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Abstract

Conservation and recovery strategies are typically developed with the best available information.
However, for many imperilled smatlodied freshwater fish species there is oftéach of basic
information available on species lfgstory and ecologywhich limitsthe ability to assess

threats and develop comprehensive conservation acoe species with a paucity of

information pertaining to its lifdistory and ecology is Siér ShinerNotropis photogenisa
smaltbodied freshwater fish species listedTasr e at ene d uSpeciesatRisaAca d ad s
The goal of this thesis was to provideiasdepthexamination oseveral lifehistory traits and
ecological parameters Silver Shinerto better inform conservation and recovery efforts for the
speciesTo achieve this goa§ilver Shiner were collected from Sixteen Mile Creek, Oakville,
Ontario, Canada during 202D19 andstudies were conducted tme growth, survival,

fecundty, spawning phenology, thermatcupancyand dietof the specieChapter 2
determinedhat the probable maximum age of Silver Shindois years of age. Moreovahe
species experienced altered growth and increadelimortality when occupyingirban (0.71 £+

0.05 averaganortality + standard errgrcompared to ncmrban(0.61 + 0.06yeaches of Sixteen
Mile Creek. In chapter 3pyistic regression models were developed that predict spawning
phenology in relation to a cumulative thermal ene indicated a 50% probabilitigatthe

population initiated and ceased spawning when cumulative growing degb&e reached 68
°CAd ay368 € A d aespectivelyThese modelsan be used to understand the impact of
alterations in the thermal regegnon spawn timingn chapter 4, the first fecundity estimates for
Silver Shiner in Canada were provideginging from 3142768 eggsandpreviously
undocumentegarasite infections were observed and quantified during the reproductive period.

Chapter 5 deslopeda speciesspecific otolith thermometry equatidmatfacilitates future
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examinations into the thermal occupancy of the spelci€shapter 6the diet of Silver Shiner
was quantifiel. The species was found to exhibit a generalist diet and conswide aange of
aguatic and terrestrial preBased on stomach contents Silver Shomrsume moreterrestrial
preyin fall (41.53 = 32.35 %average standard deviatignrcompared to summer (20.45 £

20.45)and exploied moreterrestrial prey at reachesth intactriparian vegetation.

Overall, the project highlighted urbanization as an important thrétht knowledge of the extent
and type of urbanization effects as necessarpdtierecologicalunderstanihg of Silver Shiner
The project also provided @ssessent ofthe potential implications of alterations in the thermal
regimeon thereproductie dynamicof Silver ShinerMoreover resultsmost notablypoint to

the importance of intact riparian habitat for the spediegetheythe thesischaptergprovide
valuable information on thie-history and ecology of Silver Shintratwill facilitate the
development omorecomprehensive, welhformed conservation and recovery action for the

species in Canada
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Chapter 1: Introduction
1.1 Generalcontext

Smaltbodied freshwater fish specittsat lackcommercial or recreational value often have a
paucity of information available regarding their {Hestory and ecology, limiting the ability to
develop comprehensive, well informed conservation and recovery stratigiaston1999;
Kuehne & Olden, 2014; Saddliet al, 2013) Conservation and recovery strategies are typically
developed with the best available informat{@mouseet al,, 2002) however a lack of basic
information on species lifdistory and ecology restricts thbility to assestheimpacs of

threats onmperilled speciesiVhencomprehensivepeciesspecificecology and lifenistory
informationarelacking, managers amdtenforced to rely oranalogs oanecdotal, rather than
systemati@ppraisal®f the evignce, limiting the effectiveness and relevance of conservation

and recovery strategieleveloped for imperilled species

Within Canada it is a requirement that recovery strategies aetogedfor imperilled pecies
listedasThreatened oEndangered undd€t a n a 8pedes at Risk A@icDevitt-Irwin et al,

2015) These listed speciéacea multitude othreatsand it is imprtantto understanthe

ecology and lifehistory of speciego appropriately assess threatsl estimate responses to

future habitat conditionsuch as changes in the thermal regime, which may arise as a

consequence of climate charagedurbanizationNelsonet al, 2009). Throughout this thesis |

highlight howin-depthlife-history and ecological information can be used to advance

conservation and recovery effoffor a specieslisteddh r eat ened uSpecesat Canada

Risk Act Silver ShinerNotropis photogenis



1.2 Life-history and ecologcal information

1.2.1Understandingjife-history

Life-history information including but not limited fmobable maximum age, growtimortality,
spawn timing and fecunditgre necessary favaluatingpopulation demographi¢Beissinger &
McCullough, 2002; Beissinger & Westphal, 1998; Moetisl, 1999) Basic life-history
information can providealuable insight into a populatiGntrajectory and resiliencehus such
information isfoundationalfor examiningpopulation dynamicéWinemiller, 2005)andis of
particular importance famperilled speciesVhen speciesor populatiorspecificlife-history
information is unavailable, a common solution is to apply proxies or-spEsses estimation
techniques (e.g. Pausyrvival equatiorfPauly, 1980)Lorenzen ag® survivalequation
(Lorenzen, 2000Q)to inform population models. The use of proxies can be problematic as proxies
may provide a poor representation of the species of interest, potentially leading to erroneous
conclusions regarding requirements for species survival or recinedenmayeset al, 2002;
Wienset al, 2008) Because population models are sensitovassumed lifaistory parameters
(Grosset al, 2006; Morriset al, 2002; Teaet al, 1995) poor correspondence between the
proxy and the species of interest can have significant implications when models are used to

inform decisioamaking.

Probable maximum age is anportant lifehistory trait toobtainfor imperilled speciesShort
lived, smaltbodiedfish species display vastly different population dynaraind general
population sizes contrast to longelived speciesShortlived, snmall-bodiedspecies often
require high population abundances to compensate fovilegrabilityto predation, low
survival among age classesd short reproductive lifespari3emographic models that underpin

recovery targetsan besensitive to probable maximurge(Morris et al, 2002) thus the
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inclusion of a incorrect probable maximum age could have repercussions, leading to
underestimates or overestimates of the population abundance needed for effective conservation

or recovery.

Growth and mortality are also important Hiestory parameters tguantifywhendevelopng
comprehensive conservation and recovery plBoth are cruciainputsinto population
demographic modeksuch as population viability analysis, which is commonly used to develop
recovery targets for imperilled speci@eissinger & McCullough, 2002; Beissinger &
Westphal, 1998; Morrist al, 2002) Additionally, reductions igrowth andncreasesn

mortality inresponse tdiffering habitat conditiongan provide clear indationsof howa

speciess responding to various threats. For instance, reduced growth and siumrvkzdnareas
caused by alterations in food supfsitzmann & Paukert, 201@x changes in flow and thermal
regime(Nelsonet al, 2009)can be indicatar of the negative impacts of urbanizationfigh

populations.

