
 

Monitoring of Lake Ontario coastal wetland habitat in support of 
Adaptive Management 

 

FINAL REPORT 

 

 

 

Submitted to 

Great Lakes –St. Lawrence River Adaptive Management Committee 

March 2016 

 

 

  



2 
 

Executive Summary 
 
In the summer of 2015, 8 coastal wetlands were surveyed by the Canadian Wildlife Service - Ontario 
Region (CWS-ON) along the north shore of Lake Ontario to provide wetland vegetation data referenced 
to elevation to support the International Joint Commission’s Great Lakes-St. Lawrence River Adaptive 
Management (GLAM) Committee validate model outputs of aquatic ecosystem impacts from changes in 
water level regulation. The objectives of this project were to support field surveys conducted in 2015 and 
to support the delivery of a coastal wetland monitoring dataset containing an additional 7 years of 
monitoring data  to Committee.  

The sites surveyed in 2015 were selected to be representative of wetlands in Lake Ontario, by 
geography, hydrogeomorphic type and level of disturbance; and included the largest number of new 
wetlands surveyed (5 of 8 sites) and the largest number of wetlands sampled in the western basin (3 of 
8). To quantify disturbance, basic water quality information was collected at each wetland. Wetland 
vegetation was surveyed using an existing approach developed by CWS-ON using real-time kinematic 
(RTK) GPS that is also being implemented by colleagues in the United States.  

In general, the water quality information collected indicates that the sites surveyed vary in disturbance 
from Very Degraded (West Pond) to Good (Wesleyville, Presqu’ile Bay, Sawguin Creek and South Bay). 
Wetland water quality generally follows an east-west gradient which is consistent with many other water 
monitoring programs in Lake Ontario. The collection of vegetation data at new sites and at sites in the 
western basin will greatly increase regional representation of wetland habitat in the larger dataset. 
Sampling disturbed wetlands in the western basin may not yield results illustrating diverse plant zonation 
however; these data are reflective of conditions experienced at a significant number of wetlands in Lake 
Ontario that should be incorporated into an adaptive management approach for the entire lake.   

The utility of this approach to surveying habitat is that geospatial surfaces can be generated from the 
field-collected data.  Local Digital Elevation Models (DEM) and interpolated distributions of each 
vegetation guild at each wetland sampled in 2015 were created. Also in 2015, new a GPS correction 
technique called real-time network (RTN) surveying was tested and allowed for the rapid establishment of 
new benchmarks including temporary benchmarks within a wetland. This means that wetlands that were 
previously inaccessible due to surrounding land use or topography can be surveyed in future monitoring 
efforts. 

Moving forwards, CWS-ON sees this approach to monitoring wetland vegetation as a standard by which 
other regions in the Great Lakes could be assessed however; sustained financial support is urgently 
needed for ensuring that these data continue to be collected. This approach requires trained and 
experienced personnel in addition to specialized equipment.  The support received in 2015-16 allowed 
the program to continue baseline activity and does not reflect the entire costs associated with the 
program. 
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Background 
 
This purpose of this report is to complete Work Sheet 1-9, Monitoring of Lake Ontario coastal wetland 
habitat in support of Adaptive Management, undertaken by the Canadian Wildlife Service – Ontario 
Region (CWS-ON) under the International Watershed Initiative (IWI) for the Great Lakes Adaptive 
Management Committee.   

In the summer of 2015, 8 coastal wetlands were surveyed along the north shore of Lake Ontario to 
provide wetland vegetation data referenced to water levels to support the modelling of aquatic ecosystem 
impacts from potential changes in water level regulation. At this time, all deliverables have been 
completed and work to date has included the completion of field data collection, 2015 survey data 
processing (data entry and quality-checking), synthesis of recent data (2009-2014), and the completion of 
reporting to outline project findings. The entire dataset (2009-2015) are housed in a database developed 
and maintained by CWS-ON. The data for the 8 wetlands surveyed in 2015 were provided to the 
committee in December 2015. The remaining data collected from 2009-2014 are included with this report 
and represent the majority the entire dataset. Both the field and analysis components of the project were 
completed without incident and no corrective action were necessary during the completion of this project. 

