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source and application, reSPECHIVEIY .........oouviiiiii i

Figure 29. Model output data from interpolations of sample data collected using
hydroacoustic pings in the St. Clair—Detroit River System (Midwood 2020).
Detections are measured on presence/absence and converted to a percent cover
using the statistical program R software (R Foundation for Statistical Computing,
Vienna, Austria). The model uses distance to shipping channel and water depth

as variables to predict submerged aquatic vegetation growth in the rivers. ...............

Figure 30. Sample locations for substrate sampling via RoxAnn hydroacoustics
and Ponar sediment collections between 1999-2015 in the St. Clair—Detroit River
System (Doka et al., unpublished data, Appendix A; K. Tallon, Sea Lamprey
Control Centre, Sault Ste. Marie, Ontario, personal communication, 2013; N.
Rukavina and H. Biberhofer, National Water Research Institute, Environment
Canada, Burlington, Ontario, personal communication, 2003). See Table 3 and

Figure 2 (substrate) for data sources and application, respectively. .......ccccccccevvveeenn.

Figure 31. Sample locations for substrate sampling via RoxAnn hydroacoustics
and Ponar between 1999-2015 in the St. Clair River (Doka et al., unpublished
data, Appendix A; K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie,
Ontario, personal communication, 2013; N. Rukavina and H. Biberhofer, National
Water Research Institute, Environment Canada, Burlington, Ontario, personal
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communication, 2003). See Table 3 and Figure 2 (substrate) for data sources
and application, reSPECHVELY. ..........uuiiiiii e 76

Figure 32. Sample locations for substrate sampling via RoxAnn hydroacoustics

and Ponar between 1999-2015 in Lake St. Clair (Doka et al., unpublished data,
Appendix A; K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie, Ontario,

personal communication, 2013; N. Rukavina and H. Biberhofer, National Water
Research Institute, Environment Canada, Burlington, Ontario, personal

communication, 2003). See Table 3 and Figure 2 (substrate) for data sources

and application, rESPECLIVEIY. .......uiiii e e e 77

Figure 33. Sample locations for substrate sampling via RoxAnn hydroacoustics

and Ponar between 1999-2015 in the Detroit River (Doka et al., unpublished

data, Appendix A; K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie,

Ontario, personal communication, 2013; N. Rukavina and H. Biberhofer, National

Water Research Institute, Environment Canada, Burlington, Ontario, personal
communication, 2003). See Table 3 and Figure 2 (substrate) for data sources

and application, reSPECHIVELY. ..........uuiiiiiiiii e 78

Figure 34. The percent composition of sand using three spatial interpolation
approaches in the St. Clair—Detroit River System. The left map is an interpolation
using all substrate samples (acoustic and Ponar); the centre map is an
interpolation of the Ponar grab samples only; and the right map presents a blend
of the first two maps. The latter approach used the Ponar grab sample
interpolation but points were clipped to a 250-m buffer around each sample point
and then overlaid on the interpolation of all substrate samples combined. Sand
distribution is for display purposes only. See Table 3 and Figure 2 (substrate) for
data sources and application, respectively. Sources: Doka Lab data, Appendix A;
K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie, Ontario, personal
communication, 2013; N. Rukavina and H. Biberhofer, National Water Research
Institute, Environment Canada, Burlington, Ontario, personal communication,
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Figure 35. The percent composition of sand using three spatial interpolation
approaches in the St. Clair River. The left map is an interpolation using all
substrate samples (acoustic and Ponar); the centre map is an interpolation of the
Ponar grab samples only; and the right map presents a blend of the first two
maps. The latter approach used the Ponar grab sample interpolation but points
were clipped to a 250-m buffer around each sample point which was then
overlaid on the interpolation of all substrate samples combined. Sand distribution
is for display purposes only. See Table 3 and Figure 2 (substrate) for data
sources and application, respectively. Sources: Appendix A; K. Tallon, Sea
Lamprey Control Centre, Sault Ste. Marie, Ontario, personal communication,
2013; N. Rukavina and H. Biberhofer, National Water Research Institute,
Environment Canada, Burlington, Ontario, personal communication, 2003. ................. 80

Figure 36. The percent composition of sand using three spatial interpolation
approaches in Lake St. Clair. The left map is an interpolation using all substrate
samples (acoustic and Ponar); the centre map is an interpolation of the Ponar
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grab samples only; and the right map presents a blend of the first two maps. The

latter approach used the Ponar grab sample interpolation but it was clipped to a

250-m buffer around each sample point which was then overlaid on the

interpolation of all substrate samples combined. Sand distribution is for display
purposes only. See Table 3 and Figure 2 (substrate) for data sources and

application, respectively. Sources: Appendix A; K. Tallon, Sea Lamprey Control

Centre, Sault Ste. Marie, Ontario, personal communication, 2013; N. Rukavina

and H. Biberhofer, National Water Research Institute, Environment Canada,

Burlington, Ontario, personal communication, 2003................ccceeiiiieeiieeeiiieiee e eeeeeeeanns 81

Figure 37. The percent composition of sand using three spatial interpolation
approaches in the Detroit River. The left map is an interpolation using all
substrate samples (acoustic and Ponar); the centre map is an interpolation of the
Ponar grab samples only; and the right map presents a blend of the first two
maps. The latter approach used the Ponar grab sample interpolation but points
were clipped to a 250-m buffer around each sample point which was then
overlaid on the interpolation of all substrate samples combined. Sand distribution
is for display purposes only. See Table 3 and Figure 2 (substrate) for data
sources and application, respectively. Sources: Doka Lab, Appendix A; K. Tallon,
Sea Lamprey Control Centre, Sault Ste. Marie, Ontario, personal communication,
2013; N. Rukavina and H. Biberhofer, National Water Research Institute,
Environment Canada, Burlington, Ontario, personal communication, 2003. ................. 82

Figure 38. The percent composition of sand using three spatial interpolation
approaches in the Stag Island section of the Detroit River. The left map is an
interpolation using all substrate samples (acoustic and Ponar); the centre map is
an interpolation of the Ponar grab samples only; and the right map presents a
blend of the first two maps. The latter approach used the Ponar grab sample
interpolation but points were clipped to a 250-m buffer around each sample point
which was then overlaid on the interpolation of all substrate samples combined.
Sand distribution is for the display purposes only. See Table 3 and Figure 2
(substrate) for data sources and application, respectively. Sources: Doka Lab,
Appendix A; K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie, Ontario,
personal communication, 2013 N. Rukavina and H. Biberhofer, National Water
Research Institute, Environment Canada, Burlington, Ontario, personal
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Figure 39. The percent composition of sand using three spatial interpolation
approaches in the Fighting Island section of the Detroit River. The left map is an
interpolation using all substrate samples (acoustic and Ponar); the centre map is
an interpolation of the Ponar grab samples only; and the right map presents a
blend of the first two maps. The latter approach used the Ponar grab sample
interpolation but points were clipped to a 250-m buffer around each sample point
which was then overlaid on the interpolation of all substrate samples combined.
Sand distribution is for display purposes only. See Table 3 and Figure 2
(substrate) for data sources and application, respectively. Sources: Appendix A;
K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie, Ontario, personal
communication, 2013; N. Rukavina and H. Biberhofer, National Water Research
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Institute, Environment Canada, Burlington, Ontario, personal communication,
7200 84

Figure Al. Location of survey sites in the Detroit and St. Clair Rivers. For
detailed information on survey year see Table 1.........cccccoceiiiiii i, 94

Figure A2. Location of the verification points at each site in the Detroit River

(A2a) and and the St. Clair River (A2b), and the dominant substrate type for

each point. Considerably more substrate samples were collected in the 2010

surveys relative to the 2007/2008 surveys. Regardless, sand was by far the most
common substrate type at all sites during all SUIVeYS. .......ccoooviiiiiiiiiiiiii e, 96

Figure A3. Depth determined from the hydroacoustic surveys. A3a: Detroit River
sites—Turkey Creek and Canard River were sampled in 2010; the other sites

were surveyed in 2007/2008. A3b: St. Clair River sites—Chenal Ecarte was

sampled in 2010 and Marshy Creek was sampled in both 2007/2008 and 2010,

but only the 2010 surveys in Marshy Creek are shown in this figure. All other

sites were surveyed iN 2007/2008. ..........uuuuuuuiiiiiiiiiiiii 98

Figure A4. Spatial distribution of submerged aquatic vegetation (SAV) percent

cover at: Ada) Detroit River sampling sites. Turkey Creek and Canard River were
sampled in 2010, and the other sites were surveyed in 2007/2008. Verification

points were collected at LaSalle (center panel) in 2010, but hydroacoustic

surveys were not completed within this system; and A4b) Clair River sampling

sites. Chenal Ecarte was sampled in 2010 and Marshy Creek was sampled in

both 2007/2008 and 2010, but only the 2010 surveys for Marshy Creek are

shown in this figure. All other sites were surveyed in 2007/2008. ............ccccccuveinnnnnns 100

Figure A5. Submerged aquatic vegetation (SAV) percent cover as a function of
depth range for each of the sites in the Detroit River that were surveyed in
2007/2008. ....oeeeeeeieieie et e e e e e e e ——reaa e e e e e e a it rraaaaeeaaans 101

Figure A6. Submerged aquatic vegetation (SAV) percent cover as a function of
depth range for each of the sites in the St. Clair River that were surveyed in
7200 102

Figure A7. Submerged aquatic vegetation (SAV) percent cover as a function of
depth range for each of the sites in the Detroit and St. Clair Rivers that were
SUNVEYEA 1N 2000, ..oeiiiiiiee et e e e e e e e ettt e e e e e e e e e e et e e e e e e e e e e eraa 103

Xiii



LIST OF ACRONYMS

Acronym Description

AOC Area of Concern

ASL above sea level

BUI Beneficial Use Impairment

CHS Canadian Hydrographic Service

CGVD28 Canadian Geodetic Vertical Datum of 1928

DEM digital elevation model

DFO Fisheries and Oceans Canada

EC Environment Canada (pre 2016)

ECCC Environment and Climate Change Canada

EV emergent vegetation

EPA Environmental Protection Agency (U.S.)

GDB geodatabase

GLIER Great Lakes Institute of Environmental Research (University of Windsor)
GLLFAS Great Lakes Laboratory for Fisheries and Aquatic Sciences (DFO)
HzD hazard score

HEAT Habitat / Ecosystem Assessment Tool

IGLD85 International Great Lakes Datum of 1985

1JC International Joint Commission (US, Canada)

LiDAR light detection and ranging

LIO Land Information Ontario

OMNRF Ontario Ministry of Natural Resources and Forestry (also MNR)
MTRI Michigan Tech Research Institute

NGS CUSP National Geodetic Survey Continually Updated Shoreline Product
NOAA National Oceanic and Atmospheric Administration (U.S.)
OWES Ontario Wetland Evaluation System

PEC probable effect concentration

RAP Remedial Action Plan

RMA2 Resource Management Associates two-dimensional model
SAV submerged aquatic vegetation

SCDRS St. Clair—Detroit River System

SEMCOG Southeast Michigan Council of Governments

SLCC Sea Lamprey Control Centre (DFO)

TEC threshold effect concentration

USGS United States Geological Survey

USACE United States Army Corps of Engineers

uw University of Windsor

WIFN Walpole Island First Nation
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ABSTRACT

Rémillard, C.Y.L., Dosen, J.M., Gardner Costa, J., Midwood, J.D., Leisti, K.E., and
Doka, S.E. 2021. Fish habitat geodatabase and gap analysis for two binational Areas of
Concern in the St. Clair—Detroit River System (SCDRS). Can. Tech. Rep. Fish. Aquat.
Sci. 3367: xvi + 103 p.

In this assessment, the St. Clair—Detroit River System (SCDRS: pronounced scudders)
spans from the source of the St. Clair River at Lake Huron through Lake St. Clair and
south to the outflow of the Detroit River at Lake Erie. This restricted SCDRS extent is
bordered by one American state (Michigan) and one Canadian province (Ontario) and
does not include the western basin of Lake Erie. The SCDRS historically had extensive
fish and wildlife habitat, however increased urbanization and pollutants, among other
factors, have degraded the system, resulting in the listing of four Great Lakes Areas of
Concern within the SCDRS. Extensive temporal and spatial datasets have been
collected by several agencies on both sides of the border. Fisheries and Oceans
Canada has compiled, organized, and analyzed these datasets into geospatial layers in
a geodatabase to generate maps of ecologically important features: elevation,
velocity/flow, toxicity, vegetation, and substrate. This report outlines how the data were
collected, stored, and summarized into the geodatabase. Data gaps for each layer have
been identified. This report has reconciled the data collected; merged the different
classification schemes into one spatial layer for each ecological feature assessed; and
identified methods that could be applied for any future work. We recommend
standardized data collection and classification for the different data layers in the system
moving forward. Generally, we recommend consistent, frequent, spatially-representative
sampling of features that change often or seasonally, such as vegetation, and less
frequent updates for spatial layers such as elevation.
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RESUME

Rémillard, C.Y.L., Dosen, J.M., Gardner Costa, J., Midwood, J.D., Leisti, K.E., and
Doka, S.E. 2021. Fish habitat geodatabase and gap analysis for two binational Areas of
Concern in the St. Clair—Detroit River System (SCDRS). Can. Tech. Rep. Fish. Aquat.
Sci. 3367: xvi + 103 p.

En cette évaluation, le Réseau des rivieres St. Clair et Détroit (RRSCD) s’étend de la
source de la riviere St. Clair, au lac Huron, en passant par le lac St. Clair jusqu’a
I'embouchure de la riviére Détroit, au lac Erié. En cette région rétracte, le RRSCD
touche un état américain (Michigan) et une province canadienne (Ontario) et n’est pas
inclus la basin ouest de lac Erie. Par le passé, cette région constituait un vaste habitat
pour les poissons et la faune, mais 'augmentation de I'urbanisation et des polluants,
entre autres facteurs, ont détérioré le réseau, ce qui a mené a I'établissement de quatre
secteurs préoccupants des Grands Lacs dans le RRSCD. De vastes ensembles de
données temporelles et spatiales ont été recueillies par plusieurs organismes des

deux cotés de la frontiére. Le ministere des Péches et des Océans du Canada a
compilé, organisé et analysé ces ensembles de données en couches géospatiales dans
une base de données géographiques afin de générer des cartes des caractéristiques
écologiques importantes : élévation, débit/vitesse, toxicité, végétation et substrat. Ce
rapport décrit la maniére dont les données ont été recueillies, stockées et résumées
dans la base de données géospatiales. Les lacunes dans les données de chaque
couche ont été cernées. Ce rapport met en parallele les données recueillies, fusionne
les différents systémes de classification en une couche spatiale unique pour chaque
caractéristique écologique évaluée et désigne les méthodes qui pourraient étre
appliqguées aux futurs travaux. Nous recommandons de normaliser la collecte et la
classification des données des différentes couches de données du réseau. En général,
nous recommandons un échantillonnage cohérent et représentatif dans I'espace des
caractéristiques qui changent souvent ou de fagon saisonniére, comme la végétation, et
des mises a jour moins fréquentes des couches comme l'altitude.
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INTRODUCTION

The St. Clair—Detroit River System (SCDRS, pronounced scudders; Figure 1) drains
from the inflow of the St. Clair River at Lake Huron through Lake St. Clair and the
Detroit River, south to the outflow into Lake Erie, and is hydrologically supplied by both
Lake Huron and Lake Erie drainage basins (which include Lake St. Clair). The SCDRS
has nine tertiary watersheds, ranging in size from approximately 700 km? to 31,000 km?
(LIO 2012) and the main channel has approximately 726 km of shoreline (EC 1994).
Home to or used by over 100 different fish species (D. Reddick and S. Doka,
unpublished data), the SCDRS has varied aquatic habitat that is important for fish
spawning, foraging, and juvenile growth. This document focuses on the main
waterbodies of the system and their inflowing rivers and creeks, and not the entire
drainage area.

In 1987, under the Great Lakes Water Quality Agreement (GLWQA), the International
Joint Commission (1JC) established the Areas of Concern (AOCSs) program (1JC 1987).
This program identifies “locations where environmental conditions resulting from human
activities—officially termed Beneficial Use Impairments (BUIs)—Ilocally prevent certain
uses of the lakes” (IJC 2015). If an area was recognized as having one or more of the
14 BUIs (Table 1), it was deemed an AOC and quantitative targets for improvement /
recovery of the impaired BUIs were developed through Remedial Action Plans (RAPS)
(IJC 2015). The SCDRS was identified by the I1JC as containing four AOCs, two shared
binationally between Canada and the U.S.—the St. Clair River and the Detroit River—
and two AOCs located to the west of Lake St. Clair on the U.S. side of the lake (DRCC
2018) that are not considered here. This report focuses on the two binational AOCs, the
connecting channel systems, and Lake St. Clair.

