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ABSTRACT 

There are over 300 species of freshwater mussels (Family: Unionidae) across North 

America with many populations at risk or in decline. Mussels provide essential ecosystem 

services, yet they remain largely underexplored in terms of distribution, population sizes, life 

history traits, and co-existence with hosts, making species conservation efforts a challenge.  To 

advance the conservation of freshwater mussel species at risk of extinction (SAR), this thesis 

aims to extend understanding of freshwater mussel SAR distributions in a biodiverse but 

vulnerable watershed in the Laurentian Great Lakes basin.  This thesis asks:  How can freshwater 

mussel SAR distribution data be leveraged through existing collaborations and other available 

knowledge?  Further, how can we address uncertainty in freshwater mussel distributions through 

a better understanding of their host fish requirements?  My work was conducted in the Sydenham 

River watershed, which is the most biodiverse in Canada with 35 different mussel species, 14 of 

which are federally listed as at risk of extinction.  I employed multiple research methods 

including: an empirical field survey of existing mussel assemblages and environmental 

conditions across the watershed, a literature synthesis to compile all available host fish data, and 

expert input to refine local host information for the watershed.  In my empirical survey, I found 

two major patterns in assemblages across the watershed: habitats within the main stem East 

branch of the watershed were significantly richer and significantly different based on 

environmental characteristics than the North branch.  Additionally, host fishes were not very 

good predictors for where SAR freshwater mussels reside.  Further, habitat characteristics 

informed mussel assemblage composition. My results offered multiple lines of evidence to 

demonstrate that harmonizing available datasets can help better understand mussel communities 

and therefore be applied to watershed-scale restoration efforts in the Great Lakes and beyond. 



vi 

DEDICATION  

To my Papa, who may have left me before this started,  

but was always with me throughout 

 

  



vii  

ACKNOWLEDGEMENTS 

I could not have completed this project without the help of so many amazing people that I 

am so happy to now call my friends.  Firstly, thank you to my advisor Cat for all the support over 

the past 2 years and for always encouraging me to do my best.  To my committee members, 

Alice, Todd, and Dennis, thank you for making me feel like an absolute rockstar every time we 

met.  A special thanks to Alice for providing so much input and for teaching me so much 

throughout this process.  I couldnôt have written Chapter 3 without her!  Another special thanks 

to Todd for being on this mussel journey with me now for the past 5 years through undergrad and 

my masters ï he may not know it, but having him as a constant support throughout my mussel 

journey has brought me such a comfort. To all the current and past HHL members who 

supported this research throughout.  Roland, Rose, Ryan, Shayenna, Jess Robson, Alyssa, and 

Jess Ives ï thank you for all of the input and positivity and support throughout all of this.  A 

VERY special thank you to my HHL Mussel Team, Bri, Nolan, and Lauren ï surveying mussels 

requires a community and a family willing to brave all of the elements all throughout the summer 

and I couldnôt have done it without you all.  To the SCRCA Biology Department, Erin, Craig, 

Sarah, Emily, and Krista for becoming a part of our mussel family and surveying with us.  To 

everyone else who helped survey, the Mandrak lab members and fellow FishCAST members 

Dominique, Madison, and Jennifer and the Bkejwanong Ecokeepers.  I am also so appreciative to 

all of the landowners for allowing us to survey on their property.  A special thank you to 

Desmond who helped us survey at his own home.  To the DFO team, especially to Todd, Kelly, 

and Mandy, thank you for teaching us more about mussels every time we saw you, for being so 

welcoming to my team, and being such great friends throughout this journey.  I also want to give 

a HUGE shoutout to my CMU mussel family who made me fall in love with mussels in the first 



viii  

place.  Dave, Daelyn, Madison, Nichelle, Shay, Tyler, Kate, Hanna, Meghan, Kiara, Scott, and 

Nate ï I am so happy that you instilled this love and passion I have for these rocks with guts in 

me.  Thank you so much to everyone who funded this project:  Canada Nature Fund for Aquatic 

Species at Risk, Canada Research Chair Grant in Freshwater Restoration Ecology, NSERC 

CREATE FishCAST Program, and the University of Windsor Graduate Entrance Scholarship.  

To my family, thank you so much for the support throughout the years.  To my mom especially 

for only being a phone call away anytime I needed it.  And to my Alecxander ï I canôt thank you 

enough for being my rock (with guts) throughout all of this.  

 

  



ix 

TABLE OF CONTENTS 

Declaration of Co-Authorship ........................................................................................................ iii  

Abstract ........................................................................................................................................... v 

Dedication ...................................................................................................................................... vi 

Acknowledgements ....................................................................................................................... vii  

List of Tables ................................................................................................................................. xi 

List of Figures ............................................................................................................................... xii  

List of Appendices ...................................................................................................................... xvii  

Glossary ....................................................................................................................................... xix 

List of Abbreviations ................................................................................................................... xxi 

Chapter 1 :  Introduction and Literature Review ............................................................................ 1 

Freshwater mussels and their dependency on hosts ................................................................ 3 

Using harmonization to accelerate conservation and restoration ........................................... 4 

Unionidae as a case study for harmonizing data in support of species conservation ............. 6 

Sydenham River Watershed .................................................................................................... 7 

Aims ............................................................................................................................................ 8 

Thesis Overview ......................................................................................................................... 9 

References ................................................................................................................................. 10 

Tables ........................................................................................................................................ 18 

Figures....................................................................................................................................... 19 

Chapter 2 :  Distributions of Sydenham River unionid species at risk vary by branch and 

environmental conditions .............................................................................................................. 21 

Introduction ............................................................................................................................... 21 

Methods..................................................................................................................................... 24 

Site Selection ........................................................................................................................ 24 

Mussel Surveys ..................................................................................................................... 25 

Environmental Data Collection............................................................................................. 26 

Statistical Analyses ............................................................................................................... 28 

Results ....................................................................................................................................... 29 

Discussion ................................................................................................................................. 32 

Future Directions .................................................................................................................. 35 

Conclusions ........................................................................................................................... 36 

References ................................................................................................................................. 38 



x 

Tables ........................................................................................................................................ 47 

Figures....................................................................................................................................... 49 

Chapter 3 :  Exploring the role of data harmonization in examining mussel SAR and host 

distributions in the Sydenham River watershed............................................................................ 55 

Introduction ............................................................................................................................... 55 

Methods..................................................................................................................................... 58 

Creation of Host Fish Table .................................................................................................. 58 

Integration of datasets ........................................................................................................... 59 

Harmonizing Data using Foreign Keys................................................................................. 59 

Mapping the Data .................................................................................................................. 60 

Spatial Analyses .................................................................................................................... 61 

Results ....................................................................................................................................... 62 

Discussion ................................................................................................................................. 64 

Conclusions ........................................................................................................................... 68 

References ................................................................................................................................. 70 

Tables ........................................................................................................................................ 76 

Figures....................................................................................................................................... 80 

Chapter 4 :  Syntheses ................................................................................................................... 98 

The Need for Further Exploration of Community Interactions ............................................ 98 

Data Harmonization ............................................................................................................ 100 

Looking Ahead: Community Science and Unionid Conservation ...................................... 101 

Harmonization in Conservation: A Call to Action ............................................................. 103 

Conclusions ............................................................................................................................. 104 

References ............................................................................................................................... 106 

Appendices .................................................................................................................................. 109 

Appendix 1:  Chapter 2 Supplementary Information .............................................................. 109 

Appendix 2:  Chapter 3 Supplementary Information .............................................................. 112 

Vita Auctoris ............................................................................................................................... 115 

 

  



xi 

LIST OF TABLES 

Table 1.1:  Unionid freshwater mussel species at risk of extinction in the Sydenham River 

watershed (Species at Risk Act, 2002; Williams et al., 2017). 

Table 2.1:  Sites sampled during the 2020 and 2022 field surveys of the Sydenham River 

watershed (Ontario) that were included in these analyses.  Total n = 18 sites, including 3 East 

branch main stem sites, 4 East branch tributary sites, 4 North branch main stem sites, and 7 

North branch tributary sites. 

Table 2.2:  Mussel species presence within various site types across the Sydenham River 

watershed.  Crosses indicate where species were found; empty cells indicate where species were 

not present (Species at Risk Act, 2002; Williams et al., 2017). 

Table 3.1:  Mussel species reported within the Sydenham River, corresponding SARA status, 

and reported potential host fish residing in the Sydenham River (McNichols-OôRourke, 2012; 

Metcalfe-Smith et al., 2003; Morris, 2019; Queenôs Printer for Ontario, 2018; Species at Risk 

Act, 2002; St. Clair Region Conservation Authority, 2017; University of Guelph, 2011; Watters 

et al., 2009). 

Table 3.2:  List of freshwater mussels and the number of host species within the Sydenham 

River watershed (via literature surveys) (Species at Risk Act, 2002; Williams et al., 2017). 

Table 3.3:  Summary of results including number of mussel and fish sites surveyed by various 

organizations, number of host fishes available within the Sydenham River based on fish survey 

data and via Table 3.1 (literature surveys), and predictability percentage of SAR sites that are 

within 1 km of host fish presence for each species (Williams et al., 2017).  



xii  

LIST OF FIGURES 

Figure 1.1:  Conceptual diagram showing freshwater mussel and fish life cycles and associated 

food webs.  In addition, the potential areas in which abiotic factors can influence these 

relationships. 

Figure 1.2:  The Sydenham River watershed and its corresponding rivers (data.gov, 2020; 

data.ontario.ca, 2015; ESRI, 2022; Ontario GeoHub, 2019). 

Figure 2.1:  Map of sites included in analyses; all sites are within the Sydenham River 

watershed.  Circles represent sites surveyed with red being main stem East branch, blue being 

main stem North branch, green being tributary East branch, and yellow being tributary North 

branch sites.  These data are projected using NAD 1983 UTM Zone 17N  (data.gov, 2020; 

data.ontario.ca, 2015; ESRI, 2022; Ontario GeoHub, 2019). 

Figure 2.2:  Mussel assemblage composition across different site types within the Sydenham 

River watershed.  Site types include main stem East branch (ME), main stem North branch 

(MN), tributary East branch (TE), and tributary North branch (TN) sites. 

Figure 2.3:  Freshwater mussel species richness for all species and species at risk (SAR) across 

site types and watershed branches in the Sydenham River watershed.  Site types include main 

stem East branch (ME), main stem North branch (MN), tributary East branch (TE), and tributary 

North branch (TN) sites. 

Figure 2.4:  Linear regression of total freshwater mussel species richness against the number of 

species at risk found at each site within the Sydenham River watershed for (A) all site types and 

(B) excluding main stem East branch sites.  Each site is characterized into site type:  main stem 

East branch (ME), main stem North branch (MN), tributary East branch (TE), and tributary 

North branch (TN) sites.  The dashed line is the modelled regression line ((A) slope = 0.3983, 

intercept = -1.0444, R-squared value = 0.95 (B) slope = 0.19, intercept = -0.34, R-squared value 

= 0.53). 

Figure 2.5:  PCA of environmental conditions across field survey sites in the Sydenham River 

watershed defined by site type.  Site types include main stem East branch (ME), main stem North 



xiii  

branch (MN), tributary East branch (TE), and tributary North branch (TN) sites. 

Figure 2.6:  CCA to examine how environmental characteristics influence assemblage 

composition of freshwater mussels across different site types within the Sydenham River 

watershed.  Site types include main stem East branch (ME), main stem North branch (MN), 

tributary East branch (TE), and tributary North branch (TN) sites. 

Figure 3.1:  Freshwater mussel lifecycle, illustrated here with a male and female Epioblasma 

triquetra (Snuffbox) and their host fish the Percina caprodes (Logperch). 

Figure 3.2:  Diagram of how foreign key was created by making a 50-meter buffer using the 

Buffer tool around sites that were surveyed for mussels and using the Intersect tool to select fish 

sites that are located within the buffer areas.  If a fish site was within more than one 50-meter 

buffer, the Measure tool was utilized to determine which mussel site it is closer to. 

Figure 3.3:  Database model of the primary and foreign keys created to relate or link 

corresponding freshwater mussel and fish survey sites within the Sydenham River watershed 

together. 

Figure 3.4:  Diagram of methods used to determine if host fish distributions are strong predictors 

of existing and potential mussel species at risk habitats in ArcGIS Pro (ESRI, 2022).  In this 

example, Epioblasma triquetra (Snuffbox) are the mussel species of interest.  First, host fish for 

Epioblasma triquetra (Snuffbox) are plotted.  All sites surveyed for mussels were added next to 

the map.  The Buffer tool was utilized to add a 1 km buffer to the fish sites.  The Intersect tool 

was then used to select all mussel sites that are within 1 km of where host fish were found.  To 

eliminate repeats, the Delete identical tool was utilized.  Select by attributes was then used to 

select the intersected sites that contained Epioblasma triquetra (Snuffbox).  In this example, 1/3 

sites contain Epioblasma triquetra (Snuffbox), leading to a percentage of 33.33%.  These 

percentages were averaged to determine if host fish distributions are strong predictors of where 

species at risk live. 

Figure 3.5:  Boxplot showing the significant difference in the number of hosts between SAR and 

Non-SAR mussels (p = 0.00302). 



xiv 

Figure 3.6:  Map of where mussels were surveyed within the Sydenham River watershed and the 

associated mussel species richness at each site projected using NAD 1983 UTM Zone 17N.  

Species richness is represented as circles with a gradient (data.gov, 2020; data.ontario.ca, 2015; 

ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.7:  Map of Quadrula quadrula (Mapleleaf) and their corresponding host fish projected 

using NAD 1983 UTM Zone 17N.  Quadrula quadrula (Mapleleaf) presence are represented as 

triangles and their associated host fish are represented as circles (data.gov, 2020; data.ontario.ca, 

2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 

2023). 

