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Executive Summary

This report updates the findings of the Lake Simcoe and South-Eastern Georgian Bay Clean Up Fund
(LSGBCUF) monitoring and research activities for the geography of eastern and southern Georgian Bay.
Building on the 2013 Science and Monitoring Synthesis for South-Eastern Georgian Bay prepared for
ECCC by Charlton and Mayne and the Synthesis of Science in South-Eastern Georgian Bay and the
Nottawasaga Valley Watershed conducted under the Lake Simcoe South-Eastern Georgian Bay Clean Up
Fund 2012-2017 prepared by Duggan and Chambers (2017), this report presents an update on science
and monitoring program activities and results for the south-eastern Georgian Bay aquatic environment,
including work done outside the purview of the LSGBCUF.
The purpose of the report is not only to synthesize research and monitoring activities and results, but
also to identify information gaps and priority areas for future focused science and monitoring for the
southern and eastern regions of Georgian Bay. It should be noted that the authors/leads of some
LSGBCUF projects are still working on finalizing data analysis and/or publications. In some cases, more
detailed reports or data were unavailable for this specific synthesis. This report then also highlights
current work that will further inform and define the findings found here.
The research and monitoring featured in this report centers on three main themes: 1) nutrients; 2)
water quality dynamics and habitat; and 3) management, or the development of measures to reduce
phosphorus/nutrient inputs and address low oxygen conditions and toxic/nuisance algae growth. The
majority of LSGBCUF projects focussed on nutrients, and as such, a significant portion of this report also
covers this theme. For this reason, this executive summary predominately highlights findings and
remaining research questions related to nutrients, specifically in the areas of: anthropogenic
phosphorus inputs to surface water; internal loads and algal blooms; and offshore nutrient effects on
nearshore ecosystems.
Anthropogenic phosphorus inputs to surface water
The results of several studies suggest that concerns around shoreline development nutrient
contributions to surface water do not represent a significant threat at this time. Impacts of shoreline
development were shown to be minimal whereas other factors, such as climate change have increased
productivity in some embayments of near shore waters (Snider, 2016). This is shown best by paleo
reconstructions that link recent algal bloom increases to climate variables and this has been shown for
areas around the globe (see for example Zhang et al., 2012; Gobler et al., 2017). In addition, phosphorus
reconstructions do not show recent shifts in trophic status.
MECP surveys have shown strong regional relationships between DOC and phosphorus which indicates
that most, if not all, phosphorus, is associated with watershed/wetland sources (Howell, 2015; SSEA,
unpublished). In the few areas where this relationship is decoupled, there are potential additional
sources of phosphorus from internal loads.
Regional surveys of phosphorus concentrations (GBBR, 2015) show few indications of impaired water.
One exception is Sturgeon Bay, although this area appears to have declining surface phosphorus
concentrations in recent years to values that do not indicate impairment based on Provincial Water
Quality Objectives (PWQOs) for phosphorus. However, newer PWQOs favour using 50% above
background instead of 10, 20, and 30 ug/L thresholds. Severn Sound Environmental Associations results
indicate moderately high phosphorus in South Bay and North Bay, although still below 30 ug/L. In North
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Bay, this may be a more natural phenomenon given the restricted mixing and strong thermal structure.
Further investigation is warranted for South Bay.
Areas where anthropogenic inputs of nutrients warrant management efforts are in the degraded areas
of the Nottawasaga River. If these areas could be returned to an unimpaired state, there would be likely
no need to further investigate river plumes in Nottawasaga Bay. This direction is shown in Hutchinson
(2014b) and Greenland International Consulting Ltd and WIDE Atlas (2017).
Internal loads and algal blooms
A lot of research has been done to show the potential for internal phosphorus and iron loads to elevate
mixed layer concentrations of phosphorus in lakes and nearshore embayments and by doing so
exacerbate blue-green algal blooms. These processes are a favorite subject for limnologists and lake
ecologists, but the findings of various studies tend to suggest that while internal loading is important in
phosphorus dynamics, it is now well enough understood that it likely does not need to be an ongoing
science priority for further study in large part because internal loadings have been shown to be
historically occurring. Further, it has been shown that dissolved oxygen concentrations in the
hypolimnion can be largely influenced by basin morphometry (Snider, 2016). Hypoxia and internal
loading are in many cases natural, and links between development and hypoxia have been poorly
demonstrated. Management and mitigation of internal loads is not practiced to any great extent in
Canadian waters.
Research by Caren Binding (ECCC) using satellite images to track the intensity and duration of algal
blooms in combination with pending monitoring by Georgian Bay Forever’s UAV and continued
monitoring by SSEA could provide a more comprehensive overview of bloom dynamics and a chance to
link these to external (especially climate) drivers.
Offshore nutrients effects on nearshore ecosystems
The findings of many researchers show extremely nutrient-poor offshore waters that result in offshore
to nearshore nutrient gradients. This may be the most compelling process for the focus of future
research. Low nutrients can impact all trophic levels and have implications for fish production and
ecosystem integrity. With ultra-oligotrophic conditions offshore, the nearshore areas will rely on either
watershed sources or possibly nutrient shunts due to mussels for nutrient supply. This process and the
plight of nearshore areas with respect to nutrients is poorly understood. Many of the projects included
in the LSGBCUF have links to this process including an observation of nearshore effects (Ciborowski as
reported in Duggan & Chambers, 2017), impacts on the pelagic food web (Dunlop as reported in Duggan
& Chambers, 2017), and efforts to produce oblique shoreline mapping (Jurjans, 2017). A major
collaboration, which was not part of the LSGBCUF, was undertaken by SSEA and MECP to investigate
drivers of nutrient gradients over multiple spatial scales for eastern Georgian Bay. Extensive modelling
was done looking at the relative importance of watershed tributary loading, shoreline exposure, thermal
regime, and anthropogenic development in predicting water quality characteristics. Reporting on this
work is in preparation.
Another good example of this type of important work is being done by EPA, USGS, and NOAA who
collaborated to sample 11 nearshore to offshore transects monthly around Lake Huron in 2018. All
agencies are sampling nutrients, plankton, and larval fish to try and determine how well larval fish are
growing and whether there is enough food to eat. While project results are not yet available, it is
anticipated that it will help to provide important information about nutrient gradients and associated
trophic levels, as well as inform future research on this topic.
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Another key task of this project updating the state of knowledge was to develop a catalogue of existing
LSGBCUF project resources and make it publicly available. For more information on Clean Up Fund
projects, please explore the ‘Research and Monitoring Database’ located on the State of the Bay website
(www.stateofthebay.ca). Here you can find project profiles, which includes: project leads, monitoring
details (dates, locations, parameters, frequency), resources and data availability. In certain cases, project
resources are pending and this database will be updated when they are made available.
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1.0 Overview

In amending the Great Lakes Water Quality Agreement (GLWQA) in 2012, the Governments of Canada
and the United States have committed to a shared vision of a healthy and prosperous Great Lakes
region. Recognizing these commitments, Environment and Climate Change Canada (ECCC) seeks to
improve the understanding of Georgian Bay water quality and habitat conditions to guide future
decisions around science and monitoring needs and to guide the development and implementation of
measures to reduce phosphorus/nutrient inputs, low oxygen conditions, toxic/nuisance algae growth,
and promote aquatic habitat conservation.
The citizens of Georgian Bay are also concerned about water quality, human health, and aquatic habitat
conditions. Reducing the occurrence of toxic and nuisance algal blooms that degrade drinking water
quality, impair fish spawning, and adversely impact commercial and recreational fishing, swimming,
tourism, and overall enjoyment of the Great Lakes is of particular importance.
In an effort to address these issues in Georgian Bay, ECCC renewed the 2007-2012 Lake Simcoe Clean-Up
Fund and expanded its geographic scope to include south-eastern Georgian Bay (Figure 1). The purpose
of the 2013-2017 Lake Simcoe/South-Eastern Georgian Bay Clean-Up Fund (LSGBCUF) was to enhance
research and monitoring to improve environmental information for decision making, conserve aquatic
habitat and species, reduce rural and urban non-point sources of phosphorous and nutrients, and
reduce discharge of phosphorus from point sources. The following key science and monitoring
deliverables were associated with this purpose:
•
•
•

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.

Building on the 2013 Science and Monitoring Synthesis for South-Eastern Georgian Bay prepared for
ECCC by Charlton and Mayne, this report presents a synthesis of science and monitoring program
activities and results for the south-eastern Georgian Bay aquatic environment. The report also
incorporates research and monitoring results summarized in Duggan and Chambers’ (2017) Synthesis of
Science in South-Eastern Georgian Bay and the Nottawasaga Valley Watershed Conducted Under the
Lake Simcoe South-Eastern Georgian Bay Clean Up Fund 2012-2017. The purpose of the report is not
only to synthesize research and monitoring activities and results, but also to identify information gaps
and priority areas for future focused science and monitoring for the southern and eastern regions of
Georgian Bay.
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Figure 1. Geographic scope of the Clean-Up Fund (Charlton & Mayne, 2013)

1.1 Study area

The geographic area for this synthesis consists of the coastal ecosystem west of Highway 400/69 north
to the French River, the watersheds draining into Severn Sound and the Nottawasaga Valley watershed
draining to Nottawasaga Bay (Figure 1).
The enormous recreational potential of this region was recognized early as shown by the establishment
of resorts in the 1880s and publication of a vacation guide in 1896 (Sly & Munawar, 1988). Its iconic
natural setting continues to be highly valued for recreation by Canadian and U.S. citizens, representing
an important economic input to the area.
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There is increasing uneasiness that the area is threatened by changes in the quality of this water
resource. Much of the shoreline is made accessible by roads and is now dotted by cottages, resorts,
marinas, fishing camps, and towns. The shoreline is highly altered in places. 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). These features can
impact water quality by influencing water flow, circulation patterns, nutrient cycling, and sediment
transport and deposition. The cumulative impacts are, to a large part, unknown. Furthermore, many of
the inflowing rivers to Georgian Bay are controlled by dams and hydroelectric plants with potentially
deleterious impacts to fish populations. The remaining natural qualities, however, are well worth
preserving and improving.

1.1.1 Eastern Georgian Bay

The eastern Georgian Bay coast is an ecologically diverse landscape renowned for its rugged bedrock
shorelines and profound beauty. It is a mosaic of vast gneissic rock lands, forested moraines and sand
plains, thousands of islands, beaver ponds, marshes, and peat lands. The 36,000 islands form the largest
freshwater archipelago in the world. In 2004, the United Nations Educational, Science, and Cultural
Organization designated the coast as the “Georgian Bay Littoral World Biosphere Reserve” in recognition
of its significance. Major tributaries include the French River draining Lake Nipissing, the Musquash and
Moon Rivers draining Lake Muskoka, and the Magnetawan River. Soil cover of the Precambrian bedrock
by the thin acidic soil is sparse and variable (Sly & Munawar, 1988) and the local runoff water is
yellow/brown and generally nutrient poor with low dissolved solids (salts) (Scheifer & Scheifer, 2010).
Some of the bays such as Parry Sound are large enough to contain many smaller sheltered bays and
finger lakes. Some bays are long and narrow with restricted water exchange with Georgian Bay. The area
is characterized by a low human population but extensive cottage development. The largest population
centre is the town of Parry Sound at approximately 6,000 people.

1.1.2 Severn Sound watershed

At the southeastern corner of Georgian Bay is Severn Sound. The Severn Sound watershed covers an
area of approximately 1,000 km2. The Severn Sound basin is a complex of sheltered and exposed bays
ranging from 2-4 m deep in the eastern end to a 43 m deep basin off the northern end of Beausoleil
Island where the Sound meets Georgian Bay (Sherman, 2002). The nearshore zone consists of many
embayments, submerged reefs, and a variety of substrates with areas of dense aquatic vegetation that
provide habitat for shorebirds, waterfowl, and fish. The shallow, relatively nutrient rich waters,
combined with geological transition zones from sedimentary to Precambrian, create ideal conditions for
fringing wetlands and a diverse fish community. The headwater streams are of fair to good water
quality, and forest cover and wetlands are generally of good quality (Chiandet, 2017; SSEA, 2018). The
main water source to Severn Sound is the Severn River. Several smaller rivers and creeks drain the
remaining subwatersheds (e.g., Coldwater River, Sturgeon River, Wye River, North River, Copeland
Creek, and Hogg Creek) (Figure 2).
Severn Sound was listed by the International Joint Commission (IJC) as an Area of Concern (AOC) on the
Great Lakes, and through support from provincial, federal, and municipal governments and local
partners, a Remedial Action Plan was formed, with subsequent delisting in 2003. From 1969 and 19731996, the Ministry of Environment, Conservation and Parks (MECP) monitored trophic status indicators
in Severn Sound. Beginning in 1997, the Severn Sound Environmental Association (SSEA) took over the
Open Water Monitoring Program, monitoring the environmental quality of Severn Sound open water for
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indicators of eutrophication using the same sample collection and analytical methods as the Ministry.
Presently, 11 open water stations are sampled biweekly during the ice-free season (May-October). In
addition, SSEA has been sampling three stations around Honey Harbour since 1998. Severn Sound was
de-listed as an AOC in 2003, with the provision that long term monitoring of Severn Sound for trophic
status indicators be continued.

Figure 2. Severn Sound subwatersheds and major tributaries (SSEA, 2010)

1.1.3 Nottawasaga Valley watershed and Nottawasaga Bay

The Nottawasaga River drains the Nottawasaga Valley watershed (~3,700 km2 with jurisdiction in 18
municipalities), flowing into Nottawasaga Bay at Wasaga Beach, the southernmost extent of Georgian
Bay (Figure 3). The Nottawasaga River (drainage area of 2,964 km2) has five major tributaries including
the Boyne River, Mad River, Pine River, Innisfil Creek, and Willow Creek (NVCA, 2018). The main branch
of the river’s source is in the till moraines of Amaranth Township. The watershed is mostly rural with
several growing urban centres such as Alliston, Wasaga Beach, Shelburne, Midhurst, and Collingwood
(~6% of watershed area). Agriculture dominates land use (55%) but natural areas of forest and wetlands
are a significant portion where land is not suited for agriculture (35%). In fact, the Nottawasaga River
bisects the Minesing Wetlands, a Ramsar site and the largest inland wetland in southern Ontario.
The Nottawasaga River empties into Nottawasaga Bay, where Precambrian geology gives way to glacial
till and large sand beaches (Sly & Munawar, 1988) and the Niagara Escarpment begins (Scheifer &
Scheifer, 2010). The nearshore margins of Nottawasaga Bay are characterized by the widespread
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presence of sand sheets that account for approximately 90% of the total area mapped. Existing coarse
substrates suitable for lake trout and whitefish occur as narrow discontinuous shore parallel zones and
shoals throughout the nearshore region (Eyles & Mohr, 2006).
Nottawasaga Bay 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
and cottage development. Open water monitoring shows that phosphorus concentrations are the same
in the middle of the Bay when compared to the middle of Georgian Bay. While recent research has
improved the situation, there is still 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. Baseline
information of this nature will be important to assess the effects of ongoing development in the
Nottawasaga Valley as well as the efficacy of best management practices needed to minimize those
effects. As in other Great Lakes studies, repetition and adequate spatial and temporal data coverage are
key to understanding whether or not changes actually occur.

Figure 3. Jurisdiction of the Nottawasaga Valley Conservation Authority (Charlton & Mayne, 2013)
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1.2 Science and Monitoring Coordination

Various government agencies and non-government organizations conduct monitoring and research in
Georgian Bay.
ECCC conducts open lake cruises to provide information on water quality in the Great Lakes. The main
objectives of the Great Lakes Surveillance Program are to ensure compliance with water quality
objectives, evaluate water quality trends and identify emerging issues. The Surveillance Program is
delivered as part of Canada’s commitment to the Canada-United States GLWQA. The Program also
responds to the needs of the binational Cooperative Science and Monitoring Initiative, the Lakewide
Management Plans, the Binational Toxics Strategy and the Integrated Atmospheric Deposition Network.
The Great Lakes Surveillance Program has monitored water quality in the Great Lakes for over 40 years.
ECCC also conducts research and modeling on water movements, beach contamination, algae ecology,
and nutrient processing.
The Department of Fisheries and Oceans (DFO) conducts surveys of fish habitat and fish populations to
calculate biotic integrity indices as a way of assessing fish response to management.
MECP periodically collects water quality information along the coast of eastern Georgian Bay as part of
the Great Lakes Monitoring program. Surveys of nearshore sites in eastern Georgina Bay are conducted
on a six year cycle as part of the Great Lakes Nearshore Index/Reference network. Ten nearshore sites
are monitored periodically for a wide range of environmental features including water quality, sediment
quality, benthic invertebrates, and limnological and habitat features as part of a suite of ~70 stations
throughout the Great Lakes. Question-focused and needs-driven studies are conducted periodically.
From 2003 to 2005, approximately 135 locations distributed over the whole of eastern Georgian Bay
were surveyed for nutrients and other water quality features as part of synoptic survey to characterize
the range of water quality conditions. Sites based on key geographic features resulted in a dataset
representative of the diverse physiographic conditions of the land-water-human interface of Georgian
Bay. During 2006 and 2007, sites in Sturgeon Bay (North part of eastern Georgian Bay near Pointe au
Baril), an embayment subject to deleterious cyanobacteria (blue-green algae) blooms, were surveyed in
a joint MECP and ECCC study. The purpose of the study was to document the characteristics of the
phytoplankton in this embayment to help better understand the conditions that lead to cyanobacteria
blooms.
The Ontario Ministry of Natural Resources and Forestry (MNRF) conducts research and monitoring on
fish populations and fish habitat. MNRF sets fish harvest quotas serving both commercial and
recreational fisheries.
SSEA is a Joint Service Board under the Municipal Act (Section 202). It was originally founded in 1997 as
a partnership between federal, provincial, and municipal partners to support the completion of the
Severn Sound Remedial Action Plan and to provide a local, community-based environmental office in the
Severn Sound area. SSEA provides continuing support to the federal and provincial agencies, but
particularly to the local municipalities, to sustain environmental quality and to ensure continued
protection through wise stewardship of Severn Sound and its tributaries.
Nottawasaga Valley Conservation Authority (NVCA) provides a complete range of watershed health
monitoring for the entire Nottawasaga Valley system and the 10 sub-watersheds throughout the area of
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jurisdiction. NVCA conducts regular spring-fall monitoring of water quality, benthic populations, E.coli,
groundwater, and endangered species (e.g. lake sturgeon) populations and habitat at 18 stations
throughout the watershed. Hundreds of stewardship initiatives are carried out to restore and protect
water quality, habitat, and fisheries. NVCA continues to update coastal wetland mapping and work with
partners on a variety of related initiatives such as natural heritage system planning and invasive species
monitoring.
Georgian Bay Forever (GBF), formerly the GBA Foundation, is a registered Canadian charity. The GBF
provides a community response to the growing need for scientific research and public education on
Georgian Bay's aquatic ecosystem and the environmentally sustainable quality of life its communities
and visitors enjoy. Through conferences, newsletters, and other communications, GBF is educating
communities and the responsible government bodies about the threats—and their solutions—facing
Georgian Bay. By teaming up with other non-profit organizations, universities, colleges, government
departments and agencies, GBF advances the reach of their research and strengthens its credibility.
The Georgian Bay Biosphere Reserve (GBBR) is a registered charity that works to protect the
environment, create vibrant communities, and support a healthy economy. GBBR coordinates the State
of the Bay project, a collaborative project in which existing research and monitoring data are pulled
together from federal, provincial, and municipal agencies, as well as from various organizations and
institutions. These data are used to report on the state of eastern and northern Georgian Bay using
several indicators, as well as to identify data gaps and research needs.

2.0 Summary of offshore water quality research and monitoring

There are two sources of water to the south-eastern Georgian Bay nearshore and its embayments; the
open water system (offshore) of the Bay and the tributaries that act as conduits of nutrients and
sediment from inland watersheds. Fundamental differences between the two sources depend on local
geology. While Georgian Bay water tends to have a higher dissolved solids concentration (salts) as
shown by, for example, electrical conductivity, the tributary waters tend to have lower dissolved solids,
lower pH, conductivity, and somewhat higher nutrient concentrations.
The deeper offshore area develops a thermocline that divides the water vertically into the warm surface
water (epilimnion) and cold bottom water (hypolimnion). During the summer period the water is said to
be “thermally stratified” and the density difference between the two thermal layers inhibits mixing.
Many smaller bays are deep enough to stratify. During the summer stratification period the biota in the
hypolimnion consume oxygen which is not replaced by contact with the atmosphere through surface
mixing. The oxygen consumption rate is determined primarily by the ratio of volume to sediment surface
area and the phosphorus concentration (lake productivity or trophic state). Other factors include the
supply of organic carbon from external sources, and to some extent the water temperature. The
properties of nearshore and bay water are determined by the degree of input from tributary and
alongshore sources and mixing between the offshore and nearshore waters. With vigorous mixing
during windy conditions, nearshore water may be indistinguishable from offshore water. During
quiescent conditions a gradient may develop at the shoreline. The latter is aided in some places by
extensive shallow areas or shoreline alterations such as groynes that impede water movement.
Embayments may or may not have much water exchange with open water. These isolated embayments
can develop properties quite different from the open water.
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The offshore waters of Georgian Bay are not a contributing factor to water quality problems (e.g.,
nutrients) in the nearshore or embayments. The distribution of total phosphorus (TP) concentrations in
Georgian Bay represents nutrient poor water (Figure 4). Parry Sound and the tip of the Penetanguishene
Peninsula show the highest concentrations which are still low in the oligotrophic range. Moreover, there
has been a decline in the concentration of this important nutrient in the open waters of Georgian Bay
(Figure 5). Approximately one dozen stations in the Georgian Bay offshore (beyond 50 m lake depth) are
used to provide the stable, offshore trend for ECCC’s Great Lakes Surveillance Program. There is minimal
spatial variability in TP concentrations measured in these open water areas. This has been confirmed
statistically in the past by Moll et al. (1985) who noted that the open waters of Georgian Bay are
generally one large water mass with two to three nearshore masses in nearshore areas in the east
during spring. Spring surface concentrations at open water stations have continued to decrease since
the mid 1990s when concentrations were near 5 µg/L. The most recent observed average concentration
for TP at open water sites along eastern Georgian Bay was 2.1 µg/L. This represents an unprecedented
low level of phosphorus. In fact, the dramatic decline in TP in the offshore waters of Georgian Bay
means that, for the first time in recorded history, concentrations are as low in Georgian Bay as they are
in Lake Superior (Dove & Chapra, 2015), and Georgian Bay waters are now classified as ultra-oligotrophic
(i.e., < 4 µg/L).

