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ABSTRACT

There are over 300 species of freshwater musBalsi(y: Unionidae) across North
America with many populations at risk or in decline. Mussels provide essential ecosystem
services, yet thegemain largely underexplored in terms of distribution, populatiorsdife
history traits, and cexistence with host makingspeciexonservation efforts a challenge. To
advance the conservation of freshwater mussel species at eginction(SAR), this thesis
aims to extend understanding of freshwater muSA# distributions in a biodiverse but
vulnerable watershed in the Laurentian Great Lakes basiis. thesis asks: How can freshwater
mussel SAR distribution data be leveraged throughiegisbllaborations and othawailable
knowledge?Further, how can we address uncertainty in freshwater mussel distributions through
a better understanding of their host fish requiremeMsgavork wasconducted irthe Sydenham
River watershed, which is the most biodiverse in Canada Wwithifférent mussl speciesl4 of
which are federally listed as at risk of extinctidremployedmultiple research methods
including:an empirical field survey of existing musssisemblagesnd environmental
conditionsacross the watersheal literature synthesis tompile all available host fish data, and
expert input to refine local host information for the watersHadny empirical surveyi, found
two major patterns in assemblages across the watershed: habitats within the main stem East
branch of the watersheadere significantlyricher and significantly differeriiased on
environmental characteristitisan the North branchAdditionally, host fisteswerenot very
good predictors for where SAR freshwater mussedgle Further,habitat characteristics
informed musselssemblageomposition My results offeed multiple lines of evidence to
demonstrate thdtarmonizing available datasets ¢alp better understand mussel communities

and thereforde applied tavatersheescalerestaation efforts in the Great Lakes and beyond
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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 thé'2éntury(Cai & Zhu, 2015)

Biodiversity Hotspot: A region that is extraordinarily rich in spe(i@seman et al., 2017)

Biodiversity: The diversity of life considered at three levels: genetic diversity (variatielefs
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 regigkyeeman 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, speaigopulation declin@Hunter Jr. &
Gibbs, 2006)

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

manipulated by means of specall softwar€Oxford English Dictionary, 2012)

Fish: Aquatic vertebrate animals that have gills but lack limbs wgfitsdrefers to an individual
fish or to a group of fish of the same spe¢lésiversity of Hawaii, 2023)

Fishes: Multiple species of fighniversity of Hawaii, 2023)

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

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

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

provides habitat or resources to a commensal orggfisgeman et al., 2017)

Individual: A genetically unique entiffFreedman, 2018)
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Join: Appending the fieldsf 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 abundarfiEeeeman et al., 2017)

Population: A group of individuals of the same species livingerseame geographic area at the
same timgFreeman et al., 2017)

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

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

Species aRisk / Species at Risk of Extinctioill speciesunder threat of extinction disted
under Schedule 1 of the Canadian Species at Risk Act(3pe@zies at Risk Act, 2002)

Species DiversityThe variety and relative abundance of the speciesgrasa given

ecological communityFreeman et al., 2017)

Species Richness: The number of species present in a given ecological con(ffnaaityan et
al., 2017)

Structured Query Lan@ge (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 technologi€ESRI, 2023d)

All citations listed in the Glossary are included in the reference for Chapter 1.
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CCA: CanonicalComponents Analysis
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

Across North America, there are over 300 species of freshwater minsted-amily
Unionidae thirty-five of these species reside within the Sydenham Rwagershedn
southwestern Ontario which make it thatershedvith the highest species richness of
freshwater mussels in Canadttaag, 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 speciesarsidered endangered, threatened, or
vulnerable to extinctio(Haag & Williams, 2014) More locally,14 of the & species within the
Sydenham River watershed are considered species at risk of extinction, herein referred to as
species at risk or SARablel.1; Species at Risk Act, 2002)

Loss of freshwater mussel species poses a threat to freshwater food webs as a whole.
Freshwater mussedse considered ecosystem engineers becauseithage important
ecosystem services to the bodies of water in which they reside, such as modifytats babi
make them more suitable for other aquatic organ{gdusidge et al., 2022) They accomplish
this in a variety of ways, including filtering and feeding on particles within #tternyvand
depositing the remaining organic matter for other organisms tHase), 2012; Vaughn, 2018)
as well as acting as an important food sasifeefishes, mammals, and birdaag & Williams,
2014) In addition, freshwater mussels have an importance to humans and are usedaas food,
saurce ofnatural pearls, raw material for button manufacturing, as well as being the main source
of shell bean nuclei for cultured peafidaag & Williams, 2014) Due to the services they
provide to both their ecosystems and humans, freshwater mussefteargiven the same
protections afish under local and federal laws, underscoring their vital importancehtrigs

and fish habitats.



Freshwater mussel biodiversity loss kbastinueddue to factors such as over exploitation
of natural resources, pollution, invasive species, climate change, and habitat loss, modification,
and fragmentatiofAldridge et al., 2022; Johnson et al., 2014; Lepiesa et al., 2018) Habitat
fragmentation is especially harmful because freshwater mussels rely upon specific fish species as
hosts to complete their reproductive cyctether causes of mussel declines include
sedimentation, disease, parasitegroplasticsand drug pollubn howeverthese potential
causes of decline are poorly understaod need to be more thoroughly researdiddridge et
al., 2022) Historical nussel extinctions have likely contrited to weakening of important
ecosystem functions, which further increases the risk of endangerment for the remaining
freshwater mussel speci@saag & Williams, 2014) Because of the importance of mussels
within freshwater systems, it is imperative thaience practitioners and decisiorakersquickly
learn how tdbestconservahreateneghopulationsandtheir vulnerable freshwatdrabitats

One way to help conserve freshwater mupseulationsand restore their habitats is to
improve understandingboutand expanaur knowledge of their spatial distributions, both at the
individual species and communi#gsemblagkevels(Cao et al., 2015; Haag & Williams, 2014;
Schwalb et al., 2013)Previous missel distribution studies have relied mainly on environmental
microhabitat variables, such as land cover, sediment, and water quality to predict ranges, often
with contradictory result§Goldsmith et al., 2020; Haag, 2012; Lopez & Vaughn, 2021; Strayer,
2008) Notably, these studies typically focussinglespecies groups, rather than onwiele
community(Lake et al., 2007) In focusing on one grougf speciesit 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 biotic and abioti i to target for restoratio@ohnson et al., 2014)



Freshwater mussels artldeir dependency on hast

Freshwater mussels have a unique life cycle that is completely dependent on external
factors, both biotic and abioti€igurel.1). Thehossrequired for successful Unionid
reproduction are parasitized by the mussel larvae, or glochidia; when the glochidia
metamorphose into juveniles they fall off thestand begin their benthic livdModesto et al.,
2018; Schneider et al., 201 Mlosts are typically fish species; however, in some special cases
freshwate mussels use other organisimsludingsalamandersBecause of this reproductive
strategy, host fisksare mainly responsible for the distribution and zoogeography of freshwater
musselgWatters, 1996) When reproducing, freshwater mussels are often put into two separate
categories: specialists and generalists. Spesi@istgenerally defined as only having one host
speciesor a group of closely relatdsh specieson which they are able to transform. In contrast,
generalists use a wide array of host Bglecies often acrosifferent families(Vaughn, 2012)
To reproduceindividual mussels must have access to a compatible hogSdineider et al.,
2017) The presence of reproducing mussel populations is typically a good indicator that the
required host fisbsare present within the communifyatters, 1996) Currently, here is a gap
in knowledge regarding tHell extent of the hosparasite relationship for mamyusselpecies
many host fisesare unknown and threats to the relationships are vgoeesto et al., 2018)
It is vital that host relationshigsetween mussel and corresponding host fisihelselevant
threatsare more deeply understao8uch knowledgeould helpsuccessfully reintroduce mussel
populations via host figs,as it presents a promising way to conserve SAR muSetiseider
et al., 2017) Thecurrent lack of comprehensive knowledge into complex relationships will only
continue to impedeonservation efforts, perpetuating the decline of both freshwater mussel and

fish speciegModesto et al., 2018)



Using harmonizatiomo accelerate conservation and restoration

Regardéss offauna typd freshwater mussel or host fistconfirmation of species
distributions isachievedhrough field survey datillella & Smith, 2005) Unfortunaely,
acquiringfield dataareoftenexpensive and timeonsumingBouska et al., 2018; Cao et al.,
2015) especially for species at risk mussghich are commonly smaller and more difficult to
locate in the fieldVillella & Smith, 2005) Timed surveyarecurrentlythe most coseffective
approacHor confirmingspecies presen¢€ao et al., 2013yletcalfe Smith, 2000however
individualscanstill be missedt sites due to size bi@Reid & Morris, 2017; Sanchez &

Schwalb, 2021) In contrast, quadraurveys are thought to be an optimal method for surveying
species at risk, however these are tonasuming and require more resour@sid & Morris,
2017) Regardlesshithe midst of the current biodiversity extinction crisis, it is becoming clear
that the current approaches are insufficeamd new approaches are nee(lgoluska et al., 2018)

In addition tolimited resources fdiield-based surveys, it is a challenge to do both:
confirm species distributiorend effectively conservéreshwater musselssemblagesndtheir
habitats. Current studies are typicalbpnducted over oner a few yearsata singlelocation,
and areoftenlimited in scopgSilsbee & Peterson, 1993)n 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 gatherefien insufficiento answer
pertinentquestions about conservation of aquatic spewid¢iseir habitatsncluding identification
of putative stressors, or key biotic interactions required to sustain healthy vs. unhealthy
populationgEveleens & Febria, 2022; Prié et al., 201&ffective monitoring plans need to
consider sampling efficiency while collecting enough data to address conservation and

management nee@@ouska et al., 2018)



Data Harmorization

According to the University of Michigan, data harmonizatiefers to the combination of
data from different sourcés order toprovide users with a comparable view of data femross
different studiegData Hamonization, 201Q) In this thesisharmonization is defined by
bringing people, data, and ideas togetitencludes literature reviewspmpiling and sharing
datasets, working on collaborative papers, working together as mussel and fish bidkagists,
creation of foreign and primary keys, and just bringing people together to share knowledge and
learn about science togethetarmonization is whatharacterizes and unifiélse work
presented ithis thesisand associateshanuscrips.