Figure 3.8:  Map of Lampsilis fasciola (Wavyrayed Lampmussel) and their corresponding host 

fishes projected using NAD 1983 UTM Zone 17N.  Lampsilis fasciola (Wavyrayed 

Lampmussel) presence are represented as triangles and their associated host fish species are 

represented as circles with a gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 

2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.9:  Map of Obovaria subrotunda (Round Hickorynut) and their corresponding host fish 

projected using NAD 1983 UTM Zone 17N.  Obovaria subrotunda (Round Hickorynut) 

presence are represented as triangles and their associated host fish are represented as circles 

(data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 2023; 

Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.10:  Map of Truncilla donaciformis (Fawnsfoot) and their corresponding host fishes 

projected using NAD 1983 UTM Zone 17N.  Truncilla donaciformis (Fawnsfoot) presence are 

represented as triangles and their associated host fish species are represented as circles with a 

gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 

2023; Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.11:  Map of Ptychobranchus fasciolaris (Kidneyshell) and their corresponding host 

fishes projected using NAD 1983 UTM Zone 17N.  Ptychobranchus fasciolaris (Kidneyshell) 

presence are represented as triangles and their associated host fish species are represented as 

circles with a gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 



xv 

2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.12:  Map of Epioblasma rangiana (Northern Riffleshell) and their corresponding host 

fish projected using NAD 1983 UTM Zone 17N.  Epioblasma rangiana (Northern Riffleshell) 

presence are represented as triangles and their associated host fish are represented as circles 

(data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 2023; 

Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.13:  Map of Cyclonaias tuberculata (Purple Wartyback) and their corresponding host 

fishes projected using NAD 1983 UTM Zone 17N.  Cyclonaias tuberculata (Purple Wartyback) 

presence are represented as triangles and their associated host fish species are represented as 

circles with a gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 

2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.14:  Map of Paetulunio fabalis (Rayed Bean) and their corresponding host fishes 

projected using NAD 1983 UTM Zone 17N.  Paetulunio fabalis (Rayed Bean) presence are 

represented as triangles and their associated host fish species are represented as circles with a 

gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 

2023; Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.15:  Map of Simpsonaias ambigua (Salamander Mussel) projected using NAD 1983 

UTM Zone 17N.  Simpsonaias ambigua (Salamander Mussel) presence are represented as 

triangles (data.gov, 2020; data.ontario.ca, 2015; ESRI, 2022; Morris, 2023; Ontario GeoHub, 

2019; Paterson, 2023). 

Figure 3.16:  Map of Epioblasma triquetra (Snuffbox) and their corresponding host fishes 

projected using NAD 1983 UTM Zone 17N.  Epioblasma triquetra (Snuffbox) presence are 

represented as triangles and their associated host fish species are represented as circles with a 

gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 

2023; Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.17:  Map of where fish and mussel surveys have been completed within the Sydenham 

River watershed projected using NAD 1983 UTM Zone 17N.  Areas where fish surveys were 

completed are represented as circles and mussel survey sites are represented as triangles 



xvi 

(data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 2023; 

Ontario GeoHub, 2019; Paterson, 2023). 

Figure 3.18:  Map of Pleurobema sintoxia (Round Pigtoe) and their corresponding host fishes 

projected using NAD 1983 UTM Zone 17N.  Pleurobema sintoxia (Round Pigtoe) presence are 

represented as triangles and their associated host fish species are represented as circles with a 

gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 

2023; Ontario GeoHub, 2019; Paterson, 2023). 

  



xvii  

LIST OF APPENDICES 

Appendix 1.1:  Mussel length for all site types, including main stem branch (ME), main stem 

North branch (MN), tributary East branch (TE), and tributary North branch (TN) sites.  

Differences in length among site types are significant (p < 2e-16); however, the difference 

between main stem East branch sites and tributary northern branch sites are not significantly 

different (p = 0.96). 

Appendix 1.2:  Linear graph showing how, as discharge increases, turbidity tends to decrease 

based on sites surveyed in Chapter 2. 

Appendix 1.3:  Differences in abiotic indicator between site types including main stem East 

branch (ME), main stem North branch (MN), tributary East branch (TE), and tributary North 

branch (TN) sites.  Abiotic conditions examined include (A) carbon, (B) conductivity (µs/cm), 

(C) dissolved oxygen (mg/L), (D) discharge (m3/S), (E) pH, (F) nitrate and nitrite (mg/L), (G) 

total nitrogen (mg/L), (H) total dissolved phosphorus (mg/L), (I) turbidity (FNU), and (J) water 

temperature (ºC). 

Appendix 2.1:  Map of Toxolasma parvum (Lilliput)  and their corresponding host fishes 

projected using NAD 1983 UTM Zone 17N.  Toxolasma parvum (Lilliput)  presence are 

represented as triangles and their associated host fish species are represented as circles with a 

gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 

2023; Ontario GeoHub, 2019; Paterson, 2023). 

Appendix 2.2:  Map of Cambarunio iris (Rainbow) and their corresponding host fishes 

projected using NAD 1983 UTM Zone 17N.  Cambarunio iris (Rainbow) presence are 

represented as triangles and their associated host fish species are represented as circles with a 

gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 

2023; Ontario GeoHub, 2019; Paterson, 2023). 

Appendix 2.3:  Map of Obliquaria reflexa (Threehorn Wartyback) and their corresponding host 

fishes projected using NAD 1983 UTM Zone 17N.  Obliquaria reflexa (Threehorn Wartyback) 

presence are represented as triangles and their associated host fish are represented as circles 



xviii  

(data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 2023; 

Ontario GeoHub, 2019; Paterson, 2023).  



xix 

GLOSSARY 

Assemblage:  A taxonomically related group of species populations that occur together in space 

(Stroud et al., 2015) 

Big Data Era:  The accumulation of data at unprecedented rates due to significant technological 

changes since the beginning of the 21st century (Cai & Zhu, 2015) 

Biodiversity Hotspot:  A region that is extraordinarily rich in species (Freeman et al., 2017) 

Biodiversity:  The diversity of life considered at three levels:  genetic diversity (variety of alleles 

and/or genes in a population, species, or group of species); species diversity (variety of relative 

abundance of species present in a certain area); and ecosystem diversity (variety of communities 

and abiotic components in a region) (Freeman et al., 2017) 

Community:  All populations of different species that interact with each other in a certain area 

(Freeman et al., 2017) 

Conservation:  Intervention to prevent ecosystem, species, or population decline (Hunter Jr. & 

Gibbs, 2006) 

Database:  A structured set of data held in computer storage and typically accessed or 

manipulated by means of specialized software (Oxford English Dictionary, 2012) 

Fish:  Aquatic vertebrate animals that have gills but lack limbs with digits; refers to an individual 

fish or to a group of fish of the same species (University of Hawaii, 2023) 

Fishes:  Multiple species of fish (University of Hawaii, 2023) 

Geodatabase:  A collection of geographic datasets of various types held in a common file system 

folder, or a multiuser relationship database management system (ESRI, 2023e) 

Host:  An individual that has been invaded by an organisms such as a parasite or virus, or that 

provides habitat or resources to a commensal organism (Freeman et al., 2017) 

Individual:  A genetically unique entity (Freedman, 2018) 



xx 

Join:  Appending the fields of one table to those of another through an attribute or field common 

to both tables; it is usually used to attach more attributes to the attribute table of a geographic 

layer (ESRI, 2023b) 

Keystone species:  A species that has an exceptionally great impact on other species in its 

ecosystem relative to its abundance (Freeman et al., 2017) 

Population:  A group of individuals of the same species living in the same geographic area at the 

same time (Freeman et al., 2017) 

Relate:  An operation that establishes a temporary connection between records in two tables 

using a key common to both (ESRI, 2023c) 

Species at Risk / Species at Risk of Extinction:  All species under threat of extinction as listed 

under Schedule 1 of the Canadian Species at Risk Act 2002 (Species at Risk Act, 2002)  

Species Diversity:  The variety and relative abundance of the species present in a given 

ecological community (Freeman et al., 2017) 

Species Richness:  The number of species present in a given ecological community (Freeman et 

al., 2017) 

Structured Query Language (SQL):  A standard computer language that contains a set of defined 

syntax and expressions used for accessing and managing data in databases and in other data 

processing technologies (ESRI, 2023d) 

 

All citations listed in the Glossary are included in the reference for Chapter 1.  



xxi 

LIST OF ABBREVIATIONS 

ANOVA:   Analysis of Variance 

CCA:   Canonical Components Analysis 

DFO:  Fisheries and Oceans Canada 

HHL:   Healthy Headwaters Lab  

NAD 1983:  North American Datum 1983 

NMDS:  Non-metric Multidimensional Scaling 

PCA:  Principal Components Analysis 

SAR:  Species at Risk 

SARA:  Species at Risk Act 

SCRCA:  St. Clair Region Conservation Authority 

UTM:   Universal Transverse Mercator 

VIF:  Variance Inflation Factor 

  



1 

CHAPTER 1 :  INTRODUCTION AND LITERATURE REVIEW 

Across North America, there are over 300 species of freshwater mussels in the Family 

Unionidae; thirty-five of these species reside within the Sydenham River watershed in 

southwestern Ontario which make it the watershed with the highest species richness of 

freshwater mussels in Canada (Haag, 2012; Johnson et al., 2014; St. Clair Region Conservation 

Authority, 2021).  Over the last century, thirty North American taxa of freshwater mussels have 

become extinct and 65% of the remaining species are considered endangered, threatened, or 

vulnerable to extinction (Haag & Williams, 2014).  More locally, 14 of the 35 species within the 

Sydenham River watershed are considered species at risk of extinction, herein referred to as 

species at risk or SAR (Table 1.1; Species at Risk Act, 2002).  

Loss of freshwater mussel species poses a threat to freshwater food webs as a whole. 

Freshwater mussels are considered ecosystem engineers because they provide important 

ecosystem services to the bodies of water in which they reside, such as modifying habitats to 

make them more suitable for other aquatic organisms (Aldridge et al., 2022).  They accomplish 

this in a variety of ways, including filtering and feeding on particles within the water, and 

depositing the remaining organic matter for other organisms to use (Haag, 2012; Vaughn, 2018) 

as well as acting as an important food sources for fishes, mammals, and birds (Haag & Williams, 

2014).  In addition, freshwater mussels have an importance to humans and are used as food, a 

source of natural pearls, raw material for button manufacturing, as well as being the main source 

of shell bean nuclei for cultured pearls (Haag & Williams, 2014).  Due to the services they 

provide to both their ecosystems and humans, freshwater mussels are often given the same 

protections as fish under local and federal laws, underscoring their vital importance to fisheries 

and fish habitats.   
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Freshwater mussel biodiversity loss has continued due to factors such as over exploitation 

of natural resources, pollution, invasive species, climate change, and habitat loss, modification, 

and fragmentation (Aldridge et al., 2022; Johnson et al., 2014; Lopes-Lima et al., 2018).  Habitat 

fragmentation is especially harmful because freshwater mussels rely upon specific fish species as 

hosts to complete their reproductive cycle.  Other causes of mussel declines include 

sedimentation, disease, parasites, microplastics, and drug pollution however these potential 

causes of decline are poorly understood and need to be more thoroughly researched (Aldridge et 

al., 2022).  Historical mussel extinctions have likely contributed to weakening of important 

ecosystem functions, which further increases the risk of endangerment for the remaining 

freshwater mussel species (Haag & Williams, 2014).  Because of the importance of mussels 

within freshwater systems, it is imperative that science practitioners and decision-makers quickly 

learn how to best conserve threatened populations and their vulnerable freshwater habitats. 

 One way to help conserve freshwater mussel populations and restore their habitats is to 

improve understanding about and expand our knowledge of their spatial distributions, both at the 

individual species and community/assemblage levels (Cao et al., 2015; Haag & Williams, 2014; 

Schwalb et al., 2013).  Previous mussel distribution studies have relied mainly on environmental 

microhabitat variables, such as land cover, sediment, and water quality to predict ranges, often 

with contradictory results (Goldsmith et al., 2020; Haag, 2012; Lopez & Vaughn, 2021; Strayer, 

2008).  Notably, these studies typically focus on single species groups, rather than on the whole 

community (Lake et al., 2007).  In focusing on one group of species, it is challenging to confirm 

why these species occur in some populations as opposed to others, how species may interact 

together, what conditions are harming individual species versus collective mussel populations, 

and what attributes ï biotic and abiotic ï to target for restoration (Johnson et al., 2014).   
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Freshwater mussels and their dependency on hosts 

Freshwater mussels have a unique life cycle that is completely dependent on external 

factors, both biotic and abiotic (Figure 1.1).  The hosts required for successful Unionid 

reproduction are parasitized by the mussel larvae, or glochidia; when the glochidia 

metamorphose into juveniles they fall off the host and begin their benthic lives (Modesto et al., 

2018; Schneider et al., 2017).  Hosts are typically fish species; however, in some special cases 

freshwater mussels use other organisms including salamanders.  Because of this reproductive 

strategy, host fishes are mainly responsible for the distribution and zoogeography of freshwater 

mussels (Watters, 1996).  When reproducing, freshwater mussels are often put into two separate 

categories: specialists and generalists.  Specialists are generally defined as only having one host 

species or a group of closely related fish species on which they are able to transform. In contrast, 

generalists use a wide array of host fish species often across different families (Vaughn, 2012).  

To reproduce, individual mussels must have access to a compatible host fish (Schneider et al., 

2017).  The presence of reproducing mussel populations is typically a good indicator that the 

required host fishes are present within the community (Watters, 1996).  Currently, there is a gap 

in knowledge regarding the full extent of the host-parasite relationship for many mussel species; 

many host fishes are unknown and threats to the relationships are vague (Modesto et al., 2018).  