Figure 4. Georgian Bay spatial trend of phosphorus concentrations (Charlton & Mayne, 2013)
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Figure 5. Georgian Bay temporal trend of phosphorus concentration. Data are represented by the maximum, third quartile,
median, first quartile, and the minimum (GBBR, 2015)

Phosphorus load reduction measures initiated in the mid-1970s as part of the GLWQA have led to
significant reductions of total phosphorus concentration throughout the entire Great Lakes system
(Chapra & Dolan, 2012). Of course, in the 1970s, we never anticipated the entry and impact of invasive
zebra mussels on the system. The phosphorus decline in more recent years may be less influenced by a
nutrient loading reduction; rather it is thought to relate to a change in biological processing of
phosphorus (Barbiero et al., 2009; Nalepa et al., 2009). The invasion and rapid proliferation of dreissenid
mussels has resulted in the loss of particulate matter from the lake due to their immense capacity to
filter lake water. Changes in the upper and lower food webs may have also exacerbated effects
(Barbiero et al., 2009).
There are also well documented (physical/limnological) explanations for the maintenance of low TP
concentrations in Georgian Bay. Bennett (1988) showed that water exchange between Lake Huron and
Georgian Bay through the Main Channel north of the Bruce Peninsula directed nutrient poor Lake Huron
surface water into Georgian Bay, which was replaced by more enriched hypolimnetic water from
Georgian Bay flowing back into Huron. This process was a result of the tilting of the Georgian Bay
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thermocline due to wind stress. TP concentrations, however, have continued to decline since that time,
and reasons for this dramatic TP decline in Georgian Bay are unclear.
Meanwhile, declines in TP have been shown in inland lakes recovering from effects on pH from acid
deposition. It is, therefore, unclear whether or not there is a regional driver responsible for these
decreases, just as there is no clear understanding of the processes that are driving decreases in inland
lakes elsewhere in the province (Eimers et al., 2009; Scott et al., 2015).
Decreasing TP concentrations in open waters raises concerns about the role this may have had in the
decline in primary productivity and the rapid regime shift in the food web noted in Lake Huron waters
since the early 2000s (Barbiero et al., 2009; Ridgway, 2010; Charlton & Mayne, 2013). Continued
declines in TP concentrations will contribute to a loss of productivity that could further affect plankton
and fish communities, especially in areas strongly influenced by the open waters of Georgian Bay.
Nearshore concentrations in many areas are influenced by mixing with open water. It is reasonable to
infer that this mixing of ultra low TP water from open water areas with the water in nearshore areas will
result in lower TP concentrations in nearshore areas, but the effect this will have on the ecological
integrity of nearshore areas is uncertain. Nearshore areas may need to rely on nutrient transport from
watersheds to support ecological function.

3.0 Summary of nearshore water quality research and monitoring
3.1 Tributaries
3.1.1 French River

There are concerns about high phosphorus concentrations and cyanobacteria blooms in the French
River. This river, with its channels and islands, extends from Lake Nipissing to Georgian Bay and is usually
thought of as pristine wilderness. The source water in Lake Nipissing is mesotrophic with average
phosphorus concentrations of 11 µg/L in the period 1988 to 1990 and 16 µg/L in 2003-2004 (MOE,
2012). Somewhat lower concentrations are sometimes found in the outlet area (Neary & Clark, 1992).
An algal bloom occurred in the Wolseley Bay area in 2007 (French River Watch and French River
Stewardship Council websites). Phosphorus data from MECP’s Lake Partner Program (LPP) are provided
by the French River Watch. Scattered throughout the data are several concentrations higher than 15
µg/L, a few exceed 20 µg/L, and fewer exceeded 30 µg/L (the Provincial Water Quality Objective
(PWQO)). The highest concentration (37 µg/L) was recorded in Wolseley Bay (Sturgeon Bay portion) 33
km east of Hwy 69. Apparently, a sewage lagoon system at the town of Noelville drains into a tributary
of Wolseley Bay. The French River Watch website coordinator seems most concerned about the sewage
lagoon; however, agriculture activity and a golf course may contribute phosphorus as well. It is difficult
to be certain if any change in the river occurs at Wolseley Bay from the data, but the frequency of
elevated concentrations seems higher in this area than upstream locations. At an upstream station,
three of 18 water samples exceeded 15 µg/L of phosphorus while one of those was higher than 30 µg/L.
In Wolseley Bay, 18 of 36 samples were higher than 20 µg/L, and three exceeded 30 µg/L. Sporadic high
concentrations occur as far downstream as 17 km west of Hwy 69. There, 10 out of 24 samples were
greater than 15 µg/L and three were higher than 20 µg/L. The data suggest sporadic pollution or flow
events that warrant synoptic surveys and, if verified, an investigation of the cause(s).
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In partnership with the Lake Partner Program, the French River Stewardship Council (FRSC) undertook a
four-year water sampling project from 2009-2012, including 23 sampling locations. Based on this
sampling, each sampling location was graded in a “French River water quality report card” (Table 1).
Locations received one of the following grades based on total phosphorus results:
•
•
•
•
•

A (average 12 µg/L or lower with no results over 20 µg/L)
B (average 15 µg/L or lower with no more than 20% of results over 20 µg/L)
C (average 15 µg/L or lower with more than 20% of results over 20 µg/L)
D (average 15 µg/L or higher)
F (average 20 µg/L or higher)

Table 1. French River water quality report card results

West Arm Border between Cross Lake and West Arm
West of Jutra’s Bay
East of Maskinonge Island Clouter Creek runoff
East side of Warren Bay
Lake Nipissing outflow into the French River
Upper French outflow
French River main channel flow into Wolseley Bay
Five Finger Bay at Hall Island
Bear Lake
Wolseley River outflow into Wolseley Bay
Wolseley Bay at locally named Sturgeon Bay
French River main channel at crooked rapids
North Channel below Ouellette rapids
Lower Sturgeon Lake outflow into Ranger Bay
Ranger Bay outflow
Cow Bay
Above Meshaw Falls
Main Channel at Dry Pine Bay
Dry Pine Bay in Bakers Bay
Pickerel River
Ox Bay
Wanapitei River outflow into the French River
Daoust creek outflow at Hartley Bay road

B
D
F
D
B
A
B
B
A
B
D
B
A
B
A
A
A
A
B
B
B
D
F

The FRSC has also had partnerships with other organizations and agencies for the purpose of water
quality monitoring. This includes working with the Municipality of French River on a sewage lagoon
water quality initiative since 2007, and water sampling in partnership with the Northern Ontario School
of Medicine on the growth of green and blue-green algae. Furthermore, the FRSC recently completed a
five-year water quality sampling project started in 2014 which involved sampling various local creek
systems to determine their impact on receiving water systems. In the lower French, sampling was done
on Daoust Creek, in the middle French sampling took place in the farm creek on Hwy 64 and the creek
system feeding waters to Wolf Creek, and subsequently Wolseley Bay. A creek considered to have only
natural impacts was added to understand base loading levels of contaminants. LPP sampling was also
reinitiated in major areas of the French River in 2016.
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Nipissing University’s Integrative Watershed Research Centre (IWRC) began a water isotope survey of
the French River in 2016. The goal was to collect several snap-shot-in-time surveys of river water. To
conduct the surveys, Dr. April James invited volunteer residents to collect water samples during three
summer weekends. With many volunteers taking samples on the same day, the intent was to map the
isotope values of water over the entire river system. Each water sample was analyzed for naturally
occurring isotopes of oxygen and hydrogen. Surveying of stable water isotopes in river water allows for a
better understanding of the movement and cycling of water through a watershed and river system. It
allows for an estimate to be made on how long water has resided in an upstream lake, and what
proportion of lake water, groundwater, or snowmelt (in the spring) is mixing to make up the river at any
sampling point. Stable water isotopes are increasingly included in surveys of water quality and can
provide complementary information on water movement in cases of water quality problems (IWRC,
2019).

3.1.2 Magnetawan River

Water quality data for the lower reaches of the Magnetawan River and Byng Inlet are limited. There
have been no LPP data collected (the only source of precise low level TP data generally available), there
are no sportfish consumption guideline data, and data collection at the Provincial Water Quality
Monitoring Network (PWQMN) sample location for the Magnetawan River at Hwy 69 ceased in 2002.
The existing TP data collected by the PWQMN is generally imprecise with error that encompasses the
range of observed values (Clark, 2017).
Water quality monitoring was undertaken in Byng Inlet from 2014‐2016 to characterize TP
concentrations and add some insight into TP loads to Byng Inlet and Georgian Bay. Monitoring sites
spanned the inflow of the Magnetawan River (close to Hwy 69) through to the Georgian Bay inlet (Figure
6 and Figure 7). Sampling was conducted twice monthly during the 2014 and 2015 open water seasons,
and once monthly in 2016. Samples were analyzed for a suite of water chemistry parameters including:
alkalinity, dissolved organic carbon, ammonium, nitrate, total Kjeldahl nitrogen, TP, turbidity, pH,
conductivity, dissolved oxygen, and temperature. Land use in the local Byng Inlet watershed was also
examined to explore the relationship between TP concentrations and the potential inputs of phosphorus
to Byng Inlet. No attempt was made to assess actual TP loads from these potential sources (Clark, 2017).

Figure 6. Sample locations in Byng Inlet during 2014 and 2015 (Clark, 2017)
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Figure 7. Sample locations in Byng Inlet during 2016 (Clark, 2017)

TP concentrations were found to increase in concentration between the most upstream site (at the
inflow from the Magnetawan River) and sample sites further west towards Georgian Bay in 2014. This
pattern was less well demonstrated in 2015 when the highest concentrations were noted downstream
of Byng Inlet and Britt. In 2016, TP concentrations decreased towards Georgian Bay in spring and
summer and increased in the fall. The magnitude of all changes was only a few micrograms per litre.
These increases, although small with respect to impact (several micrograms per litre), may represent
substantial inputs of TP because large quantities of phosphorus would be required to even slightly
increase concentrations in the high-volume flows contributed by the Magnetawan River (Clark, 2017). It
is important to note that the mean annual concentrations in the Magnetawan River were 11.5 μg/L, well
below the PWQO for rivers (30 μg/L) and below the objective for lakes (20 μg/L) (Clark, 2017). Although
this dataset spans only three years, preliminary results indicate that the water chemistry values have not
changed substantially in this area since 2002 (Clark, 2017). Moreover, annual runoff, TP loads, and
export coefficients from the Magnetawan River indicate values that are typical for forested watersheds.

3.1.3 Tributaries to Honey Harbour

Microbial and chemical source tracking techniques were applied in Honey Harbour tributaries and the
Nottawasaga River to identify possible sources of phosphorus and fecal pollution. 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 (Edge as reported in Duggan & Chambers, 2017).
Results for Honey Harbour tributaries showed that TP was positively associated with both numbers of E.
coli and GenBac DNA copies. However, the association between TP 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. Based on these results, human sewage might be a fecal pollution source contributing to
Updated State of Knowledge for South-Eastern Georgian Bay
Georgian Bay Biosphere Reserve

13

spikes in TP at times in some of the Honey Harbour tributaries (Edge as reported in Duggan & Chambers,
2017). Conversely, it may be that stormwater is elevating both metrics without them being dependent.

3.2 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 watershed and by precipitation; 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 and Mayne (2013) to be oligotrophic to mesotrophic, with
the exception of meso‐eutrophic Sturgeon Bay. All embayments showed some degree of hypolimnetic
hypoxia, with even minimally impacted embayments (e.g., Tadenac Bay) 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 due to dropping water levels, nutrient enrichment
from increased shoreline development, or both.
A variety of water quality monitoring programs have been carried out over the years by the Township of
The Archipelago (TOA), the Township of Georgian Bay, the Severn Sound Environmental Association, and
the District Municipality of Muskoka (DMM). For the most part, the programs extend from the late
1990s or early 2000s and focus on perceived or known trouble areas as well as other areas of interest to
recreational users.
In the TOA, a volunteer water quality monitoring program has been in place since 1999 (TOA, 2012a;
2012b) for several sites in each of Sturgeon Bay, Woods Bay, South Channel area, Skerryvore area,
Pointe au Baril Islands, Bayfield Inlet, and the Sans Souci area. Up until 2016, this program focused on
bacteria monitoring with a local objective of 10 cfu/100 mL. In the spring of 2016, TOA recommended
changes to its water quality monitoring program, with the main recommendation being a shift from
bacteria to phosphorus monitoring. These changes came about as a result of a partnership with GBBR.
Over three years, as part of their Coordinated Nutrient Monitoring Program, GBBR worked with partners
to review existing nutrient monitoring efforts along eastern Georgian Bay and develop a new set of
guidelines and recommendations to improve effectiveness and efficiency of the collective efforts of
volunteers, associations, agencies, and other organizations. Changes to the water quality monitoring
program were communicated to ratepayer associations and volunteers in the spring of 2016. All water
quality monitoring results are available in downloadable reports on the TOA website
(http://www.thearchipelago.on.ca/p/environment).
The DMM has conducted a water quality monitoring program since 1980. A suite of nutrients and ions
as well as Secchi depth and oxygen are monitored at 193 sites in 164 lakes and embayments in the
Muskoka River watershed on a rotational basis during spring. Shoreline land use surveys are conducted
in June and July and benthic macroinvertebrates are sampled from May to August. Some lakes and bays
are sampled in late summer for oxygen depletion. The DMM program publishes Lake Data Sheets which
highlight recent and historic oxygen and temperature data, total phosphorus, depth, Secchi depth, an
estimate of “sensitivity”, and the area of the watershed and the water body
(www.muskokawaterweb.ca/lake-data/muskoka-data/lake-data-sheets). Data for North Bay and South
Bay are provided by the SSEA.
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The SSEA has conducted water quality monitoring on a 3-5 year schedule since 1998, and annually since
2008 in upper North Bay, South Bay, and Honey Harbour. These sites are in addition to 11 long term
monitoring sites across Severn Sound, some of which have been sampled since 1969. Monitoring
focuses on nutrient concentrations, basic chemistry, heavy metals, algae and zooplankton, as well as
physical characteristics like water clarity and temperature, oxygen and conductivity profiles. Monitoring
continues as a requirement of the Area of Concern delisting process in order to track environmental
change as it relates to multiple stressors in the region. Data reports are available on SSEA’s website
(https://www.severnsound.ca/resources/reports-publications).
Most of the data from these various monitoring programs show oligotrophic to mesotrophic water with
little evidence of bacterial contamination. Reports from SSEA on water quality in the North and South
bays of Honey Harbour (Chiandet & Sherman, 2010; 2014) indicated that oxygen depletion in North and
South Bays occurs annually, and leads to internal loading of phosphorus as well as several heavy metals
like iron and manganese. Long term trend analysis shows an increase in algae biovolume and decrease
in water clarity in South Bay and Honey Harbour, despite a decrease in nitrogen in North Bay, South Bay
and Honey Harbour and no trend in total phosphorus in North Bay and Honey Harbour, although South
Bay showed an increase (Chiandet, 2019). Areas with water quality problems were also highlighted in a
study that compiled the problems and examined causes (HESL, 2014a). The problematic embayments
are relatively isolated from open Georgian Bay and are deep enough to stratify and produce oxygen
depletion and phosphorus enrichment of hypolimnetic water. There are insufficient data in most cases
to determine long-term trends that would show conditions worsening over time from stresses such as
shoreline development. The causation study pointed out that direct links between water quality
problems and putative causes are often not available. This is an important finding that indicates that
more information is required to understand long-term baseline conditions to distinguish between
natural variability and new trends.
An embayment that has received a considerable amount of attention in terms of past research and
monitoring is Sturgeon Bay (Pointe au Baril area, TOA). Sturgeon Bay appears to have the worst water
quality problems in eastern Georgian Bay. Cyanobacteria blooms occur in the north basin, where
phosphorus concentrations are regionally high and a deep water portion develops anoxia which
excludes fish and causes phosphorus release from the sediment. This phosphorus may nourish vertically
migrating cyanobacteria and increase the phosphorus concentration in the epilimnion at certain times of
the year. Blooms are also seen in other areas of the bay, and it is unclear if they originate from the
deeper basin or develop locally. Sturgeon Bay is connected to Georgian Bay by a 15 km channel that
largely isolates the north basin and to a lesser degree the south basin. The south basin also has
cyanobacteria blooms but to a lesser extent, perhaps consistent with lower phosphorus concentrations
(Gartner Lee, 2007; TOA, 2003).
Tributaries feeding the north basin have low summer flow but, overall, the water residency time is 1.4
years which is equivalent to a flushing rate of 0.7 times per year. This is actually a rapid water
replacement rate compared to some larger lakes. The faster the water replacement, the more the lake
will resemble the chemical qualities of the sources. Unfortunately, the phosphorus concentrations of the
tributaries are higher than those in the bay and thus represent a nutrient source given the data
available. Indeed, not only are phosphorus concentrations higher than regional expectations but even
conductivity is higher in several of the creeks than would be expected generally in the area (TOA, 2003).
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Higher than regionally expected phosphorus concentrations in the north basin of Sturgeon Bay are not a
new phenomenon. Recent work by Campbell and Chow-Fraser (2018) suggests that the meso-eutrophic
condition in Sturgeon Bay is likely natural, not a result of cottage development in recent decades. A
summary of the phosphorus concentrations in the north basin shows that, although the consensus
seems to be that the intense algae blooms began around 2000, the phosphorus conditions seemed high
enough to stimulate blooms before then.
Data from the Lake Partner Program (LPP) for the period 2003 to 2017 suggests that phosphorus
concentration declined in recent years for the north bay, the bay at the Provincial Park, and in the
Pointe au Baril Channel. The decline early in this data set was consistent with a regional phenomenon of
phosphorus loss from lakes and watersheds (Yan et al., 2008; Eimers et al., 2009; Palmer et al., 2011).
The phosphorus decline is largely unexplained but raises these questions:
•
•
•

Did export from watersheds increase and cause the eutrophication concerns?
Did the export then decrease and cause the present decline in phosphorus concentrations?
What are the implications for future management of Sturgeon Bay and other isolated bays?

Enhanced monitoring was initiated on Sturgeon Bay in 2016 as part of GBBR’s Coordinated Nutrient
Monitoring Program to regularly measure temperature and dissolved oxygen (DO) profiles. These
measurements are necessary to evaluate the extent of hypolimnetic anoxia and the associated potential
for the release of phosphorus from lake sediments into the water column (internal loading). Pointe au
Baril Islanders Association (PABIA) summer staff collect temperature and oxygen profiles over late
summer. GBBR staff sampled TP at 1 m off bottom prior to turnover in the fall at the deepest location in
Sturgeon Bay.
Data show that Sturgeon Bay is thermally stratified in the deepest locations and that an anoxic
hypolimnion develops soon after stratification (TOA, 2018). It is important to note that Sturgeon Bay’s
maximum depth is only slightly deeper than the average maximum mixed layer (epilimnion) depths for
Shield lakes (9-11 m). Lakes shallower than this will mix to the bottom and will not stratify thermally
(i.e., not develop a hypolimnion near the bottom where internal loads can develop). Sturgeon Bay
develops a shallow hypolimnion (several meters deep) in relatively small areas of the embayment. Over
most of the waterbody’s area the water will mix to the bottom and in some areas, there will be a
metalimnion with no stable hypolimnion near the bottom. These areas may still develop internal loads.
In those areas that are deep enough to stratify (>9 m), the stratification may be weak or temporary on a
seasonal basis. As a result, anoxic sediment with potential to contribute to internal loads may be present
in areas of the lake at certain times of year but not at others, making it difficult to assess the extent of
areas that can generate internal loads. A good example of this is shown by the temperature/DO profiles
measured at SB1 and SB2 (Figure 8) on August 23, 2016. SB1, which is more protected from wind, was
mixed on this date to a depth that is 2 m less than at SB2. Anoxic water exists near the bottom at SB1 at
depths that are fully oxygenated at SB2. It is therefore not possible to say that on any given date,
Sturgeon Bay is anoxic below those depths that are indicated by data collected only at the deepest
location. In addition, the extent of anoxic sediments that are overlain by a mixed oxygenated water
column is not known. These anoxic sediments may still contribute P to the mixed water column.
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Figure 8. Sturgeon Bay sample locations for temperature and dissolved oxygen in 2016 and 2017 (TOA, 2018)

