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EXECUTIVE SUMMARY
To address public concerns about impaired water quality (particularly the presence of algal blooms) and
meet commitments to protect ecosystem health under the Great Lakes Water Quality Agreement,
Environment and Climate Change Canada initiated the Lake Simcoe South‐Eastern Georgian Bay Cleanup
Fund (LSGBCUF) in 2012. The goals of the LSGBCUF were to improve monitoring and research of
phosphorus sources, fate and impacts and promote ecosystem restoration and remediation in the
watersheds of Lake Simcoe and the Nottawasaga Valley as well as the geographic area encompassing
the shores of south‐eastern Georgian Bay (i.e., from the French River in the north, highway 400/69 to
the east and south to Port Severn, including the Severn River and Lake Couchiching). Over the program’s
five year span (2012‐2017), the LSGBCUF supported 106 projects led by provincial and federal
governments, First Nations, universities, conservation authorities and citizen science groups at a total
expenditure of $24 million.
The objective of this report was to synthesize the science outcomes of the 35 research and monitoring
projects funded under the 2012‐2017 LSBGCUF and conducted within the geographic boundary of
south‐eastern Georgian Bay. The aim of these projects was to improve understanding of nutrient
dynamics (especially phosphorus dynamics) and associated ecosystem functions of Georgian Bay waters,
with a particular focus on the Nottawasaga River watershed and its receiving water, Nottawasaga Bay,
and the embayments on eastern Georgian Bay. New science findings are summarized and information
that can inform decision and policy making is identified, with projects grouped thematically, and in some
cases, regionally (Nottawasaga Bay and coastal embayments).
The goal of research projects undertaken in the Nottawasaga River watershed and the nearshore area of
southern Georgian Bay was to identify potential sources and transport pathways of phosphorus to
Nottawasaga Bay, and evaluate the fate of phosphorus once delivered to the Bay. Studies on the
Nottawasaga River watershed showed that water quality is generally considered impaired along the
entire length of the river. While the percentage of pasture land in the watershed upstream of a
sampling station was a strong predictor of a station’s total phosphorus load, urban growth is also
affecting phosphorus export with the construction phase of urban development representing a period of
increased risk. At present, groundwater is likely only a small source of phosphorus to the Nottawasaga
River and Nottawasaga Bay; however, decommissioned septic systems represent a legacy source of
phosphorus that may persist for decades and ultimately be released into beach sand and nearshore
waters at Wasaga Beach. Application of the ‘Estuary Lake Coastal Ocean Model’ (ELCOM) showed the
Nottawasaga River forms a very distinct plume in Nottawasaga Bay and advects mostly northward along
the eastern side of Georgian Bay.
The goal of research projects undertaken in embayments along eastern Georgian Bay was to measure
phosphorus inputs from both internal (i.e., from bottom sediments) and external (i.e., land based)
sources, determine the impacts of phosphorus on aquatic biota, particularly algae, and quantify the
exchange of phosphorus between embayments and the open water of Georgian Bay. Paleolimnological
studies on several embayments showed no appreciable change in total phosphorus concentrations over
the long term (Tadenac and Sturgeon bays for >100 years) whereas North Bay and South Bay
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experienced modest increases in nutrient concentrations associated with initial shoreline developments
at the turn of the twentieth century. In addition, most embayments have shown, at most, modest
change in algal composition attributable to nutrient enrichment over the past approximately 100 years.
Instead, the largest changes in sedimentary algal composition and production occurred during the past
40‐50 years and are associated with regional climate warming. Although climate warming has had a
pervasive influence on algal productivity, empirical correlations and mechanistic studies also showed
that algal abundance in a given embayment is the result of interactions among basin morphometry
(which influences the extent of water exchange with Georgian Bay as well as the duration of
hypolimnetic hypoxia and, in turn, sediment phosphorus and ferrous iron release), water temperature
and the types of phytoplankton present.
In addition to projects that focused on specific geographic locales (i.e., Nottawasaga River and Bay, and
Georgian Bay embayments), several research projects focused on broad‐ranging issues such as
fluctuating water levels in Georgian Bay and their effects on wetland health and fish populations. At the
onset of the LSGBCUF, water levels had reached record lows; however, in 2014, water levels in Lake
Huron‐Michigan increased and have continued to steadily rise, approaching the long term average
throughout the duration of the LSGBCUF program. Consistent with previous research, modelling
conducted under the LSGBCUF showed that Lake Huron water levels fluctuate in annual as well as 8‐12
year cycles. On a smaller temporal (days – weeks) and spatial scale, preliminary research findings
indicate that the velocity and direction of currents flowing between Georgian Bay and embayments are
primarily correlated with wind. Low water levels can impact the health of coastal wetlands; however, a
comparison of the health of 34 wetlands sampled in 2003‐06 (record low levels) and 2015‐16 (record
high levels) showed no change in score between the two time periods for the two most reliable
indicators (water quality and aquatic macrophytes), with the wetlands categorized as being in “very
good” condition. A third index, fish abundance and species presence, was tested but did not perform
well as an indicator of wetland health when comparing sites between years with extreme water level
fluctuations. However, fish communities (composition as well as specific indicator species and growth
metrics) are being examined for their potential as indicators of environmental quality in the nearshore
and embayments of eastern Georgian Bay.
A final set of projects were undertaken to enhance nearshore water quality monitoring and improve
nearshore mapping/imagery within the geographic boundary of south‐eastern Georgian Bay. To
standardize monitoring efforts among the many groups assessing water quality, a nearshore monitoring
protocol was developed and tested. The protocol guides users on selection of parameters to monitor
across a wide variety of scenarios or stressors, and covers an array of biotic, physical and chemical
parameters along with information on how to collect samples using standard methods. In addition, the
LSGBCUF also supported the development of a nutrient monitoring website that provides geo‐
referenced total phosphorus data from a variety of sources including the federal and provincial
governments and the volunteer‐based lake partner program. To enhance the coverage of water quality
data, the LSGBCUF funded water quality monitoring in Byng Inlet, Sandy Bay and Lake Couchiching as
well as supported water chemistry sampling as part of several research projects. Under the LSGBCUF,
projects were funded to produce maps with higher accuracy and at resolution scales better suited to
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research and modelling. These included: (1) oblique aerial imagery of the shoreline in the southern
reaches of Georgian Bay and Lake Simcoe to improve shoreline habitat characterization; (2) digital
terrain mapping of the in the shoreline in the highly populated areas of Wasaga Beach and Collingwood
to support improved beach and flood hazard management; (3) maps of depth, substrate texture and
aquatic plant distribution in the nearshore (up to 100 m from shore) of Severn Sound and parts of
Nottawasaga Bay to model fish habitat; and (4) 3D bathymetic and benthic substrate maps for Honey
Harbour, Tadenac Bay, Sturgeon Bay and 12 Mile Bay to improve hydrologic and nutrient transport
models.
The research and monitoring conducted under the LSGBCUF advanced understanding of the sources,
transport and fate of phosphorus in the Nottawasaga River watershed, Nottawasaga Bay and Georgian
Bay embayments. It contributed to improved understanding of the factors influencing water levels in
Georgian Bay and its embayments, and provided new information on water quality in less studied
waters in south‐eastern Georgian Bay geographic region. The research and monitoring has resulted in
new management tools and information/data to support these tools, for example:








New data on surface water and groundwater quality to inform future land‐use planning and/or
implementation of beneficial management practices in areas with high nutrient loads, and
improve future parameterization of models of phosphorus sources, transport and fate.
New or improved models to examine management scenarios:
 A new modelling tool to examine the impacts of urban development on phosphorus
loads and recommended beneficial management practices to reduce these loads.
 A newly‐developed “Anthro‐Geomorphic Model” to evaluate how human development
along the shoreline of a particular embayment may alter its susceptibility to becoming
eutrophic.
 Hydrodynamic models to support the development of nutrient objectives and a
monitoring framework, and to evaluate effects changes in human activities on water
quality including under scenarios of climate change.
 An integrated socio‐environmental model that merges social, economic and
environmental data to distinguish between “undisturbed” versus “anthropogenically‐
influenced” watersheds.
A nutrient monitoring website that provides geo‐referenced total phosphorus data from a
variety of sources including the federal and provincial governments and the volunteer‐based
lake partner program
Improved mapping with higher accuracy and at resolution scales better suited to research and
modelling, including mapping of shoreline features, bottom substrate and coastal habitat.

The LSGBCUF studies have also produced findings that may influence management decisions, for
example:


In the case of North and South Bays, the Baxter River has substantial impact on water quality in
South Bay. Reducing phosphorus in the Baxter River would reduce phosphorus, and improve
water quality, in South Bay.
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Caution is advised if active management (e.g., aeration, mixing) are considered as a means of
restoring water quality of embayments as unintended outcomes could occur, such as surface
algal blooms resulting from the perturbation of deep algal communities
The common beneficial management practice of decommissioning on‐site domestic septic
systems and replacement with sewer hookup may require decades before legacy phosphorus
loading are reduced.
Urban storm water management/beneficial management practices are a priority for reducing
phosphorus loss associated with development in the Nottawasaga watershed.

In conclusion, the waters of south‐eastern Georgian Bay are, for the most part, in good condition with
only a few localized problems. These intrinsically oligotrophic waters should be managed to protect or
restore these conditions. It is critical that that gains achieved by improved land and wastewater
management and other control measures not be reversed by relaxation of efforts or failure to keep pace
with population growth. The best and most advanced science should continue to be integrated into
practical solutions to maintain or improve water quality of Georgian Bay.
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1.0 INTRODUCTION
Georgian Bay is well known for its natural beauty and rugged coastline and is a popular destination for
outdoor recreation. Spanning an estimated 15,000 km2 in north‐eastern Lake Huron, it contains the
world’s largest freshwater island archipelago along its eastern shoreline. This archipelago, also known
as the Thirty Thousand Islands, was designated a UNESCO biosphere reserve in 2004. The region is
home to a number of small towns and is a popular cottage area with a thriving tourism industry. In
recent years the residents of the region have expressed concern over water quality, including the
presence of algal blooms and invasive species, impairment of fisheries and low water levels. As part of
the 2012 amendment to the Great Lakes Water Quality Agreement (GLWQA) both the Canadian and
United States Governments identified objectives which included a commitment to maintain and restore
ecosystem health and allow for recreational use unhindered by environmental quality concerns.
In an effort to address these pressing concerns and meet the commitments of the GLWQA, Environment
Canada initiated the Lake Simcoe South‐Eastern Georgian Bay Cleanup Fund (LSGBCUF) in 2012.
Following on the heels of the successful Lake Simcoe Clean Up Fund (2007‐2012), Environment Canada
renewed the project and expanded the scope to include eastern Georgian Bay and the Nottawasaga
River watershed. The new Lake Simcoe South‐Eastern Georgian Bay Cleanup Fund was funded for $24
million over five years (2012‐2017). The geographic boundaries for the fund include the watersheds of
Lake Simcoe and the Nottawasaga Valley, along with the shores of south‐eastern Georgian Bay bound by
the French River in the north, highway 400/69 to the east and south to Port Severn, including the Severn
River and Lake Couchiching (Figure 1).
A report on the state of knowledge with respect to science and monitoring in South Eastern Georgian
Bay was prepared for Environment Canada by Charlton and Mayne in 2013. This report also provided a
summary of water quality conditions in south‐eastern Georgian Bay and the Nottawasaga Bay
watershed at the start of the Clean –Up Fund. Specific geographic priority areas for science and
monitoring and a broader summary of information needs were identified. The research
recommendations listed in the report are too numerous to itemize, but can be found in Charlton and
Mayne (2013). In an effort to address these knowledge gaps the LSGBCUF identified the following
research and monitoring goals:





Conduct monitoring to measure phosphorus in south‐eastern Georgian Bay;
Conduct research and monitoring to assess conditions contributing to increased phosphorus
inputs into south‐eastern Georgian Bay and nuisance and toxic algae growth to fill information
gaps and aid in restoration and protection efforts; and,
Conduct and support other research and monitoring necessary to guide the development and
implementation of measures to reduce phosphorus/nutrient inputs and address low oxygen
conditions and toxic/nuisance algae growth.
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Figure 1. Geographic scope of Lake Simcoe Georgian Bay Clean Up Fund. The south‐eastern Georgian Bay projects examined in
this report span the green and yellow areas (Charlton and Mayne 2013).

Over the program’s five years, the LSGBCUF supported 106 projects conducted by groups outside the
federal government and 8 research projects within Environment and Climate Change Canada. These
projects span the entire geographic range of the fund and include efforts of restoration and remediation
along with research and monitoring. Since the previous Lake Simcoe Clean Up Fund (that ended in
2012) supported research and monitoring in that watershed, many of the projects in the Lake Simcoe
watershed funded through the current LSGBCUF program focused on remediation and restoration.
Thus, while the activities supported by the LSGBCUF are broad, both topically and geographically, this
report focuses on the 35 projects funded by LSGBCUF that undertook research and monitoring in
Georgian Bay.
The LSGBCUF fund is administered by the Ontario Regional Director General’s Office (RDGO) at
Environment and Climate Change Canada. Information on the research and monitoring projects was
accessed through a combination of contact with the RDGO office and communication with researchers.
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At the time of writing of this report, most (25 of 35) of the identified projects were still ongoing. A
number of sources of information were compiled including proposals, presentations, annual/final
reports to the RDGO, technical reports, conference presentations, graduate student theses, personal
communication, and published or in press research articles. Appendix One provides a summary of the
science for each project, or a copy of the proposal with an update (when possible) provided by the
researcher, along with a listing of project reports, publications, presentations or other material that
have resulted from their research.
This report synthesizes the research of the 35 projects that were funded under the 2012‐2017 Lake
Simcoe South‐Eastern Georgian Bay Cleanup Fund and within the previously‐defined boundary of
Georgian Bay. The over‐arching goal of the Georgian Bay science program was to improve understanding
of nutrient dynamics (especially phosphorus dynamics) and associated ecosystem functions of Georgian
Bay waters. Here, we provide an overview the new science conducted in the embayments on eastern
Georgian Bay as well as in the coastal zone of southern Georgian Bay fed by the Nottawasaga River. In
addition, we summarize new science information that can inform decision and policy making and where
possible, identify remaining knowledge gaps where research actions should continue to be focused.
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2.0 BACKGROUND
Georgian Bay can be divided into 3 distinct regions based on water quality issues: (1) the open water of
the Bay, (2) the numerous embayments along the eastern shore, and (3) Nottawasaga Bay, the large
sub‐bay located at the southernmost end of Georgian Bay. The open waters of Georgian Bay are
sampled regularly through Environment and Climate Change Canada’s Great Lakes Surveillance Program.
Data are available from the 1970s through present and total phosphorus concentrations are indicative
of oligotrophic (nutrient poor) waters. In fact, concentrations in these open waters have been trending
even lower in recent years which have raised concern about the role this may have had in the decline of
plankton primary productivity and the rapid regime shift in the food web noted in Lake Huron waters
since the early 2000s (Barbiero et al. 2009, Charlton and Mayne 2013, Ridgeway, 2010).
The oligotrophic offshore waters of Georgian Bay do not contribute to the water quality concerns
observed in the nearshore waters of the Bay (Charlton and Mayne 2013). Many nearshore areas exhibit
localized high nutrient concentrations and the associated issues that relate to this type of water quality
(cyanobacterial blooms, algal scums, etc.). Other concerns are broad and bay wide, influencing the
entirety of the nearshore zone (fluctuating water levels, climate change, etc). The nearshore water
quality of Georgian Bay is well described by Charlton and Mayne (2013) as they identify water quality
monitoring conducted by the various bodies throughout the watershed and describe the local regions
and issues of concern. While we will not exhaustively repeat what has been laid out in their report, we
offer here a recap of the major concerns, regionally specific problems and knowledge gaps that
informed the direction of research conducted under this cleanup fund.
The French River delta represents the northernmost boundary of the LSGBCUF. This river drains
mesotrophic Lake Nipissing (OME, 2012) into Georgian Bay and has been sampled intermittently by
volunteers with the Ontario Lake Partner Program. High phosphorus levels have been recorded near
Wolseley Bay (east of Highway 69) in the French River, though the source of this phosphorus has not
been confirmed, and at least one cyanobacteria bloom has been reported in that area in 2007 ("Blue‐
green algae detected in Wolseley Bay on French River," 2009). Although Wolseley Bay lies outside of the
scope of the LSGBCUF, it no doubt has an influence on the chemistry of the French River as high
phosphorus concentrations have occasionally been measured in the river west of highway 69 ("Lake
Partner Program," 2013, MOE and Charlton and Mayne, 2013).
The waters of the nearshore and embayments of eastern Georgian Bay have been sampled and
monitored since the late 1990s by a number of authorities, including local townships, municipalities,
ratepayers associations and other interest groups each with its own local interest or concern for
recreational users. In addition, the Ontario Ministry of the Environment (MOE) conducted a widespread
nearshore water survey of Eastern Georgian Bay between 2003 and 2005, visiting a total of 135 stations
during multiple seasons (Diep et. al., 2007). Survey sites ranged from oligotrophic to meso‐eutropic with
annual average total phosphorus concentrations between 2.0 and 22.0 µg/L (Diep et. al., 2007; Figure 2).
Most stations exhibited oligotrophic conditions (<10 µg/L); however, embayments with limited mixing or
exchange with Georgian Bay had higher concentrations of both nutrients and chlorophyll. Conductivity,
pH and alkalinity gradients were also observed along the length of embayments as the soft water
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draining watersheds on the Canadian Shield flowed in and mixed to varying degrees with the hard water
of Lake Huron (Diep et. al., 2007). These observations of water chemistry gradients suggest that
embayments are influenced by local watershed contributions and develop their own conditions based
on watershed characteristics, embayment morphometry, shoreline development and exchange with the
main waters of Georgian Bay. Bays that exhibited water quality concerns tended to be isolated from
mixing with Georgian Bay and exhibited thermal stratification, oxygen depletion and hypolimnetic
phosphorus enrichment (Charlton and Mayne 2013). No long term data were, however, available to
indicate if water quality problems were a recent issue and associated with shoreline development and
human activities or a long standing characteristic of the area. It was suggested that paleolimnological
studies would help to elucidate the causes of these water quality impairments (Charlton and Mayne
2013).

Figure 2. Total phosphorus concentration for sampled locations from the Georgian Bay Water Quality Study (2003‐2005) by the
MOE and locations sampled by Environment Canada during May 2004 and Index stations sampled by Ontario Ministry of
Environment during 2003 (Diep et al., 2007).

Several embayments were identified to be of interest for further research including Sturgeon Bay, Go‐
Home Bay, Little Go‐Home Bay, Twelve Mile Bay, Cognashene Lake, Honey Harbour, North Bay, South
Bay, Church Bay, the Severn River and Port Severn. Total phosphorus concentrations in these
11

embayments were often highly variable and not always consistent with concentrations measured in the
likely sources. Other concerns for some or all of these bays included the causes of extended periods of
hypolimnetic hypoxia (and associated release of sedimentary phosphorus) and effects of human
development in the area. Of the embayments along eastern Georgian Bay, Sturgeon Bay has some of
the worst water quality problems with frequent cyanobacterial blooms and phosphorus concentrations
that were commonly above 25 μg/L (Charlton and Mayne 2013, Schiefer and Schiefer 2010). The
Provincial Water Quality Objective (PWQO) for lakes is 20 µg/L total phosphorus in order to reduce the
presence of nuisance algal blooms. The north basin of Sturgeon Bay routinely exhibits phosphorus
concentrations above the threshold as well as algal blooms. Algal blooms have also been observed at
the Pointe au Baril Station Channel which has the lowest phosphorus concentrations in Sturgeon Bay
(<15 µg/L) so total phosphorus concentrations are not the sole driver of algal bloom formation. The
sources to and cycling of phosphorus in this enclosed embayment was poorly understood. Tributaries
feeding Sturgeon Bay have total phosphorus concentrations at or above values found in the bay itself;
however, tributary total phosphorus data was sampled infrequently and the data show vast variations
(summarized in Charlton and Mayne 2013). Internal loading may also be a contributing factor to
excessive phosphorus in surface waters and cyanobacterial blooms; however, the fate of phosphorus
(and iron) released from anoxic bottom sediments is unclear. Empirical studies and modelling the
processes involved will give a clearer understanding as to whether regenerated sedimentary phosphorus
is incorporated as a load into the surface water, redeposited back to the sediments, or exported directly
to Georgian Bay. Sturgeon Bay is currently in a meso‐eutrophic state and many avenues for future
research were identified: elucidating the sources and fate of phosphorus, bathymetric mapping to
characterize sediment type and distribution, and quantifying the roles of hypolimnetic oxygen depletion,
internal phosphorus loading and the role of iron in cyanobacteria blooms. Many of these factors
contribute to some degree to water quality problems in other sheltered embayments.
At the southeastern corner of Georgian Bay is Severn Sound, a group of sheltered to exposed bays
covering an area of approximately 130 km². Severn Sound was delisted as a Great Lakes Area of Concern
in 2003 in large part due to improved sewage treatment in the area. The Severn Sound Environmental
Association (SSEA) has a long standing sampling program since the late 1990s which continues today.
Sites monitored are located both in the open waters of the Severn Sound as well as in North Bay, South
Bay, Honey Harbour and Lake Couchiching. A report on the water quality trends in the Honey Harbour
area between 2010‐2012 show high concentrations of hypolimnetic phosphorus are released during
hypoxic events in North Bay (Chiandet and Sherman, 2014). Again, the fate of this hypolimnetic
phosphorus is not fully understood; however, during at least one year, there is evidence that as fall
turnover began and oxygenated waters penetrated deeper into the water column, high concentrations
of hypolimnetic phosphorus were entrained into the euphotic zone, resulting in an increase of at least
10 µg/L in euphotic zone total phosphorus (Chiandet and Sherman, 2014). It was noted, however, that
there had been no significant changes in hypolimnetic dissolved oxygen concentrations in North Bay
throughout the SSEA’s period of record; hence this trend is not necessarily new (Chiandet and Sherman,
2014). With the long term dataset and continued water quality monitoring, areas in the Severn Sound
are well suited for research on process‐based science.

12

Nottawasaga Bay is at the southernmost extent of Georgian Bay and is the location of many high use
sand and cobble beaches. This area includes 35 km of shoreline encompassing Wasaga Beach and the
Collingwood waterfront, both areas of intense tourism. There is a paucity of water quality data for the
nearshore waters of this bay ranging from water chemistry to biotic components including plankton, fish
and their habitat. Of particular concern to the general public is microbiological contamination of
beaches, often measured by the presence of E. coli. The provincial standard for E. coli is 100cfu/100ml.
Many beaches around Nottawasaga Bay are monitored through a partnership program among the
Simcoe Muskoka District Health Unit (SMDHU), Ontario Ministry of the Environment, municipalities
within the Severn Sound watershed, Parks Canada (Georgian Bay Islands National Park) and the SSEA
(SSEA, n.d.). Although there is no indication of widespread pollution, some beaches frequently exceed
the E. coli limit and are posted against public swimming. Often these exceedances coincide with rain
events, rough weather and high turbidity (Sherman, 2008).
The Nottawasaga River drains the Nottawasaga Valley watershed (which covers an approximate 3700
km2), flowing into Nottawasaga Bay at Wasaga Beach. Concerns in this region of Georgian Bay have
been focused on beach protection from the river and the numerous small creeks that discharge directly
into the bay. The plume formed where the Nottawasaga River enters Georgian Bay is highly visible,
especially during high rain events, and has become a concern to the general public. This plume can be
composed both of algae and suspended sediment. Suggestions were put forth in Charlton and Mayne
(2013) for the need to study the fractions of the plume to learn how to best manage it. This would
include investigations into the quantity of phosphorus delivered to the bay via suspended sediment. In
2006, an assimilative capacity study was undertaken using the Canadian ArcView Nutrient and Water
Evaluation Tool (CANWET) modeling system (Greenland, 2006) for both Lake Simcoe and the
Nottawasaga River. A Hydrodynamic Mixing Zone Model was created to better understand the mixing
of the river with the bay with specific emphasis on phosphorus loading. This model allowed for
assessment of the impact of various land development scenarios on Nottawasaga Bay through another
study conducted in the same year (SNC, 2006). Refinements to these models have been a suggested as
a course of research and monitoring and include a need for investigating the link between phosphorus,
suspended sediments solids and turbidity.
The health of the Nottawasaga River watershed is conveyed to the public through report cards
generated by the Nottawasaga Valley Conservation Authority and updated every five years. In these
report cards, both the Innisfil Creek subwatershed and lower reaches of the river have been reported to
suffer from impairment. The lower reaches of the river are impaired by high turbidity and high
suspended solids loads, and have a total phosphorus value of 39 µg/L (NVCA, 2013), above the Provincial
Water Quality Objective (PWQO) for rivers of 30 µg/L total phosphorus. The problems in the lower
reaches of the river are numerous and range from rural and urban non‐point source pollution, to
channelized banks and erosion, among others concerns (Charlton and Mayne, 2013).
Of concern throughout southern Georgian Bay is shoreline alteration. Development of nearshore
properties often leads to shoreline hardening through the installation of docks, bridges, marinas, homes
and other manmade structures. These features can impact water quality by influencing water flow,
circulation patterns, nutrient cycling, and sediment transport and deposition. In addition to disrupting
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physicochemical processes, hardening shorelines can alter coastal habitats for aquatic species. The
breadth of the impact is substantial when the amount of shoreline that has been altered is considered.
One study characterizing shoreline alteration found that 80.5 % of the shoreline between Tobermory to
Port Severn (660.8 km) exhibited high to moderate cumulative shoreline development (OMNR, 2010 as
cited in Charlton and Mayne 2013). Septic beds that are part of shoreline communities may also
contribute nutrient laden leachate to groundwater which may then enter the nearshore system. Septic
field contributions are thought to be a source of nutrient loading to the Nottawasaga Bay (Charlton and
Mayne 2013) but need further characterization.
Water levels of Georgian Bay have been unusually low since the early 2000s and were sustained at low
levels for over a decade (CHS, 2017a). In recent years (2014 to present) there has been an increase in
lake levels, however this does not negate the concern over decreasing or fluctuating water level
concerns. Lake Huron/Georgian Bay water levels in Dec 2012 and Jan 2013 were at historic lows (CHS,
2017b). The general public and stakeholders expressed concern over the dropping water levels. The
sustained low levels have caused problems to property owners including docks that have become
stranded, beach shorelines retreating from cottage properties and water intake lines needing to be
continuously relocated, to name a few. Beyond these obvious effects to landowners, the prolonged low
water period is also detrimental for wetlands and fish populations. The coastal wetlands of Georgian
Bay provide critical spawning and nursery habitat for the fish of Lake Huron and, with decreasing water
levels, these wetlands can become disconnected from the bay or dry up altogether. Recent studies have
modelled the effects of decreasing water levels using climate change scenarios and reported that as
much as half the total area of wetlands could be lost (Franz and Chow‐Fraser, 2013) if water levels
declined to 174 m above sea level. Water levels dipped as low as 175.57 m above sea level in 2013
(CHS, 2017b). A need has been identified for digital elevation data obtained using remote sensing such
as Laser Imaging Detection and Ranging (LIDAR) in order to accurately model wetland loss or
vulnerability (Charlton and Mayne, 2013). Fish communities may also be at risk for reasons beyond
water level fluctuation and habitat concerns. Continued population assessment to determine the
success of recruitment and the challenges for various species across the range is warranted.
As a result of the exhaustive review of monitoring programs and research within southeastern Georgian
Bay Charlton & Mayne (2013) identified the following list (copied in its entirety) of information needs
and unanswered management questions with respect to maintaining ecosystem health within the South
Eastern Georgian Bay Region.





Study the various watershed, ground water, tributary, septic and wetland phosphorus sources
and contributions to Sturgeon Bay and other isolated embayments and river mouths with water
quality problems;
Determine the internal loads and fate of regenerated phosphorus in Sturgeon Bay and other
enclosed embayments;
Study the trends and factors responsible for low dissolved oxygen depletion and cyanobacteria
and harmful algal blooms. Determine the role of iron in blooms formation;
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Study the natural physical process information (e.g., remote sensing and volumetric measures of
bottom sediment, bathymetry and circulation);
Determine the source(s) of elevated phosphorus at Port Severn and maintain monitoring,
synthesis and reporting of tributaries and the open waters of Severn Sound:
Perform synoptic surveys of eastern Nottawasaga Bay to understand nearshore phosphorus
concentrations and sources, fish communities, aquatic and terrestrial invasive species, and
shoreline alteration impacts;
Determine the composition of the Nottawasaga River plume and investigate sources of
suspended sediments, all forms of phosphorus and E. coli, to determine management actions;
Examine the sources of high phosphorus concentrations and turbidity levels in the Nottawasaga
River system to guide implementation of phosphorus control and implementation of best
management practices; Investigate the input and sources of phosphorus from groundwater
discharge to Nottawasaga Bay from the Nottawasaga River, local streams and beaches;
Study the contribution of septic systems and effects on water quality in selected embayments,
beaches, tributaries and the Nottawasaga River;
Monitor coastal wetlands water quality and function in relation to phosphorus and habitat
provision;
Consider microbial and chemical source tracking techniques to identify sources of phosphorus
and fecal pollution at beaches, rivers, and nearshore waters around South Eastern Georgian Bay;
Study the current and future impacts of sustained low water levels on water quality, beach
health and aquatic habitats and species and synthesize data for management action;
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3.0 NUTRIENT DYNAMICS AND ECOSYSTEM FUNCTIONS FOR SOUTHERN GEORGIAN BAY
(NOTTAWASAGA BAY)
Water quality in Nottawasaga Bay is determined by the mixing of water between the open‐water of
Georgian Bay and the water entering the Bay from the Nottawasaga River and along the shoreline.
Excess nutrients and sediment discharged to Nottawasaga Bay by the river and from nearshore activities
have become an environmental concern because the Bay features one of the most popular stretches of
beach in Ontario, with many summer resorts and cottages. The goal of research projects undertaken in
the Nottawasaga watershed and the nearshore area of southern Georgian Bay was to identify potential
sources and transport pathways of phosphorus to Nottawasaga Bay, and evaluate the fate of
phosphorus once delivered to the Bay (Figure 3).

Figure 3. Scope of research projects undertaken in the Nottawasaga watershed and southern Georgian Bay,(1) nutrient, in
particular phosphorus, delivery from the Nottawasaga River; (2) nutrient delivery from the nearshore area of Nottawasaga Bay,
and (3) the impacts and fate of phosphorus in the Bay.