It is vital that host relationships between mussel and corresponding host fishes and relevant 

threats are more deeply understood.  Such knowledge could help successfully reintroduce mussel 

populations via host fishes, as it presents a promising way to conserve SAR mussels (Schneider 

et al., 2017).  The current lack of comprehensive knowledge into complex relationships will only 

continue to impede conservation efforts, perpetuating the decline of both freshwater mussel and 

fish species (Modesto et al., 2018). 
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Using harmonization to accelerate conservation and restoration 

 Regardless of fauna type ï freshwater mussel or host fish ï confirmation of species 

distributions is achieved through field survey data (Villella & Smith, 2005).  Unfortunately, 

acquiring field data are often expensive and time-consuming (Bouska et al., 2018; Cao et al., 

2015), especially for species at risk mussels which are commonly smaller and more difficult to 

locate in the field (Villella & Smith, 2005).   Timed surveys are currently the most cost-effective 

approach for confirming species presence (Cao et al., 2015; Metcalfe-Smith, 2000) however 

individuals can still be missed at sites due to size bias (Reid & Morris, 2017; Sanchez & 

Schwalb, 2021).  In contrast, quadrat surveys are thought to be an optimal method for surveying 

species at risk, however these are time-consuming and require more resources (Reid & Morris, 

2017).  Regardless, in the midst of the current biodiversity extinction crisis, it is becoming clear 

that the current approaches are insufficient and new approaches are needed (Bouska et al., 2018).  

 In addition to limited resources for field-based surveys, it is a challenge to do both: 

confirm species distributions and effectively conserve freshwater mussel assemblages and their 

habitats.  Current studies are typically conducted over one or a few years, at a single location, 

and are often limited in scope (Silsbee & Peterson, 1993).  In addition, many studies focus on a 

single site rather than across multiple sites, limiting their applicability to other locations even in 

the same watershed.  The amount of data currently gathered are often insufficient to answer 

pertinent questions about conservation of aquatic species or their habitats including identification 

of putative stressors, or key biotic interactions required to sustain healthy vs. unhealthy 

populations (Eveleens & Febria, 2022; Prié et al., 2014).  Effective monitoring plans need to 

consider sampling efficiency while collecting enough data to address conservation and 

management needs (Bouska et al., 2018).   
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Data Harmonization 

 According to the University of Michigan, data harmonization refers to the combination of 

data from different sources in order to provide users with a comparable view of data from across 

different studies (Data Harmonization, 2010).  In this thesis, harmonization is defined by 

bringing people, data, and ideas together; it includes literature reviews, compiling and sharing 

datasets, working on collaborative papers, working together as mussel and fish biologists, the 

creation of foreign and primary keys, and just bringing people together to share knowledge and 

learn about science together.  Harmonization is what characterizes and unifies the work 

presented in this thesis and associated manuscripts. 

Specifically in the application of this definition to freshwater mussel conservation, data 

harmonization approaches will be explored to assess the extent to which conservation planning 

and actions can be mobilized.  As such, there is a growing, urgent need to harness existing 

knowledge and work collaboratively among organizations to conserve species at risk and restore 

habitats (Bickford et al., 2012).  Stronger collaborations ï e.g.,  amongst fish and mussel 

biologists, conservation practitioners, decision-makers, etc. ï could help identify shared research 

directions regarding threatened fauna that share habitat as well as biotic relationships between 

fishes and mussels (Aldridge et al., 2022; Modesto et al., 2018).  Increased partnerships amongst 

scientists, managers, and decision-makers can create long-term datasets that have a greater power 

to restore and conserve freshwater systems by prioritizing themes, transferring and sharing data, 

observing trends, and creating more monitoring groups for species at risk (Obiero et al., 2020).  

In addition, it is imperative that other ways of gathering information are harnessed, including: 

syntheses of previously underexplored datasets, expert knowledge, and community data, which 

has grown in popularity and usage in recent years.  By combining methods, baseline data on the 
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complex relationships between freshwater mussels, host fishes, and their distributions can be 

enhanced and expanded upon.  Identifying overlaps in distributions, for example, could help to 

prioritize management decisions, including zone-specific management actions to support a 

greater number of species (Chambers & Woolnough, 2018). 

 

Unionidae as a case study for harmonizing data in support of species conservation 

Freshwater mussels are the focal organisms for this research because of their importance 

to freshwater systems, their reliance on biotic interactions, and their vulnerability to extirpation 

due to their sedentary nature (Lopez & Vaughn, 2021).  Baseline data on freshwater mussels are 

lacking for many species, including their distribution, population sizes, accurate identification of 

threats, and life history traits (Modesto et al., 2018) and the factors that limit mussel assemblages 

remain poorly understood (Lopez & Vaughn, 2021).  Often it is assumed that freshwater mussel 

species have the same needs, habitat preferences, and reproductive biology (Jonsson et al., 2013), 

which may explain a lack of data for many species. Likewise, their survival depends on both the 

conservation of existing species and key biotic interactions (e.g., host fishes, other invertebrates) 

as well as the restoration of degraded habitats. In focusing on mussels, examinations of both 

small scale (i.e., habitat) and large (i.e., watershed-scale) interactions are integrated into a single 

study.  Presently, data on host fishes, mussels, and environmental indicators are found across a 

range of different sources and databases.  Likewise, in any given watershed, multiple efforts can 

be related to conservation and restoration, often targeting different but complementary species. 

Growing evidence is showing complementarity in datasets such as watershed biomonitoring (i.e., 

benthic invertebrates) and species at risk (e.g., freshwater mussel SAR; Eveleens, 2021).  With 

the well-established importance of host fishes for freshwater mussel SAR and an abundance of 
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data for the Sydenham River, harmonization approaches offer the ability to link available data 

and coordinate approaches for species conservation and habitat restoration. 

 

Sydenham River Watershed 

The Sydenham River Watershed in southwestern, Ontario, Canada is the focal location for 

this case study (Figure 1.2).  The watershed is a tributary of Lake St. Clair within the Laurentian 

Great Lakes (Nayaano-nibiimang Gichigaami in Ojibwe/Anishnaabemowin), and it is situated in 

the Traditional Territory of the Three Fires Confederacy of First Nations ï the Odawa, the 

Ojibwe, and the Potawatamie, also occupied by the Mississaugas and Attawateron (Neutral) prior 

to European settlement across this region of North America (also called Turtle Island).  The 

watershed consists of two main branches, the North and East, which drains 2725 km2 of land into 

Lake St. Clair (Staton et al., 2003).  The North branch has two main tributaries:  Bear and Black 

Creeks.  The watershed as a whole is characterized by sandy, gravel substrates with riffles, low 

stream gradients, and shallow valleys (Schwalb et al., 2013; Staton et al., 2003).  The dominant 

land use is intensive agriculture, mainly row cropping of corn and soybean, and 60% of the 

surrounding landscape is tile drained (Reid & Hogg, 2014; Staton et al., 2003).  Because of this, 

there are high nutrient levels throughout the watershed, including total phosphorous and 

concentrations of ammonia, and high levels of turbidity (Staton et al., 2003).  Regardless, the 

watershed continues to be considered a hotspot of diversity, especially for aquatic species 

(Schwalb et al., 2011, 2013) and as such is one of the most well-studied watersheds in the region 

for aquatic species at risk of extinction.  Historically, the watershed has supported 80 fishes and 

35 freshwater mussels (Unionidae), many of which are considered at-risk species (McNichols-

OôRourke, 2012; Staton et al., 2003).  The Sydenham River watershed has been characterized by 
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many as the most important system for freshwater mussels in all of Canada as it has the highest 

species richness of these imperiled organisms (McNichols-OôRourke, 2012; Metcalfe-Smith et 

al., 2003), making it an important case study for exploring the potential for data harmonization 

approaches in freshwater conservation. 

 

Aims 

This thesis sought to advance the conservation of freshwater mussel species at risk of 

extinction and accelerate restoration efforts on the ground by expanding upon the knowledge 

available to inform freshwater mussel SAR distribution in the Sydenham River watershed.  My 

research asked: To what extent are current freshwater mussel SAR distributions driven by 

watershed position in the Sydenham River?  Furthermore, how can the freshwater mussel SAR 

distribution data be informed by existing non-mussel datasets in the watershed?  I predicted that 

SAR distributions are related to watershed position and branch, and that existing data can be 

used to increase distribution knowledge of where SAR are located.  In exploring these questions, 

my research sought to address different types of uncertainty in unionid distributions in my focal 

watershed.  Thus, my work involved multiple research approaches:  an empirical field survey 

combined with a literature synthesis that formed the basis of host fish and unionid datasets to be 

further explored.  By exploring the potential of more harmonized approaches to unionid 

distributions, watershed-scale restoration efforts in the Great Lakes and beyond can be more 

fully supported with the best available and easily accessible data. With improved knowledge, 

scientists can better explore mechanisms driving mussel population distributions and thus assist 

managers tasked with restoring degraded ecosystems and mussel populations more effectively.  
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Thesis Overview 

This thesis is structured into two main data chapters that have been submitted for 

publication.  Chapter 2 served as the first peer-review manuscript for publication. I examined the 

relationships between freshwater mussels and environmental characteristics within the 

Sydenham River by branch (i.e., North, East) and stream order.  This chapter compared 

environmental characteristics and assemblages between site types, small tributary and main stem 

sites, with a focus on species at risk mussels. 

Chapter 3 served as the second peer-review manuscript for publication.  This chapter 

applied a variety of methods including: a literature synthesis, compilation of host data, and 

expert validation to refine host information for this watershed to achieve data harmonization of 

federal and local data.  I assessed mussel and host fish populations by mapping integrated 

datasets from my internship partners, St Clair Region Conservation Authority (SCRCA) and 

Fisheries and Oceans Canada (DFO), as well as my own survey data. Here I explored species-at-

risk distributions across environmental gradients, including relationships with host fish species 

and watershed position across both branches of the Sydenham River.  Additionally, I explored 

approaches to achieve data harmonization, and discussed how collaboration both among and 

within organizations can help to save at-risk fauna. 

In Chapter 4, I synthesized and placed findings of my research into context with available 

published literature to inform future management practices, particularly for unionids at risk of 

extinction.  I summarized the different ways in which we, as scientists, could explore data 

harmonization as a crucial approach towards successful conservation of species.   
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Tables 

Table 1.1:  Unionid freshwater mussel species at risk of extinction in the Sydenham River 

watershed (Species at Risk Act, 2002; Williams et al., 2017). 

Freshwater Mussel Species at Risk in Sydenham River 

# Scientific Name Common Name SARA Listing Status 

1 Cambarunio iris Rainbow Special concern 

2 Cyclonaias tuberculata Purple Wartyback Threatened 

3 Epioblasma rangiana Northern Riffleshell Endangered 

4 Epioblasma triquetra Snuffbox Endangered 

5 Lampsilis fasciola Wavyrayed Lampmussel Special concern 

6 Obliquaria reflexa Threehorn Wartyback Threatened 

7 Obovaria subrotunda  Round Hickorynut Endangered 

8 Paetulunio fabalis  Rayed Bean Endangered 

9 Pleurobema sintoxia Round Pigtoe Endangered 

10 Ptychobranchus fasciolaris Kidneyshell Endangered 

11 Quadrula quadrula Mapleleaf Special concern 

12 Simpsonaias ambigua Salamander Mussel Endangered  

13 Toxolasma parvum Lilliput  Threatened 

14 Truncilla donaciformis Fawnsfoot Endangered  
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Figures 

 

Figure 1.1:  Conceptual diagram showing freshwater mussel and fish life cycles and associated 

food webs.  In addition, the potential areas in which abiotic factors can influence these 

relationships.   
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Figure 1.2:  The Sydenham River watershed and its corresponding rivers (data.gov, 2020; 

data.ontario.ca, 2015; ESRI, 2022; Ontario GeoHub, 2019).  
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CHAPTER 2 :  DISTRIBUTIONS OF SYDENHAM RIVER UNIONID SPECIES AT RISK 

VARY BY BRANCH AND ENVIRONMENTAL CONDITIONS  

Introduction  

Throughout North America, there are over 300 species of Unionidae, a family of 

organisms more commonly referred to as freshwater mussels (Haag, 2012; Johnson et al., 2014).  

These organisms have some of the highest extinction and imperilment rates on the planet; over 

the last century, thirty North American taxa of freshwater mussels have become extinct and 65% 

of the remaining species are considered endangered, threatened, or vulnerable to extinction 

(Haag & Williams, 2014).  They are especially vulnerable because of their long lifespans, 

sedentary lifestyles, and reliance on host fishes for reproduction (Payton et al., 2016).  Mussel 

declines continue as increases in habitat modification, point source pollution, sedimentation, 

invasive species, and warming temperatures endure (Payton et al., 2016; Vaughn et al., 2008). 

Freshwater mussel distributions are influenced by many different environmental factors 

including hydrologic forces and environmental characteristics like current velocity, stream size, 

sediment type, presence/absence and composition of aquatic vegetation, and community 

interactions with other organisms, like fish and invertebrates, that share the same habitats 

(Chambers & Woolnough, 2018; Di Maio, 1995; Haag, 2012).  Many questions remain regarding 

exactly how each of these variables influence mussel populations both at a community and 

species levels. 

Freshwater mussels provide important ecosystem services for society which include: 

stabilizing freshwater habitats, water purification via filtering behaviors and direct feeding on 

particles in the water column, depositing organic matter, and, food web provisioning as they can 

be a food source for fishes, mammals, and birds (Haag, 2012; Haag & Williams, 2014; Vaughn, 
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2018).  They also have important human cultural use, not only as a source of food, but by 

providing natural pearls and raw material for button manufacturing (Haag & Williams, 2014).  

Because of their importance, freshwater mussels are protected under local and federal laws in 

Canada, underscoring their vital importance to fisheries and fish habitats (Geist, 2010; Payton et 

al., 2016). 