In 1986, initial monitoring of these binational AOCs was conducted, resulting in nine of
14 BUIs in the St. Clair River and 12 of 14 in the Detroit River identified as impaired,
including BUI #14, the “loss of fish and wildlife habitat” (GLWQB 1980). Since those
assessments, multiple organizations have combined their efforts to remediate the St.
Clair River and Detroit River through RAP targets. As of the 2017 reassessment, these
RAP efforts have resulted in three of the original nine BUIs in the St. Clair River and six
of the 12 BUIs in the Detroit River to be considered unimpaired, with three and one
BUI(s) in the St. Clair River and Detroit River systems, respectively, “requiring further
assessment” (Table 2). Although progress has been made, the whole system remains
influenced by multiple stressors, including contaminants in runoff and wastewater, large-
scale shoreline hardening, and urbanization as in other locations in the Great Lakes
(Wichert et al. 2004; Chu et al. 2015).

The Fish Habitat Science laboratory (herein referred to as “us,” “we,” “our,” or “Doka
Lab”) working under the Great Lakes Laboratory for Fisheries and Aquatic Sciences
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division of DFO (Fisheries and Oceans Canada) focuses on the status of fish habitat in
the Great Lakes. The geodatabase (GDB) we present in this report contains spatial data
detailing ecological features of fish habitat within the SCDRS geographical area. To
build the GDB, data from various sources, including our own field data (see Table 3 for
data sources), were compiled into a geographical information system (GIS). All of the
data collected were verified, modified, and merged to create a collection of
comprehensive layers to be used to partially assess BUI#14, the loss of fish habitat.
These layers establish a collection of maps that spatially characterize the following
ecological features in the SCDRS: elevation, water velocity/flow, toxicity, vegetation
(emergent/submerged), and substrate type/size composition (Figure 2).

In order to contribute to the BUI #14 assessment, the fish habitat spatial layers in our
GDB are to be combined and used to assess and predict habitat suitability over the life
cycle of a variety of fishes in the system, considering local ecological drivers,
development projects, and conservation and restoration goals. The layers are used in
our Habitat Ecosystem Assessment Tool (HEAT), which outputs fish habitat suitability
and supply for the identified local or target species over three life stages, considering
their guilds (e.g., thermal or feeding guilds) and their predominant associations with a
variety of habitat features, such as water depths and types of aquatic vegetation and
substrate. For more background and usages of HEAT, refer to Tymoshuk et al (2017)
and DFO (2019). HEAT can be applied to the SCDRS now that the main habitat
features or layers have been completed and documented here.

In this report we: summarize the spatial data and ecological features used in the GDB to
inform fish habitat assessments in the SCDRS; document the protocols established to
develop or update georeferenced layers; and identify data gaps within the layers, along
with recommendations to improve the GDB in the future. The focus is on fish use of
these habitat features and not assessing aquatic mammals, birds, herptiles, or mussels,
although others could use this information to do so.

SPATIAL FRAMEWORK FOR A FISH HABITAT GEODATABASE

Creating a GDB framework for fish habitat data provides the capacity to store,
assimilate, and analyze data gathered from multiple sources. The SCDRS GDB was
modelled after the Hamilton Harbour AOC spatial framework (Doolittle et al. 2010), and
we consider the following components necessary to build a spatial GDB:

Data organization (how data is collected and compiled by the developer/partners)
Data use (by those who receive the data’/how it can be used by others)

Data gaps (presence/absence of data in AOCs)

Data integration and standardization (creating a platform for all AOCs and
beyond)

Data sharing (providing a system that is easy to access, share, or retrieve data).

AN NI NN
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Our SCDRS GDB stores all relevant geographic, ecological, and spatial information
related to the St. Clair River and Detroit River AOCs and Lake St. Clair fish habitat
assessment (note: western Lake Erie is not included) (for data sources and application
in layers, see Table 3 and Figure 2, respectively). The GDB incorporates: shapefiles
containing point, line, and polygon data; tables containing attributes used for mapping
and extracting detailed information such as coordinates; and raster images, which can
be integrated with multi-platform data (ESRI 2018a). Creating a GDB provides the ability
to make changes ‘on-the-fly'—allowing for easier updating and the flexibility to manage
different data formats—and improves file compression and information management to
enable users to transfer data between programs or other users with ease (ESRI 2018a).

There are three stages to producing a fish habitat GDB: 1) understanding the type of
information that has been collected; 2) organizing and displaying the information
spatially, including updating or developing metadata; and 3) analyzing or testing the
outcomes (Doolittle et al. 2010).

In the first stage, comprehending the data types and collection methods is essential.
Often, multiple types of similar data are collected, leaving the developer to understand
how the data is organized and spatially referenced, as well as what is needed to create
the final output, which is typically either a shapefile or a raster file (ESRI 2018a). Each
shapefile layer consists of four main files: .dbf, which contains the tabular data; .prj, the
geographic projection of the layer; .shp the type of shapefile (point, line, or polygon);
and .shx, which contains the spatial information of the layer. All file types are created at
the time of layer development in geoprocessing software (ESRI 2018b, ESRI 2018c).
Raster data are also commonly represented as three outputs: 1) as a dataset, which
has a predefined output such as bands and columns; 2) as a product that specifies the
ways data were collected; and 3) as a type, which enables raster data to be added from
other rasters (ESRI 2016a). Spatial files are stored together and accessed as a single
unit to display in the appropriate format while stored in a GDB.

Stage two in GDB development involves creating a system that optimizes data input,
management, and layer creation. This system defines haming conventions, data
storage locations, and projection and is stored as metadata. Quality assurance and
quality control of data also occur at this stage. Therefore, extensive knowledge of data
and data collection methods, data use, and system management is needed. The final
spatial layers can be displayed such that potential data gaps can be identified and thus
help define the final stage of GDB development (Doolittle et al. 2010).

In the final stage, gap analyses are performed to determine what data and/or areas
need to be updated or corrected and which areas, if any, require more attention. Such
analyses are necessary and may need to be repeated to identify missing information for
producing reliable scientific assessments. The spatial framework that was developed
specifically for the SCDRS is described in this report and includes a description of data
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collection and map development methods, and also identifies data gaps for the SCDRS
spatial information as of 2017.

DATA AND SITE DESCRIPTIONS

Fish habitat and water quality data in the SCDRS were collected by the authors
(sometimes in partnership, including with Walpole Island First Nation), multiple federal,
provincial, and municipal agencies, academia, and other Canadian/U.S. environmental
organizations (Table 2). We compiled and organized the data, which were provided in
multiple formats, including bathymetric, light detection and ranging (LIDAR) and multi-
beam backscatter classified outputs, sediment toxicity point samples, and hydroacoustic
sampling, among others (Appendix A). Processed field data were compiled using
Microsoft Excel (Microsoft Corporation 2016), R software (R Foundation for Statistical
Computing, Vienna, Austria), as well as ESRI’s ArcGIS 10.4.1 (ESRI 2018b), ESRI’s
ArcGIS 10.7.1 (ESRI 2018c) and ESRI's ArcGIS Pro 2.4.2 (ESRI 2019a). The final base
maps and spatial layers represent three locations within the SCDRS: the St. Clair River,
the Detroit River, and Lake St. Clair (Figure 1). Although data were collected for both
sides of the border, primarily data from Canadian sources were used to interpret gaps, if
present.

ST. CLAIR RIVER

The St. Clair River has a maximum depth of 21 m in the shipping channel, measures
between 0.5 to 1.5 km in width at datum, and is roughly 64 km in length from its source
at Lake Huron downstream to where it splits into a delta system—including the North
and South Channels—that drains into Lake St. Clair. The North Channel is on the U.S.
side of the St. Clair River delta and is close to Harsens Island, a wetland comprising
important fish and wildlife habitat (DNRM 2017). The Canadian side is defined by the
international border through the centre of the main river and South Channel. Located
east of the river and South Channel is the Walpole Island First Nation (WIFN; unceded
territory), which has many wetlands for fish and wildlife habitat with many dykes and
berms, somewhat typical of other wetland areas in the system (J. Gardner Costa, S.M.
Larocque, D. Reddick, M. Croft-White, E. Budgell, C. Jacobs, S.E. Doka, J.D. Midwood,
unpublished data). The main St. Clair River channel is used by large shipping freighters
and pleasure craft (Appendix A), and has multiple land uses on either shore and on the
many islands in the system (e.g., urban, agricultural, industrial). Much of the system has
been channelized with vertical seawalls. Many people, fishes, and wildlife are directly or
indirectly affected by the human-influenced land and water uses occurring here
(GLWQB 1980; DNRM 2017).



LAKE ST. CLAIR

Although not an AOC itself, Lake St. Clair connects the St. Clair River and Detroit River
AOCs. The lake is approximately 1,100 km? in area with a maximum depth of 8.2 min
the dredged shipping channel, and an average depth of 3.4 m. The Canada-U.S. border
separates the lake on a southwest angle from the shipping channel of the St. Clair River
to Lake St. Clair’s confluence at the Detroit River inflow. In Lake St. Clair, the
distribution of spatial samples collected and compiled for layers is not as dense as in
either river. However, since the St. Clair River and Detroit River AOCs are
hydrologically connected through Lake St. Clair, environmental factors at one location in
the system may affect fish and wildlife habitat in areas downstream. Therefore, Lake St.
Clair is included in the analysis of the SCDRS as a whole for a more complete and
binational spatial perspective.

DETROIT RIVER

The Detroit River measures 52 km in length with a maximum depth of 15 m and is on
average 2.6 km in width (EC 1994; USACE 2019). This connecting channel extends
from its source at Lake St. Clair to its mouth at Lake Erie. Like the St. Clair River, the
Detroit River is also a major shipping route that has routine dredging (Appendix A).

Although both rivers’ characteristics have been captured through many spatial data
sources, the Detroit River is more data-rich than the St. Clair River, especially for
elevation, flow/velocity, and toxicity data.

ECOLOGICAL FEATURES

The SCDRS is comprised of many ecologically important areas for fish, including the St.
Clair River delta, as well as multiple islands and many coastal wetlands located within
the Detroit and St. Clair rivers and Lake St. Clair. Here we present information for the
ecological features used in our fish habitat assessment of the corridor.

ELEVATION

Elevation typically describes the height of a feature relative to mean sea level. Elevation
information is necessary when describing topography and sea or lake levels, and can
be especially critical in defining watersheds. Land and seabed elevations and
bathymetric data (water depth) are used with water level elevations to predict the
distribution of wetted area and create a baseline that defines the extent of aquatic
habitats. Elevations are important because water depth interacts with many other
habitat variables (e.g., velocity/flow, vegetation, substrate) to influence overall habitat
suitability (NOAA 2017). Often, bare-earth elevations are used to create digital elevation
models (DEMs; ESRI 2020), which interpolate elevation data over evenly spaced grid
cells or lattices using GIS or similar software.
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To create a DEM, elevation values must be referenced using a standardized vertical
datum. A vertical datum is a reference point from which to report elevations or to
standardize bathymetry (NOAA 2018). Historically, mean sea level was most commonly
used as the zero elevation reference point (Mahoney 2008). However, as technology
developed, more accurate local datums were derived and now there are multiple
universal datums used. The U.S. typically applies the North American Vertical Datum of
1988 (NAVD88; NRCAN 2016) as their standard reference frame, while Canada uses
the International Great Lakes Datum of 1985 (IGLD85; NRCAN 2019) or the Canadian
Geodetic Vertical Datum of 1928 (CGVD28; NRCAN 2019). The SCDRS is a unique
region as it is not only binational, but geographically it also covers multiple local, vertical
datums, (NOAA 2018), herein referred to as “vertical step planes.” These are
particularly important for greater accuracy in adjusting water levels and calculating
flooding in DEMs.

To create a DEM that covered the entire geographical area of the SCDRS, LIDAR and
bathymetry data spanning several years were collected from several sources. Multiple
steps were required to merge all of the LIDAR and bathymetry data and produce a
seamless final DEM layer (for data sources and application in the DEM layer, see Table
3 and Figure 2 [digital elevation model]).

First, we needed to piece together all of the datasets and ensure no overlap between
the LIDAR and bathymetry data were present; in our past experience, this has
introduced errors because each dataset extrapolates their respective data differently.
Therefore, we created two extents of the system using a shoreline shapefile (NOAA and
NGS 2019). The shoreline shapefile was converted to a polygon layer (ESRI 2016b)
and used to represent the aquatic extent of the system. The same shoreline layer was
then buffered using a 1-km buffer distance (ESRI 2016c) as the upland boundary of the
extent, excluding the wetted areas. We clipped the LIDAR datasets to the upland
boundary layer so that it covered only the land portion. Likewise, the bathymetry
datasets were clipped to the aquatic layer to ensure no overlap with the LIDAR data.

Next, it was important to ensure all datasets referenced the same vertical datum. We
used IGLD85 as our standard because the SCDRS is connected to two North American
Great Lakes and the IGLD85 is a common standard in Canada. Also, the DEM will be
used to inform Canadian and First Nations decision makers on how to manage and
restore aquatic habitat in the system, but is easily convertible for U.S. partners. LIDAR
data collected from United States Geological Survey (USGS) and Land Information
Ontario (LIO) were referenced to other datums (NAVD88 and CGVD28, respectively)
and therefore were adjusted to reference IGLD85 instead. We used selected
benchmark locations on the U.S. and Canadian sides of Lake Erie, where elevations
were collected using multiple vertical reference datums (Zhou 2005). The difference
between NAVD88 and IGLDS85, as well as CGVD28 and IGLD85, were averaged and
used as our adjustment factor. The USGS LiDAR data were standardized by subtracting
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0.06 m from all NAVDS88 elevation data. The LIO LIDAR data were standardized by
subtracting 0.102 m from all CGVD28. The bathymetry datasets we received from the
USGS, National Oceanic and Atmospheric Administration (NOAA), and United States
Army Corps of Engineers (USACE), were already referenced to IGLD85. We then
projected all of the datasets to the North American Datum of 1983 (NAD83) Universal
Transverse Mercator Zone 17N coordinate system (NRCAN 2016).

Subsequently, we converted the bathymetry, or water depth data, into elevations using
the vertical step plane datums. To do this, we used a polygon shapefile of the vertical
step planes developed by NOAA specifically for the area (ECCC, Environment and
Climate Change Canada, Burlington, Ontario, personal communication, 2012; NOAA,
National Oceanographic and Atmospheric Administration, Germantown, Maryland,
2012, personal communication, 2012; USACE, United States Army Corps of Engineers,
Detroit, Michigan, personal communication, 2012; Figure 3). The polygon shapefile
contained the range of vertical datums from Lake Huron (176.0 m ASL) to Lake Erie
(173.3 m ASL), divided into 30-cm increments. Using the raster calculator tool in ArcGIS
10.7.1 (ESRI 2016d), we converted the bathymetric depth values (always provided at
low water datum) to lake-floor elevations, where elevation at bottom was computed as
elevation = water depth + vertical step plane datum. (Note: water depth is measured as
a negative number from O at datum).

Elevation data were sparse in some areas of the SCDRS, such as the southern St. Clair
River where distributary channels form the delta. In this region, one DFO field dataset
was used in part to produce the DEM (see Appendix A for details) for Lake St. Clair. We
collected bathymetry data while sampling for aquatic vegetation using hydroacoustics
during two field seasons in 2015 and 2017. The resolution of the sample data were
guite coarse with distances of up to 100 m between transects. As well, some areas such
as Goose Lake were registering returns of 0-m depth. To account for the large space
between the transects and inaccurate data samples, we removed samples with 0-m
depths. When this data were corrected and merged with other layers, it appeared
distorted. Thus, we decided to interpolate the field points to create a finer resolution
raster layer first, before merging with other elevation layers. We performed a natural
neighbour analysis (ESRI 2016e) and created a 10 x 10-m bathymetry raster that filled
the gaps and smoothed the transition between samples, similar to the resolution of
other data sources. This method filled the gaps between the 100-m samples and
created a more seamless bathymetry layer. However, there are areas that—due to the
relatively large resolution of the interpolated raster layer (10 x 10-m grid)—have been
exaggerated and may not accurately represent the finer bathymetric / elevation sources,
such as with CHS (Canadian Hydrographic Service)/NOAA and LIO LIiDAR information
(Table 4), especially along the shoreline.

The wetlands and island area of the delta presented particular challenges for obtaining
sufficient bare-earth elevation data. Therefore, multiple sources were required and more
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steps were taken to ensure accuracy in this lowland area. For the WIFN area only, we
used the upland extent to extract relevant data points from the elevation datasets and
point cloud data in the area. LIO-processed, point-cloud data were classified using
LiDAR returns; the data were provided as landscape tiles, which are easier for data
management (i.e., file sizes are very large). We extracted the point data using the “LAS
to dataset” tool (ESRI 2019b), then evaluated the points by their numerical return class
(ESRI 2019c). For example, a classification value of “2” signified a ground response,
and “5” represented a high-vegetation return. Values classified as “ground” were
selected and processed using a point to raster method (ESRI 2019c).