Status of Deliverables 
 
Table 1: The status of project deliverables with corresponding timelines  

 Deliverable Delivery date Status 

1. Complete field surveys for 8 Lake Ontario wetlands sites on the 
Canadian shoreline October 2015 Complete 

2. 
Field data is input to existing databases, post-processed, 
reviewed and summary results provided to the IJC’s Great 
Lakes – St. Lawrence River Adaptive Management Committee 

December 2015 Complete 

3. 
Preparation of Executive Summary and Final Summary Report 
describing key aspects of the field approach and general 
findings 

March 2016 Complete 

4 

Support the GLAM Committee in synthesizing the field wetland 
data from 2009-2014 in a manner appropriate for comparing to 
the wetlands algorithm used in the LOSLR Study. Includes 
participation at two-day workshop 

March 2016 Complete 

Field Surveys 
 
Vegetation Surveys 
 
Vegetation monitoring followed Grabas and Rokitnicki-Wojcik (2015). CWS-ON has monitored vegetation 
using this approach at 21 wetlands from 2009-2014. In 2015, 8 wetlands were sampled (Figure 1) of 
which 5 were new sites to complement the existing database (Table 2). The sites surveyed in 2015 were 
selected to be representative of wetlands in Lake Ontario, by geography, hydrogeomorphic type and level 
of disturbance. Vegetation was monitored along 12 parallel transects at each of 20cm elevation 
increments beginning at 74.0m and ending at 76.0m referenced to the International Great Lakes Datum 
1985 (IGLD85) (Figure 2). Elevation was determined using a real-time kinematic GPS system. At each 
targeted elevation, all species were identified and percent covers estimated within a 1m x 0.5m quadrat. 
Species information was summarized into vegetation guilds present in Great Lakes coastal wetlands as 
identified in Grabas and Rokitnicki-Wojcik (2015).  Under ideal conditions, 11 quadrats are sampled along 
12 transects which equals a maximum of 132 quadrats per wetland. Most wetlands have a combination of 
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a robust shrub and tree cover at the upper elevations which interferes with GPS connectivity or a shallow 
aquatic basin that does not reach 74.0m. Therefore, most sites surveyed do not reach the maximum 
number of quadrats (Table 2), which is an indication of the morphometric, topographic and vegetative 
characteristics of the site and not related to any qualitative measures of condition. 
 
Water Quality Data 
 
Basic water quality information was collected using a multiprobe (YSI 6600 V2 or Hydrolab MS5) at each 
wetland for the following parameters: turbidity (NTU), specific conductance (μS/cm), pH and temperature 
(ºC). Measurements were collected at three stations within the aquatic portion of the marsh surveyed for 
vegetation (Figure 3). The data were screened for errors and the mean values for each of the four 
parameters are presented and were used to calculate an overall Water Quality Index score (WQI; Chow-
Fraser 2006; Table 3). The WQI is an indicator of human-induced land use alterations, and can be used 
as a means of assessing the level of disturbance for a given wetland. 
 
Water Levels 
 
The water level of the wetland was measured at the time of vegetation surveys, and at a subset of 
wetlands, data loggers were deployed to record levels at 15 minute increments. These data can be made 
available to the GLAM committee should they be requested. These data were collected as described in 
Grabas and Rokitnicki-Wojcik (2015). 
 

 
Figure 1: Location of the 8 coastal wetlands sampled for vegetation in Lake Ontario in 2015. 
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Figure 2: Presqu’ile Bay Marsh (PPP) points sampled, benchmark location and level logger locations. 
 
Table 2: Summary of coastal wetland study sites sampled in the summer of 2015. 