Spawn timing and fecunditare critical and sensitive components of a speciesistery.
Understandingnd developing approaches to predjgawning phenologgan allow managers to
provide alequate protection to species during the reproductive period. Many lotic species initiate
and terminate spawning activity in response to environmental factors such as cumulative
temperature and or dischar@evellFordet al, 2020) Developing the ability to predict

spawning phenology in relation to environmental factors can help elucidate potential responses
to changing thermal regimes or discharge that may arise as a result of ctmeatssuch as

climate change, urbanization or installation of dams.



1.2.2Thermal and Feeding Ecology

A paucity of information on the general ecology of a species, including the temperatures
occupied and feeding hahitsan restricthe ability to identify and protect critical habitat
includingimportant food resource®Vithin lotic systems, it is essential ikentify and describe
the habitats where a species is foumdere dietary items are sourced fraand what dietary

items are cosumed.

Understanding the temperature occupie@bgh species is essentialr evaluaing its potential
vulnerability to shifting thermal regimes that may arise as a consequence of urbanization or
climate changéNelson & Palmer, 2007)Knowledgeof thetemperaturesccupied by fish
species in the wiledan help identify important thermal refugia that may be valuable for the
conservatiorand development aftiencebasedecovery strategies for threatened freshwater
fish. However, evaluating temperature use can be diffiousmaltbodied fisheslue to a lack

of suitable field method©ne opportunity to estimate the range of occupied temperasittes
retrospective estimation of the average relative temperatureieddupfish through measures
of the oxygen isotopai®0) values of otolith§Godiksenet al, 2010a; Willmeset al, 2019).

Fish otoliths are commonlyreéhived for ageing during fish sampling programs and retain a
geochemical chronological history of amlin v i d u a |l 6 s(Canpawnd, Y999k mpéaicak
temperaturalependent fractionation equations can be developed that describe the relationship
between occupied temperature and oxygen isotope values, and thusogidyedto evaluate
previoustemperatureised by individual¢e.g. Godiksert al, 2010b; MinkeMartin et al,

2015) In this thesis | construct a specEzecifictemperaturelependent fractionation equation

for a threatened smabodied fish that can be applied to evaluataperaturaise.



In addition to thermal ecology, knowledge of feeding ecology is driarighe effective
conservation of fish species. Understanding vphey aspeciesonsumes, anthe origin of
prey,isa cornerstone of defining and protecting critical hablitdibrmation on feeding ecology
aids in identifying important prey itenfdmundseret al, 1996) potential competitive
interactions with capccurring members of the fish communiBurbanket al, 2019) and

habitats thatontribute tgorey production andre used foforging (Namanet al, 2017) Some
smaltbodied stream dwelling fishes exploit prey items sourced from the adjacent riparian habitat
(Sullivanet al, 2012) including imperilled species such as Redside D@teostomus
elongatugDaniels & Wisnewski, 1994)and Silver Shine(Burresset al, 2016; McKee &

Parker, 1982)highlighting the importance of hahitoutside the confines of the stream itself for
providing energetically valuable prey iteniherefore, paucity of knowledge pertaining to a
speciesfeeding ecology can limit conservation efforts by neglecting potentially important

habitat not directlypccupied by the species of interest.

1.3 Focalspeciesi Silver Shiner Notropis photogenis

Silver Shiner isa smallbodied freshwater fish (approximate maximum length: 144 mm (Bouvier

et al ., 2013)) within the superfamily Cyprini
Species at Risk Ackilver Shiner exists in Canada at the northern edge of itgrgpbic range

and occupies onlfive drainages within the country (Bronte Creek, Grand River, Thames, River
Saugeen Rivegnd Sixteen Mile Creek), all of which are located in Southern Or(Boiavier

et al, 2013; Gaspardgt al, 2021; Glasgt al, 2016)at latitudes betweeapproximately42.5

43.5 °N.Identifying Silver Shiner in the fiel&an be difficult as the species closely resembles

both Emerad Shiner,Notropis a@herinoidesand Rosyfae ShinerNotropisrubellus(Glasset al,
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2016) Silver Shiner can be distinguished from Emerald Shiner and Ros§faer by subtle
characteristics includintihe origin of the dorsal fin that falls within the base of the pelvic fin,
and two dark crescent shaped melanophores that lie between the tiegitds be seen when

viewing specimens from aboy€lasset al, 2016; Gruchyet al, 1973)

Currently little information exists on the IHaistory and ecology of Silver Shiner, resulting in
the application o&necdotainformationandanaloginformationfrom surrogatespecies such as
Emerald Shinewhenevaluating the recovery potentialtbe specie¢$DFO, 2013) The life-
history and ecological information that is available for Silver Shingyassg based on limited
samplenumbersand generally outdatedhich hagestricedthe ability to develop well
informed recovery action.garseinformation based on small sample sizes leadiscie@ased bias
and uncertainty when developing population mo@etsaket al, 2005) Limited information on
Silver Shirer feeding ecology is available from examination of (B&rresset al, 2016)
individuals captured in the New RivéNorth Carolina and n=3®/cKee & Parker, 1982)
individuals captur ed i ninsbuthern Ontatio&/hildudefubsdckhk and e
information did not captureithersize or seasonahviation in diet. Furtheigurrent and future
conservatiorand managemenf the speciesould bebetterinformed by feeding studies based
on current environmental conditions in Canaekpecially in ecosystems that have undergone
extensive change agesult of urbanizatiorKnowledge of growth incorporated in recovery
potential modelling is based on n=50 individuals, and information on fecundity-sxmsiant,
resulting in the need to rely on fecundity information from a surrogate species, Eménald Sh
(Young & Koops, 2013b)Available estimationsf spawn timing areelatively outdatedsoarse
and highly variabl¢Baldwin, 1983; McKee & Parker, 198Furthermoreprior to this thesis

uncertainty remained regarding the probable maximum age of Siteer, which resulted in