The resulting raster showed that interpolations along the shoreline of wetlands in the
area typically exceeded ground elevations for the entire area, suggesting the presence
of dense vegetation and not bare earth; this is likely influenced by the invasive species
Phragmites australis, which grows in dense stands. The vegetation elevations were
then compared with imagery from the Southwestern Ontario Orthophotography Project
(LIO 2015)—a 50-cm high-resolution satellite imagery collection—and with Google
Earth (2016) Landsat data, and analyzed using a normalized difference vegetation
index (ESRI 2019d) for validation of vegetation presence. Using this method, we
determined that elevations of ~180 m ASL were associated with dense-vegetation
reflections and not geological or human structures in the St. Clair River delta.

To support our theory of vegetation interference in LIDAR returns in the area, we
compared the emergent vegetation dataset from the Michigan Tech Research Institute
(MTRI; Bourgeau-Chavez et al. 2015) for confirmation. The MTRI product has recent
Phragmites australis spp. distributions; the coverage confirmed dense vegetation in the
WIFN area, likely affecting elevation values requiring correction to bare-earth elevations
(although, in likely flooded wetland areas). These erroneous high elevation values were
removed from the point cloud layer before interpolation between elevation points, with
higher confidence of being bare-earth measurements.

Once all elevation datasets had been corrected to the same vertical datum and
projection, and error checked, we converted them to point layers using the “point to
raster” tool (ESRI 2019e). Lastly, we input all of the point layers into the “topo to raster”
tool (ESRI 2018d) in ESRI ArcGIS Pro for final digital elevation modelling (ESRI 2018c).
Our final 10 x 10-m resolution DEM raster is used as a model for continuous land and
sea elevations and produces a more accurate bathymetry in coastal areas.

Data gaps

In the early stages of developing the SCDRS GDB, we created a DEM at a 30 x 30-m

resolution. At this coarse resolution, some wetland and shoreline areas were distorted,
leading to unrealistic anomalies during water level modelling. To improve the elevation
model, we determined which spatial anomalies required further investigation, gathered



more recent data, and updated all spatial layers. Although the final output is
geographically more precise, additional surveys would improve the model at a smaller
grid size, with more detailed bathymetric data in data-sparse or older point locations
such the St. Clair River delta and surrounding wetlands.

To account for the continuous spread of Phragmites spp. in wetlands, ground-truthed
elevation data should be collected more frequently and matched with remote sensing
imagery for correction. With densities of up to 200 stems per square metre (GLANSIS
2016; Wynia 2019), this tall vegetation can be impenetrable to LIDAR, resulting in
responses classified as high elevation values (Lantz 2012) which are not bare-earth. To
correct for this error, several methods were used to correct the elevations, especially in
the St. Clair River delta. We recognize the correction factor we used may not apply to all
wetlands in the system. Therefore, for greater accuracy in aquatic habitat mapping,
especially when creating a DEM for a wetland of such large geographical size, and
abundant natural littoral zone, we recommend a strategic approach with regular ground-
truthing.

Also, inconsistencies were found in the City of Grosse Pointe Park, Michigan. In this
particular area only one elevation dataset was available, at a 90 x 90-m grid resolution.
Interpolated values in this urban area were higher than the surrounding terrain. Using
Google Earth (2016) and re-analyzing the original raster, there was no explanation
(including invasive vegetation) for the heightened elevation found in this area, although
it could be from uncorrected structures in the area. Large trees were present but not
considered further as a source of error because of their small canopy size. For a more
accurate DEM of this location, we recommend using more precise and recent data
surveyed from Grosse Pointe Park, Michigan.

When the resolution was coarse or when data were sparse in the channel, it resulted in
distorted and uneven raster layers. We used a natural neighbour (ESRI 2016€e) analysis
to fill the gaps and smooth the elevation data. Although this method did help with the
final output, it may not be an accurate representation of the distributary channel depths
throughout the delta. It would be beneficial to process the DEM again with multiple new
sources of bathymetry data to ensure accuracy and precision in future.

The final DEM is a 10 x 10-m grid. This grid size is another contributing factor in the
precision of the elevation layer in the SCDRS GDB. At this resolution, many of the
features may be over- or under-represented locally, such as vertical sea walls.
However, the underlying data were not collected at a 10-m resolution and has been
interpolated to create uniformity across attributes. In particular, shoreline attributes,
coarse-grain substrates types (e.g., shoals), and small submerged aquatic vegetation
patches may be lost at the 10-m resolution, were not detected by survey equipment, or
cannot be predicted by generic models. Due to the system’s size, the underlying
resolution and accuracy of the base spatial data, and the computational power required
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to process data at higher resolution, we believe that a 10-m grid is the most reasonable
representation of the system for habitat modelling purposes, currently. As such, no layer
should be used for flood mapping (except crudely) or navigational purposes.

Many features would be better represented at a finer scale, but there is also the
resolution of fish usage of habitat features which must be considered. We recommend
that the next iteration of the DEM be at a finer resolution (i.e., 5 x 5 m) to minimize
spatial exaggeration or interpolation errors, or that another spatial method be used to
represent discreet features (e.g., polygons to represent edge features better, if that is
desired). We also recommend more ground-truthing and sampling in the coastal areas
(especially by seawalls), deltas, island areas, and surrounding channels for better
elevation accuracy in these important fish habitat areas. Also, increased knowledge of
the height, density, and distribution of dense plant species in these areas, in addition to
proper land / topographic surveys, will help improve the accuracy of the DEM and allow
for higher-resolution habitat modelling and restoration project planning, among many
other uses. For example, elevation data in both rivers was more extensive than in Lake
St. Clair for navigational reasons; and the area had the oldest (1948) bathymetric data
(Table 3) that may have changed significantly given development and land use
pressures as well as natural erosion and depositional processes.

VELOCITY AND FLOW DIRECTION

Water velocity is an important ecological factor and is defined as the distance water
moves over time, and is often expressed in meters per second (m/s). River velocities
can affect plant and wildlife distributions, organic and sediment distributions, fish habitat
usage, and lake and river shorelines (through erosion and deposition) (Green 2003;
Ford et al. 2008; USGS 2019). The direction of water flow, as distributional gradients, is
also important to know in ecological systems, streams and rivers in particular. Both can
help predict how sediments move and where sedimentation may occur, and how
animals and nutrients are distributed. Often, water flowing from the surrounding
watershed brings excess nutrients and pollutants, depending on land cover. Knowing
the directionality of flow can help predict where patrticles will move and what habitats
may be affected. And, fish have been shown to avoid certain flows and velocities (Trigal
and Degerman 2015).

Flow direction and average velocity in the SCDRS was modelled using an Resource
Management Associates, two-dimensional hydrodynamic model (RMA2, ECCC 2019)
as a joint project between USACE and USGS (Holtschlag and Koschik 2002). Using
water depth, this two-dimensional model was used by Environment Canada (2008) to
compute water flow direction, and depth-averaged velocities at a total of 42,936 nodes
in the SCDRS, with the St. Clair River and Detroit River data computed at a 5-second
timestep. In particular, the velocity data were modelled using specified boundary
conditions for water (EC 2008). Inputs included the average monthly outflow from Lake
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Huron (5,200 m3/s) from 1918 to 2010. A downstream water-level boundary condition
was the average water level for Lake Erie from 1918 to 2010, equal to 174.14 m (EC
2008). The model’s primary calibration parameters were roughness values, established
from water level observations, and measurements of instream velocity using acoustic
Doppler current profiler data from 1999 to 2001 (Holtschlag and Koschik 2002). The
RMA2 model operated under the hydrostatic assumption that accelerations in the
vertical direction were unimportant.

The model output was provided as a points layer for the SCDRS extent (Figure 5; for
data sources and application of this layer, see Table 3 and Figure 2 [velocity/water
direction], respectively). Approximately 71.5% of the samples from the RMA2 model
flowed in a southwest direction at an angle of 225°, and the average velocity for the
system was calculated as 0.425 m/s. We used a minimum curvature spline technique
(ESRI 2016f) in ArcGIS 10.4.1 (ESRI 2018b) to interpolate the velocities to our SCDRS
boundary extent at a 10 x 10-m resolution. Additionally, we created a flow direction
layer, simply by symbolizing the angle degree assigned to each point as an variably
sized arrow. We reduced the number of arrows for better visualization; the water
direction arrows were overlain on the velocity layer (Figures 5-7).

Data gaps

Velocities were based on the long-term average water level of 174.14 m for Lake Erie,
and the long-term average outflow of 5,200 m?/s from Lake Huron (Holtschlag and
Koschik 2002). In reality, velocity is dynamic and changes not only seasonally, but daily
(NOAA 2019a). Therefore, to accurately predict the impact that changing flows, velocity,
and water levels have on the ecosystem, it is recommended that seasonal and temporal
variations be modelled daily or seasonally to predict range and variability. Changing
water levels of recent years or for decadal periods would increase accuracy or allow for
trend calculations. Flow specificity would enable detailed modelling of interannual
sediment (Mackey et al. 2006) and vegetation dynamics, which are two habitat variables
that can provide feedback on velocity and flow redistributions within hydrodynamic
systems.

Future modelling could also consider expanding Doppler collection points to include
areas experiencing erosion (Nairn 2005). Localized data would allow more accurate
predictions of changes to channels and lakes bed. Lastly, it should be noted that wind-
driven processes were not considered and can significantly change habitats during
extreme events and temporarily affect fish distributions.

TOXICITY

Pollutants enter the aquatic system through multiple avenues, including atmospheric
pollution, watershed runoff, and industrial and municipal inputs, as well as through
sediment dynamics. These dynamics can hold (concentrate) toxins in the sediment as
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well as release them into the aquatic environment, depending on concentrations and
environmental conditions (Kalff 2002). Fish and other wildlife are both directly and
indirectly impacted by pollutants in the ecosystem. Moreover, toxicity is known to have
negative impacts on submerged aquatic vegetation growth (MacDonald et al. 2000;
Doolittle et al. 2010) and benthic invertebrates (Lotufo et al. 2014; McPhedran et al.
2017). Thus, sediment toxicity sampling and mapping is important to identify
contaminant hotspots in the system. This often requires multi-year monitoring and
sampling to assess changes in toxicity over time as well as collecting enough spatial
samples to determine the threshold concentrations that may have detrimental effects on
benthic invertebrates, fish, and wildlife populations (Baudo et al. 1990).

In the SCDRS, sediment toxicity samples were collected from 1999 to 2014 by Dr. Ken
Drouillard (University of Windsor [UW], Great Lakes Institute of Environmental Research
[GLIER]) and colleagues (Drouillard et al. 2016, 2020; K. Drouillard, UW, GLIER,
Windsor, Ontario, personal communication, 2017; Table 5). These data were
interpolated into a system-wide map by the Doka Lab. Sediment were sampled at
random locations throughout the SCDRS, using Ponar grabs (Drouillard et al. 2020,
Figure 8). Additional samples were retrieved from the St. Clair River delta using a
probability sampling design which focused on locations believed to have high toxicity in
proximity to historical industrial inputs or high levels of urbanization (Drouillard et al.
2020).

Drouillard et al. (2020) analyzed the Ponar sediment samples for potential toxicity by
comparing contaminant concentrations, using the consensus based sediment quality
guidelines described in MacDonald et al. (2000), as well as the Ontario sediment quality
guidelines (Fletcher et al. 2008). The consensus-based guidelines define the threshold
effect concentration (TEC: the highest chemical concentration in sediment before toxic
effects in benthic invertebrates are likely) and probable effect concentration (PEC: the
lowest chemical concentration in sediment where toxic effects for benthic invertebrates
are likely) of 28 chemicals of concern commonly found in freshwater sediments
(MacDonald et al. 2000; Table 6). The Ontario sediment quality guidelines were used to
assess two chemicals (iron and hexachlorobenzene) that were not assigned TEC and
PEC values in the sediment quality guidelines described by MacDonald et al. (2000).
The Ontario sediment quality guidelines define a low effect level (LEL: a chemical
concentration threshold for toxic effects in sensitive benthic invertebrates only) and a
severe effect level (SEL: a chemical concentration threshold for toxic effects in most
benthic invertebrates); both were considered comparable to TEC and PEC, and
interpreted as such in the data provided.

The consensus based sediment quality guidelines were used to determine the overall
toxicity of each sample site by computing each site’s hazard score (HZD) (introduced in
McPhedran et al. 2017; K. Drouillard, UW, GLIER, Windsor, Ontario, personal
communication, 2017; Table 7). TEC and PEC values were used to compute dose-
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response toxicity curves that determined chemical-specific anticipated toxicity or
“Effect(%)” (i.e., the toxicity value of a chemical, ranging between 0% and 100%;
McPhedran et al. 2017). Any chemical with a concentration lower than the TEC was
assigned an anticipated toxicity / Effect(%) value of 0%. The HZD for each sample-site
was then computed by summing each chemical’s anticipated toxicity / Effect(%), and
ranged from 0% to >100%. For further details on how the HZD was computed see
McPhedran et al. (2017). They then took the HZD values and divided them into five bins
or “HZD categories,” with 5 being the most toxic (K. Drouillard, UW, GLIER, Windsor,
Ontario, personal communication, 2017; Table 7).

We were provided the 1999 to 2014 toxicity dataset that was collected and processed at
UW, GLIER (K. Drouillard, UW, GLIER, Windsor, Ontario, personal communication,
2017). In total, the dataset consisted of 662 samples (Figure 8) with the associated HZD
and HZD category assignments. We used the HZD category data from all years to
create our toxicity spatial layer. We interpolated the HZD categories across the entire
SCDRS using Thiessen polygons, a method that uses the value of the sample and the
distances to the next points (ESRI 2018e, Figure 9). Additionally, values were
interpolated across the system using inverse distance weighted smoothing (ESRI
20169) to create a continuous raster layer in a 10 x 10-m grid representing the relative
toxicity of sediments throughout the SCDRS (Figures 10-13).

Data gaps

Given the large size of the SCDRS and the high resolution for mapping we chose,
sediment samples for the toxicity layer are comparatively sparse, specifically in
ecologically significant areas such as the binational delta wetlands and some areas
where toxicity was expected to be high (i.e., near Sarnia, Ontario, as well as additional
U.S. AOCs on the St. Clair River and the Detroit River, especially near Detroit,
Michigan). Upstream, connected areas with known toxicity issues are likely to have an
effect on toxicity levels downstream. For example, the Clinton River (Michigan) and
Rouge River (Michigan) U.S. AOCs are watersheds—represented as polygons by the
Environmental Protection Agency (EPA 2019a, 2019b, Figure 14)—flowing into the
SCDRS and are likely to have areas with toxicity issues. However, the closest samples
for the main channel toxicity assessment were approximately 3.0 km (Clinton River into
Lake St. Clair, Figure 15) and 100 m (Rouge River into Detroit River, Figure 16) from
the rivermouths to the sample site. Therefore, an increased sampling effort in closer
proximity to the potentially hazardous inflow regions is recommended to capture any
gradients from those sources.

Additionally, the data samples were taken from 1999 to 2014. Up-to-date toxicity data
can track remediation efforts and account for natural processes (such as sedimentation
or water flow and velocity in the region) that may alter or redistribute pollutants over
time. When separated into two time stanzas (1999-2008 and 2009-2014), the change
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in toxicity levels between stanzas is evident (Figures 17-20). Thus, lumping the results
together over time to create a complete spatial picture of the system can distort the
output by including older and more toxic samples, and lead to misrepresentation of
toxicity hazard locally, such as near the main outflow to Lake St. Clair in the delta.
These time stanzas will be used as toxicity scenarios in future fish habitat modelling.

VEGETATION

For the vegetation layers, we used data from multiple agencies on both sides of the
border to map the presence of emergent vegetation (EV) and submerged aquatic
vegetation (SAV) in the SCDRS. EV is rooted at the bottom of a water body with stems
and leaves extending above the water surface, and is typically found in wetlands and
within the littoral zone, usually within 5 m of the shoreline (Wetzel 2001), depending on
wave protection. SAV grows at-bottom and within the water column but does not break
the water’s surface (Wetzel 2001). Both EV and SAV provide food and habitat for
wildlife and aquatic species, depending on the life stage of the organism (Carpenter and
Lodge 1986; Wetzel 2001). We acknowledge that floating-leafed vegetation also exists
in EV and SAV areas, but we do not map or model that vegetation type, specifically.
Knowledge of the presence and potential for vegetation within a system is necessary for
ecosystem condition assessments and habitat suitability mapping for biota (ENVIRON
2009).

Emergent vegetation

EV provides habitat for fish and other wildlife and can be used by various species of fish
at different life stages (Carpenter and Lodge 1986; Portt et al. 1988, 1999). The data
used to create our system-wide EV layer were originally processed by Southeast
Michigan Council of Governments (SEMCOG), MTRI, and LIO (for data sources and
their application into layers, see Tables 3 and 8 and Figure 2 [emergent vegetation]).
SEMCOG (2004) describes wetlands as locations where water is present above a
natural land mass for three seasons and contributes to varying levels of vegetation
growth (Lusch and Goodwin 2012). SEMCOG identified EV and wetland locations in the
U.S. by analyzing three sets of data: the National Wetlands Inventory, soils data, and
land-use data (Lusch and Goodwin 2012). Once wetland areas were confirmed,
SEMCOG categorized the data into six classes: aquatic bed, beach/bar, emergent,
forested, open water, and scrub shrub, plus unconsolidated.

