Timed-search surveys of freshwater mussels in coastal
wetland and riverine sites in lakes Ontario, Erie, and St.
Clairin 2015

Katherine A. Wright, Kelly A. McNichols-O’Rourke, Todd J. Morris

Fisheries and Oceans Canada

Great Lakes Laboratory for Fisheries and Aquatic Sciences
867 Lakeshore Road

Burlington, ON

L7S 1A1

2020

Canadian Manuscript Report of
Fisheries and Aquatic Sciences 3192

I*I Fisheries and Oceans Péches et Océans bl

Canada Canada Canada



Canadian Manuscript Report of Fisheries and Aquatic Sciences

Manuscript reports contain scientific and technical information that contributes to existing
knowledge but which deals with national or regional problems. Distribution is restricted to institutions or
individuals located in particular regions of Canada. However, no restriction is placed on subject matter,
and the series reflects the broad interests and policies of Fisheries and Oceans Canada, namely, fisheries
and aquatic sciences.

Manuscript reports may be cited as full publications. The correct citation appears above the abstract
of each report. Each report is abstracted in the data base Aquatic Sciences and Fisheries Abstracts.

Manuscript reports are produced regionally but are numbered nationally. Requests for individual
reports will be filled by the issuing establishment listed on the front cover and title page.

Numbers 1-900 in this series were issued as Manuscript Reports (Biological Series) of the
Biological Board of Canada, and subsequent to 1937 when the name of the Board was changed by Act of
Parliament, as Manuscript Reports (Biological Series) of the Fisheries Research Board of Canada.
Numbers 1426 - 1550 were issued as Department of Fisheries and Environment, Fisheries and Marine
Service Manuscript Reports. The current series name was changed with report number 1551.

Rapport manuscrit canadien des sciences halieutiques et aquatiques

Les rapports manuscrits contiennent des renseignements scientifiques et techniques qui constituent
une contribution aux connaissances actuelles, mais qui traitent de problémes nationaux ou régionaux. La
distribution en est limitée aux organismes et aux personnes de régions particuliéres du Canada. Il n'y a
aucune restriction quant au sujet; de fait, la série refléte la vaste gamme des intéréts et des politiques de
Péches et Océans Canada, c'est-a-dire les sciences halieutiques et aquatiques.

Les rapports manuscrits peuvent étre cités comme des publications a part entiére. Le titre exact
figure au-dessus du résumé de chaque rapport. Les rapports manuscrits sont résumés dans la base de
données Résumés des sciences aquatiques et halieutiques.

Les rapports manuscrits sont produits a I'échelon régional, mais numérotés a I'échelon national. Les
demandes de rapports seront satisfaites par I'établissement auteur dont le nom figure sur la couverture et
la page du titre.

Les numéros 1 a 900 de cette série ont été publiés a titre de Manuscrits (série biologique) de I'Office
de biologie du Canada, et aprés le changement de la désignation de cet organisme par décret du
Parlement, en 1937, ont été classés comme Manuscrits (série biologique) de I'Office des recherches sur
les pécheries du Canada. Les numéros 901 a 1425 ont été publiés a titre de Rapports manuscrits de
I'Office des recherches sur les pécheries du Canada. Les numéros 1426 a 1550 sont parus a titre de
Rapports manuscrits du Service des péches et de la mer, ministére des Péches et de I'Environnement. Le
nom actuel de la série a été établi lors de la parution du numéro 1551.



Canadian Manuscript Report

of Fisheries and Aquatic Sciences 3192

2020

Timed-Search Surveys of freshwater mussels in coastal wetland and riverine

sites in lakes Ontario, Erie, and St. Clair in 2015

by

Katherine A. Wright, Kelly A. McNichols-O’Rourke, and Todd J. Morris

Fisheries and Oceans Canada
Great Lakes Laboratory for Fisheries and Aquatic Sciences
867 Lakeshore Rd.,
Burlington, ON L7S 1A1 CANADA



© Her Majesty the Queen in Right of Canada, 2020.

Cat. No. Fs 97-4/3192E-PDF ISBN 978-0-660-34174-3 ISSN 1488-5387

Correct citation for this publication:

Wright, K.A., McNichols-O’Rourke, K.A., and Morris, T. J. 2020. Timed-search surveys
of freshwater mussels in coastal wetland and riverine sites in lakes Ontario, Erie, and
St. Clair in 2015. Can. Manuscr. Rep. Fish. Aquat. Sci. 3192: v + 24 p.



TABLE OF CONTENTS

AB ST R A CT et a s %
RESUME ...ttt v
INTRODUGCTION . ...ttt e e e e e e e e e e e e e e e e e s e e e e e enn e e e e erna s 1
COASTAL WETLAND SEARCH METHOD .....coiiiiiiiie et 2
TIMED-SEARCH METHOD ..ot eaaans 2
ABIOTIC FACTORS .. e e et e e e e e e e e e e 2
OVERALL FRESHWATER MUSSEL COMMUNITY ..o 3
SITES SURVEYED USING THE COASTAL WETLAND SEARCH METHOD.............. 3
SITES SURVEYED USING THE TIMED-SEARCH METHOD......c.ccccooiiiiiiiiiiiiiieeeees 3
Coastal Wetland SItES...........uueiiiiiiiee et 4
RIVEIINE SITES ..ot e e e e r e e e e e e e anas 4
ABIOTIC FACTORS ..ottt e e e e e e e et s 4
COASTAL WETLAND SITES ..o et e e e e e eees 5
Coastal wetland search method.............cc.uviiiiiiii e 5
Timed-search Method...........c..uiiiiii e 5
RIVERINE SITES. ... ettt e e et e e e e e 7
CONGCLUSION .ttt e e e ettt e e e e e tb e e e e eta e e e eeaaa e e aeesnn e eaenes 8
ACKNOWLEDGEMENTS ...t e et a e an s 9
REFERENGCES. . ...ttt e e et e et e e e e et e e e e e aaa s 10



LIST OF TABLES

Table 1. Mussel species in Ontario that have been assessed by the Committee on the
Status of Endangered Wildlife 1N ...........uuieiieeiiiiiiiiiiii e 13

Table 2. Information on sites sampled or resampled in 2015. Icon numbers correspond
to site codes On FIGUIesS 1-3 and 6. ........covvviiieieiiiiieeee e 14

Table 3. Number of individuals observed in coastal wetland sites surveyed using the
coastal wetland method (Reid et al. 2014) during the 2015 field season.. .................... 15

Table 4. Number of individuals observed in coastal wetland areas surveyed using the
timed-search method (Metcalfe-Smith et al. 2000) during the 2015 field season.......... 16

Table 5. Number of individuals observed in riverine sites surveyed using the timed-
search method (Metcalfe-Smith et al. 2000) during the 2015 field season.................... 17