largediscrepancies in minimum viable population (MVP) sigssmated when conducting the
recovery potential assessment for the spe@wswrt-lived (maximum age of 3+and longlived
ageinterpretationgmaximum age of 104#jielded MVP sizeestimate®f ~780,000 adults
compared to ~700 adultespectivelyresulting in drastically different recovery targs$-O,
2013) Therefore, it is necessary to resolve the maximum age of Silver Shiner to refine and
develop relevamtecovery targets for the speci€®r this thesis | captudeSilver Shiner in
Sixteen Mile Creek, Oakville, Ontario from 202019 to better understand the age, growth,
mortality, fecundity, spawning phenology, thermal ecology and feeding ecoldlgy giecies
within Canada to improvihe information base available fourrent and future conservation and

recovery efforts

1.4 Studylocation

This study focusson the Sixteen Mile Creek population®ifver Shiner. The Sixteen Mile
Creekwatershed drains an areaapiproximately372 knt and the creek flows through a mix of
forested, agricultural, and urbanized land, including two large urban centers (Milton and
Oakville, Ontario, Canadaprior to entering Lake Ontario (Dunn, 2006; Cona&on Halton,
2009).Six reachesvere selected to include batlbbn-urbanized andrbanized landscapdong
Sixteen Mile CreekSee Fig. 2.1 belowyvith reaches located from just north of Hwy 407
(Lower Base Line Rd W.), downstream to Upper Middleiir@&kville, Ontario, CanaddJrban
reaches were defined as reaciwgrethe surrounding land use (3 km radius) was
predominately urban or undergoing urban development and consigiestiominantly
impervious surfaces. Alternatively, the norban reaches wedefined as reaches with a

surrounding landscape that was not urbaniZééthreemost upstream reaches were considered
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norturban with surrounding landscapéhat primarily consisted of forested and agricultural
land, and théhreemost downstream sites were considered urbanvgild the surrounding
landscape consisting of urban developntarhinated by impervious surfaces and maade
structuresWithin eachreach threeuniquein-streamhabitats were targeted; a run, a riffle and a
pool. Therefore, dotal of 18 sites were samplethe study location was chosen because Silver
Shiner is known to be more abundant in Sixteen Mile Creek relative to the attensy

inhabited within Canad@urbanket al, 2021b; Glasst al, 2016)

1.5 Researclobjectives

1.5.1 Chapter 2Jrbanization correlates with altered growth and reduced survival of a small
bodied, imperilled freshwater fish

Given thepaucityof life-history data available for Silver ShinarCanadathe goal of thistudy
was toexamine the aggrowth, and mortality of the species using three years (ZIIP) of

field sampling Furthermoreasurbanization is known to have negative impacts on freshwater
fish (Paul & Meyer, 2001)this chapter investigates th&luenceof urbanization on the growth
and mortality of Silver Shiner by comparing the vital rates between urban andbsnreaches

of Sixteen Mile Creek, Oakvill&®)ntario, Canada. Specifically, the hypothesis that urbanization
would correspond with reduced growth and increased mortality at the local reactvazale

tested

1.5.2 Chapter 3The influence of thermal cues on the reproductive phenology of Silver Shiner
Notropis photogenis



Smaltbodied streantwelling fishes often initiate and cease spawning in response to
environmental cues such as discharge and cumulative tempédraithideacoret al, 2020;

Heins, 2020)To better understand the reproductive phenology of Silver Shiner in Canada, this
studyevaluatd the spawn timing of Silver Shinar relation to environmental conditiois

2018 and 2019The overall objectives of this chapteere to describe the reprodune

phenology of a Silver Shiner population at the northern edge of its range in Canada, evaluate if
spawning occurrenceoald be predicted by thermal cyessich as cumulative growing degree

days and develop models thabuld predict Silver Shiner reprodtive phenology based on the

thermal regime of a given year.

1.5.3 Chapter 4Silver ShinerNotropis photogenijdecundity and reproductive period parasite
infections

As little to no information exists on the fecundity of Silver Shiner within Canhdachapter
aimedto quantify the fecundity of a Canadian population of Silver Shiner to improve the ability
to develop well informedonservation and recovesjrategies for the species. Specifically,

Silver Shiner collected from Sixteen Mile Creek, OdlkyiOntario, Canada in spring 2018 and
2019were examined to estimate fecundity (egg count), egg diameter and the-feagtidity

relationshipof the species in Canada.

1.5.4 Chapter Field-based oxygen isotope fractionation for the conservation péritred
fishes: an application with the threatened silver shiNetrppis photogen)s

Currently it is difficult to estimate the temperature use of stadlied fishes such as Silver
Shiner in nature due to a lack of appropriate field methcisordingly, the overall objectives of
this studywereto: i) develop an oxygen isotope fractiomatiequation from archived otoliths to

better understand variation in individual thermal habitat use of Silver Shiner, ii) quantify the



accuracy and predictive error associated with using alternative sgpeigfic fraction equations
to evaluatehe impotance of deriving speciespecific fractionation equationand iii) illustrate

the application of oxygen isotope techniques for evaluating the realized thermal use-of small
bodied freshwater fishes in the hope of motivating similar research forisothed species

lacking a detailed understanding of thermal ecology.

1.5.5 Chapter 65easonal consumption of terrestrial prey by a threatened stream fish is
influenced by riparian vegetation

Minimal and outdated information currently exists onfdeling habits of Silver Shiner

Canadaln light of the value of understanding feeding ecology for effedjpecieconservation

this study airedto provide a general description of the diet of Silver Shiner in summer and fall.
Furthermore, given theuspected importance of terrestrial prey to Silver Shiner diet, this chapter
tesedthe hypotheses thaj Silver Shiner has a broad feeding niche typical of generalist drift
feeding fishes, ii) within the feeding niche, Silver Shiner demonstrate acelemterrestrial

prey, iii) terrestrial prey consumption varies seasonally, increasing in the fall, iv) relative
bankside terrestrial invertebrate abundance is positively correlated with upstream riparian
vegetation cover, V) terrestrial prey consumptraries positively with upstream riparian

vegetation cover, and vi) terrestrial consumption is higher in adults (ages 1 and greater) than in

juveniles (age 0).
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Chapter 2: Urbanization correlates with altered growth and reduced survival
of a smaltbodied, imperilled freshwater fish

The definitive publisher authenticated version of this pap&usbank, J., Drake, D.A.R. and
Power, M. (2021) Urbanization correlates with altered growth and reduced survival of-a small
bodied, imperilled freshwater fisEcology of Freshwater Fig9(4): 478489.