MTRI has developed a wetland and land-use layer that encompasses the entire Great
Lakes basin and uses satellite imagery from multiple sources. They used a hybrid
method of the Anderson Level 1 and National Wetlands Inventory classification systems
(Bourgeau-Chavez et al. 2015) to identify wetlands and other vegetative cover. The
wetland and cover data were input into a random forest classifier and resulted in 24
vegetation classes that we reinterpreted.
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LIO defined wetlands as areas with variable water levels, with certain soil conditions,
and a “growing system” suitable for specific plants (LIO 2017). LIO has identified and
mapped the wetlands in Ontario using the Ontario Wetland Evaluation System (OWES).
To fill in the gaps, LIO collected additional wetland data from Wetland Interim, Forest
Resource Inventory, Southern Ontario Land Resource Inventory System, and Ontario
Ministry of Natural Resources and Forestry (OMNRF) district data. All data sources
were joined to create the OWES map layer. LIO defined EV more broadly in six
classifications: open water, bog, fen, marsh, swamp, and unknown.

To compile this data into one comprehensive EV layer for the SCDRS, only classes of
EV were selected and merged into our final layer. From the SEMCOG data, we used
the “emergent” class. Six out of the 24 MTRI land-use descriptors included EV,
including wetland, Schoenoplectus spp., Typha spp., Phragmites spp., wetland shrub,
and forested wetland. Finally, from the LIO (2017) data, we used the marsh and swamp
wetland classes only; bog and fen are typically upland features. All data layers were
merged into a single polygon layer and were classed as EV only. Thus, the SCDRS had
an EV coverage of 233.4 km? within a 1-km distance from the main channel shoreline
across the region (Figures 21-24, Table 8). Scenarios of pre and post Phragmites
invasion and its inferred suitability (Wynia 2019) will be compared.

Submerged aquatic vegetation

SAV is used as food and foraging habitat for many fish and wildlife species, and its
presence has been identified as an indicator of aquatic ecosystem health (LSRCA
2011). We collected SAV data through hydroacoustic and quadrat sampling between
2007 and 2017 (for data sources and application of this layer, see Table 3 and Figure 2
[submerged aquatic vegetation]; (Appendix A, Tables A1-A4, Figures A1-A7; see also
Midwood 2020). In total, 81,868 georeferenced samples were collected throughout the
Canadian side of the system and evaluated for SAV presence—absence (Figures 25-28,
Table 9).

The sample data for the rivers only (n = 54,671) were divided so that 75% of the data
were used as model input (to train the model), and the other 25% were used to validate
the model. These data, along with distance to shipping channel and water depth, were
used to develop a random forest SAV model, specific to the SCDRS, that can predict
SAV cover throughout the connecting channels (Appendix A). The final model predicts
SAV with 94% accuracy (compared to the validation dataset). Our final raster SAV layer
presents a prediction of SAV presence by cell based on the input variable for the model,
displayed as percent cover (ESRI 2016a) (Figure 29). In general, the model output
predicted that SAV is relatively dense in the nearshore, protected areas, and absent
beyond a depth of 10 m (inferred from best water transparency values) (Appendix A).
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Data gaps

There were a few spatial data gaps identified in the EV layer. In particular, we found
classification methods and sampling frequency were not consistent from year to year or
group to group. Differences in the classification schemes used by the three sources
created challenges in accurately identifying and merging vegetation types for our
purposes. As such, we assumed classes must be similar if their descriptions were
similar among the various naming conventions. We accept that this may result in the
over- or under-representation of EV in the system. Additionally, the distribution of EV
alters as conditions such as water levels (DFO 2018) or growth of invasive species
changes.

As for the SAV layer, training and validation data were primarily collected on the
Canadian side of the river, but efforts were made to cover a suite of habitat conditions
potentially relevant to SAV distribution. More data could be collected on both sides of
the river, but for now the model is sufficient for future scenario comparisons. Of note,
the SAV model output represents a system with good water clarity and as such,
potential future conditions. That future desired state can be compared with periods of
reduced water clarity, current conditions, or prior vegetation surveys. Therefore scenario
analysis would compare before and after water quality improvements, or zonal
adjustments for currently turbid rivermouths.

With increasing urbanization in the SCDRS and climate change (Watson et al. 1998),
we recommend increased monitoring and modelling of EV and SAV, using a
standardized classification scheme more frequently. This would not only track the
spread of invasive plants and their effect on available habitat (Wynia 2019) but also
seemingly more frequent algal blooms (some harmful) that affect SAV distributions.

SUBSTRATE

Different substrate types are used by many taxa for spawning, refugia, and burrowing
habitats, and provide a medium for plant growth if composition is suitable (Bain et al.
1985; J. Gardner Costa, S.M. Larocque, D. Reddick, M. Croft-White, E. Budgell, C.
Jacobs, S.E. Doka, J.D. Midwood, unpublished data). Thus, substrate analysis and a
consistent classification scheme for substrate are important for habitat suitability
analyses for fish species (Chu et al. 2015). Between 1994 and 2015, substrate data for
the SCDRS region was collected by multiple groups, including GLIER (K. Drouillard,
UW, GLIER, Windsor, Ontario, personal communication, 2017; J. Ciborowski, UW,
GLIER, Windsor, Ontario, personal communication, 2017), and those discussed below
(for data sources and application in this layer, see Table 3 and Figure 2 [substrate],
respectively).

Samples were collected using Ponar grab samples at point locations and RoxAnn
hydroacoustic surveys (Rukavina 2003; K. Tallon, Sea Lamprey Control Centre, Sault
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Ste. Marie, Ontario, personal communication, 2013; Table 10). Although sample data
collection spanned multiple decades, we assumed that over this period the bottom
composition of the SCDRS would have minimal change. We acknowledge that erosion
and sedimentation occur over time with varying flows (USGS 2013), and shoreline
development and restoration actions may have changed substrate types locally during
and after the periods the data were collected.

Ponar grab sampling

Ponar grab sampling occurred from 2003 to 2015, resulting in 1,300 soft sediment
samples being collected. Ponar samples were collected by lowering the instrument into
the water to substrate depth, where the grabber is activated by the operator and closes
to collect the sample (ANAMAR 2015). Once at the surface, sediment was visually
evaluated for substrate composition by field crews, photographs were taken, and
subsamples removed (Appendix A). The subsamples were then quantitatively
processed by Environment and Climate Change Canada’s (ECCC's) sediment lab using
laboratory methods similar to those described in Gardner Costa et al. (2020) and Leisti
et al. (2020), and classified using a modified Wentworth grain size classification scheme
(Wentworth 1922; MacDonald et al. 2000). All of the data used for mapping were based
on Wentworth classes as sediment percent composition. Additionally, organic content
was determined by loss on ignition, but has not yet been used in substrate mapping
(Figures 30-33).

RoxAnn sampling

The RoxAnn hydroacoustic method (Rukavina 2003) uses sonar echoes to detect SAV,
substrate, and water depth as the sampling vessel moves through a transect. A RoxAnn
system was used by data providers to discriminate between the hardness and
roughness of the lake bottom, which is interpreted by an echo reader (Caddel 1998;
Rukavina 2003). For substrate, two echoes were measured to determine the roughness
and hardness of the lake bottom. These echoes were then plotted and analyzed to
verify substrate classification. From 1994 to 2000, 443,669 data points were collected
using the RoxAnn hydroacoustic method in the SCDRS: 271,115 points were received
from the Sea Lamprey Control Centre (SLCC) (K. Tallon, SLCC, Sault Ste. Marie,
Ontario, personal communication, 2013) and 172,554 points from Environment Canada
(EC [now ECCC])) (N. Rukavina and H. Biberhofer, EC, National Water Research
Institute, Burlington, Ontario, personal communication, 2003).

RoxAnn substrate data provided by K. Tallon (SLCC, Sault Ste. Marie, Ontario,
personal communication, 2013) came classified as Type 1, 2, or 3 based on their grain
sizes (Table 11). We reclassified those substrate types into Wentworth classifications
(Wentworth 1922) and percent compositions based on class descriptions and expert
opinion (Table 12).
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Data from EC (N. Rukavina and H. Biberhofer, EC, National Water Research Institute,
Burlington, Ontario, personal communication 2003) had been plotted by roughness and
hardness values using a Cartesian chart. The data came grouped into 15 classes, eight
of which translated to substrate types (Table 13). We reclassified these eight RoxAnn
classification types into a Wentworth classification (Wentworth 1922) percent
composition based on the class descriptors. For example, RoxAnn classes named
“mud” or “soft” were translated into the Wentworth classes described as clay, silt, and
sand. As well, we reclassified the “hard” classes into combinations of cobble, rubble,
boulder, and gravel percent compositions, based on the class descriptor as well as
expert opinion of the area. Of note, bedrock and hardpan clay likely do not occur in the
system, but would also be classified as hard.

Once we modified all the available RoxAnn data, we compiled it into one database
along with the Ponar sample data. We quality assessed the data so each sample was a
percent composition of each of the seven possible Wentworth classification substrate
types (boulder, rubble, cobble, gravel, sand, silt, and clay). For every substrate sample,
percent composition was computed and adjusted so that the total percent of the sample
summed to 100% (e.g., 25% sand, 75% silt). It is important to note that RoxAnn outputs
are broad compared with Wentworth classifications (MacDonald et al. 2000), and
therefore less accurate in our conversions. However, with this method data can be
easily collected and processed across large swaths, and contribute to a large proportion
of the spatial substrate data for the system, based on validation sampling with both
Ponar and video.

Due to disparities between collection types, we developed three methods for spatially
merging all substrate data. Regardless of collection technique, a natural neighbour
interpolation (ESRI 2016e) was performed. This algorithm gathers its information from
surrounding data at a central point and interpolates the surroundings based on that
dataset (Sibson 1981). Our first method created an interpolated layer of all the substrate
data (Ponar and RoxAnn) for the entire system. The second method separated and
interpolated the Ponar data only, using the natural neighbour process. Lastly, the third
method clipped the Ponar interpolation to 250 m around each grab sample. The
remainder of the extent was filled with the complete substrate data interpolation (i.e., the
layer created using the first method).

Using these three methods for all substrate types, individual spatial layers representing
each substrate class’s percent composition were generated. Figures 34-39 represent
the three approaches used, and display sand percent composition. Although a raster
layer of percent composition for each substrate type was created, we show sand
percent composition because it had the most ubiquitous distribution throughout the
system and has gradient properties. All substrate class data were output to a 10-m grid
for system-wide analysis. Final maps will need to be vetted with experts, but we will use
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method #3 maps for spatial analysis of habitat, as this method accounts for deficiencies
across collection types.

Data gaps

As indicated, one of the significant issues with the substrate data for the SCDRS is that
the majority of data collected are RoxAnn data. Taking the RoxAnn output and
delineating it further into specific Wentworth classes requires a great deal of assumption
and inference (Cholwek et al. 2000), as most acoustics substrate methods are only able
to distinguish hard from soft. Alternatively, Ponar grab samples provide accurate
accounts of substrate type at localized sample points, but for soft sediments only.
However, Ponar sampling requires much more effort to collect and generally results in
reliable information on finer substrate types (i.e., smaller than cobble size), but does not
resolve beyond “hard” when samples cannot be obtained by other means (e.g.,
underwater camera, providing water clarity allows).

Moreover, substrate composition (especially hard types) can differ dramatically
throughout a system based on many factors. Thus it can be misleading to interpolate
any type of substrate data beyond a short distance, although some spatial gradients are
apparent with fines (i.e., gradients of percent sand/silt/clay), especially in deltas. With
these concerns in mind, the development of three potential substrate layers for the
entire SCDRS was necessary and should be considered theoretical until extensive
validation is undertaken. As well, coarse substrate types, especially constructed shoals
such as isolated islands, should be mapped with more precision. Specific project
information is not included here yet as we focused on the whole system base layer first.

Another zone of substrate diversity and manipulation is the shoreline. Shoreline
substrate attributes have not been included in the development of these substrate
layers yet, either. Shoreline surveys had been performed by NOAA, conservation
authorities, and others, but the data were very coarse (e.g. >1-km reaches).
Additionally, the methods used to identify shoreline types differed by agency and in
descriptive detail. Therefore it was not possible to convert shoreline classifications to
Wentworth classes in most cases. Hence, additional information and validation data are
needed; satellite imagery or air photo interpretation could be helpful.

Having a complete and comprehensive shoreline layer with more specificity would be
beneficial since shoreline substrate is often very different from offshore substrate types,
and it could be used to fill data gaps within the coastal zone, a potentially highly suitable
fish habitat locale. To aid in future habitat modelling and restoration planning, it is
recommended that a shoreline survey along a smaller reach size be undertaken, based
on current shoreline classes that focus on nearshore or coastal substrate composition in
water immediately next to shore features.
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Finally, since sampling occurred over decades, it is possible the distribution of finer
grain sizes like clay, silt, and sand may have been redistributed by velocity, flow, and
sedimentation changes in the systems under differing water levels, as discussed in
Nairn (2005). In the 2000’s, the system experienced a period of below average water
levels (but not as low as the 1920s and 1930s); and recently, in 2019 to 2020, levels
were record highs. This would be especially impactful at rivermouths and at the sources
of the main rivers, changing high- and low-flow portions of the connecting channels, and
affecting the distributary channels of the delta. To capture this potential variability in
substrate composition, more frequent Ponar sampling and acoustic mapping in areas
with known high deposition and erosion rates should be collected, especially in areas
targeted for restoration, as has been surveyed in the Fighting Island reef zone. The
focus on gap-filling identified in this report would help reduce spatial interpolation errors
and account for time trends in high variability zones.

CONCLUSIONS

The SCDRS gap analysis and GDB report presents data collected by multiple agencies,
including our laboratory and DFO. This spatially referenced GDB of features that
contribute to aquatic habitat is now available for future modelling analyses. Note that the
focus is on fish use of these habitat features and not assessing aquatic mammals, birds,
herptiles, or mussels although others could use this information to do so. Our group will
be undertaking a fish habitat assessment using this GDB. The data collection and
compilation was completed as of 2017, after which full system maps where created. We
have identified several gaps to improve upon the spatial information for future
assessments.

There were two consistent issues that became evident while compiling the different
layers. The first was the age of the data, in many cases. Although some spatial
characteristics will not change over decades—such as the bulk of land and sea
elevations, average flow and velocity characteristics, and substrate types (in certain
areas such as in the main channels and at the centre of Lake St. Clair). Other
components are continuously transforming or variable, such as SAV or toxicity of
contaminant distributions. The results of toxicity mapping definitely changed over time
(Drouillard et al. 2020). Because toxicity levels can have a detrimental impact on fish
health and decrease habitat suitability, water quality was initially one of the main
reasons for establishing AOCs. Thus, it is imperative to continue to monitor trends and
use current data, whether changes in toxicity are achieved through remediation actions
or natural processes.

Furthermore, bathymetric features, especially in important habitats such as wetlands,
are sampled very infrequently, with some points dating to the mid 20™ century. These
same areas have high error associated with remote techniques for measuring
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elevations, so ground-truthing and validating more frequently is important, but difficult
because of accessibility. Nonetheless, the compilation of the layers presented here is
the most comprehensive for the system that we know.

In addition, invasive EV species, such as Phragmites australis spp, are known to spread
more quickly and cause changes in vegetation communities more rapidly (Wynia 2019).
This invasive EV tends to grow in much denser stands than native vegetation species.
Wynia (2019) found that stands with densities of greater than 100 stems per square
metre, regardless of type, were impenetrable to many fish, thereby indirectly creating a
loss of fish habitat through various mechanisms, even though flooded invasive
vegetation was still used as habitat. Additionally, alterations to wetlands due to
urbanization and other human-influenced activities created changes over time that
should be tracked more frequently to target problem areas (such as major vegetation
changes or inaccessibility to fish) and thus obtain a proper time-trend analysis to gauge
overall system suitability and health.

Substrate composition is another layer that definitely required concerted effort to
update, especially in coastal areas that are urbanized and shallow (Lapointe et al.
2010). Coarse substrates used for shoreline protection are not captured well by
hydroacoustics shallower than 1-m depth, or by shoreline surveys that do not record in-
water substrate type next to features. Although large-scale substrate redistributions are
unlikely to occur in low-flow areas like the middle of Lake St. Clair (outside the shipping
channel), the relative proportion of fines in coastal, sheltered areas, and at rivermouths
or dredged areas may change over time and should be updated more frequently. There
is a general lack of knowledge of hard or large substrate type distributions and their
specific locations in the SCDRS.