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, urgentonegchess existing
knowledge and work collaboratively among organizations to conserve species at risk and restore
habitatgBickford et al., 2012) Stronger collaboratiorise.g, amongst fish and mussel
biologists, conservation practitioners, decisinakers, etci could help identify shared research
directions regarding threatened fauna that share habitat as well as biotic relationships between
fishesand mussel@Aldridge et al., 2022; Modesto et al., 2018h)creased partnerships amongst
scientists, managers, and decisioakers can create losigrm 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 forespatriskObiero 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 populédy and usage in recent years. By combining methods, baseline data on the



complex relationships between freshwater muskekst fistes,and their distributions can be
enhanced and expanded upon. Identifying overlaps in distributions, for exampld)elpuiol
prioritize management decisions, including zepecific management actions to support a

greater number of speci@@hambers & Woolnough, 2018)

Unionidae as a case study fearmonizing data in support of species conservation

Freshwater mussels ateefocal organisms for this research because of their importance
to freshwater systemheirrelianceon biotic interactions, and their vulnerability to extirpation
due to their sedentary natteopez & Vaughn, 202). Baseline data on freshwater mussels are
lacking for many species, including their distribution, population sizes, accurate identification of
threats, and life history trai{dodesb et al., 2018and the factors that limit mussel assemblages
remain poorly understogdlopez & Vaughn, 2021) Often it is assumed that freshwater mussel
species have the same needs, habitat preferences, and reproductive(borisggn et al., 201,3)
which may explaira lack of data for many species. Likewise, theivival depends on both the
conservation of existing species and key biotic interactions (e.g., has tsher invertebratgs
as well as the restoration of degraded habitats. In focusing on mussels, examinations of both
small scalei(e., habitat) andarge (i.e.watersheekcalg interactions are integrataato a single
study. Presently, datan host fisles mussels, andnvironmendl indicatorsare found across
range of different sources and databases. Likewise, in any given watershed, nftdtiislean
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.ghivater mussel SAREveleens, 2021)With

thewell-establishedmportance of host figgsfor freshwater mussel SA&d an abundance of



datafor the Sydenham Riveharmonization approaches offer the ability to link available data

and coordinate approaches for species conservation and habitat restoration.

Sydenham Rer Watershed

The Sydenham River Watershed in southwestern, Ontario, Cartag#oeal locationfor
this case studgFigurel.2). The watershed is a tributary of Lake St. Clair within the Laurentian
Great LakegNayaanenibiimang Gichigaamin Ojibwe/Anishnaabemowinand it issituated in
the Traditional Territory bthe Three Fires Confederacy of First Natidrthe Odawa, the
Ojibwe, and the Potawatamie, also occupied by the Mississaugas and Attawateron (Neutral) prior
to European settlement across this regioNofth America(also called Turtle Island)The
wateashed consists of two main branches, the North and &hith drains 2725 k#of land into
Lake St. ClairStaton et al., 2003)The North branch has two main tributaries: Bear and Black
Creeks The watershed as a whole is characterized by sandy, gravel substraréfegtthow
stream gradients, and shallow vallégehwalb et al., 2(; Staton et al., 2003)The dominant
land use is intensive agriculture, mainly row cropping of corn and soy&ea0% othe
surroundindandscapss tile drainedReid & Hogg, 2014, Staton et al.,@%). Because of this,
there are high nutrient levels throughout the watershed, including total phosphorous and
concentrations of ammoniand high levels of turbidit{Staton et al., 2003)Regardless hie
watershed continues to bensidered &otspot of diversityespecially for aquatic species
(Schwalb et al., 2011, 2018hd as such is one of the most watildied watersheds in the region
for aquatic species at risk of extinctioHlistorically, the watershed has supported 8@efisand
35 freshwater mussels (Unionida@)any of which are consideredragk speciegMcNichols

O6bRour ke, 2012;. ThetSgdenham Rever watdrshed hag eénIharacterized by



many as the most important system for freshwater mussels in all of Ganedheas the highest
speciesichness of these imperiled organis(iNicholsO6 Rour ke, 2-8nditRet Met c al
al., 2003) making it an important case study for exploring the potential for data harmonization

approaches in freshwater conservation.

Aims

This thesis sughtto advance the conservation of freshwater mussel species af risk
extinctionand accelerate restoration efforts on the ground by expanding upon the knowledge
available to inform freshwaterumsel SAR distribution in the Sydenham River watershed. My
research agld To what extenarecurrent freshwater mussel SAR distributions driven by
watershed position in the Sydenham Rivé&ttthermore, bw can the freshwater mussel SAR
distribution datdbeinformed byexisting noamusseldatasets in the watersied predicedthat
SAR distributions are related to watershed position and branch, and that edasticgan be
used to increase distribution knowledge of where SAR are lachtezkploring these questions,
my researclsoughtto addresglifferenttypesof uncertainty inunionid distributionsin my focal
watershed Thus, mywork involved multiple researclapproachesan empirical field survey
combined with a literature synthesimatformedthe basis ohost fishand unionid datasets to be
further explored By exploring the potential of motearmonized approael to unionid
distributions watersheekcale restoration efforts in the Great Lakes and begande more
fully suppored withthe best availabland easilyaccessible dat&Vith improved knowledge,
scientists cabetterexplore mechanisndriving mussel population distributions and thus assist

managersasked with restoringegradeccosystemand mussegbopulations more effectively.



Thesis Overview

This thesis is structured into two main daltepters that have besabmitted for
publication. Chapter 2 sengkas the first peereview manuscript for publication. | examihtnhe
relationships between shwater musseBnd environmental characteristieghin the
Sydenham Rively branch(i.e., North, Eastand stream orderThis chaptecompared
environmentatharacteristicandassemblagebetween site tyesmall tributary and main stem
sites with a focus on species at risk mussels

Chapter 3ervedas the second peegview manuscript for publicationlhis chapter
applieda variety of methods including literature synthesisompilation of host datand
expertvalidationto refine host information for this watershiedachieve datharmonization of
federalandlocal data.l assessd mussel and host fish populations by mapping integrated
datasetérom myinternship partnersst Clair Region Conservation Authoritg CRCA and
Fisheries and Oceans CanabD#&(Q), as well asny ownsurvey data. Heredxplorel speciesat-
risk distributions across environmental gradients, including relationships@stHishspecies
and watershegosition acrosboth branches dhe Sydenham RiverAdditionally, | explored
approaches to achiedataharmonizationand discussd howcollaboration both among and
within organizationganhelpto save atrisk fauna.

In Chapter, | synthesized and placéddings of my researcimto context with available
published literaturéo inform future management practices, particul&lyunionidsat risk of
extinction. | summarizthe different ways in which we, as scientissuldexplore data

harmoniationas a crucial approadbhwards successfgbnservation of species
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Tables
Table 1.1: Unionid freshwater musssbecies at risk of extinction the Sydenham River

watershedSpecies at Risk Act, 2002; Williamsal., 2017)

Freshwater Mussel Species at Risk in Sydenham River
# | Scientific Name Common Name SARA Listing Status
1 | Cambarunio iris Rainbow Special concer
2 | Cyclonaias tuberculata PurpleWartyback Threateneg
3 | Epioblasma rangiana NorthernRiffleshell Endangereq
4 | Epioblasma triquetra Snuffbox Endangereq
5 | Lampsilis fasciola Wavyrayed_ampmusse Special concer
6 | Obliquaria reflexa ThreehornWartyback Threateneg
7 | Obovaria subrotunda RoundHickorynut Endangereq
8 | Padulunio fabalis RayedBean Endangereg
9 | Pleurobema sintoxia RoundPigtoe Endangereq
10 | Ptychobranchus fasciolari Kidneyshell Endangereq
11 | Quadrula quadrula Mapleleaf Special concert
12 | Simpsonaias ambigua SalamandeMussel Endangereq
13 | Toxolasma parvum Lilliput Threateneg
14 | Truncilla donaciformis Fawnsfoot Endangereq
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food webs. In addition, the potential areas in whaiblotic factorsan influence these

relationships.

19



4720000 4730000 4740000 4750000 4760000 4770000 A780000
) L ! ) ! ! !