2.1Introduction

Life-history and vital rate information is necessary for understanding population demographics.
Age, growth, and mortality, in particular, provide insight into the resilience and trajedtary
population(Winemiller, 2005) and thus provide the necessary foundation for evaluating the
population dynamics of imperilled species. Although recoveryegfied for imperilled species

are typically developed with the best available informaf@museet al, 2002) for many sma#
bodied, norcommercial, or nomecreational species, |Haistory information is often lacking

due to limited researqlikuehne & Olden, 2014; Saddliet al, 2013) The paucity of such
information limits the ability to understand basic population dynamics, forcing managers to rely
on anecdotal rather than systematic appraisals of the eviteutterlandcet al, 2004) The lack

of age, growth and mortality information also hinders an understanding of how threats to
imperilled species may be leading to population declines, or whether recovery targets are
attainablgMorris et al, 2002) Thus, the collection, archivingnd analysis of specispecific
life-history and vital rate informatiois necessary to ensure that effective conservation

approaches are developed for srmaltlied species.

When life-history and vital rate information has been obtained, understanding tiow vital
rates change in response to threats (e.g. urbanization, climate change, and agriculture, among

others for freshwater fishes) provides an opportunity to evaluate the significance of the threat for
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the population. Urbanization has demonstraieglative impacts on aquatic ecosystems such as
increased flow variability, elevated nutrient and contaminant loading, and reduced species
diversity (Paul & Meyer, 2001)and is considered a major threat for many imperilled aquatic
speciegVenteret al, 2006) Urbanization can lead to declines in the growth and survival of fish
populations through habitat stressors such as changes in flow, temperature, siltation, and
turbidity (Nelsonet al, 2009; Nelson & Palmer, 20Q®ontaminant$Collier et al, 1998) food
supply(Eitzmann & Paukert, 2010; Yoder & Rankini, 199ajd loss of habitat complexity
(Paukert & Makinster, 2009all of which may act independently or interactiveRosso &

Quiros, 2009; Waltoet al, 2007) For example, studies &hdangered Redside Dace
(Clinostomus elongatisn relation to impervious land uséghlighted the chronic adverse
impacts of urban development on population viability, with stroeggtive associations between
population abundance and urbanization at multiple spatial deadepool and subatchment
(Pooset al, 2012). Giventhat future human population growth will occur rapidly and in areas
that are already urbanizé@ohen, 2003; Meyest al, 2005) it is imperative t@xaminethe

potential impacts of urbanization time growh and survival of freshwater fishes.

Silver Shiner Notropis photogen)ss a smalbodied (maximum total length: 144m@FO,

2013) freshwater fish | i stSpetiescasRisHAARBARA)th@ned wunde
occupies areas witincreasing urban pressutake manySARA-listedspeciessSilver Shiner

lacks current, accurate, and validated-tifstory and vital rate information, including age,

growth, and mortality estimat¢€OSEWIC, 2011)Silver Shiner exists in Canada at the

northern edge of its range and is located in only five drainages (Bronte Creek, Grand River,

Thames River, Sixteen Mile Creek and Saugeen River) in southern Ontariorbdtevésitudes

of approximately 4283.5 °N(Burbanket al, 2020) Speciesspecific age, growth, mortality
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and other vital rate information, where it exists, has typically been derived from a relatively low
number of individual¢e.g.McKee and Parker, 1982; Baldwin, 198388) These small
samplebased estimates have been used for population viability analyses and to make extinction
risk and recovery target predictions. For instance, a recent recovery potential modelling exercise
for Silver Shiner used growth estimatessed on 50 individuals collected between 2011 and

2013 toassessital rate elasticity andetermine populaticbhased recovery targefsr the
speciegshortlived model;Young and Koops, 2013Small sample sizes can be problematic

when evaluating population demographics, leading to an increased likelihood of uncertainty and
bias from demographic modgBoaket al, 2005) Estimating lifehistory and vital ratewith a

larger sample will, therefore, help to increase confidence in modelled recovery targets.
Furthermore, as Silver Shiner is expected to continue to face increased urban pressure, more
robust estimates of vital rates will also help determine thenpateeverity of urbanization as a

threat to the species.

Given the paucity of populatiespecific biological datafdSilver Shiner, this study uses data

from threeyears of fieldcollectionsat the northeredgeof its geographidistribution todescrbe

key demographic characteristics such assigecture growth, and mortalityMWe then compare
estimated vital rates between urban and-umdran environment® better understand the

possible implications of watershed disturbafarehe speciesSpecifically, we test the

hypothesis that urbanization will be associated with reduced growth and increased mortality at

the local reach scale.
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2.2 Methods

2.2.1Samplecollection andprocessing

Silver Shiner (n2403 wascaptured at six reaches along Sixteen Mile Creek, Oakville, Ontario,
Canadain Summer 2017 (July), Fall 2017 (September), Winter 2018 (March), Spring 2018
(April-June), Summer 2018 (August) and Spried 2 (Apri-June).In light of the Threatened
status of Silver Shiner, sampling centeredotieen Mile Creelas a precautionary measuas
previous sampling efforts (Glass et al., 2016) captatacger number of individuals in Sixteen
Mile Creek compaed to other systems which the species occutSample reaches were chosen
based on historical capture locations of the species within Sixteen Mile Creek (Glass et al., 2016)
andreaches were chosémencompass both urband norurbanaffected areasThe three most
upstream and downstream reaches, respectively, were classified@baor{surrounding
catchment largely forest and agriculture) and uisanrounding catchment largely urban
landcoverFigure2.1). Urban and nomrban reaches were sepadaby a minimum distance of
approximately 7 km and the study took place over approximately 13 km. The separation between
the closest urban and nonban reaches was presumed to preclude fish movement between the
two reach classes based on the limited liteane ranges that have been estimated for Yellowfin
Shiner,Notropis lutipinnis(Goforth & Foltz, 1998 and smaHbodied fishes in generé\linns,

1995; Woolnouglet al, 2009) At sample reachesshes were captured each of a run, riffle

and pool habitatvith three repeated hauls ®9.14 m bag seine (3 mm mesGaptured fishbs

were identified to species, countetd a random subset of Silver Shinerseuthanized with

clove oil, placed on igérought to the lalandstored inafreezer {20 °C) prior to further
processing. All fiseswere collected and retainedider aranimal use permit (AUP 1846)
approved by the Canadian CouramilAnimal Care At each sample location measures of stream
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width (m), depth (m), water velocity (m/s), conductivity (uS), dissolved oxygen (mg/L) and pH
were taken following fish collections. Average stream width (m), depth (m), water velocity
(m/s), conductivity (uS), dissolved oxygen (mg/L) and pH were compared between urban and
nonturban reaches using tvgample ttests. Additionally, stream temperatsiia urban and nen
urban reaches were measured every 30 minutes using instream temperatureQurggers (
HOBO Pro V3. Average temperatures from M&jovember 2017 were compared using a-two
sample ttest to evaluate if average temperatures were significdifiterent at urban and nen

urban reaches.