The second major gap identified in the GDB is the low resolution of sample distributions
or data to create maps for the full system extent. All of the layers require more spatially
representative sampling, and better, accurate documentation for specific subsets can
translate into habitat characteristics. For example, shoreline type and composition could
be loosely translated into broad Wentworth classes. But sampling at the bottom of
seawalls (which are predominate in the channels) would be needed. LIDAR and satellite
imagery are becoming increasingly available and widespread, making data for elevation
models more accessible. However, the purpose of the survey directly influences the
data collected. In particular, the existing bathymetric data collected in the St. Clair River
delta was primarily for mapping the navigational channels. This resulted in less accurate
elevation data in the shallow nearshore areas, which also tend to be fish nurseries and
serve other important habitat functions, yet are subjected to multiple human impacts
more so than the shipping lanes. More targeted sampling in these shallow, mostly
vegetated areas would greatly improve spatial accuracy, especially the DEM, which is
used as the basis for other modelled layers and analyses (e.g., coastal, warmwater,
sheltered habitat calculations).
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As noted previously, the modelled velocity layer was comprehensive, although certain
areas were not captured well, including areas with back eddies or areas where water
flow is altered at shoreline obstructions and behind berms. Performing field validation
surveys of velocities in these data-poor or high-error regions would help improve our
confidence in the model output and improve future hydrodynamic model iterations,
especially if adequate SAV maps can be provided. However, the same issues hold true
for the SAV layer. Generally, areas that we feel may lack accurate model output include
embayments and coastal areas. When completing more detailed and site-specific
analyses, accurate SAV data in these areas will be necessary for model calibration and
validation over time, especially as a water clarity layer has proved elusive and thus we
cannot include that driver in model development or use it to track SAV improvements in
the system.

Lastly, the substrate layer is a relatively comprehensive dataset, however the majority of
these data are from RoxAnn surveys. As discussed, RoxAnn outputs are less accurate
than actual grab samples because they only capture the hardness and smoothness of
the lake bottom, and translate that backscatter into substrate type bins based on
acoustic return distributions. Thus, we have lower confidence in substrate typing where
no Ponar, camera, or other validation data exists. Future work should include not only a
validation of RoxAnn backscatter interpretation, but also video confirmation, particularly
in areas with coarser substrate sizes above gravel, and identification of any areas of
bedrock or hardpan clay if they exist. Of note, vertical seawalls and smooth concrete or
similar features are interpreted as bedrock features in habitat models.

The layers presented in this document use data collected from 1948 to 2017, and
should be updated at a predetermined interval (perhaps every 5 years depending on the
dataset and new data availability) to keep the data layers relevant as well as to provide
information on changes in the system. Spatial and other data gaps identified here
should be considered for future sampling efforts relevant to each layer. However, we
firmly believe these ecological layers are now ready to be used for habitat assessments
to quantify the amount of suitable habitat for fish species and their life stages by
relevant condition or guild, as appropriate (e.g., vegetation, substrate, depth, or
temperature guilds). We can now evaluate the loss or gain of habitat for these fish
groups/stages, identify areas of high suitability within the SCDRS, aid in future project
site selection given the consolidated spatial information, as well as run scenarios of
different past, current, and future states for different habitat variables. These analyses
will be paired with pre- and post-project comparisons of specific habitat projects, that
could be informed by the existing layers we have finalized.
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http://www.journals.uchicago.edu/doi/pdf/10.1086/622910
https://archive.ipcc.ch/ipccreports/sres/regional/index.php?idp=0
https://digitalcollections.trentu.ca/islandora/search/Wynia?type=dismax

TABLES AND FIGURES

Table 1. List of 14 Beneficial Use Impairments (BUIs) identified by the International Joint
Commission. At least one of the BUIs must be present for an area to be classified as an
Area of Concern. BUIs are not listed in order of priority as per source: |JC (2019).

No. Beneficial Use Impairment

Restrictions on fish and wildlife consumption
Tainting of fish and Wildlife Flavour

Degraded fish and wildlife populations

Fish tumours or other deformities

Bird or animal deformities or reproductive problems
Degradation of benthos

Restrictions on dredging activities

Eutrophication or undesirable algae

© © N o a0 &~ W NP

Restrictions on drinking water consumption or taste and odor problems
10. Beach closings

11. Degradation of aesthetics

12. Added costs to agriculture or industry

13. Degradation of phytoplankton and zooplankton populations

14. Loss of fish and wildlife habitat
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Table 2. List of Beneficial Use Impairments (BUIs) for the Canadian Areas of Concern (AOCSs) in the St.
Clair—Detroit River System. As of 2017, the St. Clair River had six impairments remaining, with BUIs
continuing to be listed as “no longer meets the impaired criteria” and three BUIs requiring further
assessment. The Detroit River had seven remaining impairments, one that requires further assessment
(RFA) and six BUIs that are no longer impaired. Sources: DRCC (2017); GC (2019a, 2019b).

AOC Beneficial Use Impairment (Sztgig? )
St. Clair River #1 Restrictions on fish and wildlife consumption Impaired
#2 Tainting of fish and wildlife flavour Not Impaired
#3 Degraded fish and wildlife populations ° RFA
#4 Fish tumours or other deformities RFA
#5 Bird or Animal deformities or reproductive problems RFA
#6 Degradation of benthos Impaired
#7 Restrictions on dredging activities Impaired
#8 Eutrophication or undesirable algae Not Impaired
#9 Restrictions on drinking water consumption or taste & odour problems Impaired
#10 Beach closings Impaired
#11 Degradation of aesthetics Not Impaired
#12 Added costs to agriculture or industry Not Impaired
#13 Degradation of phytoplankton and zooplankton populations Not Impaired
#14 L oss of fish and wildlife habitat Impaired
Detroit River  #1 Restrictions on fish and wildlife consumption Impaired
#2 Tainting of fish and wildlife flavour Not Impaired
#3 Degraded fish and wildlife populations Impaired
#4 Fish tumours or other deformities Impaired
#5 Bird or Animal deformities or reproductive problems Impaired
#6 Degradation of benthos Impaired
#7 Restrictions on dredging activities Impaired
#8 Eutrophication or undesirable algae Not Impaired
#9 Restrictions on drinking water consumption or taste & odour problems Not Impaired
#10 Beach closings Not Impaired
#11 Degradation of aesthetics Not Impaired
#12 Added costs to agriculture or industry Not Impaired
#13 Degradation of phytoplankton and zooplankton populations RFA
#14 L oss of fish and wildlife habitat Impaired

a8 RFA: requires further assessment.
b Highlighted and underlined BUIs are the focus of the fish habitat assessment using this geodatabase.
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Table 3. List of data sources for the St. Clair—Detroit River System geodatabase. 'Layer' is the final spatial output that the collected data contributed to;
‘Vector type’ is the type of spatial data we received and interpolated for the purposes of this geodatabase and a future fish habitat assessment;
'‘Collection Year' is the year of data collection. All layers were created using the data with permission from the data provider, including open data

sources. For complete documentation regarding inputs for each spatial layer, please contact the authors.

I I Spatial or .
a b
Layer Source(s) Affiliation Affiliation full name data type® Collection year
DEM USGS United States Geological Survey PTS 2009, 2010
C. Onafrychuk and LIO Land Information Ontario PTS 2015, 2017
A. Hogg ®
NOAA/DFO National Oceanic and Atmospheric Administration RST 1948-2012
NOAA 2019b NOAA/DFO National Oceanic and Atmospheric Administration PYLN 2012
USACE United States Army Corps of Engineers PTS 2012
LIO 2019 LIO Land Information Ontario PTS 2012
Velocity EC 2008 EC Environment Canada PTS 2000
Toxicity Drouillard et al. ® Uw, GLIER University of Windsor, Great Lake Institute for Ccsv 1999-2014
Environmental Research
EV Bourgeau-Chavez et MTRI Michigan Tech Research Institute PYG 2015
al. 2015
MTRI 2020
LIO 2017 LIO Land Information Ontario PYG 2015-2017
SEMCOG Southeast Michigan Council of Governments PYG 2004
SAV Doka Lab, DFO Fisheries and Oceans Canada PTS 2007, 2008, 2010, 2017
(Appendix A)
Substrate Ciborowski / Drouillard  UW, GLIER University of Windsor, Great Lake Institute for PTS 1999-2001
b Environmental Research
K. Tallon® SLCC Sea Lamprey Control Centre, DFO PTS 2003-2004, 2013-2014
Doka Lab, DFO Fisheries and Oceans Canada, Fish Habitat Science PTS 2007, 2008, 2010, 2015
(Appendix A)
N. Rukavina ® EC Environment Canada PTS 1994, 2001
MNR Ministry of Natural Resources PTS 2006, 2015
USGS United States Geological Survey PTS 2008
H. Biberhofer b EC Environment Canada PTS 1999-2000
NOAA National Oceanic and Atmospheric Administration RST 1997-2004
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Layer? Source(s)® Affiliation Affiliation full name gggute;lpc;rc Collection year
VSPs EC Environment Canada PYG 2012
NOAA National Oceanic and Atmospheric Administration PYG 2012
T. Calappi ® USACE U.S. Army Corps of Engineers PYG 2012
Clinton AOC EPA 2019a EPA Environmental Protection Agency PYG 2006
Rouge AOC EPA 2019b EPA Environmental Protection Agency PYG 2006

a DEM = digital elevation model; EV = emergent vegetation; SAV = submerged aquatic vegetation; VSPs = vertical step planes; Clinton AOC = Clinton River Area of
Concern; Rouge AOC = Rouge River Area of Concern.

bSource names with a superscript “b” provided unpublished data through personal communication, or is our own unpublished data; data from sources without a name
were provided as personal communication by the organization without a contact name and/or no citable reference; data from our laboratory is indicated by Doka Lab
(Appendix A); all other sources are in citation format and included in the reference list.

¢ PTS = points; RST = raster; PYLN = polyline; CSV = Comma-separated values; PYG = polygon
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Table 4. List of data sources, collection year, and collection method used to compute the digital
elevation model for the Saint Clair—Detroit River System. All sources were converted to point
files and if necessary adjusted for vertical datum. For data sources and application, see Table
3 and Figure 2 (digital elevation model), respectively.

Data b . Vertical , d
source? Year(s) collected Method Resolution datum ¢ Spatial extent
USGS 2009 Lidar Im NAVD88 DR
LIO 2015 Lidar 2m CGVD28 DR, SCR, Canadian
side of LSC
NOAA 2012 Multibeam Im IGLD85 DR
survey
NOAA/DFO 1948-2012 Bathymetry 30m IGLD85 Whole system
USGS 2010 LiDAR 2 ft NAVD88 SCR, U.S. side of
LSC
USACE 2012 Multibeam 5m IGLD85 SCR
survey
LIO 2017 DSM 0.50 cm CGVvD2013 WIFN, St. Clair

River delta area

aUSGS: United States Geological Survey; LIO: Land Information Ontario; NOAA: National Oceanic
Atmospheric Administration; USACE: United States Army Corps of Engineers.
bLidar: light detection and ranging surface model points cloud data; DSM: digital surface model.
¢NAVD88: North American Vertical Datum 1988; CGVD28: Canadian Geodetic Vertical Datum 1928;
IGLD85: International Great Lakes Datum 1985; CGVD2013: Canadian Geodetic Vertical Datum 2013.
dDR: Detroit River; SCR: St. Clair River; LSC: Lake St. Clair; WIFN: Walpole Island First Nation.
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Table 5. Year toxicity samples were collected, number of samples
per year, and the cumulative anticipated toxicity [Effect(%)] (HZD:
hazard score) min, max and mean for each year. These values are
used to provide a range of toxicity present in the St. Clair—Detroit
River System for the time of sampling (Source: K. Drouillard, UW,
GLIER, Windsor, Ontario, personal communication, 2017).

Year Samples I_—IZD HzD HzD
(n) min (%) max (%) mean (%)

1999 147 0 390.44 96.07
2004 104 0 361.38 20.20
2005 36 0 72.80 27.01
2007 6 0 88.76 21.38
2008 32 0 451.31 94.0

2009 35 75.96 516.17 78.23
2012 48 0 67.31 20.19
2013 73 78.61 675.14 66.67
2014 181 82.36 196.34 11.65
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Table 6. List of 28 substances that sediment samples were tested against to estimate
toxicity. Each substance is processed and evaluated based on the threshold effect
concentration (TEC) or probable effect concentration (PEC). TEC represents values below
which toxic effects are unlikely, whereas PEC represents values above which will have
toxic effects on organisms. Adapted from MacDonald et al. 2000.2

Substance TEC PEC
Metals mg/kg DW
0 Arsenic 9.79 33.0
0 Cadmium 0.99 4.98
0 Chromium 43.4 111
0 Copper 31.6 149
0 Lead 35.8 128
0 Mercury 0.18 1.06
0 Nickel 22.7 48.6
0 Zinc 121 459
Polycyclic aromatic hydrocarbons ung/kg DW
0 Anthracene 57.2 845
0 Fluorene 77.4 536
0 Naphthalene 176 561
O Phenanthrene 204 1,170
0 Benz[a]anthracene 108 1,050
0 Benzo[a]pyrene 150 1,450
O Chrysene 166 1,290
0 Dibenz[a,h]anthracene 33.0 —
0 Fluoranthene 423 2,230
0 Pyrene 195 1,520
Polychlorinated biphenyls pg/kg DW
a Total PCBs 59.8 22,800
Organchlorines ug/kg DW
a Chlordane 3.24 17.6
a Dieldrin 1.90 61.8
0 Sum DDD 4.88 28.0
0 Sum DDE 3.16 31.3
0 Sum DDT 4.16 62.9
0 Total DDTs 5.28 572
O Endrin 2.22 207
0 Heptachlor epoxide 2.47 16.0
[ Lindane (gamma-BHC) 2.37 4.99

a DW: diesel water; DDD: dichlorodiphyenyldichloroethane; DDE: dichlorodiphenyldichloroethylene;

DDT: dichlorodiphenyltrichloroethane; BHC: benzene hexachloride.
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Table 7. Hazard score (HZD) conversion from cumulative Effect(%) (anticipated
toxicity) to HZD category. These values are used to map the range of sediment
toxicity present in the St. Clair—Detroit River System. From K. Drouillard, UW, GLIER,
Windsor, Ontario, personal communication, 2017.

HzZD PEC and TEC classification ® Ca|t_|ezgl?)ry
0%—-25% Not likely toxic 1
>25%—-50% Not likely toxic - chemicals between TEC and PEC 2
>50%—-75% One or more chemicals above PEC 3
>75%—-100% Multiple chemicals above PEC 4
>100% Many chemicals above PEC 5

a TEC = threshold effect concentration; PEC = probable effect concentration; see toxicity section
for detalils.
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Table 8. List of data sources and a summary of information used to create the emergent
vegetation spatial layer. Michigan Technical Research Institute (MTRI) coverage included both
U.S. and Canadian sides of the St. Clair—Detroit River System. Land Information Ontario (LIO)
was available for Ontario only, and the Southeast Michigan Council of Governments (SEMCOG)
coverage was available for Michigan only. Further delineation of Phragmites and Typha spp.
was not available within these particular data. SCR = St. Clair River; DR = Detroit River. For
data sources and application, see Table 3 and Figure 2 (emergent vegetation), respectively.

Source Wetland description Records collected (n) Area (km?)
MTRI Forested wetland 1,810 23.60
Phragmites 4,743 64.00
Typha 3,783 45.00
Schoenoplectus 36 0.23
Shrub wetland 5,874 29.50
Wetland 2,854 9
LIO Marsh 863 24.40
Swamp 68 1
SEMCOG (SCR) Emergent 1,953 35.10
SEMCOG (DR) Emergent 330 1.60

Note: These data may not be the most up-to-date. Contact SEMCOG directly to request access to current
information.
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Table 9. For the St. Clair—Detroit River System analysis, we binned submerged
aqguatic vegetation (SAV) data (collected by hydroacoustics and converted to points)
into 5 quantiles of SAV coverage to identify locations from zero to high SAV density,
where ‘0%’ coverage indicates that no SAV was detected. The number of SAV
samples (n) are shown and represent a 10-m? area from the transect ping. For data
sources and their application, see Table 3 and Figure 2 (submerged aquatic
vegetation), respectively. For locations of sampling for each binned quantile, refer to
Appendix A.

SAV % of Bin Bin Bin
coverage n SAV minimum maximum median
(%) data value value value
0 39,341 48 0 0 0
>0-25 3,173 4 10 20 14.36
>25-50 3,256 4 30 50 34.96
>50-75 6,407 8 60 70 65.44
>75-100 29,790 36 80 100 96.17
Total 81,967 100
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Table 10. List of all substrate data sources and number of samples collected for
substrate analysis. Year of collection was included where available. For data sources
and their application, see Table 3 and Figure 2 (substrate), respectively.?

Samples

Source Collection method Year collected
(n)

GLIER Ponar grab samples 1999-2001 165
uw Ponar grab samples 2003, 2013-2014 284
DFO Doka Lab  Ponar grab samples 2007, 2008, 2010, 2015 248
ECCC Ponar grab samples 1994, 2001 318
MNR Ponar grab samples 2006, 2015 157
USGS Ponar grab samples 2008 13
SLCC RoxAnn 2013 271,115
ECCC RoxAnn 1999-2000 172,554
NOAA Satellite imagery 1997-2004 115
Total 444,969

a8 GLIER — Great Lakes Institute of Environmental Research; UW—University of Windsor;
DFO - Fisheries and Oceans Canada; ECCC—Environment and Climate Change Canada;
MNR —Ministry of Natural Resources; USGS—United States Geological Survey; SLCC—Sea
Lamprey Control Centre; NOAA—National Oceanic and Atmospheric Administration;
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Table 11. Sea Lamprey Control Centre (SLCC) definitions of their RoxAnn survey output
into substrate types (by K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie,
Ontario, personal communication, 2013).