3.1 NUTRIENT DELIVERY FROM THE NOTTAWASAGA RIVER WATERSHED
The Nottawasaga River watershed is a predominantly rural landscape spanning approximately 3147 km2
("Nottawasaga Valley Source Protection Area” n.d.). Land cover is dominated by agriculture (55%)
though natural areas remain a significant part of the landscape (35%). In fact, the river bisects the
Minesing Wetlands, a Ramsar site and the largest inland wetland in southern Ontario. Although
representing a smaller fraction of the watersheds, urban areas such as Barrie, Alliston, Shelburne,
Wasaga Beach and Collingwood continue to experience significant growth and now cover ∼6% of the
watershed area.
Nutrient losses from rural and urbanizing catchments can be a major contributor to water quality
degradation and eutrophication of receiving water bodies. Rural sources are typically non‐point in
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nature and include runoff or seepage from agricultural or forested lands or wetlands, and seepage from
septic systems. Urban sources often include both point sources (e.g., discharge from a specific location
or facility, such as a wastewater treatment plant) and non‐point sources (stormwater runoff from urban
land and construction sites). Point and non‐point sources differ in the timing of delivery of nutrients or
sediment to surface waters: point sources discharge to surface waters at approximately equal daily rates
throughout the year whereas nonpoint sources typically flow in pulses associated with runoff events
from storms or snowmelt.
To improve understanding of the ecological condition of subwatersheds within the Nottawasaga basin
and assess the contribution of point and non‐point nutrient sources, Chow‐Fraser (LSGBCUF1019/C)
conducted water quality sampling between June – Sept 2014 at 15 stations along the main branch of the
Nottawasaga River (between Alliston and the river mouth at Wasaga Beach, including four stations
within the Minesing Wetlands). Their findings showed that water quality in the River is generally
impaired:
o

o
o

The Provincial Water Quality Objective (PWQO) for total phosphorus was exceeded at all but
3 stations: Upper Nottawasaga River, Essa Fishing Park and in the upstream portion of the
Minesing Wetlands.
The PWQO for total ammonia‐N was exceeded at every station.
The PWQO for E. coli was exceeded at 7 stations: Upper Nottawasaga River, Innisfil Creek,
confluence of the Upper Nottawasaga River and Innisfil Creek, Angus Fishing Park, upstream
portion of the Minesing Wetlands, below Jack’s Lake and town of Wasaga Beach.

Based on total phosphorus concentrations for classifying trophic status of stream environments
(summarized by Smith et al., 1999), 12 of 15 stations on the Nottawasaga River were classified as
mesotrophic (25 – 75 μg/L) whereas 3 stations (Upper Nottawasaga River, Essa Fishing Park and
upstream Minesing Wetlands) were classified as oligotrophic (<25 μg/L). Total phosphorus was on
average higher (> 37 µg/L) at 4 stations (Innisfil Creek, below Jack’s Lake, below Willow Creek and below
Marl Creek) compared to the remaining 11 stations (which were ≤ 34 µg/L). Principal Components
Analysis was applied to all monitored water quality parameters to develop a Stream Water Quality Index
(SWQI) for the Nottawasaga River watershed. The resulting SWQI classified and ranked 2 stations as
most “degraded” (Innisfil Creek and below Jack’s Lake), followed by 4 stations classified as “poor” (Town
of Wasaga Beach, below Angus wastewater treatment plant, Angus wastewater treatment plant and
below Marl Creek). The “degraded” ranking for the Innisfil Creek station was due to the fact that it had
the highest total phosphorus and TSS concentrations, consistent with the fact that this subwatershed
has the highest proportion of agricultural land‐use, most of which is crop land. The other degraded
station (below Jack’s Lake) was characterized by low dissolved oxygen, high total phosphorus and high
total ammonia‐N.
To predict future phosphorus loads in the Nottawasaga watershed following development and
undertake scenario investigations of practices to reduce phosphorus loading, several studies were
funded by the LSGBCUF to develop or improve tools for modeling phosphorus loads. The Nottawasaga
Valley Conservation Authority (NVCA) developed a tool (the “NVCA Tool”) to estimate phosphorus
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loading from stormwater runoff in the pre‐ and post‐development phases of a new urban development,
and identify management practices that would reduce phosphorus loads from development (HESL,
2014, LSGBCUF1005/C). In brief, the NVCA tool estimates phosphorus export from subwatersheds in the
Nottawasaga basin as the product of the phosphorus export coefficient for a particular land use
classification and the area occupied by that land use type, summed for all the land use types in the
subwatershed. An earlier study by Greenland International Consulting Ltd. (2006) also took an export
coefficient approach to estimating phosphorus loss from subwatersheds of the Nottawasaga River. The
NVCA (HESL, 2014, LSGBCUF1005/C) updated the export coefficients to improve their relevance to the
Nottawasaga, resulting in 8 land classification types with fixed export coefficients for phosphorus
(natural heritage and low intensity lands, namely forest, transition, wetland, turf/sod, hay/pasture, low
intensity residential, unpaved roads and open water) and 5 land classification types whereby the
phosphorus export coefficient varied either with precipitation (urban lands, namely residential,
commercial, industrial and transportation land classes) or with soil loss as influenced by precipitation
(high intensity agriculture, namely cropland). These improved export coefficient are also expected to
inform calibration, currently underway, of the existing Nottawasaga River watershed CANWET model
(LSGBCUF1016), which is being undertaken in order to update subwatershed phosphorus loading targets
and identify subwatershed “hot spots”.
In addition to use of export coefficients to predict phosphorus export, Chow Fraser (LSGBCUF1019/C)
used measured total phosphorus concentrations and discharge (2014 and 2015 data), as well as
relationships between total phosphorus and precipitation, to estimate total phosphorus export from 6
subwatersheds in the Nottawasaga basin. Daily total phosphorus concentrations were interpolated
from regression relationships between measured total phosphorus and precipitation developed for each
tributary; daily total phosphorus was then multiplied by daily discharge to derive daily total phosphorus
export, which was then summed to give annual total phosphorus export for each tributary. Analysis of
the influence of landscape features on total phosphorus loads showed that drainage area and % pasture
land were the most significant variables driving spatial variability in total phosphorus loads in the
Nottawasaga watershed (Rutledge, 2016). In addition, total phosphorus load was positively correlated
with % wetland in the watershed, suggesting that the Minesing Wetlands are a source of nutrients to
the river. Field sampling by Chow Fraser (LSGBCUF1019/C) in 2015 showed that total phosphorus
concentrations initially decreased as the Nottawasaga River flowed through the Minesing Wetland but
then increased as the river exited the Wetlands (i.e., below Willow Creek). Analysis of shallow (<3m)
groundwater samples collected in the Minesing Wetlands by Spoelstra (LSGBCUF1009) as part of the
LSGBCUF initiative found soluble reactive phosphorus concentrations ranging from 10 to 128 µg/L, with
a mean of 42 µg/L. Chow‐Fraser and Rutledge (LSGBCUF1019/C; Rutledge, 2016) identified Willow Creek
as a potential site of internal loading, given that it experienced episodes of anoxia associated with spikes
in total phosphorus. Collectively, these results suggest that the Wetlands are no longer able to provide
the ecosystem function of nutrient and sediment filtration. Chow Fraser (LSGBCUF1019/C) advised that
phosphorus loading from the Minesing Wetlands and from pasture land was unacceptably high.
In addition to studies by the NVCA (LSGBCUF1005/C) and Chow Fraser (LSGBCUF1019/C) focusing on
nutrient loads in the Nottawasaga River watershed, Arhonditsis (LSGBCUF1003) undertook an
18

integrative analysis of environmental attributes and socioeconomic priorities for the geographic area
spanning three Conservation Authorities (GSCA, NVCA and LSRCA), with the aim of identifying
“undisturbed” and “anthropogenically‐influenced” socio‐environmental management units (SEMUs).
Undisturbed SEMUs are typically characterized by low landscape diversity and low average population
density whereas anthropogenically‐influenced SEMUs show the impact of urbanization activities on
tributary nutrient export and a loss of subwatershed sensitivity to natural mechanisms that may control
nutrient export. This integrative analysis showed that most of the SEMUs in the Nottawasaga watershed
were estimated to export 0.05 – 0.30 kg P/ha/yr, whereas the more urban SEMUs situated the mouth of
the Nottawasaga and along the nearshore of Nottawasaga Bay exhibited higher export, particularly
during wet years, at 0.3‐1.3 kg P/ha/yr.
Table 1 shows total phosphorus loads from six subwatersheds in the Nottawasaga River basin,
calculated using the phosphorus export coefficient approach (Greenland, 2006; LSGBCUF1005/C; HESL,
2014) and a combination of measured and estimated total phosphorus concentrations and measured
discharge (Rutledge, 2016). As Rutledge (2016) noted, the CANWET (Greenland, 2006) approach, as well
as two other approaches for estimating phosphorus export, produced larger estimates of phosphorus
loss compared to total phosphorus export derived from a combination of measured and estimated
values. Although there are arguments for and against the various methods used to estimate phosphorus
loads, the important issue is that the methods gave different results. Further work is required to validate
nutrient loads from the various subwatersheds and, consequently, identify priority areas for
management action.
Table 1. Annual total phosphorus loads (kg/year) for select tributaries to the Nottawasaga River as determined by: (a)
Greenland (2006) based on simulated using CANWET, (b) HESL (2014) based on application of export coefficients for the major
landuses (13 categories), and (c) Rutledge (2016) based on measured total phosphorus concentrations and discharge, and
relationships between total phosphorus and precipitation (2015 data) to predict total phosphorus concentrations on dates
when water samples were not collected.

Subwatershed

CANWET
(2006)
5200
7105
4893
4050
4681
3802

Upper Nottawasaga R.
Innisfill Cr.
Boyne R.
Pine R.
Mad R.
Black/Willow (including
Matheson) Cr.
Sum 29731

Hutchinson
(2014)
3928
5286
4150
3447
3727
2823

Rutledge
(2016)
1314
4707
1639
1701
1118†
1363†

23361

11842

†

Estimated loadings do not account for potential influences of the Minesing
Wetlands

An under‐studied source of phosphorus to the Nottawasaga River is the contribution from septic
systems. Greenland (2006) estimated that about 47 tonnes of phosphorus enters the Nottawasaga River
every year, with about 3% of this load coming from septic systems (NVCA, n.d.). With improved
methods now available to study septic contributions to aquatic ecosystems, Spoelstra (LSGBCUF1009)
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undertook research to evaluate the contribution of groundwater sources of phosphorus to the
Nottawasaga River, and establish baseline data on groundwater phosphorus for future parameterization
of models to further evaluate phosphorus sources. Water samples were collected from about 60 stream
sites throughout the Nottawasaga River watershed and from 59 domestic wells, ~120 groundwater
seeps (springs) and 58 monitoring wells. All samples were analyzed for a variety of chemical and stable
isotope parameters, including phosphorus and artificial sweeteners, the latter class of chemicals having
been recently identified as new and powerful tracers of wastewater in the environment. Artificial
sweeteners were detected in most surface water samples and almost one‐third of both the domestic
wells and groundwater seeps. Artificial sweeteners in groundwater samples indicate the presence of
wastewater derived from septic systems. In surface waters, artificial sweeteners can be derived from
upstream municipal wastewater effluent discharges (if present) and/or from the discharge of impacted
groundwater to the stream (e.g. baseflow). Artificial sweeteners were shown to be very effective
tracers of wastewater in groundwater, able to detect septic effluent after being diluted by over 30,000
times. No significant relationship was found between the concentration of the artificial sweetener
‘acesulfame’ and concentrations of nutrients (ammonium, soluble reactive phosphorus, nitrate) in
groundwater seeps or domestic wells in the Lake Algonquin Sand Aquifer (southern Nottawasaga River
watershed). This finding indicates that septic systems are not a major source of the phosphorus or other
nutrients in the Lake Algonquin Sand Aquifer as a whole and likely not to the Nottawasaga River. That
said, septic systems might still be important nutrient sources at a local scale, for example to individual
groundwater seeps, small streams or to shorelines. This finding is consistent with preliminary results
noted by another ECCC project (LSGBCUF 1008/C) that applied chemical and microbial source tracking to
identify human impacts and that found indicators of human fecal pollution at two sites on the
Nottawasaga River.
Work is also being conducted in the Nottawasaga River valley on the association between watershed
topography, soil and geology on the attenuation of instream phosphorus (LSGBCUF1022). Phosphorus
additions and inert chemical tracer studies are being conducted to investigate nutrient processing and
transient storage of streams with varying types of stream bed sediment. Experiments and water
sampling were planned for nine sites, contained within three subwatersheds of the Nottawasaga Valley
representing sites with ‘good’, ‘fair’ and ‘poor’ water quality based on Report Card scores published by
the NVCA. The goal of this research project is to provide a better understanding of water quality for
streams in various landscapes and allow prediction of stream buffering capacity of high phosphorus
loads.

3.2 NUTRIENT DELIVERY FROM THE BEACHES ALONG NOTTAWASAGA BAY
Domestic (cottage) septic systems located close to shorelines are a potential source of phosphorus (P) to
nearshore waters. Wastewater‐derived phosphorus from septic systems can be adsorbed or precipitated
as a mineral on unsaturated filter sands or soil underlying the leaching bed, thereby severely limiting its
migration to groundwater; however, under non‐acidic conditions (i.e., calcareous materials), septic
phosphorus may not fully trapped and can lead to plumes of phosphorus in groundwater flowing away
from the septic bed.
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From 1980 to 2007, septic systems in the town of Wasaga Beach were decommissioned, meaning the
septic tank was emptied of wastewater and the building’s sewage line were connected to the local
sewer system. To determine if these legacy septic systems were a source of phosphorus to Nottawasaga
Bay, surveys of groundwater quality were conducted between 2013‐2016 (LSGBCUF1012;
LSGBCUF1015/C). Focused studies conducted near 4 provincial park comfort stations (i.e., public
washrooms on the beach) revealed the existence of a distinct plume of much higher groundwater
soluble reactive phosphorus values (> 500 ug/L) at 2 of them (Figure 4b). These phosphorus plumes
were not accompanied by similar plumes of elevated concentrations of nitrate or ammonium (not
shown; < 0.8 mg/L) or chloride or artificial sweeteners, which are common wastewater tracers. Thus,
these are clearly legacy phosphorus plumes associated with the decommissioned septic systems of CS‐5
and CS‐6 rather than plumes resulting from a current or recent source of wastewater contamination
(e.g., leaky sewer). The existence of these plumes indicates that the wastewater phosphorus had not
been fully trapped as mineral precipitates in the filter sands or soil just below the septic leaching bed. It
also indicates that these phosphorus plumes may persist for decades, with slow transport with the
flowing groundwater due to sorption (reversible and temporary attachment) to the beach sand.
Surveys of shallow groundwater at sites across 11 km of beachfront at Wasaga Beach showed that
soluble reactive phosphorus concentrations ranged from 13 to 420 ug/L, with background values
typically between 30‐90 ug/L (Figure 4a). (For comparison, total phosphorus concentrations in the open
waters of Georgian Bay are typically around 2.5 to 4 μg/L). Spikes in soluble reactive phosphorus were
observed (e.g., Surveys 5, 6, 7, and 8 in Figure 4a), likely associated with plumes from septic systems,
like that at CS‐5 (Figure 4b) which crosses survey 7.

Figure 4. (a) Soluble reactive phosphorus (SRP) concentrations observed at 10 survey sites along a 6 km length of Wasaga Beach
(2013 data; LSGBCUF1012). (b) SRP concentrations in the groundwater (i.e., below the water table) from the decommissioned
(~year 1980) septic bed at Comfort Station 5 (2014 data; LSGBCUF1012).

Measurements of the height of the groundwater table indicated that groundwater along Wasaga Beach
flows toward and discharges to Nottawasaga Bay (i.e., the groundwater table is higher than the lake
level). Hence, legacy groundwater phosphorus plumes from the decommissioned septic beds of Wasaga
Beach may be a source of phosphorus to nearshore of Nottawasaga Bay. The slow rate of phosphorus
plume transport in groundwater and the generally lower soluble reactive phosphorus concentrations
found along the shore suggest that many of these plumes may not have reached the shore yet.
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Decommissioning of septic systems is therefore not an immediate solution to prevent phosphorus
loading from septic plumes to the Bay, as it may take decades to even centuries before the plumes are
completely flushed out.
Although phosphorus concentrations can be high in the groundwater below Wasaga Beach, preliminary
estimates indicate that the phosphorus load from beach groundwater represents only a small fraction of
that discharged from the Nottawasaga River (LSGBCUF1012; LSGBCUF1015/C; Table 2). Yet despite
being only a small fraction of the river load, groundwater is a pathway supplying the nearshore with
phosphorus at high concentrations and its significant may increase as more of the septic phosphorus
plumes reach the shore. Thus, it may contribute to localized algae and aquatic plant growth, and related
eutrophication issues.
Table 2. Comparison of phosphorus loads entering Nottawasaga Bay from the Nottawasaga River, Town of Wasaga Beach
wastewater treatment plant, 18 drainage ditches/streams which traverse Wasaga Beach Provincial Park (including Sturgeon
Creek), and groundwater discharging directly into the bay along the ~ 10 km length of Wasaga Beach (LSGBCUF1012;
LSGBCUF1015/C).

Source
Nottawasaga River
Wasaga wastewater treatment plant
18 ditches (in total)1
Groundwater (largely excludes septic

Total phosphorus
load (g P/day)
129,000
800
1095

% of river total
phosphorus load
100
0.6
0.8

100

0.08

plumes, as few seem to have reached the
shore yet)

3.3 MODELING AND FORECASTING THE FATE OF PHOSPHORUS
The Nottawasaga River is the largest source of nutrients and sediment to Nottawasaga Bay and the
distribution of these pollutants has the potential to affect water quality and recreational activities along
the nearshore, as well as in offshore areas, of the Bay. To examine the influence of the Nottawasaga
River inflow on nearshore waters, a 3D hydrodynamic model known as ELCOM (Estuary Lake Coastal
Ocean Model) was applied to Georgian Bay with a 500 m horizontal grid resolution (LSGBCUF1007). A
higher resolution grid (250 m) was then developed to model the Nottawasaga River plume in the south
end of Georgian Bay, in particular plume circulation, temperature, and retention time in the nearshore
zone. Predicted water temperature was found to compare reasonably well with observed temperature
measured along the shore of Nottawasaga Bay, indicating that the model as implemented could be used
to examine plume characteristics. Application of the validated ELCOM model showed that the
Nottawasaga River plume is very distinct and advects mostly northward along the eastern side of
Georgian Bay (Figure 5). This model, and the new findings on dispersal of the Nottawasaga River plume,
provides new information for ongoing nearshore management in southern Georgian Bay.
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Figure 5. Dispersal of the Nottawasaga River plume: (a) modeled using ELCOM (Estuary Lake Coastal Ocean Model;
LSGBCUF1007), and (b) photographed from a drone on July 8, 2014 one day after a rain storm (LSGBCUF1019/C).

3.4 PHYTOPLANKTON AND HARMFUL ALGAL BLOOMS
Although phosphorus concentrations in Nottawasaga Bay typically average 4‐6 μg/l, phytoplankton at
stations near urban centres and river inflows had significantly higher densities and differing taxonomic
composition than at more remote offshore sites (LSGBCUF1028). Imaging flow cytometry (FlowCAM)
using custom statistical filters showed that in summer 2015, the diatom Gyrosigma had its highest
particle concentrations in July and early August, especially at the site in the mouth of the Nottawasaga
River. Conversely, small‐celled mucilaginous cyanobacteria (resembling Microcystis, Aphanocapsa or
Aphanothece) had their highest particle concentrations during fall (September‐late October) at sites
located outside the river mouth. These observations attest to the use of phytoplankton as a sensitive
measure of trophic status in Nottawasaga Bay. Work is continuing to simulate the fate and transport of
algal blooms within the Nottawasaga River plume using the ELCOM model paired with the
Computational Aquatic Ecosystem Dynamics model (CAEDYM).

3.5 SCIENCE SUMMARY AND RECOMMENDATIONS
Science investigations conducted as part of the LSGBCUF have advanced understanding of the sources,
transport and fate of phosphorus in the Nottawasaga River watershed and Nottawasaga Bay. Chow
Fraser (LSGBCUF1019/C) showed water quality throughout the River is generally impaired and that the
percentage of pasture land was a strong predictor of total phosphorus loads in Nottawasaga sub‐
watersheds. Arhonditsis (LSGBCUF1003) also noted that urban growth is changing catchment resilience
to phosphorus export. The NVCA (LSGBCUF1005/C) identified that in urban areas, the construction
phase of development represented the greatest risk of phosphorus export because vegetation is
removed and soils are exposed to erosion before water retention structures are put in place.
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Groundwater is likely only a small source of phosphorus to the Nottawasaga River (LSGBCUF1009) and
Nottawasaga Bay; however, it can deliver high concentrations of phosphorus to the sediment and
shallow waters of the nearshore, especially in areas where plumes of phosphorus from septic systems
discharge. Such phosphorus plumes may take decades to reach the shore and many more decades to be
flushed from the groundwater following from decommissioned septic systems in favour of municipal
sewer systems. Application of the validated ELCOM (Estuary Lake Coastal Ocean Model) showed the
Nottawasaga River forms a very distinct plume in Nottawasaga Bay and advects mostly northward along
the eastern side of Georgian Bay. Phytoplankton concentrations and composition differ along the
length of the plume, and among seasons.
The LSGBCUF science on phosphorus sources, transport and fate in the Nottawasaga watershed and
Nottawasaga Bay has resulted in several new management tools and information/data to support these
tools:








Improved approaches for estimating total phosphorus export from major tributaries of the
Nottawasaga River (although further validation and reconciliation of approaches is still required
– see “Science Issues” below).
New data on surface water and groundwater quality to inform future land‐use planning and/or
implementation of BMPs in areas with high nutrient loads, and improve future parameterization
of models of phosphorus sources, transport and fate in the Nottawasaga watershed.
A new tool to examine the impacts of urban development on phosphorus loads and
recommended beneficial management practices to reduce these loads.
A validated ELCOM model that can now be used to explore the effect of potential management
actions on the spatial extent of the plume in the southern Georgian Bay.

To achieve the 45% reduction in the Nottawasaga River total phosphorus load required to achieve the
PWQO (i.e., to move from the current 47 t/yr to the target 25.5 t/yr total phosphorus), management
strategies to reduce phosphorus loading need to be implemented at the sub‐watershed scale. For
example:






Urban storm water management/BMPs are a priority for reducing phosphorus loss associated
with development.
The Minesing Wetlands are a source of total phosphorus to the Nottawasaga River (likely due to
internal loading from the sediments). The anoxic conditions associated with internal loading
may have negative implications for the health of the Lake Sturgeon population.
Pasture land in the Nottawasaga watershed is a significant source of phosphorus loading and
implementation of BMPs is recommended for pasture land.
And, of note, the common BMP of decommissioning on‐site domestic septic systems with
replacement with sewer hookup may require decades before phosphorus loadings are reduced.
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Science issues requiring further investigation include:







Refinement and validation of approaches (LSGBCUF1003, LSGBCUF1005/C, LSGBCUF1016,
LSGBCUF1019/C) for estimating phosphorus export from Nottawasaga tributaries and from the
various land use categories.
Cross‐comparison of the approaches (LSGBCUF1003, LSGBCUF1005/C, LSGBCUF1016,
LSGBCUF1019/C) used to identify phosphorus hot spots in the Nottawasaga watershed.
The contribution of tile drains to phosphorus budget of Nottawasaga tributaries.
Internal loading of phosphorus in Willow Creek and Jack’s Lake during anoxic episodes, and the
contribution of this added phosphorus to the Nottawasaga River phosphorus budget.
Evaluation of the Minesing Wetlands with respect to its role as a net source or sink of
phosphorus to the Nottawasaga River and how this ecosystem function may be affected by
climate change and development in the adjacent upland areas.
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4.0 NUTRIENT DYNAMICS AND ECOSYSTEM FUNCTIONS FOR EASTERN GEORGIAN BAY EMBAYMENTS
Water quality in the embayments along the east coast of Georgian Bay is determined by the combined
effect of: (1) nutrient delivery from the land base, (2) nutrients released from bottom sediments, (3)
uptake and release of nutrients by aquatic biota, and (4) exchange of nutrients between embayment
water and water in Georgian Bay. Most embayments along south‐eastern Georgian Bay were
considered by Charlton & Mayne (2013) to be oligotrophic to mesotrophic, with the exception of meso‐
eutrophic Sturgeon Bay. All embayments showed some degree of hypolimnetic hypoxia, with minimally
impacted embayments (e.g., Tadenac Bay) even exhibiting low concentrations of dissolved oxygen.
Public perception was that, in certain bays (e.g., Sturgeon Bay), cyanobacteria blooms had become more
common in recent years (Georgian Bay Association 2016). This was attributed to dropping water levels,
nutrient enrichment from increased shoreline development, or both.
The goal of research projects undertaken in embayments along eastern Georgian Bay was to measure
phosphorus (P) inputs from both internal (i.e., from bottom sediments) and external (i.e., land based)
sources, determine the impacts of phosphorus on aquatic biota, particularly algae, and quantify the
exchange of phosphorus between embayments and the open water of Georgian Bay (Figure 6). In
addition, the projects aimed to identify the geographical and temporal extent of elevated phosphorus
concentrations and algal growth in embayments by comparing conditions among embayments and over
time.

Figure 6. Scope of research projects undertaken in embayments along the east coast of Georgian Bay: (1) identification of
nutrient, in particular phosphorus, sources to embayments, (2) the impacts and fate of phosphorus in embayments, and (3) the
exchange of water and phosphorus between embayments and the open water of Georgian Bay.
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4.1 HYPOXIA AND ITS CAUSES
Depletion of dissolved oxygen (DO) in the hypolimnion of thermally stratified lakes occurs naturally,
primarily as a result of consumption of oxygen by bacteria during decomposition of organic matter in
the bottom sediments or while settling out of surficial waters. A number of natural factors and features
can affect hypolimnetic oxygen depletion, for example hydrodynamic processes, the location of the
thermocline and the thickness of the hypolimnion (Bouffard et al., 2013). However, the severity of
hypolimnetic oxygen depletion can also be exacerbated by a number of human factors, in particular
inputs of nutrients that promote algal growth and, hence, the quantity of organic matter supplied to
bacteria.
Research conducted by scientists at Environment and Climate Change Canada (LSGBCUF1010) on
sheltered embayments along eastern Georgian Bay showed that basin morphometry is an important
driver of oxygen consumption. This ECCC study characterized both current and historic hypolimnetic
oxygen demands in human impacted embayments (North and South Bays) and the less impacted
Tadenac Bay. Contemporary (2013, 2014 and 2015) data showed that the onset, severity and duration
of dissolved oxygen depletion varied among the basins. Tadenac Bay exhibited less severe DO
depletion, although initial DO concentrations for this bay were always higher (Figure 7) than the other
basins studied.
B

A

Figure 7. (A) Volume‐weighted oxygen concentrations in the hypolimnia of Basins 1‐2 (North Bay), Basins 3‐4 (South Bay), and
Tadenac Bay (TAD) during summer 2013, 2014 and 2015, (B) inset map shows locations of basins (LSGBCUF1010).

Basin morphometry was identified as a contributing factor to the rate of oxygen decline. Basins with
smaller volumes (such as those in South Bay) became hypoxic faster than those with larger volumes
(such as Tadenac Bay and North Bay). The source of decaying organic matter responsible for oxygen
depletion was surmised to be within the sediment layer since declines in DO in the hypolimnion could
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not be explained by changes in hypolimnetic bulk carbon. Further supporting this finding, the ratio of
hypolimnetic volume (VH) to the area of the sediment‐water interface (ASWI) proved to be an excellent
predictor of the rate of oxygen consumption (Figure 8). This suggests that DO consumption was largely
controlled by physical factors such as lake morphometry (LSGBCUF1010).

Figure 8. The ratio of hypolimnetic volume to surface area of the sediment‐water interface (VH:ASWI) , a good predictor of the
mean dissolved oxygen consumption rate. Basins 1‐2 (North Bay), Basins 3‐4 (South Bay), and Tadenac Bay (TAD). Location of
basins shown in Figure 7b (LSGBCUF1010).