Individual Silver Shiner were thawed in the lab amelasured for length (mm) amakight(Q)
(n=1403) The operculandthe largestl@pilli) otoliths were removed for ageing purposes.
Opercula were cleaned wittarm deionized water by gently rubbing between the thumb and
forefinger to remove any fleg®Gallucciet al, 1996) The opercula werhen dried and stored in
a waxpaperenvelope prior to ageing. Otolglvere cleaned with deionized water in a similar

manner, driedand placed in snapap vials prior to ageing.

A subset of Silver Shiner (n=26&2pm across the size rangesselected for ageingsing a
stratified random samplingesignsuch that ~15 individuals were aged per 5 mm lemgénval
across the length mgefrom < 35 mm ta0125 mm. Storage and handlindggmagedome
structures andnly individualswith both otolitts and operculatructures (n=254) wergsed(see
Table2.2). Opercula structures were placed on a clear,slideved and photographedith
transmitted lighusinga stereemicroscopeand camera3MZ 1000and DSFil; Nikon
Instruments Europe B.V., Englanal) magnifications ranging frod16x. Otolithswereplaced
on a small black wooden stick, fixed sacculus side downayginoacrylatand poished using

high grit silicon carbide waterproof sandpapanging from15007000grit (StarckeGmbH &
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Co., Germanyuntil the center was reached, and growth rings became evident. Otoliths were
checked under the microscope often (i.e. approximately evBryeg@onds) during the polishing
process to avoid ovgrolishing or cracking. Following polishingtoliths were soaked in%0:50
solution of water and glycerin, viewed on a black background under reflected light at ~45x
magnification and photographed migia dissecting microscope (SZ\Optika, Italy). Opercula
and otolitrs were aged twicéo evaluate the consistency of age estimates within and among
structureswith the second assessment being blind to the initial re®ulisn age estimates for a
given structure differed between readings, the structure was read a third time to resolve

differences.

2.2.2Age, growth andmortality analyses

Age estimates weEssessed for consistenaithin and among structurésllowing Horwitz et

al., (2018)by evaluatinghe percent agreement betwgmired structure readingsuch that:
PSR PR
OAOAAJORAAI /—\EO p T

where A is the number of structunesad(opercular or ailith) with identicalage estimatesnd
T is the total number of structures (opercular or otolith) aged. For assessment ofsamctoge
percent agreemerthe final age estimasérom theseparat®percular and otolitheadingsvere

used(i.e. if initial readings disagreed the third reading was considered).

Lengthatage von Bedanffy growth model¢Beverton & Holt, 1957)vere fit to otolith and

opercular age estimatasingyear and monthime-stepsasfollows:

, ., p A
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where L is total length &time-stept (mm), Lp is the asymptotic lengtfmm), K is a growth
coefficientdefining the rate at which the asymptote is approacatlp is the theoretical time

at whichlength iszera Month-basedestimates assumed individuals hatched on Jtiné the

birth year (i.e. individua captured in July and estimated to be 0+ and 1+ were considered 2 and
14 months old respectively). Silver Shineaspring spawner and typically captured in

Ontario with ripe gonads from May through early June, after which the prevalence of spent
individuals increases rapid{faldwin, 1988 Burbank,unpublished dajaAccordingly,June #

was selected asrealistichatch date for modelling purpos&hie asumptims ofthe von

Bertalanffy growth modelsincludinghomoscedasticitgnd normality of residualsvere
examinedusing plots of residuals versus fitted values and histograms of residuals, respectively
Models developed using opercular and otolith dag@were compared using analysis of the
residual sum of squares (ARS8Nowing (Chenet al, 1992; Haddon, 2001p determinaf the
structurespecificgrowth curvedlifferedsignificantly. Additionally, gjowth models from urban

and norurbansites (see Figur2.1l) were compared to evaluate differences in grdvetween
environmentasingARSS(Chenet al, 1992; Haddon, 2A0. The von Bertalanffynodel

parameters werirthercompared stadtically using hierarchal ratio tegtKimura, 1980)

Age estimates (year) derived from otolith structures were used to create a probabilistic age
length key for Silver Shiner followinggermann & Knight (2005(TableS-2.1). The age of all
nonstructure age&ilver Shiner with length measurements collected during the study were
assigned using theggelength key Actual and stimated age assignments of individuals were
thenused to determine the total number of Silver Shiner captured in each ageaqlasd for
the population mortalitgstimats. Furthermore, differences in the proportion of-@ged adult

(agel and older) fish in urban and norban reaches were tested using Fisher's exa¢zaast
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2010) Age and growth analysegere conductedsing the FishR packag®gle,2018)in R

version 3.6.1R Development Core Team, 2013)

Given theimportance of mortality for defining population dynamics and the difficulty associated
with estmating it because of the need for both an extensive aging program and limited selection
bias in samplingKenchington, 2014)a suite of mortality estimators suited for information

limited fisheries were applied here. Estimates were derived using summer 2017 and 2018 data
only for which grouped sample sgwere sufficiently large (n > 200). Mortality approaches

were broadly grouped into those based onHiftory theory(Charnovet al, 2013; Cubilloset

al., 1999; Taylor, 1958xhose based on lengthr weightat-age datgBeverton & Holt, 1956,

1957; Hoenig, 1983; Huynét al, 2018; Peterson & Wroblewski, 1984; Robson & Chapman,
1961) those based on abundance or density (CPUE used as a surrogate) data (as described in
Power 2007AndSkalskiet al, 2005)and those based directly on age d&abson & Chapman,
1961; Sekharan, 1975; Skalgkial, 2005) Mean populatia estimates of mortality across
pooledadult ageclasses (considered here as ages 1 to 3+) were computed for each class of
estimator followinghe methods described in the references ab®ke resulting urban and non
urban estimates were grouped and camghdor differences using a twsample ttest to

determine if mean estimated mortality in urban affected reaches exceeded that ofuHsanon

reachesBecause the null hypothesis was directional, ataitbed test was usddar, 2010)