The lowest Sturgeon Bay phosphorus concentrations (< 15 ug/L) are in the Pointe au Baril Station
Channel (south-east portion of the south bay). It is therefore tempting to assume that there would be a
low risk of water quality problems. The North Bay-Parry Sound District Health Unit, however, noted a
cyanobacteria bloom in the Channel on October 19, 2012 and again on August 30, 2017. In 2017 the
bloom was originally located in the north east corner of Sturgeon Bay, between Bonnie Island and
Sturgeon Bay Provincial Park, and subsequently spread to Pointe au Baril Station. These incidents
illustrate two points: blooms can occur at lower P concentrations than are present in the north basin,
and blooms can occur far removed from the north bay which is thought to be influenced by the internal
loading or phosphorus regeneration from sediment. Climate change has been shown to exacerbate algal
blooms in many areas where there has been no increase in phosphorus concentrations (Paterson et al.,
2017).
The few data available for tributary phosphorus indicate concentrations that are at or above those that
would be desirable in the bay water. Thus, tributary input does little to help reduce the trophic status of
the bay. Indeed, tributaries are thought to be one of the largest external sources of phosphorus to
Sturgeon Bay (Gartner Lee, 2008). The data are quite disparate, and it is clearly important to quantify
the inputs of total and dissolved portions of the phosphorus load with a new sampling program.
In addition to the external phosphorus loads in land runoff, precipitation and dust fall, wetland drainage,
and inputs from domestic sewage systems, Sturgeon Bay’s north basin experiences internal loading of
phosphorus. This is a release into the water of phosphorus stored in sediment. The release, or
regeneration, occurs under conditions of low oxygen which is common in the bottom water of small
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lakes that stratify. The low oxygen develops following summer stratification into two layers, the
epilimnion and the hypolimnion. A transition zone called the hypolimnion occurs between the two
layers. Density differences restrict the mixing of the layers and this means that oxygen consumed by the
biota in the hypolimnion cannot be replenished. When the oxygen is low enough, the weak ironphosphate bonds of the sediment material break down and the phosphorus and iron dissolve into the
hypolimnion water. Phosphorus concentrations can reach 100s of µg/L. The movement of the upper
layer erodes the lower layers so that the position of the thermocline deepens as summer progresses. At
the same time, heat is transferred downward and the water can even gain heat from the lake bottom.
Finally, the inter-layer density difference is insufficient to maintain the stratification and fall mixing
occurs. It may or may not be the case where hypolimnetic nutrients entrain into the upper mixed layers.
This appears to be the case in some years but not in others. When hypolimnetic nutrients come in
contact with oxygen rich waters, they return to the sediments.
Blue-green algal blooms (cyanobacteria) begin mid to late summer as the hypolimnion layer is eroded
and the upper layers have the potential to entrain the phosphorus in the bottom layer which can
support the blooms. While the factors that influence this mechanism are not well resolved, it is a
common cause of fall blooms in many stratified, productive lakes. This seemingly straightforward
process is difficult to demonstrate because the phosphorus from the bottom water does not appear to
cause a pronounced concentration increase in the epilimnion (see graphs in Gartner Lee, 2007). This
may be because the algal cells can migrate vertically to access bottom layer nutrients.
At the height of the 2006 summer the north basin hypolimnion contained 386 µg/L of phosphorus
(Gartner Lee, 2007). If a functional concentration of 250 µg/L is used to smooth out the variability it can
be calculated from the hypsometric curve (Gartner Lee, 2008) that there was as much phosphorus in the
small hypolimnion as there was in the epilimnion of the north basin. Depending on assumptions made
about the phosphorus content of the thermocline and assuming the epilimnion began with 20 µg/L,
there was enough phosphorus in the bottom water to raise the entire water column to near 40 µg/L but
this was not observed. It seems difficult to discern how much of the regenerated phosphorus actually
entered the surface water and whether that was enough to cause a bloom. This is likely a result of the
hypolimnetic nutrients representing a temporary rather than an actual load.
Modeling is used to help estimate the relative phosphorus loads from septic systems, runoff,
precipitation, etc. Generic export figures are used for forested and non-forested areas along with
generic relationships between lake depth, flushing, and retention to indicate an ice free phosphorus
concentration under various scenarios of human development. The Lakeshore Capacity Model can be
used to estimate the amount of development that would eventually harm a lake based on phosphorus
concentrations.
Sturgeon Bay is different in that it is already in a phase of coping and management of a degraded state.
Therefore additional, more detailed methods may be needed. For example, septic systems seem to
represent a minor load when lumped into an annual phosphorus budget derived from the Lakeshore
Capacity Model (Gartner Lee, 2008). Clearly, that is a very important finding. It would seem advisable
then to examine the situation in more detail. For example, the flow from tributaries decreases markedly
during summer (TOA, 2003) so their loads are likely to decrease then. At the same time cottage septic
systems become fully utilized for the same season.
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The situation, however, may be even more complicated than thought. Iron is released from sediment as
part of the phosphorus regeneration process. Some of the iron in solution is an essential nutrient for
cyanobacteria, which can access this iron by migrating down to assimilate it and then migrating back up
to depths where there is more light. It is thought that the blooms do not occur until recycling of the iron
during bottom water anoxia allows them to grow and dominate the algal population. This “phosphorusferrous eutrophication model” has been tested in Sturgeon Bay (Molot et al., 2014) (see Section 3.2.2).
Recent studies on Sturgeon Bay and other embayments along eastern Georgian Bay have focused on
measuring phosphorus inputs from both internal (i.e., from bottom sediments) and external (i.e., land
based) sources, determining impacts of phosphorus on aquatic biota, particularly algae, and quantifying
the exchange of phosphorus between embayments and the open water of Georgian Bay. In addition,
recent studies have 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. These studies are discussed in the following sections.

3.2.1 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 littoral 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.,
hypoxia or < 2 mg/L dissolved oxygen) and, in the case of phosphorus, released in the form of reactive
phosphate to the overlying water (internal loading).
Differences between the offshore, nearshore, and embayments were well characterized in an extensive
eastern Georgian Bay water quality survey by MECP from 2003 to 2005 (Diep et al., 2007). The survey
included 135 stations with each station visited once in spring, summer, and fall beginning from Killarney
to Honey Harbour. Water samples were analyzed for a suite of nutrients, ions, conductivity, pH,
turbidity, and chlorophyll a and it was determined whether stations were thermally stratified. The
survey allowed a spatial comparison of offshore, nearshore, and embayment water quality as it
progressed from north to south along the shore.
Inshore-offshore gradients were found with lower conductivity, alkalinity, pH, and higher nutrients and
chlorophyll a in the inland embayments. Locations close to shore had water with lower ion
concentrations. With a median total phosphorus concentration of 5.4 μg/L and annual averaged total
phosphorus level ranging between 2.0 and 22.0 μg/L, locations sampled for this study ranged from
oligotrophic to meso-eutrophic, with the majority of locations in the oligotrophic range (Figure 9).
Locations that are considered meso-eutrophic and exceed the PWQO of 20 μg/L, set for the prevention
of nuisance concentrations of algae in lakes, are located within the Sturgeon Bay area. Epilimnetic total
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phosphorus concentrations exceeded 10 µg/L in one or more of the three samples at 34 of the 135
stations. Seasonal differences between samples were also noted. There was a gradient between open
water stations and enclosed embayments that indicates increasing hydrological isolation of embayments
the further they extend from open water. Thus, embayments develop conditions of their own
depending on the watershed inputs, morphometry, shoreline development, and the extent of exchange
with open water (Diep et al., 2007).

Figure 9. Spatial map of annual total phosphorus concentration for all locations sampled for the Georgian Bay Water Quality
Study (2003-2005) (Diep et al., 2007)

A field survey conducted by MECP in 2015 and 2016 (May-November) found that there are both strong
conductivity and nutrient gradients between the embayments and open lake area. In particular, the
water coming from rivers is relatively high in nutrients, but low in conductivity due to the granite
bedrock of the Canadian Shield. In contrast, the open waters of Georgian Bay are very low in nutrients,
but higher in conductivity due to dissolved calcium carbonate from the predominantly limestone
bedrock geology of the Bay. An important observation from the study is that observed total phosphorus
is strongly negatively correlated with conductivity, as fresher water and phosphorus come from the
same tributary sources. Phosphorus is relatively difficult to monitor long-term, whereas variations in
conductivity can be robustly measured over long periods (Howell as reported in GBBR, 2018).
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The distribution in productivity is mostly consistent with the spatial variability in total phosphorus.
However, there are areas with levels of chlorophyll a that appear to be inconsistent with the
conductivity gradient. This suggests other factors affecting the observed gradient in these specific
places, but overall more than 90% of the variability in chlorophyll a is explained by changes in
phosphorus levels, which in turn are well described by the conductivity gradients.
GBBR’s (2018) State of the Bay report used data sets from five sources to report on phosphorus
concentrations in eastern and northern Georgian Bay: 1) ECCC; 2) MECP; 3) MECP’s Lake Partner
Program (LPP); 4) District of Muskoka; and 5) SSEA. Together, these datasets allow for a comparison of
TP data that ranges from open water areas in Georgian Bay to inland lakes within the biosphere reserve
boundaries (Figure 10). The most recent data available from these sources were used to assess the
spatial variation in recent total phosphorus concentrations throughout the biosphere reserve and in
open water to the west of the outer islands. Collectively, these datasets provide sufficient spatial and
temporal coverage to assess long and short-term trends, seasonal variability, and provide a mechanism
to encourage public monitoring.

Figure 10. Most recent spring or early summer TP concentrations measured in the mixed layer for areas throughout the State of
the Bay reporting area (purple line encompassing the Georgian Bay Biosphere Reserve and extending beyond the French River in
the North Channel) and adjacent open water. Note: If multiple years of data are available, the most recent data were used. Long
term means are shown for LPP data where there is no trend in the data. Examination of the LPP data showed that there is no trend
through time observed in 809 of 842 lakes observed. Of these, 21 showed a decline in TP and 12 showed an increase (A. DeSellas,
personal communication, 2017).
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3.2.1.1 Predicting nutrient status
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), Campbell and Chow-Fraser (2018) 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 & 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 (two could not be modelled due to the large size and complexity of the
watershed). Using the AGM, Campbell and Chow-Fraser (2018) ascertained that 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. Hence, Sturgeon Bay would have been considered
mesotrophic without human development. Paleolimnological investigations using diatom analysis to
infer historical total phosphorus concentrations have reported similar results, no appreciable increase in
total phosphorus in either Tadenac Bay since 1860 (Sivarajah, 2016) or Sturgeon Bay since about 1800
(Cumming et al., 2006).
SSEA and MECP collaborated on a nearshore characterization project that also focused on the drivers of
water quality variation along the eastern Georgian Bay coastline. The project extended from Severn
Sound to the French River, and identified four main water quality drivers, each quantified by several
metrics, examples of which are given here: a) watershed tributary loading - e.g. proportion of
segmentshed area as forest cover, minimum distance of sample point to tributary outlet; b) shoreline
exposure and basin flushing - e.g. maximum fetch, relative exposure measure; c) thermal regime and
water column dynamics - e.g. summer epilimnion temperature, summer minimum oxygen saturation; d)
anthropogenic development pressure - e.g. number of buildings within coastal ribbon, length of roads
within coastal ribbon. Metrics were developed for each water quality monitoring location that was part
of SSEA or MECP monitoring programs, and the gradients in these driver metrics as well as water quality
characteristics were described. Preliminary reporting indicates that metrics measuring exposure are
correlated with many other driver metrics, including coastal development and thermal regime, and that
exposure is likely the most important factor shaping water quality at a given location; indeed exposure
metrics are highly correlated with water quality variables. A final report detailing this work is
forthcoming.
3.2.1.2 Internal loading
There are no direct measures of internal loading in Georgian Bay; estimates to date have been inferred
from phosphorus (P) concentrations in samples collected a distance above the sediment surface, and
may not have sampled deep enough to detect P release at the sediment water interface. Furthermore,
the mechanism behind the P release from the sediments is not completely understood. In particular,
chemical binding in the sediments strongly impact the P release processes. Dittrich (2015) monitored
these P binding forms and environmental conditions (oxygen, redox potential, and pH) at the sediment
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water interface and developed a dynamic diagenetic model to predict P flux from sediment into water
column and sediment characteristics (e.g., dissolved and solid P, organic C, oxygen).
Dittrich’s (2015) detailed investigations 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 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. 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 in embayments continued with Nürnberg’s (2017) work which examined
previously collected water chemistry data in order to quantify internal phosphorus loading in several
oligotrophic embayments as well as meso‐eutrophic Sturgeon Bay. Nürnberg (2017) explored the
susceptibility of eastern Georgian Bay to internal loading in a range of locations with varying basin
characteristics, levels of productivity, and exposure to development. It investigates the possible
contribution of internal loading to the productivity of the inner nearshore (embayments and protected
connecting channels) of eastern Georgian Bay. Past and recent water quality monitoring data by the
MECP supported a meta-analysis of factors that indicate the probability of the occurrence of sediment P
release as internal loading. Analyses focused on water quality characteristics in Sturgeon Bay (mesoeutrophic location with proven internal loading) using 2006-2007 data and examining 2015 immersed
sensor and traditional monitoring data for the Moon River (more remote ultra-oligotrophic
embayment).
Nürnberg (2017) found that the well-studied, deep, and enclosed site in Sturgeon Bay which is relatively
far away from the open water of eastern Georgian Bay (indicated by low conductivity), exhibits signs of
eutrophication and elevated dissolved organic acids. These patterns of enrichment indicate the
influence of the development and of the catchment basin location on the Canadian Shield. This site
stratifies throughout the summer and winter and thus behaves like a dimictic lake. Its sediments release
highly bioavailable P throughout summer stratification, which fertilize the surface water and trigger
cyanobacteria blooms.
The water quality data collected on two cruises around Moon Island and at five stationary deployments
in 2015 provided the first information about water quality variability, sediment P release, and its
potential effect on algae biomass, while considering the dilution effect of the eastern Georgian Bay open
water. Internal loading was evident at one specific site that had prolonged periods of anoxia and high
bottom TP concentrations in September 2015 that were 7.5 times higher than surface concentration.
Sediment P release was not convincingly established at the other sites although release may be possible
for different flow conditions and longer stratification at some sites.
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Based on these results, Nürnberg (2017) identified three main concerns related to internal P loading in
the studied areas. First, the author noted that 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 only slight, sediment P release can play a larger role in enriched
systems such as Sturgeon Bay and in singular locations throughout the embayments. Second, extensive
internal P loading in highly recreationally used systems like Sturgeon Bay could delay recovery even after
external loads from septic input and the catchment basin are reduced. Third, longer thermal
stratification periods and warmer bottom temperatures associated with climate change may increase
internal P loading.
In North Bay and South Bay, internal phosphorus loading has been detected each year since SSEA began
monitoring in 1998. In 2013-2014, a spatially intensive study was done measuring total phosphorus at 812 sites in upper North Bay, 1 site in lower North Bay, and 4 sites across South Bay. Various profiling
devices were also used to measure temperature, light levels, concentrations of particles in different size
ranges, algae pigment levels, conductivity, and dissolved oxygen concentrations. Samples were also
collected for total phosphorus at numerous depths at the long term North and South Bay monitoring
locations. Findings showed that elevated total phosphorus only occurs in a zone approximately 1 m
above the lakebed in North and South Bays, where concentrations can be 20-30 times higher than in the
euphotic zone. In North and South Bays, phosphorus accumulation begins in early summer, coinciding
with the development of hypoxic to anoxic conditions in the hypolimnion. From a spatial perspective,
phosphorus accumulation in North Bay occurred at all sites of similar depth to the long term site, all of
which were under hypoxic conditions, while shallower sites did not show high phosphorus at 1 m off
bottom. Likewise in South Bay, high bottom water phosphorus only occurred at the deep long term site,
and not shallower sites where oxygen levels were higher. This provides further evidence that internal
loading is driven by hypoxic bottom water conditions, and also indicates that high internally loaded
phosphorus concentrations do not extend as far up into the water column as might be expected. This
has implications for explaining the occurrence of deep chlorophyll layers at both sites (Chiandet,
unpublished).
3.2.1.3 Modelling and forecasting the fate of phosphorus
ECCC scientists 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) (Yerubandi as reported in Duggan & Chambers,
2017). 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, modeling results showed that reduction in the Baxter River loads to background values would
lower the total phosphorus concentrations in South Bay by 10‐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.

Updated State of Knowledge for South-Eastern Georgian Bay
Georgian Bay Biosphere Reserve

24

3.2.1.4 Inputs of phosphorus from groundwater discharge
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 (Snider, 2016). 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. 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 2) 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 suggests that the AS load from local septic systems is not as large as calculated by
the LCM. Preliminary results from another ECCC project 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
(Roy as reported in Duggan & Chambers, 2017).
Table 2. Estimated annual loads of total phosphorus from major sources discharging to the North-South embayment system
(Roy as reported in Duggan & Chambers, 2017)

Source
Baxter River
Sediments

Load (kg)
245
287

Septic systems

297

Description
Measured average of 2014 and 2015
Total sediment phosphorus released from Basins 1-4; much of this phosphorus
could be redeposited
Maximum load modelled using Lakeshore Capacity Model

3.2.1.5 Mapping and quantification of bottom sediments
Research conducted by ECCC involved mapping and quantification of bottom sediments of Georgian Bay
(Biberhofer as reported in Duggan & Chambers, 2017). Bathymetric and benthic substrate maps were
developed through acoustic remote sensing technology for Honey Harbour, Tadenac Bay, Sturgeon Bay,
and Twelve 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 these areas (Figure
11). Sub‐bottom profiling (Figure 12) revealed that some sediment deposits were greater than 11 m in
depth in Sturgeon Bay and up to 10 m deep in North and South bays (Honey Harbour). These deposits
could represent potential nutrient inventories for these embayments as decomposition of these organic
sediments would lower oxygen concentrations in the overlying water, resulting in an increase in
hypolimnetic total phosphorus concentrations. These 3D maps were developed to provide modelling
tools to estimate volumetrics for stratification scenarios and nutrient partitioning. The maps were
incorporated into modelling research being conducted by other ECCC scientists.
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Suspended particulate matter distributions were also mapped in Honey Harbour, Tadenac Bay, Sturgeon
Bay, and Twelve 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
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 on this is still ongoing. Side scan sonar was used in segments of
Nottawasaga Bay for acquisition of seabed information for the purposes of substrate classification.

3.2.2 Phytoplankton and harmful algal blooms

In order to determine if environmental conditions are changing in lakes, resource managers require a
detailed understanding of long-term baseline conditions to distinguish between natural variability, longterm cycles, and new directional trends. As the contemporary data required for informed decisionmaking are often unavailable, sparse, or of insufficient length, indirect methods of data collection must
be used to reconstruct knowledge gaps. In this respect, the science of paleolimnology uses biological,
chemical, and physical indicators preserved in lake sediments to hindcast past water quality and
environmental conditions (Sivarajah et al., 2018).
Existing monitoring programs in Georgian Bay, while extremely important and necessary for providing
valuable water quality and ecological information, do not extend beyond the past approximately three
decades, and many do not provide continuous records (e.g., Chiandet and Sherman, 2010). To better
determine baseline (pre-disturbance) conditions, and to assess the long-term influence of humans on
the embayments of Georgian Bay, longer records of environmental information are needed (Sivarajah et
al., 2018). Sivarajah et al. (2018) utilized diatom-based paleolimnological approaches to provide longterm ecological context to modern limnological changes in North and South Bays (Honey Harbour –
impacted sites) and Tadenac Bay (reference site).
Diatoms are widely used to examine past limnological changes as they respond rapidly to natural and
anthropogenic environmental stressors, have well defined ecological optima, and preserve well in lake
sediments (Sivarajah et al., 2018). Diatom assemblage changes through time can provide powerful
assessments of freshwater ecosystems. They have been widely used in southern Ontario to understand
the effects of shoreline development, associated changes in lake nutrient status, and track the effects of
climate-induced changes on lake thermal properties in southern Ontario (see for example, Hall & Smol,
1996; Hawryshyn et al., 2012; Barrow et al., 2014; Nelligan et al., 2016).
Sivarajah et al. (2018) explain that the sedimentary diatom assemblages recorded subtle shifts at the
impacted sites (North and South Bays) as a result of the establishment of permanent settlements and
recreational resorts around the turn of the 20th century. No turn-of-the-century changes were observed
at the reference site (Tadenac Bay). The abrupt increase in epiphytic Cocconeis placentula and benthic
fragilarioid taxa during the ~1950s at the shallower impact site (South Bay) was likely due to increased
habitat provided by macrophytes (Sivarajah et al., 2018). The increase in relative abundances of pennate
(Asterionella formosa and Fragilaria crotonensis) and/or small centric (Cyclotella ocellata, C. comensis,
and C. gordonensis) planktonic diatoms across the three sites after the 1970s suggests that recent
warming-mediated changes to thermal properties (and related effects) are driving biological changes in
these embayments (Sivarajah et al., 2018). Sivarajah et al. (2018) explain that these recent diatom
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compositional changes are consistent with similar trends reported across Ontario and the Great Lakes,
where warming and its effects on aquatic ecosystem processes often favour small-celled centric
diatoms.
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 eight
embayments (Zastepa as reported in Duggan & Chambers, 2017). For the three bays where
cyanobacteria 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 two oligotrophic (Deep,
Twelve Mile) and two mesotrophic (North, Sturgeon) embayments, cyanobacteria dominance (> 50% of
total phytoplankton biomass) was observed in all four embayments in the warmer summer of 2012 but
not in the cooler summer of 2014 (Verschoor et al., 2017). Warm temperatures and internal Fe2+
loading were 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 to hypothesize that warm summer temperatures and ferrous iron release
from anoxic bottom sediments promote cyanobacterial dominance of the bloom (i.e., dominance by
eukaryotic algae or cyanobacteria is influenced by the availability of Fe2+, regardless of what limits total
phytoplankton biomass). 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.
This finding is in line with long term phytoplankton and pigment (Fluoroprobe) data collected by SSEA
which shows that despite hypolimnetic hypoxia and elevated total iron in North Bay, cyanobacteria
consistently make up less than 25% of the phytoplankton community. Instead, deep chlorophyll layers
caused by blooms of Chrysosphaerella appear predictably in early and also sometimes late summer,
which at times makes up more than 80% of euphotic zone samples. Contrary to Molot’s finding, SSEA
surveys found that in South Bay, while surface cyanobacterial blooms have not been observed, deep
chlorophyll layers caused by cyanobacteria have been observed, and euphotic zone samples have
contained >50% cyanobacteria biovolume on several occasions. Taxonomic analysis indicated
Planktothrix and Dolichospermum as the dominant taxa (Chiandet & Sherman, 2014).
Molot’s study also looked at the role of water level with regard to cyanobacteria bloom incidence.
Verschoor et al. (2017) suggest that the publicly perceived increase in cyanobacteria blooms in Sturgeon
Bay after 1990 (Schiefer, 2003) may be related to a warming trend rather than to changes in land use or
water level in Georgian Bay. The authors explain that water levels were consistently at the low end of
the historical range between 1999 and 2014, but were at the higher end between 1990 and 1998
(Gronewold & Stow, 2014); hence, it appears unlikely that changes in water levels alone explain all of
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the blooms reported after 1990. Furthermore, Verschoor et al. (2017) state that diatom-inferred TP
concentrations in Sturgeon Bay have been stable and relatively high (20–24 g·L−1) since about 1800,
suggesting that the TP-enriched state is natural (Cumming et al., 2006) and thus not a result of cottage
development in recent decades.
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 overlooked 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 the summers of 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) (Figure 13) (Zastepa as
reported in Duggan & Chambers, 2017). It is still unclear why South and Twelve Mile bays exhibited DCLs
in 2014 whereas Sturgeon Bay had a surface cyanobacterial bloom, and 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.