4710000
L

‘
4780000

T
4730000

380000 390000 400000 410000 420000 430000 440000 450000 460000 470000

N

w E
s
N
&
PO
WO
X
o
S
&
Q/’b
Legend
0 5 10 20 Kilometers Sydenham River
I T I I [N Y S |
331‘3000 39 0000 40 0000 4 0000 42 0000 433000 44 2000 45130::0 452:000 47 0000
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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 speciénainidae, a family of
organismsmore commonly referred to as freshwater mugstdsg, 2012; Johnson et al., 2014)
These organisms have some of the highest extinctiomgratiiment 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 hostesdbr reproductionPayton et al., 2016)Mussel
declinescontinue as increases in habitat modification, point source pollution, sedimentation,
invasive species, and warming temperatures er({@agon et al., 2016; Vaughn et al., 2Q08)
Freshwater musséistributiors are influenced by many different environmental factors
including hydrologic focesand environmental characteristldge currentvelocity, stream size,
sediment typgpresence/absence and compositioagfatic vegetatigrand community
interactions with other organisms, like fish and invertebrates, that share the same habitats
(Chambers & Woolnough, 2018; Di Maio, 1995; Haag, 20Iany questions remain regarding
exactly how each of these variables influence mussel populations laotio@imunity and
species leval

Freshwater mussels provide important ecosystem services for society which include:
stabilizing freshwater habitatwaterpurificationvia filtering behaviorsanddirectfeeding on
particlesin the watercolumn depositing organic matteand food web provisioning as they can

be a food source for fishes, mammals, and Widdag, 2012; Haag & Williams, 2014; Vaughn,

21



2018) They also have important human cultural use, not only as a source of foby, but
providing natural pearls and raw material for button manufexgfiHaag & Williams, 2014)
Because of their importance, freshwater musselpratectedunder local and fedallaws in
Canada, underscoring their vital importance to fisheries and fish hqitiss, 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
Nationsi the Odawa, the Ojibwe and the Potawatamie, also occupied by thedsliggs and
Attawateron (Neutral) prior tBuropean settlemeacrossrurtle Island/North Ameria The
watershed is known to house thiftye species of freshwater mussels, 14 of which are
considered species at risk (SAR), making it the watershed wittighest species richness for
freshwater mussels in CanadacNicholsO6 Rour k e, 201 2; Species at
Region Conservation Authority, 2021)n addition, the waterstdesupports 80 documented fish
speciesten d which are considered SAfStaton et al., 2003)The watershed is split into two
main branches, the Nor8ydenham Riveand the Easbydenham Riverand the dominant land
use for the region is intensive agricultuvith low stream gradients and shallow vall¢iReid &
Hogg, 2014, Staton et al., 2003Ynfortunately, because of thtdmbination oland useand
geomorphologythere are high nutrient levels throughout the watershed, including total
phosphorous and ammonia, as well as high levels of turl§sliggon et al., 20B).

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 declingss investigatiorranalsohelp to generate

insight into conservation measures and habitat restoraDae. way to help conserve freshwater
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musselssemblageandmussekpeciesat-risk is torestore their habitatndimprove
understanding of their spatial distributiobsth at thegopulationand community level@Cao et
al., 2015; Haag & Williams, 2014; Schwalb et al., 2018lentifying overlaps in distributions,
for example, could help to prioritize management decisions, includingspauific management
actions 6 support a greater number of spe¢i@sambers & Woolnough, 2018Mussel
distribution studies havelied mainly on environmental microhabitat variables, such as land
cover, sediment, and water quality to predict ranges, often with contradictory (€slttsmith

et al., 2020; Haag, 201Rppez & Vaughn, 2021; Strayer, 2008)otably, these studies
typically focus on specific species groups, rather than on the whole comrfliakgyet al.,

2007) In focusing on one species group, it is challengongonfirm why these species occur in
someassemblageas opposed to others, how species may interact together, what conditions are
harmingmussel populationgersus collective mussassemblagesnd what attributeis biotic

and abiotid to target for restoratio@ohnson eal., 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} 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 diversityFord et al., 2016; Strayer, 2008\s streams come togetherform larger
higher orderivers they become larger in size and develop new characteristics, including shifts
in habitat variables as the landscape changes. Mussehblgesrepartially formed by
macrohabitat variables, including stream size, which have the possibility of prgticiad
scale distributions of freshwater musg@siristian et al., 2021; McRae et al0(2; Strayer,

1993) Headwater systems tend to have smaller populations with lispeszesliversity,
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whereas higher order streams have a greater species richness and al{iftrodadteal., 2016)
Larger streamsffer a variety ofhabitat type that can provide refuge for more diverse mussel
assemblagesllowing for higher species richness at those locations. Spatial hierarchical
approaches to classify freshwater systems can help prafidiner understanding of those
systems and help totablish biogeographic patterns of freshwater muggsisistian et al.,
2021)

This study ainadto determine reasons for differences in muasseemblagewith
various environmental characteristics longitudinally within the watershed. Particularly, this
study focuses on the environmental amaisselassemblagdifferences between the different site
types within theeastand North branches of the Sydenham River watershed and between small
tributary and main stem sites. My hypotheses(@)eSmaller streams (tributaries) contain less
rich musselssemblagethan those within larger river§&) Richer mussedssemblagesill
contain more SARand(3) Differences in mussealssemblagelsetween site type are determined

by environmental variables

Methods

This studywasbuilt on a dataset of 10 prexisly surveyed sites thakerecollected in 2020
(Eveleens, 2021; Eveleens et al., 2028) 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 vas 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. PESRI, 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, 201Bhe Sydenham River watershed

was selected and clipped from the watershed shapefile. Using the Sydenham River watershed
clip, the watercourse file wdsrtherclipped to just the watershed boundaries. Twenty sites

were then randomized using the sultset (ESRI, 2023a) These sites werghosen based on
whet her they were a small tributary (<5 strea
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), toumnakiead
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 approauth ¢ified and
quadrat surveys frofaveleenset al.(2023)to determine species presence and absande
maximize the probability of finding species at risk mus@distcalfe Smith, 2000; Reid &
Morris, 2017; Villella & Snith, 2005; Willsie et al., In prep)The survey consisted of an initial
1.5 persorhour timed search for mussels; if mussels were founddditional 3 persehoursof
searchingvere performed for a total df5 persorhours (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 lengttha

reach, distance from the center line, and whether the quadrat was to be placed left or right of the
centerling(Sheldon et al., 2018)Surveys were completed using waders or wetsuiten

required, and, because the Sydenham River has low visibility chighdurbidity, tactile

searching was primarily used to find and collect mugsédgkie, 2008; Metcalt&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 sitetreach,

moving up or downstream with no fixed pattern for searcfiitgtcalfe Smith, 2000) Quadrat
surveys consisted of excavating tea1x1 meter quadrauntil reaching 15 cm of substrate

depth or until hard substrate was reached, collecting mussels as they wer@iedntd 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 nasels, various environmental measurements were obtained for
the entire site reach and at the quadrat scale. Before recording environmental variables, the
wetted and barkull widths of the river were measured at one end of the site. Based on the
wetted wdth, 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 usingYssl ProDSS (Yellow Springs, OH, USAandheld multiprobedissolved

oxygen, temperature, specific conductiyipyd, and turbidityMacnaughton et al., 2015; Niyogi
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et al., 2007) Turbidity was also measured usingaMotte (Chestertown, MD, USA)

turbidimeter as well. To further characterize the water at the sites, field filtered samples were
collected to evaluate nutrieconcentrations. These samples were analyzed for nitrate and

nitrite, total nitrogen, total dissolved phosphorus, and dissolved organic ¢aldosen et al.,

2016)at the Organic Analysis and Nutrients Laboratory, a fedecalitified laboratory at the

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

discharge was calculated using the OSAP prot(&#tainfield, 2017Wwhereby average flow

velocity was masured using HACH® FH950 (oveland, CO, USAMarshMcBirney Current

meter at the depth with the highest flow for each transect within theseogenal area then

calculated into a discharge volurfMacnaughton et al., 2015; Niyogi et al., 2007; Stanfield,

2017) Other environmental variables were characterized, including substrate. The bed sediment
was characterized by doing a 1€8unt particle modified Wolman wa{kVolman, 1954)

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

the overall sitavas determinetbased on OSAP protoc(btanfield, 2017) The riparian zone

was also characterized by vegetation type using theRQ88tocol; vegetation classes included
cropland, meadow, deciduous forest, coniferous forest, wetland, or a combination of the different
classegStanfield, 2Q7). 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 measdired
characterizedbased on the OSAP protod@tanfield, 2017) Both depth and sediment depth

were measured at the true left, true right, and middle afubdrat 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 withimidwershed. Each site was
characterized into four different categories based on its location within the watershed: main stem
Eastbranch sites (ME), main steNorth branch sites (MN), tributarigastbranch 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 Bowith tributary sites being considered a stream order less than 5 based
on Strahlerds stream order.

All statistical analyses were completed in R Studio version dRLQore Team, 2023)
Patterns of musselssemblagesere analyzed in various ways. Differences betweertygiee
species richness was determined using anmeanalysis of variance (ANOVA) and a Tukey
test to determine differences between individuaksitel branchegespectively Overall species
richness and SAR species richness were also compared Uisiegraegression model. In
addition, a normetric multidimensional scaling test (NMDS) based on Btaytis dissimilarity
distance using the Vegan package was performed on species abundance data for each site and to
compare the variation in overall musassemblageomposition 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 (PCAhd canonicatorrelation analysis (CCAyereperformed on the
suite of continuous environmental variables collected at each site. To compareifcasign

differences between site types, a permutational analysis of variance (PERMANOVA, 999
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permutations) was performedhe effects of environmental variables on freshwater mussel
assemblageserefurther exploredising the CCAThe variance inflationdctor (VIF)was
calculatedo test for collinearity between variables; variables with a VIF higher thaved®
excluded from analysdexcept fordischarge; VIF = 1B4). The significance of the CCA was
tested usindANOVA permutation tests in the vegaagkage.In addition to performing a PCA

and CCA a Tukey test was performed on each individualironmentalariable to determine

what conditions were significantly different between site type. The difference in environmental
characteristics betweenesitype was used to justify the differences betwassemblage

compositions of mussel species.

Results

A total of 18 sites were sampled during the 2020 and 2022 field sumtgs the
Sydenham River watershed (Ontario), including 3 main &ash branch sites (ME), 4 main
stemNorth branch sites (MN), 4 tributafgastbranch sites (TE), and 7 tributdxiorth branch
sites (TN)(Figure2.1; Table2.1). 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 indivals, 41.9% were found within main sté&ast 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
exclusiwely within main stentast 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, includingbliquaria reflexa(Threehorn Wartybaclkgnly being faind in a

singularNorth branch tributary an@uadrula quadrulgMapleleaf)being found irNorth and
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Eastbranch main stem sites aN@rth tributary sitegTable2.2).