Table 6. Physical characteristics of all sites surveyed by Fisheries and Oceans Canada
] 022 0 L TSSO PPPPRRR 18

LIST OF FIGURES
Figure 1. Sites sampled by Fisheries and Oceans Canada in 2015..................cceeeeeens 19

Figure 2. Lake Ontario coastal wetland sites sampled by Fisheries and Oceans Canada
in 2015: Four Mile Creek, Fifteen Mile Creek, Sixteen Mile Creek (Niagara region), and
Martindale PONG ........coooeiiie e e e et e e e e e e e e e e e e e e e eeeanae 20

Figure 3. Cootes Paradise Marsh sites sampled by Fisheries and Oceans Canada in

Figure 4. Length distribution of Utterbackia imbecillis (Paper Pondshell) collected from
Cootes Paradise Marsh and Spencer CreekK. ........ccceuviiiiiiiiiiiiie e 22

Figure 5. Length distribution of Toxolasma parvum (Lilliput) collected from Cootes
Paradise Marsh and SPenCer CrEEK. .....ccccceeiiiiiiiiiei et e e e e eeaaaes 23

Figure 6. Bronte Creek and Sixteen Mile Creek sites (Halton region) sampled by
Fisheries and Oceans Canada in and prior to 2015.........ccooviiiiiiiieiiceeeeeee e 24



ABSTRACT

Wright, K.A., McNichols-O’Rourke, K.A., and Morris, T. J. 2020. Timed-search surveys
of freshwater mussels in coastal wetland and riverine sites in lakes Ontario, Erie, and
St. Clair in 2015. Can. Manuscr. Rep. Fish. Aquat. Sci. 3192: v + 24 p.

In 2015, Fisheries and Oceans Canada (DFO) surveyed 41 coastal wetland and riverine
sites in the Lake Ontario, Lake Erie, and Lake St. Clair drainages for freshwater
mussels. Twenty-seven live species (744 individuals), including eight Species at Risk
(SAR), were observed. Although all riverine sites had previously been sampled, a
number of the coastal wetland sites (Four Mile Creek, Fifteen Mile Creek, Cootes
Paradise Marsh, and Martindale Pond) had never been formally surveyed by DFO.
Species richness at coastal wetland sites ranged from zero to five and Pyganodon
grandis was the most abundant species. The first live occurrence of Quadrula quadrula,
a SAR, was recorded in Fifteen Mile Creek. Cootes Paradise Marsh maintains a mussel
community represented by at least five different species and the presence of Toxolasma
parvum was confirmed. Riverine sites (Credit, Grand, Speed, and Sydenham rivers)
were sampled for data on target species, and richness ranged from two to 18 species,
including six SAR. No mussels were observed in Bronte Creek or Sixteen Mile Creek-
Halton. Our findings allow for a better understanding of the ranges and population
statuses of SAR in these areas.

RESUME

Wright, K.A., McNichols-O’Rourke, K.A., and Morris, T.J. 2020. Timed-search surveys
of freshwater mussels in coastal wetland and riverine sites in lakes Ontario, Erie, and
St. Clair in 2015. Can. Manuscr. Rep. Fish. Aquat. Sci. 3192: v + 24 p.

En 2015, Péches et Océans Canada (MPO) a mené des relevés ciblant les moules
d’eau douce dans 41 milieux humides cétiers et sites riverains situés dans les bassins
hydrographiques des lacs Ontario, Erié et Sainte-Claire. Dans le cadre de ces relevés,
on a observé 27 especes vivantes (744 individus), y compris huit espéces en péril. Tous
les sites riverains en question avaient déja été échantillonnés, mais le MPO n’avait
jamais mené de relevé officiel dans certains milieux humides cétiers, comme le
ruisseau Four Mile, le ruisseau Fifteen Mile, le marais Cootes Paradise et I'étang
Martindale. Dans les milieux humides cétiers étudiés, la richesse spécifique variait de
Zéro a cing especes, et le Grand Anodonte (Pyganodon grandis) était I'espéce la plus
abondante. Le premier spécimen vivant de Mulette-feuille d’érable (Quadrula quadrula),
une espeéce en péril, a été observeé dans le ruisseau Fifteen Mile. Le marais Cootes
Paradise abrite une communauté de moules comptant au moins cing especes
différentes, y compris le Toxolasme nain (Toxolasma parvum) dont on a confirmé la
présence. On a échantillonné des sites riverains (rivieres Credit, Grand, Speed et
Sydenham) afin d’obtenir des données sur des espéces cibles. La richesse spécifique y
variait de deux a 18 especes, parmi lesquelles on comptait six espéces en péril. Aucune
moule n’a été observée dans le ruisseau Bronte ni dans le ruisseau Sixteen Mile (région
de Halton). Les résultats obtenus permettent de mieux comprendre l'aire de répartition
d’espéces en péril et la situation de leurs populations dans les zones étudiées.



INTRODUCTION

As 70% of North American freshwater mussel species are extinct or imperiled
(U.S. Fish and Wildlife Service 2016), research and conservation efforts focusing on
species’ assessment and habitat continue to be important. Currently, 15 of 42 Ontario
species are considered at risk and are listed as Endangered, Threatened, or Special
Concern under the Species at Risk Act (SARA) (Table 1; Government of Canada 2020;
Metcalfe-Smith et al. 2005). Ontario species, like almost all North American freshwater
mussels, are threatened by habitat loss and invasive mussels, notably the Zebra Mussel
(Dreissena polymorpha) and Quagga Mussel (Dreissena rostriformis bugensis)
(COSEWIC 2006). Other threats include, but are not limited to, pollution (e.g., from
urban and agricultural runoff), climate change, residential and commercial development,
and other anthropogenic disturbances (COSEWIC 2006; 2013).

As conservation activities have focused heavily on riverine populations in south-
western Ontario, Reid et al. (2014) examined methods to inventory and monitor lesser
studied wetland areas. Wetlands regulate chemical, biological, and ecological
processes of a lake and thus are important for productivity, nutrient cycling, biodiversity,
and fisheries (Sierszen et al. 2012). They also offer refuge for many mussel species
(Zanatta et al. 2015). One such area is Cootes Paradise Marsh, a large coastal wetland
complex of 320 Ha at the western end of Lake Ontario in Hamilton, Ontario. Shoreline
searches and incidental observations have been recorded by the staff at the Royal
Botanical Gardens (RBG) since the mid-1990s (Smith 2008). In-water surveys in Cootes
Paradise Marsh were conducted by the Ontario Ministry of Natural Resources and
Forestry (OMNRF) in 2013. Additional wetland sites examined by Reid et al. (2014)
were located from St. Catharines to Kingston along the coast of Lake Ontario. Other
areas within and beyond this range have yet to be explored or have not been formally
surveyed.