All three embayments in this ECCC study showed thermal stratification and exhibited hypolimnetic
hypoxia during the period of study (2013‐2015), although the occurrence of the latter phenomenon is
not new. Using paleolimnological techniques, this study also ascertained that North and South Bay have
historically experienced hypoxic conditions (North Bay for a period of ~150 years, South Bay for ~100
years). This evidence supports the theory that modern cottage development is not the cause of
dissolved oxygen declines in these embayments, but rather natural processes such as basin
morphometry drive the occurrence of annual hypoxia. However, it should be noted that the frequency
and severity of hypoxia can be exacerbated by anthropogenic stressors. The consequences of hypoxic
conditions as it pertains to phosphorus dynamics is covered in a subsequent section (see 4.2).
4.2 PHOSPHORUS DYNAMICS
Phosphorus is typically the limiting nutrient for primary production in freshwater ecosystems:
insufficient phosphorus limits the growth of algae (including harmful algae, such as certain
cyanobacteria) whereas an abundance of phosphorus promotes algal growth and increases the risk of
algal blooms dominated by potentially harmful cyanobacteria. Phosphorus enters surface waters
through runoff, groundwater, or by atmospheric deposition (i.e., external loading). These external
sources can be divided into point sources (e.g., discharge from a specific location or facility, such as a
wastewater treatment plant or septic system) and non‐point sources (runoff or seepage from
agricultural or forested lands or wetlands). Upon entering the system, reactive forms of phosphorus
(dissolved P) are usually taken up by algae and macrophytes whereas unreactive phosphorus (from
external sources or decaying aquatic life) sinks and becomes part of the benthic or profundal sediment.
Decomposition of this material by microbes leads to supersaturation of the sediment porewater with
phosphorus and other minerals. These minerals can be reduced under conditions of low oxygen (i.e.,
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hypoxia or < 2 mg/L dissolved oxygen) and, in the case of P, released in the form of reactive phosphate
to the overlying water (a phenomenon known as internal loading).
To address the issue of phosphorus sources and their relative contribution, extensive investigations
(spanning many embayments) and intensive research studies (focusing on North and South Bays, or on a
particular source of P) were funded by the LSGBCUF. In an extensive study of the interactions among
basin morphometry, anthropogenic disturbance and landscape features on water chemistry of 10
embayments (Musquash, Woods, Deep, Cognashene, Sturgeon, North, South, Tadenac, Twelve Mile,
Longuissa), Chow Fraser (LSGBCUF1001/C) showed that the total phosphorus concentration of sheltered
embayments was correlated with anthropogenic conditions (namely cottage, dock and road density) and
basin morphometry (which controls the vulnerability of the embayment to development of anoxia and
release of sediment nutrients). Mean summer total phosphorus concentration for an individual
embayment was successfully predicted by a regression model consisting of building density and an
“Index of Resistance to Mixing”, the latter a measure of the shortest distance between the sampling
location and the open waters of Georgian Bay. This regression model (called the “Anthro‐Geomorphic
Model” or AGM) performed better than the established Lakeshore Capacity Model (LCM, Dillon and
Rigler, 1975) that was developed for inland lakes on the Canadian Shield: the AGM estimated mean
summer total phosphorus within acceptable limits (20%) for 7 of 10 embayments compared to the LCM
which successfully predicted total phosphorus for only 4 of 8 embayments (2 could not be modelled due
to the large size and complexity of the watershed).
Intensive investigations were conducted in the Honey Harbour North‐South embayment system
between 2013‐2015 to assess sources and fate of phosphorus. Phosphorus enters the embayment
system in runoff and groundwater from the mostly forested watershed (i.e., background loads) as well
as from anthropogenic sources such as septic wastewater in groundwater. Once in the embayment
system, phosphorus may be deposited into the sediment (with the likelihood of being remobilized back
into the water) or exported to Georgian Bay by water currents/movement. Investigations by ECCC
scientists (LSGBCUF1010) into the extent of phosphorus release from bottom sediments showed that
internal loading ranged from 102 mg P/m2 (Basin 4 ‐ southerly corner of South Bay; 55 day residence
time) to 1196 mg P/m2 (Basin 1 ‐ northerly corner of North Bay; 110+ day residence time) for an average
release rate of 1.8 to 11 mg P/m2/d and an internal phosphorus flux of 282 kg/y for the entire North‐
South embayment system. These values compare well with sediment phosphorus release rates of 1‐18
mg/m2/d, estimated from hydrodynamic modelling of total phosphorus concentrations in the North‐
South embayment system (LSGBCUF1007) and are also similar to the value of 4.4 mg P/m2/d used in
modelling of Lake Erie phosphorus dynamics (Lam et al., 1983). The values are also comparable to the
2015 sediment phosphorus release rates measured by Dittrich (LSGBCUF1023) of 0.1 – 3.4 mg P/m2/d
for the Honey Harbour North‐South embayment system, although Dittrich (LSGBCUF1023) found that
sediment phosphorus fluxes were greatest in South Bay,. Detailed investigations by Dittrich
(LSGBCUF1023) as to the mechanism of phosphorus release from bottom sediments indicated that
phosphorus cycling at the sediment‐water interface is driven by redox processes: sediment phosphorus
is released during summer anoxia as a result of redox processes and, under oxic conditions, is
immobilized by sorption onto aluminum hydroxides. The observations of pH minima at the sediment‐
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water interface and gradients in redox potential in the sediments at South Bay and Honey Harbour sites
suggest the redox reactions are associated with microbial oxidation of organic matter. Hence, release
and immobilization of sediment phosphorus appears largely controlled by organic matter input (and the
hydrologic regime that controls organic matter deposition). Consistent with these findings of significant
sediment phosphorus release associated with organic matter, bathymetry and sediment mapping
showed that both North and South bays are characterized by deep sediment deposits (up to 10 m deep)
of accumulated muds and organic material (LSGBCUF1013). Decomposition of these organic sediments
would lower oxygen concentrations in the overlying water, resulting in an increase in hypolimnetic total
phosphorus concentrations. Research on internal loading is continuing by Nurnberg (LSGBCUF1030)
who is examining water chemistry data collected in 2015 and 2016 in order to quantify internal
phosphorus loading in several oligotrophic embayments as well as meso‐eutrophic Sturgeon Bay.
Artificial sweeteners (AS; acesulfame, saccharin, cyclamate, sucralose) were used in basin mass balance
calculations/models to better constrain estimates of the contribution of phosphorus from cottage septic
systems. AS are common constituents in domestic wastewater and some are very persistent in the
environment, making them ideal tracers of septic wastewater. Measurements of AS concentrations, and
their ratio with phosphorus, in cottage septic tanks from the vicinity of North and South bays were used
to represent the wastewater source parameters. Preliminary AS mass balance calculations showed that,
surprisingly, the AS load coming into South Bay was predominately derived from the Trent‐Severn
Waterway (via the Baxter River): the Baxter River load was ~ 4 times the estimated maximum load from
all septic systems along the shorelines of South Bay (LSGBCUF1011). This resulted in a greater effort
directed at monitoring phosphorus loading from the Baxter River. Final phosphorus mass balance
calculations for the entire North‐South embayment system (Table 3) indicated that the loads of total
phosphorus entering from the Baxter River were of a similar magnitude as those released from the
bottom sediments (i.e., internal loading), and also similar in magnitude to the maximum that could be
contributed from septic systems. The maximum septic phosphorus load is based on the Lakeshore
Capacity Model (LCM) assumption that all phosphorus entering the septic systems reaches the lake, but
the application of hydrodynamic models for simulating the AS mass balance within the North‐South
embayment system (LSGBCUF1007) suggests that the AS load from local septic systems is not as large as
calculated by the LCM. Preliminary results from another ECCC project (LSGBCUF 1008/C) that applied
chemical and microbial source tracking to identify human impacts found low concentrations of chemical
markers, and no evidence of microbial markers, associated with human fecal pollution in several study
tributaries to Honey Harbour.
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Table 3. Estimated annual loads of total phosphorus from major sources discharging to the North‐South embayment system
(LSGBCUF1011).

SOURCE

LOAD (kg)

DESCRIPTION

Baxter River

245

Measured average of 2014 and 2015

Sediments

287

Total sediment phosphorus released from Basins 1‐4. Much
of this phosphorus could be redeposited.

Septic
Systems

297

Maximum load modelled using Lakeshore Capacity Model

In addition to studies examining the processes governing internal and external phosphorus loading, a
number of studies monitored nutrient, oxygen and chlorophyll a concentrations in embayments,
reporting on current conditions and, in some cases, making comparisons with historical data. For
example:






Byng Inlet was considered to be in a “natural” state (2014 data; LSGBCUF1004)
Sandy Bay was considered to be oligotrophic (2016 data; LSGBCUF1031)
Musquash Bay, Woods Bay, Tadenac Bay, Cognashene Lake and Longuissa Bay were considered
to be meso‐oligtrophic (2012‐2015 data; LSGBCUF1001/C)
Twelve Mile Bay, Deep Bay, North Bay were deemed mesotrophic (2012‐2015 data;
LSGBCUF1001/C)
South and Sturgeon Bay were considered meso‐eutrophic (2012‐2015 data; LSGBCUF1001/C).

Paleolimnological investigations using diatom analysis to infer historical total phosphorus concentrations
have reported no appreciable increase in total phosphorus in either Tadenac Bay since 1860 (Sivarajah,
2016) or Sturgeon Bay since about 1800 (Cumming et al., 2006). Thus, the oligo‐mesotrophic conditions
of Tadenac Bay and the meso‐eutrophic condition of Sturgeon Bay are likely natural and not a result of
cottage development in recent decades. In fact, Chow Fraser (LSGBCUF1001/C) noted that using the
AGM described above, Sturgeon Bay would have been considered mesotrophic without human
development. Although shorter records of observation are available for Byng Inlet (data from 2002‐
2004 versus 2014) and Sandy Bay (2003 versus 2016), comparisons for these 10‐13 year intervals
suggest no change in total phosphorus concentrations: observed values (usually less than about 10 µg/L
total phosphorus) are consistent with a forested watershed with minimal human impacts
(LSGBCUF1004; LSGBCUF1031). However, diatom analysis of North Bay and South Bay sediments dating
back to 1890 and 1930, respectively, revealed modest increases in nutrient concentrations that are likely
associated with shoreline development at the turn of the twentieth century (Sivarajah 2016).
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4.3 PHYTOPLANKTON AND HARMFUL ALGAL BLOOMS
To reconstruct long‐term trends in water quality, paleolimnological research was conducted under the
LSGBCUF initiative using dated sediment cores collected from embayments around south‐eastern
Georgian Bay. Measurements of sediment chemistry conducted as part of the LSGBCUF initiative
showed increases in sediment N and organic C content, and decreases in δ15N‐total nitrogen, in both
North and Tadenac bays since 1970 (Figure 9, LSGBCUF1010). The finding that both impacted (North)
and minimally impacted (Tadenac) embayments showed similar change suggests the influence of a
regional phenomenon, such as climate warming, rather than shoreline development (LSGBCUF1010).
Other researchers have also suggested that a regional stressor such as climate warning has influenced
embayment water quality. For example, Sivarajah (2016) conducted a qualitative assessment of diatom
assemblages from cores dating back to 1890 for North Bay, 1930 for South Bay, and at least 1860 for
Tadenac Bay. While North and South bays were found to have been mesotrophic since shoreline
development began around the late‐1800s and Tadenac Bay was oligotrophic for the entire period of
record, all three embayments showed shifts in diatom assemblages between the 1950s and 1970s
consistent with changes in lake thermal properties in response to regional warming (Sivarajah 2016) .
Similarly, Hutchinson Environmental (HESL 2013) reported that both North and South bays were
mesotrophic before European settlement, showed minor shifts in algal and midge composition in the
early 19th century and again in the 1950s/1960s consistent with slight nutrient enrichment, and then
shifted again in the late 1960s and after 1980 likely due to habitat changes caused by climate warming.
Cumming et al. (2006) also showed that diatom assemblages (and diatom‐inferred total phosphorus
concentrations) have been stable in Sturgeon Bay since about 1800. Collectively, these studies indicate
either no or only minor long‐term changes or fluctuations in phosphorus concentrations in embayments
around south‐eastern Georgian Bay. Rather, changes in sedimentary chemical and diatom composition,
and inferred increases in algal productivity, between the 1950s and 1970s appear primarily a response
to regional climate warming.
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Figure 9. Nitrogen (N) and carbon (C) compositional analysis of sediments from (a) North Bay and (b) Tadenac Bay. The %N and
%C‐organic have increased in both embayments since 1970 (LSGBCUF1010).

Although the paleolimnological record identifies climate warming as a long‐term regional influence on
primary productivity in the Georgian Bay region, variability in water quality among years for individual
embayments and among embayments within the same year signals the role of local factors (e.g.,
bathymetry, mixing, algal community composition) in determining when and where phytoplankton
blooms will occur. Surveys conducted of 11 embayments in 2014 found a surface cyanobacterial bloom
in one embayment (Sturgeon), a deep chlorophyll layer in two other embayments (South, Twelve Mile),
and minimal quantities of phytoplankton (with little or no cyanobacteria) in the remaining 8
embayments (LSGBCUF1006). For the 3 bays where cyanobacterial predominated, the cyanobacterial
species had the genetic potential to produce liver toxins (microcystins) yet toxin measurements showed
low concentrations (i.e., well below Health Canada guidelines for drinking and recreational use).
Environmental conditions favouring the development of surface blooms versus deep chlorophyll layers
may be quite different. In an assessment of epilimnetic algal abundance in three oligotrophic (North,
Deep, Twelve Mile) and one mesotrophic (Sturgeon) embayment, cyanobacteria dominance (> 50% of
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total phytoplankton biomass) was observed in all 4 embayments in the warmer summer of 2012 but not
in the cooler summer of 2014 (LSGBCUF1002/C). Warm temperatures and internal Fe2+ loading was
observed in all bays in both summers. A cyanobacteria bloom large enough to turn the lake visibly green
was, however, only observed in warmer 2012 in the meso‐eutrophic embayment. This finding, along
with previous work on reduced iron as a pre‐condition for cyanobacterial dominance (Molot et al.,
2014), led Molot (LSGBCUF1002/C) to hypothesize that warm summer temperatures and ferrous iron
release from anoxic bottom sediments promote cyanobacterial dominance of the bloom. Further
research is required to generalize these findings: for example, hypoxia and elevated concentrations of
total iron (Fe2+ was not measured) were observed in the hypolimnia of both North and South bays
during the summer of 2015 yet cyanobacteria dominance was not observed (LSGBUF1006).
Although surface phytoplankton blooms are often the most visible and commonly reported symptom of
deteriorating water quality, subsurface or deep chlorophyll layers (DCLs) have been observed in marine
and freshwaters since at least the 1960s when instrumentation suitable for their detection became
available. DCLs represent an often over‐looked compartment in the transfer of nutrients and energy
between surficial and deeper waters, and an important component of a waterbody’s primary
productivity. DCLs were observed in both South and Twelve Mile bays during summers 2014 and 2015
and were comprised of the cyanobacteria Planktothrix, bacteria and, in the case of Twelve Mile bay in
2015, the mixotrophic Cryptomonas (mixotrophic meaning that it can obtain carbon through
photosynthesis, ingesting bacteria, or taking up dissolved organic carbon) (LSGBCUF1006; Figure 10). It is
still unclear why South and Twelve Mile bays exhibited DCLs in 2014 whereas Sturgeon Bay had a
surface cyanobacterial bloom while Deep Bay and Cognashene Lake showed no bloom (surface or deep),
yet all exhibited hypolimnetic hypoxia. Further research is required to determine how environmental
conditions (total phosphorus, hypoxia, iron) interact with plankton structure (algae, cyanobacteria,
cryptomonads, bacteria) and function (i.e., nutrient requirements and acquisition) to influence the
timing and type of plankton blooms.
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Figure 10. Distribution of phytoplankton with depth in South Bay in July 2014. Phytoplankton were measured using a
submersible pigment – specific fluorometer (FluoroProbe). Blue – cyanobacteria, grey – diatoms, green – green algae, purple –
cryptophytes, yellow – yellow substances.

Historically, analysis of phytoplankton taxonomic composition was laborious, involving hours of
microscopic work by a highly‐skilled algal taxonomist. In the past 15 years, spectral fluorometers have
become commercially available and allow identification of major phytoplankton groups based on
fluorescence excitation and emission spectra of their various photosynthetic pigments. Using
fluorescence measurements from Sturgeon Bay, Harrison et al. (2016; LSGBCUF1017/C) developed an
improved method for estimating phytoplankton community composition. This improved method gave
better estimates of both phytoplankton taxonomy as well as phytoplankton abundance, expressed as
chlorophyll a concentrations. While promising, further testing is required to ensure that this method is
appropriate for other sites with different types, or abundances, of algae.

4.4 MODEL BUILDING AND FORECASTING
Under the LSBGCUF, modeling was undertaken to increase knowledge of the sources, transport and fate
of phosphorus in embayments along eastern Georgian Bay. ECCC scientists (LSGBCUF1007) modelled
water quality in Honey Harbour and Tadenac Bay using both the ECCC merged OneLay/PolTra (OP) water
quality model (a 2D vertically mixed model) and the ELCOM‐CAEDYM (Estuary Lake Coastal Ocean
Model, a 3D hydrodynamic model). In the case of Honey Harbour, validated models showed that total
phosphorus concentrations in South Bay were most affected by loadings from the Baxter River. While
exchange of water with Georgian Bay and internal loading were important sources of phosphorus to the
Honey Harbour embayment system (Figure 11), modeling results showed that reduction in the Baxter
River loads to background values would lower the total phosphorus concentrations in South Bay by 10‐
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fold. In contrast with South Bay, phosphorus concentrations in North Bay were impacted by changes in
water level, wind driven currents and exchange of water with Georgian Bay / Honey Harbour; external
loads were not significant drivers of total phosphorus concentrations in this embayment. Interestingly,
modeling of Tadenac Bay (which has only one fishing camp on its shore compared to the many cottages
along the shoreline of Honey Harbour) showed that water exchange with Georgian Bay but also the
inflow from Galla Creek could be important determinants of total phosphorus concentrations in the Bay.

Figure 11. Predicted and observed total phosphorus concentrations at stations In Honey Harbour, North Bay, South Bay from
June 2014 – November 2015. Figures contain observed values, predicted values (OP Model), predicted values with the
influence of Georgian Bay and initial concentrations set to zero (IniGBe0) and predicted values with the influence of Baxter
River and initial concentrations set to zero (IniBax0).

Recognizing the influence of inflow of Georgian Bay water on the water quality of embayments, Wells
(LSGBCUF1034) was funded in the final year of the LSGBCUF to undertake numerical modeling to
evaluate the linkage between circulation of Georgian Bay and variability in water quality in embayments.
Factors that could affect the exchange of water between Georgian Bay and embayments include water
level fluctuations in Georgian Bay as a result of seiches and tides, water level fluctuation in embayments
as a result of river flows, density gradients between the Bay and embayments due to differential
heating, upwelling events from Georgian Bay, and wind‐driven forcing. Preliminary findings indicate
that the velocity and direction of currents flowing between the Bay and embayments are correlated
with wind. Research is continuing on this topic, including application of the FVCOM (Finite Volume
Coastal Ocean Model) to interpret and synthesize the field data, and provide an understanding of how
water circulation might drive nutrient gradients, in particular around Shawanaga Island and Moon
Island.
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To support water quality management and decision‐making in eastern Georgian Bay and the
Nottawasaga watershed, Arhonditis (LSGBCUF1003) undertook an integration of watershed models that,
collectively, could be used to evaluate the impacts of human development on water quality. As a first
step, the SPARROW (SPAtially Referenced Regressions On Watershed attributes) model was calibrated
for sub‐watersheds in eastern Georgian Bay and the Nottawasaga basin. This model estimates sub‐
watershed nutrients based on nutrient export from different land uses, land‐to‐water delivery, and in‐
stream attenuation. A series of Bayesian formulations were then developed to aid in parameterizing the
SPARROW model (and thus overcome the problem of inadequate data quantity and/or quality) and to
link the SPARROW model with human socioeconomic activities (as was undertaken previously for the
Lake Simcoe watershed; Neumann et al., 2017). The result is an integrated socio‐environmental analysis
on the present state of eastern Georgian Bay and the Nottawasaga watersheds, delineated on the basis
of socio‐environmental management units (SEMUs). SEMUs were identified as being in reference or
“undisturbed” condition versus “anthropogenically influenced”. In the case of the latter group, the
socioeconomic conditions resulting in impairment were identified. Preliminary findings indicate that
urban growth in several SEMUs is changing the capacity of catchments to retain phosphorus and that
urban storm water management should be considered a priority.
Shoreline development can have significant impacts on the water quality of surrounding areas.
Recognizing this, Seguin Township adopted an approach in 2010 to manage development with the goal
of protecting and preserving water quality and mitigating impacts of potential phosphorus loading. To
achieve these goals the township began using the “Seguin Water Quality Model”, a tool based on the
Lakeshore Capacity Model (AECOM, 2009). In 2015 the Township retained Hutchinson Environmental to
update, refine and reassess the efficacy of the current model (LSGBCUF1026). A draft report with a
revised model was provided to the Township of Seguin in early 2016, along with recommendations
(HESL, 2016). Updates to the model included addressing new provincial guidance outlined in the
Lakeshore Capacity Assessment Handbook created by the Province of Ontario in 2010 as well as
incorporating new data collected over the past five years through the water quality monitoring program
run by the Township. The newly revised model performed similarly to the 2009 version and was then
used to classify lakes, based on measured and modeled phosphorus, as over or under a pre‐determined
threshold (background +50% to a maximum of 20 µg/L). A sensitivity metric was also developed to
identify the sensitivity of lakes to phosphorus loading. This new water quality model has been
submitted to the Township of Seguin and is being considered for inclusion in the Seguin Official Plan.

4.5 SCIENCE SUMMARY AND RECOMMENDATIONS
Science investigations conducted as part of the LSGBCUF have advanced understanding of the sources
and fate of phosphorus in embayments along the coast of south‐eastern Georgian Bay, particularly in
North and South Bays. These studies have identified that several embayments have shown no
appreciable change in total phosphorus concentrations over the long term (Tadenac and Sturgeon bays
for >100 years) or short term (Byng Inlet and Sandy Bay for approx. 10 years). In contrast, North Bay and
South Bay experienced modest increases in nutrient concentrations influenced by initial shoreline
developments at the turn of the twentieth century. Empirical correlations and mechanistic studies also
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showed that phosphorus concentrations in a given embayment are the result of interactions among
basin morphometry and anthropogenic inputs such that shallow embayments with little exchange with
Georgian Bay have higher total phosphorus concentrations than deep embayments that are regularly
refreshed with Georgian Bay water.
Science conducted under the LSGBCUF has also advanced understanding of the frequency and spatial
extent of plankton blooms, identified vulnerable areas, and provided new knowledge on the factors
contributing to development of blooms. Most embayments have shown little or, at most, modest
change in algal composition attributable to nutrient enrichment over the past approximately 100 years.
Instead, the largest changes in sedimentary algal composition and production occurred during the past
40‐50 years and are associated with regional climate warming. Although climate warming has had a
pervasive influence on algal productivity, specific conditions (i.e., extent of anoxia and associated total
phosphorus and Fe2+ release, water temperature, plankton community composition) have influenced
the likelihood of bloom formation in any particular year and embayment.
The LSGBCUF science on phosphorus sources, transport, fate and effects in Georgian Bay embayments
has resulted in several new management tools and information/data to support these tools:






The newly‐developed “Anthro‐Geomorphic Model” was found to perform better than the
Lakeshore Capacity Model and can be used to evaluate how human development along the
shoreline of a particular embayment may alter its susceptibility to becoming eutrophic
(although further validation is still required – see below).
Hydrodynamic models were shown to be a useful tool to support the development of nutrient
objectives and a monitoring framework, and to evaluate the effects of changes in human
activities on water quality including under scenarios of climate change.
An integrated socio‐environmental model that merges social, economic and environmental data
to distinguish between “undisturbed” versus “anthropogenically‐influenced” watersheds. The
latter watersheds can then be considered for promotion of stewardship programs to reduce
nutrient loading and promote mechanisms to control environmental degradation.

The LSGBCUF studies in Georgian Bay embayments have also resulted in management
recommendations:




Sediment phosphorus release is controlled by hypolimnetic hypoxia and this, in turn, is
predominately determined by basin morphometry. In situations where physical factors
(morphometry, water exchange time) conspire to create problem conditions, reducing
anthropogenic nutrient loads to surface waters is required to mitigate ecosystem impacts. The
release of phosphorus stored in sediments will, however, delay the benefits of nutrient
management actions.
Phosphorus removal is required to decrease phytoplankton biomass in eutrophic waters;
however, oxidized surficial sediments must be maintained to prevent cyanobacteria dominance.

38








The risk of bloom formation in oligotrophic embayments is low, even if anoxia occurs near the
sediment‐water interface. Insufficient phosphorus serves to keep algae (and cyanobacteria)
concentrations low.
Changes in monitoring strategies are required in areas where micro‐algal and cyanobacterial
DCLs occur to ensure these organisms are adequately sampled.
Caution is advised when implementing strategies of active management (e.g., aeration, mixing)
to restore water quality of embayments dominated by DCLs as perturbation of these
communities could result in surface blooms. For example, aeration of Lake Wilcox (on the
Oakridges Moraine north of Toronto) resulted in proliferation of the cyanobacteria Planktothrix
from almost undetectable values to bloom conditions (Nürnberg and LaZerte, 2004).
In the case of North and South Bays, the Baxter River has substantial impact on water quality in
South Bay. Reducing phosphorus in the Baxter River would reduce P, and improve water quality,
in South Bay.

Science issues requiring further investigation include:





Refinement and validation of the AGM with additional field data from other embayments in
eastern Georgian Bay.
Examination of geochemical cycles at the sediment‐water interface as they relate to
development of conditions that promote cyanobacterial blooms, for example the development
and persistence of anoxia at the sediment/water interface in polymictic systems, the
contribution of in situ nitrification to anoxia, and geochemical control of internal iron loading
Improved understanding of the mechanisms responsible for the proliferation of deep
chlorophyll layers (DCLs), in particular why some embayments support these communities while
others have surface blooms.
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5.0 FLUCTUATING WATER LEVELS, WETLANDS HEALTH AND FISH POPULATIONS
Georgian Bay has experienced sustained low water levels for an extended period of time beginning in
the early 2000s. The sustained low water levels have caused concern to many local home and cottage
owners: low water levels have resulted in stranded docks, limiting water access for boat and
recreational purposes, and caused economic concerns regarding the need to relocate docks and water
intake lines as the shoreline has receded. In addition, many citizens are concerned for property values
should water levels remain low or continue to drop.
The Canadian Hydrographic Services have monitored water levels of the Great Lakes for decades, with
gauging stations distributed throughout each of the lakes. Lakes Huron and Michigan are hydrologically
indistinguishable and function as a single body of water that is linked through a large open water
channel (the Straits of Mackinac); thus, water levels reported here are for Lake Huron‐Michigan. The
water level of Lake Huron‐Michigan is not controlled by artificial means and therefore water level
fluctation is primarily driven by natural factors such as precipitation, runoff and evaporation, all of which
are heavily influenced by climate. In addition, glacial isostatic rebound is slowly tilting the Great Lakes
basin such that the north‐eastern portion of the basin is gradually rising (Mainville and Craymer, 2005),
causing water to be displaced from the northeast to the southwest.
Water levels in Lake Huron‐Michigan have been recorded since at least 1918, and the trends of high and
low levels of water over this time frame can be seen in Figure 12. At the onset of the LSGBCUF water
levels were reaching record lows: December 2012 and January 2013 broke records previously set in
1964. However, in 2014, water levels in Lake Huron‐Michigan increased and have continued to steadily
rise, approaching the long term average throughout the duration of the LSGBCUF program. With the
return of higher water levels the concerns of many local residents have abated, although the concerns
of the past decade have sparked debate about implementing water control measures within Lake
Huron‐Michigan.

Figure 12. Monthly and yearly mean water levels 1918‐2016 for Lake Huron‐Michigan (CHS, 2017b). Monthly means are
indicated by the blue line and yearly means by a black dot. The black line indicates chart datum established in 1985, which for
Lake Huron‐Michigan is 176m above sea level (asl). Red arrow indicates the year 2000.

