Areas 2013 

OMNRF, LIO, 2013 Digitized polygon 
(variable) 

Crop types Annual 
Crop 
Inventory 
2015 

Agriculture and Agri-
Foods Canada, 2015 

Classified Satellite 
Imagery (e.g., 
RADARSAT-2) 
30m resolution 

Crop types AgRI_2016
_for_Distrib 

NVCA crop survey 2016 Digitized polygon 
(variable) 

Land cover Sw_olcc_v2
, Land 
Cover 
Compilation 
2013 

OMNRF, LIO, 2013 Classified Satellite 
Imagery (e.g., 
LANDSAT) 30m 
resolution 

Hydrology Ontario 
Integrated 
Hydrology 
Data 
Package, 

OMNRF, LIO, 2013 Digitized, modelled 
digital elevation, 
stream network 
geometry (30m 
resolution) 

http://www.gisapplication.lrc.gov.on.ca/webapps/OFAT/Viewer/Viewer.html?lang=en-US
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2013 
 

 
 
 

 
Figure 5a). Map of crop types for the year 2015 in the Innisfil Creek watershed based on 
classified satellite imagery. 
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Figure 5b). Map of crop types for the year 2016 in the Innisfil Creek watershed based on 
Nottawasaga Valley Conservation Authority’s Agricultural Field Crop Survey. 
 

3.6. Spatial Water Quality Model 
The Innisfil Creek watershed contains a spatial mosaic of rural and exurban land use 
practices, with limited remaining forest cover in headwater areas, and remnant wetlands 
in low lying areas. Several agricultural areas are drained by ditches and undocumented 
tile drainage practices. In order to explore potential land-based contributors to elevated 
turbidity and phosphorus levels in the creek, we hypothesized that some of the remnant 
wetlands, which are surrounded by agriculture or drained by ditches, may act as sink 
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areas during low flow conditions and source areas during high flows.  Pastureland and 
soy are dominant crop types throughout the watershed (Figure 5ab), and some intensive 
crop types are clustered in specific regions, often close to the Creek. We surmised that 
pastureland might provide an indication of livestock impacts on water quality parameters, 
and we chose to examine effects of an intensive agricultural crop - potatoes - because 
they typically require phosphorus inputs and appropriate tillage practices.  
 
Within each local sub-catchment that drains to our 13 synoptic water quality survey 
locations, we estimated the percent cover of wetland, pastureland, and potatoes. These 
land-based descriptor variables were entered in multiple linear regression models to look 
for potential relationships. Given our sample size, we could not include more than three 
predictors. Only those variables that were weakly or significantly related to Innisfil water 
quality measures were retained, and the residuals were checked for normality and 
spatial structure.  
 

4. Results 
 

4.1. Flow Conditions During the Study Period 
Water quality measurements (synoptic surveys, automatic sampling at lower Innisfil 
Creek site, continuous water quality monitoring at lower Innisfil Creek site) for this study 
began in October 2016 which was the end of one of the driest years since 2002 (Figure 
6). Our water quality data collection has continued into April 2017 which is tracking some 
of the wettest years since 2002 (Figure 6). As Figure 7 illustrates, we have successfully 
sampled across not only the full range of flows in our short 6-7 month study period, we 
have also been fortunate to capture some high flow events that have occurred less than 
5% of the time in the last 15 years. 
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Figure 6. Flow exceedence curves for years 2002-2017 with synoptic, autosampler and 
continuous water quality collection times overlaid. 
 
In contrast to the long term Provincial Water Quality Monitoring Network, our sampling 
regime captured more of the range of flows over the sampling record. PWQMN typically 
captures baseflow conditions. Moreover, the sample timing reported in Chow-Fraser 
(2006) also occurred during baseflow conditions (Figure 7) . 
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Figure 7. Flow exceedence curves for years 2002-2017 with Provincial Water Quality 
Monitoring Network (PWQMN) sample collection times overlaid. 
 

4.2. Continuous Water Quality Monitoring 
 
We conducted continuous water quality monitoring at the lower Innisfil Creek site from 
October 20 2016 to December 14 2016 and then again from March 27 2017 to present 
(Figure 8). Unfortunately we are not currently able to safely deploy the YSI EXO2 sonde 
beneath the river ice. Our results show both diurnal and event-driven variability in all 
water quality parameters (Figure 8). Of particular interest is the impact that a large early 
April rain event had on water quality in the creek. Monitoring of this site will continue 
through summer 2017 at minimum and high-frequency concentration-discharge 
dynamics for all parameters will be examined for hysteresis. 
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Figure 8. Continuous water quality measurements recorded at the Lower Innisfil Creek 
site in the late autumn 2016 and spring 2017 study periods. Note that the December 14 
2016 to March 27 2017 data gap is due to our inability to safely deploy the EXO2 water 
quality sonde beneath ice cover on the river. 
 