During the 2015 field season, Fisheries and Oceans Canada (DFO) surveyed for
freshwater mussels at coastal wetland and riverine sites within the Lake Ontario and
Lake Erie drainages. The overall goal was to gather information on distributions and
abundances of mussel Species at Risk (SAR), as well as provide a general description
of the habitat at the sites. Specific purposes of surveying were to:

(1) Determine or confirm the range of target mussel SAR that had previously been
reported at one or more sites within the system: Cootes Paradise Marsh and
Sixteen Mile Creek-Niagara*;

(2) Create mussel inventories of waterbodies or sites that had never been formally
surveyed by DFO: Cootes Paradise Marsh, other coastal wetland areas (Four
Mile Creek, Fifteen Mile Creek, and Martindale Pond), and lower portions of
Bronte Creek and Sixteen Mile Creek-Halton*;

1
* There are two Sixteen Mile creeks in the Lake Ontario drainage that were sampled during these surveys



(3) Reuvisit sites to collect information about a specific species or to collect genetic
samples: Grand, Speed, Sydenham, and Credit rivers, and Sixteen Mile Creek-
Niagara.

METHODS

COASTAL WETLAND SEARCH METHOD

This method was used in coastal wetland areas that had never been previously
sampled: Four Mile Creek, Fifteen Mile Creek, and Martindale Pond. Surveys were
conducted in collaboration with the OMNRF or Central Michigan University (CMU) and
consisted of two person-hours of sampling: one person-hour of tactile searching, using
hands and/or boots to feel through the substrate for mussels, and one person-hour with
either mussel scoops (122 cm (4 ft) long handle with a 7 mm mesh metal basket) or an
Eagle Claw® Clam Rake (0.84 m long handle, with 0.26 x 0.15 m metal basket and ten
0.15 m long steel teeth) (Reid et al. 2014). Sampling was limited to within 50 m of the
starting point and methods did not overlap within the sampling area. At one site in
Fifteen Mile Creek, LON-FML-02, the large amount of vegetation made the mussel
scoops ineffective for sampling; only the first hour of sampling (tactile searching) was
completed, despite the intent to complete both components of the coastal wetland
search method. During the surveys, all live animals were removed from the substrate
and placed in a mesh diver’'s bag. At the end of the sampling period, mussels from all
collectors were combined, identified to species, sexed (if possible), and returned to the
area from which they were collected. For sites where no live mussels of a given species
were found, shells and valves were noted; for sites where live mussels and shells
and/or valves of a species were found, only live were noted.

TIMED-SEARCH METHOD

The standard timed-search method (Metcalfe-Smith et al. 2000) was completed
at both coastal wetland and riverine sites where previous surveys, either formal or
informal (observational records and incidental catches) had occurred: Cootes Paradise
Marsh, Sixteen Mile Creek-Niagara, and riverine sites. A combination of tactile and
visual techniques was used due to differences in water clarity. Clear water allowed the
use of viewing boxes, while turbid water required tactile techniques. Additionally, mussel
scoops were used to sample deeper areas and target juveniles. Live mussels were
collected and processed in the same manner as described above in the coastal wetland
search method. Surveys varied in effort depending on the specific goals at each site.

ABIOTIC FACTORS

Physical and environmental variables were also recorded at each site: substrate
composition was estimated visually; water clarity was measured using a turbidity tube;

2



length and width of reach were measured using a range finder (Nikon Laser 1200S) and
mean depth was measured with a metre stick. Definitions of substrate sizes were the
same as Morris et al. (2012a) which were altered from Wentworth (1922): boulder (>250
mm in diameter), rubble (60-250 mm), gravel (20-50 mm), sand (<2 mm), and “other”
material (clay, mud, muck, silt, and detritus).

RESULTS

OVERALL FRESHWATER MUSSEL COMMUNITY

Between May and October 2015, 41 sites were visited across 12 waterbodies
(Table 2; Figure 1). The coastal wetland survey technique was used at 18 sites
throughout Four Mile Creek, Fifteen Mile Creek, and Martindale Pond (Table 3).
Standard timed-searches occurred at 23 sites and ranged from two to 12.7 person-
hours of searching (mean: 4.6 person-hours). Sites surveyed using this method
included: Cootes Paradise Marsh (including two sites from Spencer Creek), Grand,
Speed, Credit, and Sydenham rivers; Bronte Creek, Sixteen Mile Creek-Halton, and
Sixteen Mile Creek-Niagara (Tables 4 and 5).

Across all sites, a total of 744 live mussels were found. These represented 27
species including eight SAR. Three additional SAR were observed only as shells
(Ligumia nasuta in Cootes Paradise Marsh site LON-CTP-06, Obliquaria reflexa, and
Villosa iris in the Grand River site GR-06). Abundance and species richness of live
mussels varied from zero at 16 sites to 197 individuals of 18 species in the Sydenham
River (SR-17).

SITES SURVEYED USING THE COASTAL WETLAND SEARCH METHOD

In the 18 coastal wetland sites (Four Mile Creek, four sites; Fifteen Mile Creek,
six sites; and Martindale Pond, eight sites; Figure 2) surveyed using the coastal wetland
method, 54 live individuals representing four species, including one SAR, were found
(Table 3). LON-FML-05 in Fifteen Mile Creek had the highest abundance (42
individuals) as well as the highest live species richness (three species). Pyganodon
grandis was the most abundant (40 live individuals) and also had the highest
occurrence, being found live at seven of 18 sites and as valves/shells at five other sites.
One species (Lampsilis siliquoidea) was found as only a valve/shell at two sites,
bringing the total species richness to five (Table 3). Quadrula quadrula, the single SAR
observed, was found live for the first time in Fifteen Mile Creek with 12 individuals
observed at LON-FML-05.

SITES SURVEYED USING THE TIMED-SEARCH METHOD



Coastal wetland sites

Thirteen coastal wetland sites were surveyed using the timed-search method:
three in Sixteen Mile Creek-Niagara and 10 in Cootes Paradise Marsh, including two in
Spencer Creek.

In Sixteen Mile Creek-Niagara (Figure 2), 23 live individuals representing three
species, including one SAR, were found (Table 4). SMC-NIAGARA-05 had the highest
abundance (16 individuals) as well as the highest live species richness (three species).
Quadrula quadrula, the only SAR observed, was the most abundant species (10 live
individuals at one site with two shells at another). Pyganodon grandis had the highest
occurrence, being found live at all three sites. One species (Leptodea fragilis) was
found only as shells at one site, bringing the total species richness to four.