Thereweresignificant differences in mussassemblageompositions between site type.
When examining species abundances at each site using an NMDS, sitedxgggnificantly
different from one anotheF{gure 2.2). Species richness ranged from 0 to 22 species per site
andwassignificantly different between site types when examined using ANOWaljpe =
6.17e07); however, after running a Tukey test, main diorth branch sites and all tributary
sites hd a similarspecies richness while main st&astbranch sites htha significantly higher
number of mussel speci@sigure 2.3). Main stenEastbranch sites lthan average species
richness of 19.33. The main sté&orth branch sites lththe second highest species richness
with an average of 5.75; the tributary sited a very similar average withastbranch sites
having a species richness of 3.25 and\tbeth branch sitekadan average of 3.14Some of the
specieshat werepresent in northern sites inclu@eiadrula quadrulgdMapleleaf) Potamilus
alatus(Pink Heelsplitte}, andLeptodea fragiliFragilePapershel, which are species often
associated with more sedimented habigigMaio & Corkum 1995) At all site typesAmblema
plicata(Threeridge, Lasmigona complanat@Vhite Heelsplittej, andPyganodon grandis
(GiantFloatel) were found Additionally, as overall species richnagentup, SAR species
richness also increasgérigure 2.4)

When comparing the different site types, the PCA destdBe3% 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 théfigxise 2.5). PC2
explaired22% 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 witbre significant differences between main steast
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branch sites and the rest of the site types (PERMANOYA+1.56, p = 0.225). Main stem
Eastbranch sites hhsignificantly higher levels of dischargempared witrother sites.
Although not signifiantly different, main steriastbranch sites lhhigher average levels of

dissolved oxygen, conductivity, pH, and tatédtogenfrom the other sites and lower levels of

total dissolved phosphorus and turbidity

A

Carbon

8.0

pH

7.8

7.6

7.4

ME

ME

MN

5=

TE

Site Type

™

MN
Site Type

TE

™

B 900

Conductivity (psfcm)
o = @
o [=1 (=]
2 8 =3

w = o
=]
S

Nitrates (mg/L)
8

Turbidity (FNU)

50

ME

==

ME

MN TE ™
Site Type
ab
ab
‘ i
MN TE ™
Site Type
2
‘ s
[ l
MN TE ™

Site Type

20

@

DO (mgiL)

=)

—
~ o
1N B

Water Temperature (C)
[®)
S

@

ME

MN

Site Type -

ME

ME

Discharge (m3/S)

o

o
w

0.0

H.DZS

MN
Site Type

TE

™

MN
Site Type

Appendix 1.3:). Thefirst two components of the CA capturel 45.41% of the
variability with CCA1 capturing 26.27% of the variation and £Zcapturing 19.14%igure

2.6). The total inertia from the CC#as?2.70, with the constrainedrdination,representing the

31

™

TDP (mg/L)

o
o
S

=}
I

o
=]

o
=3
&

o
=1
=3



environmental variable®f 2.180f the total inertia (80.94% of the variance), indicating that
environmental variables have an influence on the masseimblagesThe ANOVA test
indicated that the modelassignificant ¢ = 3.30,p = 0.001) Both pH and conductivity ltla
significant hfluences on the freshwater musastemblageompositions within the stream

habitatg(p < 0.05).

Discussion

The purpose of this studyasto examine differences in musseisemblageomposition
with changes in environmental conditions longitudinalhgispatially within the Sydenham
River watershedl hypothesized tha{l) Smaller streams (tributaries) contain lesk mussel
assemblagethan those within larger rivers, (2) Diffarces in mussassemblagesetween site
type are determined by environmental variables, @)dRicher musselssemblagesould
contain more SARUsing a harmonized field survey approach, | fotwd majorpatterns in
assemblages across the watersheitats within the main stef@astbranch of the watershed
weresignificantly differentfrom all other site typelased orassemblageomposition and
environmental characteristicéain stemEastbranch sitesiadsignificantly higher species
richness as wkas significant differences in certain environmental conditions, includgtwer
discharge and nitrate atalver carbon levelgAppendix1.3). Changes in mussel distribution
throughout the watershed mireatchanges in environmental characteristics between site type,
which reflecedfindings from other studie@laag & Williams, 2014; Morris & Corkum, 1996)
indicating that environmental conidits may besome of thenain driverdor differences in
musselssemblageomposition.

This research suppedthe hypothesis that smaller streams or tributaries containidbss
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mussel communities than larger rivers. Theesesignificant differencesdtween species
richness amongst site types with main steastbranch sites having a significantly higher
number of species than at the other site types. Mainlsteth branch sites hththe second
highest species richness, supporting other findingdalger river branches have a higher
number of species than in tributariégkinson et al., 2012; Christian et al., 2021; Ford et al.,
2016; Vaughan et al., 2020The PCA revea&ddischarge as being one of the main drivers for
the differences between main st&astbranch sites and the other site typaajn stem East
branch sites lthan average discharge of 1.3&snwhile the other site typesdhan average
discharge 00.067 ni/s. Higher flow may help with recruitment of certain spegcpsticularly
species at riskyut there are still many questions regarding whether tlhishseshold or whether
this relationship is linegRies et al., 2016)Some studies found th&AR are more typically
found in areas with higher floar dischargéPfeiffer et al., 2022)while others examinetthat
richer and more diverse mussel asskagps are found in habitats wiigherflow stability (.e.
flow being consistent and consta(i¥jcRae et al., 2004)Other sites (not main steBast
branch)had significantly lowedischarge.Low flow or dischargeanlead tolower levels of
dissolved oxygenincreased turbidityand higher temperatureshich can cause stress to
freshwater mussel populati¢Rord etal., 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 sigdshigher dissolved oxygen
levels and lower levels of turbidity than the other site typegpéndix1.3)

In awatershed completelyominated by agriculture, levels of turbidapnd nutrients
were found tde high(Lummer et al., 2016)which can beéndicative of the scale of stressors

associated with this land use pressure. Thus, whilellnsitessweredirectly next to agricultural
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zonesall siteswereimpacted bythe regionakscale impacts adgricultureon water quality
Although healthy mussel populations are often found in turbid sygteoidsmith et al., 2020)
turbidity could beareasonfor differences imssemblageomposition between main stdfast
branch sites and other stiges Although not strongly correlated, as discharge increases,
turbidity decreases, meaning that a higher flow could help to flush sediment out of tretemmain
Eastbranch. As dischargeasone of the main drivers of differences between site types, this
could be a possible explanation for why there are such differeAdgktionally, it should be
noted that, within this watershed, main stem East braneh Isibked very differerihan other
site typeswvhen it comes tgtreambedediment. These sites contained less fine sedimedt,
more gravel, cobble, and bedrock, which may also help to explain why we see such differences
in environmental characteristiand the number of mussel species at these ditas.river
system is considered low gradigwith the other site types having low flow, mussel assemblages
are more prone to beegatively influenced by sedimentati(®taton et al., 2003)Sedimeration
of finer particleds thought to be one of the key reasons for declines in mussel populations
(Gascho Landis et al., 2013ptudies have shown thatal suspendesediment campact
mussels by clogging gills, reducing ability to feed, and can affect reprod(Bgoissink, 2007;
Brim Box & Mossa, 1999; Hasenbein et al., 2016; Zamor & Grossman,.2D0Wer levels of
turbidity and higher levels of discharge within the main sEastbranch maysupport nussel
populationghat ardess toleranto in-stream habitatonditions.

Within the Sydenham River watershed, richer muassémblagedisplay a positive
correlation with the number of species at risk fourdwever, it should be noted, that main
stem East branch sites are an outlier within this data¥éhenthat site typavasremoved from

the linear regression model, thevasstill a positive correlatioim total species richness and the
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number of SAR species found, but idramuch shallower slogban when main stem East

branch sitesvereincluded(Slope = 0.19) This hypothesis could benefit from the addition of

other datasets collected by other organizationsaddition, species at risk mussels were only

found where notlisted mussels residegver 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 fom the water, and mo(elaag, 2012; Vaughn, 2018 hese services may not only be
helping other freshwater organismsit mayalsobe providingand creatinguitable 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
moderatelysized river system was sampled; only 3,525 meters in length were sampled out of a
2,725 kn? river system. In addition, data may be skewed since site type was not equally
sampled. More tributariorth sites were sampled (7) than any othertggge and was sampled
more than 2x the amount of main stBastbranch 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 additiohall environmental measurements were
standardized across both sampling tirf&320, 2022)such as sediment characterizatiand

were unable to be used in these analyses.

Future Directions

In the futurethe additionof moresites acrosthe watersheds well as additional

environmental measurementsuld generate further insightsn addition, samplinfpr water
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guality parametersit each sit®ver time (i.e.throughout each seagomould facilitatea deeper
understanding of how those variables desach season afmbw mussel populatiomaight be
influenced hydrologicallyand amongissemblage | would also incorporate other data types
including publicly available land use data that could be used to find correlations between land

use and mussel palations.

Conclusions

Within the Sydenham River watershed, theesretwo distinguishable groupings of
environmental characteristics and assemblage composition with the tributaries of the East branch
acting more similarly to the North branchBy. classfying sites into groupd,exploredhow
environmental variables charj@ngitudinally within a river system and how freshwater mussel
assemblageompositiormay beinfluencedin relationship to locatonditions(i.e., within
stream) and acrosgatershed attributesParticularlyjn revealing vinere species at risk are
locatedand what site type thegre foundat, conservation manageesuld mobilize these data to
make better decisions avhere to implement management and stewardship act®msial
hierarchical approaches (i.e. characterizing by stream size, branches, longitudinally, etc.) to
classifystreams and riversan help predict where species at risk are located and help with
conservation plannin@Christian et al., 2021; Ford et,@016) 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 similgifaag, 2012) Informed speciesianagement
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 amsuccessfully conserve theg@ldridge et
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al., 2022; Ford et al., 2016 Additionally, as freshwater systems are complex, therekatg |
more influences that need to be addressed, including the role that hesihdéigé in structuring

mussel assemblagéSchwalb 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, inclHdsig 3

branch main stem sites Eastbranch tributary si® 4North branch main stem sites, and 7

North branch tributary sites.