The focus of this study is the Sydenham River watershed in southwestern Ontario, 

Canada, which is situated in the Traditional Territory of the Three Fires Confederacy of First 

Nations ï the Odawa, the Ojibwe and the Potawatamie, also occupied by the Mississaugas and 

Attawateron (Neutral) prior to European settlement across Turtle Island/North America.  The 

watershed is known to house thirty-five species of freshwater mussels, 14 of which are 

considered species at risk (SAR), making it the watershed with the highest species richness for 

freshwater mussels in Canada (McNichols-OôRourke, 2012; Species at Risk Act, 2002; St. Clair 

Region Conservation Authority, 2021).  In addition, the watershed supports 80 documented fish 

species, ten of which are considered SAR (Staton et al., 2003).  The watershed is split into two 

main branches, the North Sydenham River and the East Sydenham River, and the dominant land 

use for the region is intensive agriculture with low stream gradients and shallow valleys (Reid & 

Hogg, 2014; Staton et al., 2003).  Unfortunately, because of this combination of land use and 

geomorphology, there are high nutrient levels throughout the watershed, including total 

phosphorous and ammonia, as well as high levels of turbidity (Staton et al., 2003).  

As freshwater communities are impacted by multiple stressors, investigating key 

environmental factors in relation to different species assemblages and river position are critical 

to understanding causes for population declines.  This investigation can also help to generate 

insight into conservation measures and habitat restoration.  One way to help conserve freshwater 
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mussel assemblages and mussel species-at-risk is to restore their habitats and improve 

understanding of their spatial distributions, both at the population and community levels (Cao et 

al., 2015; Haag & Williams, 2014; Schwalb et al., 2013).  Identifying overlaps in distributions, 

for example, could help to prioritize management decisions, including zone-specific management 

actions to support a greater number of species (Chambers & Woolnough, 2018).  Mussel 

distribution studies have relied mainly on environmental microhabitat variables, such as land 

cover, sediment, and water quality to predict ranges, often with contradictory results (Goldsmith 

et al., 2020; Haag, 2012; Lopez & Vaughn, 2021; Strayer, 2008).  Notably, these studies 

typically focus on specific species groups, rather than on the whole community (Lake et al., 

2007).  In focusing on one species group, it is challenging to confirm why these species occur in 

some assemblages as opposed to others, how species may interact together, what conditions are 

harming mussel populations versus collective mussel assemblages, and what attributes ï biotic 

and abiotic ï to target for restoration (Johnson et al., 2014).   

Few studies have investigated how mussel assemblages shift along a longitudinal 

gradient and influences of tributaries on river mainstem mussel assemblages is poorly understood 

(Ford et al., 2016; Vaughan et al., 2020).   It has been supported that as stream size increases, so 

do the number of species; larger streams have larger population sizes and a greater number of 

species diversity (Ford et al., 2016; Strayer, 2008).  As streams come together to form larger 

higher order rivers, they become larger in size and develop new characteristics, including shifts 

in habitat variables as the landscape changes.  Mussel assemblages are partially formed by 

macrohabitat variables, including stream size, which have the possibility of predicting broad-

scale distributions of freshwater mussels (Christian et al., 2021; McRae et al., 2004; Strayer, 

1993).  Headwater systems tend to have smaller populations with limited species diversity, 
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whereas higher order streams have a greater species richness and abundance (Ford et al., 2016).  

Larger streams offer a variety of habitat types that can provide refuge for more diverse mussel 

assemblages, allowing for higher species richness at those locations.  Spatial hierarchical 

approaches to classify freshwater systems can help provide a further understanding of those 

systems and help to establish biogeographic patterns of freshwater mussels (Christian et al., 

2021).   

This study aimed to determine reasons for differences in mussel assemblages with 

various environmental characteristics longitudinally within the watershed.  Particularly, this 

study focuses on the environmental and mussel assemblage differences between the different site 

types within the East and North branches of the Sydenham River watershed and between small 

tributary and main stem sites.  My hypotheses are: (1) Smaller streams (tributaries) contain less 

rich mussel assemblages than those within larger rivers, (2) Richer mussel assemblages will 

contain more SAR, and (3) Differences in mussel assemblages between site type are determined 

by environmental variables. 

 

Methods 

This study was built on a dataset of 10 previously surveyed sites that were collected in 2020 

(Eveleens, 2021; Eveleens et al., 2023).  In the summer of 2022, an additional 8 sites were 

surveyed within the watershed and combined with the data previously collected.  At each site, 

mussels were surveyed, and various environmental variables were collected.  

 

Site Selection 

Sites were selected within the watershed using a stratified random sampling approach and 
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were selected using ArcGIS Pro v. 2.8 (ESRI, 2022).  Watershed boundaries and watercourse 

data were retrieved from the Government of Ontario data and Ontario Hydro Network websites, 

respectively (data.ontario.ca, 2015; Ontario GeoHub, 2019).  The Sydenham River watershed 

was selected and clipped from the watershed shapefile.  Using the Sydenham River watershed 

clip, the watercourse file was further clipped to just the watershed boundaries.  Twenty sites 

were then randomized using the subset tool (ESRI, 2023a).  These sites were chosen based on 

whether they were a small tributary (<5 stream order based on Strahlerôs stream order) or main 

stem (5+ stream order), whether sites had landowner permission, were wadable, and were 

accessible to get into.  Sites were also chosen in collaboration with partners, Fisheries and 

Oceans Canada (DFO) and St. Clair Region Conservation Authority (SCRCA), to make sure that 

those sites had not been sampled previously; some sites had been provided by partners during 

Eveleens et al. 2020 surveys and were also included into the site list. 

 

Mussel Surveys 

At each site, mussels were surveyed using a combined approach of both timed and 

quadrat surveys from Eveleens et al. (2023) to determine species presence and absence and 

maximize the probability of finding species at risk mussels (Metcalfe-Smith, 2000; Reid & 

Morris, 2017; Villella & Smith, 2005; Willsie et al., In prep).  The survey consisted of an initial 

1.5 person-hour timed search for mussels; if mussels were found, an additional 3 person-hours of 

searching were performed for a total of 4.5 person-hours (Metcalfe-Smith, 2000).  Additionally, 

if either >25 mussels or a live SAR mussel was found, a quadrat survey was also completed at 

the site (Eveleens et al., 2023).  All ten 1x1 meter quadrats were placed before beginning the 

timed search to avoid looking for mussels in the same area twice and were randomly located 
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throughout the reach using a triple randomized process by randomizing the length along the 

reach, distance from the center line, and whether the quadrat was to be placed left or right of the 

centerline (Sheldon et al., 2018).  Surveys were completed using waders or wetsuits, when 

required, and, because the Sydenham River has low visibility due to high turbidity, tactile 

searching was primarily used to find and collect mussels (Mackie, 2008; Metcalfe-Smith, 2000).  

For the timed search, the goal was to collect as many mussels as possible; therefore, mussels 

were searched for by first visually identifying suitable habitats throughout the site reach, then 

moving up or downstream with no fixed pattern for searching (Metcalfe-Smith, 2000).  Quadrat 

surveys consisted of excavating the ten 1x1 meter quadrats until reaching 15 cm of substrate 

depth or until hard substrate was reached, collecting mussels as they were found (Reid & Morris, 

2017).  Collected live mussels from both survey types were identified to species level, counted, 

length was measured in millimeters, and each species was photographed before being returned to 

the river.   

 

Environmental Data Collection 

In addition to surveying mussels, various environmental measurements were obtained for 

the entire site reach and at the quadrat scale.  Before recording environmental variables, the 

wetted and bank-full widths of the river were measured at one end of the site.  Based on the 

wetted width, the length of the site was calculated by multiplying the wetted width by a value of 

20 (Jones et al., 2007).  Coordinates in decimal degrees were recorded at the upstream and 

downstream of the reach.  Environmental variables collected included water quality 

measurements using a YSI ProDSS (Yellow Springs, OH, USA) handheld multiprobe: dissolved 

oxygen, temperature, specific conductivity, pH, and turbidity (Macnaughton et al., 2015; Niyogi 
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et al., 2007).  Turbidity was also measured using a LaMotte (Chestertown, MD, USA) 

turbidimeter as well. To further characterize the water at the sites, field filtered samples were 

collected to evaluate nutrient concentrations.  These samples were analyzed for nitrate and 

nitrite, total nitrogen, total dissolved phosphorus, and dissolved organic carbon (Hansen et al., 

2016) at the Organic Analysis and Nutrients Laboratory, a federally-certified laboratory at the 

Great Lakes Institute for Environmental Research (University of Windsor).  In addition, 

discharge was calculated using the OSAP protocol (Stanfield, 2017) whereby average flow 

velocity was measured using a HACH® FH950 (Loveland, CO, USA) Marsh-McBirney Current 

meter at the depth with the highest flow for each transect within the cross-sectional area then 

calculated into a discharge volume (Macnaughton et al., 2015; Niyogi et al., 2007; Stanfield, 

2017).  Other environmental variables were characterized, including substrate.  The bed sediment 

was characterized by doing a 100-count particle modified Wolman walk (Wolman, 1954).  

Degree of siltation, algal growth, degree of shading, percent canopy cover, and macrophytes for 

the overall site was determined based on OSAP protocol (Stanfield, 2017).  The riparian zone 

was also characterized by vegetation type using the OSAP protocol; vegetation classes included 

cropland, meadow, deciduous forest, coniferous forest, wetland, or a combination of the different 

classes (Stanfield, 2017).  Each of the 10 1x1 meter quadrats, if they were searched, had 

environmental variables recorded as well.  Each quadrat had depth, sediment depth, flow, degree 

of siltation, aquatic macrophytes, algal growth, and degree of shading measured and 

characterized based on the OSAP protocol (Stanfield, 2017).  Both depth and sediment depth 

were measured at the true left, true right, and middle of the quadrat to get an average for each 

measurement.  Quadrats also had percent substrate composition calculated using the Wentworth 

scale (Stanfield, 2017; Wentworth, 1922).   
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Statistical Analyses 

Data collected during the Eveleens et al. 2020 surveys were combined with data collected 

during the 2022 field season for a total of 18 sites within the watershed.  Each site was 

characterized into four different categories based on its location within the watershed:  main stem 

East branch sites (ME), main stem North branch sites (MN), tributary East branch sites (TE), or 

tributary North branch sites (TN).  A site is considered a main stem site if it is a stream order 

greater than or equal to 5 with tributary sites being considered a stream order less than 5 based 

on Strahlerôs stream order. 

All statistical analyses were completed in R Studio version 4.1.2 (R Core Team, 2023).  

Patterns of mussel assemblages were analyzed in various ways.  Differences between site type 

species richness was determined using a one-way analysis of variance (ANOVA) and a Tukey 

test to determine differences between individual sites and branches, respectively.  Overall species 

richness and SAR species richness were also compared using a linear regression model.  In 

addition, a non-metric multidimensional scaling test (NMDS) based on Bray-Curtis dissimilarity 

distance using the Vegan package was performed on species abundance data for each site and to 

compare the variation in overall mussel assemblage composition between sites.  Significant 

differences between site type was determined using an analysis of similarity (ANOSIM) test 

(Christian et al., 2021).   

To analyze differences in environmental variation between site type, principal 

components analysis (PCA) and canonical-correlation analysis (CCA) were performed on the 

suite of continuous environmental variables collected at each site.  To compare for significant 

differences between site types, a permutational analysis of variance (PERMANOVA, 999 
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permutations) was performed.  The effects of environmental variables on freshwater mussel 

assemblages were further explored using the CCA. The variance inflation factor (VIF) was 

calculated to test for collinearity between variables; variables with a VIF higher than 10 were 

excluded from analyses (except for discharge; VIF = 11.84).  The significance of the CCA was 

tested using ANOVA permutation tests in the vegan package.  In addition to performing a PCA 

and CCA, a Tukey test was performed on each individual environmental variable to determine 

what conditions were significantly different between site type.  The difference in environmental 

characteristics between site type was used to justify the differences between assemblage 

compositions of mussel species. 

 

Results 

A total of 18 sites were sampled during the 2020 and 2022 field surveys within the 

Sydenham River watershed (Ontario), including 3 main stem East branch sites (ME), 4 main 

stem North branch sites (MN), 4 tributary East branch sites (TE), and 7 tributary North branch 

sites (TN) (Figure 2.1; Table 2.1).  These sites were surveyed between the months of July and 

September during their respective survey years.  A total of 2,636 individuals were collected 

during the 18 surveys.  Of those individuals, 41.9% were found within main stem East branch 

sites even though that site type only accounted for 16.7% of the total sites surveyed.  The surveys 

revealed 25 different mussel species, including 9 species at risk.  Eleven species were found 

exclusively within main stem East branch sites, 7 of those being considered species at risk 

(SAR).  The other two SAR mussel species found during the surveys were in different areas of 

the watershed, including Obliquaria reflexa (Threehorn Wartyback) only being found in a 

singular North branch tributary and Quadrula quadrula (Mapleleaf) being found in North and 
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East branch main stem sites and North tributary sites (Table 2.2). 

There were significant differences in mussel assemblage compositions between site type.  