To address concerns regarding an inability to accurately predict low water levels, the LSGBCUF funded a
study (LSGBCUF1027) to model water level fluctuations and its effects on water quality. The geographic
scope included embayments and offshore and nearshore areas of eastern Georgian Bay, and addressed
areas exposed to varying degrees of human impact, from the least affected area (Tadenac Bay) to highly
populated areas (North Bay). This project consolidated 15 years of time‐series data from McMaster
Coastal Wetland Inventory, Ontario Ministry of the Environment, Environment Canada and Department
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of Fisheries and Oceans into a master relational database. A Bayesian imputation model was then
developed to fill data gaps. With this time series data, the research group then examined the effect of
hydrological and climatic drivers on contemporary low lake levels, as well as the recent resurgence of
water, attempting to determine if these water level extremes could have been predicted. Wavelet
transform analysis on long term data (1860‐2015) showed that Lake Huron water levels fluctuate in
annual as well as 8‐12 year cycles, confirming previous research by Hanrahan et al. (2009). The
researchers then attempted to predict the drivers of the recent low water levels seen in the early 2000s.
Biwavelet transform analysis suggested that hydrological drivers are good indicators of monthly water
level change and that Net Basin Supply (NBS; NBS = Precipitation + Runoff ‐ Evaporation) in particular is
a good proxy for Lake Huron monthly water level change. Work is continuing on this project, in
particular connecting NBS to local meteorological variables and climatic drivers, and if possible, linking
water level fluctuations to water quality.
Considering water level on a smaller temporal and spatial scale (days – weeks), Wells (LSGBCUF1034)
and colleagues at the University of Toronto studied factors affecting the exchange rate of water
between the main body of Georgian Bay and its embayments. While a variety of factors could affect
the exchange of water between Georgian Bay and embayments (e.g., water level fluctuations in
Georgian Bay as a result of seiches and tides; water level fluctuation in embayments as a result of river
flows; density gradients between the Bay and embayments due to differential heating; upwelling events
from Georgian Bay; wind‐driven forcing), preliminary findings indicate that the velocity and direction of
currents flowing between the Bay and embayments are primarily correlated with wind. This
information is now being used to provide an understanding on how water circulation might drive
nutrient gradients in coastal embayments.
Low water levels can impact the health of coastal wetlands. Receding water can result in exposed
substrate allowing for colonization by terrestrial or invasive plants. Of particular concern is the invasive
perennial grass known as phragmites or European common reed (Phragmites australis subsp. australis)
which is present and spreading in Georgian Bay. The LSBGCUF supported a number of projects (through
the Nottawasaga Conservation Authority and Georgian Bay Forever) that promoted education and
awareness of invasive phragmites as well as events in several locations to actively control and manage
the spread of phragmites.
Chow‐Fraser and colleagues at McMaster University conducted a study funded by the LSGBCUF
measuring the status and long‐term trends of wetlands ecosystem health in Eastern Georgian Bay
(LSGBCUF1025). Thirty‐four wetlands were surveyed in the summers of 2015 and 2016, spanning the
area between the French River and Severn Sound. This research group had previously surveyed these
sites in 2003‐2006 and the new data were compared with these earlier surveys. Three indices were
used to assess wetland health: (1) the Water Quality Index (WQI) was used to evaluate water quality
variables (i.e., turbidity, conductivity, temperature, suspended solids, chlorophyll along with a variety of
nutrient parameters; Chow‐Fraser, 2006); (2) the Wetland Macrophyte Index (WMI; Croft and Chow‐
Fraser, 2007) was used to assess wetland macrophyte composition, and (3) the Wetland Fish Index (WFI;
Seilheimer and Chow‐Fraser, 2007) were used to assess fish assemblages. During the interval between
the sampling events (2003‐2006 and 2015‐2016), water levels in eastern Georgian Bay transitioned from
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a period of record low levels to above average water levels, representing an approximate 80 cm increase
in water level. Scores for both the WQI and WMI indicated no change in wetland health between the
two times periods, with the wetlands categorized as being in “very good” condition. Scores from the
WFI, based on both fish abundance and species presence, indicated a decline in wetlands condition from
“very good” to “good”. The WFI had been developed to reflect changes in fish communities in response
to water quality impairment and thus the downward trend in WFI was inconsistent with the the
unchanged status of the wetands as expressed by the WQI score. The researchers speculate that the
cause of the disparity lies in the methodology used. Protocol dictated that fyke nets used for fish
collection must be set in water no deeper than 1 m; however, with the increased water levels, the 1m
depth contour which was now inhabited by submerged meadow vegetation often containing pine trees
and shrubs. This vegetation no longer represented an ideal habitat for fish. Preliminary results from
both WQI and the WMI indicated that human activities have not resulted in the water quality
impairment of the wetlands that were studied. Furthermore only the WQI and WMI should be used as
indices until the robustness of the WFI can be established for fluctuating water level scenarios.
Using fish as indicators of environmental quality was a technique also used by scientists at the Ministry
of Natural Resources (MNR). Davis and colleagues at MNR (LSGBCUF1014) are currently using fish
community species composition, and the biological attributes of species, to link community composition
with water quality in the nearshore and embayments of eastern Georgian Bay. Six areas were chosen
and classified as either degraded (Severn Sound, Deep Bay, Sturgeon Bay) or less degraded
(Shebeshekong River, Magnetawan River, French River) sites. Sampling occurred in the summers of
2014, 2015 and 2016 using two standardized methods. The two methods complement each other and
are used together to sample small fish in shallow nearshore water (gill nets and fyke nets; used in
environments less than 5 m) and broad scale monitoring to be effective in large inland lakes (multi‐mesh
gill nets; used in environments of 2‐40 m). To date this project has sampled approximately 780 sites
spanning the six areas identified above, capturing almost 40,000 individual fish representing 42 different
species. Analysis is currently ongoing examining fish community patterns and potential indicator
species, for example invasive (i.e., Round Goby) and nutrient tolerant species (i.s. Brown Bullhead). This
group is also investigating within species changes, such as growth or condition factor,for their potential
as bioindicators. The use of fish as an indicator of water quality may be an alternative way to engage the
public in water quality issues. The project also also serves to address the lack of information on the
status of fish populations within Georgian Bay, a knowledge gap identified by Charlton and Mayne
(2013).
Complementing this nearshore fish assesment program, another Ministry of Natural Resources project
(LSGBCUF1021) sampled pelagic fish and plankton communities to evaluate whether signals of poor
water quality could be detected in offshore pelagic fish species. This program shared some sites with
Ministry of Natural Resources project LSGBCUF1014, sampling Severn Sound and Perry Sound (as well as
other sites in Lake Simcoe), thereby allowing researchers to create a broad picture of fish community
structure in these areas, from nearshore to pelagic fish communities. Using multifrequency
hydroacoustics, Dunlop and MNR colleagues (LSGBCUF1021) conducted hydroacoustic transect surveys
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at each study site in the summers of 2014‐2016 to characterize pelagic fish communities and habitat
quality (including depth and substrate). Analyses on these data are still ongoing.
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6.0 ADVANCEMENT OF BASELINE DATA COLLECTION AND MONITORING
As part of the science synthesis conducted by Charlton and Mayne in 2013, they recommended
enhanced nearshore water quality monitoring for all areas within the geographic scope. Monitoring was
suggested in some areas to increase knowledge or establish background conditions (for example in Parry
Sound and Nottawasaga Bay), while other monitoring was recommended to investigate particular
concerns such as the sporadic high concentrations of phosphorus in the French River and the streams
that feed into Sturgeon Bay. One conclusion drawn from the 2013 report was that the lack of regular
nearshore monitoring contributes to the challenges in the management of the areas’ resources.
6.1 IMPROVEMENTS TO WATER QUALITY MONITORING
As a measure to standardize monitoring efforts and advise programs run by different monitoring groups,
Conservation Ontario developed a monitoring protocol for the nearshore of south eastern Georgian Bay
(LSGBCUF1029). This protocol built upon the Lake Simcoe nearshore and Great Lakes nearshore
monitoring tools and was finalized by Hutchinson Environmental Sciences Ltd. (Conservation Ontario
and HESL, 2016) with consultation and input from the Ontario Nearshore Monitoring Protocol Working
group (consisting of representatives from seven different conservation authorities and members of
Hutchinson Environmental Sciences Ltd.). After completion, the monitoring protocol was tested by the
Nottawasaga Valley Conservation Authority in the Wasaga Beach area. This newly developed nearshore
monitoring protocol is a decision–making framework meant to provide guidance to any user that is
sampling in the nearshore of south eastern Georgian Bay. It guides users on selection of parameters to
monitor across a wide variety of scenarios or stressors. The monitoring protocol covers an array of
biotic, physical and chemical parameters along with information on how to collect samples using
standard methods. The user is further guided as to which parameters can be reasonably and effectively
sampled given available resources. This protocol along with a nearshore monitoring factsheet is now
freely available on the Conservation Ontario website (http://conservationontario.ca).
The Georgian Bay Biosphere Reserve (GBBR) is the portion of Georgian Bay declared a UNESCO
biosphere reserve and encompasses the area of Georgian Bay between the French River and Port
Severn. The GBBR is represented by a local non‐profit community organization identified by the same
name. A vast expanse of the Georgian Bay shoreline is encompassed within this reserve and its role is to
help inform, educate, facilitate and provide leadership with respect to conservation and sustainable
development of the vast expanse of the Georgian Bay shoreline encompassed within the reserve. In
2014, the GBBR produced a report (GBBR, 2014) identifying more than 15 water quality monitoring
programs along eastern Georgian Bay within the biosphere. This report described each program, listing
their objectives, sampling methods, locations, stations, frequency, and duration along with a summary
of the water quality parameters collected. Programs frequently used different methodologies and
collected different parameters to address the specific needs of their own project. Recognizing that
there was a lack of co‐ordination of the broad range of sampling programs in the region, the GBBR
sought to address this concern through a LSGBCUF project aimed at mobilizing local action groups and
introducing a coordinated and tiered nutrient monitoring strategy (LSGBCUF1032). As part of this
project, the GBBR worked with local associations to assist with monitoring, and provide training and
44

access to equipment (i.e., Sturgeon Bay, Woods Bay, Otter Lake). A report produced by the GBBR for
the LSBGCUF undertook a further examination of monitoring programs and their outcomes
(LSGBCUF1032; Clark et al., 2015). It identified the most recent sampling undertaken within the
biosphere (including project LSGBCUF1031), reviewed existing data, provided recommendations on
tiered and harmonized monitoring and called for increased monitoring in enclosed bays. As a further
step the GBBR also produced a report on phosphorus monitoring guidelines in enclosed Bays (Clark et
al., 2016). This report provides sampling guidelines, including information on sample collection timing, a
decision tree on monitoring efforts based on results and protocol recommendations, along with a list of
41 suggested stations for increased or new total phosphorus monitoring. To further engage the local
communities, the GBBR hosted workshops to train volunteers on water quality sampling, present
children’s programming and communicate water quality conditions and best practices to the
communities at large. As part of this endeavor, the GBBR also updated their nutrient monitoring
website that provides geo‐referenced total phosphorus data from a variety of sources including the
federal and provincial governments and the volunteer‐based lake partner program (Figure 13) (GBBR,
n.d.).

Figure 13. A screenshot of the Georgian Bay Biosphere Reserve, State of the Bay nutrient water monitoring website (March 6,
2017). Each point of the map is interactive and provides total phosphorus concentrations along with sampling co‐ordinates,
date, program responsible for the data collection, etc. (GBBR, n.d.).

Much of the area covered by the LSGBCUF is not supported by a conservation authority or other
governing body and, in the absence of local associations or municipal‐level government, many areas are
infrequently monitored. To enhance the coverage of water quality sampling, monitoring activities were
increased through a number of LSGBCUF programs.
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Water quality monitoring was undertaken in Byng Inlet from 2014 ‐ 2016 and spanned the inflow of the
Magnetawan River (close to Hwy 69) through to the Georgian Bay inlet. Sampling was conducted twice
monthly during the open water season. Prior to the start of this project, sampling in this area had not
been performed since 2002 when the Provincial Water Quality Monitoring Network (PWQMN) ceased
its regular sampling at its Magnetawan River station. The only other historic overlap was a station in
common with the MOECC and which was last sampled in 2003/2004. Total phosphorus concentrations
were found not to vary either spatially across Byng Inlet (i.e., at the inflow of the Magnetawan River to
the mouth of the Georgian Bay inlet) or temporally (2014‐2015) in the area sampled, with a total
phosphorus range of approximately 5 to 12 μg/L. Although this new dataset spans only two years,
preliminary results indicate that the water chemistry values have not changed substantially in this area
since 2002 (LSGBCUF1004).
Water monitoring was also conducted northwest of Byng Inlet at Sandy Bay, part of Henvey Inlet First
Nation. Concerns by community members of Henvey Inlet First Nation were that foul smells and algae
were preventing enjoyment of the local area and beach which led to funding of a monitoring study for
Sandy Bay. Five stations stretching from the eastern end of Sandy Bay to the western end at the mouth
of Georgian Bay were sampled twice (August and October) in 2016 for a variety of water quality
parameters. Total phosphorus concentrations indicated that Sandy Bay area is oligotrophic
(LSGBCUF1031); however shoreline algal growth was not measured.
A project assessing water quality of Lake Couchiching sought to engage the community through its
sampling program (LSGBCUF1018). A total of 10 sampling stations (8 nearshore and 2 open water) were
sampled every three weeks from June – November 2014, with the assistance of trained citizen scientists.
The goal was to engage the public, increase scientific literacy and promote lake stewardship. The two
open‐water sites corresponded with sites previously sampled by the Severn Sound Environmental
Association (SSEA) in 2013. Results from this study showed that the waters of Lake Couchiching are
oligotrophic and relatively healthy; however, sampling in the southern end of the lake after storm
events yielded samples with total phosphorus concentrations higher than PWQO guideline
(LSGBCUF1018).
In addition to the LSGBCUF projects that were strictly monitoring, several LSGBCUF‐funded research
projects also undertook regular water chemistry sampling as part of their study. Summaries of activities
as it relates to the monitoring component of research projects are presented in Table 4, as well as
similar information for monitoring only projects. The scientific results from research projects are
described in Chapters 4 (for the Nottawasaga Valley watershed and Nottawasaga Bay) and 5 (eastern
Georgian Bay embayments).
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Table 4. Summary of monitoring, and monitoring component of research projects in Georgian Bay and surrounding watersheds
conducted under the LSGBCUF.

Location
Lake Couchiching,
10 stations
Sandy Bay, Henvey
Inlet First Nation
5 stations
Byng Inlet,
Magnetawan
First Nation
5 stations
Blackstone Lake,
Tadenac Bay, South
Bay, North Bay,
Cognashene Lake,
Twelve Mile Bay,
Deep Bay, Musquash
Bay, Sturgeon Bay,
Woods Bay,
Longuissa Bay
Sturgeon Bay,
Twelve Mile Bay,
Deep Bay, North Bay
South Bay, Twelve
Mile Bay, Sturgeon
Bay,

Honey Harbour
Wasaga Beach,
Nottawasaga Bay
Groundwater (Lake
Algonquin Sand
Aquifer, Minesing
Wetlands, and wells
in the NVCA).
River sampling (60
sites in Nottawasaga
Valley watershed
Baxter River, North
Bay, South Bay,
Tadenac Bay;

Parameters
TN, TP, DO, pH, temperature,
conductivity, TSS, phytoplankton
community assemblages
TP, TDP, E. coli, total coliforms,
DO, orp, pH, temperature,
conductivity, Secchi depth, PAH*
and PCB*
TP, TKN, NH4, NO3, Turbidity,
DOC, pH, alkalinity, conductivity,
DO, Secchi depth
Temperature, conductivity, DO,
pH, turbidity, TP, SRP,TNN, TAN,
TN, chlorophyll‐a

Water samples; conductivity,
temp, DO, ammonium, nitrate,
total dissolve Fe, total dissolved
P, SO4, TN, TP, plankton
Phytoplankton (taxonomy and
molecular analysis), algal toxins,
Fe, DO, pH, conductivity,
fluorescence, PAR, TP, TDP, DIN,
NH4, NO2/NO3, algal toxins,
phycocyanin *
Meteorological station*
Current meter moorings*
TP*
Anions, cations, SRP, TP, DOC,
alkalinity, ammonium, water
isotopes, artificial sweeteners
anionic herbicides, nitrate
isotopes, perchlorate, and sulfate
isotopes, temperature, dissolved
oxygen, pH, and conductivity.
DO, TP, conductivity,
temperature, pH, chlorophyll‐a,
DOC, sediment cores*
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Date
June – November 2014

August and October
2016

Project
LSGBCUF1018
(monitoring
project)
LSGBCUF1031
(monitoring
project)

April – October 2014
May – Oct 2015
2016, dates unknown at
time of this report
Monthly sampling
May – September
2012 – 2015
Not all Bays sampled
every year, but each Bay
was sampled for a full
season in at least one
year

LSGBCUF1004
(monitoring
project)

Bi‐weekly June‐
September 2012

LSGBCUF1002
(research project)

2014‐2016

LSGBCUF1006
(research project)

2014 and 2015

LSGBCUF1007
(research project)

2013‐2016

LSGBCUF1009
(research project)

2014‐2016

LSGBCUF1010
(research project)

LSGBCUF1001
(research project)

embayments,
tributaries and
groundwater
Groundwater at
sites on Wasaga
beach
Honey Harbour,
Twelve Mile Bay,
Tadenac Bay and
Sturgeon Bay
Groundwater (10
sites) and drainage
ditches and streams
(18 sites) in Wasaga
Beach PP
15 stations on the
Nottawasaga River,
4 sites in Minesing
Wetlands
9 sites total within
Blue Mountain,
Innisfil Creek and
Boyne River
subwatersheds
Honey Harbour,
Tadenac, Twelve
Mile Bay
34 wetlands along
eastern shores of GB
10 field sites; 5 open
water cruises and 2
spring/fall cruises in
Nottawasaga Bay
Willow and Bear
Creek
subwatersheds in
the Nottawasaga
Valley

Acesulfame, SRP, TP

2014‐2016

LSGBCUF1011
(research project)

Artificial sweeteners, SRP,
ammonium, major ions,

2013‐2016

LSGBCUF1012
(research project)

DO and thermal profiles*
CDOM, chlorophll, temperature*
TSS, POC/PON*

2014‐2016

LSGBCUF1013
(research project)

Cl‐, NO3‐, NH4+, TSS, TP, SRP,
acesulfame

April – August 2015

LSGBCUF1015
(research project)

TP, TAN, E. coli, TN, TSS, SRP,
turbidity, DO, periphyton AFDM
and chlorophyll‐a

June – September,
monthly

LSGBCUF1019/C
(research project)

SRP, nitrate, ammonium, DOC

August 2015, Feb 2016,
March 2016,

LSGBCUF1022
(research project)

Fe, Mn, Ca, Al, P in pore water,
pH, O2, and redox.
Sediment cores
Turbidity, conductivity,
temperature, chlorophyll‐a, TSS,
TP, SRP, TAN, TNN, TN
SRP, SNRP
Phytoplankton community
composition

6 sampling events
during 2014, 2015

LSGBCUF1023
(research project)

2015 and 2016

LSGBCUF1025
(research project)

July – October 2015

LSGBCUF1028
(research project)

Biweekly water
sampling May 2015‐
October 2015

LSGBCUF1035
(research project)

Chloride and invertebrate
sampling

* done at select stations and/or intervals
Parameter definitions: TN=total phosphorus, TP=total phosphorus, DO=dissolved oxygen, TSS=total suspended solids, TDP=total
dissolved phosphorus, orp=oxidation‐reduction potential, PAH=polycyclic aromatic hydrocarbons, PCB= polychlorinated
biphenyl, TKN= total Kjeldahl nitrogen, NH4=ammonium, NO3=nitrate, TNN = total nitrate nitrogen, TAN = total ammonia
nitrogen, SNRP = soluble non‐reactive phosphorus

The addition of nutrients to watersheds, especially phosphorus, can alter trophic status, and is
associated with increased algal growth and effects on the health of ecosystems. Runoff from urban
areas can be a source of these nutrients, but also other elements and compounds that can affect
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ecosystem condition. Researchers at Ryerson University (LSGBCUF 1035) are examining the effect of
chloride from winter road salt application on ecosystem health, an emerging issue in urbanizing
areas. Chloride salts are used as de‐icers on roadways during seasonal road maintenance and studies
from Lake Simcoe tributaries have shown chloride concentrations in streams draining urban lands and
roads are on the rise (Winter et al. 2011). The LSGBCUF project focused on watersheds in the Barrie
area, most of which drains into the Lake Simcoe watershed; however, some areas of Barrie also drain
into subwatersheds of the Nottawasaga River (Bear Creek and Willow Creek). This ongoing project is
characterizing the magnitude, timing and distribution of chloride in Nottawasaga (and Lake Simcoe)
subwatersheds and its impact on ecosystem health as characterized by abundance and diversity of
benthic macroinvertebrates.
6.2 IMPROVEMENTS TO BASELINE DATA AND MAPPING
In addition to increased water quality monitoring in the region, Charlton and Mayne (2013) advocated
the need to invest in remote sensing technology such as Laser Imaging Detection and Ranging (LIDAR)
and oblique imagery to establish coastal conditions. The LSGBCUF supported several projects that
acquired and contributed new baseline data in order to support research projects and provide better
tools for making management decisions. Bathymetric LIDAR surveys were undertaken in sub‐regions of
Georgian Bay (Manitoulin Island, part of the northern Bruce Peninsula and part of Nottawasaga Bay) by
the Canadian Hydrographic Services in 2013. Under the LSGBCUF, projects have contributed to new
information and provided mapping with higher accuracy and at resolution scales better suited to
research and modelling. These efforts have included on mapping shoreline features, bottom substrate
and coastal habitat. Although some of these projects incorporate their own modelling question, the first
step is the collection and processing of massive datasets that is often a standalone endeavor.
Researchers at the Ontario Ministry of Natural Resources and Forestry (OMNRF) directed a project
(LSGBCUF1024/C) to obtain new aerial imagery of the shoreline in the southern reaches of Georgian Bay
and Lake Simcoe (Figure 14). To limit the impact of overhanging vegetation, oblique angle imagery was
acquired by helicopter during fall 2014. Oblique imagery is taken at a 40‐45 degree angle and allows for
better visualization of shoreline detail, allowing for more accurate classification than using orthoimagery
(straight down view) alone (Figure 14b and 14c). Shorelines were classified into categories such as open
beach/bar, altered or natural. Shoreline inventory provides important information for fish and wildlife
habitats by identifying wetlands, woodlands and spawning habitat. In order to optimize the use of this
new dataset (oblique imagery and new shoreline mapping), it has been declared open data: the Lake
Simcoe dataset is now available to the public on the Land Information Ontario data warehouse, with the
Georgian Bay dataset to follow in the near future.
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b

Figure 14. (a) Flight line indicating shoreline coverage of oblique imagery; Southeastern Georgian Bay from Highway 400 west
to Collingwood (275 km of shoreline) and Lake Simcoe and four islands therein (305 km of shoreline). Also shown are examples
of shoreline showing both a traditional orthogonal image (b) and the same location shown as an oblique image (c),
(LSGBCUF1024/C).

Ongoing work by the Nottawasaga Valley Conservation Authority (NVCA) (LSGBCUF1033) in the highly
populated areas of Wasaga Beach and Collingwood areas includes mapping of the shoreline for
management and development of conservation strategies. Existing bathymetric data are too coarse for
coastal process modelling and the NVCA identified a need for data with increased resolution for their
management needs. There are several components to this project including mapping, modelling and
biodiversity assessment. Bathymetric mapping of the nearshore was planned using sonar, producing
0.25m vertical accuracy from 0.9m to 5m depth in transects of 25 m intervals along the shoreline. A
digital terrain model of the area is being produced for the corresponding 36 km of shoreline creating a
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topographic map with better than 15 cm vertical accuracy. A digital map of the flood hazard and
dynamic beach hazards limits will also be created for this area. This project began in 2016 and, at the
writing of this report, no further information was available about its status or availability of the map
products.
The Severn Sound Environmental Association (SSEA), in conjunction with several partners, have been
engaged in assessing bottom habitat in the nearshore (up to 100 m from shore) of Severn Sound and
parts of Nottawasaga Bay (LSGBCUF1020) from 2015 to 2017. This project uses a combination of data
sources from sonar, underwater and surface imagery, aerial orthographic and oblique photos, elevation
data and fish survey data. The resultant data will result in the creation of maps of depth, substrate
texture and aquatic plant distribution. Furthermore this data will be used to model fish habitat
suitability and score fish habitat over a broad expanse of coastline. This project has also obtained data
from the South Central Ontario Ortho‐photo Project run by the OMNRF to derive a digital elevation
model of the area, enabling SSEA to generate and update Severn Sound shoreline maps which can be
used for further habitat modelling.
Research conducted at Environment and Climate Change Canada includes mapping and quantification of
bottom sediments of Georgian Bay (LSGBCUF1013). Bathymetic and benthic substrate maps were
developed through acoustic remote sensing technology for Honey Harbour, Tadenac Bay, Sturgeon Bay
and 12 Mile Bay. These bathymetric maps represent hundreds of thousands of soundings for each bay,
and provide a much higher resolution than what was previously available for the area. Sub‐bottom
profiling of Honey Harbour and Sturgeon Bay (Figure 15) revealed that some sediment deposits were
greater than 11m in depth (Sturgeon Bay) and these deposits could represent potential nutrient
inventories for these embayments. These 3D maps were developed to provide modelling tools to
estimate volumetrics for stratification scenarios and nutrient partitioning. These maps were
incorporated into modelling research being conducted by other Environment and Climate Change
Canada scientists (LSGBCUF1007 and LSGBCUF1010).

Figure 15. Bathymetry and sub‐bottom profiling, Sturgeon Bay (LSGBCUF1013).
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Suspended particulate matter distributions were also mapped in Honey Harbour, Tadenac Bay, Sturgeon
Bay and 12 Mile Bay, as well as for segments of Nottawasaga Bay. These suspended particles could
represent another potential nutrient source previously unrecognized. Profiles were conducted using a
laser profiling instrumentation to measure and describe these particles on a volumetric and mass basis.
The vertical distribution of these particles may provide new insight into the possible conveyance of
nutrients within Georgian Bay, research this is still ongoing. Side scan sonar was used in segments of the
Nottawasaga Bay for acquisition of seabed information for the purposes of substrate classification.
These projects represent a great investment in monitoring, technology and baseline data collection
made by the LSGBCUF to advance science within Georgian Bay. However the opportunity still exists to
expand remote sensing coverage through multibeam, sonar and LIDAR surveys across a greater expanse
of Georgian Bay.
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7.0 RECOMMENDATIONS AND SCIENCE GAPS
Research and monitoring conducted under the LSGBCUF has improved understanding of the sources,
transport and fate of phosphorus in the Nottawasaga River watershed, Nottawasaga Bay and Georgian
Bay embayments. It contributed to improved understanding of the factors influencing water levels in
Georgian Bay and its embayments, and provided new information on water quality in less studied
waters in south‐eastern Georgian Bay geographic region. A summary of the new science, management
recommendations and outstanding research gaps can be found in the body of the text for the distinct
regions covered by the LSGBCUF (see section 3.5 for Nottawasaga Bay and watershed, and section 4.5
for south‐eastern Georgian Bay embayments). Here we present over‐arching management
recommendations and science needs arising from the science conducted under the LSGBCUF.
7.1 MANANGEMENT RECOMMENDATIONS
Within the Nottawasaga Valley watershed:


To achieve the 45% reduction in the Nottawasaga River total phosphorus load required to
achieve the Provincial Water Quality Objective, beneficial management practices (BMPs) should
be implemented to minimize phosphorus loss from land‐based sources. Recommendations
include:
 Urban storm water management BMPS for reducing phosphorus loss associated with
development.
 Pasture land management BMPs, since pasture lands represent a significant source of
phosphorus to the Nottawasaga watershed.

Within the embayments of south‐eastern Georgian Bay:







Phosphorus reductions are required to decrease phytoplankton biomass in mesotrophic and
eutrophic waters. In addition, maintaining an oxidized layer at the surface of the bottom
sediments will assist in preventing cyanobacteria dominance.
Sediment phosphorus release is controlled by hypolimnetic hypoxia and this, in turn, is
predominately determined by basin morphometry. It should be recognized that release of
phosphorus stored in sediments may delay the benefits of nutrient management actions.
Reducing phosphorus in the Baxter River would reduce phosphorus, and improve water quality,
in South Bay.
Changes in monitoring strategies are required in areas where micro‐algal and cyanobacterial
communities form deep chlorophyll layers (DCLs) to ensure these organisms are adequately
sampled.

Within all areas of south‐eastern Georgian Bay, Nottawasaga Bay and Nottawasaga Valley watershed:


Continued communication and co‐ordination among all groups (conservation authority, non‐
profit, non‐governmental, citizen science groups, municipalities and township associations) is
key to maximize future resources. This region covers a large geographic expanse and has no
53

single governing body, or repository, for the monitoring or research being conducted in the
area. Many partnerships have been fostered through the LSGBCUF and a concerted effort
should be made to ensure these remain active.
7.2 SCIENCE GAPS
Research completed under the LSGBCUF covers a broad range of topics and many projects focused on
addressing research priorities and unanswered management questions identified in the science and
monitoring synthesis report produced by Charlton and Mayne (2013). However some science issues
require further investigation, and some new research directions have been identified through work
accomplished under the LSGBCUF:.











The contribution of tile drains to the phosphorus budget of Nottawasaga tributaries.
Internal loading of phosphorus in Willow Creek and Jack’s Lake during anoxic episodes, and the
contribution of this added phosphorus to the Nottawasaga River phosphorus budget.
Evaluation of the Minesing Wetlands with respect to its role as a net source or sink of phosphorus to
the Nottawasaga River.
Refinement and validation of approaches for estimating phosphorus export from Nottawasaga
tributaries and from various land use categories.
Cross‐comparison of the approaches used to identify phosphorus hot spots in the Nottawasaga
watershed.
Examination of geochemical cycles at the sediment‐water interface as they relate to development of
conditions that promote cyanobacterial blooms in embayments. For example, geochemical control
of internal iron loading, development and persistence of anoxia at the sediment/water interface in
polymictic systems, and the contribution of in situ nitrification to anoxia.
Improved understanding of the mechanisms responsible for the proliferation of deep chlorophyll
layers in certain embayments, in particular why some embayments support these communities
while others have surface blooms.
Refinement and validation of the Anthro‐Geomorphic Model (AGM) with additional field data from
other embayments in eastern Georgian Bay.

7.3 SUMMARY
The Lake Simcoe South‐Eastern Georgian Bay Clean Up Fund (LSGBCUF) supported research of 35
projects over the course of five years. The science conducted under the LSGBCUF successfully advanced
the state of knowledge in the area of phosphorus sources, fate and dynamics within several locales of
this broad geographic expanse in the Nottawasaga Valley watershed, Nottawasaga Bay and the
embayments of south‐eastern Georgian Bay. Research was also focused on broad‐reaching issues such
as water level fluctuations, wetland health and fish population status as well as expanding the state of
knowledge through enhanced water quality monitoring, standardizing sampling protocols and improved
mapping. The tools developed and knowledge gained through research conducted under the LSGBCUF
can be applied by managers to make informed decisions, and to help address new and emerging science
questions within Georgian Bay as they arise.
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The waters of south‐eastern Georgian Bay are, for the most part, in good condition with only a few
localized problems. These intrinsically oligotrophic waters should be managed to protect or restore
these conditions. It is critical that that gains achieved by improved land and wastewater management
and other control measures not be reversed by relaxation of efforts or failure to keep pace with
population growth. The best and most advanced science should continue to be integrated into practical
solutions to maintain or improve water quality of Georgian Bay.
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9.0 APPENDIX ONE: RESEARCH AND MONITORING PROJECT SUMMARIES
This appendix contains summary information for each of the 35 research and monitoring projects
undertaken within South Eastern Georgian Bay under the Lake Simcoe South Eastern Georgian Bay Clean
Up Fund. At the time of the writing of this report many (25) of these projects are still ongoing.
Throughout the body of the text we cite these projects by project codes which can be found in the
upper right corner in in the following pages. Where possible, we provide information about any project
reports, publications, presentations or other material that was generated by each of these research
projects.
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Project Code: LSGBCUF 1001/C
Project Name
Assessing nutrient status and distribution of algal growth along a gradient of cottage development in 10
sheltered embayments of eastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Patricia Chow‐Fraser
Research Institution
McMaster University
Project Duration
October 2013 – March 2016.
Project Summary provided by Patricia Chow‐Fraser
Water quality in the near‐shore zone of eastern Georgian Bay is generally in excellent condition, but in
some sheltered embayments where there is limited mixing with the oligotrophic waters of Georgian
Bay, there have been recurring episodes of nuisance algal blooms, hypolimnetic oxygen depletion and
internal phosphorus (P) loading. We used a comparative approach to evaluate the relative importance
of morphological and anthropogenic factors in 10 embayments that vary along a gradient of cottage and
marina development, morphometric parameters and catchment size. We showed that the nutrient
status in these sheltered embayments is significantly influenced by anthropogenic stress such as cottage
and dock density, and road density, as well as the basin morphometry that controls the vulnerability of
the embayment to development of anoxia when the embayment becomes enriched with nutrients. We
also found that there was a statistically significant relationship between nutrient status and the Index of
Resistance to Mixing, which is a measure of the degree of water exchange between the embayment and
Georgian Bay. Independently, building density explained 73% while IRM explained 40% of the variation
in mean summer TP concentration.
We evaluated the accuracy of existing management tools (Lakeshore Capacity Model (LCM), with and
without consideration of internal P loading) to estimate seasonal mean total phosphorus (TP)
concentrations in these embayments. As a check on our methodology, we applied the LCM to
Blackstone Lake, an oligotrophic inland lake that lies within the Georgian Bay watershed. The LCM could
only be applied to 8 of the 10 embayments due to the large size and complexity of the watershed for 2
embayments. The LCM without internal P loading estimated TP concentrations within 20% of observed
values for only half of the embayments; accounting for internal loading did not improve th accuracy of
estimated TP concentrations for any of the embayments. Given the poor predictive ability and the large
amount of effort required to calculate the LCM, we developed a new management tool, the Anthro‐
geomorphic Model (AGM) that incorporated variation in level of human development along the
shoreline and the degree of mixing between the embayment and the open water of Georgian Bay. The
AGM was able to estimate TP within acceptable limits (20%) for 7 of 10 embayments. Regressing
measured TP against predicted concentrations using the AGM yielded a slope of 1.07±0.138 and an
intercept of 0.03±1.88 (n=10; r2=0.89), and these compare well against the a slope of 0.83±0.359 and an
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intercept of 2.77±5.042 (n=8; r2=0.47) when LCM was used. This comparison indicates that AGM‐
predicted values are closer to actual values than are LCM‐predicted values. Using the AGM, we
ascertained that even without human development, Sturgeon Bay would have been considered
mesotrophic (TP concentration of 12.82μg/L), and explains why with the current level of development,
the trophic status is eutrophic. By under‐standing how morphometric, anthropogenic and landscape
factors interact to influence nutrient loading and hypolimnetic oxygen depletion, we will be able to
identify the correct tools to manage these unique coastal ecosystems.