Watershed Branch | Waterway Position | Site ID | Collector | Year
SRE04 | Eveleens| 2020

Main Stem SREO05 | Eveleens| 2020

SRJ301 | Willsie 2022

East SRE27 | Eveleens| 2020
Tributary SRE31 | Eveleens| 2020

SRE33 | Eveleens| 2020

SRE67 | Eveleens| 2020

SRN-102 | Eveleens | 2020

Main Stem SRN-69 | Eveleens| 2020

SRN-87 | Eveleens| 2020

SRJ308 | Willsie 2022

SRN90 | Eveleens| 2020

North SRJ302 | Willsie 2022
SRJ05 | Willsie 2022

Tributary SRJ09 | Willsie 2022

SRN-40 | Willsie 2022

SRN-92 | Willsie 2022

SRN-98 | Willsie 2022

a7




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 presen(Species at Risk Act, 2002; Williams et al., 2Q17)

Mussels East Branch North Branch
S (S
2 P e P
n g n g
c > [ >
SARA Species ‘T 2 T 2

Species Common Name Listing = = = =

Ligumiarecta Black Sandshell X

Lasmigona compressa | CreekHeelsplitter

Strophitus undulatus Creeper X

Anodontoides Cylindrical Papershell X

erussacianus

Truncilla truncata Deertoe X X

Alasmidonta marginata | Elktoe X

Lampsilissiliguoidea Fatmucket X X

Truncilla donaciformis Fawnsfoot Endangered

Lasmigona costata Flutedshell X X X

Leptodea fragilis FragilePapershell X X X

Pyganodon grandis GiantFloater X X X X

Ftyc_hobr_anchus Kidneyshell Endangered X

asciolaris

Toxolasma parvum Lilliput Threatened

Quadrula quadrula Mapleleaf Special Concern X X X

Actinonaias ligamentina | Mucket X X

Epioblasma rangiana NorthernRiffleshell Endangered X

Utterbackia imbecillis PaperPondshell

Cyclonaias pustulosa Pimpleback

Potamilus alatus Pink Heelsplitter X X X

Lampsilis cardium Plain Pocketbook X

Cyclonaias tuberculata | PurpleWartyback Threatened X

Cambarunio iris Rainbow Special Concern X

Paetulunio fabalis RayedBean Endangered X

Obovaria subrotunda RoundHickorynut Endangered

Pleurobema sintoxia RoundPigtoe Endangered X

Simpsonaias ambigua | SalamandeMussel Endangered

Alasmidonta viridis SlippershelMussel

Epioblasmatriguetra Snuffbox Endangered X

Eurynia dilitata Spike X

Obliguaria reflexa ThreehornWartyback Threatened X

Amblema plicata Threeridge X X X X

Fusconaia flava WabashPigtoe X X X

Lampsilis fasciolaris BEETENE) SpecialConcern

Lampmussel
Lasmigona complanata | White Heelsplitter X X X X
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watershed.Circlesrepresent sitesurveyed 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 {dda.gov, 2020;

data.ontario.ca, 2015; ESRI, 2022; Ontario GeoHub, 2019)
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CHAPTER 3: EXPLORING THE ROLE OF DATAHARMONIZATION IN EXAMINING
MUSSEL SAR AND HOST DISTRIBUTIONS IN THE SYDENHAM RIVER WATERSHED
Introduction

Freshwater mussels are among the most imperiled groups on the(lptgestlima et
al., 2014) Asanthropogenic influences such as urbanization, globalization, and climate change
impact our ecosystemthere is an urgent neéalbetter understanidnpacts on mussel
communities at a range of sca(etaag, 2012; Hedrick et al., 2020 ffective conservatioaf
freshwater mussels requirasound understanding sibatial distributioal patterns ant¢iow
species diversitis drivenby various environmental factors, dadility of hoss, and human
disturbancegAldridge etal., 2022; Cao et al., 2015; Schwalb et al., 2013; Strayer, 2@&r
the past few decadestudieshaveexamined the relationships betwernssel abundance and
diversityand their dependence bost availability and environmental variahlesvealimy
unclearresults(Cao et al., 2015; Strayer, 200Bnhvironmental factorstheavailability of hosts,
and human disturbancase thought to caontrol mussel species and diversity; howetles,
importance of these factonsay vary at a regional scal&ringing together largdatasets i.e.,
harmonizatiori is oneapproach for advarng distributioral knowledgeabout a given species,
examine ecological relationshimd understangossible threatparticularly at a watershed or
regional scale Additionally, mapping species diversigyd abundance allows for better
understanding afpatial patterns of mussel populati@mgl can help in conserving them.

One way tcstudy eisting and potential future mussel distributions is to examine host
distributions, both previous and curresmsfreshwater mussels rely on he&ir reproduction
(Figure3.1; Haag, 2012) Biologists are now recognizing the importance of using organisms that

interact with mussels in predicting distributidiiveleens et al., 20233pecifically host fisbs
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as mussels are reliant on them for distributiad reproduction There argnany questions
around host suitability, including variables that may influence encysiikleatesto et al., 2018)
including increased immunity after being parasitige®@ 6 Conne |l | & Sdwe kaees , 1999
suggested thatonditionand age ofhe hosfish may influence the ability of mussels to encyst
(Modesto et al., 2018; Schneider et al., 20bd} knowledge gapstill remain regarding
successful metamorphosiStudies identifying bst are documented in\aariety of ways
including reportsgrey literature, angburnal articlessomedating back nearly a century. Given
how rapidly environments are changing dwade changed due to human actions, validating both
freshwater mussel and host relationships are crucial and mustkamened through a
contemporary lens.

In parallel, there is a rapid emergence of knowledge available for mussel re$éarch.
currentBig Data Ereemerged at the staof the 2F century(Pfeiffer et al., 2022pffering
potential pathways for homusseldatacan be approached aleveraged to analyza-risk
fauna. Despite the amount @fcologicaldata collected, much of it is underleveragethis time
One key indicator occurrence datais one type thatan be used to better understand spatial
patterns of organisms currently amdtorically (Pfeiffer et al., 2022) Specifically, combiimg
data provides an opportunity amswer large questions about diversity, environmental impacts,
and ecology, including questions about climate change, invasive species, andethiencass
extinctions(Hedrick et al., 2020; Nelson & Ellis, 2018)hese data can generate novel firgsi
to help better understand our changing planet and imperiled organisms; considerable effort
should be put into standardizing and compiling datgstgdrick et al., 2020)

While the currenBig Data Era provides opportunities to answew questionsthere are

many challengemcluding protocols omow to properly combine datad rigorously assess

56



results Many dataetsare limited by being nonstandard and decentraliRéeiffer et al., 2022)

as well as beingiloed across multiple data holdets any case, datollected for research

shouldbe quality, free of bias, consistent, accurate, and complbieh underscores the need

for standardization, consistent research methods, and best préctcésZhu, 2015; Nelson &

Ellis, 2018) This includes the need to update data over suwh asvhen taxon names change.
When it comes to geospatial dataere can be problems with incomplete coordinates, strings
within numeric fields, incorrect coordinate systems referenced, latitude reported as longitude
(and vice versa), misplaced deailsy and mor¢Nelson & Ellis, 2018) Additionally, it is

challenging to continue updating data on a large scale because of the unprecedented rates that
daa are being collected; data must be dealt with in a timely fashion in order to keep data current
in this biodiversity crisigCai & Zhu, 2015)

To support decisiomaking, including species conservation, dasaializationproducts
canhelpcommunicate information in ways thaimbers canndCrampton, 2001) Larger,
combined geospatial datasets allowdengraphic visualizatioaf organismsor the ability of
maps, graphics, and images to make visible spatial relation€igspton, 2001)These
relationships can reveal temporal, taxonomic, and spatial patterns of orgamigigsprioritize
the needs abiodiversity conservation and restoratiddpecifically, mapping of species
abundances can help managers to identify impaired stream reaches anergbepmsilations,
assess which portions of the stream should be managed and protected, identify where
conservation gaps are, and help create sampling strategies for mussel 0tpetsal., 2015)

In this study, existig knowledge and data were utilizeddevelopa better understanding
of freshwater mussel species at risk distribugiithin the uniquebiodiverseand weltstudied

Sydenham River watershetMussel and host populatiomgere assessdiy mapping integrated
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datasets within the watershed in collaboration with part&r€;lair Region Conservation
Authority (SCRCA andFisheries and Oceans CanabB& (), and my own surveys to explore
relationships in mussel distributions across the SyalenRiver watershedimensions of
speciesat-risk distributionswvere exploredcross broad environmental gradients, including
relationships with their corresponding host éshSpecifically, | wargdto answer the question:
How can existing data bermonizedto improvedistributioral knowledge of SAR freshwater
mussels?The objectives for this studyereto: (1) Compilea list of possible hosts for mussels
in the Sydenham River watersh¢gl) Developa method to combingatasets(3) Successfully
harmonizedatasets includingtandardize das@tsacross organizationand(4) Visualize
harmonizediatasets for species at risk mussels and their corresponding hakstfigutions

My hypotheses for this chapteere (1) Mussel SAR hava more limited distributiothan non
SAR musselsand will be found atewersites within the watershed, (2) SAR tend to be host
specialists, and3) Host fish distributions are strong predictors of existing and potential mussel
species at risk habitat3herefore, | prediedthat host fish datevould align with wheremussel
surveyswerelocated whichwould have implications to the conservatiohcritical speciesand

restoration of critical habitat

Methods
Creation ofHost Fish Table

In order to map mussel species and their corresponding hbstt created a table that
lists all mussels within the watershed and their possiblefisbesbased omMorris, 2019and
Watters et al., 2009From there, the list of hastvas further whittled down into a more polished

list that contained only figsthat have been found withthe Sydenham River watershed based
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on the Universit (University @ Guelplp2001y Fi shmap

Integration of datasets

Existing records of where rsgel 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 da). Mussel and fishurveydata were placed into separate Excel spreadsheets
with site ID, location (coordinates, latitude and longituded presence/absence of each species
at each sitelf location information was recorded a format other thadeamal degreege.g.
UTM), they were converteithito those coordinatesviussel site records were also combined with
the surveys completed in the previous chapter by the Healthy Headwatd€kHlIgh If a site
with the same name was surveyed more than aata,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 wasnot included in these analyséish species thaterenot consideredspossible
hosts for species within the watershed were not inclu@geécifically, these analyses focused on
species at risk and their corresponding hosefisMussel surveys wereompleted using timed
or quadrat approaches; fedwere surveyed using electrofish backpacks, boat electrofishing,
hoop nets, minnow traps, larval drift nets, rfiykke nets, trap nets, trawl, trammel nets, and

seine nets.