When examining species abundances at each site using an NMDS, site types were significantly 

different from one another (Figure 2.2).  Species richness ranged from 0 to 22 species per site 

and was significantly different between site types when examined using ANOVA (p-value = 

6.17e-07); however, after running a Tukey test, main stem North branch sites and all tributary 

sites had a similar species richness while main stem East branch sites had a significantly higher 

number of mussel species (Figure 2.3).  Main stem East branch sites had an average species 

richness of 19.33.  The main stem North branch sites had the second highest species richness 

with an average of 5.75; the tributary sites had a very similar average with East branch sites 

having a species richness of 3.25 and the North branch sites had an average of 3.14.  Some of the 

species that were present in northern sites include Quadrula quadrula (Mapleleaf), Potamilus 

alatus (Pink Heelsplitter), and Leptodea fragilis (Fragile Papershell), which are species often 

associated with more sedimented habitats (Di Maio & Corkum, 1995).  At all site types Amblema 

plicata (Threeridge), Lasmigona complanata (White Heelsplitter), and Pyganodon grandis 

(Giant Floater) were found.  Additionally, as overall species richness went up, SAR species 

richness also increased (Figure 2.4) 

When comparing the different site types, the PCA described 49.8% of total 

environmental variation on the first two axes. PC1 explains 27.8% of variance with discharge, 

nitrates, carbon, and pH being the highest loading variables on that axis (Figure 2.5).  PC2 

explained 22% of variance with dissolved oxygen, water temperature, total dissolved 

phosphorus, total nitrates, and turbidity being the highest loading variables.  Environmental 

conditions varied between site types with more significant differences between main stem East 
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branch sites and the rest of the site types (PERMANOVA F3,14 = 1.56, p = 0.225).  Main stem 

East branch sites had significantly higher levels of discharge compared with other sites.  

Although not significantly different, main stem East branch sites had higher average levels of 

dissolved oxygen, conductivity, pH, and total nitrogen from the other sites and lower levels of 

total dissolved phosphorus and turbidity ( 

 

Appendix 1.3:).  The first two components of the CCA captured 45.41% of the 

variability with CCA1 capturing 26.27% of the variation and CCA2 capturing 19.14% (Figure 

2.6).  The total inertia from the CCA was 2.70, with the constrained ordination, representing the 
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environmental variables, of 2.18 of the total inertia (80.94% of the variance), indicating that 

environmental variables have an influence on the mussel assemblages.  The ANOVA test 

indicated that the model was significant (F = 3.30, p = 0.001).  Both pH and conductivity had 

significant influences on the freshwater mussel assemblage compositions within the stream 

habitats (p < 0.05). 

 

Discussion  

The purpose of this study was to examine differences in mussel assemblage composition 

with changes in environmental conditions longitudinally and spatially within the Sydenham 

River watershed.  I hypothesized that: (1) Smaller streams (tributaries) contain less rich mussel 

assemblages than those within larger rivers, (2) Differences in mussel assemblages between site 

type are determined by environmental variables, and, (3) Richer mussel assemblages would 

contain more SAR. Using a harmonized field survey approach, I found two major patterns in 

assemblages across the watershed: habitats within the main stem East branch of the watershed 

were significantly different from all other site types based on assemblage composition and 

environmental characteristics.  Main stem East branch sites had significantly higher species 

richness as well as significant differences in certain environmental conditions, including higher 

discharge and nitrate and lower carbon levels (Appendix 1.3). Changes in mussel distribution 

throughout the watershed mirrored changes in environmental characteristics between site type, 

which reflected findings from other studies (Haag & Williams, 2014; Morris & Corkum, 1996), 

indicating that environmental conditions may be some of the main drivers for differences in 

mussel assemblage composition. 

This research supported the hypothesis that smaller streams or tributaries contain less rich 
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mussel communities than larger rivers.  There were significant differences between species 

richness amongst site types with main stem East branch sites having a significantly higher 

number of species than at the other site types.  Main stem North branch sites had the second 

highest species richness, supporting other findings that larger river branches have a higher 

number of species than in tributaries (Atkinson et al., 2012; Christian et al., 2021; Ford et al., 

2016; Vaughan et al., 2020).  The PCA revealed discharge as being one of the main drivers for 

the differences between main stem East branch sites and the other site types; main stem East 

branch sites had an average discharge of 1.38 m3/s while the other site types had an average 

discharge of 0.067 m3/s.  Higher flow may help with recruitment of certain species, particularly 

species at risk, but there are still many questions regarding whether this is a threshold or whether 

this relationship is linear (Ries et al., 2016).  Some studies found that SAR are more typically 

found in areas with higher flow or discharge (Pfeiffer et al., 2022), while others examined that 

richer and more diverse mussel assemblages are found in habitats with higher flow stability (i.e. 

flow being consistent and constant) (McRae et al., 2004).  Other sites (not main stem East 

branch) had significantly lower discharge.  Low flow or discharge can lead to lower levels of 

dissolved oxygen, increased turbidity, and higher temperatures, which can cause stress to 

freshwater mussel population (Ford et al., 2016).  These stresses could result in unsuitable 

habitat for sensitive species and lead to lower species richness and diversity at these other sites.  

Although not significantly different, main stem East branch sites had higher dissolved oxygen 

levels and lower levels of turbidity than the other site types (Appendix 1.3)   

In a watershed completely dominated by agriculture, levels of turbidity and nutrients 

were found to be high (Lummer et al., 2016), which can be indicative of the scale of stressors 

associated with this land use pressure. Thus, while not all sites were directly next to agricultural 
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zones, all sites were impacted by the regional-scale impacts of agriculture on water quality. 

Although healthy mussel populations are often found in turbid systems (Goldsmith et al., 2020), 

turbidity could be a reason for differences in assemblage composition between main stem East 

branch sites and other site types.  Although not strongly correlated, as discharge increases, 

turbidity decreases, meaning that a higher flow could help to flush sediment out of the main stem 

East branch.  As discharge was one of the main drivers of differences between site types, this 

could be a possible explanation for why there are such differences.  Additionally, it should be 

noted that, within this watershed, main stem East branch sites looked very different than other 

site types when it comes to streambed sediment.  These sites contained less fine sediment, and 

more gravel, cobble, and bedrock, which may also help to explain why we see such differences 

in environmental characteristics and the number of mussel species at these sites.  This river 

system is considered low gradient; with the other site types having low flow, mussel assemblages 

are more prone to be negatively influenced by sedimentation (Staton et al., 2003).  Sedimentation 

of finer particles is thought to be one of the key reasons for declines in mussel populations 

(Gascho Landis et al., 2013).  Studies have shown that total suspended sediment can impact 

mussels by clogging gills, reducing ability to feed, and can affect reproduction (Beussink, 2007; 

Brim Box & Mossa, 1999; Hasenbein et al., 2016; Zamor & Grossman, 2007).  Lower levels of 

turbidity and higher levels of discharge within the main stem East branch may support mussel 

populations that are less tolerant to in-stream habitat conditions. 

Within the Sydenham River watershed, richer mussel assemblages display a positive 

correlation with the number of species at risk found.  However, it should be noted, that main 

stem East branch sites are an outlier within this dataset.  When that site type was removed from 

the linear regression model, there was still a positive correlation in total species richness and the 
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number of SAR species found, but it had a much shallower slope than when main stem East 

branch sites were included (Slope = 0.19).  This hypothesis could benefit from the addition of 

other datasets collected by other organizations.  In addition, species at risk mussels were only 

found where non-listed mussels reside, never by themselves or with only other species at risk 

mussels.  Species at risk may be more vulnerable to stressors and may need other mussel species 

to survive.  Mussels provide important ecosystem services, like modifying habitats, filtering 

particles from the water, and more (Haag, 2012; Vaughn, 2018).  These services may not only be 

helping other freshwater organisms, but may also be providing and creating suitable habitat for 

other mussel species as well, particularly for species at risk, thus providing a positive feedback 

loop within the system.   

These findings have limitations in that a relatively small subset of sites within a 

moderately-sized river system was sampled; only 3,525 meters in length were sampled out of a 

2,725 km2 river system.  In addition, data may be skewed since site type was not equally 

sampled.  More tributary North sites were sampled (7) than any other site type and was sampled 

more than 2x the amount of main stem East branch sites.  In addition, sites were only surveyed 

within the summer months between July through September; therefore, only summer conditions 

were considered in these analyses.  In addition, not all environmental measurements were 

standardized across both sampling times (2020, 2022), such as sediment characterization, and 

were unable to be used in these analyses. 

 

Future Directions 

In the future, the addition of more sites across the watershed as well as additional 

environmental measurements would generate further insights.  In addition, sampling for water 
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quality parameters at each site over time (i.e., throughout each season) would facilitate a deeper 

understanding of how those variables change each season and how mussel populations might be 

influenced hydrologically and among assemblages.  I would also incorporate other data types 

including publicly available land use data that could be used to find correlations between land 

use and mussel populations. 

 

Conclusions 

Within the Sydenham River watershed, there were two distinguishable groupings of 

environmental characteristics and assemblage composition with the tributaries of the East branch 

acting more similarly to the North branches. By classifying sites into groups, I explored how 

environmental variables changed longitudinally within a river system and how freshwater mussel 

assemblage composition may be influenced in relationship to local conditions (i.e., within 

stream) and across watershed attributes.  Particularly, in revealing where species at risk are 

located and what site type they are found at, conservation managers could mobilize these data to 

make better decisions on where to implement management and stewardship actions.  Spatial 

hierarchical approaches (i.e. characterizing by stream size, branches, longitudinally, etc.)  to 

classify streams and rivers can help predict where species at risk are located and help with 

conservation planning (Christian et al., 2021; Ford et al., 2016).  It may also be beneficial to 

group mussel species, particularly species at risk, by life history traits as these groups might 

respond to environmental variables similarly (Haag, 2012).  Informed species management 

requires identification of environmental variables that may limit mussel populations; however, 

very little is known about habitat requirements for specific mussel groups, and more research is 

needed, particularly on vulnerable species, in order to successfully conserve them (Aldridge et 
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al., 2022; Ford et al., 2016).  Additionally, as freshwater systems are complex, there are likely 

more influences that need to be addressed, including the role that host fishes have in structuring 

mussel assemblages (Schwalb et al., 2013).   
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Tables 

Table 2.1:  Sites sampled during the 2020 and 2022 field surveys of the Sydenham River 

watershed (Ontario) that were included in these analyses.  Total n = 18 sites, including 3 East 

branch main stem sites, 4 East branch tributary sites, 4 North branch main stem sites, and 7 

North branch tributary sites. 

Watershed Branch Waterway Position Site ID Collector Year 

East 

Main Stem 

SRE-04 Eveleens 2020 

SRE-05 Eveleens 2020 

SRJ-01 Willsie 2022 

Tributary 

SRE-27 Eveleens 2020 

SRE-31 Eveleens 2020 

SRE-33 Eveleens 2020 

SRE-67 Eveleens 2020 

North 

Main Stem 

SRN-102 Eveleens 2020 

SRN-69 Eveleens 2020 

SRN-87 Eveleens 2020 

SRJ-08 Willsie 2022 

Tributary 

SRN-90 Eveleens 2020 

SRJ-02 Willsie 2022 

SRJ-05 Willsie 2022 

SRJ-09 Willsie 2022 

SRN-40 Willsie 2022 

SRN-92 Willsie 2022 

SRN-98 Willsie 2022 
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Table 2.2:  Mussel species presence within various site types across the Sydenham River 

watershed.  Crosses indicate where species were found; empty cells indicate where species were 

not present (Species at Risk Act, 2002; Williams et al., 2017). 

Mussels East Branch North  Branch 

Species Common Name 

SARA Species 

Listing M
a

in
 S

te
m

 

T
ri
b

u
ta

ry
 

M
a

in
 S

te
m

 

T
ri
b

u
ta

ry
 

Ligumia recta Black Sandshell  X    

Lasmigona compressa Creek Heelsplitter      

Strophitus undulatus Creeper  X    

Anodontoides 

ferussacianus 
Cylindrical Papershell   X   

Truncilla truncata Deertoe    X X 

Alasmidonta marginata Elktoe  X    

Lampsilis siliquoidea Fatmucket  X   X 

Truncilla donaciformis Fawnsfoot Endangered     

Lasmigona costata Flutedshell  X  X X 

Leptodea fragilis Fragile Papershell  X  X X 

Pyganodon grandis Giant Floater  X X X X 

Ptychobranchus 

fasciolaris 
Kidneyshell Endangered X    

Toxolasma parvum Lilliput  Threatened     

Quadrula quadrula Mapleleaf Special Concern X  X X 

Actinonaias ligamentina Mucket  X  X  

Epioblasma rangiana Northern Riffleshell Endangered X    

Utterbackia imbecillis Paper Pondshell      

Cyclonaias pustulosa Pimpleback      

Potamilus alatus Pink Heelsplitter  X  X X 

Lampsilis cardium Plain Pocketbook  X    

Cyclonaias tuberculata Purple Wartyback Threatened X    

Cambarunio iris Rainbow Special Concern X    

Paetulunio fabalis Rayed Bean Endangered X    

Obovaria subrotunda Round Hickorynut Endangered     

Pleurobema sintoxia Round Pigtoe Endangered X    

Simpsonaias ambigua Salamander Mussel Endangered     

Alasmidonta viridis Slippershell Mussel      

Epioblasma triquetra Snuffbox Endangered X    

Eurynia dilitata Spike  X    

Obliquaria reflexa Threehorn Wartyback Threatened    X 

Amblema plicata Threeridge  X X X X 

Fusconaia flava Wabash Pigtoe  X X  X 

Lampsilis fasciolaris 
Wavyrayed 

Lampmussel 
Special Concern     

Lasmigona complanata White Heelsplitter  X X X X 
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Figures 

 

Figure 2.1:  Map of sites included in analyses; all sites are within the Sydenham River 

watershed.  Circles represent sites surveyed with red being main stem East branch, blue being 

main stem North branch, green being tributary East branch, and yellow being tributary North 

branch sites.  These data are projected using NAD 1983 UTM Zone 17N  (data.gov, 2020; 

data.ontario.ca, 2015; ESRI, 2022; Ontario GeoHub, 2019).  
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Figure 2.2:  Mussel assemblage composition across different site types within the Sydenham 

River watershed.  Site types include main stem East branch (ME), main stem North branch 

(MN), tributary East branch (TE), and tributary North branch (TN) sites.   