Project Reports, Publications, Presentations or other Material
Campbell, S., Chow‐Fraser, P. June 2016. Factors influencing water quality in sheltered embayments of
eastern Georgian Bay, Lake Huron. International Association for Great Lakes Research, Guelph, ON. Oral
Presentation.
Chow‐Fraser, P. and Campbell, S. November 2016. Evaluting appropriateness of existing and newly
developed management models to predict total phosphorus in embayments of eastern Georgian Bay.
North American Lake Management Society, Banff, AB. Oral Presentation.
Chow‐Fraser, P. and Campbell, S. April 2016. Assessing nutrient status and distribution of algal growth
along a gradient of cottage development in 10 sheltered embayments in eastern Georgian Bay.
McMaster University, Hamilton, ON, Technical report for submission to Environment and Climate
Change Canada, 87pp.
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Project Code: LSGBCUF 1002/C
Project Name
Assessing the Critical Role of Ferrous Iron in Cyanobacteria Bloom Formation
Principal Investigator(s) or Funding Recipient(s)
Lewis Molot and Sherry Schiff
Research Institution
York University
Project Duration
April 2014 – March 2016.
Project Summary, an excerpt from the final project report by Lewis Molot
Harmful cyanobacteria blooms have become more common in Sturgeon Bay and other lakes in Canada
over the last two to three decades. Dense blooms are a public issue because they can produce potent
liver and nerve toxins, dissuade people from recreational use of lakes, affect the taste and odour of the
water and affect property values. These are compelling reasons to study blooms, and in particular,
those conditions that lead to bloom formation in the hope that effective management programs can be
devised. Our research to date indicates that three inter‐related factors are necessary preconditions for
dense blooms to form: high temperatures from June through August, high phosphorus concentrations
and lack of oxygen along the lake bottom.
Project Reports, Publications, Presentations or other Material
Verschoor, M. J., Powe, C. R., McQuay, E., Schiff, S. L., Venkiteswaran, J. J., Li, J., & Molot, L. A. (2017).
Internal iron loading and warm temperatures are pre‐conditions for cyanobacterial dominance in
embayments along Georgian Bay, Great Lakes. Canadian Journal of Fisheries and Aquatic Sciences, (doi:
10.1139/cjfas‐2016‐0377).
Lewis A. Molot, Mark J. Verschoor, Chistopher R. Powe, Eric McQuay, Sherry L. Schiff and Jason J.
Venkiteswaran, 2017. Presentation at Association for the Sciences of Limnology and Oceanography
2017, Honolulu, Hawaii.
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Project Code: LSGBCUF 1003
Project Name
A Bayesian ensemble watershed modelling strategy to support adaptive management implementation in
the southeastern Georgian Bay area
Principal Investigator(s) or Funding Recipient(s)
George Arhonditsis
Research Institution
University of Toronto, Scarborough
Project Duration
April 2015 – March 2017.
Project Summary, an excerpt from the project proposal by George Arhonditsis
Our project aims to develop a watershed modelling strategy that will assist with the management
practices in the southeastern Georgian Bay area. The first objective is to employ the SPARROW model, a
parsimonious construct designed to estimate nutrient yields and deliveries at landscape and regional
scales. Our second objective is to optimize the existing Lakeshore Capacity Model application in the area
and reduce its predictive uncertainty, using multivariate statistical techniques and knowledge gained
from neighbouring watersheds. A synthesis of the lessons learned by the two models will be used to
improve the annual loading estimates; to quantify the loading from ungauged subwatersheds; to
delineate “hot spots", where excessive nutrient export occurs; and to identify sites that need to be
studied more intensively. The unique feature of the project is the application of Bayesian inference
techniques to characterize the watershed processes in the southeastern Georgian Bay area. The
Bayesian approach has several features that are highly relevant to the local conservation practices, such
as the alignment with the policy practice of adaptive management implementation, the ability to
accommodate the year‐to‐year variability of the watershed by sequentially updating the two models
and therefore offer a long‐term management tool.
Project Update September 2016 provided by George Arhonditsis
Our lab has prepared a detailed database with all the relevant publications available in the peer‐
reviewed literature. We have also compiled all the suitable GIS data (land uses, hydrography, soil
characteristics, morphological data), stream flow rates, nutrient concentrations, and meteorological
data. The SPARROW (SPAtially Referenced Regressions On Watershed attributes) model has been
developed over the entire South‐Eastern Georgian Bay watershed. Prior to the watershed model
development, we have conducted an exploratory analysis that offered realistically constrained model
inputs. We are now in the phase of conducting Self‐Organizing Map analysis that will allow delineating
the spatial patterns in the South‐Eastern Georgian Bay watershed. Our analysis postulates that each
spatial cluster is characterized by a distinct behavior in terms of its nutrient dynamics. The resulting
watershed characterization offered the foundation for obtaining parameter estimation (and associated
predictions) of the SPARROW model within reasonable (site‐specific) ranges. We have developed a
series of Bayesian formulations that account for the uncertainty associated with the existing knowledge
from the system along with the different types of spatial correlation typically underlying the parameter
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estimation of watershed models. We have formulated a submodel that explicitly considers the quality of
the calibration data. In addition to the analytic uncertainty, or how well concentrations can be measured
in the lab and flows measured in the field, there are uncertainties due to the use of non‐
contemporaneous measurements of flow and concentration, which are difficult to directly quantify. The
calibration of the SPARROW model was completed last June. We are now in the phase of delineating
“hot spots” where excessive nutrient export occurs or locations where the associated uncertainty is
unacceptably high.
Project Reports, Publications, Presentations or other Material
Allerton, M.L., Gudimov, A., Cheng, V., Richards, A. and Arhonditsis, G.B. Bayesian Watershed Modelling
to Support Adaptive Management in the Southeastern Georgian Bay Area. 2016. Presentation at
International Association for Great Lakes Research, Guelph, ON.
Gudimov, A., Kim, D.K., Allerton, M.L., Cheng, V. And Arhonditsis, G.B . Probabilistic Assessment of
Nutrient Baseline Export in Lake Simcoe Watershed with SPARROW Model. 2016. Presentation at
International Association for Great Lakes Research, Guelph, ON.
Kaluskar, S., Kim, D.K., Wellen, C., Mugalingam, S., Long, T. and Arhonditsis, G.B. Why Bayesian?
Integrating SPARROW with Bayesian Inference Techniques. 2016. Presentation at International
Association for Great Lakes Research, Guelph, ON.
Neumann, A., Kim, D.‐K., Perhar, G., & Arhonditsis, G. B. (2017). Integrative analysis of the Lake Simcoe
watershed (Ontario, Canada) as a socio‐ecological system. Journal of Environmental Management, 188,
308‐321.
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Project Code: LSGBCUF 1004
Project Name
Water Quality Characterization ‐ Byng Inlet
Principal Investigator(s) or Funding Recipient(s)
Bev Clark and Chuck Pawis
Research Institution
Magnetawan First Nation
Project Duration
April 2014 – March 2017.
Project Summary provided by Bev Clark
Project Goals
The first goal is to better understand the physical and chemical relationships that govern total
phosphorus (TP) concentrations in Byng Inlet and to assess the levels of TP in the system including
export to Georgian Bay. This will allow evaluation of the potential for the onset of harmful algal blooms
and the deterioration of drinking water sources in the area. The second goal is to work with the
Magnetawan First Nation community to identify and implement a series of actions to reduce any excess
nutrient loading to Byng Inlet that is identified.
Project Description
The focus of the project is to monitor spatial and temporal changes in TP within the system. TP data has
been collected at five locations in Byng Inlet. Stations are located between Hwy 69 and the entrance to
Byng Inlet to assess the effects of nutrient sources i.e. the Still River and to examine water exchange
with Georgian Bay. Stations were sampled twice monthly in 2014‐15 and an increased number of
stations (10) have been sampled monthly in 2016.
Project Findings
TP concentrations observed at the Magnetawan River inlet to Byng Inlet indicate TP export that is typical
of a forested watershed. This indicates that there are likely no sources of excess TP originating from the
watershed. There is however some evidence that concentrations may increase slightly between the
inlet of the Magnetawan River near Hwy 69 and the outlet of the Inlet to Georgian Bay. Although
increases are slight there may be considerable sources given that the water volumes passing through
the system are high. In general, the water quality, with respect to TP in Byng Inlet, are within the
PWQOs.
Project Reports, Publications, Presentations or other Material
Byng Inlet Water Quality Characterization – Year 1 and 2 draft progress report. 2015. Prepared for
Magnetawan First Nation by Bev Clark.
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Project Code: LSGBCUF 1005/C
Project Name
Low Impact Development Modeling Tool Implementation and Training
Principal Investigator(s) or Funding Recipient(s)
Glenn Switzer and Wayne Wilson
Research Institution
Nottawasaga Valley Conservation Authority
Project Duration
October 2013 – November 2014.
Project Summary, an excerpt from the final project report by Gayle Wood
Environment Canada recognizes that phosphorous has significant impacts on the Great lakes. Reducing
discharge of phosphorous from point sources including sewage overflows and urban stormwater
systems including support to development and testing of innovative approaches to manage stormwater
and wastewater is one of the main objectives of the Lake Simcoe/South‐eastern Georgian Bay Clean‐Up
Fund.
The purpose of this project is threefold:
1. Develop and implement a phosphorous management tool that builds on the Lake Simcoe model;
this will help control urban phosphorous loadings from site to determine the amount of loading
that needs to be controlled through storm water management.
2. Adapt an internal no net phosphorous gain policy; and
3. Conduct a one day training workshop to present the importance of low impact development.
Also the short term project target consists of no net release of phosphorous from site development (ie.
Matching post development phosphorous release to pre development).
Outcomes / Major Results
1. Managing New Urban Development in Phosphorous Watersheds – Final Report and Database
Tool: Hutchinson Environmental Ltd. Developed final technical report provides guidance for a
generic approach for assessing pre‐ and post‐development phosphorous loading from the new
development in Ontario watersheds. This approach has been coded into a Microsoft Access©
Database Tool, which is accompanied by a Database User’s Manual to facilitate its use and the
review process for development applications. The approach that was developed is based on
export coefficient modeling that uses recent, representative phosphorous export for different
land uses in Ontario, with refinements to address site‐specific variation in phosphorous loading
for agricultural and urban lands. Phosphorous export from croplands is based on a relationship
between soil loss estimated using the Universal Soil Loss Best Management Practices and Low
Impact Development techniques to reduce phosphorous loading from development including
the construction phase. In addition, the approach gives greater consideration for the use of
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runoff reduction (infiltration) BMP?LIDs to reduce phosphorous loads by assigning a
phosphorous removal efficacy of 100% for all rainfall that is infiltrated is the effectiveness of this
technique is verifies in the submitter Stormwater Management Plan for a development. Further
the NVCA has initiated the transformation of the Access database to a cloud based, web tool
which is running at pldt.nvca.on.ca to enhance greater buy in.
2. Adapting a no net phosphorous gain policy: The NVCA Board of Director endorsed NVCA
Stormwater Technical Guide which states:
“As a minimum standard, the NVCA requires the matching of post‐development phosphorous
loads to pre‐development levels. Based on the recommendations in this report, the NVCA
would prefer all new development to achieve a 20% reduction from pre‐development levels in
phosphorous loadings. This reduction will be based on a best‐efforts approach that may include
LID, constructed wetlands, vegetative buffer strips and improved wastewater treatment.”
http://www.nvca.on.ca/Shared%20Documents/NVCA/%20Stormwater%20Technical%20Guide%
20(Dec%20202013).pdf
3. Manage New Urban Development in the NVCA Phosphorus‐Sensitive Watershed Workshop: The
NVCA hosted a one training workshop on October 27, 2014 that presented the new
phosphorous budgeting tool, developed by Hutchinson Environmental Services Limited. The
event consisted of introduction and demonstration of the tool to the attendees as well as
presentation of best practices to reduce the phosphorous export from the leaders in Low Impact
Development. The workshop was well attended with over 50 practitioners in attendance from
local municipalities, consultants, provincial staff, and other Conservation Authority staff.
Further the new tool is required on applications for new development in the NVCA watershed.
4. No net release of phosphorous from site development through the use of the Hutchinson
developed and NVCA augmented Managing New Urban Development in Phosphorous‐Sensitive
Watershed Database Tool, pre‐ and post‐development phosphorous loading budgets will be
developed for new proposed developments resulting, theoretically in no net phosphorous gain
from site development.
Project Reports, Publications, Presentations or other Material
Training seminar October 27, 2014.
Online phosphorous loading tool (v1) available at pldt.nvca.on.ca
HESL 2014, Managing New Urban Development in Phosphorus‐Sensitive Watersheds, Final Report
Prepared for Nottawasaga Valley Conservation Authority, October 31, 2014, 65 pp.
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Project Code: LSGBCUF 1006
Project Name
Cyanobacterial blooms in Georgian Bay embayments: status, toxicity and factors controlling their
occurrence and severity
Principal Investigator(s) or Funding Recipient(s)
Arthur Zastepa, Sue Watson
Research Institution
Environment and Climate Change Canada
Project Duration
April 2013 – March 2017.
Project Summary provided by Arthur Zastepa
Analyses of water from coastal embayments along Georgian Bay demonstrated a widespread but low‐
level potential for toxin (i.e. microcystin) production. The presence of microcystin‐producers highlights
the potential for increased toxin levels should the environmental conditions change. In addition, several
other classes of compounds that are toxic to humans, animals, and plankton are reported to be
produced by some of cyanobacteria observed in these embayments, and the development of analytical
capacity for these other classes of compounds (neurotoxins, growth/metabolic inhibitors) is in progress.
A method has already been established and validated for analysis of two of the neurotoxins, anatoxin‐a
and cylindrospermopsin, and samples await instrument availability.
Two years of surveillance and targeted field work has provided information on some of the major
bloom‐causing species and documented the potential for toxin production. Once analyzed, samples will
provide information on most of the major known toxins (pending instrument availability) and identify
the most vulnerable embayments, which our preliminary data show to be South Bay, Twelve Mile Bay,
and Sturgeon Bay. However, why these embayments are most vulnerable to cyanobacterial blooms
remains unclear, and the important environmental factors contributing to their dominance by
potentially harmful taxa such as Planktothrix in Twelve Mile Bay and South Bay or Dolichospermum and
to a lesser degree, Microcystis, in Sturgeon Bay have not been elucidated. These taxa not only have
different capacity for toxin production but also very different life‐cycles and environmental
requirements in terms of light and nitrogen. Similarly, the drivers of the inter‐annual changes observed
in the DCL community between the cyanobacteria Planktothrix and cryptophytes in Twelve Mile Bay
remain unknown and further, more focused seasonal and mechanistic studies are recommended.
Project Reports, Publications, Presentations or other Material
Co‐op student presentations at the Canada Center for Inland Waters Student Seminar
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Project Code: LSGBCUF 1007
Project Name
Hydrodynamic and P mass balance modelling : Honey Harbour & Nottawasaga River Plume
Principal Investigator(s) or Funding Recipient(s)
Ram Yerubandi, Craig McCrimmon and Jun Zhao
Research Institution
Environment and Climate Change Canada
Project Duration
April 2013 – March 2017.
Project Summary provided by Craig McCrimmon and Jun Zhao
Summary of Water Quality Modelling in Honey Harbour and Tadenac Bay
The objectives were to develop a water quality model for assessment of the Georgian Bay near‐shore
water quality at Honey Harbour, then try to identify nutrient sources responsible for algal blooms and
hypoxia. The NWRI OneLay/PolTra (OP) water quality models were used to simulate Acesulfame, a
conservative tracer, and phosphorus for Honey Harbour, including north and south bays, in 2014‐2015.
OP is a horizontally gridded, vertically mixed model. Model inputs for wind, Georgian Bay exchange flow,
and Baxter river loadings were created. Initially the models do not include possible loading from local
septic systems as these are unknown quantities. Water levels and currents were calibrated first. In order
to handle the small grid size relative to the current/flow magnitudes, the PolTra water quality model
was directly integrated with OneLay hydrodynamic model during this study. The merged models have
the additional benefit of more refined hydrodynamic input to PolTra sub‐model.
Acesulfame is modelled because it is an unreactive tracer that can be used for calibrating the
hydrodynamics, and possibly is an indicator of loading from septic systems. The Acesulfame simulation
matched closely with observed. On average, simulated concentrations were higher than observed and
there is no indication of missing loading such as from septic systems. Sensitivity tests with the model to
changes of Baxter River loading and exchange with Georgian Bay show the following:




The south bay (SB) concentrations are controlled by the loading from Baxter. The retention
time in SB is approximately 40 days in the summer of 2014 due mostly to Baxter flow. Setting
Baxter concentrations to zero results in SB concentrations close to zero outside of the winter
low flow months. The largest differences between simulated and observed tend to occur when
the Baxter loadings are more uncertain such as larger time periods between measurements.
In the north bay (NB) there are no significant external loadings modelled; changes in
Acesulfame are due to mixing with GB: changes in water level and wind driven currents are the
drivers. The modelled retention times in upper NB are over 100 days; if there was septic loading
it would be more noticeably in this basin. Load from Baxter does impact the NB but
concentrations from GB exchange have twice impact, but it should be noted that
concentrations at the GB exchange point used in the model would be impacted by changes in
Baxter.
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The OP model is also used to simulate soluble reactive phosphorus (SRP) and particulate phosphorus
(PP), which are combined to get total phosphorus (TP). Phosphorus (P) modelling input files and
observations for calibration/validation comparison were prepared. Simulations extend from spring 2014
to fall 2015. During ice cover the wind was set to zero. The initial simulations excluded the P model
components such as settling, uptake, and respiration and focused on TP results. Simulated TP is
reasonably close to observed at all locations suggesting settling is low. The model errors are highest at
the deeper stations (Hon1, Hon3, Hon4) in the summer/fall during anoxic periods, when the bottom
observed TP spike much higher. This indicated P release from sediments was occurring. The release rate
for the 3 locations in 2014 and 2015 was estimated to be between 1 to 18 mg/m2/d with an average of 6
mg/m2/d. Highest rates were estimated at the upper NB at Hon3 and lowest at lower NB at Hon1. This
average is similar to the value of 4.4 used in NWRI Lake Erie Nine Box model. Release of P from the
sediments was added to the PolTra model and is being tested. Presently, similar to Acesulfame
simulations, there is no clear indication that the model is missing septic loading of P.
Tadenac Bay mass balance analysis of Acesulfame for 2015 indicates strong influence from Georgian Bay
Exchange. Phosphorus analysis is on‐going.
Summary of Hydrodynamic modelling on Honey Harbour and Nottawasaga Bay
The ELCOM (Estuary, Lake, and Coastal Ocean Model) is a three‐dimensional z‐level hydrodynamic
model for simulating temperature, currents, water level and passive tracers. It was applied to Honey
Harbor with a 25 m horizontal grid resolution. The horizontal grid dimensions of the model are 194 in x‐
direction and 149 in y‐direction. There are 25 layers in vertical with the resolution of 1 m. The
atmospheric forcing of year 2013 used in the model was taken from the measurements of Buoy 45134 in
east of Georgian Bay, for year 2014 and 2015, the atmospheric forcing was taken from the meteorology
measurements at Honey Harbour. The water level measured at the station 698 was used as open
boundary for the model. The model was integrated from June 28 to October 15, 2013, from June 12 to
October 5, 2014, and from May 30 to July 29, 2015. The inflow from Baxter dam was included in the
2014 and 2015 runs. The model simulated temperature was compared with the observed temperature
for model validation. The comparison shows that the surface temperature was well‐simulated by the
model.
Several test studies were conducted on the impact of wind and solar radiation on the thermocline to
improve the model performance. Acesulfame was simulated in the model as a passive tracer for 2014
and 2015. The observed Acesulfame values at 7 stations in Honey Harbour in May/June were used as
initial condition. The Acesulfame values for model inflows were based on the measurements conducted
at Baxter dam and the Georgian Bay Exchange area. The simulated Acesulfame values were
characterized by low values in North Basin and high values in South Basin which reproduced reasonably
well of the observed distribution.
The ELCOM was also applied to Georgian Bay with a 500 m horizontal resolution. The horizontal grid
dimensions of the model are 367 in x‐direction and 331 in y‐direction. There are 46 uneven layers in
vertical with 1 m for top 27 layers and vary from 1.5 m to 16 m for the layers beneath. The atmospheric
forcing used in the model was a combination of the data of Buoy 45134 in the east of Georgian Bay and
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the meteorology measurements at Honey Harbour. The water level measured at the station 975 was
used as open boundary. The inflow of the Nottawasaga River was included in the model. The model was
integrated from August 1 to September 10, 2014, and from May 29 to September 10, 2015. To study the
Nottawasaga river plume, a high resolution model (250 m) of Georgian Bay area was developed. The
horizontal grid dimensions of the model are 739 in x‐direction and 641 in y‐direction. There are 46
uneven layers in vertical with 1 m for top 27 layers and vary from 1.5 m to 16 m for the layers beneath.
The model was integrated from June 19 to July 14, 2014. The idealized passive tracer was included in the
model inflow as an index to show the plume extent. The time mean passive tracer concentration shows
that the materials were carried by the currents northward and then north‐west ward along the
shoreline. More plume study is ongoing.
Project Reports, Publications, Presentations or other Material
Unknown
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Project Code: LSGBCUF 1008/C
Project Name
Preliminary source tracking of phosphorus and fecal pollution in the Nottawasaga River and other
tributaries to south eastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Tom Edge and Eva Nowak
Research Institution
Environment and Climate Change Canada
Project Duration
April 2014 – March 2015.
Project Summary, excerpt from an ECCC internal report by Tom Edge
This project applied microbial and chemical source tracking techniques in preliminary surveillance to
identify possible sources of phosphorus and fecal pollution in the Nottawasaga River and Honey Harbour
tributaries in south eastern Georgian Bay area. Knowledge about whether elevated levels of phosphorus
are associated with human sewage, cattle manure, or other sources of fecal pollution can provide
additional lines of evidence to attribute sources of phosphorus loadings. Such knowledge can guide
more targeted and cost‐effective efforts to remediate fecal pollution sources and reduce phosphorus
loadings. These efforts can also contribute to reducing loadings of contaminants like E. coli and
waterborne pathogens, causing beach closures and risks to human and animal health.
Honey Harbour Results
Total P was positively associated with both numbers of E. coli and GenBac DNA copies. However the
association between total P and human sewage chemical markers like caffeine and cotinine was not as
clear. While across all tributary sites the association between TP and human sewage chemical markers
was not very strong, it appeared to be stronger at some sites, suggesting human sewage might be a fecal
pollution source contributing to spikes in total P at times in some of the Honey Harbour tributaries.
Nottawasaga River Results
The association between TP and E. coli, GenBac DNA copies, and caffeine was not clear across
Nottawasaga River sites. However, TP was positively associated with increasing cotinine,
carbamazepine, and acesulfame concentrations, particularly when also timed with detection of the
human sewage bacteria DNA marker. The ruminant DNA marker was not as well associated with higher
levels of TP in the Nottawasaga River. While this study was not based on a large field sampling effort,
preliminary results would suggest that human sewage sources would be one source of the TP
contaminating the Nottawasaga River. Additional field sampling, particularly during key periods (e.g.
spring freshet or livestock manure application times) will be required to better attribute sources of TP.
Project Reports, Publications, Presentations or other Material
Unknown
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Project Code: LSGBCUF 1009
Project Name
Nutrients in groundwater in the Nottawasaga River Watershed
Principal Investigator(s) or Funding Recipient(s)
John Spoelstra
Research Institution
Environment and Climate Change Canada
Project Duration
April 2013 – March 2017.
Project Summary provided by John Spoelstra
Project objective ‐ The overall goal of the groundwater‐focused projects within the LSGBCUF was to
evaluate the contribution of groundwater sources of P to the Nottawasaga River and Georgian Bay. In
addition, the data collected as part of these studies provides much needed baseline data for the future
parameterization of models that could further evaluate P sources to aquatic systems and guide the
development of mitigation strategies. For each of the project components listed below, water samples
were analyzed for a suite of parameters to aid in assessment of P concentrations and sources. Water
quality parameters analyzed in the lab included: anions, cations, soluble reactive phosphorus (SRP), total
phosphorus (TP), dissolved organic carbon (DOC), alkalinity, ammonium, water isotopes, artificial
sweeteners and anionic herbicides, nitrate isotopes, perchlorate, and sulfate isotopes. Water quality
parameters analyzed in the field included: temperature, dissolved oxygen, pH, and conductivity.
Component 1 ‐ Nutrient fluxes in the Nottawasaga River and tributaries
Stream samples were collected at approximately 60 sites throughout the NRW, with about 20 of these
sites collected multiple times per year. Nutrient concentrations are being combined with measured or
modeled discharge data to calculate nutrient and tracer (artificial sweetener) fluxes at the various points
along the Nottawasaga River and its tributaries. Using this approach, the P loading from specific
tributaries or sections of the Nottawasaga River can be calculated to identify areas that are more
problematic with respect to P loading. Furthermore, the artificial sweetener, acesulfame (ACE), is being
used to constrain the wastewater‐derived P loading value from municipal and septic systems, to aid in
an examination of the sources of P to the Nottawasaga River. The stream P loading values are needed
so that the information on groundwater P (Component 2) can be put into context. In total, about 190
stream samples were collected and analyzed for this study.
Component 2 ‐ Nutrients in shallow rural groundwater
Groundwater baseflow is a substantial component of total streamflow and therefore groundwater
quality has a direct impact on the quality of receiving waters. The quality and nutrient content of
groundwater in the NRW and Georgian Bay Watershed was evaluated by collection and analysis of water
samples from domestic wells, groundwater seeps (springs), and existing monitoring wells. Novel
geochemical tracers including artificial sweeteners and stable isotopes (water, nitrate, sulfate) were
used to constrain the contributions of different sources of nutrients in groundwater. This work was
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done in partnership with the University of Waterloo (UW), NVCA, and Severn Sound Environmental
Association (SSEA), and included the collection and analysis of groundwater samples from approximately
85 domestic wells, 120 seeps, and 35 monitoring wells. In total, over 160 individual groundwater
samples were collected and analyzed for various chemical and stable isotope parameters.
Component 3 ‐ Nutrients in groundwater in the Minesing Wetlands
Decaying organic matter in wetland systems can be a source of P to nearby surface waters. In
partnership with the Nottawasaga Valley Conservation Authority (NVCA), groundwater in the Minesing
Wetlands was sampled in the spring and fall for a total of six times since 2013. Groundwater was
collected from existing monitoring wells that extend in two transects starting at the eastern edge of the
wetland and extend about 2km toward the wetland interior. Samples were also collected and analyzed
from two monitoring wells in the recharge area to the east of the wetland and from groundwater seeps
at the eastern edge of the wetland. In total, over 260 groundwater samples were collected and
analyzed as part of the Minesing Wetlands groundwater study.
Project status ‐ Analysis of water samples is largely completed except for the most recently collected
sets. All water quality analyses are expected to be completed by Mar 2017. Calculation of the relative
importance of P sources and nutrient mass fluxes for the stream sites is ongoing and expected to be
completed sometime in 2017. Much of the Minesing Wetlands groundwater data has already been
interpreted and published in NVCA reports (see publications list below) and a journal paper focusing on
the groundwater geochemistry and nutrient impacts from the recharge area (Snow Valley Uplands) is
anticipated. As a related product of this work, Van Stempvoort et al. (2016) reports on groundwater
glyphosate concentrations in the Minesing Wetlands and the NRW. Several products have already been
published on nutrients in groundwater in the NRW, including two MSc theses. A manuscript on artificial
sweeteners and nutrients in groundwater in the Lake Algonquin Sand Aquifer (LASA; southern NRW) is
near completion and expected to be submitted by Mar 2017.
Select key findings to date:
‐ SRP concentrations in Minesing Wetlands groundwater ranged from 10 to 128 µg/L with a mean value
of 40 ± 22 µg/L for 268 groundwater samples.
‐ Nitrate in the Minesing Wetlands is typically only found at the eastern edge of the wetland where
upland groundwater discharges as springs and seeps. The nitrate in this groundwater is presumably
from agricultural activities in the recharge area.
‐ Almost one third of the domestic wells tested in the LASA had one or more of the artificial sweeteners
present, indicating a wastewater contribution from septic system effluents.
‐ Almost one third of the groundwater seeps discharging along the banks of the southern Nottawasaga
River had one or more of the artificial sweeteners present, indicating a wastewater contribution from
septic system effluents.
‐ There was no significant relationship between the concentration of ACE and that of nutrients
(ammonium, SRP, nitrate) in groundwater seeps or domestic wells, indicating that septic systems are not
the major source of nutrients in the LASA as a whole. That said, septic systems might still be important
nutrient sources at the more local scale (i.e. for individual wells/seeps).
‐ We demonstrate that artificial sweeteners are very effective tracers of wastewater in groundwater,
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able to still detect septic effluent after being diluted by over 30,000 times.
‐ Nitrate remains the major groundwater contaminant of concern in the Nottawasaga River Watershed,
with 41% of groundwater seep samples exceeding the drinking water limit for nitrate. Similarly, 36% of
the domestic well samples in the Nottawasaga River Watershed exceeded the drinking water limit for
nitrate.
‐ Stable isotopes indicate that the source of groundwater nitrate in the LASA is principally the
nitrification of ammonium derived from fertilizers.
‐ Artificial sweeteners were found in the Nottawasaga River and its tributaries and are present even at
locations without an upstream municipal discharge. Therefore the artificial sweeteners can be used to
quantify the amount of septic system effluent discharging to streams via groundwater baseflow.
‐ The concentration of ACE at the mouth of the Nottawasaga River is sufficiently high to be a useful
tracer to map the dilution/mixing of Nottawasaga River water with the nearshore waters of Georgian
Bay. As such, it is a useful tool for examining the fate of Nottawasaga River nutrients once they enter
Georgian Bay.
Project Reports, Publications, Presentations or other Material
Theses
 Senger, N.D. (2016) Multi‐decade comparison of groundwater nitrate in the southern Nottawasaga
River Watershed. M.Sc. thesis. University of Waterloo, Waterloo, Ontario, Canada. 141p.
https://uwspace.uwaterloo.ca/handle/10012/10693
 Leal, K.A. (2013) Sources and cycling of sulfate in the Lake Algonquin Sand Aquifer. H.B.Sc. thesis.
University of Waterloo, Waterloo, Ontario, Canada. 77p.
Papers






Van Stempvoort, D.R., J. Spoelstra, N.D. Senger, S.J. Brown, R. Post, J. Struger. (2016) Glyphosate
residues in rural groundwater, Nottawasaga River Watershed, Ontario, Canada. Pest Management
Science 72: 1862‐1872. doi:10.1002/ps.4218.
Robertson, W.D., D.R. Van Stempvoort, J. Spoelstra, S.J. Brown, and S.L. Schiff. (2016) Degradation of
sucralose in groundwater and implications for age dating contaminated groundwater. Water
Research 88: 653‐660. doi:10.1016/j.watres.2015.10.051
Robertson, W.D., D.R. Van Stempvoort, J.W. Roy, S.J. Brown, J. Spoelstra, S.L. Schiff, D.R. Rudolph, S.
Danielescu, and G. Graham. (2016) Use of an artificial sweetener to identify sources of groundwater
nitrate contamination. Groundwater. doi:10.1111/gwat.12399.