Wetland Name Hydrogeomorphic 
Type Date Sampled Percent of Maximum 

Stations Surveyed* 
Button Bay Marsh Open Embayment September 24 89.4 
Credit River Marshes** Drowned River Mouth September 15 72.7 
Presqu’ile Bay Marsh Protected Embayment September 21 90.2 
Rattray Marsh** Barrier Protected September 14 84.1 
Sawguin Creek Marsh** Drowned River Mouth September 22 87.9 
South Bay Marsh Open Embayment September 23 98.5 
Wesleyville Marsh** Barrier Protected September 17 67.4 
West Pond (Cootes Paradise)** Drowned River Mouth September 16 79.5 
*under ideal conditions (lack of treed canopy and sufficient depths) a maximum of 132 vegetation 
quadrats are surveyed at each wetland using this study design 
** new site in database 
 
To include a complete range of sites with respect to disturbance and hydrogeomorphology in the 2015 
surveys, Credit River Marshes were selected to provide data for an urban drowned river mouth. This 
wetland is typical of impacted urban riverine wetlands common in western Lake Ontario. This wetland has 
a natural berm or levee near the shoreline, meaning that prior to reaching upland habitat, the wetland 
rises to a peak and drops down again. The study design calls for surveying along a transect from aquatic 
habitat to upland habitat on a continuous elevation gradient and so for the purposes of this study, those 
data collected up to the peak of the berm are included in the summarized data, and those data collected 
on the back slope of the berm to the upland are included for DEM creation and potentially other 
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geospatial products. The back slope data are included as a separate site (site name and code are Credit 
River Back slope and CRX) in the data to aid with interpretation.  
 
In general, the water quality information collected indicates that the sites surveyed vary in disturbance 
from Very Degraded (West Pond) to Good (Wesleyville, Presqu’ile Bay, Sawguin Creek and South Bay). 
Wetland water quality generally follows an east-west gradient which is consistent with many other water 
monitoring programs in Lake Ontario. Button Bay Marsh in particular, was relatively windy during water 
quality sampling and is characterized by a clay-silt substrate which was re-suspended under the windy 
conditions. This is apparent in the elevated turbidity measured at the site which is not related to human 
induced disturbance at the site (Table 3).     
 
Table 3: Summary water quality data for each of the study wetlands. Mean parameter values are 

presented. The Water Quality Index (WQI) score is also shown and shaded based on the 
qualitative descriptors outlined in Chow-Fraser (2006). 

Wetland Name Turbidity (NTU) 
Specific 

Conductance 
(μS/cm) 

Temperature (ºC) pH WQI 

Rattray Marsh 4.23 1363 21.45 7.50 -0.78 
Credit River  6.90 887 16.18 8.34 -0.68 
West Pond 8.14 1008 21.98 8.35 -1.10 
Wesleyville Marsh 1.07 396 21.33 7.82 0.85 
Presqu'ile Bay 1.66 343 18.35 7.63 0.82 
Sawguin Creek 2.09 296 18.84 7.91 0.72 
South Bay Marsh 1.24 297 22.49 8.56 0.83 
Button Bay Marsh 5.42 272 21.75 9.25 -0.05 

Qualitative 
Descriptors: 

Highly 
Degraded 

Very 
Degraded 

Moderately 
Degraded Good Very good Excellent 

WQI Score Range -3 to -2 -2 to -1 -1 to 0 0 to 1 1 to 2 2 to 3 

 

Vegetation Guild Interpolation 
 
The utility of this approach to surveying habitat is that geospatial surfaces can be generated from the 
field-collected data.  Local Digital Elevation Models (DEM) and interpolated distributions of each 
vegetation guild at each wetland sampled in2015 were created. The sampling design includes identifying 
vegetation along parallel transects, and so these data can be used to estimate the distribution of each 
vegetation guild between transects and survey stations.  These data products can serve as baseline or 
verification data for modelling efforts. Presqu’ile Bay Marsh is presented here as an example with the 
remaining sites included in Appendix A. A local DEM (3D elevation surface) of the surveyed area was 
interpolated using the Topo to Raster tool in a GIS (Figure 3). Similarly, using the percent cover 
information of each guild at each sampled location, a 2D interpolation of the guild’s distribution can be 
created.  The guild interpolation can then be draped over the 3D elevation surface (DEM) to provide an 
estimated surface of the vegetation in the sampled portion of the wetland (Example in  Figure 4a-f). 
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Figure 3: Interpolated DEM of area surveyed at Presqu’ile Bay Marsh. Vegetation survey stations are 

included with the general direction of each transect.   
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Interpolated distributions of each wetland vegetation guild are presented below for a single wetland. The 
cumulative sum of the percent cover of vegetation is used for this product. It can be greater than 100% 
due to overlapping of vegetation in three dimensional space that is common in wetlands.  
 