2.3 Results

Silver Shiner captured in Sixteen Mile €ke(n=1403) over the20172019period variedn

length from 23135mm (mean * standard deviation; 73.75 = 19.59.1img average length of
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individuals captured was 68.54 mm in urban reaches and 75.57 mm-umb@mreaches.
Overall, the CPUE for Silver Ster was higher in nearban (13.12 fish/seine haul) reaches
compared to the urban reaches (9.163 fish/seine haul). The majority of Silver Shiner was
captured in runs (82.74%), followed by pools (11.79%) and riffles (5.47%). Habitat
characteristics (showm iTable2.1) were not significantly different between urban and-non
urban reaches (average stream witilest,t3 &=0.793 P = 0.474; average depthitest,
t26=0.211 P = 0.848; average water velocitytest,ts0=-1.32 P = 0.257; average pHktest,
t3.6=-0.298 P = 0.782; average conductivitittest,tz e=-1.43 P = 0.234; average DQ@:test,
t3.6=0.332 P = 0.758). Averagstreamtemperature at urban (15.71 + 7.2 °C) and-andran
(15.75 £ 6.6 °C) reachehd not signifcantly differbetweerMarchrNovember 201 7t{test,t23217

=0.42,P=0.651)

Age estimates afalcified structures from a subset of individuals (n=254) resulted in between
reading agreement of 85.4 % and 88.9% for otolith and opestulatures respectively.
Betweenstructure agreement was 88.9%° e a r s o n Girglicating bothGtru&uze} yielded
similar age estimatggigure2.2). The age estimates of 28 individudlfferedbetweerthe two
structuresFor 6 individuals the agesémated from the otolith was one year older than that of the
opercularandfor 22 individuals the age estimated with the opercular was onelkear

compared to the otolitlbisagreement among structures was most prominent for individuals
between 1019mm (Table2.2). The oldest age estimated for Silver Shiwas3+ for both

otolith and opercular structures

Seasonal lengtfrequency plots indicatetwo distinctve modedor Silver Shiner thashifted
through time (Figur@.3). The von Bertalanfigrowth models describing the relationship

betweerSilver Shinerage and length based on otolith and opercular struafidesot differ
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significanty when modelled on either a yearly or monthly b@gesar: ARSS, ks02= 1.07,P =
0.361;month: ARSS, Eso2= 0.99,P = 0.398; Table2.3, Figure2.4). Growth models for Silver
Shiner capturedt urban and nearbanreaches differedignificantly, whether estimated using
annual or monthly dat@tolith-year: ARSS, k24s= 5.2, P <0.01;0percularyear:ARSS, E 24s
= 3.05,P <0.05;0tolith-month: ARSS, E24s= 11.3, P <0.00001 0percularmonth: ARSS,
Fs,248= 1310, P <0.00001) withurbangrowth models showing significantind consistently

| o we and higher Kparameter estimates (Tal@d, Figure2.5).

The proportion of ag8 fish captured in urban and narban affected reaches differed
significantly (Fisher's Exact Te$?,<0.001), with the proportion of agefish in norurban
reaches (76%) being significantly greater than in urban reaches (Bi&nean of all mortality
estimates for urban reaches (70.8%, range-86.2%) exceeded that of noamban reaches
(61.0%, range: 25-20.6%), with the difference being significdtitest,t;> = 2.9, P = 0.006;
Table2.5). Within the classes of estimators considered, mean estimates of mortality for urban
reaches equaled or exceeded estimates fourtman reaches (Tab®5). Density and agbased
mortality estimates did not differ significantly (densitgsed: test,t; = 0.881,P =0.270; age
based: test,t> =-0.121,P = 0.457) between urban and rorban reaches, whereas {testory
and lengthbased estimates of mortality differed significantly ¢lifistory-based: test,t; =
13.30,P = 0.003; lengtkbased: ttest,ts = 2.97,P = 0.021), with mortality in urban reaches

always exceeding that in namban reaches.
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2.4 Discussion

Accurate lifehistory and vital rate information is critical for the conservation of imperilled

fishes, including determininghether threats lead to changing demographics. Here we evaluated
the agestructure growth, and mortality of Silver Shiner and found it to be a sinetl, quick

growing species with low annual survival. Furthermore, we found that growth was altered, and
survival and the proportion of agefish within the sample were significantly reduced within

urban sites, which suggests a negative effect from urbanization and a probable link between

urbanization and the viability of the species in Canada.

Our study ndicates Silver Shiner reaches a probable maximum age of 4, similar to previous
longevity estimates for the species in Can@iddwin, 1983; Gruchyt al, 1973; McKee &
Parker, 1982)The maximum age identified for Silver Shiner is identical to that reported for
Emerald ShinenNotropisatherinoidesand River ShinemNotropisblennius(Froese & Pauly,
2019) Longevity in Silver Shiner, however, exceeds that of Rosyface SNa#gpisrubellus
and Pugnose ShinédptropisanogenugFroese & Pauly, 2019RosyfaceShiner is more
ecologically similar to Silver Shiner, typically occupying stream habitats, whereas Emerald
Shiner and Pugnose Shiner typically occupy lakes and wetlands respgtinehet al, 2009)
While the ages of Silver Shiner reported here have not been vals#atsdCampang2001) it

is important to note that maximum age estimates fall within the range -&gef Zhose reported

for Notropisspp. in the Great Lakes bageng.Holm et al, 2009; Froese and Pauly, 2019)

The von Bertalanffy growth curves for Silver Shiner were similar to what has been previously
described for the species based on limited aging (h=50) and an assumption of sizelzdeatc
on Emerald ShingfYoung & Koops, 2013b)Here, however, different growth trajectories were

evident for individuals captured in urban and fushan environments. The urban population
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exhibited suppressed asymptotic lengtb)(end approachedslat a faster rate (higher K value)

than the nofurban population, suggesting growth may be impacted by urbanization. Increases in
K may be related to reduced ag@bundances in urban reaches, as gbddnere with agé

CPUE being substantially lower (average 43%) at each seasonal sampling. Differences in growth
at urban compared to namban reaches were not the result of early maturation as Silver Shiner
begin to reproduce at age (Baldwin, 1983) Similar reductions in juvenile abundances have

been noted in studies of urban and wastewater affected stregnisd@mset al, 1992 Yeom

et al, 2007) Decrease@ge0 abundancesayredue overall densities armbmpetition thereby
increagng resource availabilityWith increased food and habitat availability more eneayld

lead to faster juvenilgrowth (Adams et al, 1992) embodied here as a higher K for urban fishes.
Regardless, growth models and average fish length suggest a lower final size is achieved in
urban reaches and occurs in conjunction with elevated moriaditgn density dependent effects

are prominent, density and mortality are positively correlated as adjustments in mortality alter
abundance to adapt it to habitat carrying capacity, with high densities typically being associated
with increased mortalitfRoseet al, 2001) In contrast we found low CPUE reflective of lower
densities to be associated with higher mortalities in urban environments, a combination that
would rule out differences in mortality between urban andurban reaches as begidue to

densitydependent effects.