51 

 
 

Figure 2.3:  Freshwater mussel species richness for all species and species at risk (SAR) across 

site types and watershed branches in the Sydenham River watershed.  Site types include main 

stem East branch (ME), main stem North branch (MN), tributary East branch (TE), and tributary 

North branch (TN) sites.  
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Figure 2.4:  Linear regression of total freshwater mussel species richness against the number of species at risk found at each site 

within the Sydenham River watershed for (A) all site types and (B) excluding main stem East branch sites.  Each site is characterized 

into site type:  main stem East branch (ME), main stem North branch (MN), tributary East branch (TE), and tributary North branch 

(TN) sites.  The dashed line is the modelled regression line ((A) slope = 0.3983, intercept = -1.0444, R-squared value = 0.95 (B) slope 

= 0.19, intercept = -0.34, R-squared value = 0.53).

A)   y = -1.04 + 0.4x 

       R
2
 = 0.95 

B)   y = -0.34 + 0.19x 

       R
2
 = 0.53 
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Figure 2.5:  PCA of environmental conditions across field survey sites in the Sydenham River 

watershed defined by site type.  Site types include main stem East branch (ME), main stem North 

branch (MN), tributary East branch (TE), and tributary North branch (TN) sites.   
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Figure 2.6:  CCA to examine how environmental characteristics influence assemblage 

composition of freshwater mussels across different site types within the Sydenham River 

watershed.  Site types include main stem East branch (ME), main stem North branch (MN), 

tributary East branch (TE), and tributary North branch (TN) sites.   
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CHAPTER 3 :  EXPLORING THE ROLE OF DATA HARMONIZATION IN EXAMINING 

MUSSEL SAR AND HOST DISTRIBUTIONS IN THE SYDENHAM RIVER WATERSHED 

Introduction  

Freshwater mussels are among the most imperiled groups on the planet (Lopes-Lima et 

al., 2014).  As anthropogenic influences such as urbanization, globalization, and climate change 

impact our ecosystems, there is an urgent need to better understand impacts on mussel 

communities at a range of scales (Haag, 2012; Hedrick et al., 2020).  Effective conservation of 

freshwater mussels requires a sound understanding of spatial distributional patterns and how 

species diversity is driven by various environmental factors, availability of hosts, and human 

disturbances (Aldridge et al., 2022; Cao et al., 2015; Schwalb et al., 2013; Strayer, 2008).  Over 

the past few decades, studies have examined the relationships between mussel abundance and 

diversity and their dependence on host availability and environmental variables, revealing 

unclear results (Cao et al., 2015; Strayer, 2008). Environmental factors, the availability of hosts, 

and human disturbances are thought to co-control mussel species and diversity; however, the 

importance of these factors may vary at a regional scale.  Bringing together large datasets ï i.e., 

harmonization ï is one approach for advancing distributional knowledge about a given species, 

examine ecological relationships, and understand possible threats particularly at a watershed or 

regional scale.  Additionally, mapping species diversity and abundance allows for better 

understanding of spatial patterns of mussel populations and can help in conserving them. 

One way to study existing and potential future mussel distributions is to examine host 

distributions, both previous and current, as freshwater mussels rely on hosts for reproduction 

(Figure 3.1; Haag, 2012).  Biologists are now recognizing the importance of using organisms that 

interact with mussels in predicting distributions (Eveleens et al., 2023), specifically host fishes, 
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as mussels are reliant on them for distribution and reproduction.  There are many questions 

around host suitability, including variables that may influence encystment (Modesto et al., 2018), 

including increased immunity after being parasitized (OôConnell & Neves, 1999).  Some have 

suggested that condition and age of the host fish may influence the ability of mussels to encyst 

(Modesto et al., 2018; Schneider et al., 2017), but knowledge gaps still remain regarding 

successful metamorphosis.  Studies identifying hosts are documented in a variety of ways, 

including reports, grey literature, and journal articles, some dating back nearly a century.  Given 

how rapidly environments are changing and have changed due to human actions, validating both 

freshwater mussel and host relationships are crucial and must be re-examined through a 

contemporary lens. 

In parallel, there is a rapid emergence of knowledge available for mussel research. The 

current Big Data Era emerged at the start of the 21st century (Pfeiffer et al., 2022) offering 

potential pathways for how mussel data can be approached and leveraged to analyze at-risk 

fauna.  Despite the amount of ecological data collected, much of it is underleveraged at this time.  

One key indicator - occurrence data ï is one type that can be used to better understand spatial 

patterns of organisms currently and historically (Pfeiffer et al., 2022).  Specifically, combining 

data provides an opportunity to answer large questions about diversity, environmental impacts, 

and ecology, including questions about climate change, invasive species, and the current mass 

extinctions (Hedrick et al., 2020; Nelson & Ellis, 2018).  These data can generate novel findings 

to help better understand our changing planet and imperiled organisms; considerable effort 

should be put into standardizing and compiling datasets (Hedrick et al., 2020). 

While the current Big Data Era provides opportunities to answer new questions, there are 

many challenges including protocols on how to properly combine data and rigorously assess 
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results.  Many datasets are limited by being nonstandard and decentralized (Pfeiffer et al., 2022), 

as well as being siloed across multiple data holders.  In any case, data collected for research 

should be quality, free of bias, consistent, accurate, and complete, which underscores the need 

for standardization, consistent research methods, and best practices (Cai & Zhu, 2015; Nelson & 

Ellis, 2018).  This includes the need to update data over time such as when taxon names change.  

When it comes to geospatial data, there can be problems with incomplete coordinates, strings 

within numeric fields, incorrect coordinate systems referenced, latitude reported as longitude 

(and vice versa), misplaced decimals, and more (Nelson & Ellis, 2018).  Additionally, it is 

challenging to continue updating data on a large scale because of the unprecedented rates that 

data are being collected; data must be dealt with in a timely fashion in order to keep data current 

in this biodiversity crisis (Cai & Zhu, 2015). 

To support decision-making, including species conservation, data visualization products 

can help communicate information in ways that numbers cannot (Crampton, 2001).  Larger, 

combined geospatial datasets allow for geographic visualization of organisms, or the ability of 

maps, graphics, and images to make visible spatial relationships (Crampton, 2001). These 

relationships can reveal temporal, taxonomic, and spatial patterns of organisms to help prioritize 

the needs of biodiversity conservation and restoration.  Specifically, mapping of species 

abundances can help managers to identify impaired stream reaches and species-rich populations, 

assess which portions of the stream should be managed and protected, identify where 

conservation gaps are, and help create sampling strategies for mussel hotspots (Cao et al., 2015).  

In this study, existing knowledge and data were utilized to develop a better understanding 

of freshwater mussel species at risk distributions within the unique, biodiverse and well-studied 

Sydenham River watershed.  Mussel and host populations were assessed by mapping integrated 
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datasets within the watershed in collaboration with partners, St. Clair Region Conservation 

Authority (SCRCA) and Fisheries and Oceans Canada (DFO), and my own surveys to explore 

relationships in mussel distributions across the Sydenham River watershed.  Dimensions of 

species-at-risk distributions were explored across broad environmental gradients, including 

relationships with their corresponding host fishes.  Specifically, I wanted to answer the question:  

How can existing data be harmonized to improve distributional knowledge of SAR freshwater 

mussels?  The objectives for this study were to: (1) Compile a list of possible hosts for mussels 

in the Sydenham River watershed, (2) Develop a method to combine datasets, (3) Successfully 

harmonize datasets including standardize datasets across organizations, and (4) Visualize 

harmonized datasets for species at risk mussels and their corresponding host fish distributions.  

My hypotheses for this chapter were: (1) Mussel SAR have a more limited distribution than non-

SAR mussels and will be found at fewer sites within the watershed, (2) SAR tend to be host 

specialists, and, (3) Host fish distributions are strong predictors of existing and potential mussel 

species at risk habitats.  Therefore, I predicted that host fish data would align with where mussel 

surveys were located, which would have implications to the conservation of critical species and 

restoration of critical habitats.  

 

Methods 

Creation of Host Fish Table 

In order to map mussel species and their corresponding hosts, I first created a table that 

lists all mussels within the watershed and their possible host fishes based on Morris, 2019 and 

Watters et al., 2009.  From there, the list of hosts was further whittled down into a more polished 

list that contained only fishes that have been found within the Sydenham River watershed based 
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on the University of Guelphôs Fishmap (University of Guelph, 2011).   

 

Integration of datasets 

Existing records of where mussel and fish surveys occurred within the watershed were 

collected from the Department of Fisheries and Oceans Canada (DFO; T.J Morris, A. Drake, J.M 

Barnucz, unpublished data) and St. Clair Region Conservation Authority (SCRCA; C. Paterson, 

unpublished data).  Mussel and fish survey data were placed into separate Excel spreadsheets 

with site ID, location (coordinates, latitude and longitude), and presence/absence of each species 

at each site.  If location information was recorded in a format other than decimal degrees (e.g. 

UTM), they were converted into those coordinates.  Mussel site records were also combined with 

the surveys completed in the previous chapter by the Healthy Headwaters Lab (HHL).  If a site 

with the same name was surveyed more than once, data from each year was combined together. 

If a species was found one year, but not another, it was included as a site that had that species 

presence.  In addition, if a fish was considered a hybrid or was not classified down to species 

level, it was not included in these analyses; fish species that were not considered as possible 

hosts for species within the watershed were not included.  Specifically, these analyses focused on 

species at risk and their corresponding host fishes.  Mussel surveys were completed using timed 

or quadrat approaches; fishes were surveyed using electrofish backpacks, boat electrofishing, 

hoop nets, minnow traps, larval drift nets, mini-fyke nets, trap nets, trawl, trammel nets, and 

seine nets. 

 

Harmonizing Data using Foreign Keys 

To better analyze and use the integrated mussel and fish datasets together, foreign keys 
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were created within separate Excel spreadsheet for mussels and fish.  Mussel and fish sites that 

were within 50 meters of one another were linked together using a foreign key.  In order to do 

this, the spreadsheets were added into ArcGIS Pro (version 3.03; ESRI, 2022).  The Display XY 

Data tool was then used to display all fish and mussel sites from the combined datasets.  A 50-

meter buffer was then created around the mussel sites displayed using the Buffer tool.  The 

Intersect tool was used to select fish sites that were within the 50-meter buffers around all of the 

mussel sites.  Each fish site that was within the 50-meter buffers were analyzed to see which 

mussel site they corresponded to (Figure 3.2).  Within the combined fish spreadsheet, the 

corresponding mussel site names were put into the spreadsheet.  If a fish site was within 2 or 

more buffers, the Measure tool was utilized to determine which mussel site that fish site was 

closest to; whichever, mussel site is closest is the site that was selected to be related to the fish 

survey site with the foreign key (ESRI, 2022).  Once all foreign keys were created for the fish 

data, the fish sites corresponding to each mussel site were also placed as foreign keys into the 

combined mussel spreadsheet (Figure 3.3).  

 

Mapping the Data 

The next steps were to visualize the integrated datasets.  To do this, various mapping 

layers were created, including presence maps of each individual species at risk mussel in the 

watershed and their corresponding host fishes, a layer showing the species richness at mussel 

sites, and a map visualizing where all fish and mussel surveys have been completed within the 

watershed.  To create these maps, the corresponding Excel sheet was added to the map.  Next, 

the Display XY Data tool was used to display the sites, whether they were sites surveyed for 

mussels or fish.  The Symbology tab was used to color-code the data.  For instance, when 
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displaying the fish sites, the number of fishes, or species count, was indicated with a graduated 

color scheme.   

 

Spatial Analyses 

All statistical tests were performed in R Studio (Version 4.1.2; (R Core Team, 2023).  

Differences in the number of sites containing SAR and Non-SAR mussels were compared using 

a two-sample t-test.  Similarly, the number of host fishes for SAR and Non-SAR mussels were 

compared using a two sample t-test.  

To analyze the maps and datasets, summary statistics were employed.  Additionally, to 

determine if host fish distributions were strong predictors of existing and potential mussel 

species at risk habitats, the average percentage of mussel sites that had specific SAR presence 

within 1 km of host fishes was determined using ArcGIS Pro (ESRI, 2022) by adding all sites 

where mussel surveys were completed to a map (n = 346).  Next, the sites where host fishes for 

an individual SAR mussel were added to the map.  A 1 km buffer was then added using the 

Buffer tool to the host fish sites that were mapped.  The Intersect tool was then employed to the 

buffer layer and the mussel sites layer to determine how many mussel sites are within the 1 km 

buffer of where host fishes are present for that species at risk.  The Delete Identical tool was 

used to remove repeat mussel sites to get the number of possible mussel sites where that SAR 

could be located based on being within 1 km of corresponding host fishes.  Select by Attributes 

was used on the intersected layer to determine the number of mussel sites that actually have the 

presence of the species of focus in it.  That number was then divided by the total number of 

possible sites where mussel SAR could be based on where host fishes are found and multiplied 

by 100 to get a predictability percentage at all sites (Figure 3.4).  This analysis was completed 
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for 13 mussel SAR within the watershed (not including Simpsonaias ambigua (Salamander 

Mussel) since they had no host fishes present within the watershed).  The percentages of sites 

with mussel presence were then averaged to determine if host fishes are good predictors of where 

SAR are distributed throughout the watershed. 