Substrate type

Description

Grain size where sand fractions are made up of very fine/fine/medium
sands. Coarse sands, gravel, or rubble may be present, however, with
minimal contribution to the overall sample. This group of fine substrates
are created by the presence of large environmental objects, such as
bends in streams or boulder/log deposits with a surface cover generally
of woody debris or aquatic macrophysics deposited by changes in
water velocity.

Sediment that has a greater particle size than Type 1 and is classified
as medium, or coarse. In this classification, proportions of silt and
detritus decrease, while gravel and rubble make up the majority. This
substrate is generally located within areas of lakebed transition,
resulting in a decrease of macrophytes and lower organic matter,
particularly where water velocity ranges from 5 to 10 cm/s with minimal
environmental impediments.

Ranges from 6.4 cm and above, containing substrate grains that are
commonly found in hydraulic erosional environments, including riffle
areas, the thalweg of a stream, or the lowest portion of a valley or river
where the velocity of water is >10 cm/s.
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Table 12. Sea Lamprey Control Centre (SLCC) classification of their RoxAnn survey
outputs into substrate types and assigned Wentworth classes (Wentworth 1922).
These were reclassified to percent composition (by K. Tallon, Sea Lamprey Control
Centre, Sault Ste. Marie, Ontario, personal communication, 2013).

SLoccassiicaion  AZagnedentuertn 3 Aloceten

Type 1 &2 sand/silt 50% sand, 50% silt
Type 3 gravel/rubble 50% gravel, 50% rubble
Type 2 sand 100% sand

Type 1 silt/sand 75% silt, 25% Sand
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Table 13. Collected sediment backscatter classes using RoxAnn survey techniques
(N. Rukavina and H. Biberhofer, National Water Research Institute, Environment
Canada, Burlington, Ontario, personal communication, 2003). These were classified
based on groupings of sonar echoes for roughness, hardness and the associated
Wentworth classification system (Wentworth 1922) using MacDonald et al. 2000
methods. Values were redefined into percent (%) composition. For data sources and
application, see Table 3 and Figure 2 (substrate), respectively.

RoxAnn
classification

Assigned
Wentworth
classification

% Allocated compaosition

hard substrate
weeds on soft
mud
boulders/hard
coarse sand
muddy sand
sand

gravel

gravel/rubble
sand/silt/clay
sand/silt/clay
boulder/cobble
sand
sand/silt/clay
sand

gravel

50% gravel, 50% rubble

33% sand, 33% silt, 33% clay, 1%
boulder

40% sand, 30% silt, 30% clay
50% boulder, 50% cobble
100% sand

40% sand, 30% silt, 30% clay
100% sand

100% gravel
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Figure 1. The St. Clair—Detroit River System extent used for mapping and analysis. The St.
Clair River, Lake St. Clair, and Detroit River areas are outlined in the rectangular insets
above. For the purposes of this report, each subarea was analyzed separately to improve
computational time and visibility in printed maps.
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Layer:
Map use:
Data source(s):

Digital elevation model
Elevation, HEAT, SAV models
DFO Doka Lab, LIO, NOAA, USACE, USGS,

Year coverage:  1994-2004
Representation:  Points
Spatial relationships: ~ Water and elevation features
Map scale and accuracy:  1:460,000

Symbology and annotation:

Blue (light to dark)

Layer: Digital elevation model
Map use:  Water Stations for calculating water level
Data source(s):  ECCC, NOAA
Year coverage: 1994-2018
Representation:  Point
Spatial relationships: ~ Water and elevation features
Map scale and accuracy:  1: 460,000
Symbology and annotation: ~ Variable

Layer: Digital elevation model
Map use:  Elevation, HEAT, SAV models
Data source(s): NOAA
Year coverage: 2011-2012
Representation:  Polyline
Spatial relationships: ~ Water and Elevation Features
Map scale and accuracy:  1:460,000
Symbology and annotation:  Variable

Layer:  Vertical step planes
Map use:  Offsetting water measurements for bathymetry
Data source(s): NOAA, USACE, USGS
Year coverage: 2012
Representation:  Polygons
Spatial relationships: ~ Water and elevation features
Map scale and accuracy:  1:460,000
Symbology and annotation: ~ No colour

Layer:  Velocity/water direction
Map use:  HEAT, SAV models
Data source(s): ECCC
Year coverage: 2013
Representation:  Points
Spatial relationships: ~ Flow impacts velocity
Map scale and accuracy:  1:460,000
Symbology and annotation:  Variable
Layer:  Toxicity
Map use:  Distribution of toxic variables
Data source(s):  Drouillard et al. 2020
Year coverage: 1999-2014
Representation:  Point
Spatial relationships:  Areas of interest
Map scale and accuracy:  1: 460,000

Symbology and annotation:

Colour ramp, displayed in ‘Categories’

Layer:  U.S. AOCs (Clinton AOC, Rouge AOC)
Map use: Identify U.S. AOCs in the SCDRS
Data source(s): EPA
Year coverage: 2019
Representation:  Area of Concern
Spatial relationships:  Toxicity
Map scale and accuracy:  1: 545,000
Symbology and annotation:  Variable
Layer: Emergent vegetation
Map use:  HEAT
Data source(s):  LIO, MTRI, SEMCOG (DR, SCR only)
Year coverage: 2004-2019
Representation:  Polygons
Spatial relationships:  Vegetation
Map scale and accuracy:  1:460,000
Symbology and annotation:  Olive green
Layer: Submerged aquatic vegetation
Map use:  DEM, HEAT, SAV models
Data source(s): DFO Doka Lab
Year coverage: 2008-2017
Representation:  Points
Spatial relationships:  Vegetation
Map scale and accuracy:  1:460,000
Symbology and annotation:  Variable
Layer:  Substrate
Map use:  HEAT
Data source(s):  DFO Doka Lab, EC, GLIER, UW, MNR, USGS
Year coverage: 2003-2001
Representation:  Ponar
Spatial relationships:  Sediment samples
Map scale and accuracy:  1: 460,000

Symbology and annotation:

Output to raster where colour represents grain type

Layer:  Substrate
Map use:  HEAT
Data source(s):  EC, SLCC
{ 3 Year coverage:  1994-2013
Representation:  RoxAnn
sl Spatial relationships:  Sediment samples
( Map scale and accuracy:  1: 460,000

Symbology and annotation:  Output to raster where colour represents grain type

Figure 2. All contributing data sources and specific layers for the St. Clair—Detroit River
System geodatabase and gap analysis report. See Table 3 for data source details. See
the List of Acronyms on page ix for definitions.

47



D Vertical Step Planes

- Sy S— G e oLty

[ e—]
0 8.5 17 km

Figure 3. Locations of vertical step planes in the St. Clair—Detroit River System. There
are over 100 step planes used to account for changes to water levels. See Table 3 and
Figure 2 (vertical step planes) for data source and application, respectively. Sources:
ECCC, Environment and Climate Change Canada, Burlington, Ontario, personal
communication, 2012; NOAA, National Oceanographic and Atmospheric Administration,
Germantown, Maryland, 2012, personal communication, 2012; USACE, United States
Army Corps of Engineers, Detroit, Michigan, personal communication, 2012.
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Figure 4. Digital elevation model of the St. Clair—Detroit River System at a 10-m grid resolution.
Areas located on the southwest shore of Lake St. Clair near Grosse Pointe, Michigan, appear flooded
in this map, however we acknowledge there is a lack of data samples at that location. Information
provided herein is up-to-date as of 2017 with consideration that sources are updated at irregular
intervals. For data sources and application, see Table 3 and Figure 2 (digital elevation model),
respectively.
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Figure 5. St. Clair River velocity where higher speeds are visualized in red and direction of
water flow is displayed by arrows. Velocity was calculated using a Resource Management
Associates two-dimensional model (EC 2008). See Table 3 and Figure 2 (velocity/water

direction) for data sources and application, respectively.
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Figure 6. Lake St. Clair velocity where higher speeds are visualized in red and direction

of water flow is displayed by arrows. Velocity was calculated using a Resource
Management Associates two-dimensional model (EC 2008). See Table 3 and Figure 2
(flow/velocity) for data sources and application, respectively.
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Figure 7. Detroit River velocity where higher speeds are visualized in red and direction of
water flow is displayed by arrows. Velocity was calculated using a Resource
Management Associates two-dimensional model (EC 2008). See Table 3 and Figure 2
(velocity) for data sources and application, respectively.
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Figure 8. Toxicity data sample collection points. Data were provided by K. Drouillard (UW,
GLIER, Windsor, Ontario, personal communication, 2017) and interpolated into a system-
wide map by the Doka Lab. Data were collected between 1999-2015 and each sample
represents either random sampling or directed sampling in the St. Clair—Detroit River System.
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Figure 9. Map of Thiessen polygons (ESRI 2018f) used to extrapolate the cumulative
anticipated toxicity levels from the hazard score (HZD) category points for the St.
Clair—Detroit River System. Data were provided by K. Drouillard (UW, GLIER,
Windsor, Ontario, personal communication, 2017) and interpolated into a system-wide
map by the Doka Lab. With our adaptation to add “>”, HZD categories for cumulative
anticipated toxicity were defined by K. Drouillard as: HZD Category 1 = 0-25%; HZD
Category 2 = >25-50%; HZD category 3 = >50-75%; HZD Category 4 = >75-100% ,
HZD Category 5 = >100% (Table 7).
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Figure 10. Map displaying the inverse distance weighting interpolation of toxicity data
represented as hazard score (HZD) categories throughout the St. Clair—Detroit River
System. Data were provided by K. Drouillard (UW, GLIER, Windsor, Ontario, personal
communication, 2017) and interpolated into a system-wide map by the Doka Lab. With our
adaptation to add “>”, HZD categories for cumulative anticipated toxicity were defined by K.
Drouillard as: HZD Category 1 = 0—25%; HZD Category 2 = >25-50%; HZD category 3 =
>50-75%; HZD Category 4 = >75-100% ; HZD Category 5 = >100% (Table 7).
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Figure 11. Map displaying the inverse distance weight interpolation of toxicity data
represented as hazard score (HZD) categories throughout the St. Clair River. Data were
provided by K. Drouillard (UW, GLIER, Windsor, Ontario, personal communication, 2017)
and interpolated into a system-wide map by the Doka Lab. With our adaptation to add “>,
HZD categories for cumulative anticipated toxicity were defined by K. Drouillard as: HZD
Category 1 = 0-25%; HZD Category 2 = >25-50%; HZD category 3 = >50-75%; HZD
Category 4 = >75-100% ; HZD Category 5 = >100% (Table 7).
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Figure 12. Map displaying the inverse distance weighting interpolation of toxicity data
represented as hazard score (HZD) categories throughout Lake St. Clair. Data were
provided by K. Drouillard (UW, GLIER, Windsor, Ontario, personal communication, 2017)
and interpolated into a system-wide map by the Doka Lab. With our adaptation to add “>”,
HZD categories for cumulative anticipated toxicity were defined by K. Drouillard as: HZD
Category 1 = 0-25%; HZD Category 2 = >25-50%; HZD category 3 = >50-75%; HZD
Category 4 = >75-100% ; HZD Category 5 = >100% (Table 7).
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Figure 13. Map displaying the inverse distance weighting interpolation of toxicity data
represented as hazard score (HZD) categories throughout the Detroit River. Data were
provided by K. Drouillard (UW, GLIER, Windsor, Ontario, personal communication, 2017)
and interpolated into a system-wide map by the Doka Lab. With our adaptation to add “>”,
HZD categories for cumulative anticipated toxicity were defined by K. Drouillard as: HZD
Category 1 = 0-25%; HZD Category 2 = >25-50%; HZD category 3 = >50-75%; HZD
Category 4 = >75-100% ; HZD Category 5 = >100% (Table 7).
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Figure 14. Map of U.S. Areas of Concern (AOCs) watersheds for the Clinton and
Rouge River AOC (EPA 2019a, 2019b) and Thiessen polygons (ESRI 2018f) of
cumulative anticipated toxicity in the St. Clair—Detroit River System. Data were
provided by K. Drouillard (UW, GLIER, Windsor, Ontario, personal communication,
2017) and interpolated into a system-wide map by the Doka Lab. With our adaptation
to add “>”, HZD categories for cumulative anticipated toxicity were defined by K.
Drouillard as: HZD Category 1 = 0-25%; HZD Category 2 = >25-50%; HZD category 3
= >50-75%; HZD Category 4 = >75-100% ; HZD Category 5 = >100% (Table 7).
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Figure 15. Map indicating toxicity data sample collection points for all time stanzas at the
area where the U.S. Clinton River Area of Concern watershed drains to Lake St. Clair. Data
were provided by K. Drouillard (UW, GLIER, Windsor, Ontario, personal communication,
2017) and interpolated into a system-wide map by the Doka Lab. With our adaptation to
add “>”, HZD categories for cumulative anticipated toxicity were defined by K. Drouillard as:
HZD Category 1 = 0-25%; HZD Category 2 = >25-50%; HZD category 3 = >50-75%; HZD
Category 4 = >75-100% ; HZD Category 5 = >100% (Table 7).
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Figure 16. Map indicating sample collection points for all time stanzas at the area where
the U.S. Rouge River Area of Concern watershed drains into the Detroit River. Closest

sample that was collected is approximately 100 m from the mouth of the river. Ml =
Michigan. Data were provided by K. Drouillard (UW, GLIER, Windsor, Ontario, personal
communication, 2017) and interpolated into a system-wide map by the Doka Lab. With

our adaptation to add “>”, HZD categories for cumulative anticipated toxicity were defined
by K. Drouillard as: HZD Category 1 = 0-25%; HZD Category 2 = >25-50%; HZD
7).

category 3 = >50-75%; HZD Category 4 = >75-100% ; HZD Category 5 = >100% (Table

61



1999 - 2008 ® 2009 - 2014

Sterlng
Heights

n
Southfield

' Southfiels @ @ ® Q

HZD Category e 1 @ 2 B 3 4 ® 5
——
0 10 20 km

Figure 17. Map detailing locations of toxicity sample collection points for two time stanzas in the
St. Clair—Detroit River System: 1999-2008 (left) and 2009-2014 (right). Data were provided by
K. Drouillard (UW, GLIER, Windsor, Ontario, personal communication, 2017) and interpolated
into a system-wide map by the Doka Lab. With our adaptation to add “>”, HZD categories for
cumulative anticipated toxicity were defined by K. Drouillard as: HZD Category 1 = 0—-25%; HZD
Category 2 = >25-50%; HZD category 3 = >50-75%; HZD Category 4 = >75-100% ; HZD
Category 5 = >100% (Table 7).
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Figure 18. Map detailing locations of toxicity sample collection points for two time stanzas in the
St. Clair River: 1999-2008 (left) and 2009-2014 (right). Data were provided by K. Drouillard
(UW, GLIER, Windsor, Ontario, personal communication, 2017) and interpolated into a system-
wide map by the Doka Lab. With our adaptation to add “>”, HZD categories for cumulative
anticipated toxicity were defined by K. Drouillard as: HZD Category 1 = 0-25%; HZD Category 2
= >25-50%; HZD category 3 = >50-75%; HZD Category 4 = >75-100% ; HZD Category 5 =
>100% (Table 7).
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Figure 19. Map detailing locations of toxicity sample collection points for two time stanzas in
Lake St. Clair: 1999-2008 (left) and 2009-2014 (right). Data were provided by K. Drouillard
(UW, GLIER, Windsor, Ontario, personal communication, 2017) and interpolated into a
system-wide map by the Doka Lab. With our adaptation to add “>”, HZD categories for
cumulative anticipated toxicity were defined by K. Drouillard as: HZD Category 1 = 0-25%;
HZD Category 2 = >25-50%; HZD category 3 = >50-75%; HZD Category 4 = >75-100% ;
HZD Category 5 = >100% (Table 7).
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Figure 20. Map detailing locations of toxicity sample collection points in the Detroit River for two
time stanzas: 1999-2008 (left) and 2009-2014 (right). Data were provided by K. Drouillard (UW,
GLIER, Windsor, Ontario, personal communication, 2017) and interpolated into a system-wide
map by the Doka Lab. With our adaptation to add “>”, HZD categories for cumulative anticipated
toxicity were defined by K. Drouillard as: HZD Category 1 = 0-25%; HZD Category 2 = >25—
50%; HZD category 3 = >50-75%; HZD Category 4 = >75-100% ; HZD Category 5 = >100%