In the 10 sites surveyed across Cootes Paradise Marsh and Spencer Creek
(Figure 3), a total of 147 live individuals, representing six species including two SAR,
were found (Table 4). Utterbackia imbecillis was the most abundant (95 live individuals)
and also had the highest frequency of occurrence (9 of 10 sites). Toxolasma parvum, a
SAR, was the second most abundant species with 27 live individuals found from seven
sites and one shell at an additional site (LON-CTP-01). Both U. imbecillis and T. parvum
were represented by multiple size classes (Figures 4-5) and had normal length
distributions (W = 0.961, p = 0.81 and W = 0.874, p = 0.20, respectively). The second
SAR, Quadrula quadrula was found live (2 individuals) at a single site, LON-CTP-06.
This site had the highest species richness in the marsh and also included the only
record of L. nasuta (a single shell) observed during this sampling event.

Riverine sites

Across the 10 riverine sites, the most abundant species at each site varied
among common species (Table 5). Sydenham River site SR-17 had the highest
abundance (197 live individuals) and live species richness (18 species), followed by
Grand River site GR-06 (156 live individuals; 12 species). No mussels were observed in
the lower portions of Bronte Creek or Six Mile Creek-Halton (Table 5; Figure 6).

ABIOTIC FACTORS

The physical data collected at each sampled site is summarized in Table 6. It
was meant to provide a general description of the overall site and not address issues
relating to species microhabitat preference. Not all sites were included in the means
presented below as some data were not collected at each site during sampling. At
coastal wetland sites surveyed using the coastal wetland technique (Four Mile Creek,
Fifteen Mile Creek, and Martindale Pond), the substrate was fine-textured with an
average of 76.81% “other” material (clay, muck, mud, silt, and detritus). This was
reflected in the water clarity as mean visibility was 0.19 m. Mean site length was 41.63
m, mean width was 13 m, and mean depth was 0.81 m. Coastal wetland sites surveyed
using the timed-search method (Cootes Paradise Marsh and Sixteen Mile Creek) had
very fine-textured substrate with 91.46% “other” material and mean visibility of 0.27 m.



Mean site length was 131.64 m, mean width was 19.27 m, and mean depth was 0.66 m.
Riverine sites had substrate that was less fine-textured with an average of 30% “other”
material and mean visibility of 0.50 m. Mean site length was 202.22 m, mean width was
31.25 m, and mean depth was 0.61 m.

DISCUSSION

COASTAL WETLAND SITES

Coastal wetland search method

Four Mile Creek, Fifteen Mile Creek, and Martindale Pond had not been
previously surveyed; however, populations of SAR have been found in other coastal
wetlands along Lake Ontario. For example, Reid et al. (2014) found small populations of
L. nasuta at five sites in coastal wetland areas when this species was believed to be
extirpated from Lake Ontario (COSEWIC 2007). Additionally, a population of Q.
guadrula in Jordan Harbour (located just east of Sixteen Mile Creek-Niagara) was found
by OMNRF in 2012 (Lower Great Lakes Unionid Database 2020), which was the first
reported occurrence of this species in the Lake Ontario drainage. This species still
occurs in parts of its historic distribution in lakes Erie and St. Clair as well as the
Sydenham, Thames, Grand, Welland, and Niagara rivers. Since 2013, it has been
observed in a number of additional waterbodies including tributaries of Lake Huron as
well as additional tributaries in lakes St. Clair, Erie, and Ontario (Lower Great Lakes
Unionid Database 2017; Morris et al. 2012a; 2012b).

Compared to riverine sites, species richness was low across coastal wetland
sites; the highest live richness was three species and this occurred at two sites.
Quadrula quadrula was the only SAR found in the coastal wetland sites surveyed during
this study. Pyganodon grandis was the most abundant species overall, with the highest
number occurring in Fifteen Mile Creek. Sites in Martindale Pond, which contained only
two live P. grandis and one L. fragilis valve, differed from Fifteen Mile Creek in certain
abiotic characteristics, especially degree of siltation (e.g., water clarity was higher in
Martindale Pond).

Timed-search method

Timed-searches were completed in coastal wetland areas of Cootes Paradise
Marsh and Sixteen Mile Creek-Niagara during targeted surveys. Sixteen Mile Creek-
Niagara was surveyed in 2013 by the OMNRF and three species were found alive: P.
grandis, Q. quadrula, and U. imbecillis (Lower Great Lakes Unionid Database 2020).
Live individuals of these three species were also found during the present study,
confirming their presence in this waterbody. A single Elliptio complanata valve was also
found during the 2013 study; however, it was not observed during the current survey
alive or as valves/shells.



Species found in Cootes Paradise Marsh in 2015 have also been observed in
other waterbodies (Sunfish Pond, Grindstone Creek, and Carroll’s Bay) on the RBG
property via RBG staff shell surveys and formal DFO surveys in 2011 (Minke-Martin et
al. 2014). The presence of stable mussel populations in Cootes Paradise Marsh is
promising as this area is part of Project Paradise, a restoration initiative of wetland
complexes protected within RBG (RBG 2011). Mussels play many roles in aquatic
ecosystems including removing materials from the water column by suspension feeding,
mixing sediment pore water and releasing nutrients by burrowing, providing food for
other animals, providing habitat in their empty shells, and recycling calcium carbonate
back to the ecosystem when their shells erode (Grabarkiewicz and Davis 2008).
Additionally, they are considered biological indicators of ecosystem health
(Grabarkiewicz and Davis 2008).

The mussel populations that once resided in the open waters of the Great Lakes
have been eradicated by Dreissenid mussels. One example of Dreissenid caused
decimation is the Detroit River where surveys have shown that native mussel
populations have been either completely extirpated or decreased to levels where they
are no longer able to viably reproduce (Schloesser et al. 2006), although recent work by
Allred et al. (2019) (in Morris et al. 2020) has shown that some unionids remain.
Coastal wetland areas are important habitats for mussels in the Great Lakes. They
appear to act as refugia and represent some of the only remaining mussel habitats in
these waters. Refuge sites in lakes Erie and St. Clair are very shallow and highly
connected to the lake, which, combined with local factors, discourages Dreissenid
settlement and survival (Zanatta et al. 2002). It is important to continue monitoring
refuge sites and Dreissenid populations.

Based on the current survey, Cootes Paradise Marsh represents the largest
known populations of T. parvum and U. imbecillis in Canada. Both species had high live
occurrences and appear to be reproducing based on the observation of multiple size
classes and normal length distributions. Utterbackia imbecillis is a common species
found throughout most of southwestern Ontario (Canadian Freshwater Mussel Guide
n.d.). Toxolasma parvum, on the other hand, is listed as Endangered under SARA
(Government of Canada 2020). Its distribution is limited in Canada due to invasive
species, pollution from urban development, and sedimentation (COSEWIC 2013).
According to COSEWIC (2013), T. parvum have previously been observed in Sunfish
Pond in Hamilton Harbour; our observation of this species in Cootes Paradise Marsh
thus confirms its presence in this waterbody.