 

Results 

There were 97 reported fish species within the Sydenham River watershed (University of 

Guelph, 2011).  Out of those, 78 were considered hosts for freshwater mussels within the 

watershed; 32 were considered hosts for SAR mussels specifically (Table 3.1).  The number of 

hosts for SAR mussels was significantly different from the number of hosts for non-SAR 

mussels (Figure 3.5; t = 3.2097, df = 32, p = 0.00302), supporting the hypothesis that SAR tend 

to be host specialists.  Non-listed species had an average of 12.45 host species whereas listed 

species had an average of 3.64 host species.  The number of hosts for each SAR mussel species 

ranged from 1 to 9 with Obovaria subrotunda (Round Hickorynut) and Simpsonaias ambigua 

(Salamander Mussel) only having one host and Cambarunio iris (Rainbow) having the most with 

nine (Table 3.2).  The most common host fishes for SAR mussels were Cottus bairdi (Mottled 

Sculpin; host for 5 mussel species), Etheostoma caeruleum (Rainbow Darter; host for 4 mussel 

species), E. blennoides (Greenside Darter; host for 4 mussel species), and Micropterus dolomieu 

(Smallmouth Bass; host for 3 mussel species).  

 The integrated datasets revealed 346 sites where freshwater mussels were surveyed; 254 

of those sites contained SAR mussels (Figure 3.6; Table 3.3).  These sites ranged from 0 to 27 

species found at each site with an average species richness of 7.27.  The highest number of 

species at risk found at an individual site was 11; on average, 2.12 SAR were found at each site.  
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The SAR that was found at the most sites were Quadrula quadrula (Mapleleaf) (n = 114; Figure 

3.7).  Lampsilis fasciola (Wavyrayed Lampmussel) were found the least at only 3 sites with 2 of 

those sites being considered historical sites (Figure 3.8).  Obovaria subrotunda (Round 

Hickorynut) were also rare within the watershed, only being found at 14 sites, 6 of which are 

historical (Figure 3.9).  The number of sites SAR mussels were found at was not significantly 

different from the number of sites Non-SAR mussels were found at (p = 0.0713).  Although not 

significantly different, SAR mussels were found at fewer sites than non-SAR mussels and 

distribution for many were limited to the East branch. Nine species at risk were found 

exclusively within the East branch of the watershed:  Truncilla donaciformis (Fawnsfoot) 

(Figure 3.10), Ptychobranchus fasciolaris (Kidneyshell) (Figure 3.11), Epioblasma rangiana 

(Northern Riffleshell) (Figure 3.12), Cyclonaias tuberculata (Purple Wartyback) (Figure 3.13), 

Paetulunio fabalis (Rayed Bean) (Figure 3.14), Obovaria subrotunda (Round Hickorynut) 

(Figure 3.9), Simpsonaias ambigua (Salamander Mussel) (Figure 3.15), Epioblasma triquetra 

(Snuffbox) (Figure 3.16), and Lampsilis fasciola (Wavyrayed Lampmussel) (Figure 3.8).   

The integrated datasets also revealed 844 sites where host fishes were found within the 

watershed (Figure 3.17; Table 3.3).  The analysis of foreign key creation revealed that 57 

mussel sites were within 50 meters of 357 fish sites and can be used in future analyses within this 

watershed.  It is important to note that for the fish surveys, there was redundancy with many of 

the sites being located at the same coordinates but containing different names.  Referring to the 

predictability percentage from earlier, host fishes were not very strong predictors of where SAR 

were located; predictability percentages ranged from 0-64.44% with an overall average of 

23.40% of sites having species at risk present within 1 km of where host fish were found (Table 

3.3).  Some mussel species had higher predictability percentages, such as Quadrula quadrula 
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(Mapleleaf) (64.44%), Ptychobranchus fasciolaris (Kidneyshell) (53.17%), and Pleurobema 

sintoxia (Round Pigtoe) (46.92%); however, most species had lower predictability percentages 

and some even had zero or close to zero including Epioblasma rangiana (Northern Riffleshell) 

(0%) and Toxolasma parvum (Lilliput)  (0.79%).  

 

Discussion 

This study was the first known effort to harmonize datasets for both Unionid mussels and 

their host fishes to produce spatial distribution maps within the Sydenham River watershed. In 

doing so, novel observations were made about apparent matches and mis-matches in their 

respective distributions. Species at risk mussels were found at fewer sites than non-species at risk 

mussels; however, that difference was not significant.  This watershed is known to support 35 

unionid mussel species, 14 of which are considered species at risk, so it was unsurprising that 

SAR were found at many sites.  A possible reason for SAR being found at a higher number of 

sites is that surveys may be biased to where species at risk are known to occur.  Although itôs 

important to continue to monitor SAR populations, it is also important that surveys are 

distributed throughout the watershed to confirm full spatial distributions for these organisms 

(Aldridge et al., 2022).  These data indicate that the sites with the highest number of mussel 

species are found within the East branch of the watershed.  Additionally, since high numbers of 

SAR are found, more of the listed species tend to prefer higher order streams and higher 

discharge, which is consistent with results from Chapter 2 with more SAR being found in the 

main stem East branch sites and with results from other previous studies (Cao et al., 2015; 

Ortmann, 1919; Pfeiffer et al., 2022).  Additionally, all sites surveyed that contained SAR 

mussels also had non-SAR mussels within the assemblage as well.  These results suggest that 



65 

mussels may be cohabitating with one another and possibly providing important ecosystem 

services needed to survive, although further analyses are needed to understand these 

relationships (Vaughn et al., 2008). 

There is an urgent need to confirm host species within watersheds and understand the 

variables that influence encystment, or the ability for glochidia (mussel parasitic larvae) to 

metamorphose on their hosts (Aldridge et al., 2022).  When examining the number of hosts that 

SAR versus non-SAR mussels have, SAR have a significantly smaller number of hosts, 

suggesting that SAR are likely specialists when it comes to hosts.  Although SAR are likely 

specialists, it is unclear if all hosts within the watershed were listed in the harmonized dataset.  

There are many different approaches to confirm hosts for mussel species, such as propagation 

techniques or laboratory studies, confirmed metamorphosis on host fish, exchange studies 

(sympatric vs. non-sympatric fish), and field observations (glochidial infestation on fish) 

(Caldwell et al., 2016; Modesto et al., 2018; Schneider et al., 2017).  Even with confirmation of 

glochidia on fish, there are questions that remain about how other environmental factors 

influence the ability of glochidia to metamorphose (Osterling & Hogberg, 2013; Schneider et al., 

2017; Strayer & Malcom, 2012).  Within this watershed, Epioblasma rangiana (Northern 

Riffleshell) provided an excellent example of a mussel that likely needs more investigation into 

host compatibility as within the watershed, there is only one host species available.  Epioblasma 

rangiana (Northern Riffleshell) were found at 61 sites and its host was reported at only one site 

which was not located near any sites where Epioblasma rangiana (Northern Riffleshell) were 

found.  This may indicate that there could be other compatible hosts within the watershed that 

are unknown to malacologists, especially since Epioblasma rangiana (Northern Riffleshell) are 

not uncommon in terms of SAR within the East branch of the watershed.  Although hosts can be 
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confirmed using literature and online sources like the Illinois Natural History Survey & Ohio 

State University Museum of Biological Diversityôs Freshwater Mussel Host Database, much of 

the data are not watershed specific.  A study conducted by Robinson et al. (2023) used genetic 

barcoding to confirm mussel species that successfully encysted on live hosts from within the 

watershed of focus; many of the relationships were considered novel when compared to other 

resources.  Studies like these are necessary to help supplement current conservation practices and 

to properly manage mussel-host resources (Aldridge et al., 2022).   

These findings indicate that ï at present and with the current data available for the 

Sydenham River watershed ï host fishes were not very good predictors for where species at risk 

freshwater mussels occurred; however, the ability of these data to predict where SAR were 

located is limited by where surveys have been completed.  Many of the fish surveys were biased 

towards the southwest portion of the watershed where the 2 branches meet; this is a portion of 

the river system that has not been surveyed very thoroughly for freshwater mussels.  

Additionally, surveying overall lacked in the smaller tributaries and headwaters of the river 

system.  Due to the lack of links between fish and mussel survey sites, there is a possibility that 

SAR are in areas of the watershed that have not been previously explored through mussel 

surveys.  For instance, there were a lot of occurrences of host fishes for Pleurobema sintoxia 

(Round Pigtoe) within the southwest portion of the watershed, but there are not many sites 

surveyed for mussels.  This could indicate that there are Pleurobema sintoxia (Round Pigtoe) in 

that area, but they continue to remain underexplored (Figure 3.18).  Studies in the past have 

recognized the importance of host fishes for distribution of freshwater mussels (Schwalb et al., 

2011; Strayer, 2008; Vaughn, 1997).  In this case, it is clear that mussel and fish biologists could 

collaborate on surveying nearby sites to have a more complete picture of the watershed with 
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complementary datasets. 

Although these data suggest that host fishes were not very good predictors for where 

SAR mussels were within the watershed, these analyses do not take into consideration non-

species at risk mussels and their hosts.  Since many non-SAR mussels are considered generalists, 

host fishes may be better predictors for non-SAR mussel distributions with the data that has been 

collected.  If there is a correlation between host fishes and non-SAR mussels, other relationships 

could also be examined, such as the relationships between SAR and non-SAR mussels to see if 

SAR require co-habitation (Staton et al., 2003).  Additionally, habitat characteristics, such as 

water quality, sediment, and discharge, were also not considered as part of these analyses.  Using 

habitat characteristics as predictive variables could also help to give a better picture of what is 

going on within the watershed. 

Finding ways to properly standardize data are challenging, however, standardizing and 

compiling data would help to further address the biodiversity loss.  Standardization makes it 

easier to link data from different sources, including habitat characteristics, mussel abundances, 

and their corresponding hosts.  Additionally, it allows for the quantification of preferences for 

mussel species (Pfeiffer et al., 2022).  For instance, Pfeiffer et al. (2022) was able to quantify that 

listed mussels tend to prefer higher stream orders with higher discharges by digitizing over 

400,000 freshwater mussels from 45 different institutions and mapping and analyzing the 

biogeographic information stored with each specimen.  

When standardizing datasets, one should consider and understand potential applications 

by knowledge users.  Data should be standardized in such a way that meets the needs of many 

different groups, including managers, conservation officers, and local, regional, and national 

decision makers to maximize usability.  This study provided the first known set of methods for 
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Sydenham River Unionids, creating foreign keys within individual spreadsheets (or flat files) for 

broader manipulation and exploration within ArcGIS Pro.  Such keys can be used to produce 

many-to-many relates within a geodatabase, or a collection of geographic datasets (ESRI, 2023e), 

all of which help harmonize available datasets.  Additionally, the use of foreign keys allows for 

different Standardized Query Language (SQL) queries and can help to explore more questions 

regarding the correlation of mussels with other mussels or corresponding hosts.  One way to 

make standardization easier is to name sites with the same coordinates the same name and collect 

data in a more standardized way.  Additionally, when standardizing data, one should not use 

multiple spreadsheets, but rather use one big one that is standardized across organizations, an 

organization, lab group, etc.  In practical terms, support for data coordination would be required. 

A singular dataset could be used to build a larger, comprehensive database that can be 

maintained and track historical records of these animals.  Additionally, if data and methods were 

standardized and harmonized in this way, multiple different datatypes could be incorporated, 

including environmental data, species abundances, and more.  Currently, freshwater mussel 

ecological attributes are poorly quantified; however, this work demonstrated that a larger 

database could inform future survey locations and thus expand knowledge on the distribution of 

many species, providing conservation biologists and wildlife managers with more accessible and 

practical biogeographic information that can help to make management decisions (Pfeiffer et al., 

2022).    

 

Conclusions 

Current research and analyses are limited by the availability of data and its effective 

mobilization into decision-making.  By harmonizing datasets from multiple sources, one can 
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facilitate the visualization of species distribution and use it as a tool for Unionid conservation. In 

this study, contrary to my stated hypothesis, available host fish datasets were not adequate in 

predicting where Unionid SAR were distributed throughout the watershed but instead revealed 

mismatches in where surveys have been completed.  My findings suggest that more focus on host 

identification across specific watershed locations should be explored, especially in relation to 

unionid species at risk.  Without suitable hosts, recruitment and dispersal of freshwater mussels 

stop (Haag, 2012).  Although many sites have been surveyed for mussels and fish throughout the 

watershed, many of these sites were unable to be linked together spatially.  The findings of my 

work suggested that mussels and fish survey locations should be complementary but this was not 

the case.  