Reports




Robertson, W.D., D. Garda, J. Spoelstra, D. Snider. (2016) Phosphorous Migration from Septic
Systems in Vulnerable Settings; Lake Simcoe and Southeastern Georgian Bay. Final report presented
to: Ontario Ministry of Environment and Climate Change. 101 pp.
Robertson, W.D., R. Henderson, W. Klemt, S.L. Schiff, J.W. Roy, J. Spoelstra. (2016) Hotspots of
phosphorous on the Landscape: Do new and decommissioned septic systems contribute
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phosphorous? Final report presented to: Environment Canada, Lake Simcoe‐ Southeastern Georgian
Bay Cleanup Fund. 108 pp.
Post, R., S. McPhie, J. Spoelstra. (2015) Hydrogeological and geochemical evaluation of the eastern
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Project Code: LSGBCUF 1010
Project Name
Characterizing current and historical oxygen dynamics in coastal embayments of south eastern Georgian
Bay
Principal Investigator(s) or Funding Recipient(s)
Veronique Hiriart‐Baer, Dave Snider, Jacqui Milne, and Dave Depew
Research Institution
Environment and Climate Change Canada
Project Duration
April 2013 – March 2017.
Project Summary provided by Dave Snider
Purpose and Objectives
The purpose of this project was to investigate the causes and consequences of dissolved oxygen (DO)
depletion in coastal embayments of South Eastern Georgian Bay (SEGB); two impacted embayments
(North Bay and South Bay, Honey Harbour, ON) and one unimpacted embayment (Tadenac Bay,
MacTier, ON). Samples were collected to assess contemporary water quality conditions, and
paleolimnological tools were used to reconstruct historical DO conditions over the last 100+ years.
Three objectives were identified for this project:
(i) characterize the temporal evolution of DO depletion and phosphorus (P) concentrations in
the water columns of North and South Bays, Honey Harbour, and Tadenac Bay;
(ii) characterize the sources of organic matter that lead to oxygen depletion in the hypolimnion
of these waters;
(iii) determine the paleo‐redox conditions (historical changes in DO) in these embayments using
sediment cores and biological and geochemical indicators.
Key Findings
(P1.i.i) HYPOLIMNETIC OXYGEN DECLINE ACROSS ALL THREE EMBAYMENTS

Five areas within the study sites became thermally stratified each summer/fall and developed
hypolimnia depleted in DO. The timing, strength, and duration of hypoxia was different for each basin.
The DO deficit in the unimpacted site (Tadenac Bay) was less severe, but initial DO concentrations in this
embayment was always higher than in the other basins.
(P1.i.ii) BASIN MORPHOMETRY IS A VERY IMPORTANT DRIVER OF OXYGEN CONSUMPTION

Smaller volume basins (Basins 3‐4; Fig. 1a) went hypoxic earlier and faster than basins with larger
volumes (Basins 1‐2 and TAD; Fig. 1a‐b). DO consumption in lakes is largely driven by organic matter
decomposition. The ratio of the hypolimnetic volume (VH) to the area of the sediment‐water interface
(ASWI) is an excellent predictor of the rate of oxygen consumption.
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Figure 1. (a) Location and delineation of Basins 1‐2 (North Bay) and Basins 3‐4 (South Bay). (b) Location and delineation of the
Tadenac Bay basin (TAD). Depth (in meters) below the water surface is shown using the colour gradient.
(P1.i.iii) PHOSPHORUS AND IRON ARE RELEASED FROM THE SEDIMENTS DURING HYPOXIC EVENTS

Changes in DO are coupled to release/uptake of P and redox metals such as iron (Fe) and manganese
(Mn). Under oxygenated conditions, iron oxyhydroxides precipitate out of solution and settle on the
surface of the lake sediment. These minerals have a large capacity to bind with and/or adsorb
phosphate. Under anoxic conditions, however, these minerals are reduced, solubilized, and the
previously‐bound P becomes bio‐available. This causes large increases in P and Fe concentrations.
(P1.i.iv) THE INTERNAL PHOSPHORUS LOAD

The fate of the sediment‐derived P (a.k.a. the internal P load) is not explicitly known at this point.
Quantitative information may become available when this data is combined with the hydrodynamic
models. Generally, the sediment‐derived P follows two possible fates: once turnover occurs and the
overlying waters become oxygenated, the P could be re‐deposited into the sediment; alternatively, the P
could be exported to Georgian Bay by internal water currents/movement. The average residence times
in North Bay and South Bay vary widely, so the ultimate fate of the sediment‐derived P may largely be
dependent on the geographical location of the basin. Basin 1 has a long residence time, and a large
internal P load and flux (Table 1). In contrast to other basins, the sediment‐derived P in Basin 1 may
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build‐up from year‐to‐year because it has a long residence time, which prevents Basin
P export
'downstream'
1
to Georgian Bay.
Table 1. Estimated P Load & Flux from the Sediments
During Hypoxic Periods
Location
Basin 1
Basin 2
Basin 3
Basin 4
TOTAL

Internal
P Load
(kg)
223
36
18
5
282

Approximate
Timing of
Internal
Residence
Observed Max.
P Flux
‐2
(mg m ) TP Concentration Time (days)
1196
Oct‐Nov
110+
121
Sep‐Oct
90
186
Sep‐Oct
45
102
Aug‐Sep
55

(P1.ii) HYPOLIMNETIC OXYGEN DECLINE IS NOT RELATED TO BULK CARBON CONCENTRATIONS

Declines in hypolimnetic DO cannot be explained by changes in hypolimnetic dissolved organic carbon
(DOC), dissolved inorganic carbon (DIC), particulate organic carbon (POC), or total carbon (TC). Although
organic matter respiration is the dominant sink for DO, most of this respiration occurs within the upper
few cm of the sediment. Observations from other lake studies have showed that the sediment oxygen
demand is usually much greater than the water‐column oxygen demand. Given this, perhaps it is not
surprising that hypolimnetic measurements of carbon species do not reflect changes in DO.
In this study, the consumption of DO is tightly linked to the hypolimnetic volume and surface area of the
sediment. This suggests that DO consumption is largely controlled by physical factors such as lake
morphometry and its effect on oxygen dynamics, rather than water‐column oxygen demand.
Samples of organic matter from the embayments are currently being analyzed using excitation–emission
fluorescence spectroscopy, which will provide information on the origin of dissolved organic matter
compounds (autochthonous vs. allochthonous) and their potential association with low oxygen
conditions. This work is on‐going.
(P1.iii.i) NORTH BAY AND SOUTH BAY HAVE EXPERIENCED END‐OF‐SUMMER HYPOXIA FOR MANY DECADES

Three years of monitoring (2013‐2015) revealed that North Bay and South Bay experienced consistent
hypoxia. Paleolimnological techniques revealed that these embayments have experienced hypoxic
conditions (Fig. 2) for at least ~150 yrs (North Bay) or ~100 yrs (South Bay). This strongly suggests that
cottage development is not the major cause of DO decline in these embayments, and that natural
processes drive annual hypoxic events. That being said, the frequency and severity of low DO could be
exacerbated by anthropogenic pressures if they increase in the future.
(P1.iii.ii) IMPACTS OF SHORELINE DEVELOPMENT WERE MINOR, BUT CLIMATE CHANGE HAS INCREASED PRODUCTIVITY

Diatom analysis of North Bay and South Bay sediments dating back to 1890 and 1930, respectively,
demonstrated that shoreline development has only resulted in modest increases in nutrient
concentrations (Sivarajah 2016). Diatom analysis of Tadenac Bay sediments dating back to 1860
demonstrates no appreciable increases in nutrient concentrations (Sivarajah 2016). Chlorophyll‐a
pigment analysis in sediments of all three embayments revealed that rates of primary production have
increased in the last 50 years, and is the result of climate warming (Sivarajah 2016). These results
support and corroborate our ECCC work, and are found in Branaavan Sivarajah's MSc thesis, found at:
https://qspace.library.queensu.ca/handle/1974/14272. Branaavan completed his MSc in the PEARL Lab
at Queen's University and collaborated with ECCC to generate the data shown in Fig. 2.
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Figure 2. A paleolimnological reconstruction of the end‐of‐summer volume‐weighted dissolved oxygen concentrations in the
hypolimnia of North Bay and South Bay. Sediment cores were taken from Basin 1 (North Bay) and a sampling site in South Bay
(HON5) located ~600 m south‐west of Basin 3 and ~600 m north‐west of Basin 4. HON5 is the deepest basin in South Bay and it
was expected to be a hypoxic area during the summer‐fall. This was not the case, however, because thermal stratification
rarely persisted at this location (possibly due to high exposure and wind‐driven mixing events). As such, the core taken from
HON5 infers that DO concentrations were higher in South Bay than in North Bay. In reality, if the core were sampled from Basin
3 or Basin 4, the DO concentrations may have been lower than in North Bay. Also note, the sedimentation rate in South Bay is
higher than in North Bay. As a result, the 44 cm long core retrieved from South Bay dated back to 1892 (AD) and the 40 cm long
core retrieved from North Bay dated back to 1840 (AD). [Paleolimnological reconstruction was completed by PEARL Lab,
Queen's University, under contract with ECCC].

(P1.iii.iii) FURTHER EVIDENCE THAT PRIMARY PRODUCTION INCREASES ARE INDUCED BY CLIMATE WARMING

The total nitrogen (N) and organic carbon (C) contents in North Bay and Tadenac sediments have
increased since 1970 (Fig. 7). This corroborates independent studies that found increased rates of
primary production in these embayments beginning at this time (Sivarajah 2016). Tadenac Bay is a
pristine, virtually undeveloped embayment. This strongly suggests that increased rates of primary
production observed in both bays are a result of climate warming.
(P1.iii.iv) ISOTOPIC EVIDENCE SHOWS PRIMARY PRODUCTION INCREASED IN THE EARLY 1970'S.

North Bay sediments show significant changes in the δ13C‐organic carbon and δ15N‐total nitrogen values
from 1970's‐onward, consistent with increasing rates of primary production. During photosynthesis,
there is a large 13C/12C fractionation (~20‰) that occurs when plankton fix carbon from CO2. Given the
dissolved CO2 pool is near saturation, the autochthonous endmember could be close to –36‰ at our
site [based on values determined by K. Chomicki (2009) from Dorset, ON lakes]. Assuming the
sedimentation of allochthonous carbon has remained constant at our site, an increase in primary
production would shift the sediment δ13C‐organic carbon values lower closer to the autochthonous δ13C
endmember (North Bay core). Note: many researchers studying eutrophic or hyper‐eutrophic systems
have found an opposite relationship; δ13C‐organic carbon values have increased with rising primary
production. These lakes have very high rates of primary production, and the internal CO2 pool becomes
δ13C‐enriched because lake‐atmosphere gas exchange cannot replenish the internal CO2 pool fast
enough. In essence, the dissolved CO2 pool is well‐below saturation and the CO2 pool becomes enriched
in δ13C. This enrichment is expressed in the δ13C of the plankton biomass. It is hypothesized that if
production increased greatly at our site, then a similar pattern in δ13C‐sediment organic carbon would
also be observed at our site.
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The North Bay sediments also show a decrease in δ15N‐total nitrogen. This suggests that the abundance
of N‐fixers has increased in North Bay. Nitrogen fixers do not fractionate atmospheric N2 when they
synthesize ammonia or organic N, so an increase in their abundance would drive the δ15N‐total nitrogen
in the sediment toward zero. Although a similar pattern is observed in the δ15N of the Tadenac core,
there is little change in its δ13C over time. The interpretation of these data is ongoing.
Finally, the C and N isotopes in Tadenac Bay have not changed appreciably through time, despite the
recent increases in primary production at this site. The results of a pigment analysis done on these
sediments suggests the assemblage phytoplankton present in North Bay and Tadenac Bay are different
(Fig. 3), so this may help explain the different trends in the isotope data observed at these sites. The
interpretation of this data is ongoing.
(P1.iii.v) PIGMENT ANALYSIS SHOWS PRODUCTIVITY ONLY INCREASED IN NORTH BAY, AND IT BEGAN EARLIER THAN 1970.

An independent analysis of photosynthetic pigments completed at the University of Waterloo showed
that total algal productivity at all locations has varied over time, but that productivity in North Bay
(Basin 1) has consistently exceeded productivity in all other locations. Further, it appears that primary
production in Basin 1 has increased since ~1940. This is about 30 years earlier than similar conclusions
derived from Chl‐a analysis and isotopic analysis (iii.ii‐iv, above). Concurrent increases in primary
production in Tadenac Bay were not observed with this pigment analysis. The interpretation of this data
is ongoing.

Figure 3. Pigment‐inferred
changes in total algal productivity
in North Bay‐Basin 1 (HH3), North
Bay‐Basin 2 (HH1), South Bay
(HH5), and Tadenac Bay (TAD4) as
inferred from the sum of
Chlorophyll a and Phaeophytine a
normalized per unit sediment
organic matter.

Project Reports, Publications, Presentations or other Material
Snider, D., D. Depew, J. Milne, V. Hiriart‐Baer, J. Roy, J. Spoelstra, and H. Biberhofer. Causes &
Consequences of Hypolimnetic Oxygen Depletion in Georgian Bay Embayments (Honey Harbour, ON).
Poster presented at the 59th International Association of Great Lakes Research Conference, Guelph, ON,
June 6‐10 2016.
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Project Code: LSGBCUF 1011
Project Name
Direct input of phosphorus from groundwater discharge to Honey Harbour and Tadenac Bay (control
bay): septic systems and other sources
Principal Investigator(s) or Funding Recipient(s)
Jim Roy, and John Spoelstra, Dave Snider
Research Institution
Environment and Climate Change Canada
Project Duration
April 2013 – March 2017.
Project Summary provided by Dave Snider
Purpose
The purpose of this project was to use concentrations of artificial sweeteners (AS) in North Bay, South
Bay, and Tadenac Bay to trace inputs of phosphorus (P) derived from wastewater (i.e., cottage septic
systems). This involved calculating a catchment‐wide mass balance (numerical model) of acesulfame,
one of the AS that behaves most conservatively in the environment. Note: the bulk of the AS and
nutrient modelling is being completed by R. Yerubandi and C. McCrimmon. The results shown here are
only rough estimations.
Key Findings
(P2.i) BAXTER RIVER IS A MAJOR SOURCE OF ARTIFICIAL SWEETENERS

Baxter River is the only major tributary to the North Bay–South Bay system that flows year‐round. At
the onset of the study, it was not apparent that the Baxter River had hydrologic connection to the Trent‐
Severn Waterway. It turns out that the Baxter River is an important and dominant source of AS to these
embayments. The cumulative annual AS loads from Baxter River were determined from daily flow and
~monthly AS concentration measurements from Apr‐Nov for 2014 and 2015. For other months of the
year, flow and AS concentrations were estimated based on winter measurements conducted Dec 2015
to Feb 2016. The annual AS load from Baxter River was calculated as 1637 g (2014) and 1450 g (2015).
The actual loads may be higher because the ~monthly sampling frequency did not adequately
characterize septic system flushing (high concentration periods) that occurred in the late‐fall and spring
with increased precipitation and snowmelt. These high loads were not expected at the outset of this
study, and they impeded our ability to discern internal wastewater inputs. Lake mixing model
simulations using OneLay‐Poltra (C. McCrimmon) suggest that Baxter River loadings contribute to AS
concentrations in both South Bay and North Bay.
(P2.ii) DETERMINING REPRESENTATIVE ARTIFICIAL SWEETENER CONCENTRATIONS FOR COTTAGE SEPTIC WASTEWATER

While AS are known to be a common constituent in domestic wastewater, there is little information
available on typical concentrations for septic wastewater. This information is needed, along with typical
P concentrations in this same wastewater, for determining AS and potential P contributions from
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cottage septic systems using the lake mass balances. In this work, samples were obtained from septic
tanks at 8 cottages in North Bay and South Bay, the Tadenac Bay lodge, and 2 nearby Provincial Parks.
These data were combined with our previous measurements (in collaboration with Dr. Will Robertson,
University of Waterloo) of septic tanks at nearby cottages (Honey Harbour, Sturgeon Bay, Killarney) and
Provincial Parks and other residences throughout Ontario. This information is currently being written up
for publication in the peer‐reviewed literature.
(P2.iii) ESTIMATED LOADS OF ARTIFICIAL SWEETENERS FROM SEPTIC SYSTEMS

Using the data collected from Honey Harbour cottage septic tanks with the Lakeshore Capacity Model
(adapted for AS), we estimated the annual acesulfame loads from septic systems to North Bay and South
Bay as 442 g (± 40) and 409 g (± 37), respectively. This model assumes that all the wastewater AS reach
the lake, and thus this represents a maximum possible load. For comparison, the septic system
acesulfame load to South Bay is 25‐28% of the acesulfame load coming in from Baxter River.
The average residence time in the entire South Bay is 48.6 days. This means South Bay is refreshed ~7.5
times each year. The volume of South Bay is 4,859,392 m3. If Baxter River were the only source of
acesulfame to South Bay, the average daily calculated concentration would be 42.3 ng L‐1. If Baxter River
and South Bay septic systems were sources of acesulfame to South Bay, the average daily calculated
concentration would be 53.5 ng L‐1. The average measured acesulfame concentration in South Bay for
the entire study period was 61.7 ng L‐1. This is an average of 118 observed values collected from all
South Bay stations (all depths), and is very close to the calculated concentrations shown above. This
suggests that the calculated loads are close to the actual loads; however, the uncertainty involved with
these calculations still does not allow for differentiation of the Baxter River and potential septic inputs.
(P2.iv) BAXTER RIVER IS A SIGNIFICANT SOURCE OF PHOSPHORUS

The average P load from Baxter River is 245 kg (283 kg in 2014; 207 kg in 2015). The Baxter River P load
was derived from continuous flow measurements and daily measurements of TP concentrations
(composite sample collected every 12 hours). Measurements were conducted between Apr‐Nov (2014‐
2015) and loads were estimated for other months of the year based on winter samples collected Dec
2015‐Feb 2016.
(P2.v) CALCULATED LOADS OF PHOSHORUS FROM SEPTIC SYSTEMS ‐ ARE THEY REASONABLE?

Using the septic tank P concentration data (noted above in P2.ii) with the Lakeshore Capacity Model, we
estimated annual P loads from septic systems to North Bay and South Bay as 154.1 kg (± 80.1) and 142.6
kg (± 74.2), respectively. The total septic P load to the North Bay‐South Bay system is 296.7 kg (± 109.2).
This would represent a maximum septic P load, given that the Lakeshore Capacity Model does not
account for any possible attenuation of phosphorus within the groundwater system. For comparison,
the calculated septic P load to South Bay is 58% of the P load from Baxter River.
The average residence time in the entire South Bay is 48.6 days. This means South Bay is refreshed ~7.5
times each year. The volume of South Bay is 4,859,392 m3. If Baxter River were the only source of P to
South Bay, the average daily calculated TP concentration would be 6.7 µg L‐1. If Baxter River and South
Bay septic systems were sources of P to South Bay, the average daily calculated TP concentration would
be 10.6 µg L‐1. The average measured TP concentration in South Bay for the entire study period was
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15.3 µg L‐1. This is a mean of 112 measured values from all South Bay stations (surface and bottom
depths), but excludes those samples with elevated TP concentrations during hypoxic periods. Excluding
these high TP/low DO samples removes most of the effect of sediment P loading.
There are several possible reasons why the calculated average TP concentrations in South Bay are lower
than the measured average TP concentration, including:
 Despite excluding high TP/low DO samples, there may be a contribution of P from the sediments.
 Mixing conditions throughout South Bay are not uniform.
 TP concentrations in Baxter River were measured daily from Apr‐Nov. Concentrations were not
measured during the winter, but estimated based on a few winter samples collected in 2016.
Maybe we underestimated the Baxter TP load?
 TP concentrations varied over the summer and the TP loads were episodic. As a result, the daily
average value that we measured could actually under/over‐estimate the true daily load.
 There is a large uncertainty in septic system P load (± 52%). This is a result of large variability in the
measured septic tank P concentrations.
 There may be P contributions from additional (unaccounted) sources, such as wetlands, regional
groundwater (background) inputs, or decaying organic matter along the shoreline that is washed in
via overland runoff.
(P2.vi) COMPARING PHOSHPORUS LOADS ACROSS THE CATCHMENT

The maximum P load from septic systems is 297 kg (± 109). This assumes all the septic P makes it to the
lake and none is attenuated in the septic bed or along the groundwater flow path to the lake. The
estimated sediment P load is 278 kg (total mass of P released from sediments of Basin 1‐4; note that
much of this P could be re‐deposited). The average P load from Baxter River is 245 kg (283 kg in 2014;
207 kg in 2015). Therefore, septic systems could account for up to one‐third of the total P load to the
North Bay‐South Bay embayment system. Septic systems could also be insignificant, however current
uncertainty in the data does not allow us to answer this at this time.
Project Reports, Publications, Presentations or other Material
Unknown
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Project Code: LSGBCUF 1012
Project Name
Groundwater discharge as a source of phosphorus to Southern Georgian Bay in the Wasaga Beach area:
septic systems (old and new) and other sources
Principal Investigator(s) or Funding Recipient(s)
Jim Roy and John Spoelstra
Research Institution
Environment and Climate Change Canada
Project Duration
April 2013 – March 2017.
Project Summary provided by Jim Roy
This study investigates the occurrence of P in groundwater discharging from the beach sands of Wasaga
Beach to Nottawasaga Bay (Georgian Bay). It considers the potential contribution of decommissioned
septic systems, spanning a range of years since decommissioning (late 1970s to mid‐2000s) across the
11‐km length of the town/beach, versus other possible P sources.
The work was comprised of 3 main field activities:
i) surveys of shallow groundwater near the shoreline at 12 locations along the 11 km stretch of Wasaga
Beach (2013 and 2016);
ii) groundwater sampling at 4 decommissioned septic beds of the Wasaga Beach Provincial Park comfort
stations (also of different years since decommissioning) (2014);
iii) detailed spatial and temporal groundwater sampling at comfort station 5 site (2015‐16).
There were additional measurements of the sand aquifer properties and groundwater flow direction
that occurred over the 4 years.
Key findings to date include:




Groundwater discharging along the beach is a source of P to the nearshore of Georgian Bay at
Wasaga Beach (average soluble reactive phosphorus, SRP of 40‐80 µg/L, but reaching many 100s
µg/L in places). P concentrations tended to decrease with depth, suggesting a shallow or surface
source. However, they were not correlated with years since decommissioning associated with the 12
sampling locations.
Decommissioned septic beds (or remnant plumes from the old septic beds) can be a source of this
groundwater P (with SRP concentrations surpassing 1 mg/L measured), with plumes that can reach
the shoreline. This indicates that unlike under acidic conditions (e.g., non‐calcareous materials), the
wastewater P is not fully trapped as mineral precipitates in the filter sands or soil just below the
septic leaching bed. While sand geochemistry is similar across the region, the percentage of
decommissioned septic beds in Wasaga, or similar areas along Nottawasaga Bay, that would have
produced such P plumes is not known.
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Groundwater P plumes from septic sources may last for decades, and may take decades to reach the
bay, though they will eventually get flushed out. This slow transport of dissolved P is likely
controlled by reversible sorption reactions with the sand. Other common septic constituents (e.g.,
chloride, ammonium, artificial sweeteners) get flushed out quickly, likely within a few years. Thus,
decommissioning is unlikely to be an immediate solution to reduce P inputs from septic plumes in
this beach sand to Nottawasaga Bay; it may even boost P loadings over the short‐term.
There are indications that other sources (perhaps the decay of organic matter in the beach sands
and/or leaky sewers) contribute P to shallow groundwater.
Groundwater also supplies to the nearshore area nitrogen in the form of ammonium and dissolved
iron, which could play a role in P storage and release from lake sediments.
Preliminary crude calculations suggest that the annual contribution of P from shallow groundwater
of the sand aquifer covering ~ 100 km of beach along the Nottawasaga Bay shoreline could be in the
range of a few per cent of that contributed by the Nottawasaga River. These are based on an
extrapolation of findings for median groundwater P concentrations, which may not be influenced by
septic plumes, across the 12 Wasaga Beach shoreline sampling sites, and groundwater flow
parameters for comfort station 5 site.

Project Reports, Publications, Presentations or other Material
Roy, J.W., J. Spoelstra, W.D. Robertson. 2014. Phosphorus in discharging groundwater along Wasaga
Beach: decommissioned septic systems and other sources. Seminar presented to Geological Society of
America (GSA) Annual Meeting & Exposition, Vancouver, B.C., Oct. 19‐22, 2014.
Roy, J.W., J. Spoelstra, W.D. Robertson. 2016. Phosphorus in Groundwater Discharging to Georgian Bay
at Wasaga Beach. Poster presented to the CWRA 69th National Conference (joint with IAH‐CNC),
Montreal, QC, May 24‐27, 2016.
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Project Code: LSGBCUF 1013
Project Name
Discovery, Delineation and Quantification of Potential Sediment Sources Contributing to Nutrient
Enrichment and Translocation within South‐eastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Johann (Hans) Biberhofer
Research Institution
Environment and Climate Change Canada
Project Duration
April 2013 – March 2017.
Project Summary provided by Johann (Hans) Biberhofer
Description of the submerged landscape topology focussed on 4 Georgian Bay embayments – Honey
Harbour, 12 Mile Bay, Tadenac Bay and Sturgeon Bay. Bathymetric and substrate surveys were completed
for each these bays with the resulting 3D models providing researchers with tools to estimate
volumetrics for
stratification
scenarios and
nutrient partitioning.
The bathymetry
models integrated
100’s of thousands of
soundings for each
bay in addition to
collecting roughness
and hardness metrics
for each sounding.
The additional
measurements with
aid confirmatory
underwater video
were analyzed to
build submerged
substrate maps for
each the study areas.
Figure 16: Sturgeon Bathymetry

Particulates suspended in
the water column are a media that is often enriched with nutrients. To measure and describe on a
volumetric and mass basis a laser‐based instrument was used to profile all 4 of the studied embayments
on a seasonal basis (Figure 2). The same instrumentation supplemented with deep‐water video was
deployed during ship‐based surveys that explored most of Georgian Bay (Figure 3).
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The combined June 2014 synoptic surveys
indicate that the surface waters of south‐east
portion of Georgian are different for a number of
variables when compared the majority of
Georgian Bay (Figure 4). Nottawasaga Bay had
comparable surface measurements but values
for some parameters are higher at depth
indicating possible resuspension events

Figure 2: Laser based instrument being deployed from
ship

Additional survey efforts have expanded
the range and density of measurements.
The quantification of the vertical
distribution of the particulates is providing
new insight to the possible conveyance of
nutrients within Georgian Bay and
potentially other large lake systems.
Figure 3: Deep water video SAM

Figure 4: Total volume of suspended particulates

Project Reports, Publications, Presentations or other Material
Unknown
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Project Code: LSGBCUF 1014
Project Name
Development of Fish Community Indicators of Water Quality for South Eastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Chris Davis
Research Institution
Ontario Ministry of Natural Resources
Project Duration
April 2014 – March 2017.
Project Summary provided by Chris Davis
Note: project is still underway, so analysis and findings are preliminary at this point
This study is employing a fish sampling approach to use species composition and other biological
attributes as indicators of general water quality. We have sampled in each of the past three summers
(2014, 15,16) in many areas of Georgian Bay. The general premise is that the general public can relate
more directly to fish communities than to water chemistry parameters and also it is hoped that the fish
populations and overall communities will integrate water quality and allow for an assessment of how
the water quality measures transfer to something that is directly important to people.