It is unclear whether the two other observed SAR (Q. quadrula and L. nasuta)
represent established populations. Although it is impossible to comment on the status of
the Q. quadrula population in Cootes Paradise Marsh based on two live individuals,
these records increase the number of potential subpopulations of this species. These
records, paired with the recent downlisting of Q. quadrula in the Great Lakes-Upper St.
Lawrence drainage from Threatened to Special Concern (Government of Canada
2020), are encouraging for the Q. quadrula species as a whole. This population also
represents the most distant record of Q. quadrula from its introduction source of Lake
Ontario. Conservation genetics techniques suggest that this species entered the Great
Lakes-Upper St. Lawrence during the first iteration of the Welland Canal by way of a



connection between the Lower Grand, Welland River, and Lake Ontario (Hoffman
2016).

Ligumia nasuta was originally listed as Endangered under SARA, however it was
recently downlisted to Special Concern (Government of Canada 2020). COSEWIC
(2007) stated that L. nasuta was likely extirpated from Canadian waters of Lake Ontario
and only remained in the St. Clair River delta. Since then, Reid et al. (2014) found small
remnant populations of L. nasuta in five wetlands along Lake Ontario. The only
evidence of L. nasuta during the current survey was a single fresh shell at LON-CTP-06.
This species was first collected in this area as a fresh shell in 2007 at Hopkin’s Bay
(Paul Smith, Royal Botanical Gardens, 680 Plains Rd W, Burlington, ON, L7T 4H4,
pers. comm.) and later as a second shell in lower Spencer Creek (Tys Theysmeyer,
Royal Botanical Gardens, 680 Plains Rd W, Burlington, ON, L7T 4H4, pers. comm.).
Additional surveys of waterbodies on the RBG property are recommended to determine
if a subpopulation of L. nasuta exists in this area.

Of the Cootes Paradise Marsh sites, LON-CTP-06 contained the most diverse
unionid fauna with twice as many species as any other site, including the presence of T.
parvum and the only two records of Q. quadrula. The substrate at LON-CTP-06
consisted of 15% gravel, 15% sand, and 70% “other” material (clay, muck, mud, silt,
and detritus), which was notably different than substrate at the other sites that consisted
of less than 3% gravel or sand and over 90% “other” material. As Q. quadrula is most
commonly found in gravel, sand, or clay/mud (COSEWIC 2006), the high presence of
gravel and sand at LON-CTP-06 could be the reason that this was the only site with
observations of Q. quadrula. Live observations of L. fragilis, which prefers muddy gravel
(Krebs 2015), only occurred at LON-CTP-06 and its neighbouring site LON-CTP-07.
The single shell of L. nasuta, which was the only evidence of this species in Cootes
Paradise Marsh, was also observed at LON-CTP-06. Pyganodon grandis was found in
Spencer Creek, LON-CTP-06, and other north shore sites in Cootes Paradise, as well
as at a south shore site; this could also indicate habitat or movement of its host fish
species. The remaining two species found at LON-CTP-06, T. parvum and U. imbecillis,
were also found at most or all of the other sites, respectively. Both of these species are
found in soft substrates of mud, sand, or silt (COSEWIC 2013; Parmalee and Polhemus
2004), which occurred at all sites.

RIVERINE SITES

Previous surveys have been conducted in the Grand (McNichols-O’Rourke et al.
2012), Speed, Credit, and Sydenham rivers (Lower Great Lakes Unionid Database
2020). These sites were resampled in 2015 for various projects with specific objectives.
The Grand, Speed, and Credit rivers were each revisited to collect genetic samples
from specific mussel species. The site in the Sydenham River was resampled to collect
gravid female mussels for propagation experiments. This site has been well sampled
using both quantitative and qualitative sampling techniques. All of the species that were
collected in the riverine sites had been previously observed; no new species were
detected during these targeted sampling events.

Surveys were conducted by DFO and Environment and Climate Change Canada
(formerly Environment Canada) in the upper portions of Bronte Creek and Sixteen Mile
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Creek-Halton in 1996; an additional survey was conducted in Bronte Creek by Berg in
1975 (Lower Great Lakes Unionid Database 2020). These historical surveys in Bronte
Creek detected five live individuals of Anodontoides ferussacianus as well as
shells/valves of P. grandis, L. siliquoidea, and Lasmigona compressa. Historical surveys
in Sixteen Mile Creek-Halton detected live records of Actinonaias ligamentina,
Alasmidonta marginata, L. siliquoidea, and P. grandis. Anodontoides ferussacianus and
L. compressa were also found as shells/valves. None of these were SAR. The surveys
conducted by DFO in 2015 targeted the lower portions of Bronte Creek and Sixteen Mile
Creek-Halton; no live individuals or shells/valves were observed. It is important to note
that in 2015 only three sites were surveyed on the lower portion of Bronte Creek and
two on Sixteen Mile Creek-Halton; therefore, further surveys should be completed in
order to determine where mussels begin to appear in these systems.

CONCLUSION

In 2015, mussel surveys were conducted for three purposes: to determine or
confirm the range of certain SAR, create mussel inventories of waterbodies/sites that
had never been formally surveyed by DFO, and to revisit sites to collect specific
information or genetic samples of target species. Forty-one sites in 12 waterbodies were
visited and a total of 744 individuals representing 27 live mussel species, including eight
SAR, were observed. Three additional SAR were found as shells or valves. The new
records generated for Q. quadrula and L. nasuta will allow for a better understanding of
their ranges and will assist with the protection and recovery of these at-risk species.

Each of the coastal wetland sites (Four Mile Creek, Fifteen Mile Creek, Sixteen
Mile Creek-Niagara, and Martindale Pond) that had not been previously surveyed (or
formally surveyed) had a maximum of three species observed. Pyganodon grandis was
the most abundant species in sites surveyed using the coastal wetland technique. The
only SAR observed, Q. quadrula, was the most abundant species in sites surveyed
using the timed-search method and a new live record was obtained at the mouth of
Fifteen Mile Creek.

It appears that Cootes Paradise Marsh still maintains a well-established mussel
community. Mussels were widespread throughout the area (individuals were found at all
sites sampled); however, abundances were relatively low. The mussel community is
dominated by U. imbecillis which represents 65% of live individuals encountered. A
large and seemingly reproducing population of T. parvum occurs in the area.
Additionally, new records were generated for live Q. quadrula, a shell of L. nasuta was
observed, and the presence of T. parvum was confirmed. Coastal wetland areas, such
as Cootes Paradise Marsh, are important habitats for mussels in the Great Lakes as
they can act as refugia from Dreissenid mussels.