Figure 13. 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.
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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) developed an improved method
for estimating phytoplankton community composition. Despite its wide adoption, there is concern and
uncertainty among users of new technologies (e.g., Fluoroprobe instrument) about how the results
should be interpreted and compared to more traditional measures. Harrison et al. (2016) were
successful in 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.
Importantly, this new approach to calibration could free users of the need to perform expensive and
time-consuming calibrations with algal cultures. 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, and critical assessment of results will always
be necessary.
Concerns about foul smells and algae northwest of Byng Inlet at Sandy Bay expressed by members of
Henvey Inlet First Nation led to funding of a water monitoring study at Sandy Bay (BluMetric
Environmental Inc., 2016). 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 the Sandy Bay area is
oligotrophic; however, shoreline algal growth was not measured. Polycyclic aromatic hydrocarbons
(PAHs) and polychlorinated biphenyls (PCBs) exceeded Provincial Water Quality Guidelines at two
stations. These results are concerning and should be investigated further. All other water quality
parameters (e.g., TP, E. coli, total coliforms) were within established guidelines and other than these
exceedances, the water quality in Sandy Bay was determined to be good. It was recommended that
water quality monitoring in Sandy Bay continue in the future through the Lake Partner Program.

3.2.3 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 ECCC on sheltered embayments along eastern Georgian Bay
investigated the causes and consequences of DO depletion in coastal embayments of south eastern
Georgian Bay; two impacted embayments (North Bay and South Bay, Honey Harbour) and one
unimpacted embayment (Tadenac Bay) (Snider, 2016). Samples were collected to assess contemporary
water quality conditions, and paleolimnological tools were used to reconstruct historical DO conditions
over the last 100+ years.
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Results of the study showed that basin morphometry is an important driver of oxygen consumption and
a contributing factor to the rate of oxygen decline. Both current and historic hypolimnetic oxygen
demands were characterized in the three embayments. 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, though initial DO concentrations for this bay were
always higher than the other basins studied (Figure 14). 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 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. This suggests that DO consumption was largely controlled by physical factors such as lake
morphometry (Snider, 2016).

Figure 14. (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 (Snider, 2016)

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. To reconstruct long‐term trends in water quality, paleolimnological research was conducted
using dated sediment cores from these embayments. North and South Bay were found to 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 major cause of
Updated State of Knowledge for South-Eastern Georgian Bay
Georgian Bay Biosphere Reserve

31

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.
Measurements of sediment chemistry from sediment cores also showed increases in sediment N and
organic C content, and decreases in δ15N‐total nitrogen, in both North and Tadenac Bays since 1970
(Figure 15) (Snider, 2016). 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. 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 to be primarily a response to regional climate warming.
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Figure 15. 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
(Snider, 2016).

Concerning internal phosphorus load, the fate of the sediment‐derived P (i.e., the internal P load) is not
explicitly known at this point. Quantitative information may become available when this data is
combined with 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. 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 (Snider, 2016).
Calculations were done by SSEA scientists to quantify the phosphorus flux post turn-over from one
season to pre turn-over of the next in North Bay. Based on data from 2011-2013, results indicate that an
average of 27 kg P accumulates between spring and fall turnover, and an average of 36 kg P is lost
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between fall and spring turnover. It is unknown what role under-ice algae growth may play in the
depletion of water column phosphorus over the winter months (Chiandet, unpublished).

3.2.4 Linkages between water circulation, water level, and water quality

Very limited research has been conducted on water circulation patterns in eastern Georgian Bay.
Research on water circulation patterns would be critical for understanding the dilution and spread of
any natural or anthropogenic sources of nutrients. Recognizing the influence of inflow of Georgian Bay
water on the water quality of embayments, Li et al. (2017) undertook 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.
While the coastline is highly complex, many of the physical characteristics of south-eastern Georgian Bay
closely resemble the relatively well-studied Baltic Sea in Scandinavia. Both regions have a weak 24-hour
tidal period, both regions experience storm surges and other wind events, and the brackish Baltic Sea
has similar density stratification to Georgian Bay. In Georgian Bay, the Stockholm Archipelago, and the
Finnish Archipelago Sea, the local geology is heavily influenced by past glaciations, resulting in a very
complex coastline with granite bedrock and fragmented archipelagos with thousands of islands. While
complex, many Scandinavian studies have shown that the flow in these archipelagos is estuarine in
nature and is driven by a combination of river forcing, lateral density gradients, winds, and weak tides.
Hence, Li et al. (2017) used this estuarine framework to study the nutrient gradients in Georgian Bay. In
fact, Li et al. (2017) refers to the embayments in eastern Georgian Bay as “freshtuaries” where water
quality is driven by a combination of loading and water mixing rates.
Li et al.’s (2017) study involved two components. The first component was analyzing observed water
parameters (e.g., total phosphorus, water temperature, conductivity, turbidity, dissolved oxygen,
current velocities, water level) and meteorological data in three study areas – Shawanaga inlet, Parry
Sound, and Moon River inlet. The second component involved synthesizing these observations using
mathematical modeling of the “flushing number” to determine the driving force of water exchange.
Water velocities in the study sites were typically in the range between +/- 20 cm/s. The water level
variations suggest that there are small lunar and solar tides, with amplitudes in the order of 5 cm.
Spectral analysis of both water level fluctuations and the current velocities show that there is a strong
signal of tides at diurnal and semi-diurnal periods, but currents appear to be driven by the diurnal
periods. Thus, Li et al. (2017) concluded that the diurnal water currents are reminiscent of tidal flows in
the coastal ocean.
Analytical modeling of flushing mechanisms show that the Shawanaga inlet region has a lower flushing
number for both summer and fall seasons, possibly due to lower river discharge. On the other hand, the
Moon River inlet, with a higher river inflow and sheltered river channel, suggests a higher flushing
number for both seasons. A lower flushing number suggests that flushing is driven by the tides whereas
a high flushing number suggests that river discharge dominates the flushing. Hence, for a low flushing
number, the river water would mix with the basin water which in turn results in high salinity. For a high
flushing number, the mixing of water masses is prevented until further away from the river mouth.
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These differences in flushing numbers explain the different conductivity gradients, and hence nutrient
gradients between these sites.
To address concerns regarding an inability to accurately predict low water levels, Arhonditsis and
colleagues modelled water level fluctuations and its effects on water quality, specifically nutrients and
nuisance blooms of harmful algae (Arhonditsis as reported in Duggan & Chambers, 2017). 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
the McMaster Coastal Wetland Inventory, MECP, ECCC, and DFO 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.

3.2.5 Fish communities

Davis and colleagues at MNRF are 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. Several areas were chosen and classified as either degraded
(Severn Sound, Deep Bay, Sturgeon Bay) or less degraded (Shebeshekong River, Shawanaga River,
French River, Magnetawan 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 modified to be effective in a large lake situation (multi‐mesh gill nets;
used in environments of 2‐40 m). Throughout the three years of the study, approximately 780 sites
spanning the seven areas identified above have been sampled, 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.e.,
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 serves to address the lack
of information on the status of fish populations within Georgian Bay. For general information on fish
communities, as well as information on the connection between fish communities, water levels, and
wetlands, see Appendix A – Fish Communities.

3.2.6 Aquaculture

Parry Sound is home to Aquacage Fisheries Ltd which rears rainbow trout in cages for market. Concerns
expressed around the operation of fish farms in the Great Lakes include accumulations of waste on the
lake bottom, nutrient pollution of water, and escapes of the caged fish. An early report (MOE, 1993)
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found no effects of the fish farm. In 2002, ECCC completed some water and bottom sampling near the
fish farm. Very few data were collected but the results suggest that the majority of phosphorus
concentrations in water samples close to the farm during the growing season ranged from 3 to 7 µg/L. A
few higher concentrations of 12 and 15 µg/L were found in nearby Depot Harbour where the farm and
stock are located during winter. The summer location is 50 to 70 m deep (45°19’14.29”N,
80°06’35.39”W). There were some indications of low level enrichment of sediment beneath the farm.
Overall, the water quality near the fish farm was similar to that nearby in Georgian Bay at the time (J.
Milne, Environment Canada, personal communication). More recently, Diep et al. (2007) found average
phosphorus concentrations at six stations of 6.3 and 7.0 µg/L in Depot Harbour, 7.6 near the Seguin
River, 9.7 at Seguin, 4.6 at a deep water site, and 4.3 at semi-isolated Loon Bay. The ECCC data indicates
6 µg/L of phosphorus at an open water site in 2009. Thus, the data indicate the open waters are of good
quality but there are influences towards higher phosphorus concentrations in some places. Parry Sound
perhaps needs more investigation to establish baseline conditions in its bays and more populated areas
than has been done in the past.
In 2017, GBF partnered with the University of Guelph (U of G) to compile past freshwater aquaculture
research on environmental impacts. Specifically, the focus of the project was to: 1) synthesize past net
pen aquaculture research on freshwater impacts; 2) use stable isotopes and fatty acids to determine if
native fish were consuming aquaculture feed, with the potential to use DNA barcoding in future
research; and 3) develop research questions and methodologies to fill in the gaps and address concerns
to be able to implement a more sustainable policy. U of G looked at 56 research reference points to
produce a summary, Freshwater Aquaculture: A review of the Environmental Implications
(https://georgianbayforever.org/net-pen-aquaculture/). The report came to the conclusion that, “If the
net-pen aquaculture industry is to continue and expand in The Great Lakes, there needs to be
improvement to policy regarding the establishment of cage aquaculture operation, and a better
understanding of how freshwater cage culture affects lake ecosystems is required to meet this
objective.” (Johnson & McCann, 2017, p. 11). The main issues generating environmental concerns fall
under the categories: waste production and uptake; sedimentation; and ecological and genetic
interactions that may occur between escapees and indigenous species.
As part of this partnership, U of G conducted a research project using stable isotope and fatty acid biotracers to determine if aquaculture waste was being consumed by species in the natural environment in
Parry Sound. The research found that pelagic native fishes, both an intermediate consumer (cisco) and a
top predator (lake trout), were consuming the excess feed. Furthermore, the project also found that
these fish had higher n-3 fatty acids levels in their tissue in comparison to other Lake Huron sites. These
n-3 fatty acids have been shown to impact fish health by increasing survival and reproductive success.
These results indicate more research needs to be done on aquaculture waste and its interaction with
natural species.
Moving forward, GBF and U of G are continuing research to answer the following questions:
•
•

What are the impacts to local ecosystem structure and function, particularly local native fish
populations?
How do the human derived subsidies of excess feed and faecal matter impact the food web in
Georgian Bay aquaculture locations?
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•

How do the effects of aquaculture vary among sites that differ in placement (e.g. depth and
exposure) and management practices (e.g., feeding regimes)?

3.2.7 Phosphorus monitoring guidelines

The Georgian Bay Biosphere Reserve 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 biosphere reserve 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 region 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
region.
In 2014, 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 coordination of the broad range of sampling programs in the region, GBBR sought to
address this concern through a project aimed at mobilizing local action groups and introducing a
coordinated and tiered nutrient monitoring strategy. As part of this project, GBBR worked with local
associations to assist with monitoring, and provide training and access to equipment (i.e., Sturgeon Bay,
Woods Bay, Otter Lake). A report produced by GBBR undertook a further examination of monitoring
programs and their outcomes (Clark et al., 2015). The report identified the most recent sampling
undertaken within the biosphere, reviewed existing data, provided recommendations on tiered and
harmonized monitoring and called for increased monitoring in enclosed bays. As a further step, 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 local communities, 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, 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. GBBR continues to seek new LPP volunteers to help fill gaps in
sampling (https://www.stateofthebay.ca/water-quality-total-phosphorus/).

3.3 Coastal areas

The following subsections present research and monitoring results on topics of concern that pertain to
coastal areas of southern and eastern Georgian Bay.

3.3.1 Internal loading

Nürnberg (2017) inspected 2003-2005 MECP reference station data for various sites along the coast for
signs of internal loading. For 133 MECP reference stations, 4-15 TP concentration results per station
were evaluated, including euphotic zone samples and 1 m above bottom grab samples. Sixty-three
stations were stratified in the summer and 10 had increased bottom TP of more than 2 μg/L (2.4 - 7.2
μg/L) compared to the epilimnion, indicating sediment P release. Mixed layer average TP concentrations
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were above 10 μg/L at a further 16 stations, warranting closer inspection of the P source (sediment,
wetland, or development). Chlorophyll concentration was elevated at most sites with elevated bottom
TP concentration, especially at those sites that are less influenced by the open water. The elevated
chlorophyll concentration at these sites compared to the open water may partially be the consequence
of internal loading, or a simple variation in natural trophic status.

3.3.2 Nottawasaga plume

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 a concern to the general public. The plume formed where the Nottawasaga River enters
Georgian Bay is highly visible, especially during high rain events (Figure 16). Despite reassurances from
models on the size and influence of the plume from the river, the public see the situation differently.
From shore, the turbidity plume can appear substantial and represent an undesirable discharge at one
of the most treasured of Great Lakes beaches. This plume can be composed both of suspended
sediment and algae, the latter being more prevalent at low flow times. 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, including investigations into the quantity of phosphorus delivered to the bay via suspended
sediment.

Figure 16. Aerial view of the outlet of the Nottawasaga River showing the sediment plume (AeroCamera Services
Ltd/SSEA)
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In 2006, an assimilative capacity study was undertaken using the Canadian ArcView Nutrient and Water
Evaluation Tool (CANWET) modeling system (Greenland International Consulting Ltd, 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 and nutrient
loading and resultant biological, chemical, and physical relationships. 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). The conclusions of the study were:
•
•
•
•
•

Average annual phosphorus loading to Nottawasaga Bay is 47 tonnes;
The NVCA Mixing Zone Model does not predict any widespread impact associated with the
discharge from the mouth of the Nottawasaga River;
Hydraulic processes for the bay are primarily wind driven and in general, the river discharge
mixes well under these conditions;
The bay water quality, while slightly impacted within the mixing zone, is not a limiting factor
when developing Total Maximum Monthly Loads for the Nottawasaga River; and
The near-field mixing extends about 1,200 m offshore and covers about 2km2. The modelling
indicates that there is little difference in plume size between conditions of present and future
land use.

Monitoring recommendations from the study included systematic water quality and current monitoring
at the mouth of the Nottawasaga River and the nearshore regions of Nottawasaga Bay, as well as
periodic monitoring at additional sites in the river and in Nottawasaga Bay. The increased monitoring is
intended to assist in refining the model and add to the strength of the modeled results. New stations
have been added and both baseflow and storm events have been targeted. Refinements to these
models (i.e., CANWET, Hydrodynamic Mixing Zone Model) have been suggested as a course of research
and monitoring and include a need for investigating the link between phosphorus, suspended sediments
solids, and turbidity.
The goal of several recent research projects undertaken in the Nottawasaga watershed and the
nearshore area of southern Georgian Bay has been to identify potential sources and transport pathways
of phosphorus to Nottawasaga Bay, and evaluate the fate of phosphorus once delivered to the Bay. One
such study examined the influence of the Nottawasaga River inflow on nearshore waters by applying a
3D hydrodynamic model known as ELCOM (Estuary Lake Coastal Ocean Model) to Georgian Bay with a
500 m horizontal grid resolution (Yerubandi as reported in Duggan & Chambers, 2017). 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 17). 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 17. Dispersal of the Nottawasaga River plume modelled using ELCOM (Yerubandi as
reported in Duggan & Chambers, 2017)

Another study found that phytoplankton at stations near urban centres and river inflows into
Nottawasaga Bay have significantly higher densities and differing taxonomic composition than at more
remote offshore sites (Boegman as reported in Duggan & Chambers, 2017). 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. Accordingly, phytoplankton concentrations and
composition differ along the length of the Nottawasaga plume, and among seasons. 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).

3.3.3 Microbiological contamination of beaches

A concern of particular importance to the general public is microbiological contamination of beaches,
often measured by the presence of E. coli. The provincial standard for E. coli is 100 cfu/100 ml. Many
public beaches around Nottawasaga Bay are monitored through a partnership program among the
Simcoe Muskoka District Health Unit (SMDHU), MECP, municipalities within the Severn Sound
watershed, Parks Canada (Georgian Bay Islands National Park) and the Severn Sound Environmental
Association. The purpose of the program is to provide regular monitoring of microbiological water
quality at selected swimming areas within the watershed. The results are used by the Health Unit to
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assess the risk that recreational use of the water may result in waterborne illness, and to provide
warnings or advisories to the public. The sampling procedure follows the Ministry of Health Beach
Management Protocol. 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). Sections of beaches that
are not public, a large portion of the beaches in Tiny Township, have been monitored for E. coli levels by
the Federation of Tiny Township Shoreline Association (FoTTSA) since 1998.
Over the past 15 years, understanding of E. coli problems at beaches has developed considerably,
sometimes in surprising ways (Crowe & Milne, 2013; Whitman & Nevers, 2003):
•
•
•
•
•
•
•
•
•
•
•

•
•

E. coli survive longer in the aquatic environment than previously thought; this allows
accumulation in water, sediment, and sand not realized before and also calls into question its
usefulness as an indicator of recent fecal contamination.
Studies have indicated that E. coli not only survive in sand, but may also reproduce (Beversdorf
et al., 2007).
The E. coli test is not specific for human bacteria; birds and other wildlife can contribute to the
load. The standard test cannot detect E. coli 0157H, an enterohemorrhagic strain of the
bacterium.
Transects of E. coli concentrations in nearshore lake water show a large increase as sampling
sites approach the beach. The highest concentrations are at the water’s edge where children
play.
Extremely high levels of E. coli are typically found in the sand adjacent to the shoreline.
E. coli stored in sand in the swash zone can enter the nearshore lake water either through
groundwater discharge of the E. coli in the sand, or through erosion of the shoreline. Thus, the
bacteria causing beach postings may come from the beach itself.
Gulls and geese seem to be an important primary source and may be the only source of E. coli in
some beaches.
The significance of E. coli from birds as indicators of human pathogens is not yet clear.
Contamination by E. coli from known human sources is associated with illness caused by human
pathogens.
It is not clear whether there are temporarily contaminated stream flows from agriculture areas
in the spring that may initiate E. coli contamination at beaches.
Groundwater of natural, “dry” beaches with dunes and beach grasses does not contain E. coli.
These beaches have a noticeable slope with dry sand that does not encourage survival or
penetration of E. coli into groundwater. The grasses of “dry” beaches tend to discourage geese.
Groundwater of “wet” beaches contains E. coli. These beaches have less slope, sometimes have
ponding and different vegetation that encourages geese. Some “wet” beaches are the result of
misguided modifications that have removed the dunes and encouraged lawns that facilitate
pollution by geese.
Wave run-up and wind driven water level increases can push water with E. coli from the water’s
edge into the groundwater. Groundwater flow, however, is always toward the lake.
The E. coli found in groundwater below some beaches comes from either 1) surface feces
bacteria migrating downward during infiltration of precipitation, or 2) downward migration of
lake water which typically contains E. coli, during large scale wave runup and flooding of
beaches.
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•
•

Beachfront cottage septic systems that are well designed, located, and functioning properly do
not appear to be a cause of E. coli at the water’s edge.
Land drains and poorly constructed/located/maintained septic systems may cause beach
wetness and contamination as well as contamination of streams flowing to the lakeshore (A.S.
Crowe, personal communication).

Generally, E. coli is still a good indicator of health risks in swimming waters (i.e., increased levels of E.
coli are associated with increased indices of illness), but E. coli is not a good indicator of health risk in
sand (i.e., although there are extremely high levels of E. coli in sand, studies have shown very few, if any
pathogens, and very low instances of illnesses). There are still questions regarding E. coli sources, the
effects of streams and groundwater on beaches, and the overall significance of E. coli as an indicator of
human pathogens if the source is primarily water birds.

3.3.4 Septic systems as a potential source of phosphorus

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 be fully trapped and can lead to plumes of phosphorus in groundwater flowing
away from the septic bed.
From 1980 to 2007, septic systems in the town of Wasaga Beach were decommissioned, meaning the
septic tank was emptied of wastewater and the buildings’ sewage lines were connected to the local
sewer system. Communal sewer services were implemented beginning in 1980 at the northeast end of
the beach, 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 (Robertson as reported
in Duggan & Chambers, 2017).
To determine if these legacy septic systems were a source of phosphorus to Nottawasaga Bay, surveys
of groundwater and surface water quality were conducted between 2013‐2016 (Snider, 2016). Focused
studies conducted near four 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 two of them. 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 the comfort stations 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
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typically between 30‐90 ug/L. 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,
likely associated with plumes from septic systems.
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 the 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.
Groundwater monitoring was undertaken by installing a network of 10 multilevel sampling bundles
along a 6 km extent of Wasaga Beach from 67th Street in the west to 17th Street in the east. Each
bundle contained six to eight sample tubes installed to up to 10 m depth. Additionally, repeated
sampling of a network of 18 drainage ditches that discharge along this section of the beach 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 (Roberston as reported in Duggan
& Chambers, 2017).
Results 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 detail, 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 research hints that this rationale might be flawed in some cases. 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 (Snider, 2016; Table 3). 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 significance 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.
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Table 3. 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 (Robertson and Roy as
reported in Duggan & Chambers, 2017)

Source
Nottawasaga River
Wasaga wastewater treatment
plant
18 ditches (in total)
Groundwater*

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

% of river total phosphorus load
100
0.6

1095
100

0.8
0.08

*largely excludes septic plumes, as few seem to have reached the shore yet

3.3.5 Aquatic habitat

SSEA, in conjunction with several partners including University of Windsor, MNRF, and DFO, were
engaged in assessing bottom habitat in the nearshore (up to 100 m from shore) of Severn Sound and
parts of Nottawasaga Bay from 2015 to 2017. This project involved the collection of a variety of data
including sonar data, underwater and surface imagery, aerial orthographic and oblique photos, elevation
data, spot ponar grab samples, and fish survey data. The gathered data will result in the creation of
maps of depth, substrate texture, and aquatic plant distribution. Furthermore, these 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 MNRF 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.