Overall Silver Shiner experienced high mortality{&11%) within Sixteen Mile Creek. Mortality
estimates were comparable with the modelling based estimate (75%) repoYiaahigyand
Koops(2013)and are within the ranges of adult mortality estimated for dlb&opisspp.:
SandShiner, N. stramineug77.9%) in lowaSmithet al, 2010) Carmine ShineN.

percobromug78%) in CanadéYoung & Koops, 2013aand Pugnose Shiner (85.9%) in Canada
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(Venturelliet al, 2010) Mortality, however, varied significantly among urban and-uadran
reaches, with the higher rates observed in urban reaches, likely attributable to the effects of

urbanization at the reach scale.

Altered growth anelevatedmortality in the urbarmompared to noairban reaches wavident
basedon the von Bertalanffgrowth curves andstimatedmortality using the lifehistory and
lengthbased estimatolg.g.Kenchington, 2014)Collectively the weight of evidence provided

by the mortality estimates suggests significant declines in survival associated with occupancy of
urban reaches. Further, treglucedoroportionof ageO Silver Shinemay be linked to reduced
recruitment fromarval stages, with urban stream channels kntmahave a variety of effects
juvenile fish recruitmenfWeber & Wolter, 2017) For exampleyrbanizatiormay impact

stream resident fishes by introducing pollutants, incrgastiorm water runoff, and/or altering
channel substrate and struct(ikdéein, 1979) Lack of suitable riparian vegetation may also

reduce areas with suitable cover, exposing fish to changes in temperature that can have varying
lethal and sulbethal impacts on the smallest fishdepenthg on the itensity of temperature
changegRegetz, 2003)In severe cases, urbanization impacts may limit recruitment among a

wide variety of pecies to less impaired headwater rea¢Bégato & Béhmer, 2002)

Urbanization is a major stressor in stream syst@asl & Meyer, 2001)Because the
physiological consequences of dealing with stress are energetically expg@&asitoa & Iwama,
1991; Van Weerd & Komen, 1998)rban development might be expected to alter the growth
and reduce survival of fish, as observed here. For exai@pmjeret al. (2018)observed
reduced growth in juvenile Coho Salm@ncorhynchus kisutciicross an urbanization gradient,
while Monteiro Pierceet al. (2020)identified reduced length, growth rate, and condition factor

in Alewife, Alosa pseudoharengasong coastal watersheds of New England. Altogether,
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urbanizationhas been associated withgative impcations for the growth and survival of a
wide range of fish species in lakggancis & Schindler, 2009%treamgNelsonet al, 2009)

and coastal environmenfslonteiro Pierceet al, 2020)

Significant negative community impacts of urbanization have been identified irsoolédid

stream fishes including altered species composition, increases in tolerant species, and
homogenization of the fish communitylorgan & Cushman, 2005; Wamg al, 2000)

however, the impacts of urbanization on the vital rates of dmodiled fishes are not commonly
examined. Changes in land use associated with urbanization such as increases in impervious
sufaces have been linked to reduced population abundance for Redside Dace in the Greater
Toronto Area(Pooset al, 2012) and reducedccupancy of speciesich as Speckled Madtom
(Noturus leptacanthysand Etowah Dartelstheostoma etowahpe Georgia(Wengeret al,

2008) The observed reduced asymptotic length) @nd higher mortality in urban reaches
(Table2.4 and2.5) indicates that urbanization may have negative fitness implications for Silver
Shiner given the importance of size and survival for determining overall abur(&aveer,

2002) Therefore, urbanization should be considered an important threat for the species and

considered when developing conservation appresch

Urbanization impacts on stream fishes have often baatedto increasedgtream channel
temperature owing to landcover chang@se. Wanget al, 2003; Wheeleet al, 2005; Nelson

and Palmer, 2007However, in the currerstudy,streamtempeatures at urban and namban
sitesdid not significantly diffey suggestingbservedlifferences in growth and mortalipamot
beattributed to thermal effecth is important to acknowledge that urban impacts were examined
within only one stream alorglongitudinal gradient, a sampling design necessitated by the

Threatened status of the species and its limited occurrence within Canada. While other
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longitudinal upstreandownstream effects in addition to urbanization may be present, habitat
characteristics and water qual(fiyable2.1) did not vary amongrban andchonurban reachesas

might be expected if longitudinal effects prevaild@verthelessalternateactors such as food
guality and availabilityshould be considere&ilver Shinemactivelyforages at surface and mid

levels ofthe water columiiBouvieret al, 2013)and consumes terrestrial drift material within

the river The loss ofntact highquality riparian habitatghereforejs potentially important for

the species. Urban developntin areas surroundingccupied river reaches may reduce the
quality, quantity and diversity of terrestrial drift material entering the sy@Bmenezet al,

2015; Jones & Leather, 2012hereby reducing the amouritfood availableand leading to

reduced growth and survival. Riparian habitats alseessential components thfe critical

habitat for fishegRichardsoret al, 2010)and suitable riparian vegetation has been identified as
important for the persistence of species such as RedsidgReidet al, 2019) Terrestrial

habitats both immediately adjacent to stream banks and further arampérticularlyimportant

for somefishes(Correa & Winemiller, 2018)ncludingdrift feedingfishes such aSilver Shner

due to their direct reliance on terrestrial resourgéser Shiner and other smddbdied fishes in
Ontario streams are expected to continue to face changing conditions and increased pressures
from urbanization due to projected increases in humanlptons within Southern Ontario

(Ontario Ministry of Finance, 2019%iven the observed alteration in growth, reduction in the
relative proportion of agé individuals and the elevated mortality of Silver Shiner in urban
reaches, it is important to fully understand the collective impacts of urban development on Silver

Shiner and other imperilled species.