(Table 7).
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Figure 21. Map of emergent vegetation (EV) in the St. Clair—Detroit River System within
a 1-km distance from the shoreline. All EV data collected between 2004-2017, selected
based on classification definitions and were merged to represent one type of EV. See
Table 3 and Figure 2 (emergent vegetation) for data sources and application,

respectively.
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Figure 22. Map of all emergent vegetation (EV) in the St. Clair River at a 1-km distance
from the shoreline. All EV data collected between 2004—-2017, selected based on
classification definitions and were merged to represent one type of EV. See Table 3 and
Figure 2 (emergent vegetation) for data sources and application, respectively.
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Figure 23. Map of all emergent vegetation (EV) in Lake St. Clair within a 1-km distance
from the Lake St. Clair shoreline. All EV data collected between 2004-2017, selected
based on classification definitions and were merged to represent one type of EV. See
Table 3 and Figure 2 (emergent vegetation) for data sources and application,
respectively.
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Figure 24. Map of emergent vegetation (EV) in the Detroit River at a 1-km distance from
the shoreline. All EV data collected between 2004—-2017, selected based on classification
definitions and were merged to represent one type of EV. See Table 3 and Figure 2
(emergent vegetation) for data sources and application, respectively.
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Figure 25. St. Clair—Detroit River System submerged aquatic vegetation hydroacoustic
sample collection locations displayed in percent cover for samples collected in 2007, 2008,
2010, 2015, and 2017. Note: sampling occurred on the Canadian side only, in the connecting
channel rivers and the Saint Clair River delta. See Table 3 and Figure 2 (submerged aquatic
vegetation) for data source and application, respectively.
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Figure 26. St. Clair River submerged aquatic vegetation hydroacoustic sample collection
locations displayed in percent cover for samples collected in 2007, 2008, 2010, and 2017.
Note: sampling occurred on the Canadian side only, in the rivers and the delta. See Table
3 and Figure 2 (submerged aquatic vegetation) for data source and application,
respectively.
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Figure 27. Lake St. Clair submerged aquatic vegetation hydroacoustic sample collection
locations displayed in percent cover for samples collected in 2007,2008, 2010, and 2015 -
2017. Note sampling occurred on the Canadian side only. Sampling also occurred at Walpole
Island, however was not distributed to the most of Lake St. Clair due to its size. See Table 3
and Figure 2 (submerged aquatic vegetation) for data source and application, respectively.
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Figure 28. Detroit River submerged aquatic vegetation hydroacoustic survey locations
displayed in percent cover for samples collected in 2007, 2008, 2010 and 2017. Note
sampling occurred on the Canadian side only, in the rivers and the delta. See Table 3 and
Figure 2 (submerged aquatic vegetation) for data source and application, respectively
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Figure 29. Model output data from interpolations of sample data collected using hydroacoustic

pings in the St. Clair—Detroit River System (Midwood 2020). Detections are measured on
presence/absence and converted to a percent cover using the statistical program R software (R
Foundation for Statistical Computing, Vienna, Austria). The model uses distance to shipping
channel and water depth as variables to predict submerged aquatic vegetation growth in the

rivers.
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Figure 30. Sample locations for substrate sampling via RoxAnn hydroacoustics and Ponar
sediment collections between 1999-2015 in the St. Clair—Detroit River System (Doka et al.,
unpublished data, Appendix A; K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie,
Ontario, personal communication, 2013; N. Rukavina and H. Biberhofer, National Water
Research Institute, Environment Canada, Burlington, Ontario, personal communication, 2003).
See Table 3 and Figure 2 (substrate) for data sources and application, respectively.
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Figure 31. Sample locations for substrate sampling via RoxAnn hydroacoustics and Ponar
between 1999-2015 in the St. Clair River (Doka et al., unpublished data, Appendix A; K. Tallon,
Sea Lamprey Control Centre, Sault Ste. Marie, Ontario, personal communication, 2013; N.
Rukavina and H. Biberhofer, National Water Research Institute, Environment Canada,
Burlington, Ontario, personal communication, 2003). See Table 3 and Figure 2 (substrate) for
data sources and application, respectively.
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Figure 32. Sample locations for substrate sampling via RoxAnn hydroacoustics and Ponar
between 1999-2015 in Lake St. Clair (Doka et al., unpublished data, Appendix A; K. Tallon, Sea
Lamprey Control Centre, Sault Ste. Marie, Ontario, personal communication, 2013; N. Rukavina
and H. Biberhofer, National Water Research Institute, Environment Canada, Burlington, Ontario,
personal communication, 2003). See Table 3 and Figure 2 (substrate) for data sources and
application, respectively.
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Figure 33. Sample locations for substrate sampling via RoxAnn hydroacoustics and Ponar
between 1999-2015 in the Detroit River (Doka et al., unpublished data, Appendix A; K. Tallon,
Sea Lamprey Control Centre, Sault Ste. Marie, Ontario, personal communication, 2013; N.
Rukavina and H. Biberhofer, National Water Research Institute, Environment Canada,
Burlington, Ontario, personal communication, 2003). See Table 3 and Figure 2 (substrate) for
data sources and application, respectively.
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Figure 34. The percent composition of sand using three spatial interpolation approaches in the St.
Clair—Detroit River System. The left map is an interpolation using all substrate samples (acoustic and
Ponar); the centre map is an interpolation of the Ponar grab samples only; and the right map presents
a blend of the first two maps. The latter approach used the Ponar grab sample interpolation but points
were clipped to a 250-m buffer around each sample point and then overlaid on the interpolation of all
substrate samples combined. Sand distribution is for display purposes only. See Table 3 and Figure 2
(substrate) for data sources and application, respectively. Sources: Doka Lab data, Appendix A; K.
Tallon, Sea Lamprey Control Centre, Sault Ste. Marie, Ontario, personal communication, 2013; N.
Rukavina and H. Biberhofer, National Water Research Institute, Environment Canada, Burlington,
Ontario, personal communication, 2003.
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Figure 35. The percent composition of sand using three spatial interpolation approaches in the
St. Clair River. The left map is an interpolation using all substrate samples (acoustic and
Ponar); the centre map is an interpolation of the Ponar grab samples only; and the right map
presents a blend of the first two maps. The latter approach used the Ponar grab sample
interpolation but points were clipped to a 250-m buffer around each sample point which was
then overlaid on the interpolation of all substrate samples combined. Sand distribution is for
display purposes only. See Table 3 and Figure 2 (substrate) for data sources and application,
respectively. Sources: Appendix A; K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie,
Ontario, personal communication, 2013; N. Rukavina and H. Biberhofer, National Water
Research Institute, Environment Canada, Burlington, Ontario, personal communication, 2003.
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Figure 36. The percent composition of sand using three spatial interpolation approaches in Lake St.
Clair. The left map is an interpolation using all substrate samples (acoustic and Ponar); the centre
map is an interpolation of the Ponar grab samples only; and the right map presents a blend of the
first two maps. The latter approach used the Ponar grab sample interpolation but it was clipped to a
250-m buffer around each sample point which was then overlaid on the interpolation of all substrate
samples combined. Sand distribution is for display purposes only. See Table 3 and Figure 2
(substrate) for data sources and application, respectively. Sources: Appendix A; K. Tallon, Sea
Lamprey Control Centre, Sault Ste. Marie, Ontario, personal communication, 2013; N. Rukavina and
H. Biberhofer, National Water Research Institute, Environment Canada, Burlington, Ontario,
personal communication, 2003.
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Figure 37. The percent composition of sand using three spatial interpolation approaches in the
Detroit River. The left map is an interpolation using all substrate samples (acoustic and Ponar);
the centre map is an interpolation of the Ponar grab samples only; and the right map presents
a blend of the first two maps. The latter approach used the Ponar grab sample interpolation but
points were clipped to a 250-m buffer around each sample point which was then overlaid on
the interpolation of all substrate samples combined. Sand distribution is for display purposes
only. See Table 3 and Figure 2 (substrate) for data sources and application, respectively.
Sources: Doka Lab, Appendix A; K. Tallon, Sea Lamprey Control Centre, Sault Ste. Marie,
Ontario, personal communication, 2013; N. Rukavina and H. Biberhofer, National Water
Research Institute, Environment Canada, Burlington, Ontario, personal communication, 2003.
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Figure 38. The percent composition of sand using three spatial interpolation approaches in the
Stag Island section of the Detroit River. The left map is an interpolation using all substrate
samples (acoustic and Ponar); the centre map is an interpolation of the Ponar grab samples
only; and the right map presents a blend of the first two maps. The latter approach used the
Ponar grab sample interpolation but points were clipped to a 250-m buffer around each sample
point which was then overlaid on the interpolation of all substrate samples combined. Sand
distribution is for the display purposes only. See Table 3 and Figure 2 (substrate) for data
sources and application, respectively. Sources: Doka Lab, Appendix A; K. Tallon, Sea Lamprey
Control Centre, Sault Ste. Marie, Ontario, personal communication, 2013 N. Rukavina and H.
Biberhofer, National Water Research Institute, Environment Canada, Burlington, Ontario,
personal communication, 2003.
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Figure 39. The percent composition of sand using three spatial interpolation approaches in the
Fighting Island section of the Detroit River. The left map is an interpolation using all substrate
samples (acoustic and Ponar); the centre map is an interpolation of the Ponar grab samples
only; and the right map presents a blend of the first two maps. The latter approach used the
Ponar grab sample interpolation but points were clipped to a 250-m buffer around each sample
point which was then overlaid on the interpolation of all substrate samples combined. Sand
distribution is for display purposes only. See Table 3 and Figure 2 (substrate) for data sources
and application, respectively. Sources: Appendix A; K. Tallon, Sea Lamprey Control Centre,
Sault Ste. Marie, Ontario, personal communication, 2013; N. Rukavina and H. Biberhofer,
National Water Research Institute, Environment Canada, Burlington, Ontario, personal
communication, 2003.
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APPENDIX A

St. Clair River and Detroit River Hydroacoustic Submerged Aquatic Vegetation
Surveys 2007, 2008 and 2010
Draft report, October 31!, 2016

Background: In both the St. Clair River and Detroit River Areas of Concern, there have
been extensive changes in the amount and quality of aquatic habitat with declines of
72% of wetland area along the U.S. shoreline and comparable losses on the Canadian
side. Consequently, an important Beneficial Use Impairment that must be resolved for
delisting these Areas of Concern is the impairment to fish and wildlife habitat. At both
sites, conservation efforts in support of delisting have been directed towards
maintaining the current extent of habitat and, where possible, increasing the area of
wetland and aquatic habitats that support different functions. In aquatic ecosystems,
submerged aquatic vegetation (SAV) provides important food and habitat to a wide
range of species, specifically for fishes, a majority of which use SAV for spawning,
nursery, or foraging habitat at some point during their life cycle. Consequently, the
objectives of the present report are to characterize the spatial coverage of SAV in the
St. Clair and Detroit rivers, with particular focus on major tributaries and nearshore
features.

Methods & Results: Similar techniques were used across all three years to collect
hydroacoustic and field verification data. Surveys were conducted from mid-July until
late August in 2007, 2008, and 2010. Nine sites were sampled in both the Detroit (6 in
2007/2008 and 3 in 2010) and St. Clair rivers (8 in 2007/2008 and 2 in 2010); one site,
Marshy Creek (St. Clair River), was sampled in both 2008 and 2010 (Figure Al; Table
Al).

Field Verification

To support and corroborate the findings of the hydroacoustic surveys and also provide
an assessment of the substrate composition in the surveyed areas, field verification
points were established. At each of these field verification points, the depth was
measured and a substrate sample was collected using a petit Ponar. Substrate
composition in the 2007/2008 samples was assessed by the Fish Habitat Lab at
Fisheries and Oceans Canada and in 2010 samples were assessed by the Environment
Canada and Climate Change’s Sediment Lab. Plant species composition and SAV
percent cover were estimated at most sites using rake hauls; however, some sites were
too deep for sample collection. In 2010, field verification points were surveyed at Clay
Creek (St. Clair River) and LaSalle (Detroit River), but due to time constraints and
equipment failure these sites could not be surveyed using hydroacoustics as well.
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Therefore substrate data for these two sites are provided, but they are not included in
the interpretation of hydroacoustic data.

Data from a total of 62 verification points were collected during the 2007/2008 surveys
with roughly equal sampling effort at sites in the St. Clair and Detroit rivers. SAV
information was available for only 25 of these points and these overlapped slightly with
the 47 points where substrate samples were collected. A greater number of verification
points were collected in 2010 (n = 120) with a larger number in the Detroit River (68
points for SAV and 64 for substrate) relative to the St. Clair River (27 points for SAV and
42 for substrate).

At the site level, sand was typically the dominant substrate (Table A2). Within individual
sites, sand also tended to be pervasive, but other substrate types were apparent,
particularly at Clay Creek (St. Clair River) in 2010 where clay and gravel were also
dominant at some sampling locations (Figure A2a). Other sites where sand was not
dominant included offshore deeper waters at Turkey Creek (Detroit River, silt and gravel
was dominant), as well as upstream at LaSalle and Canard River (silt and clay were
dominant; Figure A2a,b).

During the 2007/2008 surveys, 14 species of SAV were found in the Detroit River, with
Vallisneria americana, Najas spp., Elodea canadensis , and Potamogeton richardsonii
being the most common. Fewer species of SAV (12) were found in the St. Clair River,
with slightly different dominant species (Chara spp., Vallisneria americana, and
Potamogeton richardsonii). There was considerable variability among sites in terms of
species richness, which ranged from 4-9 in the Detroit River (min — West Windsor; max
— West Fighting Island/Amherstburg Channel) and 2-9 in the St. Clair River (min —
Sarnia Harbour; max — Marshy Creek).

There was a similar species composition in both systems in the 2010 surveys with
Vallisneria americana, Najas spp., Elodea canadensis, and Potamogeton spp. being
dominant in the Detroit River and Chara spp., Potamogeton spp., and Vallisneria
americana dominating in the St. Clair River. Again, there was higher species richness in
the Detroit River (range 7-13; min — Lasalle; max — Canard River) compared to the St.
Clair River (range 9-10; min — Clay Creek; max — Chenal Ecarte /Marshy Creek). Other
common plant species found during vegetation surveys included: Myriophyllum
spicatum; Heteranthera dubia; Nitella spp., and Ceratophyllum demersum.

At a subset of verification points, Secchi depth data were collected as water clarity is an
important determinant of SAV distributions. In many instances, Secchi depth could not
be measured because of excess vegetation or fast flowing waters. At some sites with
shallow, clear waters, Secchi depth could also not be determined since the disc was
visible lying on the bottom. In these last instances, Secchi depth was assumed to be
greater than the water depth. In 2007/2008, Secchi depth could not be determined for
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the majority of sites in the St. Clair River for the reason described above. For the two
sites that could be assessed, Secchi depths were greater than 1.0 and 2.0 m (Suncor
site and Talford Creek, respectively; Table Al). More estimates were available in the
Detroit River, where Secchi depths ranged from 0.8 m (East Windsor) to 1.8 m (Peche
Island). In 2010, Secchi depth was typically less than 1.0 m in the Detroit River (range,
0.9-1.0 m). There was a wider range in the St. Clair River with a mean Secchi depth
low of 0.8 m in Clay Creek and a high of 5.5 m (Chenal Ecarte; Table Al). Secchi depth
at Marshy Creek could not be estimated since the disc was on bottom for the majority of
the surveys; however, these samples were attempted at water depths between 1.1to 3.9
m, suggesting Secchi depth was greater than 4.0 m at this site.

Hydroacoustics

At each site, boat transects were run both perpendicular and parallel to shore and were
a mixture of relatively straight lines or a zig-zag pattern. This approach was used to
identify the spatial coverage of SAV in a region and the deep-water edge of the SAV
bed to be mapped. Data were all geo-referenced, which allowed for mapping and an
assessment of the spatial coverage and density of SAV using a GIS. For all surveys,
echosounding sampling used a BioSonics DT-X with a 430 kHz 6.8° transducer. These
echosounding data were analyzed using ECOSAV 2.0 software (BioSonics 2001) to
determine water depth, SAV percent cover, and SAV height. Input parameters for the
hydroacoustic analysis were determined separately for the St. Clair and Detroit Rivers
by comparing results of the echosounding with verification observations.

Specifically in the Detroit River, parameters had to be adjusted for a few transects
because SAV height approached the water surface and led to the rejection of ping
cycles by exceeding the number of noisy or out-of-water pings. In some instances, the
output data were subsequently manually adjusted to account for the erroneous
assignment of high SAV cover along steep slopes. These manual adjustments involved
a visual analysis of maps with depth profiles, echograms, Excel graphs, ground-truth
samples and other nearby data points. These adjustments were consistently applied
throughout the SAV analysis, with a preference for ground-truth results where available.

For each site, the mean (x standard deviation; SD), inter-quartile range, and complete
range (min-max) were calculated for the depth, SAV percent cover, and SAV height of
the hydroacoustic data. These data were also plotted in a GIS to show the spatial
coverage of the SAV and its associated depths.

Generally, there was a larger range in depth at sites surveyed in the St. Clair River
relative to the Detroit River and the upper quartile and maximum observed depths also
tended to be deeper (Table A3; Figures A3a,b). Not surprisingly, there was also a
general trend in the spatial distribution of water depths with deeper waters typically
being found towards the center of the rivers (Figures A3a,b). At the majority of sites, the
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mean water depth where SAV was present tended to be shallower than where it was
absent, although there were some exceptions (discussed below).