3.3.6 Coastal wetlands

Water levels of Georgian Bay were sustained at low levels for over a decade starting in the early 2000s
(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 December 2012 and January 2013 were at historic lows (CHS, 2017b). The general
public and stakeholders expressed concern over the dropping water levels. The sustained low levels
caused problems to property owners including docks that became stranded, beach shorelines retreating
from cottage properties, and water intake lines that needed to be continuously relocated, to name a
few. Beyond these obvious effects to landowners, the prolonged low water period also impacted
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 (see Appendix A for information on fish communities
and connections with water levels and wetlands). 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 (Fracz & 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 & Mayne, 2013).
Chow‐Fraser and Boyd (2017) conducted a study measuring the status and long‐term trends of wetlands
ecosystem health in eastern Georgian Bay. Forty 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
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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 & Chow‐Fraser, 2007) was used to assess wetland macrophyte composition, and 3)
the Wetland Fish Index (WFI; Seilheimer & 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 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 in terms of WQI scores and “excellent” condition in terms of WMI scores. 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 unchanged status of the wetlands 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 1 m depth contour was now inhabited by submerged meadow vegetation often containing
pine trees and shrubs. This vegetation no longer represented an ideal habitat for fish. 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. Chow-Fraser and Boyd (2017, p. 76) explained that due to the fact that
the location of different wetland fish species is dependent on macrophyte type and location, “fyke nets
should not be the only gear used to survey the fish communities when wetlands are transitioning
between extremes in water levels”.
Identifying and understanding the vulnerability of coastal wetlands to climate change is important for
their protection. Determining coastal wetland vulnerability can also support adaptation planning by
identifying targeted adaptation measures for systems with the greatest vulnerability to increase their
resilience to climate change impacts. ECCC is currently undertaking a five year program (2017-2022) on
coastal wetland resilience titled Assessing and Enhancing the Resilience of Great Lakes Coastal
Wetlands. The program will assess how climate change will impact wetlands and identify ways to
enhance resilience. Specifically, the goals of the program are to: 1) assess coastal wetland vulnerability
to climate change; 2) identify approaches to increase resilience; and 3) build consensus on priorities for
action. The approach being taken involves four main components: evaluation (assessing current
conditions, evaluating historical responses, establishing basis of comparison); understanding (modelling
climate projections, assessing climate exposure, understanding uncertainties); assessing (assessing
wetland sensitivity and adaptive capacity, comparing baseline to projected changes, evaluating
vulnerability); and adapting (sharing results and consulting, identifying and prioritizing adaptive
measures, developing guidance and recommendations).

3.3.7 Lower food web

In 2014 and 2015, diver-based benthic surveys were performed by MECP in five areas on the eastern
shores of Georgian Bay: Shawanaga Inlet, outer Parry Sound, Moon Island, Go Home Bay, and Severn
Sound/Honey Harbour (Figure 18). The surveys were conducted on hard substrates at 47 sites at depths
of 3-18 m. Quadrats were used in the surveys to determine dreissenid mussel and macroalgae density
and species. Rock scraping and qualitative round goby assessment were also performed and in 2015,
PONAR grab sampling of soft sediment was included as well (LimnoTech, 2015). Analysis is currently
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underway and complete results will be available in the near future. However, some high level
observations regarding dreissenid mussels have been presented. For instance, when compared to Lakes
Erie and Ontario, zebra and quagga mussels were found to be less abundant in Lake Huron and least
abundant in Georgian Bay (T. Howell, personal communication, 2017). Mussel abundance is broadly
correlated with trophic state. Honing in on eastern Georgian Bay, abundance of zebra and quagga
mussels is relatively low but with a wide distribution (mostly <1000/m2; maximum < 3000/m2) (see
Figure 19) (Howell, 2015). Interestingly, there is a gradient of abundance across the coastal fringe.
Loading of low alkalinity water (low calcium and pH) to the shoreline from the Canadian Shield limits
distribution of zebra and quagga mussels (T. Howell, personal communication, 2017).
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Figure 18. Locations of MECP’s 2014 and 2015 diver-based eastern Georgian Bay benthic surveys
(Howell, 2015)

Figure 19. Dreissenid mussel abundance at various eastern Georgian Bay locations in 2014 (Howell,
2015)
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The EPA, USGS, and National Oceanic and Atmospheric Administration (NOAA) collaborated on a
Coordinated Science and Monitoring Initiative (CSMI) food web study. The study involved sampling 11
nearshore to offshore transects around Lake Huron on a monthly basis from April to August 2017. The
transects were split across Lake Huron – three in Georgian Bay, two in the North Channel, and six in the
main basin (Figure 20). All three agencies sampled nutrients, plankton, and larval fish in an effort to
determine how well larval fish are growing and whether or not there is enough food to eat. While the
USGS was out sampling as part of this study, they were also sampling prey fish and measuring their
energetic condition. Results of this study will be available in the near future.

Figure 20. CSMI food web study nearshore to offshore transects

3.3.8 Pelagic fish communities

Because the pelagic community is often not measured in traditional government monitoring programs,
little is known about the degree to which pelagic communities have been impacted by anthropogenic
factors such as nutrient loading, invasive species, and climate. To fill this gap, an MNRF project focused
on sampling pelagic fish and plankton communities to evaluate whether signals of poor water quality
could be detected in offshore pelagic fish species. Sites were sampled that varied in degree of
anthropogenic impact: Parry Sound, with generally good water quality, Severn Sound, with decreasing
phosphorus levels but worsening water clarity and occasional blue-green algae blooms, and Kempenfelt
Bay in Lake Simcoe, with the most developed watershed. The pelagic communities were sampled at
each study site in the summers of 2014‐2016, 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, fish and plankton samples were collected, along with temperature, dissolved oxygen, clarity,
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depth, and substrate data (Dunlop as reported in Duggan & Chambers, 2017). Analyses on these data
are still ongoing.

3.3.9 Shoreline mapping

Up to date accurate shoreline mapping plays a pivotal role in shoreline management, restoration, and
stewardship efforts. Previous shoreline mapping efforts relied on the use of orthoimagery (looking
straight down) as their data source. Researchers at MNRF directed a project (Jurjans, 2017) to obtain
new aerial imagery of the shoreline in the southern reaches of Georgian Bay (Figure 21). To limit the
impact of overhanging vegetation, oblique angle imagery was acquired by helicopter. 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. Previous shoreline mapping
methodology was revised, mostly through simplification, and the shoreline mapping for part of
southeastern Georgian Bay was updated by using the oblique imagery for shoreline interpretation.
Shoreline inventory provides important information for fish and wildlife habitats by identifying
wetlands, woodlands, and spawning habitat. 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. In order to optimize the use of this new dataset (oblique imagery
and new shoreline mapping), it has been declared open data, available to the public on the Land
Information Ontario data warehouse.

Figure 21. Flight line indicating shoreline coverage of oblique imagery; southeastern Georgian Bay from
Highway 400 west to Collingwood (275 km of shoreline) and Lake Simcoe (Jurjans, 2017)
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NVCA updated their natural hazard, nearshore bathymetry, and biodiversity mapping for the Georgian
Bay shoreline of the Towns of Wasaga Beach and Collingwood. This information is critical to agencies
responsible for managing recreation and development while protecting the ecological integrity of the
coastal area. Existing bathymetric data were too coarse for coastal process modelling and the NVCA
identified a need for data with increased resolution for their management needs. The components of
the project included mapping, modelling, and biodiversity assessment (Shoreplan, 2017a; 2017b;
Skelton Brumwell & Associates, 2017a; 2017b; WILD Canada, 2017a; 2017b).
To provide significantly more finely-detailed mapping of nearshore processes, bathymetric mapping of
the nearshore zone was undertaken by staff from the NVCA and WILD Canada Ecological Consulting
(2017a; 2017b). During the summer and fall of 2016, detailed transects were driven, by boat, to record
and map the bathymetry (depth and contours) of the lake bottom from Archer Road at the east end of
Wasaga Beach to Long Point Road at the west end of Collingwood (~36 km). Bathymetry data were
collected from 0.5 m water depth to at least 5 m depth, with the goal of providing nearshore
bathymetry to approximately 0.25 m vertical accuracy. Transects were taken both parallel and
perpendicular to the shoreline at approximately 25 m intervals. Collingwood has a much more diverse
shoreline pattern than does Wasaga Beach, and considerable effort was spent to capture all accessible
areas. The sonar unit also provided information on bottom structure, which was mapped, along with
location and extent of vegetation beds as they were encountered. Macrophyte species were
documented, where accessible and identifiable due to depth and water conditions. Potential function of
aquatic macrophyte beds was also assessed.
Using updated bathymetric and topographic survey data, the flooding and dynamic beach hazards were
delineated along the Georgian Bay shoreline for the portion of the NVCA shoreline that lies within the
Towns of Collingwood and Wasaga Beach (Shoreplan, 2017a; 2017b). The flooding hazard limit was
determined from wave uprush analyses for a 20-year storm event occurring at the 100-year
instantaneous water level. For the Town of Wasaga, more than 90% of the calculated wave uprush
allowance along the dynamic beach shoreline was found to be less than the 15 m default allowance
currently considered by NVCA. The dynamic beach hazard limit was defined as either a 30 m default
setback from the flood hazard limit, or as a practical limit caused by a natural or anthropogenic
obstruction that limited the dynamic beach profile adjustments. A field review showed that there were
no dynamic beaches along the shoreline in the Town of Collingwood. Hazard limits were provided to
NVCA as GIS shapefiles.
The biodiversity component of the project was designed to assist in addressing and/or contributing to
key principles outlined in the Lake Huron-Georgian Bay Framework for Community Action as well as
conservation strategies identified in the International Biodiversity Conservation Strategy for Lake Huron.
The biodiversity work in Collingwood was completed along the Georgian Bay coastal areas of the town
and characterizes shoreline natural heritage features and linkages, with emphasis on coastal wetland
habitat (Skelton Brumwell & Associates, 2017a). Field work consisted of mapping coastal wetland
habitat using Ecological Land Classification (ELC), conducting in-season rare vascular plant surveys,
identifying potential future survey locations for Marsh Monitoring, documenting the general health of
the coastal marshes, and opportunistic wildlife surveys. The Wasaga Beach shoreline biodiversity study
focused on the identification, cataloguing, and mapping of coastal biodiversity and habitat along the
entire 14 km stretch of Wasaga Beach, with emphasis on vegetation communities (Skelton Brumwell &
Associates, 2017b). Natural beach, foredune, and backdune communities were documented in the field.
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Both studies highlight biodiversity hot spots, issues facing shoreline biodiversity and management (e.g.,
impacts of development on shoreline biodiversity, climate change, invasive species), and
recommendations regarding shoreline management, unevaluated wetlands, education, and monitoring.

3.4 Nottawasaga Valley watershed

NVCA maintains 18 water quality monitoring sites with sampling half at times of base flow and half
during storm events. Occasional beach postings seem to be associated with periods of high rainfall and
flow. Many of the streams, especially those with groundwater discharge support cold water fish such as
brook trout, rainbow trout, and chinook salmon. On the other hand, warm water habitats support, for
example, largemouth bass and brown bullhead. The Nottawasaga River provides spawning habitat for
lake sturgeon. Creeks that have been damaged by harmful land use practices may contain minnow
species, carp, and some bass species more tolerant of increased temperature and elevated nutrients.
Based on benthic invertebrate data, there is a marked change in the land uses adjacent to streams rated
below potential or impaired. Many of these had been channelized, causing unnatural flow patterns and
bank erosion. The majority of sites going through agricultural areas were rated as impaired, as they are
impacted by erosion, non-point source runoff of nutrients, and stream alterations. Vegetated buffers
can help decrease some of these impacts, but most areas allow for only minimal buffers, if any. Other
land uses associated with impaired ratings include the presence of dams or online ponds, the presence
of a stormwater pond or stormwater outlet, or commercial, residential, and urban land uses (which have
a high runoff coefficient and very little buffer to attenuate any overland flow).
The general conditions of forest, stream, and wetland health of the watershed are conveyed to the
public through report cards generated by NVCA and updated every five years
(https://www.nvca.on.ca/watershed-science/watershed-report-cards). In these report cards, both the
Innisfil Creek subwatershed and lower reaches of the Nottawasaga 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 PWQO for rivers of
30 μg/L. 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 other concerns (Charlton &
Mayne, 2013). Despite the cumulative impacts of development throughout the basin, the lower river is
still a conduit for migrating fish.
In many respects the lower Nottawasaga River is typical of the lower reaches of many rivers. Storm
events can cause erosion and high suspended solids. A high degree of deforestation plus farm drains
contribute to high flow velocities. These events are highly visible where the river discharges to Georgian
Bay at Wasaga Beach. A study was conducted of water quality conditions before and after a summer
storm in the Nottawasaga River and its tributary Innisfil Creek (Chow-Fraser, 2006). Results were
somewhat surprising in that only two of 10 stations experienced a large increase in suspended solids
due to the storm. The largest increase in suspended solids was associated with mainly organic matter. In
other reaches, the additional storm water was not accompanied by sediment. The study tested a multisensor electronic probe against laboratory measurements of chlorophyll as a measure of algal
population (CHL-a), total phosphorus (TP), and total suspended solid (TSS). Strong relationships were
found between probe turbidity and TSS, probe turbidity and TP, and probe CHL-a and laboratory CHL-a.
The probe appears useful for monitoring purposes when there are insufficient resources for laboratory
analyses.
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Treated sewage and agricultural fertilizers increase the nutrient content in the river so algae can grow in
quieter reaches. Recent ECCC research applied microbial and chemical source tracking techniques in the
Nottawasaga River to identify possible sources of phosphorus and fecal pollution (Edge as reported in
Duggan & Chambers, 2017). 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.
Results showed that the association between TP and E. coli, GenBac DNA copies, and caffeine was not
clear across 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.
NVCA’s 18 water quality monitoring stations are of use to determine loads of materials in the water and
some net effects through indicators such as such as benthos populations. The monitoring, however,
does not appear to be set up to target specific management questions such as the effects of dams and
impoundments, channelization of wetlands, or to collect details such as horizontal distribution of
parameters across the river (Charlton & Mayne, 2013). Recognition of program limitations represents
more of an opportunity than a criticism.
Through the LSGBCUF, numerous studies in the Nottawasaga Valley watershed have been undertaken in
recent years identifying potential sources and transport pathways of phosphorus. These studies and
their findings are presented in the proceeding sections.

3.4.1 Modelling phosphorus

To predict future phosphorus loads in the Nottawasaga watershed following development and
undertake scenario investigations of practices to reduce phosphorus loading, the NVCA developed the
“NVCA Tool”. The NVCA Tool estimates phosphorus loading from stormwater runoff in the pre‐ and
post‐development phases of a new urban development. Furthermore, it identifies management
practices that would reduce phosphorus loads from development (HESL, 2014b). 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, 2014b) updated the export
coefficients to improve their relevance to the Nottawasaga, resulting in eight 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 five land classification types whereby the phosphorus export coefficient varied either with
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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 coefficients have also informed calibration of the existing Nottawasaga River
watershed CANWET model, which was undertaken in order to update subwatershed phosphorus loading
targets and identify subwatershed “hot spots” (Greenland International Consulting Ltd & WIDE Atlas,
2017). The calibrated watershed model of the Nottawasaga River and its tributaries represents aspects
of hydrology and water quality in 109 routed catchments. Subwatershed phosphorus loading targets
were developed to be used in guiding future planning and stewardship programming. Similarly, land use
based export coefficients were calculated to facilitate site level pre‐ to post‐development analysis of net
phosphorus load change in response to land development. Two additional features of the model
include: 1) the stream health tool and target setting approach designed to identify phosphorus load
reductions in catchments where stream health is most likely to benefit; and 2) the climate change
scenarios and output analysis which provide information suggesting how watershed hydrology and
water quality is likely to respond to changes in climate in upcoming decades.
Access to the model has been provided through an interactive, web‐based interface enabling users to
generate custom views and compare charts across simulation scenarios spatially and temporally. By
enabling users 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 Nottawasaga River watershed (Greenland International Consulting Ltd & WIDE
Atlas, 2017).
In addition to studies and modelling by the NVCA, Arhonditsis and colleagues undertook an integrative
analysis of environmental attributes and socioeconomic priorities for the geographic area spanning the
NVCA and two other conservation authorities (Grey Sauble Conservation Area and Lake Simcoe and
Region Conservation Authority) (Arhonditsis as reported in Duggan & Chambers, 2017). This integration
of watershed models can assist in the evaluation of impacts of human development on water quality
and can aid in nutrient management.
As a first step, the SPARROW (SPAtially Referenced Regressions On Watershed attributes) model was
calibrated for subwatersheds in eastern Georgian Bay and the Nottawasaga basin. This model estimates
subwatershed nutrients based on nutrient export from different land uses, land‐to‐water delivery, and
instream 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”. 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
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may control nutrient export. In the case of the latter group, the socioeconomic conditions resulting in
impairment were identified.
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 at 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. 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.
Identifying export of P relative to land use is particularly important when it comes to planning towards
nutrient management. Model outputs such as the identification of hot spots will help to make money
allocated to mitigation go further. Until management of nutrient export actually begins, these models
provide only an inventory of conditions. To guarantee future use, these models should be housed and
maintained such that they can be brought forward in the future. Moreover, it may be useful to transfer
subwatershed export values to an in-house GIS layer.

3.4.2 Intensive water quality monitoring

To improve understanding of the ecological condition of subwatersheds within the Nottawasaga basin,
and assess the contribution of point and non‐point nutrient sources, Rutledge et al. (2015) conducted
water quality sampling from June – September 2014 (low flow or base flow conditions) 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). The findings showed that water quality in
the river is generally impaired:
•
•
•

The PWQO for total phosphorus was exceeded at all but three 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 three 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 four 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 two stations as
most “degraded” (Innisfil Creek and below Jack’s Lake), followed by four 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,
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and high total ammonia‐N. Attention to instream deterioration as outlined in this project as
exceedances with respect to PWQOs will be an important use of these results. It may also be useful to
transfer subwatershed water quality observations to an in-house GIS layer.
Using these data and additional 2015 data, Rutledge and Chow-Fraser (2019) estimated total
phosphorus export from six subwatersheds in the Nottawasaga basin based on measured total
phosphorus concentrations and discharge (2014 and 2015 data), as well as relationships between total
phosphorus and precipitation. 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 percent pasture land were
the most significant variables driving spatial variability in total phosphorus loads in the Nottawasaga
watershed (Rutledge & Chow-Fraser, 2019). In addition, total phosphorus load was positively correlated
with percent wetland in the watershed, suggesting that the Minesing Wetlands are a source of nutrients
to the river. Field sampling 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 (<3 m) groundwater samples collected in the
Minesing Wetlands by ECCC researchers 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. Rutledge and Chow‐
Fraser (2019) 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.
Rutledge et al. (2015) advised that phosphorus loading from the Minesing Wetlands and from pasture
land was unacceptably high.
Innisfil Creek, located in the southeastern region of the Nottawasaga River watershed, has long suffered
from poor water quality, including high turbidity and phosphorus levels. Stream water quality changes
from unimpaired where discharges from the Simcoe upland headwaters to impaired as the creek flows
down into the Simcoe lowlands and joins the Nottawasaga River. The impacts of poor water quality
along Innisfil Creek extend downstream into the Nottawasaga River and persist all the way to Wasaga
Beach.
Building on previous research, Oswald et al. (2017) carried out a seven month temporally and spatially
intensive water quality monitoring project to more fully understand the hydrologic- and land use-related
controls on water quality in this system. Using the results of nine longitudinal synoptic water quality
surveys that spanned a range of flow levels (i.e., baseflow to stormflow), the researchers found positive
linear concentration-discharge relationships for total suspended solids (TSS), total phosphorus (TP), and
soluble reactive phosphorus (SRP), suggesting that the export of problematic sediment and excess
nutrients from this watershed are exacerbated during high flow conditions that connect critical source
areas (e.g., agricultural fields) to the stream and promote erosion of stream banks. They also assessed
the relative contributions of inorganic and organic matter to total suspended solids (TSS) along the creek
and its tributaries and found that the fraction of TSS that is particulate organic carbon is highly variable
at low flows but decreases rapidly with increasing flow. Interestingly, this was not the case for the major
agricultural drainage ditch draining the southern mid-section of the watershed where the organic
fraction of TSS increased rapidly with increasing flow. In terms of land use, Oswald et al. (2017) chose to
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examine effects of potatoes, pasture, and wetlands on water quality through multiple regression and
residual spatial analysis. The results of this modeling work showed that proportion of pastureland in the
local contributing area was negatively (albeit weakly) related to turbidity and TP under high flow
conditions. Despite low sample size, they observed some spatial structure (clustering) in the residuals.
The results of this study will help identify land use practices and natural processes that control the
inputs of inorganic and organic matter to Innisfil Creek, and will evaluate how those inputs are
assimilated as water flows from Innisfil Creek through the Nottawasaga River to southeastern Georgian
Bay. Future research in this watershed will focus on understanding the physical and hydrological
processes that are responsible for mobilizing sediment and nutrients under varying flow conditions.