Harmonizing Data using Foreigndys

To better analyze and use timegratednussel and fish dagatstogether, foreign keys
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were created withiseparatd&xcel spreadsheet fanussels and fish. Mussel and fish sites that
were within 50 meters of one another wikmk&ed together using fareign key. In order to do
this, the spreadsheets were added into ArcGIS Pro (versiorES&3; 2022. TheDisplay XY
Datatool was then used to display all fish and mussel sites from the combined da#aS6éts
meterbuffer was then createatoundthe mussel sites displayed using Bwdfertool. The
Intersecttool was used to select fish sites that were within thm&ter buffers around all of the
mussel sites. Each fish site that was within thengfer buffers were analyzed to see which
mussel site they correspondedfigure3.2). Within the combined fish spreadsheet, the
correspondingnussel site nansavereput into the spreadsheet. If a fish site was within 2 or
more buffers, théleasuretool wasutilized to determine which mussel site that fish site was
closest to; whichever, mussel site is closest is the site that was selecteeladdukto the fish
survey site withthe foreign key(ESRI, 2022) Once all foreign keys were created for the fish
datg the fish sites corresponding to each mussel stealso placed as foreign keinto the

combined mussel spreadsh@éagure 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 speciesratsiskn the
watershed and their corresponding hostefssh 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 correspondingdbestiwas added to the map. Next,
theDisplay XY Dataool was used to display the sites, whether they were sites surveyed for

mussels or fish. Th8ymbologyab was used to colamode the data. For instance, when
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displaying the fish sites, the numh#rfishes or speciesount was indicated with a graduated

color scheme.

SpatialAnalyses

All statisticaltestswere performed in R Studio (Version 4.1(R;Core Team, 2023)
Differences in theumber ofsites containing SAR and Né®AR mussels wereompared using
atwo-sample #test Similarly, the number of host figsfor SAR and NoFSAR mussels were
comparedisingatwo sample-test.

To analyze the maps and datasets, summary statistics were employed. Additionally, to
determine if host fish distributiorvgerestrong predictors of existing and potential mussel
species at risk habitats, the averpgecentage of mussel sites that hadcBjgeSAR presence
within 1 km of host fiseswas determinedsingArcGIS Pro(ESRI, 2022}y adding all sites
where mussel surveys were coetpld to a magn = 346) Next, the sites where host fedfor
an individual SAR mussel were added to the mafd km buffer waghenadded using the
Buffertool to the host fish sitabat were mappedThelntersecttool 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 fisksarepresenfor that species at risk. Tlelete Identicatool was
used to remove repeat musselsite get the number of possible mussel sites where that SAR
could be located based on being within 1 knoarfespondindnost fiskes Select by Attributes
was used on the intersected layedétermine 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 basadhenehost fiskes are founénd multipled

by 100 to get aredictabilitypercentage at all sit€Bigure 3.4). This analysis was completed
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for 13 mussel SAR within the watershed (not includsigpsonaias ambigu&alamander
Mussel)since they had no host fisbpresenwithin the watershed). The percentages of sites
with mussel presence were then averaged to determine if hastdishgood predictsrof where

SAR aredistributed throughout the watershed

Results

Therewere97 reportedfish speciesvithin the Sydenham River watersh@shiversity of
Guelph, 2011) Out of those, 7&ereconsidered hosfor freshwater mussels within the
watershed; 3%vereconsidered hosfor SAR mussels specificallyfable3.1). The number of
hoss for SAR musselsvassignificantly different from the number of hesor nonSAR
musselsigure 3.5; t = 3.2097, df = 32p = 0.00302), supporting the hypothesis that SAR tend
to behostspecialists. Notilisted speciebadan average of 12.45 host species whereas listed
speciehadan average of 3.64 host species. The number of foosgach SAR mussel species
rangedfrom 1 to 9 withObovaria subrotundéRound HickorynutandSimpsonaias ambigua
(Salamander Mussebnly having one host an@ambarunio iris(Rainbow)having the most with
nine(Table3.2). The most common host fishes for SAR musaelse Cottus bairdi(Mottled
Sculpin host for 5 mussedpecie} Etheostoma&aeruleum(Rainbow Darterhost for 4 mussel
specie} E. blennoide¢Greenside Dartehost for 4 mussedpecie$, andMicropterus dolomieu
(Smallmouth Basshost for 3 mussedpecies.

The integrated datasets revealed 346 sites where freshwater mussels were surveyed; 254
of those sites contaad SAR mussel$Figure3.6; Table 3.3). These sitesanged fronD to 27
species found at each site with an average speciegsglof’.27. The highest number of

speciesat riskfound at an individual siteras11;on average, 22 SAR were found at each site
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The SAR that was found at the most siteereQuadrula quadrulgdMapleleaf)(n =114; Figure
3.7). Lampsilis fascioldfWavyrayed Lampmusselere found the least at ondysites with 2 of
those sites beingonsideredistorical sitegFigure 3.8). Obovaria subrotundéRound
Hickorynut)werealsorarewithin the watershed, only being found at 14 sites, 6 of which are
historical(Figure 3.9). The number of sites SAR musselerefound atwasnot significantly
different from the number of sites N@G@AR musselsverefound at (p = 0.0713). Although not
significantly different, SAR musselgerefoundat fewersitesthan noRSAR musselsand
distribution for manywerelimited tothe Eastbranch. Nine species at riglerefound
exclusively within theEastbranch of the watershed:runcilla donaciformigFawnsfoot)
(Figure 3.10), Ptychobranchus fasciolari&idneyshell)(Figure 3.11), Epioblasma rangiana
(Northern RiffleshellFigure 3.12), Cyclonaias tuberculatéPurple Wartyback{Figure 3.13),
Paetulunio fabaligRayed BeanjFigure 3.14), Obovaria subrotundéRound Hickorynut)
(Figure 3.9), Simpsonaias ambigu&alamander Musse(Figure 3.15), Epioblasma triquetra
(Snuffbox)(Figure 3.16), andLampsilis fascioldWavyrayed Lampmusse(lFigure 3.8).
Theintegrateddatasets also revealed 844 sites where hogtsfigbre found within the
watershedKigure 3.17; Table 3.3). The analysisf foreign keycreationrevealed that 57
mussel sitesverewithin 50 meters of 357 fish sg@andcanbe used in future analyses within this
watershed.lt is important to note that for the fish surveys, theasredundancy with many of
thesites being located at the saomordinates butontaining different namesReferring to the
predictability percentage from earlier, host fishese not very strongredictors of where SAR
werelocated;predictability percentages rardjigom 0-64.44% with an overall average of
23.40%o0f sites having species at risk present within 1 km of where host fish were(ficalid

3.3). Some mussel species had higher predictability percensggsaguadrula quadrula
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(Mapleleaf)(64.44%),Ptychobranchus fasciolarigidneyshell)(53.17%), andPleurobema
sintoxia(Round Pigtoef46.92%); however, most species had lower predictability percentages
and some even had zero or close to merluding Epioblasma rangian@Northern Riffleshell)

(0%) and Toxolasma parvur(Lilliput) (0.79%).