Visualization and presentation of data are just as important as exploration of data 

(Crampton, 2001).  This chapter demonstrated the effectiveness of ecological data visualized 

spatially in informing and explaining Unionid SAR distribution. In this case, I examined 

freshwater mussels and their known hosts, but other research has indicated that there may be 

cooccurrences with other organisms, including macroinvertebrates, as well (Eveleens et al., 

2023). This study took place within a well-studied watershed, which allowed for the 

harmonization of data from multiple different sources, including federal and local conservation 

authorities.  Data harmonization remains an underexplored but vital tool in conservation; 

bringing together data provides a promising way to further understand freshwater mussels and 

help in the conservation of these organisms.  
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Tables 

Table 3.1:  Mussel species reported within the Sydenham River, corresponding SARA status, and reported potential host fish residing in the 

Sydenham River (McNichols-OôRourke, 2012; Metcalfe-Smith et al., 2003; Morris, 2019; Queenôs Printer for Ontario, 2018; Species at Risk Act, 

2002; St. Clair Region Conservation Authority, 2017; University of Guelph, 2011; Watters et al., 2009). 
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Fish CN Fish SN SAR      X    X X   X        X X X  X   X X  X X   

Rock bass A.rupestris   X X  X  X   X      X   X  X        X   X    X 

Black bullhead A.melas         X X         X              X     

Yellow bullhead A.natalis          X         X           X   X     

Brown bullhead A.nebulosus         X           X                  

Bowfin A.calva                    X                  

American eel A.rostrata   X                   X                

Freshwater drum A.grunniens                     X      X   X     X X  

Central stoneroller C.anomalum   X                 X  X    X    X   X     

Goldfish C.auratus                     X          X       X 

White sucker C.commersoni    X   X          X             X        

Northern redbelly dace C.eos                           X       X     

Mottled sculpin C.bairdi     X  X X    X X   X         X             

Banded sculpin C.carolinae     X                                 

Slimy sculpin C.cognatus                   X                   

Brook stickleback C.inconstans       X            X         X  X   X     

Spotfin shiner C.spiloptera        X            X       X       X    X 

Common carp C.carpio   X               X  X  X        X        

Gizzard shad D.cepedianum            X       X X X          X        

Banded sunfish E.obesus                  X    X        X       X 

Northern pike E.lucius      X              X                  

Greenside darter E.blennoides        X                X X   X          

Rainbow darter E.caeruleum         X   X X        X     X   X  X   X     

Iowa darter E.exile       X                       X   X     

Fantail darter E.flabellare                    X        X     X     

Johnny darter E.nigrum     X                       X  X   X X    

Banded darter E.zonale                    X                  

Golden topminnow F.chrysotus                              X        

Banded killifish F.diaphanus   X               X    X        X       X 

Brassy minnow H.hankinsoni                   X                   

Northern hogsucker H.nigricans    X                X                  

Channel catfish I.punctatus         X X                     X  X    X 

Brooke silverside L.sicculus                              X        
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Fish CN Fish SN SAR      X    X X   X        X X X  X   X X  X X   

Longnose gar L.osseus                   X            X        

Shortnose gar L.platostomus                   X                   

Green sunfish L.cyanellus    X   X  X       X  X X X X  X        X   X X   X 

Pumpkinseed L.gibbosus      X         X  X   X  X        X   X    X 

Warmouth L.gulosus    X  X                            X   X 

Orangespotted sunfish L.humilis   X               X X   X        X    X    

Bluegill L.macrochirus   X   X X       X X  X  X X  X    X    X   X X   X 

Longear sunfish L.megalotis                 X     X        X       X 

Burbot L.lota                                 X     

Striped shiner L.chrysocephalus        X               X       X        

Common shiner L.cornutus        X          X      X       X   X     

Redfin shiner L.umbratilis                              X        

Pearl dace M.nachtrebi                              X        

Smallmouth bass M.dolomieu   X     X       X X X  X X     X        X     

Largemouth bass M.salmoides   X   X X X       X X X X  X  X        X   X    X 

White perch M.americana                      X                

White bass M.chrysops      X           X             X        

Shorthead redhorse M.macrolepidotum    X                                  

Mudpuppy N.maculosus                                X      

Round goby N.melanostomus                              X        

River chub N.micropogon                                 X     

Golden shiner N.crysoleucas                              X       X 

Emerald shiner N.atherinoides                   X                   

Blackchin shiner N.heterodon                              X        

Blacknose shiner N.heterolepsis       X                       X        

Silver shiner N.photogenis              X                        

Rosyface shiner N.rubellus                      X                

Sand shiner N.stramineus                  X                X     

Mimic shiner N.volucellus                   X                   

Tadpole madtom N.gyrinus   X              X                     

Yellow perch P.flavescens       X  X   X    X  X X X   X        X   X    X 

Logperch P.caprodes              X                    X     

Blackside darter P.maculata             X               X     X     

Sea lamprey P.marinus       X                               

Bluntnose minnow P.notatus       X          X         X    X   X     

Fathead minnow P.promelas       X                          X     

White crappie P.annularis    X   X   X  X   X X  X X    X        X   X X    

Black crappie P.nigromaculatus    X   X X    X   X X  X X X   X        X   X    X 

Flathead catfish P.olivaris                   X            X       

Blacknose dace R.atratulus                              X   X     

Longnose dace R.cataractae                   X X   X          X     

Brown trout S.trutta             X                          

Sauger S.canadensis   X   X     X    X       X             X X  

Walleye S.vitreus               X  X   X  X           X     

Creek chub S.atromaculatus              X     X           X   X    X 

Central mudminnow U.limi                                 X     
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Table 3.2:  List of freshwater mussels and the number of host species within the Sydenham 

River watershed (via literature surveys) (Species at Risk Act, 2002; Williams et al., 2017). 

Scientific Name Common Name SARA Status # Host Species 

Ligumia recta Black Sandshell Not listed 19 

Lasmigona compressa Creek Heelsplitter Not listed 19 

Strophitus undulatus  Creeper Not listed 33 

Anodontoides ferussacianus Cylindrical Papershell Not listed 13 

Truncilla truncata Deertoe Not listed 2 

Alasmidonta marginata Elktoe Not listed 5 

Lampsilis siliquoidea Fatmucket Not listed 17 

Truncilla donaciformis Fawnsfoot Endangered 2 

Lasmigona costata Flutedshell Not listed 19 

Leptodea fragilis Fragile Papershell Not listed 1 

Pyganodon grandis Giant Floater Not listed 38 

Ptychobranchus fasciolaris Kidneyshell Endangered 6 

Toxoplasma parvum Lilliput  Threatened 5 

Quadrula quadrula Mapleleaf Special concern 2 

Actinonaias ligamentina Mucket Not listed 14 

Epioblasma torulosa rangiana Northern Riffleshell Endangered 3 

Utterbackia imbecillis Paper Pondshell Not listed 16 

Cyclonaias pustulosa Pimpleback Not listed 4 

Potamilus alatus Pink Heelsplitter Not listed 1 

Lampsilis cardium Plain Pocketbook Not listed 10 

Cyclonaias tuberculata Purple Wartyback Threatened 3 

Cambarunio iris Rainbow Special concern 9 

Paetulunio fabalis  Rayed Bean Endangered 4 

Obovaria subrotunda  Round Hickorynut Endangered 1 

Pleurobema sintoxia Round Pigtoe Endangered 5 

Simpsonaias ambigua Salamander Mussel Endangered 1 

Alasmidonta viridis Slippershell Not listed 3 

Epioblasma triquetra Snuffbox Endangered 3 

Elliptio dilatata  Spike Not listed 7 

Obliquaria reflexa Threehorn Wartyback Threatened 3 

Amblema plicata Threeridge Not listed 12 

Fusconaia flava Wabash Pigtoe Not listed 5 

Lampsilis fasciola Wavyrayed Lampmussel Special concern 3 

Lasmigona complanata White Heelsplitter Not listed 11 
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Table 3.3:  Summary of results including number of mussel and fish sites surveyed by various organizations, number of host fishes 

available within the Sydenham River based on fish survey data and via Table 3.1 (literature surveys), and predictability percentage of 

SAR sites that are within 1 km of host fish presence for each species (Williams et al., 2017). 

Mussel SAR Name # Mussel Sites per Collector # Fish Sites per Collector # Available Hosts  

Scientific Name Common Name DFO HHL  SCRCA Total DFO SCRCA Total 

Via 

Survey 

Via 

Table 

3.1 

% of SAR 

sites within 1 

km of host 

fish presence 

Truncilla 

donaciformis 
Fawnsfoot 6 0 1 7 101 1 102 2 2 12.82 

Ptychobranchus 

fasciolaris 
Kidneyshell 64 3 17 84 65 20 85 4 6 53.17 

Toxoplasma 

parvum 
Lilliput  6 0 2 8 301 18 319 4 6 0.79 

Quadrula 

quadrula 
Mapleleaf 107 7 48 162 78 4 82 1 2 64.44 

Epioblasma 

rangiana 

Northern 

Riffleshell 
46 3 12 61 0 1 1 1 3 0.00 

Cyclonaias 

tuberculata 
Purple Wartyback 62 3 20 85 149 5 154 2 3 32.65 

Cambarunio iris Rainbow 8 2 12 22 304 21 325 5 9 14.50 

Paetulunio fabalis Rayed Bean 40 2 8 50 49 18 67 2 4 30.08 

Obovaria 

subrotunda 
Round Hickorynut 12 0 2 14 47 18 65 1 1 5 

Pleurobema 

sintoxia 
Round Pigtoe 55 3 21 79 324 19 343 3 5 46.92 

Simpsonaias 

ambigua 

Salamander 

Mussel 
12 0 1 13 - - - 0 1 - 

Epioblasma 

triquetra 
Snuffbox 46 3 10 59 80 17 97 2 3 37.30 

Obliquaria reflexa 
Threehorn 

Wartyback 
10 1 6 28 12 10 22 1 3 4.40 

Lampsilis fasciola 
Wavyrayed 

Lampmussel 
3 0 0 3 167 14 181 2 3 2.13 

 
TOTAL  219 108 19 346 823 21 844 22 32 AVG: 23.40 
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Figures 

 
Figure 3.1:  Freshwater mussel lifecycle, illustrated here with a male and female Epioblasma 

triquetra (Snuffbox) and their host fish the Percina caprodes (Logperch). 
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Figure 3.2:  Diagram of how foreign key was created by making a 50-meter buffer using the 

Buffer tool around sites that were surveyed for mussels and using the Intersect tool to select fish 

sites that are located within the buffer areas.  If a fish site was within more than one 50-meter 

buffer, the Measure tool was utilized to determine which mussel site it is closer to. 
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Figure 3.3:  Database model of the primary and foreign keys created to relate or link corresponding freshwater mussel and fish survey 

sites within the Sydenham River watershed together.
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Figure 3.4:  Diagram of methods used to determine if host fish distributions are strong predictors 

of existing and potential mussel species at risk habitats in ArcGIS Pro (ESRI, 2022).  In this 

example, Epioblasma triquetra (Snuffbox) are the mussel species of interest.  First, host fish for 

Epioblasma triquetra (Snuffbox) are plotted.  All sites surveyed for mussels were added next to 

the map.  The Buffer tool was utilized to add a 1 km buffer to the fish sites.  The Intersect tool 

was then used to select all mussel sites that are within 1 km of where host fish were found.  To 

eliminate repeats, the Delete identical tool was utilized.  Select by attributes was then used to 

select the intersected sites that contained Epioblasma triquetra (Snuffbox).  In this example, 1/3 

sites contain Epioblasma triquetra (Snuffbox), leading to a percentage of 33.33%.  These 

percentages were averaged to determine if host fish distributions are strong predictors of where 

species at risk live.
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Figure 3.5:  Boxplot showing the significant difference in the number of hosts between SAR and 

Non-SAR mussels (p = 0.00302). 
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Figure 3.6:  Map of where mussels were surveyed within the Sydenham River watershed and the associated mussel 

species richness at each site projected using NAD 1983 UTM Zone 17N.  Species richness is represented as circles 

with a gradient (data.gov, 2020; data.ontario.ca, 2015; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 

2023). 
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Figure 3.7:  Map of Quadrula quadrula (Mapleleaf) and their corresponding host fish projected using NAD 1983 

UTM Zone 17N.  Quadrula quadrula (Mapleleaf) presence are represented as triangles and their associated host 

fish are represented as circles (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 

2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.8:  Map of Lampsilis fasciola (Wavyrayed Lampmussel) and their corresponding host fishes projected 

using NAD 1983 UTM Zone 17N.  Lampsilis fasciola (Wavyrayed Lampmussel) presence are represented as 

triangles and their associated host fish species are represented as circles with a gradient (data.gov, 2020; 

data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.9:  Map of Obovaria subrotunda (Round Hickorynut) and their corresponding host fish projected using 

NAD 1983 UTM Zone 17N.  Obovaria subrotunda (Round Hickorynut) presence are represented as triangles and 

their associated host fish are represented as circles (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; 

ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.10:  Map of Truncilla donaciformis (Fawnsfoot) and their corresponding host fishes projected using NAD 

1983 UTM Zone 17N.  Truncilla donaciformis (Fawnsfoot) presence are represented as triangles and their 

associated host fish species are represented as circles with a gradient (data.gov, 2020; data.ontario.ca, 2015; Drake 

& Barnucz, 2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.11:  Map of Ptychobranchus fasciolaris (Kidneyshell) and their corresponding host fishes projected using 

NAD 1983 UTM Zone 17N.  Ptychobranchus fasciolaris (Kidneyshell) presence are represented as triangles and 

their associated host fish species are represented as circles with a gradient (data.gov, 2020; data.ontario.ca, 2015; 

Drake & Barnucz, 2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.12:  Map of Epioblasma rangiana (Northern Riffleshell) and their corresponding host fish projected using 

NAD 1983 UTM Zone 17N.  Epioblasma rangiana (Northern Riffleshell) presence are represented as triangles and 

their associated host fish are represented as circles (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; 

ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.13:  Map of Cyclonaias tuberculata (Purple Wartyback) and their corresponding host fishes projected 

using NAD 1983 UTM Zone 17N.  Cyclonaias tuberculata (Purple Wartyback) presence are represented as 

triangles and their associated host fish species are represented as circles with a gradient (data.gov, 2020; 

data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.14:  Map of Paetulunio fabalis (Rayed Bean) and their corresponding host fishes projected using NAD 

1983 UTM Zone 17N.  Paetulunio fabalis (Rayed Bean) presence are represented as triangles and their associated 

host fish species are represented as circles with a gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 

2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.15:  Map of Simpsonaias ambigua (Salamander Mussel) projected using NAD 1983 UTM Zone 17N.  

Simpsonaias ambigua (Salamander Mussel) presence are represented as triangles (data.gov, 2020; data.ontario.ca, 

2015; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.16:  Map of Epioblasma triquetra (Snuffbox) and their corresponding host fishes projected using NAD 

1983 UTM Zone 17N.  Epioblasma triquetra (Snuffbox) presence are represented as triangles and their associated 

host fish species are represented as circles with a gradient (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 

2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 
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Figure 3.17:  Map of where fish and mussel surveys have been completed within the Sydenham River watershed 

projected using NAD 1983 UTM Zone 17N.  Areas where fish surveys were completed are represented as circles 

and mussel survey sites are represented as triangles (data.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023; 

ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson, 2023). 








