3.4.3 Groundwater phosphorus

An under‐studied source of phosphorus to the Nottawasaga River is the contribution from septic
systems. Greenland International Consulting Ltd (2006) estimated that about 47 tonnes of phosphorus
enters the Nottawasaga River every year, with about 3% of this load coming from septic systems. With
improved methods now available to study septic contributions to aquatic ecosystems, ECCC researchers
undertook an evaluation of the contribution of groundwater sources of phosphorus to the Nottawasaga
River, and established baseline data on groundwater phosphorus for future parameterization of models
to further evaluate phosphorus sources (Spoelstra as reported in Duggan & Chambers, 2017).
Water samples were collected from about 60 stream sites throughout the Nottawasaga River watershed
and from ~85 domestic wells, ~120 groundwater seeps (springs), and ~35 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 results noted by another ECCC project 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 (Spoelstra as reported in Duggan & Chambers, 2017).

3.4.4 Instream attenuation of phosphorus

Work has recently been conducted in the Nottawasaga River valley on the association between
watershed topography, soil, and geology on the attenuation of instream phosphorus (Duval, 2017). The
region comprises a unique assemblage of surficial geological sediments due to the past glacial activity.
The varied geological settings give rise to diverse stream sediments across the region, which impacts the
development of transient storage in the streams. Transient storage has the capacity to sequester excess
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phosphorus from the stream. Duval’s (2017) study investigated the extent of the transient storage zone
and subsequent interaction with phosphorus cycling in seven streams across five physiographic settings
of the Nottawasaga River valley through four tracer injections in each stream. Transient storage zone
size was greatest in the Schomberg Clay Plain and along a bedrock river, and smallest in the Niagara
Escarpment and Simcoe Uplands. Travel of surface water through the transient storage zone was
greatest in Simcoe Lowlands with no statistical difference between the other sites. Phosphorus removal
from the water column in response to additions were followed the trend in the amount of water
entering the transient storage zones, with greatest uptake occurring in the Simcoe Lowland stream and
least in both the highest gradient and lowest gradient streams.
Instream attenuation of phosphorus may be important to understanding the conditions within a certain
reach of a river such as downstream of a point source of nutrients. The data shown by Duval (2017) may
be useful in this respect by contributing to ecosystem assessments. In most cases it is net export that is
the most useful metric. Stream buffering capacity is almost certainly a seasonal process with much of
the attenuation being lost during the freshet each year. As such, there is little use for these
measurements in a loading calculation. Nevertheless, they may be of use to explain water quality
conditions in specific reaches of the river at certain times and under certain conditions. This may be
useful to describe watershed or point source effects on biotic habitat within the river.

3.4.5 Effects of chloride on ecosystem health

Researchers at Ryerson University 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 project focused on watersheds in the Barrie area, most of which drain 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. The results of this study will
help to inform adaptive winter maintenance management strategies for the south-eastern Georgian Bay
watershed and identify salt vulnerable areas to be protected.

3.5 Severn Sound

Monitoring of the open waters of Severn Sound began in 1973 by the Ontario Ministry of Environment.
Five stations were regularly sampled, one in each bay of Severn Sound, and one in the open waters. In
1997, SSEA took over regular monitoring which continues today. Eleven open water stations are
sampled biweekly during the ice-free season. In addition to the eleven Severn Sound Open Water
Monitoring Program stations, SSEA monitors at three long term stations around Honey Harbour and
seven stations on Lake Couchiching (Figure 22). Water clarity is measured along with vertical profiles of
temperature, dissolved oxygen, conductivity, and pH. Water samples are taken throughout the sunlit
portion of the water column (euphotic zone) and analyzed for a number of parameters (e.g., total
phosphorus, total ammonia, total nitrate, heavy metals, ions, chlorophyll a). Phytoplankton and
zooplankton samples are also taken for counting and identification. Water samples are collected using a
depth-integrated, composite sampler deployed to the bottom of the euphotic zone (twice the Secchi
depth or 1 m off bottom, whichever is less). At locations that thermally stratify in Honey Harbour,
samples are also collected at 1 m off bottom. Beginning in 2001, low level total phosphorus analysis has
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been provided by the MECP lab in Dorset. Phytoplankton samples are collected as euphotic zone
composites and are identified to genus or species by a private contractor. Biovolume is subsequently
calculated for each taxon using standard MECP methods. Zooplankton samples are collected as vertical
tows from 1 m off bottom to the surface using a Wisconsin net with 80-µm mesh. Zooplankton samples
are identified by a private contractor, and density and biomass are measured. Data collected through
the Open Water Monitoring Program are used to provide updates on the status of Severn Sound and
specific embayments, as well as to provide background information for municipal works projects such as
upgrades to wastewater treatment plants, Environmental Assessment studies, etc. All available reports
can be found at www.severnsound.ca.
The remarkable improvement in terms of phosphorus decrease at Penetang Harbour and Severn Sound
was due to improved sewage treatment and source control of phosphorus in rural and urban runoff.
With better sewage treatment, sediment pore water ammonia returned to background levels at stations
most affected by organic material in discharges and the pollution intolerant Hexagenia mayfly
reappeared in most of the harbour (K. Sherman, SSEA, personal communication).

Figure 22. SSEA’s Open Water Monitoring Program stations (Chiandet & Sherman, 2014). Long term stations have data
going back to 1969 while periods of record for supplemental stations and Honey Harbour stations vary. The newest
station is M5, which was added in 2003.
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Lake Simcoe and Lake Couchiching are not sources of excessive phosphorus concentrations to Georgian
Bay; however, there may be sources along the Severn River before it enters Little Lake that warrant
investigation. Monitoring by different groups has yielded varying results over the years. In 2013,
biweekly sampling by SSEA determined that the outlet concentrations of Lake Couchiching over the ice
free season ranged from 6.6 to 12.0 µg/L (A. Chiandet, personal communication, 2019). Monitoring by
another group in 2011 indicated the phosphorus concentration in the Severn River averaged 12.6 µg/L
and 9.4 µg in Gloucester Pool (2005-2010 mean of 11.7 µg/L) (Wiancko, 2011). More regular monthly
tributary sampling by SSEA from 2002 to 2017 upstream of the dam at Port Severn resulted in an
average summer phosphorus concentration of 10 µg/L (A. Chiandet, SSEA, personal communication). A
project focusing on Little Lake and Gloucester Pool in 2018 indicated that concentrations in the area
vary, ranging from 7.5-13.2 µg/L with a median of 9.1 µg/L (A. Chaindet, SSEA, personal communication,
2019). The cause of variability and higher concentrations in phosphorus should be investigated.
Monitoring of water clarity (Secchi disk depth) showed a marked improvement with the invasion of
zebra mussels in the mid-1990s and improvements in sewage treatment, particularly in Penetang Bay.
Since that period, clarity has been decreasing. Cyanobacteria are present in small quantities making it
imperative that nutrient loads not be allowed to increase so as to prevent blooms (K. Sherman, SSEA,
personal communication). Monitoring of the North Bay of Honey Harbour is done bi-weekly allowing
some understanding of processes in the bay. MECP has collected data over five discontinuous years
from 1981-1995 and subsequent data has been collected by SSEA in 1998, 2003, 2005 and 2008-present.
Each year since monitoring began, hypolimnetic and metalimnetic anoxia developed by the beginning of
August in North Bay and bottom water data from 2008-2012 shows that release of sediment
phosphorus into hypolimnion water coincides with this anoxia. 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 & Sherman, 2014). The fate of this hypolimnetic
phosphorus is not fully understood; however, during 2011, 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 & Sherman, 2014). While internal loading occurs consistently
year after year, the higher mixed-water column phosphorus in the fall drops down in the spring. The
mechanism for the reduction is unknown at this time, however it is suspected that under-ice algal
growth could be playing a role in using up this excess phosphorus (A. Chiandet, SSEA, personal
communication, 2019).
Metals data from 2010-2012 show accumulation of iron and manganese in the hypolimnion as the
associated weakly bound phosphorus was released by low redox conditions. The elevated phosphorous
in the hypolimnion did not cause an increase in epilimnetic phosphorus during late summer, due to
strong thermal stratification that prevented these layers from mixing. As the bottom water became
oxygenated in the fall, some of the phosphorus and metals likely re-precipitated; however, there was
enough phosphorus dissolved in the hypolimnion to cause an increase in euphotic zone phosphorus of
about 10 µg/L on the last sampling date in 2011.
SSEA conducted surveys of the sediment, water quality, and benthic macroinvertebrate community of
the Sturgeon Bay area in support of the Township of Tay’s Environmental Assessment for the upgrade
and expansion of the Victoria Harbour Waste Water Treatment Plant (WWTP). The survey was
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conducted in conjunction with the Class EA lead by XCG Consultants Ltd. for the Township. A partnership
was also arranged with the University of Windsor and Environment Canada. The approach taken was to
survey the water and sediment quality, and the benthic community at locations similar to past surveys in
the area, as well as at other sites in the vicinity of Sturgeon Bay for comparison. The aim of the survey
was to address whether the environmental quality of Sturgeon Bay was being adversely affected by the
discharge of treated sewage effluent and whether this location would be appropriate for continued
discharge following sewage plant expansion. It was concluded that the original implementation of the
sewage plant had little or no effect on the bay other than to reduce phosphorus concentrations. The
study recommended that the outfall remain in the same location provided the established phosphorus
loading target was not exceeded.
Results from SSEA’s Open Water Monitoring Program indicated that all Severn Sound bays had shown a
decrease in the total biovolume of phytoplankton since 1973, particularly after 1994/5 when
wastewater treatment plants in Penetanguishene were upgraded and zebra mussels also became
widespread across Severn Sound. Species composition has also shifted to include proportionally less
eutrophic-indicating diatom species, but more of certain types of blue-green algae, including
Microcystis. Biovolumes of blue-green algae do not reach bloom levels in Severn Sound, however small
surface accumulations have been observed (A. Chiandet, SSEA, personal communication, 2019). During
the same time period, zooplankton diversity fluctuated but remained healthy (SSEA, 2017). Recent
analysis indicates that since 1994, total biomass in Penetang Harbour and Midland Bay has not shown
any significant trends, while biomass in Hogg Bay and at the mouth of the Severn River has increased. In
Honey Harbour, density, biomass, and taxa richness were all much lower at North and South Bay from
2009-2012 compared to earlier years. Daphnia, Bosmina (a non-daphnid cladoceran), and Tropocyclops
(a cyclopoid copepod) populations dropped over the 2009-2012 period. The cause of these reductions is
not known (Chiandet & Sherman, 2014). Analysis of zooplankton communities in Severn Sound’s
Sturgeon Bay showed that there was a shift in community composition between the period of 19881994 and 1995-2008. This was presumably driven by the arrival of dreissenids and the subsequent
change in the phytoplankton community. The herbivorous non-daphnid cladoceran group has decreased
since the arrival of dreissenids, presumably due to food competition, while calanoid copepods, whose
feeding habits range from herbivores to carnivores, have increased. In general, zooplankton taxonomic
diversity is higher in Severn Sound than the open waters of Lake Huron due to greater diversity of
habitat. A total of 45 genera of zooplankton have been documented in Severn Sound between 1987 and
2014 (A. Chiandet, SSEA, personal communication, 2018).
SSEA also conducted a study looking at various climate indicators for the Severn Sound area, including
water and air temperature, as well as timing of ice on/off. SSEA used their own datasets (e.g., biweekly
open water temperature profiles), ECCC datasets (e.g., weather station data, CIS ice charts), and others
(e.g., IceWatch data, citizen ice cover observations) to create local climate profiles for southern
Georgian Bay (Chiandet et al., 2017). Ice phenology, the timing of freeze and breakup, for Severn Sound
embayments and local inland lakes showed no statistically significant monotonic trends (based on CIS
ice charts, IceWatch data, and citizen ice cover observations) (Chiandet et al., 2017). However, trends
were nearly significant for Lake Couchiching, which had the longest data record. The time series for
these datasets ranged from 13 to 111 years, with most being less than 40 years. It is likely that the data
record is not long enough to detect trends in ice phenology. Ice cover was not considered in terms of
maximum annual ice coverage or long term average ice concentration for SSEA’s study as these data are
not available at a fine scale. The mean ice free season (May-October) surface water temperature at five
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locations in Severn Sound increased significantly (n=48 years, 1969-2017). Seasonal mean surface water
temperature has risen by an average of 2.0°C over the last 48 years, with the temperature in early
October increasing at double the rate for mean temperature. Over the same time period, air
temperature has increased by 1.9°C. Furthermore, 6 of the top 10 warmest average surface water
temperatures in Severn Sound since 1986 have occurred within the last 7 years (Chiandet et al., 2017).
An assessment of the effectiveness of best management practices (BMPs) implemented in the Severn
Sound watershed concluded that overall, the BMPs resulted in a reduction of sediment and sediment
bound phosphorus load to Severn Sound via Hogg and Sturgeon Creeks (Stang, 2011). The most widely
practiced BMP was stream fencing to exclude livestock from entering streams, combined with native
tree and shrub planting to stabilize banks. The assessment identified a need to apply other more
effective BMPs such as conservation tillage. More work seems necessary on all aspects of nutrient
control because soluble phosphorus in streams was not affected as much as particulate phosphorus (Dr.
B. Gharabaghi, University of Guelph, personal communication). Nevertheless, efforts to date have been
successful albeit with much more implementation still to be carried out. The practice of BMP
implementation seems to have ongoing research needs; no-till farming has not turned out to be the
panacea it was hoped to be decades ago in Ohio due to increasing levels of phosphorus that has
accumulated in surface soils.
Research needs have been identified by SSEA for the Severn Sound area that also likely apply to other
parts of the Georgian Bay coastline. SSEA has identified a gap in knowledge on conditions in the shallow
nearshore (i.e., <3m depth) in terms of nutrient variability, algae growth (both phytoplankton and
periphyton), and benthic invertebrates. Anecdotal evidence exists of increased productivity in this zone,
in some areas resulting in heavy growth on rocks and built structures. It is unclear whether this
periphyton production is the result of point source nutrient loading like septic or stormwater runoff and
greywater discharge, or a lack of invertebrate grazers. There are indications to suggest a combination of
the two factors. Similarly, in the water column, the growth of algae may be due to nutrients or a lack of
zooplankton grazers. Qualitative observation has shown an increase in suspended algae in the shallow
nearshore over the last 5-10 years across Severn Sound. The shallow nearshore ecosystem is complex
and sampling it adequately is outside the scope of large monitoring programs. This type of work could
be made more feasible by partnering with university researchers, local cottage associations, and citizen
scientists.

4.0 Priority research recommendations

The following represents key research recommendations for eastern and southern Georgian Bay. The list
of recommendations is not exhaustive, rather it is a focused list based on recommendations from
Charlton and Mayne (2013), Duggan and Chambers (2017), the Georgian Bay Biosphere Reserve’s (2018)
State of the Bay report, as well as other projects and research needs identified by Georgian Bay
organizations.
Sturgeon Bay (Pointe au Baril)
• Determine the significance of Sturgeon Bay’s north basin watershed as a source of elevated
phosphorus during late summer and establish a phosphorus budget.
• Investigate the cause(s) of the phosphorus concentration gradient from south to north (highest
concentrations are in Provincial Park Bay) to determine whether there is a manageable nutrient
source responsible.
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•
•

Examine the metabolism and fate of internally loaded phosphorus in terms of precipitation
reactions that may determine whether phosphorus in the bottom water precipitates with presence
of oxygen towards the end of summer.
Examine the probability of cyanobacteria blooms given the phosphorus concentrations in the spring
time and determine if blooms are dependent on hypolimnion phosphorus.

Severn Sound and Contributing Watershed
• Determine the sources of intermittently high phosphorus concentrations in the Severn River
downstream of Lake Couchiching and of Big Chute at Port Severn.
• Investigate the causes of low dissolved oxygen and high phosphorus in Little Go-Home Bay and
Baxter Lake and their relationship to the South Bay of Honey Harbour.
• Continue to evaluate water quality trends in North Bay, South Bay, and Honey Harbour and the
southern bays of Severn Sound in relation to multiple factors such as: climate variables (air
temperature, wind speed and direction, precipitation, timing of ice on/ice off), water levels, changes
in land use, septic inspection results, and changes in temperature and oxygen regimes, both
seasonally and inter-annually.
• Continue to characterize the changes in the algae community of Severn Sound pre- and postdreissenid invasion
• Continue the investigations into the relationships between the depth-specific peaks in certain types
of algae and phosphorus and micronutrient availability in North Bay and South Bay.
• Improve knowledge on conditions in the shallow nearshore (i.e., <3 m depth) in terms of nutrient
variability, algae growth (both phytoplankton and periphyton), and benthic invertebrates. Anecdotal
evidence exists of increased productivity in this zone, in some areas resulting in heavy growth on
rocks and built structures. It is unclear whether this periphyton production is the result of point
source nutrient loading or a lack of invertebrate grazers.
• Complete nutrient load modelling for tributaries that discharge to Severn Sound, while quantifying
the portion of loading for varying watershed sources.
Nottawasaga Valley Watershed and Nottawasaga Bay
• Determine conservation methods to prevent the establishment of invasive vegetation (Phragmites)
on sandy beaches and coastal wetlands.
• Research methods to reduce rapid flow events during storms.
• Investigate the contribution of tile drains to the phosphorus budget of Nottawasaga tributaries.
• Examine 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.
• Evaluate the Minesing Wetlands with respect to its role as a net source or sink of phosphorus to the
Nottawasaga River.
• Refine and validate approaches for estimating phosphorus export from Nottawasaga tributaries and
from various land use categories.
• Conduct a cross‐comparison of the approaches used to identify phosphorus hot spots in the
Nottawasaga watershed.
• Study the Nottawasaga Valley tributaries and determine opportunities to improve fish habitat.
• Determine the effects of elevated summer low-flow conditions of oxygen, turbidity, and algae on
warm and cold water fisheries to help prioritize remedial works.
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•
•
•
•

•
•
•

Measure the effects of the removal of in-stream impoundments and the construction of
sediment/nutrient trapping floodplains and riparian habitat restoration in terms of improving
phosphorus assimilative capacity.
Determine the relative contributions to Nottawasaga River summer low-flow turbidity and total
suspended solids from biological organisms (single-celled green algae) versus non-living organic
matter and inorganic particulate matter.
Document component biological organisms (e.g. green algae, diatoms, bacteria) contributing to
summer low flow turbidity in the Nottawasaga River.
Document trends in summer low flow turbidity, total suspended solids, chlorophyll a and maximum
daily stream temperatures in the vicinity of the Nicolston Dam Head Pond on the Nottawasaga River
at Highway 89. Identify dam management strategies that will improve water quality and habitat
conditions for Lake Sturgeon.
Investigate the role of deep-growing algae and macrophytes as a major source of decomposing
organic material recruiting onto the shoreline at Wasaga Beach, and confirm transport mechanism.
Evaluate feasibility of using smallmouth bass as a “sentinel” fish species providing a bio-indicator
closely linked to shoreline health.
Quantify the annual, seasonal, and event based loading of Nottawasaga River parameters of interest
(e.g. phosphorus, suspended sediment, etc.) to Georgian Bay.

All Areas
• Examine 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.
• Model and calculate the degree of water circulation and exchange at different water levels for
isolated embayments such as North Bay and Sturgeon Bay (Pointe au Baril).
• Improve 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.
• Refine and validate the Anthro‐Geomorphic Model (AGM) (Campbell & Chow-Fraser, 2018) with
additional field data from other embayments in eastern Georgian Bay.
• Address the data gap in ECCC’s meteorological monitoring network in the southern portion of
Georgian Bay. The weather station that was maintained on Beausoleil Island and had been recording
hourly data since 1994 was taken offline in 2007, leaving a gap in high resolution temperature,
humidity, wind, and pressure data. Meteorological data of this kind informs the modelling and
reporting of features (e.g., thermal stratification) and drivers (e.g., exposure, short term water level
fluctuation) that contribute to gradients in water quality in eastern Georgian Bay.
• Gather hourly tributary flow data, such as that provided by the Canadian Hydrographic Service’s
hydrometric station network, where it is lacking (majority of tributaries along eastern and northern
Georgian Bay, from Severn Sound to the French River). This information has numerous applications,
such as calculating nutrient loading from watershed sources, and fisheries and watershed
management.
• Assess seasonal phytoplankton production, especially spring bloom conditions and possible
implications for zooplankton timing and larval fish food supply at locations throughout eastern
Georgian Bay. Late summer blue-green algae blooms are also important to track in a variety of
locations in order to better understand causes of dominance in some locations and not others.
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•

•

•
•
•
•
•
•

•

Identify the drivers of recent shifts in zooplankton community structure (e.g., shift in size structure
of community, roles of Bythotrephes and Leptodora, top-down versus bottom-up mechanisms)
including a detailed examination of trophic interactions. Food preferences of the dominant Great
Lakes zooplankton need to be investigated, and whether they are able to tolerate shifting diets.
Characterize the spatial differences in benthic macroinvertebrates across eastern Georgian Bay,
including Diporeia. Programs should include under-sampled species and aquatic habitat types (e.g.,
rocky substrates and depositional areas). Monitoring would include protocols like that of the Great
Lakes National Program Office (GLNPO) and the Canadian Aquatic Biomonitoring Network (CABIN)
including nearshore and hard substrates in addition to soft substrates, to identify temporal and
spatial trends in the benthic community.
Detailed seasonal sampling of phytoplankton, zooplankton, and benthos is needed in under-sampled
areas to better characterize trophic interactions.
Coordinated studies between agencies to better characterize the linkages between the lower and
upper food web.
Improve quantification and biomass estimates for key and under-sampled components of the food
web (e.g., fish production – including round goby).
Investigate the factors controlling the distribution and structure of prey fish populations.
Address the knowledge gap for round goby biology, importance as prey,
abundance/distribution/spread.
For future monitoring of algal blooms along eastern Georgina Bay, consider partnering with Caren
Binding (ECCC) to use satellite images to track the intensity and duration of blooms in combination
with pending monitoring by Georgian Bay Forevers’ UAV in order to provide a more comprehensive
overview of bloom dynamics and a chance to link these to external (especially climate) drivers.
Obtain results from U.S. EPA, USGS, and NOAA food web study when they become available. As
noted in the executive summary, it is anticipated that this project will provide important information
about nutrient gradients and associated trophic levels, as well as inform future research on this
topic.