The studyhas assessed the relationship between egsgecific vital rates and a dominant

threat, and as suchighlights the importance abbtaining suitabldife-history information for
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the conservation of smdbodied freshwater figts We have illustrated the potential negative
impacts of urbanizatiofor the growth and survival of Silver Shiner, a species that exists within
increasingly urbanized watersheds in Canada. The results of the study indicate the need to
understand, consider and mitigate the impacts of urban development on this and other small
bodied imperilled fishe3NVe recommend that futustudiesevaluate the mechanisms behind
reduced vital rates in urban regionduaher understand how the threat impacts freshwater

fishes
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Table2.1. Measures of average stream width (mgrage depth (m), average water velocity
(m/s), average pH, average conductivity (uS), and average dissolved oxygen (mg/L) collected at
each sample reach following fish collections.

Avg
Stream Avg Avg Avg
Urban Width Depth Avg Water Avg Conductivity DO
Reach Status (m) (m) Velocity (m/s) pH (US) (mg/L)
Non- 0.37
1 Urban 16.04 0.65 8.58 677.74 10.02
Non- 0.41
2 Urban 14.24 0.31 8.46 642.50 9.10
Non- 0.46
3 Urban 11.83 0.35 8.88 586.57 11.71
4 Urban 12.33 0.49 0.51 8.55 735.11 8.96
5 Urban 9.91 0.40 0.50 8.65 744.97 10.05
6 Urban 15.21 0.35 0.41 8.85 626.02 10.87
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Table2.2. The number of fish aged in each lengtterval, the number of individualwith
agreement betweartolith and opercular age estimatasdthe percent agreement between

otolith (OTO) and operculafOP).

Length Bin (mm) N Agreed  Agreement (%) Notes

<35 1 1 100.00

3539 14 14 100.00

40-44 14 14 100.00

45-49 15 15 100.00

50-54 15 15 100.00

55-59 15 15 100.00

60-64 15 14 93.33 OTO<OP

65-69 15 15 100.00

70-74 14 14 100.00

7579 14 12 85.71 OTO>0P, OTO<OP

80-84 13 13 100.00

85-89 15 15 100.00

90-94 15 15 100.00

9599 15 13 86.67 20TO<0OP
100104 14 8 57.14 60TO<OP
105109 15 10 66.67 OTO>0P,40TO<OP
110114 14 8 57.14 20TO>0P,40TO<OP
115119 14 9 64.29 OTO>0OP,40TO<OP
120124 4 3 75.00 OTO>0OP

0125 3 3 100.00
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Table2.3. Estimated wn Bertdlanffy growth curves for Silver Shiner captured in Sixteen Mile
Creekduring2017%2019 usingage estimates fromtolith and opercular structures.

Age Type  Structure Model
Otolith Lage=128.70 (1 el0-758(ageyear+0.765)
Year
Opercular  Lage=128.73 (1 gl0-690(ageyear+0.835)
Otolith Lage=120.46 (1 e(-0.0923(agem0nth+3.85))
Month

Opercular Lage=112.81(1- e(-0.0818(agemonth+3.7)°,)
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Table2 4. Estimated wn Bertdlanffy growth curves for Silver Shiner capturadurban and nen
urban reacheim Sixteen Mile Creekluring2017%2019 usingage estimates fromtolith and
opercular structurefiffering superscripts in the location column indicate where growth curves
are signifcantly different.

Age Type  Structure n Location Model
136 Nonurbarf  Lage144.73 (1e0-491(ageyear+1.079)
Otolith
118  Urbarf Lage117.52 (gl 238(ageyeart0.50p)
Year
136  Nonurbarf  Lage139.34 (1el0-507(ageyear+1.09))
Opercular
118  UrbarP Lage=117.44 (1el1-081ageyeart0.57y)
136  Nonurbarf  Lage=131.59 (1el0-0634(agemonth+6.22p)
Otolith
118  UrbarP Lage=106.34 (1gl0-208(agemontn+0.65)
Month
136  Nonurbarf  Lage126.70 (1el0-0672(agemonth+6.23p)
Opercular

118  UrbarP Lage=106.13 (1gl0-213(agemontn+0.55)
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Table2.5. Annualized mortality (proportion) estimates for adult (pooled &gd+) Silver

Shiner computed using age, length, abundance, aridifery based methods reported in the

literature for urban and neurban sampling environments. Mean + standard effrire mean
for each group of estimation methods. Differences given as urban minusb@mestimates.

Estimates derived using summer 2017 and 2018 data only for which sample sizes where
sufficiently large (n>200)P is the onedailed ttestP-value forthe ttest testing for significantly
higher mortality in urban than namrban environments (i.e., that the difference between the

environments is positive).

Non-
Estimation Method Urban Urban  Difference P

0.42+

Life-history-based 0.71+0.04 0.04 0.29 0.003
0.62+

Lengthbased 0.68+£0.12 0.10 0.06 0.021
0.54+

Density-based 0.59+0.12 0.18 0.05 0.270
0.82%

Age-based 0.82+0.08 0.05 0.00 0.457
0.61+

Average of all methods 0.71+0.05 0.06 0.10 0.006
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Figure2.1. Capture locations of Silver Shiner at agban (green; upstream) and urban (red;
downstream) locations in Sixteen Mile Creek, Ontario, Canada, sampled frorR2@04.7
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Figure2.2 The relative frequency of individuals in each age class based ostagates using
opercular (grey) and otolith (black) structures.

33



-
2401 A Summer 2017
%5 30/ 0+ 1-3+
% 20
QL
3
= ) =] ;

) 40 50 80 100 120 120

Length (mm)

€920
2 5 B Fall 2017
0
s ° Jnlked]
3
e 5111 P . 1 o

) 40 60 80 100 120 140

Length (mm)
i 30 .
2 C Spring 2018
“;:20' 1+ 2-3+
E 10/
pd 0 = o . Y
20 40 60 80 100 120 140

Length (mm)

Figure2.3. Lengthfrequency (total length, mm) histograms for Silver Shiner captured in Sixteen
Mile Creek, Oakuville, Ontario in A) Summer 2017 (n = 435), B) Fall 2017 (n = 252) and C)
Spring 2018 (n = 367).
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Figure2.4. Estimated von Bertalanffy growth models for Silver Shiner captured in Sixteen Mile
Creek, Ontario, Canada between 2@029. Individual length at age is plotted. Age is expressed
as year and estimated with A) Otolith and@®)ercular structures. Age was also expressed as
month for ages estimated with C) Otolith and D) Opercular.
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Figure2.5. Estimated von Bertalanffy growth models for Silver Shiner captured at urban and
nonturban reaches sampled in Sixteen Mile Creek, @nt@anada between 202D19.

Individual length at age is plotted. Age is expressed as year and estimated with A) Otolith and B)
Opercular structures. Age was also expressed as month for ages estimated with C) Otolith and D)

Opercular.
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