4.3. Spatiotemporal Variability in Water Quality 
Spatial variability in water quality across the catchment was assessed with the results of 
8 synoptic water quality surveys spanning a range of flow conditions (Figure 4). Figures 
9-16 illustrate the differences in water quality patterns between high and low flow 
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conditions. Regression models were developed to explore potential drivers during this 
range of conditions for TP, turbidity, and SRP in relation to the three hypothesized land 
based drivers (intensive agricultural crop - potato, wetlands, and pastureland).  
 

 
 
Figure 9. Maps showing the spatial variability of turbidity values during synoptic surveys 
conducted during a low flow and a high flow (storm) event. 
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Figure 10. Maps showing the spatial variability of total phosphorus values during 
synoptic surveys conducted during a low flow and a high flow (storm) event. Note that 
the point size scales vary by an order of magnitude between the low and high flow 
surveys. 
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Figure 11. Maps showing the spatial variability of soluble reactive phosphorus (SRP) 
values during synoptic surveys conducted during a low flow and a high flow (storm) 
event. Note that the point size scales vary between the low and high flow surveys. 
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Figure 12. Maps showing the spatial variability of dissolved organic carbon (DOC) 
values during synoptic surveys conducted during a low flow and a high flow (storm) 
event. 
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Figure 13. Maps showing the spatial variability of particulate organic nitrogen (PON) 
values during synoptic surveys conducted during a low flow and a high flow (storm) 
event. Note that the point size scales vary between the low and high flow surveys. 
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Figure 14. Maps showing the spatial variability of particulate organic carbon (POC) 
values during synoptic surveys conducted during a low flow and a high flow (storm) 
event. Note that the point size scales vary between the low and high flow surveys. 
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Figure 15. Maps showing the spatial variability of fluorescent dissolved organic matter 
(fDOM) values during synoptic surveys conducted during a low flow and a high flow 
(storm) event. 
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Figure 16. Maps showing the spatial variability of blue-green algae values during 
synoptic surveys conducted during a low flow and a high flow (storm) event. 
 
 

4.4. Relative Contributions of Inorganic and Organic Matter to Total Suspended 
Sediment Across the Watershed 
The relative contributions of inorganic and organic matter to total suspended sediment 
varied with discharge in Innisfil Creek (Figure 17). The fraction of TSS made up of 
particulate organic carbon at the lower Innisfil Creek gauging site (site WSC) and 
upstream of the Beeton-Bailey Creek confluence with Innisfil Creek (site BEBA) ranged 
widely at low flow, but was consistently below 20% as discharge increased. Particulate 
organic carbon samples were also analysed for Penville Creek, Cooksville Creek and 
the upstream Innisfil Creek sites I5, I6 and I7 for the highest flow synoptic survey 
(discharge ~ 17.5 m3 s-1) and results were consistent with the WSC and BEBA sites. In 
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contrast, the highest flow synoptic survey sample for the intensive agricultural drainage 
ditch draining the southern mid-section of the catchment (DD1) was nearly 100% 
particulate organic carbon.  

 
Figure 17. Relationship between the proportion of the sediment load made up of organic 
carbon and discharge level for the lower Innisfil Creek site (WSC), the Beeton-Bailey 
sub-catchment (BEBA), and the major agricultural drainage ditch draining the southern 
mid-section of the catchment (DD1). 
 

4.5. Concentration-Discharge Relationships for Suspended Sediment, Total 
Phosphorus, and Dissolved Phosphorus at the Watershed Outlet 
 
We examined concentration-discharge relationships for several water quality variables to 
better understand the influence that flow levels have on the mobilization of material into 
the creek. We found a positive linear relationship between TSS (measured in manually 
collected samples) and turbidity (measured with the water quality sonde) at the lower 
Innisfil Creek gauging site with both variables increasing with higher discharge levels 
(Figure 18). The concentration-discharge relationship for turbidity was also positive, 
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although there was some spread in the relationship at low flows (Figure 19). Both total 
phosphorus and soluble reactive phosphorus increased linearly with discharge (Figures 
20, 21). In the case of total phosphorus, which is mobilized with particulate organic 
matter, it is unclear from our findings whether the source is eroding stream banks, 
agricultural fields or both, although Figure 10 does suggest that our drainage ditch site is 
a dominant source during high flow conditions. 