The aim of this report has been to build on the work of Charlton and Mayne (2013) and Duggan and
Chambers (2017) by synthesizing the most recent research and monitoring activities, summarizing
results, and identifying priority areas for future focused science and monitoring for the southern and
eastern regions of Georgian Bay. Another key task of this project updating the state of knowledge is to
develop a catalogue of existing LSGBCUF project resources and make it publically available. For more
information on Clean Up Fund projects, please explore the Research and Monitoring Database located
on the State of the Bay website (www.stateofthebay.ca). Here you can find project profiles, which
includes: project leads, monitoring details (dates, locations, parameters, frequency), resources and data
availability. In certain cases, project resources are pending and this database will be updated when they
are made available (see also, Appendix B).
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Appendix A – Fish Communities
Georgian Bay, and the Great Lakes more broadly, have undergone significant changes over the past
century. Over-harvesting, point source and non-point source pollution, introduction of invasive species,
and development are just a few of the many factors contributing to changes to the aquatic ecosystem.
Given its interconnected nature, no part of the aquatic ecosystem has been unaffected. From primary
producer to top predator, changes have been, and continue to be observed. Various Great Lakes
agencies and organizations have been monitoring aquatic populations and communities over time in
order to identify trends, inform management decisions, and highlight future research needs.
The 2013 State of the Bay reported on fish community health using the following three categories:
predators (i.e., walleye, northern pike, muskellunge, smallmouth bass, largemouth bass); panfish (i.e.,
black crappie, rock bass, pumpkinseed, yellow perch); and benthic fish (i.e., white sucker, northern
redhorse sucker, brown bullhead). This division of the fish community reflects fisheries assessment data
collected in the Severn Sound area of eastern Georgian Bay from 1975 to present, the most complete
and comprehensive nearshore fish community data set available at the time. In recognition of the
inconsistencies in the data collection methods used over time and given the lack of appropriate
benchmarks against which to assess fisheries data, data were presented in a way that provided broad
and descriptive characterizations of the fish community. Moreover, a discussion-oriented approach was
adopted to present the assessment of fish community health. It was acknowledged in the 2013 report
that the assessment presented was not capable of adequately addressing several identified issues facing
the Georgian Bay fishery including low water levels, invasive species, and the changing distribution of
nutrients between the nearshore and offshore.
Since the release of the 2013 State of the Bay report, a considerable amount of specific research in the
Great Lakes and Lake Huron has highlighted the need for a broad perspective when it comes to
understanding the health of fish communities. The need for monitoring and reporting on the state of the
aquatic ecosystem as a whole, from the lower food web through to top predators, over a larger area,
has become apparent. This need is evidenced by the Cooperative Science and Monitoring Initiative
(CSMI) priorities coming out of the November 2015 State of Lake Huron Conference and CSMI needs
identified in the Draft Lake Huron Partnership Science and Monitoring Synthesis report (LimnoTech,
2015a). Similarly, the Lake Huron Lakewide Action and Management Plan (LAMP) (ECCC & EPA, 2018)
features productivity as one of several “hot topics” in response to the notable changes in productivity
that Lake Huron has been experiencing and the consequences of those changes at all levels of the food
web.
Accordingly, the fish community health indicators used in 2013 were revised for the 2018 State of the
Bay to better reflect current science and identified monitoring and reporting needs. Seven indicators
were carefully selected to capture aquatic ecosystem health in eastern Georgian Bay – lower food web
(phytoplankton, zooplankton, benthic invertebrates), prey fish, smallmouth bass (Micropterus
dolomieu), northern pike (Esox lucius), muskellunge (Esox masquinongy), walleye (Sander vitreus), and
lake trout (Salvelinus namaycush). Indicators were selected based on their ability to shed light on
different aspects of the aquatic ecosystem. Results are reported in terms of trends across different areas
of eastern Georgian Bay, whenever possible. Detailed regional summaries and a summary of data gaps
and research needs can be found in the State of the Bay technical report, available for download at
https://www.stateofthebay.ca/library/.
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At the time the Science and Monitoring Synthesis for South-Eastern Georgian Bay (Charlton & Mayne,
2013) was written, low water levels in Georgian Bay and Lake Huron were a prominent concern.
Accordingly, the report featured a section on the connection between fisheries, wetlands, and water
levels. This section is presented in its entirety, below.
Fisheries, Wetlands and Water Levels
The capacity to measure fish populations and the condition and extent of their habitat (e.g., wetlands) is
crucial to managing aquatic habitat resources. Example programs are the end of spring trap-netting
(ESTN) program of MNRF (McIntyre, 2010; Liskauskas, 2011), young of the year fish assessments
(Speers, 2012), McMaster University’s coastal wetland monitoring and research (Midwood and ChowFraser, 2012) and the Great Lakes Coastal Wetlands Consortium (Uzarski et al. 2012).
McIntyre (2010) and Liskauskas (2011) summarized fish population data for select areas around
Georgian Bay by using a standardized test netting protocol to ensure data comparability through time
and between areas. There is much inter-annual variability in the catch per unit effort (CPUE). While
Severn Sound is the only area with significant multiyear data (1999 to 2010), there is no apparent trend
in fish abundance. This data set is important partly because it shows the scale of variability in fish
abundance data. The catch per unit effort (CPUE) varied by a factor of 2 or more for some species
between adjacent years. Pike in the Wah-Wah-Taysee area seem to be doing well despite concerns for
decreases in wetland spawning habitat due to low water levels. Smallmouth bass are doing well despite
the presence of round gobies.
Climate change was thought capable of causing an eventual loss of up to 2.5 m in water level which
would greatly exacerbate wetland loss (Midwood and Chow-Fraser, 2012). Percentage of wetland area
and wetland connectivity to Georgian Bay (Severn sound to Key River) was used as a performance
indicator during the Upper Great Lakes Water Level Study. Modeling results suggested that there is a
sharp, linear increase in habitat loss between 176 and 173 m (above sea level; Chart Datum). This
performance indicator estimated a loss of 28% of fish habitat with each metre of water decline (ChowFraser and Fracz, 2010).
A review of level scenario modeling appeared in the recent IJC report on Lake Superior regulation (IJC,
2012). The present view is that climate-induced water level changes may be negative or positive and
would likely be much less than formerly believed. Nevertheless, the concern for wetland ecology and
the effects of prolonged, near record low levels is well founded. Coastal wetlands in Georgian Bay
support critical spawning and nursery habitat for the Lake Huron fish community. They also provide
refugia or produce prey fish that help sustain larger predator fish populations (Midwood and ChowFraser 2012). Sustained low water levels and less variability in levels have changed the amount and type
emergent and submergent vegetation in wetlands and in certain areas left wetlands high and dry. The
differences in plant communities have correspondent effects on fish communities.
There is insufficient digital elevation data to accurately represent, model or forecast coastal wetland loss
due to sustained low water levels. Existing data had to be collected manually which is time consuming
and costly. Remote sensing such as Laser Imaging Detection and Ranging (LIDAR) offer a cost-effective
method to obtain elevation data for a large geographic scope. The value of this type data cannot be
overstated given its application in modeling water level scenarios, identifying wetlands resilient to
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sustained low water levels, prioritizing wetlands for provincial evaluations and putting in place
appropriate conservation and protection tools to inform municipal official plans.
The kinds of studies above are quite different but are connected. The Northern Pike population (see
below) is an interesting topic that connects fisheries, wetlands, and water levels. The ESTN protocol uses
trap nets designed for lake shores with a depth minimum of 2m and a mesh size that does not retain
small fish (McIntyre, 2010). The Midwood and Chow-Fraser (2012) study used smaller trap nets suitable
for wetlands that did retain small fish. Nevertheless, seven of the 13 most common species in the
wetland study were also represented in the lake shore studies. It is not clear which species migrate out
of the wetlands to become prey or which species migrate into the wetland to consume prey. Thus, the
relationship between wetland and lake populations is not as well elucidated as would be desirable to
understand the importance of wetlands on fish generally. Midwood and Chow-Fraser (2012), however,
compared wetland plants and fish populations in two periods 2003 to 2005 and 2009. Fewer fish species
were found in 2009 which was thought to be caused by changes in the aquatic vegetation community
assemblage within wetlands. Unfortunately, the variability between the years is unknown so the
representativeness of the few years of data may only become apparent with further sampling.
A study of muskellunge habitat showed that the spawning and nursery areas were reduced when 1981
data was compared with 2007 data for Severn Sound (Hurley, 2008). The outward migration of the
shoreline due to lower water levels reduced the amount of available fish habitat. Although this was
essentially a two year study the lack of muskellunge in 2007 is perhaps consistent with reduced
recruitment. Again, continuing this research will be useful to understanding effects of level changes.
Pike populations also seem affected by lower water levels and their effects on wetlands. Pike spawn in
shallow areas of bays which may disappear or become disconnected depending on the shoreline
morphology and water level. A population data set (Fig. 19) going back to 1982 in Severn Sound
indicates a drastic decline in Pike populations beginning in 1999 when water levels decreased (Gonder,
2003). Pike populations have remained low up to 2010 (Liskauskas, 2011).
Water quality in marshes or wetlands can be affected by land use and nutrient loading. The most diverse
marshes have the cleanest water; high nutrient concentrations can cause turbidity that limits plants (see
review in Cvetkovic et al. (2010). In an examination of the various factors that correlate with fish
populations Cvetkovic et al. (2010) found that plants are better predictors of fish than are water quality
parameters. A study of young of the year fish in Severn Sound showed that, for many species, this
crucial life stage was more abundant and more diverse in mixed submergent plant communities (Leslie
and Timmins (1994).
A large review of the literature on physical habitat structure and fish populations showed that structural
habitat complexity is beneficial for fish and management efforts to preserve habitat and prevent habitat
loss (Smokorowski and Pratt, 2007). Thus, fish need diverse aquatic plant communities and plants grow
in marshes and wetlands and shallow areas. Water level changes that threaten plants therefore
threaten fish. Other aspects of habitat such as type of substrate, fetch, and temperature are also
important in addition to the presence of macrophytes (Randall et al. 1998). Not all fish are found in
wetlands all of the time, therefore, the importance of substrate type in fish habitat and the relationship
to fish populations in the nearshore was a focus of the Randall et al. (1998) study. Rock and sediment
habitats are indeed important and these a less threatened by decreases in water levels.
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Figure 19 Abundance of northern pike (fish per net set) correlated with Georgian Bay water levels, 1982
to 2012. Dashed blue line represents average GB water level over the time period. (A. Liskauskas, MNRF,
personal communication).
Water levels affect the accessibility of wetlands and the amount of area in a wetland that is suitable for
fish habitat. The impact of lower water levels on fish habitat was modeled by Fracz and Chow-Fraser
(2013). Levels below 176 m above sea level (m asl) drastically reduce the number of wetlands and the
area available for fish. At the end of December 2012, the level was 175.51 m asl which is similar to the
all-time low in the historic data. Depending on which climate change effect scenario is chosen levels as
low as 174 m asl may occur. This would potentially cause the loss of half of the number of wetlands and
half of the total area of wetlands (Fracz and Chow-Fraser, 2013). At the same time, it is conceivable that
wetlands may fill in new shallow areas with suitable bottom substrate that were too deep for vegetation
at higher water levels; more research could be done on this possibility.
Clearly, stakeholders around Lake Huron have been affected by lower levels and the protracted period
of low levels seems unusual. Yet, solutions of increasing flow from Lake Superior and/or decreasing flow
from Lake Huron have cascading implications that would mitigate against a speedy resolution. In this
light, studies could be done to determine whether some sort of habitat reconstruction or rehabilitation
could be effected that would exploit the lower water levels as a way of maintaining more fish habitat.
Modeling to identify wetlands resilient to future water level declines should be considered and
appropriate conservation protection approaches should be designed for municipal application.
Additionally, stranded and dried wetlands previously under water should be preserved to ensure
wetland habitat availability should higher water levels return.
There are fisheries issues in Georgian Bay that may largely be caused by factors other than nutrients and
other forms of pollution or lake levels. The Moon River walleye population decreased from about 25,000
spawning fish in the late 1960s to less than 2,000 in 2005 (Eastern Georgian Bay Stewardship Council
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(EGBSC), 2007). In general, walleye populations in eastern Georgian Bay are low compared to elsewhere
in the Provincial database. In the case of the Moon River, the river water flow variations present a
natural challenge for the fish that may explain some of the large variability in recruitment as is typical
across their range. The river system has been regulated by a dam since 1938 with resultant spikes in
flow and extremely low levels which cause stranding and desiccation of fish spawn. Other factors likely
involved in the decline include the small size of the spawning area, invasive species, and angling
pressures. The EGBSC (2007) Moon River Plan called for enhanced spawning habitat, regulating flows to
prevent spawn desiccation, more regulation of the fishery, stocking and ongoing assessment. The
habitat augmentation was completed in 2008 and the net effects of this and other aspects of the plan
are under assessment but show positive results for both Walleye and Lake Sturgeon. A similar approach
was implemented on the Musquash River. These types of fish habitat restoration/rehabilitation projects
are important to the Lake Huron fishery and should be pursued elsewhere.
In the Severn Sound area, an ongoing concern is that walleye may be over exploited (Gonder, 2003).
Nevertheless, Liskauskas (2011) concluded “the fish community in Severn Sound as determined by the
2010 ESTN survey is diverse with 21 fish species represented”. Walleye and in particular smallmouth
bass are well represented in this fish community. There is ample evidence that the local walleye
populations are reproducing naturally with an exceptionally large year class produced in 2005. This
recent increase in natural recruitment and relative abundance is an improvement over the status of
Walleye populations in the late 1990s (Gonder, 2003). As well, the proportion of sport fish in the overall
fish community has met or exceeded the delisting objectives as set out in the Severn Sound RAP (SSRAP
2002). Throughout the fisheries literature the variable recruitment success of some species and the
unknown harvest of sport fishers imparts an element of variability that makes management very
difficult. Assessment of the actual populations by test netting seems to be a good way of assessing
populations and enabling adaptive management of the fisheries resources. The scientific challenge is to
sort out what causes what and how to deal with whatever the problem may be. Fish habitat and
exploitation seem to be the main issues.
Lake trout have been declining in most of Georgian Bay. The Parry Sound population, however, has been
rehabilitated through a combination of stocking and harvest control that has returned the population to
historic levels of abundance according to the Ontario Ministry of Natural Resources (OMNR, 2010). Parry
Sound is unique with its size, human population, and fish farm. An investigation of why the Lake Trout
recovery has happened only in Parry Sound would seem overdue if it has not been done already.
The aquatic food chain in Lake Huron and Georgian Bay is changing resulting in massive population
fluctuations. For example, a large decrease in alewife numbers was documented for the period 2000 to
2004 by Dunlop et al. (2010). They also noted a possible antagonistic effect of alewife on walleye. By
2011, high catches of Alewife were restricted to Blackstone Harbour but the numbers were 1/7 of those
in 2010. Round Gobies are still increasing in Georgian Bay and the exotic bloody red shrimp Hemimysis
anomala persists only in Goderich (Speers, 2011). By 2012, gobies were still increasing, Alewife was
more abundant in specific areas of Georgian Bay and the bloody red shrimp was not found in Goderich
(Speers, 2012). There is still the impression that dreissenid mussels are slowly expanding their range.
The advance of exotic species represents a real change in one direction; when the distributions are fully
developed then fluctuations in these relatively new populations can be expected as well.
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The changes in Lake Huron and Georgian Bay seem to have combined in an unforeseen manner that has
resulted in what has been termed a “rapid regime shift” (Ridgway, 2010). The large number of
references precludes a thorough review but material from Ridgway (2010), Barbiero et al. (2009),
Nalepa et al. (2009) and OMNR (2006) and Hecky et al. (2004) will be used to illustrate some of the
observations:
•

•
•
•
•
•
•
•
•
•

Cormorant nests increased from very few in 1979 to about 15,000 in 2001 after which they declined
to about 10,000. Analyses of predation by cormorants on fish and other environmental effects of
the birds were documented in OMNR (2006); The recent decline in cormorants may be an indication
of carrying capacity;
Alewife declined in all areas including those not frequented by cormorants therefore their decline
was not due to cormorants;
Alewife remain almost absent in many areas for Lake Huron;
The trophic state (productivity potential) of the Lake changed with a decrease in total phosphorus of
60% between 1996 and 2004;
Deepwater populations of quagga mussel (Dreissena bugensis) increased by a factor of 5 between
2003 and 2006;
Mussels are thought to filter nutrients from circulating water and cause a deposition in nearshore
areas. Advection of these deposits to deep sediment areas may occur;
With the advance of the dreissenids, the deepwater amphipod Diporeia the fingernail clam
Sphaeridae spp., and chironomids, all important fish food items largely disappeared between 2002
and 2004;
The important whitefish were forced to make up for the loss of Diporeia by eating dreissenids and
more zooplankton. Nutrient poor dreissenids are not a good replacement food item;
Beginning in 2003 the dominant cladoceran zooplankton virtually disappeared, cyclopoid
zooplankton declined as well, and
A botulism outbreak resulted in the death of thousands of birds and fish deaths in Georgian Bay
during 2011 (http://www.simcoe.com/news/article/900381--botulism- may-be-cause-of-dead-birdsfish).

Programs to address these changes are largely in place. These will provide the basis of learning needed
to cope in the future if, for example, climate changes cause permanent low lake levels. Similarly,
botulism outbreaks may be linked to warmer temperatures (Lafrancois et al. 2011) – documentation and
study will be important for understanding outbreak triggers. The ongoing assessment of fish stocks at all
age groups and habitat availability is needed to understand the reaction of fish resources to changes and
to allow adaptive management. Some ideas such as relaxed nutrient controls might be interesting as a
way of increasing productivity but most of the nearshore is rocky habitat ideal for growing nuisance
attached algae which thrives on small amounts of phosphorus. In addition, attached filamentous algae
growth responds to temperature and is implicated in botulism outbreaks (Jackson, 1988, Lafrancois et
al. 2011). Thus, holding nutrient concentrations low and monitoring the filamentous algae distribution
would be useful to communicate whether the situation is changing. The advance of exotic species
monitored with regular sampling would help to, explain some changes.
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Appendix B – Project Profiles
The Georgian Bay Biosphere Reserve was commissioned by Environment and Climate Change Canada to update the findings of the Lake Simcoe and South-Eastern Georgian Bay Clean Up Fund (LSGBCUF). This
table presents LSGBCUF project profiles. It should be noted that the authors/leads of some LSGBCUF projects are still working on finalizing data analysis and/or publications. In some cases, more detailed
reports or data were unavailable for this specific synthesis.
For more information on these projects, please explore the Research and Monitoring Database located on the State of the Bay website (www.stateofthebay.ca). In certain cases, project resources are pending
and this database will be updated when they are made available.
Project Title, Proponent and Lead

Location

Parameters

Water Quality Characterization Byng Inlet

Magnetawan River downstream
of Highway 69 to outlet into
Georgian Bay

•
•
•
•
•
•
•
•
•
•
•
•
•

Magnetawan First Nation
Bev Clark
Aquatic scientist
Keywords: water quality,
nutrients

2014 and 2015
1. 45.773021, -80.505983
2. 45.774552, -80.555674
3. 45.768773, -80.570094
4. 45.767636, -80.593783
5. 45.766675, -80.615417
2016
1. 45.773021, -80.505983
2. 45.771680, -80.516232
3. 45.772327, -80.527843
4. 45.772121, -80.539249
5. 45.771172, -80.554987
6. 45.768798, -80.569879
7. 45.767406, -80.590496
8. 45.767529, -80.601676
9. 45.766886, -80.616147
10. 45.767868, -80.624596

Dissolved oxygen
Oxygen/temperature profiles
Temperature
Turbidity
Alkalinity
Ammonium
Conductivity
Nitrate
pH
Total Kjeldahl nitrogen
Total phosphorus
Dissolved organic carbon
Secchi depth

Dates

Frequency

Documentation

2014-2016
• 5 sites in 2014
• 5 sites in 2015
• 10 sites in 2016

2014
• TP samples collected twice per month
between end of April and November
• General water chemistry on three occasions
– May, Sept, Oct
• Oxygen/temp profiles measured at two of
the deepest sample locations in late summer

Project report

2015
• TP samples collected twice per month (end
of April - Nov)
2016
• TP samples collected once per month (April Oct)
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Project Title, Proponent and Lead

Location

Parameters

Dates

Frequency

Documentation

Evaluating the linkage between
circulation and spatial water
quality patterns in the nearshore
of South-eastern Georgian Bay

Shawanaga River inlet, Moon
River inlet, Parry Sound

Onboard surface sampling – water
temperature, conductivity,
turbidity, and others

2015-2016

2015
• Onboard surface sampling and vertical profile
stations: June 16-25 and Sept 21 - Oct 1
• Moored stations deployed from May - Nov

Project report

Vertical profile stations –
temperature, conductivity,
turbidity, water pressure

University of Toronto Scarborough
Mathew Wells
Associate Professor
Department of Physical and
Environmental Sciences

2016
• Three thermistor strings and an upward
facing ADCP deployed in Parry Sound during
the summer stratified period

Moored stations – water current
velocities and directions,
conductivity, turbidity, dissolved
oxygen, water level, water
temperature

Keywords: water quality,
nutrients, modelling
Assessing the Critical Role of
Ferrous Iron in Cyanobacteria
Bloom Formation
York University
Lewis Molot
Professor
Faculty of Environmental Studies
Keywords: algae, water quality,
nutrients

•

•
•
•

North basin of Sturgeon Bay
(45°36’51.1236”N,
80°26’1.7052”W)
Deep Bay (45°23’41.3982”N,
80°13’25.7916”W)
Twelve Mile Bay
(45°5’0.927”N,
79°56’44.088”W)
North Bay of Honey Harbour
(44°53’7.1”N, 79°48’39.8”W)