Discussion

This study was thérst known effort to harmonize datasets for both Unionid mussels and
their host fishes to produce spatial distribution maipisin the Sydenham River watershéa
doing so, novel observations were made about apparent matches andtafiss in their
respective distributionsSpecies atisk musselsverefound atfewersites than notspecies at risk
mussels; howevethat differencavasnot significant. This watershed is knownstgpport35
unionidmussel species, 14 of which are considered specdieskato itwasunsurprising that
SAR werefound atmany sites. A possible reason 84R being found at a higher number of
sites is that surveys may be biased to where species at risk are known to occ#k | t hou gh
important to continue to monitor $Apopulations, it is also important theatrveys are
distributedthroughout the watershed confirm full spatial distributions for these organisms
(Aldridge et al., 2022) These datandicate thathe sites with the highest number of mussel
species are found within tiigastbranch of the watershed. Additionalgmce high numberof
SAR are foundimore of the listed species tend to préfigther order streams and higher
discharge, whah is consistent with results from Chapter 2 with more SAR being found in the
main stenEastbranch sites and with results from other previous st@ase et al., 2015;
Ortmann, 1919; Pfeiffer et al., 2022A\dditionally, all sites surveyed that contained SAR

musselsalso ha nonSAR mussels within the assemblage as wHflese results suggest that
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mussels mape cohabitating with one another gaksiblyprovidingimportantecosystem
servicemeeded to survivalthough further analyses are needednderstand these
relationshipg(Vaughn et al., 2008)

There is an urgent need to confirm host species within watersheds and understand the
variables that influence encystment, or thditgtior glochidia (mussel parasitic larvae) to
metamorphose on their hogfddridge et al., 2022) When examining the number of hegtat
SAR versus notsAR mussels have, SAR havsignificantly smaller number of hast
suggestinghat SAR ardikely specialists when it comes to hostdthough SAR are likely
specialists, it iminclear ifall hoss within the watershederelisted inthe harmonized dataset
There are manglifferent approaches to confirm hedor mussekpeciessuch as propagation
techniques or laboratory studies, confirmed metamorphosis on host fish, exchange studies
(sympatric vs. notsympatric fish), and field observations (glochidial infestation dr) fis
(Caldwell et al., 2016; Modesto et al., 2018; Schneider et al., 2EVBn with confirmation of
glochidia on fish, therarequestionghat remairabout how other environmental factors
influence the ability of glochidia to metamorphd@sterling & Hogberg, 2013; Schneider et al
2017; Strayer & Malcom, 2012)Nithin this watershedspioblasma rangian@Northern
Riffleshell) provided an excellent example of a mussel that likely needs more investigation into
host compatibilityas wthin the watershed, there is only dmest species availablé&pioblasma
rangiana(Northern Riffleshellwere found at 61 siteendits host waseportedet only one site
which was not locatedear any sitea/hereEpioblasma rangiané&Northern Riffleshell) were
found This may indicate that theomuldbe other compatible hostvithin the watershed that
are unknown tanalacologistsespecially sinc&pioblasma rangian@Northern Riffleshellare

not uncommon in terms of SAR within tB@astbranch of the watershed\lthough hos$ can be
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confirmed using literature and online saesdike thdllinois Natural History Survey & Ohio

State University Museum of Biological Diversitys F r eMubksel &loseDatabaseuch of

the data are not watershed specificstudy conducted bRobinsonret al.(2023)used genetic
barcoding to confirnmussel species that successfully estegt on live hosts from within the
watershed of focus; many tife relationships were considered novel when compareith¢o
resources.Studies like these are necessary to help supplement current conservation @adtices
to properly manage musskbstresourcegAldridge et al., 2022)

These findings indicate thatat present and with the current datailablefor the
Sydenham River watershédost fiskeswerenot very googredictors for where species at risk
freshwater musselsccured however, the ability of these data to precibiere SARwere
located idimited by where surveys have been completédny of the fish surveywerebiased
towards the southwest portion betwatershed where the 2 branches ptbetis a portion of
the river system that has not been surveyed very thoroughly for freshwater mussels.
Additionally, surveyingoverall laclkedin the smaller tributaries and headwaters of the river
system.Due to thdack of links between fish and mussel survey sites, there is a possibility that
SAR are inareaf the watershed that have not been previously explored through mussel
surveys. Fpinstance, therererea lot of occurrences of host fiséfor Pleurobema sintoxia
(Round Pigtoeyvithin the southwest portion of the watershiedt, there are not many sites
surveyed for mussels. This could indicate that ther®lagrobema sintoxiéRound Pigtoe)n
that area, but they continue to remain underexpl@feglre 3.18). Studies in the past have
recognized the importance of host @sffor distributionof freshwater musse($chwalb et al.,
2011; Strayer, 2008; Vaughn, 1991 this case, it islearthat mussel and fish biologistsuld

collaborate on surveying nearby sites to haweeaecomplete picture of the watershedh
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complementary datasets.

Although these data suggest that hostefssterenot very good predictors for where
SAR musselsverewithin the watershed, these analyses do not take into consideration non
species at risk mgelsand their host Since many neSAR mussels are considered generalists,
host fiskesmay be better predictors for n@AR mussel distributionsiith the data that has been
collected If there is a correlation between host ésand noRSAR mussels, ther relationships
could also be examined, suchtls relationships between SAR and f#AR musselso see if
SAR requireco-habitation(Staton et al., 2003)Additionally, habitat characteristics, such as
water quality, sediment, and discharge, were also not considered as pant aindlgsesUsing
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 datachallenginghowever, standardizing and
compiling datavould help to further address th@odiversityloss Standardization makes it
easier to link data from different sources, including habitat characteristics, mussel abundances,
and their corresponding hastAdditionally, it allows for the quantification of pferences for
mussel specig®feiffer et al., 2022) For instancePfeiffer et al.(2022)was able taquantifythat
listed mussels tend to prefer higher stream ordershagtier dischargelsy digitizing over
400,000freshwater mussels from 45 different instituti@m&lmappingand analyzing the
biogeographic information stored with each specimen

When standardizing datasets, one should considenradetstand potential applicat®n
by knowledge usersData should be standardizedsuncha way that meets the needs of many
different groupsincluding managers, conservation officensdlocal, regiongland national

decision makerto maximize usability This studyprovidedthe first known set ainethodsor
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Sydenham RiveUnionids,creding foreign ke within individual spreadsheet®r flat files) for
broader manipulation and exploration witircGIS Pro. Suchkeys can be used pyoduce
manyto-manyrelates within a geodatabage acollection of geographic datas€ESRI, 2023e)

all of whichhelp harmonizavailabledatasets Additionally, the use dbreignkeysallows for
differentStandardized Query Language (SQ@ugries and can help éxploremore questions
regarding the correlation of musseldéh other mussels or corresponding lso€dneway to

make standardization easier is to name sites withahmecoordinates the same nawnad collect
data in a more staaddizedway. 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, etd¢n practical terms, support for data coordination would be required.
A singular dataset could be used to build a larger, comprehetealease that can be

maintained and track historical recomfg¢hese animals. Additionally, if data and methagse
standardized and harmonized in this way, multiple different datatgpedbe incorporated
including environmental data, species abundances, and more. Currently, freshwater mussel
ecological attributes ag@oorly quantifiec however this work demonstrated thatlarge

database coulehform future survey locationand thus expand knowledge on thstributionof

many specieqroviding conservation biologists and wildlife managers with more accessible and
practical biogeographic infmation that can help to make management decigi®iiesfer etal.,

2022)

Conclusions

Current researcand analyses are limited byeavailablity of data andits effective

mobilization into decisionmaking By harmonizing datasetiom multiple sourcesone can
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facilitatethevisualization of species distributi@nd use it as #ol for Unionid conservationin
this studycontrary to my stated hypothesasjailablehostfish datasetsvere notadequate in
predictingwhere Unionid SARveredistributed throughout the watershad insteadevealed
mismatches in where survelyave beerwompleted.My findings suggest that more focus on host
identificationacross specifizvatershedocations should be exploreéspeciallyin relation to
unionidspecies at risk. Withowuitablehosts, recruitment and dispersal of freshwater mussels
stop(Haag, 2012) Although many sites have been surveyed for mussels and fish throughout the
watershedmanyof these sitesvereunable to be linkedgetherspatially The findings of my
work suggesdthatmusselsand fish survey locations should be complementatythis was not
the case

Visualization and presentatiaf data are just as important as exploration of data
(Crampton, 2001) This chapter demonstrated thiectivenes®f ecological data visualized
spatially in informing and explainingnionid SAR distributionin this casel examined
freshwater mussels and thkivownhoss, but otheresearch has indicated that there may be
cooccurrences with other organisnmgludingmacroinvertebrates, as wéllveleens et al.,
2023. This study took place within a wedtudied watershed, which allowémt the
harmonkation of data from multiple different sources, including federal and tareervation
authorities. Data harmonizatioremains amnderexplored but vital toah conservation;
bringing together datarovides a promising/ay to furthemunderstand 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, correspoB4iRé status, and reported potential host fish residing in the
Sydenham RivefMcNicholsO 6 R oey20K2; Metcalf S mi t h et al ., 200 3; Morris, 2019; Queenod

2002; St. Clair Region Conservation Authority, 2017; University of Guelph, 2011; Watters et al., 2009)
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Black bullhead A.melas X |1 X X X
Yellow bullhead A.natalis 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
Spotfin shiner C.spiloptera X X X X
Common carp C.carpio X X X X
Gizzard shad D.cepedianum X X X
Banded sunfish E.obesus X X X X
Northern pike E.lucius X
Greenside darter E.blennoides X
Rainbow darter E.caeruleum X X X
lowa darter E.exile X
Fantail darter E.flabellare X X
Johnny darter E.nigrum X
Banded darter E.zonale X
Golden topminnow F.chrysotus
Banded killifish F.diaphanus X X
Brassy minnow H.hankinsoni
Northern hogsucker H.nigricans X
Channel catfish |.punctatus X X X
Brooke silverside L.sicculus
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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
Pumpkinseed L.gibbosus X X X X X X X X
Warmouth L.gulosus X X X
Orangespotted sunfish L.humilis X X X
Bluegill L.macrochirus X X X
Longear sunfish L.megalotis X X
Burbot L.lota
Striped shiner L.chrysocephalus X
Common shiner L.cornutus X
Redfin shiner L.umbratilis X
Pearl dace M.nachtrebi X
Smallmouth bass M.dolomieu
Largemouth bass M.salmoides X
White perch M.americana
White bass M.chrysops
Shorthead redhorse | M.macrolepidotum
Mudpuppy N.maculosus
Round goby N.melanostomus
River chub N.micropogon
Golden shiner N.crysoleucas
Emerald shiner N.atherinoides
Blackchin shiner N.heterodon
Blacknose shiner N.heterolepsis
Silver shiner N.photogenis
Rosyface shiner N.rubellus
Sand shiner N.stramineus
Mimic shiner N.volucellus
Tadpole madtom N.gyrinus
Yellow perch P.flavescens X
Logperch P.caprodes X
Blackside darter P.maculata X
Sea lamprey P.marinus X
Bluntnose minnow P.notatus X X
Fathead minnow P.promelas X X
White crappie P.annularis X
Black crappie P.nigromaculatus X
Flathead catfish P.olivaris
Blacknose dace R.atratulus X
Longnose dace R.cataractae X
Brown trout S.trutta
Sauger S.canadensis
Walleye S.vitreus X
Creek chub S.atromaculatus X
Central mudminnow U.limi X