The data collected during the 2015 surveys has provided information on the
freshwater mussel communities in a number of different waterbodies as well as
additional information on three mussel SAR found in Ontario. These sampling events
have detected/confirmed new subpopulations of certain SAR and given an opportunity
to determine if these populations are showing recruitment as well as identified
knowledge gaps that are required to determine the status of these populations.
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Table 1. Mussel species in Ontario that have been listed under the Species at Risk Act (SARA) as of February 2020

(Government of Canada 2020).

Scientific Name Common Name SARA status
Epioblasma rangiana Northern Riffleshell Endangered
Epioblasma triquetra Snuffbox Endangered

Lampsilis fasciola

Ligumia nasuta

Obliquaria reflexa
Obovaria olivaria
Obovaria subrotunda
Pleurobema sintoxia
Ptychobranchus fasciolaris

Quadrula quadrula

Simpsonaias ambigua
Toxolasma parvum
Truncilla donaciformis
Villosa fabalis

Villosa iris

Wavyrayed Lampmussel

Eastern Pondmussel
Threehorn Wartyback
Hickorynut

Round Hickorynut
Round Pigtoe
Kidneyshell

Mapleleaf

Salamander Mussel
Lilliput

Fawnsfoot

Rayed Bean
Rainbow

Special Concern

Special Concern
Threatened
Endangered
Endangered
Endangered
Endangered

Special Concern (ON)

Threatened (MB)
Endangered
Endangered
Endangered
Endangered

Special Concern

13



Table 2. Information on sites sampled or resampled in 2015. Icon numbers correspond
to site codes on Figures 1-3 and 6.

Site Code Drainage Waterbody Latitude Longitude Date Icon
LON-CTP-01 Lake Ontario Cootes Paradise 43.27438 -79.89631 20151014 1
LON-CTP-02 Lake Ontario Cootes Paradise 43.27592 -79.89613 20151014 2
LON-CTP-03 Lake Ontario Cootes Paradise 43.27426 -79.8983 20151014 3
LON-CTP-04 Lake Ontario Cootes Paradise 43.27451 -79.89798 20151014 4

P(;‘::é?:e LON-CTP-05 Lake Ontario Cootes Paradise 43.27344 -79.90019 20151014 5
Marsh LON-CTP-06 Lake Ontario Cootes Paradise 43.27737 -79.90678 20151016 6
LON-CTP-07 Lake Ontario Cootes Paradise 43.27921 -79.90472 20151016 7
LON-CTP-08 Lake Ontario Cootes Paradise 43.28096 -79.9014 20151016 8
LON-SPC-01 Lake Ontario Spencer Creek 43.27513 -79.91797 20151015 9
LON-SPC-02 Lake Ontario Spencer Creek 43.27708 -79.91187 20151015 10
LON-FMC-01 Lake Ontario Four Mile Creek 43.25607 -79.12043 20150616 11
LON-FMC-02 Lake Ontario Four Mile Creek 43.25588 -79.12067 20150616 12
LON-FMC-03 Lake Ontario Four Mile Creek 43.25592 -79.11969 20150616 13
LON-FMC-04 Lake Ontario Four Mile Creek 43.25529 -79.11945 20150616 14
LON-FML-01 Lake Ontario Fifteen Mile Creek 43.17906 -79.32027 20150617 15
LON-FML-02 Lake Ontario Fifteen Mile Creek 43.17911 -79.32082 20150617 16
LON-FML-03 Lake Ontario Fifteen Mile Creek 43.16822 -79.3168 20150617 17
LON-FML-04 Lake Ontario Fifteen Mile Creek 43.16502 -79.31492 20150617 18
LON-FML-05 Lake Ontario Fifteen Mile Creek 43.18155 -79.32122 20150617 19
LON-FML-06 Lake Ontario Fifteen Mile Creek 43.18146 -79.32057 20150617 20
LON-MDP-01 Lake Ontario Martindale Pond 43.19602 -79.27113 20150618 21

chﬂf‘asrfz's LON-MDP-02  Lake Ontario  Martindale Pond 43.1889 79.27415 20150618 22
LON-MDP-03 Lake Ontario Martindale Pond 43.18698 -79.2724 20150618 23
LON-MDP-04 Lake Ontario Martindale Pond 43.18654 -79.27435 20150618 24
LON-MDP-05 Lake Ontario Martindale Pond 43.18065 -79.27685 20150618 25
LON-MDP-06 Lake Ontario Martindale Pond 43.17785 -79.27281 20150618 26
LON-MDP-07 Lake Ontario Martindale Pond 43.19072 -79.27276 20150618 27
LON-MDP-08 Lake Ontario Martindale Pond 43.20047 -79.26721 20150625 28

N SNC . LakeOntario  SX'eenMUE CIEClc 43157413 79.33556 20150615 29
Nl_lgc';l_ASR'\f\-Cz_l Lake Ontario S'Xtefl?A'\é'fR(Xee"' 4318067  -79.32691 20150619 30
Nl_lgg_ASR'\f\-Cz_z Lake Ontario S'Xtelfl?A“é'fR(Xee"' 43.172802  -79.32886 20150615 31

GR-06 Lake Erie Grand River 42.98833333 -79.870833 20150716 32

LER-GRR-01 Lake Erie Grand River 43.10969 -80.24605 20150805 33
GRR-SPD-01 Grand River Speed River 43.38785 -80.36719 20150805 34
LON-BTE-13 Lake Ontario Bronte Creek 43.39333 -79.7154 20150604 35
LON-BTE-14 Lake Ontario Bronte Creek 43.39661 -79.72557 20150604 36

Riverine LON-BTE-15 Lake Ontario Bronte Creek 43.40917 -79.74204 20150604 37
sites #gﬂgm(iz Lake Ontario S'Xteﬂ‘A'\lf"T'gﬁreek' 43.45025 ~ -79.68471 20150605 38
LONSNC, Lakeontario  S™eer MIeCTreeke 4345109 7060330 20150604 39
LON-CRR-17 Lake Ontario Credit River 43.78488 -80.13966 22%112%67%% 40

SR-17 Lake St. Clair Sydenham River 42.67916667 -82.016667 20150903 41
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Table 3. Number of individuals observed in coastal wetland sites surveyed using the coastal wetland method (Reid et al. 2014) during the 2015 field season.
Species at Risk are highlighted. S (#) = species observed as whole shells (number of shells). V (#) = species observed as valves (number of valves).