 
Figure 18. Relationship between total suspended solids and turbidity measured at the 
lower Innisfil Creek gauging site. Colours represent discharge level at the lower Innisfil 
Creek gauging station when samples were collected. 
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Figure 19. Concentration-discharge relationship for turbidity at the lower Innisfil Creek 
gauging site. 
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Figure 20. Concentration-discharge relationship for total phosphorus at the lower Innisfil 
Creek gauging site. 
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Figure 21. Concentration-discharge relationship for soluble reactive phosphorus at the 
lower Innisfil Creek gauging site. 
 

 
4.6. Landscape Drivers of Suspended Sediment, Total Phosphorus, and Dissolved 

Phosphorus Concentrations 
 
Percent pasture (pPasture) and reach contributing area (RCA_ha) were the only 
significantly correlated predictor variables (using both Pearson’s r = 0.79 or Spearman’s 
rho = 0.54, p<0.005 and p=0.0546 respectively, Figure 22).  
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Figure 22. Correlation plots of the relationship between our land-based predictor 
variables (percent cover of pasture, wetland, and potato) within local catchments of 
Innisfil Creek. The area within each local contributing area (ha) is symbolized by 
RCA_ha.  
 
In terms of water quality parameters, TP and SRP were significantly correlated during 
high flow conditions (Pearson’s r = 0.83, p = 0.005), but not as highly so during low flow 
conditions (Pearson’s r = 0.59, p = 0.0335, Figure 23). Results using Spearman’s rank 
tests on these variables, to account for deviations from normality, were consistent with 
Pearson’s tests, but only for TP and SRP during high flow conditions. The rest were 
non-significant. 
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Figure 23. Correlation plots of the relationship between our water quality parameters.  
 
 
Regression analysis indicated a slight negative relationship between TP (or turbidity) as 
our dependent variables during high flow events and percent pasture in the local 
catchment (lm for TP and pPasture during high flow conditions, p = 0.102; lm for 
turbidity and pPasture during high flow, p = 0.0543). This indicates that as pastureland 
increases both TP and turbidity decrease during high flow events, which is 
counterintuitive and contrary to our expectations. We have a couple of caveats that 
might explain these findings.  First, our sample size was low (n = 13) and % pasture 
was correlated with local contributing area. Indeed a regression model of local 
contributing area as a predictor of turbidity was weakly significant as well (p = 0.071). 
Moreover, spatial residual analysis suggested a couple of clustered outliers (i.e., 
drainage ditch, dd1, and i5, mainstem point 5). Additionally, these results are 
preliminary.   

 
5. Implications for Watershed Management and Future Research Directions 

 
The results of this study will help identify land use practices and natural processes that 
control the inputs of inorganic and organic matter to Innisfil Creek, and will evaluate how 
those inputs are assimilated as water flows from Innisfil Creek through the Nottawasaga 
River to southeastern Georgian Bay. Our modelling results and water quality data could 
also help validate Province-wide river classification efforts currently underway at the 
Ontario Ministry of Natural Resources and Forests. These benefits tie in directly to 
LSGBCUF priority 2.2a) Research and monitoring to improve environmental information 
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for decision making in South-eastern Georgian Bay. Eventually we foresee being able to 
identify problem areas along Innisfil Creek where riparian forest cover is low and 
remedial actions are needed to reduce rural and non-point source phosphorous and 
nutrient pollution (LSGBCUF priority 2.2c). Example management practices could 
include: creating floating wetlands along drainage ditches; prioritizing wetlands for 
restoration of their nutrient absorbing capacity; planting ditch-side and riparian 
vegetation that will uptake nutrients and salts; managing removal of such vegetation 
prior to the spring freshet.   

 
The results of this project are the first step in bridging the gap between edge of field 
nutrient and sediment losses and observations in tributaries, which persists as a large 
source of uncertainty in watershed-scale nutrient and sediment loading assessments. 
Future research will focus on quantifying hydrologic and material connectivity between 
specific areas of the watershed (identified in this study as potential critical source areas, 
e.g. drainage ditch 1) and the stream. 
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