To date, most of the project has been directed at new data collection related to the fish populations and
tracking down and preparing water quality data from other sources (MOECC, EC, other agencies). Using
the EC funds, we have sampled six different general areas that were selected based on prior knowledge
of general water quality issues identified in the past. There were split into degraded (Severn Sound,
Deep Bay, Sturgeon Bay) and less degraded (Shebeshekong River, Magnetawan River, French River).
There are likely no “pristine” areas within the study reach, so the term “less degraded” was used.
Sampling has been conducted using two standardized sampling methods. One is a modified broad‐scale
monitoring protocol which employs mulit‐mesh gill nets to capture fish of all sizes and operates from 2
m to 40 m depths along the coast. Broad‐scale monitoring has been designed for use in inland lakes of
Ontario and due to size of Lake Huron, specifically Georgian Bay, the design was adapted to be effective
in a large lake situation. The second method is a small‐fish sampling protocol that uses gill nets and fyke
nets to capture small near‐shore fish in depths generally less than 5 m. These two methods complement
each other and together are able to sample the majority of fish in the near shore parts of the lake.
Throughout the three years of the study, we have sampled approximately 780 sites in the six areas and
captured almost 40 thousand individual fish representing 42 species. We are still in the process of
performing quality control and assurance on the 2016 data and will begin the more comprehensive
analysis in the winter of 2016/17. This will involve analysis of fish community patterns, examination for
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potential indicator species (eg. Round Goby as an invasive, or Brown Bullhead as nutrient‐tolerant). We
may also be looking at some metrics within individual species to see if other patterns emerge, such as
changes in growth or condition factor.
Project Reports, Publications, Presentations or other Material
Technical Reports
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Project Code: LSGBCUF 1015/C
Project Name
Hotspots of Phosphorous on the Landscape: Do New and Decommissioned Septic Systems Contribute
Phosphorous?
Principal Investigator(s) or Funding Recipient(s)
Will Robertson
Research Institution
University of Waterloo
Project Duration
April 2014 – March 2016.
Project Summary, an excerpt from the technical report by Will Robertson
Septic systems are a potential source of phosphorus (P) loading when onsite sewage disposal occurs in
near shore environments. However, the fate of wastewater phosphorous disposed of in septic systems
remains a topic of debate because of the considerable reactivity of this constituent. It is readily
adsorbed onto sediments, which can slow its migration velocity in the groundwater zone, usually by a
factor of 10‐100, or it can precipitate as secondary mineral phases which, in some cases, can virtually
halt its migration. When septic systems are replaced with communal sewer services, legacy P loading
from decommissioned septic systems could represent a threat to adjacent water bodies for decades to
come, should this P remain slowly mobile in the subsurface.
To investigate this possibility, groundwater and surface water sampling was undertaken at Wasaga
Beach, ON, over a two year period from 2014‐2015, adjacent to an urbanized area that formally relied
exclusively on septic systems for wastewater disposal. However, the town of Wasaga Beach slowly
implemented communal sewer services beginning in 1980 at the northeast end of the beach (Beach
Area 1),and then progressed westward over the next several decades, until all septic systems along the
beach strip were finally decommissioned in 2007. If these legacy septic systems represent a significant
source of P loading to Nottawasaga Bay, this impact should be more noticeable at the west end of the
beach where these systems have been only recently decommissioned.
Groundwater monitoring was untaken by installing a network of 10 multilevel sampling bundles along a
6 km extend of Wasaga Beach (Fig. 6) from 67th street in the west (WA1) to 17th street in the east
(WA10). Each bundle contained 6‐8 samples tubes installed to up to 10m depth. Additionally, repeated
sampling of a network 18 drainage ditches that discharge along this section of the beach (Fig. 1) was
undertaken during this period. These ditches traverse the urbanized areas where they intercept shallow
groundwater. They thus have the potential to allow 'short circuiting' of this legacy septic system P mass
into Nottawasaga Bay, should this P remain mobile in the subsurface.
An excerpt from the final report by Will Robertson
Overall, our study revealed little evidence of legacy P loading from decommissioned septic systems at
Wasaga Beach. At one location where a decommissioned tile bed plume was located and examined in
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detail (Comfort Station 5), P loading was much less than from other nearby sources. These findings have
important implications. Groundwater flow systems may have an ability to immobilize wastewater P to
an extent that is not currently given credit for. The decommissioning of septic systems that occurs when
centralized sewer systems are expanded, is often rationalized by the need to reduce nutrient loading to
nearby surface water bodies. This study hints that this rationale might be flawed in some cases.
Project Reports, Publications, Presentations or other Material
Robertson, W.D., Henderson, R., Klemt, W., Schiff, S.L., Roy, J.W. and Spoelstra J. April 2016. Hotspots
of Phosphorous on the Landscape: Do New and Decommissioned Septic Systems Contribute
Phosphorous? University of Waterloo, Waterloo, ON, Technical report for submission to Environment
and Climate Change Canada, 131pp.
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Project Code: LSGBCUF 1016
Project Name
Implementing a Nottawasaga River Watershed Phosphorus Management Tool
Principal Investigator(s) or Funding Recipient(s)
Glenn Switzer and Gayle Wood
Research Institution
Nottawasaga Valley Conservation Authority
Project Duration
April 2015 – March 2017.
Project Summary provided by Hendrik Amo
Nutrient enrichment, land use management practices, increasing population and urbanization have
long‐term and cumulative impacts on watershed and aquatic health. To mitigate these impacts there is a
need to better understand and quantify contributing processes and make information accessible to
decision makers involved in planning and policy.
Project Overview
The project has achieved the following overarching objectives:








Developed a calibrated watershed model of the Nottawasaga River and its tributaries using CANWET
to represent aspects of hydrology and water quality in 109 routed catchments;
Provided access to the model through an interactive, web‐based interface enabling users to
generate custom views and compare charts across simulation scenarios spatially and temporally;
Provided access to a range of baseline map layers representing features and attributes of the
watershed from multiple sources;
Generated and provided access to a series of map layers derived from the watershed baseline
simulations and scenarios including watershed response to climate change;
Undertook the development of subwatershed phosphorus loading targets to be used in guiding
future planning and stewardship programming;
Calculated land use based export coefficients that can facilitate site level pre‐ to post‐development
analysis of net phosphorus load change in response to land development;
Engaged stakeholders to show how the project could inform future policy and planning directions.

A draft summary report has been developed to describe the model development process and to
highlight some of the findings and how the interface can be used. Key findings of the project include
the stream health tool and target setting approach designed to identify phosphorus load reductions
in catchments where stream health is most likely to benefit.
The climate change scenarios and output analysis provide information suggesting how watershed
hydrology and water quality is likely to respond to changes in climate in upcoming decades. The
modeling shows how in‐stream temperature, dissolved oxygen and phosphorus concentrations are
likely to change on a monthly basis over the long‐term as precipitation and temperature patterns
change.
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By enabling uses to generate custom charts from data generated by the model, the system allows
users to explore areas of specific interest. Providing the model in this way is intended to facilitate a
broader discussion and consideration of cumulative effects when considering planning and
development in the watershed.

Project Reports, Publications, Presentations or other Material
Presentations at IAGLR 2016.
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Project Code: LSGBCUF 1017/C
Project Name
Improving tools for phosphorus‐based management of harmful algal blooms and related water quality
conditions in eastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Ralph Smith and Sue Watson
Research Institution
University of Waterloo, Environment and Climate Change Canada
Project Duration
April 2013 – March 2016.
Project Summary, an excerpt from the final project report by Ralph Smith
Agencies with responsibility for science‐based environmental management, such as Environment
Canada, always seek ways to increase the effectiveness and efficiency of their work. New technologies
offer potentially better surveillance of harmful algal blooms, an important subject for management.
This project allowed us to test, assess, improve and apply one method that has been widely adapted by
agencies. Despite its wide adoption, there is concern and uncertainty among users about how the
results of this newer method (spectral chlorophyll fluorescence analysis, as employed in the commercial
Fluoroprobe instrument) should be interpreted and compared to more traditional measures. This
project was successful on showing that the Fluoroprobe could give results that seemed in error when
compared to independent benchmarks, but that errors could be reduced to acceptable levels through
calibration. The most innovative aspect of the project was the demonstration that a new approach to
calibration could be successful and could free users of the need to perform expensive and time‐
consuming calibrations with algal cultures. It was also discovered that the new calibration approach is
not applicable everywhere and that critical assessment of results will always be necessary. The project
has thus been successful in increasing the usefulness of a new environmental surveillance method to
agencies (and researchers) while helping to reduce the risk of incorrect results in future applications.
Project Reports, Publications, Presentations or other Material
Harrison, J.W., Howell, E.T., Watson, S.B., and Smith, R.E.H. 2016. Improved estimates of phytoplankton
community composition based on in situ spectral fluorescence: use of ordination and field‐derived norm
spectra for the bbe FluoroProbe. Can. J. Fish. Aquat. Sci. 73: 1–11. dx.doi.org/10.1139/cjfas‐2015‐0360
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Project Code: LSGBCUF 1018/C
Project Name
Water quality survey of Lake Couchiching through active stewardship and public training
Principal Investigator(s) or Funding Recipient(s)
Sreekumari Kurissery and Debbie Balika
Research Institution
Lakehead University
Project Duration
April 2014 – April 2015.
Project Summary provided by Sreekumari Kurissery, Debbie Balika and Nandakumar Kanavillil
Lake Couchiching is a small (45km2) inland lake connected to Lake Simcoe within the greater Great Lakes
Basin. Lake Couchiching is surrounded by 4 different governing entities including; Rama First Nation, the
City of Orillia, Ramara and Severn townships. Lake Couchiching is not supported by a conservation
authority and thus the frequency and comprehensiveness of a water quality survey is contingent upon
funding by the previously mentioned governing bodies. Past water quality studies have been carried out
on a 5‐year cycle by the Severn Sound Environmental Association since 2003, however those studies
vary in breadth and depth and only include open water stations. This study aimed to address gaps in
water quality through a comprehensive assessment of near shore and comparative open water sampling
locations within Lake Couchiching.
This study included three spheres of learning; (1) evaluating the water quality of Lake Couchiching and
compare this with the available data; (2) educating the public and stakeholders about water quality
through educational workshops; and (3) engaging the public through volunteer sampling and citizen
science programs thus, increasing scientific literacy and promoting stewardship within the community of
Lake Couchiching.
Eight nearshore sampling sites were chosen around the perimeter of the lake in order to accurately
represent the geographical water quality of the lake. Two open water sites were also chosen to
correspond with the sites previously studied by Kilgour et al; 1997 & Sherman et al; 2003, 2005 and
2013. Water samples were collected on a three‐week interval from June to November 2014 using a
citizen science water sampling component. A general suite of water quality parameters was collected
and analysed including dissolved oxygen, pH, temperature, conductivity, nutrients (TP, TN), total
suspended loads and phytoplankton community assemblages.
Results demonstrated a significant variation between the species densities in littoral and pelagic sites
during the summer sampling months ( F9,30=5.89; p<0.05). Higher values of species density were
reported at the nearshore shores in comparison to the pelagic sites. Significant correlation (Pearson's
Correlation) was observed between species density and dissolved oxygen, conductivity, pH, TP, TN and
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biomass. Furthermore, the total suspended loads followed a similar trend. Nutrient data (TP & TN) were
well below the Provincial Water Quality Objectives (PWQO‐0.02mg/L and 1.00mg/L, respectively).
Although the overall trophic status of the lake is oligiotrophic and therefore relatively healthy, there are
some areas of concern (southern portion) in the Lake Couchiching that needed further examination due
to some occurrences of high TP values post storm events. Future studies should include an aquatic
vegetation survey will be helpful in understanding the health of the lake in addition to quantifying storm
water inputs and effects. Finally, the variation between the pelagic and littoral zones demand further
investigation so as to understand the movements of nutrient rich water in this lake system.
Project Reports, Publications, Presentations or other Material
A workshop was conducted in September 2014 in Orillia to disseminate the data collected to the public
and other stake holders.
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Project Code: LSGBCUF 1019/C
Project Name
Land use effects on nutrient and algae in the Middle and Lower Nottawasaga River and the Minesing
Wetland
Principal Investigator(s) or Funding Recipient(s)
Patricia Chow‐Fraser
Research Institution
McMaster University
Project Duration
May 2013 – April 2014.
Project Summary provided by Patricia Chow‐Fraser
In 2014, we carried out a monthly (June to September inclusive) sampling program during base flow
conditions to measure physical, chemical (including primary nutrients) and biological variables at 15
stations along the main branch of the Nottawasaga River (between Alliston and the river mouth at
Wasaga Beach; see attached map of study area). This program included four stations within the
Minesing Wetlands, a portion of the river which had not yet been sampled for water quality. Water
quality in the Nottawasaga River is generally impaired. Mean nutrient and sediment concentrations
exceeded published guidelines (Provincial Water Quality Objectives (PWQO), Canadian Environmental
Quality Guidelines (CEQG), National Agri‐Environmental Standards Initiative NAESI) at almost all
monitoring stations. For example, almost all monitoring stations exceeded the PWQO for Total
Phosphorus (TP), Total Ammonia Nitrogen (TAN), and E. coli. The PWQO for TP was exceeded at all
stations except 1 (Upper Nottawasaga River), 4 (Essa Fishing Park) and 7 (within upstream portion of the
Minesing Wetlands). TAN was exceeded at every station, and E. coli was exceeded at stations 1 (Upper
Nottawasaga River), 2 (Innisfil Creek), 3 (confluence of station 1 and 2), 6 (Angus Fishing Park), 7
(upstream Minesing), 13 (below Jack’s Lake) and 14 (town of Wasaga Beach). All 15 monitoring stations
in the Nottawasaga River exceeded the NAESI standards for TN, TP, Total Suspended Solids (TSS), and
water turbidity (TURB). Based on the nutrient and chlorophyll‐a concentrations (CHL) for trophic status
of stream environments summarized by Smith et al. (1999), the Nottawasaga River can be classified into
three different trophic states depending on which indicator variable is used. TN levels indicated that the
Nottawasaga River is eutrophic (>1.5 mg/L) across all 15 monitoring stations, whereas low planktonic
CHL concentrations across all stations suggest that it is oligotrophic (<10 μg/L). By comparison, TP
concentrations were more variable, and most stations were classified as mesotrophic (25 – 75 μg/L),
whereas stations 1 (Upper Nottawasaga River), 4 (Essa Fishing Park), and 7 (upstream Minesing
Wetlands) were classified as oligotrophic (<25 μg/L).
Using ANOVA and Tukey‐Kramer comparisons, we identified that station 2 (Innisfil Creek) had
significantly higher TURB (41.4 NTU), TSS (29.1 mg/L), and Total Organic Suspended Solids (Lost on
Ignition; TSS; 6.65 mg/L) compared to all other monitoring stations. TURB and TSS were high across most
stations in the Nottawasaga River (TURB generally >10 NTU). The inorganic portion of suspended solids
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accounted for majority of TSS at all stations except at station 15 (near the mouth). This suggests that the
high TURB in the river is due to inorganic sediments rather than algae, and accounts for the low CHL
concentrations measured. TP was significantly higher at stations 2 (Innisfil Creek; 48.2 μg/L), 13 (below
Jack’s Lake; 42.1 μg/L), 10 (below Willow Creek; 39.8 μg/L), and 12 (below Marl Creek; 37.3 μg/L), while
TN was significantly higher at stations 4 (Essa Fishing Park; 2.38 mg/L) and 5 (below Angus WWTP; 2.29
mg/L). COND was significantly higher at stations 2 (Innisfil Creek; 668 μS/cm) and 4 (Essa Fishing Park;
582 μS/cm), and Chloride (Cl‐) was significantly higher at stations 2 (Innisfil Creek; 53.8 mg/L) and 5
(below Angus WWTP; 39.8 mg/L). Dissolved oxygen (DO) concentrations measured at station 10 (below
Willow Creek) and 13 (below Jack’s Lake) were relatively low (6.52 and 6.11 mg/L, respectively). Water
temperature (TEMP) was 21.8°C, TAN was 0.08 mg/L, and E. coli was 2424 CFU/100 mL; these were all
significantly highest at station 14 (within the Town of Wasaga Beach). Overall, significantly higher mean
water‐quality variables and significantly lower DO were found at stations 2, 4, 5, 10, 12, 13, and 14.
We performed a Principal Components Analysis on all monitored water quality parameters to develop
the Stream Water Quality Index (SWQI) for the Nottawasaga River Watershed. The SWQI classified and
ranked stations 2 (Innisfil Creek) and 13 (below Jack’s Lake) as the most “degraded”, followed by
stations 14 (Town of Wasaga Beach), 5 (below Angus WWTP), 6 (Angus WWTP) and 12 (below Marl
Creek), which were classified as “poor”. These stations are associated with high concentrations of
nutrients, sediment, dissolved ions, and E. coli, and are likely stations most impacted by anthropogenic
sources, such as agricultural and urban land‐uses. Station 2 drains the Innisfil Creek sub‐watershed,
which has the highest proportion of agricultural land‐use, most of which is crop land, compared to all
other subwatersheds. This is the likely cause of elevated TP and sediments at station 2. Stations 13 and
14 had low DO, high TAN, but low TNN concentrations. These results are reflective of anaerobic
conditions in the lower section of the Nottawasaga River. Station 14 had the highest coliform
concentration, which is likely associated with residential areas lining either side of the river in this area.
Stations 5 and 6 are closer to urban centers (Angus, Baxter), and are likely associated with more urban
runoff leading to higher concentrations of dissolved ions and nitrates. Station 12 is located after Marl
Creek enters the system, which drains a highly agricultural area. We recommend that these stations be
focused on in future rehabilitation efforts.
Consistent with previous studies (Chow‐Fraser, 2006; Brown et al., 2011), we found that TP and TURB
were elevated as the Nottawasaga River exited the Minesing Wetlands. TP and TURB concentrations
decreased from stations 7 to 9 as the river drained through the wetland. At station 10, which is located
below Willow Creek, TP significantly increased, and DO significantly decreased. A subsequent study by
Rutledge & Chow‐Fraser (2016) identified Willow Creek as a potential site of internal loading, given that
it experienced episodes of anoxia associated with spikes in TP. These results indicate that water quality
in the Nottawasaga River improved slightly as it flowed through the Minesing Wetlands, but became
degraded following inputs from Willow Creek. Elevated TURB concentrations at the base of the Minesing
Wetlands previously identified by Chow‐Fraser (2006) and Brown et al (2011) were likely due to inputs
from the very turbid Marl Creek, which empties into the Nottawasaga River just downstream of the
Minesing Wetlands.
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We continued to sample Nottawaga River in 2015 with funds from other projects to collect additional
information on the Jack’s Lake and the Minesing Wetlands by installing continuous DO and TEMP loggers
(HOBO) in several locations along the Nottawasaga River. Upstream locations (near station 3) remained
well oxygenated throughout the summer, likely because there are more riffles present in these
upstream sections, which help aerate the water. By comparison, sections of the main river through the
Minesing became periodically anoxic during the summer. This is likely from bacterial respiration of high
dissolved organic content through this heavily vegetated area. Additionally, Jack’s Lake exhibited diurnal
fluctuations in DO, and reached hypoxic and anoxic levels during the late night and early mornings
during the latter period of June and July. These areas of low DO content could limit use by juvenile Lake
Sturgeon, which rely on the Nottawasaga River for spawning.
Project Reports, Publications, Presentations or other Material
Master’s Thesis (Chapter 3 based on LSGBCUF funding)
Rutledge J.M. 2015. A landscape approach to evaluate sources of nutrient and sediment to the
Nottawasaga River, a tributary of Georgian Bay, Lake Huron. Master’s Thesis. McMaster University, 168
pp.
Technical Report to Environment and Climate Change Canada (submitted to EC)
Rutledge, J.M., Narini, M., Kirkwood, A., Duval, T., and Chow‐Fraser, P. 2015. Land‐use effects on
nutrient and algae in the Middle and Lower Nottawasaga River and the MinesingWetlands. McMaster
University Technical Report to Environment Canada, Lake Simcoe and Southeastern Georgian Bay
Cleanup Fund, 60 pp.
Oral Presentation at International Conference
Rutledge, J.M. and Chow‐Fraser, P. 2015. Land‐use effects on water quality in the Nottawasaga River
and the Minesing Wetlands. International Association of Great Lakes Research, University of Vermont,
Burlington, VT. May 25‐29. (Oral presentation; Invited)
Poster Presentation at World Wetlands Day
Rutledge, J.M. and Chow‐Fraser, P. 2015. Land‐use effects on water quality in the Middle and Lower
Nottawasaga River and the Minesing Wetlands. World Wetlands Day, University of Waterloo, Waterloo,
ON. February 2. (Poster presentation; Invited)
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Project Code: LSGBCUF 1020
Project Name
Mapping, Evaluating, and Predicting Changes in Coastal Margin Aquatic Habitat in Severn Sound and
Southeastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Keith Sherman and Ron Stevens
Research Institution
Severn Sound Environmental Association
Project Duration
April 2015 – March 2017.
Project Summary, an excerpt from an October 2016 progress report provided by Keith Sherman
Progress Report October 2016
The project uses a combination of University of Windsor’s Remotely Operated Vehicle for Environmental
Reconnaissance (ROVER) sonar, Habitat Solutions North America’s tow fish sonar and SSEA and
University of Windsor’s boat‐mounted sonar to assess the lake bottom habitat. The analysis is planned
to cover selected areas of the Severn Sound coastline to a distance of up to 100 metres from shore.
From this data, maps of depth, substrate texture, and aquatic plant distribution will be created. Fisheries
and Oceans Canada’s Habitat Assessment and Evaluation Tool (HEAT) and other models will be used to
classify fish habitat suitability. Nearshore habitat mapping will provide planners and agency staff with a
scientifically defensible tool to manage the nearshore habitat.
The coastal areas of Penetang Harbour will be used as a pilot for the interpreted habitat layers
(shoreline materials, bathymetry, substrate, submerged aquatic plants, fetch, temperature) that will
combine to provide input to an interpreted habitat suitability model such as the HEAT model.
In 2015, sonar data was collected along several sections of shoreline on the north coast of Severn
Sound, from Port Severn to North Bay and Beausoleil Island. Underwater imagery was taken in the North
Bay area as well as from Port Severn to Oak Bay to facilitate verification of the sonar data. During 2016,
extensive data collection continued along both the north and south shores of Severn Sound. This was
undertaken using ROVER, SSEA boat‐mounted sonar as well as the SSEA underwater imaging system.
DFO has collected additional sonar data using a BioSonics® system from selected areas within Severn
Sound. Processing of sonar data is under way, making use of a variety of software tools (ReefMaster® ,
SonarTRX® and BioBase®) that facilitate the interpretation of depth, aquatic plant cover and substrate
conditions.
The 2013 South Central Ontario Ortho‐photo Project (SCOOP) data was acquired from OMNRF in
September 2015. The SCOOP data includes aerial imagery and a detailed elevation point cloud dataset
that will be processed to derive a Digital Elevation Model (DEM). The resulting DEM will be used to
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generate an updated Severn Sound shoreline at chart datum (176.0 masl) and will be used as input to
habitat models.
The sediment conditions are being interpreted from the sonar data, augmented by interpretation of
underwater images (taken in 2015 and 2016 as part of this project), previous SSEA/U of Windsor and
SSEA/GSC data will be used. In addition, spot ponar grab samples were collected by University of
Windsor and DFO during 2016 to further verify the substrate interpretation.
Selected areas surveyed during 2015 and 2016 will be mapped in preparation for polygon layer
development along the Severn Sound nearshore. As the survey progresses during 2016‐17, habitat
mapping will be used to compare past and current fish community measured by a variety of gears
(MNRF, DFO, UW).
Project Reports, Publications, Presentations or other Material



Presentation to the SSEA board
Poster presentation for SSEA public open house

104

Project Code: LSGBCUF 1021
Project Name
Evaluating the health of the pelagic community in relation to water quality in impacted embayments of
Georgian Bay and Lake Simcoe
Principal Investigator(s) or Funding Recipient(s)
Erin Dunlop
Research Institution
Ontario Ministry of Natural Resources and Forestry
Project Duration
April 2014 – March 2017.
Project Summary, an excerpt from the project proposal by Erin Dunlop
This project will characterize the open‐water (i.e. pelagic) fish and plankton community in key
embayments of Georgian Bay and Lake Simcoe, and relate patterns to water quality. Because the
pelagic community is often not measured in traditional government monitoring programs, there is a gap
in our knowledge of the degree to which pelagic communities have been impacted by anthropogenic
factors such as nutrient loading, invasive species, and climate. To fill this gap, we will sample sites that
vary in degree of anthropogenic impact: Parry Sound, with generally good water quality, Severn Sound,
with decreasing phosphorus levels but recurring blue‐green algae blooms, and Kempenfelt Bay in Lake
Simcoe, with the most developed watershed. We will sample the pelagic communities using a novel
hydroacoustic system that permits simultaneous observation of everything in the water column, from
plankton up to larger fish. At the same time, we will also collect fish and plankton samples, and
temperature, dissolved oxygen, clarity, depth and substrate data. With the results of this project and a
parallel nearshore project, we will be able to determine if pelagic species are impacted by poor water
quality to the same extent as nearshore species.

Project Reports, Publications, Presentations or other Material
Unknown
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Project Code: LSGBCUF 1022
Project Name
Quantifying Water Quality Benefits of Transient Storage in Streams of the Nottawasaga River Valley
Principal Investigator(s) or Funding Recipient(s)
Timothy Peter Duval
Research Institution
University of Toronto Mississauga
Project Duration
April 2015 – March 2017.
Project Summary, an excerpt from the project proposal by Timothy Peter Duval
This research will determine the ability of streams of the Nottawasaga River Valley (NRV) to remove
added nutrient, particularly soluble reactive phosphorus. Excess fertilizer and discharge from septic beds
and wastewater treatment plants negatively impact stream water quality, ultimately leading to
degradation of cold‐water and lake fish habitat, as well as recreation‐ and service‐based industries,
through increased plant and algae growth, depletion of dissolved oxygen in waters, and increased
turbidity. Streams have the natural ability to remove excess nutrient addition through microbial
degradation and sediment sequestration whenever surface water is delayed during downstream
transport. This delay, or transient storage, increases the contact time of the surface water with reactive
bed sediments and biota. The contact time and reactivity of stream sediments is controlled by their
physical and chemical composition. The surficial geology is very heterogeneous across the NRV, and it is
expected that streams in different locations across the NVR will have significantly different degrees of
transient storage and nutrient reactivity. This study will conduct a series of short‐term tracer tests in
nine streams in different landscapes throughout a range of stream flows to develop a predictive
conceptual model of the NRV’s varying ability to control increased nutrient additions.

Project Reports, Publications, Presentations or other Material
Unknown
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Project Code: LSGBCUF 1023
Project Name
Sediment Phosphorus Release and Harmful Cyanobacterial Blooms in South Eastern Georgian Bay: Field
and diageneteic modeling study
Principal Investigator(s) or Funding Recipient(s)
Maria Dittrich and Sue Watson
Research Institution
University of Toronto Scarborough
Project Duration
May 2014 – March 2017.
Project Summary provided by Maria Dittrich
Phosphorus (P) is the typical limiting nutrient for primary production in freshwater ecosystems, where
high P inputs are linked with an increased risk of algal blooms dominated by potentially harmful
cyanobacteria (cHABs). Recent reports document high P concentrations and cHABs in some areas of the
South‐eastern Georgian Bay (GB) coastline with no apparent linkage with localized basin development,
and it is unclear why these embayments are more affected than others.
In our study we are applying use field and diagenetic modeling studies to predict sediment P
mobilization and its impact on water quality and the risk of CHABs, based on robust measures and a
modelling framework.
We performed the first direct measures of internal nutrient loading and sediment chemistry in GB
embayments, and assess links with anoxia, physical processes (e.g. flushing, mixing) and cHABs.
In combination with external loading data from other studies, our results allow an evaluation of the
relative importance of internal loading and how this may affect and/or /delay responses to
management/remedial action. Our study addresses an important knowledge gap, and will contribute to
more effective management of this region ‐ with direct relevance to Lake Simcoe and other water
bodies.
Project Reports, Publications, Presentations or other Material
Reports
Sediment Phosphorus Release and Harmful Cyanobacterial Blooms in South Eastern Georgian Bay: Field
and diageneteic modeling study Time period: April 2014 to March 31, 2015. Authors: A. Liang, J. Chen, F.
Contento, J. Cui, M. Dittrich
Sediment Phosphorus Release and Harmful Cyanobacterial Blooms in South Eastern Georgian Bay: Field
and diageneteic modeling study Time period: April 2015 to March 31, 2016. Authors: M. Dittrich, S
Markovic, S. Cadena
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Conference Presentations
Maria Dittrich, Stefan Markovic, Sandra Cadena, Phuong T.K. Doan, Sue Watson, and Shan Mugalingam,
Phosphorus dynamics in lake sediments: Insights from field study and reactive‐transport modeling.
Geophysical Research Abstracts, Vol. 18, EGU2016‐PREVIEW, 2016, EGU General Assembly 2016.
Dittrich, M., Markovic, S., Cadena, S., Sweetnam, D., Howell, T., And Watson, S.B., Sediment
geochemistry in the South Eastern Georgian Bay. 2016. International Association for Great Lakes
Research 59th Annual Conference on Great Lakes Research (IAGLR).
Dittrich, M., Liang, A., Cui, Y., Chen, J., Fathollahzadeh, H., Contento, F., Arhonditsis, G.B., Morley, A.,
Mugalingam, S., Keene, B., Geater, K., Watson, S.B., And Bourbonniere, R., Dynamics of phosphorus at
the sediment‐water interface in lakes of different trophic states. 2015. International Association for
Great Lakes Research 58th Annual Conference (IAGLR).
Blog
http://georgianbayforever.org/water‐quality/research‐and‐projects/
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Project Code: LSGBCUF 1024/C
Project Name
Shoreline Inventory to Inform Stewardship and Management Action for Lake Simcoe/ South‐eastern
Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Paul Jurjans
Research Institution
Ontario Ministry of Natural Resources, Aurora District
Project Duration
April 2014 – March 2016. Project completed.
Project Summary, an excerpt from the final project report by Paul Jurjans
Up to date accurate shoreline mapping plays a pivotal role in shoreline management, restoration and
stewardship efforts. Previous shoreline mapping efforts relied in the use of orthoimagery (looking
straight down) as their data source. This project investigated the use of oblique imagery (imagery taken
at 45 degrees to the horizontal) to update the shoreline mapping for Lake Simcoe and southeastern
Georgian Bay. Imagery was acquired by helicopter in late fall 2014 as JPG and TIF images, and was made
accessible through a photo centre point file, in ArcMap. By allowing users to see more clearly beneath
shoreline canopy cover, oblique imagery resulted in vastly improved shoreline feature interpretation.
The previous shoreline mapping methodology was revised, mostly through simplification, and the
shoreline mapping for Lake Simcoe and part of southeastern Georgian Bays was updates by using the
oblique imagery for shoreline interpretation. Comparison with earlier shoreline mapping showed that
large sections of the shoreline had been incorrectly interpreted during earlier mapping efforts. Oblique
imagery gave interpreters a much better view of the shoreline composition and resulted in a vastly
improved shoreline mapping product.
Project Reports, Publications, Presentations or other Material
Imagery available to public free of charge, from Land Information Ontario (LIO) data warehouse.
Poster presentation at Latornell Conservation Symposium, Nov 17 2015.
Jurjans, P. Using Oblique Imagery to Improve Shoreline Mapping of Lake Simcoe, presentation at
International Association for Great Lakes Research, 59th Annual Conference on Great Lakes Research,
University of Guelph, Thursday June 9, 2016.
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Project Code: LSGBCUF 1025
Project Name
Status and long‐term trends in ecosystem health of coastal wetlands of eastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Patricia Chow‐Fraser
Research Institution
McMaster University
Project Duration
April 2015 – March 2017.
Project Summary provided by Patricia Chow‐Fraser
We have assessed the current status and trends in long‐term health of 34 wetlands (6 repeated in both
years) in eastern Georgian Bay during the summers of 2015 and 2016. In each wetland, we used
standardized protocols published from the Chow‐Fraser lab to measure 12 water‐quality parameters
and to complete surveys of the fish and macrophyte communities. Water‐quality variables including
water turbidity, conductivity, temperature, chlorophyll‐α concentration, total and inorganic suspended
solids concentrations, total and soluble reactive phosphorus, total ammonia nitrogen, total nitrate
nitrogen and total nitrogen. and nitrogen variations. These variables were used to calculate a Water
Quality Index (WQI) score developed by Chow‐Fraser (2006), with +ve scores being interpreted as being
unimpaired and –ve scores as being impaired by human activities. Condition of the wetland are
nterpreted as follows:
Value
>2
2 to 1
1 to 0
‐1 to 0
‐2 to ‐1
‐3 to ‐2