Four Mile Creek

Fifteen Mile Creek

Martindale Pond

Scientific Common LON- LON- LON- LON- | LON- LON- LON- LON- LON- LON-| LON- LON- LON- LON- LON- LON- LON- LON-
Name Name FMC- FMC- FMC- FMC- | FML- FML- FML- FML- FML- FML- | MDP- MDP- MDP- MDP- MDP- MDP- MDP- MDP-
or 02’ 03 04 01 02 03 04 05’ 06 or 02’ 03 04’ 05’ 06’ 07 08’
Lampsilis siliquoidea Fatmucket - V (3) - - - - - S (1) - - - - - - - - -
Leptodea fragilis Fragile Papershell - - - - SA) S(@2 - - - 1 V(1) - - - - - - -
Pyganodon grandis Giant Floater SB) S(A1) S@ S(@ 1 ?/((21)) 1 1 29 6 1 - - - - - - 1
Quadrula quadrula Mapleleaf - - - - - - - - 12 - - - - - - - - -
Utterbackia imbecillis ~ Paper Pondshell - - - - - - - V (2) 1 - - - - - - - - -
Total No. of live individuals 0 0 0 0 1 0 1 1 42 7 1 0 0 0 0 0 0 1
Species richness (live) 0 0 0 0 1 0 1 1 3 2 1 0 0 0 0 0 0 1
Species richness (total) 1 2 1 1 2 2 1 3 3 2 2 0 0 0 0 0 0 1
Search effort (person-hours) 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2

‘ represents presence of Zebra Mussels
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Table 4. Number of individuals observed in coastal wetland areas surveyed using the timed-search method (Metcalfe-Smith et al. 2000) during the 2015 field
season. Species at Risk are highlighted. S (#) = species observed as whole shells (humber of shells). V (#) = species observed as valves (number of valves).

Cootes Paradise Marsh

Spencer Creek

Sixteen Mile Creek-NIAGARA
LON-SMC- LON-SMC- LON-SMC-

Scientific Name Common Name LON-CTP- LON-CTP- LON-QTP- LON-CTP- LON-(?TP- LON-CTP- LON-CTP- LON-C‘:TP- LON-SPC- LON-SPC- NIAGARA- NIAGARA- NIAGARA-
01 02 03 04 05 06 07 08 01 02

05 21 22
Lampsilis siliquoidea Fatmucket 1 -
Leptodea fragilis Fragile Papershell S((2),V@4 S () 1 1 S(2)
Ligumia nasuta Eastern Pondmussel - - - - S (1) - - -
Pyganodon grandis Giant Floater S () 1 3 1 S (@) 9 6 1 6 1
Quadrula quadrula Mapleleaf - - - - 2 - - 10 - S (2)
Toxolasma parvum Lilliput S (1) 7 2 7 3 2 - 5 1 -
Utterbackia imbecillis Paper Pondshell 6 17 1 20 4 8 11 12 S @) 16 5 -
Total No. of live individuals 6 24 3 27 8 16 13 17 11 22 16 6 1
Species richness (live) 1 2 3 5 3 2 1
Species richness (total) 3 3 3 6 3 3 2
Seavch effort (person- 45 45 5 5 4 4.55 4.55 4.55 45 45 75 45 3

hours)

‘ represents presence of Zebra Mussels
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Table 5. Number of individuals observed in riverine sites surveyed using the timed-search method (Metcalfe-Smith et al. 2000) during the 2015 field season.
Species at risk are highlighted. S (#) = species observed as whole shells (number of shells). V (#) = species observed as valves (number of valves).

o Grand River Speed River Credit River Sydenham River Bronte Creek Sixteen Mile Creek
Scientific Name Common Name GR06  LER-GRR-01 ~GRR-SPD-01  LON-CRR-17 SR-17 LON-BTE-13  LON-BTE-4  LON-BTE-15  LONSME - LONSMEC
Actinonaias ligamentina Mucket 44 25 - - 28 - - - - -
Alasmidonta marginata Elktoe 1 - 1 - 3 - - - - -
Amblema plicata Threeridge - 3 - - 14 - - - - -
Cyclonaias pustulosa Pimpleback 11 - - - 2 - - - - -
Cyclonaias tuberculata Purple Wartyback - - - - 3 - - - - -
Eurynia dilatata Spike - - - - 7 - - - - -
Epioblasma rangiana Northern Riffleshell - - = = 18 - - - = o
Epioblasma triquetra Snuffbox - = = - 17 - - - = =
Fusconaia flava Wabash Pigtoe - - - - - - - - -
Lampsilis cardium Plain Pocketbook 1 15 - - - - - - -
Lampsilis fasciola Wavyrayed Lampmussel - S (2 4 - = = - - - -
Lampsilis siliquoidea Fatmucket - 4 19 - - - - - - -
Lasmigona complanata White Heelsplitter - - 9 - 4 - - - - -
Lasmigona compressa Creek Heelsplitter - - - 9* - - - - - -
Lasmigona costata Flutedshell 39 2 22 - 68 - - - - -
Leptodea fragilis Fragile Papershell 16 - - - 1 - - - - -
Ligumia recta Black Sandshell 22 43 - - 4 - - - - -
Obliquaria reflexa Threehorn Wartyback S (1) = = - - - - - - -
Pleurobema sintoxia Round Pigtoe 1 2 > - - - - - - -
Potamilus alatus Pink Heelsplitter 10 - - - 2 - - - - -
Ptychobranchus fasciolaris Kidneyshell - - S = 19 - - - - -
Pyganodon grandis Giant Floater 1 1 - - - - - - - -
Quadrula quadrula Mapleleaf 5 - - - 3 - - - . .
Strophitus undulatus Creeper - S(2) 2 6* - - - - - -
Truncilla truncata Deertoe 5 - - - - - - - - -
Villosa fabalis Rayed Bean - - = = 2 - - - - -
Villosa iris Rainbow V(2 = > - - - - - - -
Total No. of live individuals 156 95 57 15 197 0 0 0 0 0
Species richness (live) 12 8 6 2 18 0 0 0 0 0
Species richness (total) 14 10 6 2 18 0 0 0 0 0
Search effort (person-hours) 7.5 12.7 10 4.5 2 3 2 2 3.66 2

*represents a combined number of individuals as the corresponding site was visited twice; ‘represents presence of Zebra Mussels
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Table 6. Physical characteristics of all sites surveyed by Fisheries and Oceans Canada in 2015. Substrate types are modified from (Wentworth 1922): boulder size
is >250 mm, rubble between 60-250 mm, gravel between 20-50 mm, and sand is <20 mm. “Other” includes muck, mud, silt, and detritus. Dash: data not collected.