Table 3.2: List of freshwater mussels and the number of bpstieswithin the Sydenham

River watershed (via literatusirveys)Species at Risk Act, 2002; illams et al., 2017)

Scientific Name Common Name SARA Status # Host Species
Ligumia recta Black Sandshell Not listed 19
Lasmigona compressa CreekHeelsplitter Not listed 19
Strophitus undulatus Creeper Not listed 33
Anodontoidederussacianus 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 FragilePapershell Not listed 1
Pyganodon grandis GiantFloater 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| NorthernRiffleshell Endangered 3
Utterbackia imbecillis PaperPondshell 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
Cambaruniaris Rainbow Special concern 9
Paetuluniofabalis RayedBean Endangered 4
Obovaria subrotunda RoundHickorynut Endangered 1
Pleurobema sintoxia RoundPigtoe Endangered 5
Simpsonaias ambigua SalamandeMussel 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 WabashPigtoe Not listed 5
Lampsilis fasciola Wavyrayed_ampmussel Special concern 3
Lasmigonacomplanata 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 @shost fish
available within the Sydenham River based on fish survey data amdbl&3.1 (literature surveys), angredictabilitypercentage of

SAR siteghat are within 1 km of host fish presence for each sp@aidsams et al., 2017)

Mussel SAR Name # Mussel Sites per Colletor # Fish Sites per Collector | # Available Hosts
% of SAR
Via sites within 1
Via Table km of host
Scientific Name Common Name DFO HHL SCRCA | Total DFO | SCRCA | Total Survey 3.1 | fish presence
Truncilla Fawnsfoot 6 0 1 7 101 1 102 2 2 12.82
donaciformis
Ptychobranchus |\ ynevshell 64 3 17 84 65 20 85 4 6 53.17
fasciolaris
Toxoplasma Lilliput 6 0 2 8 301 18 319 4 6 0.7
parvum
Quadrula Mapleleaf 107 7 48 162 78 4 82 1 2 64.44
quadrula
Epioblasma Northern 46 3 12 61 0 1 1 1 3 0.00
rangiana Riffleshell
Cyclonaias | o\ jewartyback | 62 3 20 85 149 5 154 2 3 32.65
tuberculata
Cambaruniairis Rainbow 8 2 12 22 304 21 325 5 9 14.50
Paetuluniofabalis RayedBean 40 2 8 50 49 18 67 2 4 30.08
Obovaria RoundHickorynut | 12 0 2 14 47 18 65 1 1 5
subrotunda
Pleurobema RoundPigtoe 55 3 21 79 324 19 343 3 5 46.92
sintoxia
Simpsonaias Salamander 12 0 1 13 ) i i 0 1 i
ambigua Mussel
Epioblasma Snuffbox 46 3 10 59 80 17 97 2 3 37.30
triquetra
. . Threehorn
Obliguaria reflexa Wartyback 10 1 6 28 12 10 22 1 3 440
Lampsilis fasciola| /avyrayed 3 0 0 3 167 14 181 2 3 2.13
Lampmussel
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 feapaddlasma

triquetra (Snuffbox)and their host fish thBercina caprodegLogperch)
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Legend
A\ Mussel Sites

Fish Sites
50 Meter Buffer

— Sydenham River

Figure 3.2: Diagram of how foreign key waseated by making a S@eter buffer using the
Buffertool around sites that were surveyed for mussels and usihgiéingecttool to select fish
sites that are located within the buffer areas. If a fish site was within more than-omes0

buffer, theMeasuretool was utilized to determine which mussel site it is closer to.
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Mussel Site ID Text <pk> : Fish Site ID Text <pk>
Fish Foreign Key 1 Text <fk> Mussel Foreign Key 1  Text <fk>
Fish Foreign Key 2 Text <fk> Mussel Foreign Key 2 Text <tk>
Fish Foreign Key 3 Text <fk> Mussel Foreign Key 3 Text <fk>
Fish Foreign Key 4 Text <fk> Mussel Foreign Key 4 Text <fk>
L E Text <tk> Mussel Foreign Key 5 Text <fk>
Year Double Year Double
Latitude Double Latitude Double
Longitude Double Longitude Double
Collector Text Collector Text
Black Sandshell Text Ambloplites rupestris Text
Creek Heelsplitter Text Ameiurus melas Text
Creeper Text Ameilurus natalis Text
Cylindrical Papershell Text Aplodinotus grunniens Text

& Text L, Rk Text

* Total fish foreign keys = 105
*# Total # mussel species = 34
*** Total # fish species = 32

Figure 3.3: Database model of the primary and foreign keys created to relate ootmgsponding freshwater mussel and fish survey

sites within the Sydenham River watershed together
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Legend
@ Mussel Sites

wammie Fish Site
g™~ Sydenham River
[ ] Species of Interest
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Figure 3.4: Diagram of methods used to determine if Hiss$t distributions are strong predictors

of existing and potential mussel species at risk habitats in ArcGIEBRI, 2022) In this

example Epioblasma triquetrgSnuffbox)are the mussel species of interest. First, host fish for
Epioblasma triquetrgdSnuffbox)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 werelfmund.
eliminate repeats, the Delete identical tool was utilized. Select by attributes was then used to
select the intersected sites that contalBpbblasma triquetrgSnuffbox) In this example, 1/3

sites contairEpioblasma triquetrgSnuffbox) leadingto 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 3.6: 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 gradien{data.gov, 2020; data.ontario.ca, 2015; ESRI, 2022; Morris, Z028yrio GeoHub, 2019; Paterson,

2023)
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Figure 3.7: Map of Quadrula quadrulgdMapleleaf)and their corresponding host fish projected using NAD 1983
UTM Zone 17N. Quadrula quadrulgMapleleaf)presence are represented as triangles and their associated host
fish are represented as circ{data.gov, 2020; datontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; Morris,
2023; Ontario GeoHub, 2019; Paterson, 2023)
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Figure 3.8: Map of Lampsilis fasciolgWavyrayed Lampmussednd their corresponding host fesprojected
using NAD 1983 UTM Zone 17NLampsilis fascioldWavyrayed Lampmussegbresence are represented as
triangles and their associated host fish species are represented as circles with adataligow, 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 ofObovaria subrotundéRound Hickorynutiand their corresponding host fish projected using
NAD 1983 UTM Zone 17N.Obovaria subrotundéRound Hickorynutpresence are represented as triangles and
their associated host fish are represented as c{ddés.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 donaciformigFawnsfootland their corresponding host fedprojected using NAD
1983 UTM Zone 17N.Truncilla donaciformigFawnsfoot)presence are represented as triangles and their
associated host fish species are represented as circles with a dateegbv, 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 fasciolarigidneyshell)and their corresponding host fedprojected using
NAD 1983 UTM Zone 17N.Ptychobranchus fasciolari&idneyshell)presence are represented as triangles and
their associated host fish species are represented as circles with a gdadegov, 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 Epioblasmaangiana(Northern Riffleshellland their corresponding host fish projected using
NAD 1983 UTM Zone 17N.Epioblasma rangiané&Northern Riffleshelljpresence are represented as triangles and
their associated host fish are represented as c{ddés.gov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023;
ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Patersorg8)202

91



380000 390000 400000 410000 420000 430000 440000 450000 460000 470000
1 1 1 1 1 1 1 1 1 1

4770000
1
=
m
T
4770000

&

4760000
T
4760000

4750000
T
4750000

4740000
1
4740000

4730000
1
T
4730000

Legend
A Sydenham River

1= /\ Purple Wartyback Presence

4720000
1
L
T
4720000

/AN Host Fish Species Count
1
e 2

4710000
T
4710000

0 5 10 20 Kilometers
N TN A N (N SN NN B

T T T T T T T T T T
380000 390000 400000 410000 420000 430000 440000 450000 460000 470000

Figure 3.13: Map of Cyclonaias tuberculat@urple Wartybackand their corresponding host fedprojected

using NAD 1983 UTM Zone 17NCyclonaias tuberculatéPurple Wartybackpresence are represented as
triangles and their associated host fish species are represented as circles with adataligow, 2020;
data.ontario.ca, 2015; Drake & Barnucz, 2023; ESRI, 2022; M@0R&3; Ontario GeoHub, 2019; Paterson, 2023)
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Figure 3.14: Map of Paetulunio fabaligRayed Beanand their corresponding host fedprojected using NAD
1983 UTM Zone 17N.Paetulunio fabalifRayed Beanpresence are represented as triangles and their associated
host fish species are represented as circles with a grédieatgov, 2020; data.ontauta, 2015; Drake & Barnucz,
2023; ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterson,.2023)
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Figure 3.15. Map of Simpsonaias ambigu&alamander Mussapyojected using NAD 1983 UTM Zone 17N.
Simpsonaias ambigu&alamander Mussabresence are represented as trian@lata.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 triquetrgSnuffbox)and their corresponding host fedprojected using NAD
1983 UTM Zone 17N Epioblasma triquetrgSnuffbox)presence are represented as triangles and their associated
host fish species are represented as circles with a grédisatgov, 2020; data.ontario.ca, 2015; Drake & Barnucz,
2023; ESRI, 2022; Morris, 2023; Ontario G, 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 wheredistveys were completed are represented as circles
and mussel survey sites are represented as trigaglesgov, 2020; data.ontario.ca, 2015; Drake & Barnucz, 2023;
ESRI, 2022; Morris, 2023; Ontario GeoHub, 2019; Paterg623)

96




























