Condition
Excellent
Very Good
Good
Moderately degraded
Very degraded
Highly degraded

Information for species presence of wetland macrophyte, and fish presence and abundances were used
to generate scores of Wetland Macrophyte Index (WMI; Croft and Chow‐Fraser 2007) and the Wetland
Fish Index (WFI; Seilheimer and Chow‐Fraser 2007)
WFI
>4.0
3.5‐4.0
3.25‐3.5
2.75‐3.25
<2.75

WMI
>3.75
3.5‐3.75
2.5‐3.5
2.0‐2.5
<2.0
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Condition
Excellent
Very Good
Good
Fair
Degraded

We plan to compare scores of WQI, WMI, and WFI from the 2015‐2016 sampling period against those
obtained in an earlier sampling period (2003 to 2007). Since not all of the data from the sampling
collected in the 2016 season have been processed, for this report, we will provide results based on
statistical comparisons of 30 sites (below).
Indicator
WQI
WMI
WFI (PA)*
WFI (AB)*

Score
Low WL
High WL
1.49
1.90
3.63
3.61
3.57
3.38
3.62
3.44

Interpretation
Low WL
High WL
Very Good Very Good
Very Good Very Good
Very Good
Good
Very Good
Good

* WFI scores indicate that on average, water quality in wetlands
has been more impaired whereas neither the WQI or the WMI
scores indicate any change in category

WQI scores obtained in 2015‐2016 have increased significantly compared with those obtained in the
historic survey (mean of 1.90 vs 1.49, respectively; Wilcoxon Matched Test; P<0.001). We also found a
significant reduction in total phosphorus concentrations over those time periods that mirror negative
trends observed for total P concentrations in the open‐water station in Georgian Bay (see below; Figure
1 from Dove and Chapra 2015).
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Despite the numerical increase in WQI scores, both mean scores of 1.49 and 1.90 indicate “Very Good”
conditions of the coastal wetlands. The corresponding mean WMI scores for the more recent period was
3.61, which was not significantly different than 3.63 for the earlier period (Wilcoxon Matched Test;
P=0.70); both of these values indicate that the wetlands are in “Very Good” conditions. The fish survey
data were used to generate a WFI (AB) score based on fish abundances, and a WFI (PA) score based on
species presence. The WFI (AB) scores have decreased significantly over time (3.62 in 2003‐2007 vs 3.44
in 2015‐2016; Wilcoxon Matched Test p=0.003), indicating that the “Very Good” condition noted earlier
has been downgraded to “Good”. Similarly, the WFI (PA) scores decreased significantly from 3.57 to
3.38, with a similar downgrading in status from “Very Good” to “Good”.
Taken at face value, the increase in WQI scores suggest that water‐quality conditions in these wetlands
have generally improved (clearer water, lower nutrient concentrations), even though this is not
reflected in any change in status according to the macrophyte community; on the other hand, the health
status according to the fish community has been downgraded. Since the WFI was developed to reflect
changes in the fish communities in response to impairment in water quality conditions caused by
anthropogenic disturbances (altered land uses, etc), this drop in WFI scores is inconsistent with the
unchanged status of wetlands according to the WQI and WMI scores.
At this time, we speculate that the decrease in WFI scores is a reflection of gear limitations imposed by
the recent increase in lake water levels. According to established protocols, the fyke nets must be set in
a maximum of 1 m depth, within a mixed community of floating, emergent, and submerged aquatic
vegetation; however, with an increase in water levels of 80 cm, the fyke nets could no longer be set in
an “idealized” habitat since the depths associated with submersed aquatic vegetation in 2015 and 2016
exceed the maximum depth required for fyke nets. Consequently, most of the fyke nets are now set in
the 1‐m depth contour of wetlands that are currently occupied by thick, predominantly meadow
vegetation. Since these are results of tests based on the first 30 wetlands, we must reserve our
conclusions until we have completely processed our data and have re‐run our statistical analyses later
this fall.
We fell short of our original target of surveying 50 sites over the 2 years. Last year, we were able to
sample 22 sites, but this year we were only able to sample 18 because of unanticipated problems with
several weeks of really bad weather (combination of many rain and thunder storms and high winds
during July and August) that prevented us from boating to many of the wetlands that can only be
accessed by boat. The other reason is that we had to set the fyke nets within the previously wet
meadow/emergent zone rather than in the emergent/submersed aquatic vegetation zone due to the
higher water levels (as explained earlier). Setting nets in the flooded wet meadow zone meant putting
nets where there are now dying pine trees and shrubs and this necessitated more time and greater
effort to manoeuvre around these “barriers”, and thus limiting the number of wetlands that we were
able to fully sample during the two summer periods. Regardless, our sample size of 40 wetlands is more
than adequate to complete our original project objectives of conducting a statistical comparison through
time. Final data compilation, statistical comparison to past values, a web‐based repository will be
completed by the end of March, 2017. We will also be able to comment on the suitability of using fyke
nets as the only fishing gear for indexing purposes.
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Project Reports, Publications, Presentations or other Material
Boyd , L. and Chow‐Fraser, P. 2016. Are current indices appropriate for determining wetland health
under water‐level type disturbances in coastal wetlands of Georgian Bay, Lake Huron. McMaster
University, Department of Biology.
Chow‐Fraser, P., Boyd L. and Weller, D. 2016. Assessing effects of water‐quality impairment versus
water‐level disturbances on ecosystem services of coastal wetlands in eastern Georgian Bay.
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Project Code: LSGBCUF 1026/C
Project Name
Testing the Lake Capacity Model for protection of Georgian Bay Headwaters in Seguin Township
Principal Investigator(s) or Funding Recipient(s)
Chris Madej and Michele C. Fraser
Research Institution
The Corporation of the Township of Seguin
Project Duration
June 2015 – March 2016.
Project Summary, an excerpt from the project proposal by Chris Madej and Michele C. Fraser
The Township of Seguin is proposing to test its Lake Capacity Model which is used to protect the
headwaters of Georgian Bay by controlling development on lakes in Seguin Township. In 2010 Seguin
Township adopted a water quality model overseen by Dr. Neil Hutchinson. The model is based on the
MOE’s Lakeshore Capacity Model. The model together with a township wide water quality monitoring
program is used to protect the headwaters of Georgian Bay by supporting township planning policies
and regulations that place limits and controls on shoreline development. The model results have been
presented in support of Council’s refusal of shoreline development applications before the Ontario
Municipal Board. The model should be reviewed and updated to incorporate 5 years of new water
quality and watershed data that have been collected and re‐calibrated as needed. Maintaining the
validity of the model as a predictive tool is important for Seguin Township to make proper and
defensible land‐use planning decisions that do not result in development that increases phosphorus
loads in our headwaters of Georgian Bay. The Township is proposing to retain Hutchinson
Environmental Sciences Limited to undertake the model update and validation in 2015.
An excerpt from the final report by Michele C. Fraser
in 2008, Seguin Council authorized a study to develop a watershed‐based phosphorous model and water
quality program for recreational lakes in Seguin Township. These efforts ultimately lead to the
implementation of the most current “Environment First” Seguin Official Plan. This new land use policy
document gives cCouncil the ability to scientifically regulate the intensity of development on its
recreational lakes via the use of the Seguin Water Quality Model. As revised in 2016, this Model
continues to be a useful tool in protecting Seguin’s lakes for the enjoyments of Canadians in perpetuity.
Project Reports, Publications, Presentations or other Material
Hutchinson Environmental Services Ltd. (Jan 2016). Review, Update and Refinement of Seguin
Township’s Water Quality Model (SWQM) and Phosphorus Management Approach, Draft for Discussion.
Prepared for the Township of Seguin, Project 150047.
Seguin Township Report to Council, Development and Protective Services. (March 7, 2016). Process for
updating the Seguin Township’s Official Plan to account for changes to Seguin’s Water Quality Model
(SWQM). (Report No. DPS‐PL‐2016‐018).
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Project Code: LSGBCUF 1027
Project Name
Towards Linking Water Level Fluctuations with Water Quality in South‐Eastern Georgian Bay: An
Adaptive Management Approach
Principal Investigator(s) or Funding Recipient(s)
George Arhonditsis
Research Institution
University of Toronto Scarborough
Project Duration
April 2015 – March 2017.
Project Summary, an excerpt from the project proposal by George Arhonditsis
The environmental concerns in South‐eastern Georgian Bay are nutrient concentrations, algal blooms,
and low water levels. Elevated nutrient levels have been related to algal blooms in Sturgeon Bay and
recently in the French River. The effects of the recent falling of water levels on nutrients and nuisance
blooms of harmful algae have not been studied in Georgian Bay.
Nutrient levels in coastal wetlands can be influenced by water level fluctuations, because they affect the
mixing of runoff and lake water along with the nutrient exchanges between sediment and water
column. We will consolidate 15 years of existing data from academic, provincial, and federal databases,
to develop and validate a modelling framework that examines the effects of water level fluctuations on
water quality. Geospatial models will be used to characterize the degree of mixing and wind exposure.
We will apply our framework, across the entire South‐eastern Georgian Bay to identify hot‐spots with
poor water quality and low water levels. We will also apply our modelling framework to simulate
management scenarios of water level fluctuations and forecast water quality impairment based on
nutrient exceedance frequencies. This piece of information will be very critical for the proposed water
level regulation plan in Lake Huron.
Project Update September 2016 provided by George Arhonditsis
We have successfully consolidated and standardized 15 years of existing information from the McMaster
Coastal Wetland Inventory (Dr. Pat Chow‐Fraser, McMaster University), provincial (OMOE), and federal
(EC, DFO) on water levels and water quality parameters. We have developed a Bayesian imputation
model to fill data gaps. We have also implemented wavelet analyses to quantify fluctuations in water
levels.
Project Reports, Publications, Presentations or other Material
Vincent Cheng, Alex Gudimov, Dong Kyun Kim, Meghan Allerton, Agnes Richards, George Arhonditsis.
Towards Linking Water Level Fluctuations with Water Quality in South‐Eastern Georgian Bay. IAGLR
2016.
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Project Code: LSGBCUF 1028
Project Name
Using phosphorus and phytoplankton dynamics to guide best management practices in southeast
Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Leon Boegman and Ralph Smith
Research Institution
Queen’s University
Project Duration
April 2015 – March 2017.
Project Summary, an excerpt from the project proposal by Leon Boegman
Collingwood, Wasaga Beach, Midland and other regions of Nottawasaga Bay in Southeastern Georgian
Bay are major coastal communities that attract millions of dollars annually from tourism and recreation.
However, water quality degradation (dense algal blooms and low dissolved oxygen concentrations)
occurs in the bay downstream of tributaries flowing through either urban centers or agricultural lands.
The Nottawasaga River plume discharges approximately 47 tonnes of phosphorus annually to
Nottawasaga Bay and, therefore, plays a significant role in the water quality of Nottawasaga Bay near
the river mouth and along the beaches during post‐precipitation events. These excessive phosphorus
concentrations result from external loading, related in part to human development.
In southeastern Georgian Bay and Nottawasaga Bay, Environment Canada (EC) scientists find that their
ability to manage the water resources and aquatic habitats of this area is generally compromised by a
lack of monitoring and science (Charlton and Mayne 2014). Many studies have been conducted at
irregular intervals or are so far apart in time that detecting and reporting ecosystem changes and causes
is exceedingly difficult. This impedes environmental management decision making because action
triggers are unclear.
The objective of this proposal is to address this issue by targeting information needs and unanswered
management questions identified by EC through previous consultations with stakeholders (Charlton and
Mayne 2014). Specifically, academic partners will collaborate with EC scientists to add value to ongoing
EC fieldwork and modeling efforts and address the following objectives:
1. Determine the composition and bioavailability of phosphorus (P) in eastern Nottawasaga Bay
and its tributaries
2. Impacts of the Nottawasaga River plume on phytoplankton in Georgian Bay
3. Computationally simulate the phosphorus and phytoplankton dynamics and investigate the
factors responsible for undesirable phytoplankton growth
4. Knowledge transfer to guide implementation of phosphorus control and best management
practices
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Project Reports, Publications, Presentations or other Material
Elbagoury, D., Zhao, J. , Yerubandi, R., Smith, R.E.H. , Hiriart‐Baer, V. , Ackerman, J.D., and Boegman, L.,
Identifying and Assessing the Impacts of Phosphorus Loads in Eastern Nottawasaga Bay. 2016.
International Association for Great Lakes Research 59th Annual Conference on Great Lakes Research.
Farrow, C.R., Snider, D.M., Yerubandi, R., Depew, D., Hiriart‐Baer, V., and Ackerman, J.D. Effects of
Riverine Inputs on Phytoplankton Community Structure. 2016. International Association for Great Lakes
Research 59th Annual Conference on Great Lakes Research.
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Project Code: LSGBCUF 1029
Project Name
Nearshore /Watershed Monitoring Protocol Project
Principal Investigator(s) or Funding Recipient(s)
Matthew Millar and Bonnie Fox
Research Institution
Association of Conservation Authorities of Ontario
Project Duration
April 2015 – March 2017.
Project Summary, an excerpt from the project proposal by Matthew Millar and Bonnie Fox
Conservation Ontario intends to develop a standardized nearshore research and monitoring framework
that will improve environmental information for decision‐making. Building upon the Lake Simcoe
Region Conservation Authority’s (LSRCA) nearshore monitoring framework and current Great Lakes
Nearshore monitoring, protocols will be developed for the nearshore areas in South‐eastern Georgian
Bay that address varying capacities and the need for information to make management decisions related
to the nearshore. Influencing the type of monitoring protocol applied in an area would be: i) degree and
type of impact from the contributing watershed; and, ii) impaired uses of the nearshore water. It is
anticipated that there would be monitoring protocols that would address less intensive to more
intensive information requirements.
The protocol development will build upon lessons learned from Lake Simcoe and Great Lakes Monitoring
and will document standard methods to characterize the nearshore area and to undertake field
collection, data analysis and assessment, and to identify stressors and issues. Overall, the
nearshore/watershed monitoring protocol will link impacts to the nearshore to management/
stewardship decisions/ activities in the contributing watersheds/shorelines.
In year two of this project Nottawasaga Valley Conservation Authority will use the protocol developed in
year one to monitor their nearshore environment in South‐Eastern Georgian Bay.
Project Reports, Publications, Presentations or other Material
Nearshore Monitoring; A Protocol for Assessing Lake Environment. Conservation Ontario Factsheet,
Sept 2016.
Nearshore Monitoring; A Protocol for Assessing Lake Environment. Prepared for Conservation Ontario
By Hutchinson Environmental Sciences Ltd. 2016. 181pp. available at www.conservationontario.ca
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Project Code: LSGBCUF 1030
Project Name
Internal phosphorus (P) load assessment in Georgian Bay embayments to improve understanding about
P sources and contribute to onshore‐offshore productivity gradients
Principal Investigator(s) or Funding Recipient(s)
Gertrud Nürnberg and Todd Howell
Research Institution
Freshwater Research
Project Duration
June 2016 – March 2017.
Project Summary, an excerpt from the project proposal by Gertrud Nürnberg and Todd Howell
Internal phosphorus loading, defined as phosphorus (P) released from sediment surfaces to overlying
water can represent a large summer P input to lakes. Although it stems from former external inputs, it is
often ignored in P mass balances because of difficulties in obtaining estimates. Because of its high
biological availability and the timing of its release during the thermal stratification period after ice‐out,
internal P loading can have a negative effect on water quality and may lead to higher productivity in
lakes at various trophic states. Higher productivity often leads to an increase in cyanobacteria
abundance even in oligotrophic waters, because these species can thrive in oligo‐, meso‐, and eutrophic
systems (O’Neil et al 2012).
The specific study area of EGB embayments can contribute to the more general question of how
important is internal P loading to the overall productivity in low‐P systems. Given the natural P gradient
from embayment to open lake due to loading of tributary water, is the additional contribution by
internal loading significant for system productivity? With the prospect of anthropogenic enrichment,
does it become more important as a pathway for P into the system? Information on the potential of
internal P regeneration may be needed to detect human enrichment effects at subtle levels. For
example, Nürnberg and LaZerte (2004) predicted a total P (TP) increase due to the present shoreline
development of 474 mostly oligotrophic lakes in the region of Muskoka, Ontario of 1.7 µg/L on average
(range 0 to >20 µg/L). Considering the high biological availability of sediment released P (Nürnberg
2009), this could have a measurable effect on productivity and water quality and was observed in an
oligotrophic Muskokan lake (Nürnberg et al 1986).
Past reports (annual reports by Schiefer et al. 2000‐2010, Pove et al. 2013) have revealed variable
indications of internal P loading by early September in several embayments along the south‐eastern
coast of Georgian Bay between Honey Harbour in the south and Sturgeon Bay Provincial Park in the
north. Such indications include hypolimnetic hypoxia (less than 2 mg/L DO) during thermal stratification
periods in the summer and fall, and simultaneously elevated P and iron concentrations (Powe et al.
2013). Studies of internal loading from other central Ontario lakes (Nürnberg 1988, Nürnberg et al
1986) suggest that fall internal P loading does occur even in oligotrophic systems and hence, fall internal
P loading may be prevalent in EGB embayments. Because the extent of anoxia generally strengthens
throughout the summer and into the fall, it is quite possible that internal P loading cannot be detected
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until closer to fall turnover in September‐October.
Besides addressing the more general question “does development affect nutrient regeneration in low
productivity regions?”, there are three reasons to study internal P loading in the Georgian Bay region.
(1) Embayments with internal P loading may represent “hotspots” that could provide coastal areas of
Georgian Bay with some highly biologically available phosphate via connecting channels. While most of
these embayments are relatively P‐poor and P increases from sediment released P are expected to be
only slight, at least during the summer, sediment P release could play a larger role during thermocline
erosion in the fall. (2) Extensive internal P loading in meso‐eutrophic systems like Sturgeon Bay could
delay recovery after external loads from the catchment basin are reduced. (3) Longer thermal
stratification periods and warmer bottom temperatures associated with climate change may increase
internal P (Adrian et al 2009) and iron loading. There are an increasing number of reports of fall
cyanobacteria blooms in Ontario lakes in recent decades (Winter et al 2011) which could be related to
increased internal loading in the fall.
We propose the examination of existing water quality data and physical data of several oligotrophic
embayments and meso‐eutrophic Sturgeon Bay. In particular, we intend to use available routine
monitoring data (temperature and DO profiles; TP, SRP, TFe in mixed layer and 1 m above bottom
samples) and detailed data collected in 2015 and 2016 to look for signs of internal P inputs (Table 1). The
detailed studies include the deployment of oxygen sensors and strings of temperature sensors in 2015
at sites selected as possibly sensitive to hypolimnetic oxygen depletion based on basin morphology.
Unlike Sturgeon Bay with a known enrichment problem, these sites are located at Pointe Au Baril to
Shawanaga Island and Massasauga Provincial Park to Moon River in areas of limited development with
no known enrichment issues. Similar monitoring is proposed for 2016 at sites in more developed regions
to provide a wider range of development influences on internal loading.
The analysis of such data will help identify any characteristics that indicate the probability of internal
loading from sediments and strive to separate redox‐related processes from resuspension effects.
Next, where possible, internal P loading will be quantified with two approaches used previously by the
project manager (Nürnberg 2009, Nürnberg et al. 2012, 2013 a,b). One approach (in situ estimate) uses
increases in water column P concentration throughout the summer and fall to estimate internal loading
rates. Another approach (release rate x hypoxic factor) relies on predicting an areal P release rate using
experimentally determined rates in incubated sediment cores and P fractionation (Loh et al. 2013;
Nürnberg 2013a) and extent of hypoxic sediment area (hypoxic factor, Nürnberg 2009). The value of this
approach is that it provides a validation for the in situ estimates based on monitoring data.
Internal P loading estimates would benefit regional decision makers in several ways. 1) They could
improve the predictive ability of P mass balance models for the region, and 2) they will tell us whether
there is a potential link between fall internal loading and increased phytoplankton productivity and
whether this link is worth exploring further in this region.

Project Reports, Publications, Presentations or other Material
Unknown
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Project Code: LSGBCUF 1031
Project Name
Water quality monitoring and to assess the phosphorous along the Sandy Bay/Georgian Bay shoreline
Principal Investigator(s) or Funding Recipient(s)
Sherry Contin and Judy Contin
Research Institution
Henvey Inlet First Nation
Project Duration
June 2016 – March 2017.
Project Summary, an excerpt from the project proposal by Sherry Contin and Judy Contin
Henvey Inlet first nation follows the guidance of our ancestors to protect the land, water and animals
that brings life to our communities and families across nations. Our project is focused on protecting and
to monitor the water quality in the Sandy Bay area which is located along the Georgian bay. This area is
located at the Henvey Inlet #2 reserve. Our community presently cannot use this area for swimming
and cannot let visitors into the Sandy bay area. The foul smell and green algae blooms along the shore
of Georgian bay needs to be restored and protected from whatever is causing this to our natural habitat
and environment. We would require a biologist with expertise to come in and test the water for toxic
substance, bacteria within the Georgian Bay area.
Project Reports, Publications, Presentations or other Material
BluMetric Environmental Inc. (2016). Henvey Inlet Phosphorous Sampling Project Lake
Simco/Goutheastern Georgian Bay Cleanup Fund (Project Number 160524). Yellowknife, NT. 119pp.
BluMetric Environmental Inc. (Dec 19 2016). Sandy Bay Nutrient Monitoring. Presentation to Chief and
Council.
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Project Code: LSGBCUF 1032
Project Name
Implementation of a coordinated nutrient monitoring strategy in eastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Greg Mason and David Bywater
Research Institution
Georgian Bay Biosphere Reserve Inc.
Project Duration
April 2016 – March 2017.
Project Summary, an excerpt from the project proposal by Greg Mason and David Bywater
Our project will mobilize partners at the local level to support a tiered nutrient monitoring strategy for
eastern Georgian Bay. We will fill a critical nutrient monitoring gap by increasing the participation of
municipalities, ratepayer associations, partner organizations, and individuals in order to enhance
phosphorus data collection, especially in enclosed bays or inland lakes (that flow into Georgian Bay) that
have elevated phosphorus levels.
This project responds to a recent “Coordinated Nutrient Monitoring Framework for Eastern Georgian
Bay” developed by GBBR in 2015 with federal, provincial, and municipal partner support. The framework
attempts to harmonize five major nutrient monitoring programs, as well as revise and replace other
programs (some of which monitoring only for bacteria, for example). The framework identifies the need
for more monitoring activities at the local level to complement the work of other partners. Volunteer
associations are keen to collect relevant and timely data that show local and regional trends; however,
they often lack the knowledge, training, and equipment to do so. Recommended protocols for
volunteers include the MOECC’s Lake Partner Program (LPP). An additional pilot nutrient monitoring
protocol for “enclosed bays” has been proposed (Clark et al. 2015). The long‐term results of baseline
data collection for a greater spatial area of eastern Georgian Bay will help to identify any areas of
potential concern and help others to focus collective efforts on prevention and management. Ongoing
public education about nutrient management and best management practices will also occur through
workshops, outreach and publications.
We will deliver this project over twelve months through the following activities:
1. Develop and implement a communication plan for nutrient monitoring to reach target audiences
including volunteer associations and area municipalities.
2. Engage with partners to enhance nutrient monitoring of enclosed bays and increase LPP sampling
site coverage.
3. Support volunteer and partner monitoring capacity with training and new equipment purchase.
4. Liaise with the Dorset Environmental Centre to obtain LPP monitoring data and display it on maps of
eastern Georgian Bay within the State of the Bay website, and communicate results (e.g. about
nutrients, the increase in sampling sites, and the coverage of embayments) and over time, trends
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from the nutrient monitoring itself.

Project Reports, Publications, Presentations or other Material
Bev Clark, David Bywater, Becky Pollock, Greg Mason. (March 2016). Enclosed Bays and Inland Lakes
Phosphorus Monitoring Guideline. Georgian Bay Biosphere Reserve. 21 pp.
Bev Clark, David Bywater, Becky Pollock, Greg Mason. (October 2015). Nutrient Monitoring in the
Georgian Bay Biosphere Reserve. Georgian Bay Biosphere Reserve. 31 pp.
Online Water Quality Data Resource:
http://wpsgn.maps.arcgis.com/apps/MapSeries/index.html?appid=40bd071225ca44358500a9dad6b2d0
0c
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Project Code: LSGBCUF 1033
Project Name
Mapping of Dynamic Beach, Flood Hazard Limit, Nearshore Bathymetry and Biodiversity for the Wasaga
Beach and Collingwood Shoreline
Principal Investigator(s) or Funding Recipient(s)
Glen Switzer and Gayle Wood
Research Institution
Nottawasaga Valley Conservation Authority
Project Duration
April 2016 – March 2017.
Project Summary, an excerpt from the project proposal by Glen Switzer and Gayle Wood
The southern Georgian Bay shoreline continues to be under intense development pressure. These
pressures are recognized in the International Biodiversity Conservation Strategy for Lake Huron and Lake
Huron‐Georgian Bay Framework for Community Action. A clear understanding of shoreline hazards is
required for appropriate agency management of the shoreline. The biodiversity of this shoreline and
associated threats must also be clearly understood for development of programs to conserve and
restore biodiversity along this pressured shoreline. This proposed project will refine our understanding
of shoreline hazards and biodiversity and improve future management of this invaluable but pressured
resource.
The project includes four components along the shoreline of Wasaga Beach and Collingwood.
1)
2)
3)
4)

Mapping of the near shore bathymetry from water’s edge to 4 m depth.
Mapping of the onshore topography from water’s edge to elevation 180.0m
Determining the extend of the dynamic beach and flood hazard limit
Mapping the coastal biodiversity habitat focusing on vegetation communities

The proposed topography will be flown at 1000 feet and provide 15 cm vertical accuracy and the
bathymetry is targeted for 0.25 m vertical accuracy. Shoreplan Engineering will use the updated
topography and bathymetry to determine design nearshore wave conditions and wave uprush limits to
accurately determine the flood hazard limit.
Presently there is not a good understanding of the extent and function of existing dynamic beach
fragments that occur sporadically across Wasaga Beach. Shoreplan will use the updated topography and
field assessment to identify the lateral extent of the dynamic beach and provide recommendations for
dunes that need to be protected.
Skelton Brumwell will undertake the bio‐diversity study of the Collingwood coastal area and WILD
Canada Ecological Consulting will investigate the Wasaga Beach coastal area.
Project Reports, Publications, Presentations or other Material
Unknown
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Project Code: LSGBCUF 1034
Project Name
Evaluating the linkage between circulation and spatial water quality patterns in the nearshore of South‐
eastern Georgian Bay
Principal Investigator(s) or Funding Recipient(s)
Mathew Wells
Research Institution
University of Toronto Scarborough
Project Duration
April 2016 – March 2017.
Project Summary, an excerpt from the project proposal by Matthew Wells
Among many possible factors that contribute to the nearshore water quality of South‐eastern Georgian
Bay, anthropogenic activity (nutrient pollution) coupled with the flushing mechanisms driven by the
natural water circulation plays a dominant role. The natural water circulation is governed by the
environmental conditions (e.g., wind speed, direction, air temperature), and the variability of depth and
coastline with the presence of both embayed and open‐shore areas in the South‐eastern Georgian Bay;
all of these factors potentially result in a complex circulation patterns.
There is a knowledge gap in making clear distinction between the individual roles of the two
contributing factors (i.e., flushing and anthropogenic activity) on the observed variability in the
nearshore nutrient (phosphorus in general) levels, which hinders in developing the capacity to detect
and respond to evidence of deteriorating water quality caused by the human activity. This proposed
project, through numerical modeling of complex nearshore water circulation with the incorporation of
field data, will address this important knowledge gap on the linkage between water circulation and
spatial water quality patterns in the nearshore of South‐eastern Georgian Bay. The impact of tributary
loading on the nearshore nutrient level will also be assessed.

Project Reports, Publications, Presentations or other Material
Lakshika Girihagama, Mathew Wells, Jingzhi Li, and Todd Howell. (2017) Evaluating the Linkage
Between Circulation and Spatial Water Quality Patterns in the Nearshore of South‐Eastern Georgian Bay.
Poster Presentation.
Lakshika Girihagama, Mathew Wells, Jingzhi Li, and Todd Howell. (Jan 2017) Evaluating the Linkage
Between Circulation and Spatial Water Quality Patterns in the Nearshore of South‐Eastern Georgian Bay.
Canadian Conference for Fisheries Research (CCFR), Montreal, PQ. Jan 5‐8, 2017.

125

Project Code: LSGBCUF 1035
Project Name
The fate and transport of chloride in urbanizing catchments of the Lake Simcoe/South‐eastern Georgian
Bay watersheds
Principal Investigator(s) or Funding Recipient(s)
Claire Oswald and Lynda McCarthy
Research Institution
Ryerson University
Project Duration
April 2015 – March 2017.
Project Summary, an excerpt from the project proposal by Claire Oswald
In seasonally frozen environments, de‐icers (chloride salts) are widely used to maintain safe driving
conditions on roads and other impervious surfaces. While the beneficial role of road salts for public
safety is unequivocal, the environmental consequences of their use pose risks to stream and lake
ecosystems. In the Lake Simcoe watershed (LSW), chloride (Cl) is listed as a pollutant of concern in the
2009 Lake Simcoe Protection Plan, and in‐stream Cl concentrations have been increasing in most
tributaries since 1993. In urbanized catchments of the LSW, stream Cl concentrations often exceed
environmental protection guidelines set out by the Canadian Council of Ministers of the Environment
during winter high flows and summer baseflow. However, there is uncertainty in how applicable the
national guidelines are to Southern Ontario’s hard waters. Cl concentrations have not been extensively
documented in the South‐eastern Georgian Bay watershed (SGBW). The goal of this two year project is
to improve our understanding of the dynamics and ecological effects of Cl across a gradient of
urbanizing catchments in the LSW and SGBW. The results of this study will help to inform adaptive
winter maintenance management strategies for the LSW and SGBW and identify salt vulnerable areas to
be protected.
Project Reports, Publications, Presentations or other Material
Unknown
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