Site Substrate (%) Water Site length Mean Mean depth Stream morphology (%)
Boulder Rubble Gravel Sand Other  clarity (m) (m) width (m)  searched (m) Riffle Run Pool Flat
LON-FMC-01 0 0 0 20 80 0.06 50 - 1 0 0 0 100
LON-FMC-02 0 40 10 0 50 0.06 50 - 0.25 0 0 0 100
LON-FMC-03 0 0 0 0 100 0.06 50 - 0.75 0 0 0 100
LON-FMC-04 0 0 0 0 100 0.06 50 - 0.75 0 0 0 100
LON-FML-01 0 0 0 0 100 0.052 - - - 0 0 0 0
LON-FML-02 0 0 20 0 80 0.156 50 - 1.3 0 0 0 0
LON-FML-03 0 0 0 0 100 0.07 50 8 1.15 0 0 0 100
LON-FML-04 0 0 0 0 100 0.042 82 13 0.91 0 0 0 100
LON-FML-05 0 0 0 15 85 0.14 100 50 1 0 0 0 0
LON-FML-06 0 0 0 25 75 0.12 - - 1 0 0 0 0
LON-MDP-01 0 75 0 0 25 0.152 - - 0.72 0 0 0 0
LON-MDP-02 0 0 0 0 100 0.27 30 2 0.65 0 0 0 0
LON-MDP-03 0 0 5 35 60 0.164 17.5 7 0.525 0 0 0 0
LON-MDP-04 10 7.5 5 5 72.5 0.26 17.5 - 0.68 0 0 0 0
LON-MDP-05 0 0 0 0 100 0.47 25 7 0.83 0 0 0 0
LON-MDP-06 0 0 0 2.5 97.5 0.28 17.5 - 7.55 0 0 0 0
LON-MDP-07 25 27.5 12.5 0 57.5 0.39 20 4 0.755 0 0 0 0
LON-MDP-08 475 22.5 22.5 7.5 0 0.6 15 - 0.7 0 0 0 0
LON-CTP-01 0 0 0 0 100 - 119 - 0.65 0 0 0 0
LON-CTP-02 0 0 5 5 90 - 82 15 0.55 0 0 0 0
LON-CTP-03 0 0 2.5 25 95 0.15 105 20 0.5 0 0 0 0
LON-CTP-04 0 0 0 0 100 - 130 25 0.65 0 0 0 0
LON-CTP-05 0 0 2.5 25 95 - 38 6 - 0 0 0 0
LON-CTP-06 0 0 15 15 70 0.19 146.5 10 - 0 0 0 0
LON-CTP-07 0 0 0 0 100 0.21 - 10 0.5 0 0 0 0
LON-CTP-08 0 0 2.5 25 95 - 75.9 10 - 0 0 0 0
LON-SPC-01 0 0 3 3 24 0.35 153.1 24 - 0 100 0 0
LON-SPC-02 0 0 0 0 100 - 112 35 - 0 100 0 0
LON-SMC-NIAGARA-05 0 0 10 10 80 0.05 436.5 7 0.75 5 25 0 70
LON-SMC-NIAGARA-21 0 0 10 20 70 0.66 50 50 1 0 0 0 0
LON-SMC-NIAGARA-22 0 0 0 0 100 - - - - 0 0 0 0
GR-06 25 40 20 10 5 - 119.5 73 0.3 0 100 0 0
LER-GRR-01 0 20 60 5 15 0.417 343 40 0.3 0 100 0 0
GRR-SPD-01 10 50 30 10 0 0.6 80 33 0.53 40 60 0 0
LON-CRR-17 0 10 20 40 30 0.6 200 6 0.25 30 50 20 0
SR-17 - - - - - - - - - - - - -
LON-BTE-13 0 0 0 0 100 0.31 58 35 1.5 0 0 0 100
LON-BTE-14 20 35 25 5 15 0.6 204 21 1.08 65 20 15 0
LON-BTE-15 10 30 15 0 45 0.6 145.5 18 0.76 100 0 0 0
LON-SMC-HALTON-12 40 25 25 5 5 0.44 375 24 0.49 90 10 0 0
LON-SMC-HALTON-13 30 10 5 0 55 0.42 295 - 0.32 100 0 0 0

18



Lake Huron / N —--,)
-
=~ { i e
| ~"| Lake Ontario T’ .
) J / ———— 10 & Hamilton
L - --"1- — £l ﬁ 2 Harbour
- IR '{ @ ﬂ1
- - — A Credit River Cootes Paradise =
f_._. / ~ @40 Marsh
- Lakere - | Ontario
3 P P —p
g - | 4
1 ‘ )
\ |
Lake Huron | '
/ sixteen Mile|Creek
J (Halton Rehion:
{ KitchengriWaterloo 3?5/
speed Ri 38 .
) .;:ee o C?q Lake Ontario
| BronteiCreek
Tg [ o
/_ W:;%\ 121314
el < —.. - =
- Hamilton e 2 Fmﬁgpoﬁd
i ]
a3 L] !
i Grand River / &"\—/
12 P
London k—.—t
L o UF\\{""- —ay
Sydenham River ,!. —
c a8 ) No mussels
® S —— = P
- —T [ ] Shells/valves only
_// — 27
- g _,,/ s 1 Live species
_— 2
e - _‘aﬂﬁfg ol Pon 2 Live species
/ Lake Erie " | 3 Live species
/ Creek SAR present
Sixteen Mile Creek /@ 18 )
{2} (Miagara Region) Rivers/streams
— 29
9 10 20 40 60 80 ® Urban Areas
_-— . km

Figure 1. All sites sampled by Fisheries and Oceans Canada in 2015.
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Numbers correspond to site codes in Table 2.
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Figure 2. Lake Ontario coastal wetland sites sampled by Fisheries and Oceans Canada in 2015: Four Mile Creek, Fifteen

Mile Creek, Sixteen Mile Creek-Niagara, and Martindale Pond. Numbers correspond to site codes in Table 2.
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Figure 4. Length distribution of Utterbackia imbecillis (Paper Pondshell) collected from Cootes Paradise Marsh and

Spencer Creek (n = 95).
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Figure 5. Length distribution of Toxolasma parvum (Lilliput) measured from Cootes Paradise Marsh and Spencer Creek (n
= 27).
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Lake Ontario

Oceans Canada (DFO) in 2015 (see Table 2). Records for all sites with no numbers were from DFO in 1996 with the
exception of one from D. Berg in 1987 (Lower Great Lakes Unionid Database 2016).

24



	ABSTRACT
	RÉSUMÉ
	INTRODUCTION
	COASTAL WETLAND SEARCH METHOD
	TIMED-SEARCH METHOD
	ABIOTIC FACTORS
	OVERALL FRESHWATER MUSSEL COMMUNITY
	SITES SURVEYED USING THE COASTAL WETLAND SEARCH METHOD
	SITES SURVEYED USING THE TIMED-SEARCH METHOD
	Coastal wetland sites
	Riverine sites

	ABIOTIC FACTORS
	COASTAL WETLAND SITES
	Coastal wetland search method
	Timed-search method

	RIVERINE SITES

	CONCLUSION
	REFERENCES