In general, SAV was less prevalent at St. Clair River sites (e.g., fewer hydroacoustic
points surveyed contained SAV) relative to the Detroit River, although there were two
notable exceptions in the St. Clair River at Chenal Ecarte and Marshy Creek where SAV
occurred at greater than 60% of the hydroacoustic points (Table A4; Figures Ada,b).
Sites in the Detroit River tended to be shallower than those in the St. Clair River and
SAV occurred at greater than 60% of the hydroacoustic points at all but one site (West
Fighting Island; Table A4). This site is situated along the western shore of Fighting
Island and is therefore directly adjacent to the shipping channel, and likely exposed to
wave action from passing ships. It was also one of three sites (including Chenal Ecarte
in the St. Clair River and LaSalle in the Detroit River) where the mean water depth was
greater at sites where SAV was present relative to sites where there was no SAV (Table
A4). Where SAV was present, it typically had coverage greater than 50%; Clay Creek
was the sole exception with mean SAV coverage of 44.9 + 30.7 and a lower interquartile
range (Table A4). Clay Creek also had low proportional coverage of SAV (0.12)
suggesting that not only is the SAV percent cover generally low at this site, it also had a
smaller areal distribution. Marshy Creek had the highest mean SAV percent cover at
greater than 80%, but relatively low proportional coverage of SAV (0.20 of the area
surveyed); Table A4). Mean SAV height was typically less than 0.5 m (Table A4), which
is consistent with the dominant species typically being non-canopy forming SAV (e.q,
Vallisneria americana, Najas spp., Elodea canadensis, and Chara spp.).

Finally, the relationship between water depth and SAV percent cover was explored
visually. There were clear differences between the St. Clair and Detroit rivers with SAV
percent cover typically peaking between shallower depths in the Detroit River (1-4 m;
Figure A5) compared to the St. Clair River (2-7 m; Figure 6). During the 2010 surveys,
three sites (Turkey Creek, LaSalle and Chenal Ecarte) had SAV at depths at or greater
than 10-m (Figure A7), but the mean depth of occurrence for SAV at all these sites was
still between 3-5 m suggesting it may occur only occasionally at these deeper depths
when water clarity permits.

Discussion: Based on the SAV hydroacoustic surveys and their associated field
verification data (i.e. ground-truthing), there are clear differences in both the
environmental conditions and the coverage of SAV in the Detroit and St. Clair rivers.
Water clarity, evaluated using a Secchi disc, was typically higher in the St. Clair River
and consequently the distribution of depths at which SAV occurred was also deeper
than in the Detroit River. The mean depth also tended to be deeper in the St. Clair
River, which is consistent with the bathymetric profile of this system with a
comparatively steep and narrow nearshore zone; this is likely why SAV cover was lower
in the St. Clair River. Exceptions to this steep profile occur in proximity to Stag and
Fawn islands; however, the proportional area of these shallow grade nearshore areas is
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considerably less than in the Detroit River. Indeed, outside of the shipping and
navigation channels, the nearshore of the Detroit River has a shallower grade and a
more complex and protected shoreline, with the exception of the Walpole Island area.

Even with higher water clarity and a wider depth distribution of occurrence, SAV was
generally less common and had a lower area in the St. Clair River relative to the Detroit
River. In the St. Clair River there also tended to be a shallow water zone where SAV
was absent (<2 m). A potential explanation for these differences relates to the relative
level of exposure to both natural and human-influenced physical processes in the two
systems. As previously noted, the St. Clair River is a more channelized system with
fewer protected backwater areas. Consequently, sites in this system are more exposed
to the natural currents in the system and resulting ice scour as well as the wake from
shipping and recreational vessels. In contrast, many of the sites in the Detroit River are
away from the main shipping channel and therefore likely experience less physical
disturbance as they are more protected. West Fighting Island in the Detroit River was
one of the few sites in close proximity to the main channel and it had the lowest
proportional coverage of SAV in this system. Regardless of the mechanism behind the
observed patterns in SAV coverage, the sites surveyed in the St. Clair River generally
had more marginal, fringe SAV coverage relative to the Detroit River.

Finally, despite the noted differences in environmental condition and SAV coverage,
substrate composition in both rivers were very similar (i.e. dominated by sand) as were
the dominant SAV species (e.g., Vallisneria americana and Potamogeton richardsonii).
From a species perspective this is not surprising given that these two systems are
directly connected and likely have similar growing seasons despite moderate
differences in other physical characteristics (e.g. flows and bathymetry).
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APPENDIX A TABLES AND FIGURES

Table Al. Site codes and year sampled as well as mean Secchi depth for the
Detroit River (DR) and St. Clair River (SCR) systems. For many sites, Secchi
depth could not be assessed due to weather conditions. Also, at some shallow

sites with clear water, the Secchi disc reached the bottom. In these instances the

mean Secchi depth was assigned a value of greater than the bottom depth.

Locations where Secchi was not collected in that time stanza are identified with a

Mean

, Site @ Sample Secchi

Site System code yeapr depth
(m)

Ambherstburg Channel DR DR_AC 2007/2008 —
Peche Island DR DR_PI 2007/2008 1.84 £ N/A
South Fighting Island DR DR_SFI 2007/2008 —
West Fighting Island DR DR_WFI 2007/2008 —
Windsor East DR DR_WE 2007/2008 0.75+0.14
Windsor West DR DR_WW 2007/2008 0.77 £0.04
Clay Creek SCR SC_CP 2008 —
Fawn Island SCR SC_FI 2008 —
Marshy Creek SCR SC_SFI 2008 —
N Stag Island SCR SC_NSI 2008 —
ON Power Generation SCR SC_OPG 2008 —
Sarnia Harbour SCR SC_SH 2008 —
Suncor Site SCR SC_SS 2008 >1.0
Talford Creek SCR SC TC 2008 >2.0
Canard River DR DR_CR 2010 0.94 £ 0.36
LaSalle DR DR_NFI 2010 0.87 £0.40
Turkey Creek DR DR_TC 2010 1.03+0.28
Clay Creek SCR SC_CP 2010 0.82+0.76
Chenal Ecarte SCR SC_CE 2010 5.53+0.33
Marshy Creek SCR SC_SFI 2010 >2-3m
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Table A2. Dominant substrate composition determined from samples collected at the field

verification points. Substrate with ‘—* identified indicate no granular composition was
detected.
Site code? Year Dominant Gravel Sand Silt Clay
substrate
DR_TC 2010 Sand 34+142 829+20.3 42.0+255 7.8+5.8
DR_NFI 2010 Sand 119+179 61.8+311 70.6+19.2 129+9.38
DR_CR 2010 Sand 2.7+8.2 649+236 43.0+x155 17.2+15.8
SC_CE 2010 Sand 6.7+£18.6 91.7+18.2 — —
SC_SFI 2010 Sand 17.0+20.3 80.7x194 — —
Cobble Sand Silt/clay Organic
SC_SH 2008 Sand 0.2+0.2 96.1+24 21+18 1.6£05
SC_SS 2008 Sand/Cobble 39.3+30.9 55.9+304 28+1.6 19+£0.8
SC_TC 2008 Sand 9.2+0.8 80.7+15 82+18 2.0+£05
SC_NSI 2008 Sand/Cobble 48.2+30.7 48.4+29.6 20+£1.6 14+£0.1
SC_OPG 2008 Sand 13.1+21.2 829x199 28+1.1 1.3£05
SC_CP 2008 Sand 9.8+45 82.3+6.6 59+26 20+£0.1
SC_FI 2008 Sand 21+35 83.6+17.0 12.4+16.7 19+£1.3
SC_SFI 2008 Sand 148+ 147 78.8x13.6 50+£28 14+£0.3
DR_PI 2007/2008 Sand 22+39 70.5+9.7 225+114 48+2.2
DR_WE 2007/2008 Sand 170+254 69.1x24.1 10.3+8.7 3.7+£20
DR_WW 2007/2008 Sand 164+16.8 77.2x14.7 4.8 +£1.7 1.6£05
DR_WFI 2007/2008 Sand 4.4+£29 73.6+4.9 18.7 £ 3.3 3.3+£0.7
DR_SFI 2007/2008 Sand 6.9+ 13.6 65.9+6.8 22.1+14.6 51+14
DR_AC 2007/2008 Sand 4375 76.5+10.8 143x+7.3 49+3.6

8 See Table Al for site code definitions
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Table A3. Results from the hydroacoustic (HA) surveys showing the number of pings where
submerged aquatic vegetation (SAV) was present (P) or absent (A). The mean, inter-
quartile range and minimum-to-maximum depth where SAV were present or absent are also
presented.

. S | HA Depth(m)
igge ?/r;apr ©  SAVPIA pings 1st — 3rd
Mean — Min to Max
Quartile
DR_AC 2007/2008 P 911 1.87 +£0.40 1.68-1.94 1.11-7.19
A 599 590+1.84 4.74-7.17 0.95-12.49
DR_PI 2007/2008 P 1148 1.56 £ 0.52 1.26-1.71 0.90-5.15
A 783 3.90 £ 2.07 2.31-5.61 0.85-8.37
DR_SFI 2007/2008 P 2394 1.70 £ 0.55 1.37-1.77 0.85-7.13
A 1225 4,35+ 2.22 2.64-6.22 0.83-8.39
DR_WFI 2007/2008 P 175 469 +1.25 3.64-5.82 2.18-7.28
A 759 3.24+£2.35 1.35-4.88 0.85-8.82
DR_WE 2007/2008 P 1025 1.71 +£0.29 1.49-1.96 1.06-2.74
A 505 3.94+1.77 2.68-5.43 1.10-7.37
DR_WW 2007/2008 P 1092 2.16 £ 0.56 1.75-2.44 1.18-4.69
A 685 466 +1.74 3.57-5.86 1.13-8.37
SC_CP 2008 P 346 3.53 +£1.07 2.94-4.08 1.37-7.81
A 2437 4,10 £ 2.89 1.46-6.86 0.87-10.13
SC_FI 2008 P 588 4,26 +1.42 2.98-5.43 1.33-7.19
A 999 5.85+2.90 2.42-7.85 1.01-11.45
SC_SFI 2008 P 306 4,20 +1.37 3.06-5.23 1.54-6.78
A 1239 6.86 + 3.20 4.71-9.50 1.08-10.55
SC_NSI 2008 P 286 3.55+0.98 2.80-4.03 1.65-6.32
A 1995 463+221 3.15-5.94 1.35-10.29
SC_OPG 2008 P 493 3.60+1.16 2.74-4.39 1.33-6.53
A 1043 5,54 +2.83 2.92-7.04 1.02-11.81
SC_SH 2008 P 175 469 +1.25 3.64-5.52 2.18-7.28
A 920 7.90+£2.34 6.9-9.29 1.77-12.55
SC_SS 2008 P 263 4.46 £ 0.82 3.93-5.13 2.06-6.14
A 1106 7.22 £1.96 6.67-8.44 1.38-10.95
SC_TC 2008 P 328 3.23+1.12 2.35-4.17 1.14-7.62
A 1270 5.65+2.61 3.23-7.74 0.90-10.40
DR_CR 2010 P 5926 1.51 + 0.68 1.16-1.66 0.58-7.03
A 2796 297244 1.03-4.49 0.53-10.31
DR_NFI 2010 P 2513 4.02 +2.15 2.20-5.46 0.52-10.95
A 1179 3.53+3.16 0.86—6-87 0.50-10.37
DR_TC 2010 P 3499 3.06 + 3.04 1.24-2.36 0.54-9.81
A 713 6.78 £ 2.70 4,53-8.99 0.51-9.81
SC_CE 2010 P 3601 4,88 +2.32 2.88-7.07 0.52-10.95
A 1238 3.66 £ 3.15 0.86-6.90 0.50-10.37
SC_SFI 2010 P 2272 3.72 £+ 1.56 2.45-5.08 0.70-7.27
A 1327 4,28 + 3.87 1.06-8.11 0.52-13.73

8 See Table Al for site code definitions
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Table A4. Results from the hydroacoustic surveys for submerged aquatic vegetation (SAV). The proportion of
hydroacoustic points where SAV was present (Prop. SAV) is shown as are the mean, inter-quartile range, and
minimum to maximum values for SAV percent cover and SAV height.

SAV % cover SAV height (m)

Site 2

Prop.

1st-3rd

Min-

1st-3rd

code Year SAV Mean Quartile  Max Mean Quartile Min-Max
DR_AC 2007/2008 0.60 60.3 +26.1 40-80 10-100 0.48 £ 0.15 0.37-0.58 0.20-1.04
DR_PI 2007/2008 0.59 66.7 £ 28.4 50-90 10-100 0.38+£0.12 0.30-0.44 0.20-0.94
DR_SFI 2007/2008 0.66 65.8 +27.4 44-90 9-100 0.43 +£0.17 0.31-0.50 0.20-1.66
DR_WFI 2007/2008 0.19 61.1 +29.1 40-90 9-100 0.69 £ 0.32 0.43-0.86 0.00-1.92
DR_WE 2007/2008 0.67 77.0 £ 26.0 60-100 9-100 0.38 £ 0.13 0.30-0.43 0.20-0.95
DR_WW  2007/2008 0.61 76.4 + 26.2 60-100 10-100 0.32 £0.10 0.26-0.36 0.20-1.17
SC_CP 2008 0.12 449 + 30.7 20-70 10-100 0.48 £+ 0.17 0.98-0.52 0.34-1.54
SC_FI 2008 0.37 76.8 £ 28.4 60-100 10-100 0.71 £0.30 0.47-0.85 0.34-1.93
SC_SFI 2008 0.20 74.1 + 30.7 60-100 10-100 0.65+0.24 0.46-0.78 0.34-1.49
SC_NSI 2008 0.13 50.2 + 31.3 20-80 9-100 0.55+0.18 0.41-0.65 0.34-1.25
SC_OPG 2008 0.32 66.2 £ 29.0 40-90 10-100 0.69 +£0.30 0.45-0.84 0.34-1.83
SC_SH 2008 0.16 61.1+29.1 40-90 9-100 0.69 +£0.32 0.43-0.86 0.00-1.92
SC_SS 2008 0.19 61.9 +£29.7 40-90 10-100 0.51+£0.13 0.41-0.60 0.34-0.89
SC TC 2008 0.21 57.2+31.2 30-90 1-100 0.52 £0.18 1.39-0.62 0.34-1.36
DR_CR 2010 0.68 78.4 + 28.8 66-100 5-100 0.38 £ 0.19 0.24-0.49 0.09-1.86
DR_NFI 2010 0.68 79.3 +29.2 60-100 9-100 0.44 £ 0.35 0.16-0.65 0.09-2.10
DR_TC 2010 0.83 73.8 +26.8 60-100 9-100 0.34 £ 0.17 0.21-0.44 0.05-1.37
SC_CE 2010 0.74 77.9£29.5 60-100 9-100 0.37 £0.32 0.13-0.51 0.09-2.10
SC_SFI 2010 0.63 83.4 +27.7 70-100 9-100 0.57 £ 0.45 0.20-0.89 0.09-2.31

& See Table Al for site code definitions
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Figure Al. Location of survey sites in the Detroit and St. Clair Rivers. For detailed information
on survey year see Table 1.
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A2b. St. Clair River
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Figure A2. Location of the verification points at each site in the Detroit River (A2a) and
and the St. Clair River (A2b), and the dominant substrate type for each point.
Considerably more substrate samples were collected in the 2010 surveys relative to the
2007/2008 surveys. Regardless, sand was by far the most common substrate type at all

sites during all surveys.
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A3a. Detroit River Sites
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A3b. St. Clair River Sites
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Figure A3. Depth determined from the hydroacoustic surveys. A3a: Detroit River sites—Turkey
Creek and Canard River were sampled in 2010; the other sites were surveyed in 2007/2008.
A3b: St. Clair River sites—Chenal Ecarte was sampled in 2010 and Marshy Creek was
sampled in both 2007/2008 and 2010, but only the 2010 surveys in Marshy Creek are shown in
this figure. All other sites were surveyed in 2007/2008.
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A4b. Detroit River Sites
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Figure A4. Spatial distribution of submerged aquatic vegetation (SAV) percent cover at:
A4a) Detroit River sampling sites. Turkey Creek and Canard River were sampled in
2010, and the other sites were surveyed in 2007/2008. Verification points were collected
at LaSalle (center panel) in 2010, but hydroacoustic surveys were not completed within
this system; and A4b) Clair River sampling sites. Chenal Ecarte was sampled in 2010
and Marshy Creek was sampled in both 2007/2008 and 2010, but only the 2010 surveys
for Marshy Creek are shown in this figure. All other sites were surveyed in 2007/2008.
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range for each of the sites in the Detroit River that were surveyed in 2007/2008.
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Figure A6. Submerged aquatic vegetation (SAV) percent cover as a function of depth
range for each of the sites in the St. Clair River that were surveyed in 2008.
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Figure A7. Submerged aquatic vegetation (SAV) percent cover as a function of depth
range for each of the sites in the Detroit and St. Clair Rivers that were surveyed in 2010.
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