•
•
•
•
•
•
•
•
•

Profiles of conductivity,
temperature, DO
Ammonium
Nitrate
Sulphate
Total dissolved Fe
Total dissolved P
Total nitrogen
Total phosphorus
Phytoplankton

2012 and 2014

2012
• Sturgeon, Twelve Mile, & Deep Bays sampled
bi-weekly between mid-June and early Sept

Project report

2014
• Sturgeon, North, & Deep Bays sampled biweekly between mid-June and early Oct
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Project Title, Proponent and Lead

Location

Parameters

Quantifying Water Quality
Benefits of Transient Storage in
Streams of the Nottawasaga River
Valley

Stream reaches within the
Nottawasaga River Valley
• Pretty River (2)
• Boyne River (2)
• Bear Creek (1)
• Egbert Creek (1)
• Beeton Creek (1)

•

University of Toronto Mississauga

•
•
•

Stream discharge, velocity,
slope, depth, width, mean
particle size
Conductivity
Phosphate
Soluble reactive phosphorus

Dates

Frequency

Documentation

2016

At least seven attempts to conduct a tracer test
for each stream over a one-year period
(discharges during Mar, April, Sept, Oct too high)

Project report

2014

Photos taken once between Nov 16 - Dec 2, 2014
(exception of some areas where photos were
retaken with less ice and/or snow cover)

Imagery available for download
from LIO data warehouse

7 Project reports available online

Tim Duval
Assistant Professor
Geography
Keywords: water quality,
nutrients
Shoreline Inventory to Inform
Stewardship and Management
Action for Lake Simcoe/ South‐
eastern Georgian Bay

275 km of main shoreline of
south-eastern Georgian Bay (Port
Severn to west of Collingwood)

Shoreline oblique imagery
• JPG images (4 Mb each)
• TIF images (120 Mb each)

Mapping of dynamic beach, flood
hazard limit, nearshore
bathymetry and biodiversity for
the Wasaga Beach and
Collingwood Shoreline

Wasaga Beach and Collingwood
coastal area (from Archer Road at
east end of Wasaga Beach to Long
Point Road at west end of
Collingwood, ~36km)

•

Nottawasaga Valley Conservation
Authority

Wasaga Beach (from Archer St to
71st St, ~14km)

•
•
•

Project presentation

MNRF, Aurora Office
Paul Jurjans
Regional GIS Officer
Regional Resources Information &
Analysis Unit
Keywords: mapping

•
•

Bathymetry data from 0.5m-5m
depth
Location, extent, and potential
function of macrophyte beds
Macrophyte species

2016

Transects taken once at approximately 25m
intervals in summer and autumn

Vegetation species
Vegetation communities
Vegetation community
condition

2016

Documented once between Aug 15 - Oct 19, 2016
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Project Title, Proponent and Lead

Location

Parameters

Dates

Frequency

Hendrick Amo
Manager
GIS/IT

Georgian Bay coastal areas in the
Town of Collingwood

•
•
•

Vegetation species
Vegetation communities
Coastal marsh health

2016

Documented once

•
•
•
•
•
•
•
•
•
•
•

Temperature
Conductivity
Dissolved oxygen
pH
Turbidity
Total phosphorus
Soluble reactive phosphorus
Total ammonia nitrogen
Total nitrate nitrogen
Total nitrogen
Chlorophyll-a

2012-2015

Each embayment or lake sampled on a monthly
basis from May-Sept in a single year between
2012-2015

Documentation

Keywords: mapping, wetlands
Assessing nutrient status and
distribution of algal growth along
a gradient of cottage
development in 10 sheltered
embayments of eastern Georgian
Bay
McMaster University
Pat Chow-Fraser
Professor
Faculty of Science
Keywords: nutrients, algae,
modelling, water quality

•
•
•
•
•
•
•
•
•
•
•

Blackstone Lake
(45.22278, -79.87613)
Tadenac Bay
(45.05830, -79.97540)
South Bay
(44.87635, -79.78651)
North Bay
(44.89099, -79.79197)
Cognashene Lake (44.95328, 79.98950)
Twelve Mile Bay
(45.08321, -79.94811)
Deep Bay
(45.39490, -80.22375)
Musquash Bay
(44.94828, -79.85066)
Sturgeon Bay
(45.61325, -80.43147)
Woods Bay
(45.13774, -79.98938)
Longuissa Bay
(44.96137, -79.88864)

2 Project reports available online
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Project Title, Proponent and Lead

Location

Parameters

Cyanobacterial blooms in
Georgian Bay embayments:
status, toxicity and factors
controlling their occurrence and
severity

11 embayments including South
Bay, North Bay, Twelve Mile Bay,
Sturgeon Bay, Deep Bay,
Cognashene Lake, and others

•
•
•
•
•
•
•
•

Environment and Climate Change
Canada
Arthur Zastepa
Research Scientist
Science and Technology Branch
Watershed Hydrology and
Ecology Research Division

•
•
•
•
•
•

Keywords: water quality, algae,
nutrients
Nutrients in groundwater in the
Nottawasaga River Watershed
Environment and Climate Change
Canada
John Spoelstra
Research Scientist
Science and Technology Branch
Watershed Hydrology and
Ecology Research Division
Keywords: groundwater, water
quality, nutrients, septics

Groundwater
• Nottawasaga River
Watershed – domestic wells
(~85), groundwater seeps
(~120), monitoring wells
(~35)
• Minesing Wetlands
Streams
• ~60 sites throughout the
Nottawasaga River
Watershed

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Dates

Phytoplankton
Algal toxins
Iron
Dissolved oxygen
pH
Conductivity
Fluorescence
Photosynthetically active
radiation
Total phosphorus
Total dissolved phosphorus
Dissolved inorganic nitrogen
Ammonium
NO2/NO3,
Phycocyanin

2014-2015

Anions
Cations
Soluble reactive phosphorus
Total phosphorus
Dissolved organic carbon
Alkalinity
Ammonium
Water isotopes
Artificial sweeteners
Anionic herbicides
Nitrate, perchlorate, & sulfate
isotopes
Temperature
Dissolved oxygen
pH
Conductivity

2010-2013

Frequency

Documentation
Published documents not
available at this time –
anticipated in 2019
Project webpage will be updated
as reports are made available
Data will be available on ECCC’s
open data portal – anticipated in
2019
https://open.canada.ca/en/opendata

Groundwater seeps
• Sept 2010, May 2011, June 2013
Wells
• PGMN wells – May 2013
• Nottawasaga multilevels – Aug-Dec 2010,
April 2011, June 2012, Nov 2012
• Private wells – June-July 2011

4 Project reports available online
Data will be available on ECCC’s
open data portal – anticipated in
2019
https://open.canada.ca/en/opendata

Minesing Wetlands
• Oct 2010, Nov 2013
Streams
• 20 of 60 sites sampled multiple times per
year (~190 samples total)
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Project Title, Proponent and Lead

Location

Parameters

Characterizing current and
historical oxygen dynamics in
coastal embayments of south
eastern Georgian Bay

North Bay and South Bay (Honey
Harbour), Tadenac Bay

•
•
•
•
•
•
•
•

Direct input of phosphorus from
groundwater discharge to Honey
Harbour and Tadenac Bay (control
bay): septic systems and other
sources

Cottage septic systems
• North Bay and South Bay
(Honey Harbour)
• Tadenac Bay
• Two Provincial Parks

•
•
•
•

Environment and Climate Change
Canada

Baxter River

Environment and Climate Change
Canada
David Depew
Research Scientist
Science and Technology Branch
Watershed Hydrology and
Ecology Research Division

Dates

Frequency

Documentation

Dissolved oxygen
Total phosphorus
Conductivity
Temperature
pH
Chlorophyll-a
Dissolved organic carbon
Sediment cores

2013-2015

Sediment cores
• Feb 2015 – North & South Bays
• June 2015 – Tadenac Bay

Project report

Acesulfame
Soluble reactive phosphorus
Total phosphorus
Flow measurements

2014-2016

Baxter River - continuous flow measurements and
composite TP samples every 12 hrs
• April-Nov 2014 and 2015
• Dec 2015-Feb 2016

Project report

Data will be available on ECCC’s
open data portal – anticipated in
2019
https://open.canada.ca/en/opendata

Keywords: water quality

Data will be available on ECCC’s
open data portal – anticipated in
2019
https://open.canada.ca/en/opendata

Jim Roy
Research Scientist
Science and Technology Branch
Watershed Hydrology and
Ecology Research Division
Keywords: nutrients, water
quality, septics, groundwater
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Project Title, Proponent and Lead

Location

Parameters

Groundwater discharge as a
source of phosphorus to Southern
Georgian Bay in the Wasaga
Beach area: septic systems (old
and new) and other sources

Wasaga Beach Provincial Park
• 4 comfort station septic
systems (groundwater
sampling)
• 10 sites from 67th St to 17th St
(multi-level wells, shallow
groundwater sampling)
• 2 sites east of 17th St (shallow
groundwater sampling)

•
•
•
•
•
•
•
•
•
•

•
•
•

Environment and Climate Change
Canada
Jim Roy
Research Scientist
Science and Technology Branch
Watershed Hydrology and
Ecology Research Division

Dates

Frequency

Artificial sweeteners
Soluble reactive phosphorus
Ammonium
Major cations
Major anions
Water table level
Conductivity
Temperature
pH
Dissolved oxygen

2013-2016

•
•

Meteorological data
Current meter moorings
Total phosphorus

2014-2015

•

Multi-level monitoring wells installed in 2014
Water table monitored continually from Oct
2015-Oct 2016 at one of the comfort station
septic beds
Shallow groundwater samples collected in
2014 at 10 sites, in 2015 at 4 comfort station
sites, and in 2016 at 2 sites east of 17th St

Documentation
2 Project reports available online
Additional publications
anticipated in 2019.
Project webpage will be updated
as reports are made available
Data will be available on ECCC’s
open data portal – anticipated in
2019
https://open.canada.ca/en/opendata

Keywords: nutrients, water
quality, septics, groundwater
Hydrodynamic and P mass
balance modelling: Honey
Harbour & Nottawasaga River
Plume
Environment and Climate Change
Canada
Ram Yerubandi
Research Manager
Science and Technology Branch
Watershed Hydrology and
Ecology Research Division

•
•
•

Honey Harbour – North Bay,
South Bay
Tadenac Bay
Nottawasaga Bay

Published documents not
available at this time
Project webpage will be updated
as reports are made available
Data will be available on ECCC’s
open data portal – anticipated in
2019
https://open.canada.ca/en/opendata

Keywords: nutrients, water
quality, modelling
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Project Title, Proponent and Lead

Location

Parameters

Discovery, Delineation and
Quantification of Potential
Sediment Sources Contributing to
Nutrient Enrichment and
Translocation within South‐
eastern Georgian Bay

Honey Harbour, Twelve Mile Bay,
Tadenac Bay, Sturgeon Bay

•
•
•
•
•
•

Environment and Climate Change
Canada

•

Johann (Hans) Biberhofer
Sediment Scientist
Science and Technology Branch
Watershed Hydrology and
Ecology Research Division

Dates

Dissolved oxygen and thermal
profiles
Coloured dissolved organic
matter
Chlorophyll
Temperature
Total suspended solids
Particulate organic carbon and
nitrogen
Bathymetric and substrate
surveys

2014-2016

Chloride
Nitrate
Ammonium
Total suspended solids
Total phosphorus
Soluble reactive phosphorus
Acesulfame

2014-2015

Frequency

Documentation
Published documents not
available at this time
Project webpage will be updated
as reports are made available
Data will be available on ECCC’s
open data portal – anticipated in
2019
https://open.canada.ca/en/opendata

Keywords: nutrients, water
quality
Hotspots of Phosphorous on the
Landscape: Do New and
Decommissioned Septic Systems
Contribute Phosphorous?
University of Waterloo
Will Robertson
Research Associate Professor
(retired)

Wasaga Beach Provincial Park
(67th St to 17th St)
• 10 groundwater sites
• 18 drainage ditch and stream
sites

•
•
•
•
•
•
•

Published documents not
available at this time
Project webpage will be updated
as reports are made available

Keywords: nutrients, water
quality, septics, groundwater
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Project Title, Proponent and Lead

Location

Parameters

Water quality survey of Lake
Couchiching through active
stewardship and public training

Lake Couchiching
• 8 nearshore sites
• 2 open water sites

•
•
•
•
•
•
•
•

North Bay (Honey Harbour)
• 44°53'3.75"N, 79°48'29.96"W
South Bay (Honey Harbour)
• 44°52'37.80"N,
79°47'13.11"W
Tadenac Bay
• 45°03'33.72"N,
79°58'48.52"W
Twelve Mile Bay
• 45°05'0.93"N, 79°56'44.09"W

•
•
•
•
•
•
•
•

Lakehead University
Sreekumari Kurissery
Professor
Department of Biology

Dates

Frequency

Documentation

Total nitrogen
Total phosphorus
Dissolved oxygen
pH
Temperature
Conductivity
Total suspended solids
Phytoplankton

June - Nov 2014

Samples collected on a three-week interval from
June - Nov 2014

Published documents not
available at this time

Iron
Manganese
Calcium
Silicon
Aluminium
Phosphorus
pH
O 2 and redox potential
sediment cores

2014-2015

Project webpage will be updated
as reports are made available

Keywords: nutrients, water
quality
Sediment Phosphorus Release
and Harmful Cyanobacterial
Blooms in South Eastern Georgian
Bay: Field
and diageneteic modeling study
University of Toronto –
Scarborough
Maria Dittrich
Associate Professor
Department of Physical &
Environmental Sciences

Six sampling events
• Sediment cores (7-8 cores taken each time) –
Aug 2014, Sept 2014, Feb 2015

2 Project reports available online

Keywords: nutrients, water
quality, algae, modelling
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Project Title, Proponent and Lead

Location

Parameters

Status and long‐term trends in
ecosystem health of coastal
wetlands of eastern Georgian Bay

40 wetlands along eastern shores
of Georgian Bay (Severn Sound to
French River)

•
•
•
•
•

McMaster University
Pat Chow-Fraser
Professor
Faculty of Science

•
•
•
•
•
•
•

Keywords: wetlands, water
quality, fish, nutrients
Using phosphorus and
phytoplankton dynamics to guide
best management practices in
southeast Georgian Bay
Queen’s University

Nottawasaga Bay
• 10 field sites
• 5 open water cruises
• 2 spring/fall cruises

•
•
•

Dates

Frequency

Turbidity
Conductivity
Temperature
Chlorophyll-a
Total and inorganic suspended
solids
Total phosphorus
Soluble reactive phosphorus
Total ammonia nitrogen
Total nitrate nitrogen
Total nitrogen
Fish community
Macrophyte community

2015-2016

•
•
•
•

Soluble reactive phosphorus
Soluble nonreactive
phosphorus
Phytoplankton

July - Oct 2015

Sampling mid-June - Sept each year
22 sites sampled in 2015
18 sites sampled in 2016
6 wetlands repeated in both years

Documentation

Project report
https://macsphere.mcmaster.ca

Published documents not
available at this time
Project webpage will be updated
as reports are made available

Leon Boegman
Associate Professor
Keywords: nutrients, water
quality, algae
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Project Title, Proponent and Lead

Location

Parameters

Water quality monitoring and to
assess the phosphorus along the
Sandy Bay/Georgian Bay shoreline

Sandy Bay, Henvey Inlet First
Nation
• N 5072955, E 0526352
• N 5072977, E 0525377
• N 5073238, E 0525176
• N 5073005, E 0525654
• N 5072891, E 0524792

•
•
•
•
•
•
•

Henvey Inlet First Nation
Keywords: water quality,
nutrients

•

Total and dissolved phosphorus
E. coli
Total coliforms
Dissolved oxygen
Oxidation reduction potential
pH
Temperature and oxygen
profiles
Conductivity
Secchi depth
Polycyclic aromatic
hydrocarbons
Polychlorinated biphenyl

•
•
•
•
•
•
•

Total phosphorus
E. coli
GenBac DNA copies
Caffeine
Cotinine
Carbamazepine
Acesulfame

•
•
•

Preliminary source tracking of
phosphorus and fecal pollution in
the Nottawasaga River and other
tributaries to south eastern
Georgian Bay
Environment and Climate Change
Canada
Tom Edge
Research Scientist
Science and Technology Branch
Watershed Hydrology and
Ecology Research Division

Honey Harbour and Nottawasaga
River tributaries

Dates

Frequency

Documentation

2016

August 26, 2016
• Temperature and oxygen profiles
• Secchi depth
• Water samples

Project report
Project presentation

October 12, 2016
• Same as above with the exception of Secchi
depth and temperature and oxygen profiles

Published documents not
available at this time
Project webpage will be updated
as reports are made available
Data will be available on ECCC’s
open data portal – anticipated in
2019
https://open.canada.ca/en/opendata

Keywords: water quality,
nutrients
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Project Title, Proponent and Lead

Location

Parameters

Development of Fish Community
Indicators of Water Quality for
South Eastern Georgian Bay

Severn Sound, Deep Bay,
Sturgeon Bay, Shebeshekong
River, Shawanaga River,
Magnetawan River, French River
(total 780 sites)

•

MNRF

Keywords: fish, water quality

McMaster University
Pat Chow-Fraser
Professor
Faculty of Science
Keywords: water quality,
nutrients, algae, wetlands

Frequency

Documentation

2014-2016

July 3 – August 29, 2014
• French River, Britt, Deep Bay, Severn Sound

3 Project reports available online

•
•
•
•

Relative abundance of fish
species
Fish community composition
Distribution and relative
abundance of exotic fish
Distribution and relative
abundance of exotic
invertebrate species
Total and fork length
Round weight
Aging structures
Contaminant samples

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Total phosphorus
Total nitrogen
Total nitrate nitrogen
Total ammonia nitrogen
Chloride
Colour
Total suspended solids
Total organic suspended solids
Chlorophyll-a
pH
Temperature
Conductivity
Turbidity
Dissolved oxygen
Soluble reactive phosphorus
E. coli
Periphyton AFDM

2014

•
•
•

Chris Davis
Fisheries Assessment Supervisor
Upper Great Lakes Management
Unit - Lake Huron

Land use effects on nutrient and
algae in the Middle and Lower
Nottawasaga River and the
Minesing Wetland

Dates

Nottawasaga River
• 15 stations along main
branch (between Alliston and
Wasaga Beach)
• 4 of 15 sites within the
Minesing Wetlands

June 29 – August 28, 2015
• French River, Sturgeon Bay, Shebeshekong
River, Deep Bay, Severn Sound, Shawanaga
River
June 22 – August 12, 2016
• Britt, Sturgeon Bay, Shebeshekong River,
Deep Bay, Shawanaga River
•
•
•
•

Physical and chemical variables measured
monthly June-Sept
E. coli measured once during July
Longitudinal survey completed during first
week of July
Continuous monitoring stations June - Oct,
measurements recorded every hour

2 Project reports available online
http://greatlakeswetlands.ca
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Project Title, Proponent and Lead

Location

Parameters

Mapping, Evaluating, and
Predicting Changes in Coastal
Margin Aquatic Habitat in Severn
Sound and Southeastern Georgian
Bay

Severn Sound coastline to a
distance of up to 100m from
shore, coastal areas of Penetang
Harbour

•
•
•
•

Water depth
Substrate texture
Aquatic plant distribution
Underwater imagery

Dates

Frequency

Documentation

2015-2017

2015
• Sonar data collected along sections of
shoreline on north coast of Severn Sound
• Underwater imagery taken in North Bay and
from Port Severn to Oak Bay

Published documents not
available at this time

Severn Sound Environmental
Association

Project webpage will be updated
as reports are made available

2016
• Sonar data collected along north and south
shores of Severn Sound
• Underwater imagery
• Spot ponar grab samples

Jan Ciborowski
Professor
University of Windsor
Keywords: mapping, wetlands,
fish
Evaluating the health of the
pelagic community in relation to
water quality in impacted
embayments of Georgian Bay and
Lake Simcoe
MNRF

Parry Sound, Severn Sound

•
•
•
•
•
•
•

Pelagic fish communities
Plankton communities
Temperature
Dissolved oxygen
Clarity
Depth
Substrate

2014-2016

Acoustic transects
• Parry Sound – last week of July 2014
• Severn Sound – first week of Aug 2014

Published documents not
available at this time
Project webpage will be updated
as reports are made available
Project presentation

Erin Dunlop
Research Scientist
Inland and Great Lakes Unit
Keywords: fish, algae, water
quality
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Project Title, Proponent and Lead

Location

Parameters

The fate and transport of chloride
in urbanizing catchments of the
Lake Simcoe/South-eastern
Georgian Bay watersheds

Subwatersheds in Nottawasaga
River Watershed
• Willow Creek – 6 sites
• Bear Creek

•
•

Innisfil Creek
• Water Survey of Canada
federal stream gauge
• 13 synoptic longitudinal
water quality sites

Full suite of water quality
parameters including:
• pH/ORP
• Temperature
• Conductivity
• Blue-green algae
• Chlorophyll
• fDOM
• Dissolved oxygen
• Turbidity
• Total phosphorus
• Soluble reactive phosphorus
• Dissolved and particulate
organic carbon

Chloride
Benthic macroinvertebrates

Dates

Frequency

Documentation

2015

Biweekly water sampling May-Oct

2 Project reports available online

2016-2017

Continuous water quality monitoring
• Oct 20 - Dec 14, 2016
• March 27 – Dec, 2017
• 15-minute intervals

Project report

Ryerson University
Claire Oswald
Assistant Professor
Department of Geography and
Environmental Studies
Keywords: water quality
Longitudinal assessment of water
quality during low and high flow
conditions along Innisfil Creek
Ryerson University
Claire Oswald
Assistant Professor
Department of Geography and
Environmental Studies
Keywords: water quality, algae,
nutrients

Synoptic longitudinal surveys
• Nov 2016 – Dec 2017
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