 

a) SAV (Submerged Aquatic Vegetation) 

 
 

 
b) NPE (Non-Persistent Emergent) 

 
 

c) Typha  
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d) MM (Meadow Marsh) 

 
 

e) SHB (Shrub) 

 
 

f) UPL (Upland) 

 

Figure 4: Interpolated guild distributions (sum of percent cover) draped over the site DEM for Presqu’ile 
Bay Marsh in 2015.  
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Highlights from 2015 Sampling 
 
There were a number of highlights from the sampling completed in 2015 that are important to note for this 
project.  
 
New Wetlands Surveyed 

The distribution of coastal wetland habitat in northern Lake Ontario is heavily skewed to greater area of 
wetland in the northeastern portion of the lake, and it is not surprising that many of the wetlands surveyed 
since 2009 have occurred in this area. To provide the Committee with a complete representation of 
wetland habitat in the lake, an effort was made to sample more wetlands in western Lake Ontario. 2015 
surveys included the largest number of new wetlands surveyed (5 of 8 sites) and the largest number of 
wetlands sampled in the western basin (3 of 8 sites: West Pond, Credit River and Rattray Marsh). To 
represent the central portion of the lake, access was secured to sample a new wetland situated on private 
land (Wesleyville Marsh).  
 
Greater Representation of Wetlands 

One of the general outcomes of the larger wetland monitoring program is to document and quantify 
wetland vegetation zonation and track changes in the extent of these zones. While wetlands in better 
condition typically have more robust and diverse vegetation communities that clearly illustrate zonation, 
the effort to sample wetlands in the western portion of the lake in 2015 included wetlands in poorer 
condition that can lack defined zonation.  

Disturbed wetlands generally lack established submerged aquatic vegetation (SAV) and non-persistent 
emergent (NPE) vegetation zones due to low light penetration of the water column. These vegetation 
guilds grow either within (SAV) or through the water column (NPE). The lack of SAV and NPE at these 
sites is not entirely a reflection of water level regulation but a result of poor water quality as exhibited as 
elevated turbidity and specific conductance (table 3). These sites were specifically chosen to illustrate the 
variation in wetland habitat that exists in Lake Ontario so that these high impacted sites are included in 
wetland monitoring and subsequent modelling efforts.  

An adaptive management approach for the Lake must include wetlands with various levels of disturbance 
especially with the strong gradient in condition between the east and west basins of Lake Ontario.  This 
highlights the importance of collecting water quality data as part of ongoing monitoring efforts to provide 
data that can explain differences in vegetation such as water quality. Future modelling and model 
validation efforts may need to address wetland disturbance because it of its influence on the extent and 
condition of vegetation in wetlands. 

Another consideration for future monitoring, modelling, and validation efforts are wetlands that have 
unique morphological characteristics such berms in the Credit River Marshes. As more new wetlands are 
monitored and especially in the western basin, where remaining coastal wetlands are typically associated 
with large riverine systems, wetlands that look and behave very differently than typical embayment 
wetlands will be captured in the dataset.   

Adopting New Techniques 

From a technical standpoint, sampling in 2015 showcased a new area in GPS data collection that will 
greatly enhance how the field program operates and will provide greater efficiency in establishing 
benchmarks and sampling wetlands that were otherwise not accessible in past surveys.  
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In the last decade, advances in cellular data networks have allowed for the development of commercial 
services that can correct GPS signals in real-time by referencing to existing stations that are continuously 
monitored. This is referred to as Real-Time Network (RTN) surveying and means that surveyors are now 
able to establish high accuracy benchmarks in as little as 3 minutes, as compared to the 24 hour 
occupancy required using traditional GPS techniques. 
 
This technology was used to establish benchmarks at many new sites; reoccupy existing benchmarks for 
updating existing stations; and for sampling sites that were not accessible for surveys in past years 
because they were not suitable for establishing benchmarks using traditional techniques.  
 
Sawguin Creek Marsh for example is surrounded by forested and agricultural lands with few roads and 
locations suitable for establishing benchmarks. This wetland is of high interest for this project as it is a 
large wetland complex that has high wildlife habitat value but is only accessible by water. Establishing a 
benchmark on a suitable location such as the nearest road would likely result in poor connectivity with the 
RTK GPS base station signal which would result in inefficient data collection. In 2015, surveyors 
established a temporary benchmark in the meadow marsh habitat of the wetland and occupied that 
benchmark with the RTK GPS equipment to complete the wetland survey. The successful use of 
establishing temporary benchmarks will make wetlands that were  originally unsuitable, accessible to 
monitoring using this approach, and was used at a number of wetlands in 2015 (e.g. Figure 5).          
 

 
Figure 5: Temporary benchmark established in meadow marsh habitat in a Lake Ontario coastal wetland.  
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2009-2014 Data Export 
 
The second component of this project was to provide the Great Lakes Adaptive Management Committee 
with the entire ECCC-CWS coastal wetland monitoring dataset from surveys conducted from 2009-2014. 
This represents a tremendous amount of data collected over an additional 6 year period. This dataset is 
the only one of its kind in the Great Lakes basin that is able to provide baseline data for the environment 
for lake level regulation. To date, almost 6000 quadrats have been surveyed and over 23,000 species 
observations were recorded.  These data, with those collected on the U.S. side of Lake Ontario and the 
St. Lawrence River by the New York Natural Heritage Program (NYNHP) represent a great asset to the 
Committee in implementing an adaptive management program with field verified information.  

Data collected in 2013 did not include spatial precision values do to the internal survey style used in that 
year. Other samples lacking precision values are included in the dataset, and based on how the surveys 
are conducted; we feel that they should be retained for further use.  

Data that do not have coordinates associated with them have been included in the dataset but have been 
flagged in a table should it be decided that they be removed. These flagged samples represent <1% of 
the dataset.  

The 2009-2014 data were output in the same manner as the 2015 data supplied in December 2015: 

• Raw Data 
o raw quadrat level data 

• Summarized Data 
o crosstab summary of quadrat data by guild 
o Summarized data by guild and by target elevation 

• Sample Sizes 
o sample size by wetland for a given elevation for a given year 

• Geospatial data 
o shapefile of sampling locations 

• QA/QC 
o table of flagged quadrats (missing coordinate and elevation data but have been included 

in tables above) 

Each data table includes a metadata tab that provides a brief description of the data. 

 

Project Implications and Future Direction 
 
Moving forwards, ECCC-CWS sees this approach to monitoring wetland vegetation as a standard by 
which other regions in the Great Lakes could be assessed. In 2015, water level data loggers were 
deployed in select wetlands outside of Lake Ontario to lay the groundwork and develop the tools needed 
(benchmarks) to implement monitoring in other lakes in the Basin. Data loggers were deployed at 
wetlands in Lake Erie, the Detroit River, Lake St. Clair, and Lake Huron (eastern Georgian Bay) to initiate 
data collection in other systems. These are available to the Committee by request should it have a 
purpose for them. 
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Using RTN techniques, we are now able to establish benchmarks within existing RTN service areas 
(lower Great Lakes) for wetland monitoring purposes. Establishing benchmarks was a limitation in past 
efforts due to the time required to create each benchmark (24hr) and the cost associated with renting the 
equipment for this purpose.   
 
Now that the monitoring approach is well established, the overarching limitation is sustained financial 
support for ensuring that these data continue to be collected. This approach requires trained and 
experienced personnel in addition to specialized equipment.  The support received in 2015-16 allowed 
the program to continue baseline activity and does not reflect the entire costs associated with the 
program.  
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Appendix A – Vegetation Guild interpolations 
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Presqu’ile Provincial Park Marsh: SAV 

Presqu’ile Provincial Park Marsh: NPE 

Presqu’ile Provincial Park Marsh: TYPHA 
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Presqu’ile Provincial Park Marsh: MM 

Presqu’ile Provincial Park Marsh: SHB 

Presqu’ile Provincial Park Marsh: UPL 
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