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Abstract

Spawning site philopatry may lead to genetic differentiation amongeproductive populations,
despite theirlocationsbeing in close proximity in single bodies of water Identifying and
maintaining locally differentiated spawninggroups of Walleye Sander vitreus constitute anagency
managementpriority of the multi-agencyWalleye Task Group advisory for the Great Lakes
Fishery Commissia. Although genetically separablespawning groups of Walleye have been
identified from several areas in the Great Lakesthosein central Lake Erie were previously
unknown«The Ohio Division of Wildlife (ODW) collectedWalleye for the presentanalysis fromtwo
spawning groupsin Lake Erie’s Central Basin, locatedjust 2 km apart —one in the Grand River,

Ohio, and the other & the nearby Central BasinReef The hypothesisof whether thetwo spawning
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groups (N=147) genetically differ was testedby analyzingvariation at 14 nuclear DNA
microsatellite locifrom Walleye reproducing in 2012at the two sites and amongthree separate
years(1996, 2003, and 2012 the Grand River (to evaluate temporal trends). Resultsevealed
relatively high geneticdiversity in both spawning groups, with the reproductive population in the
Grand River having significantly greater allelic richness andepresentation ofprivate alleles. The
Grand River runs showed slight temporal decline in allelic richnesfrom 1996-2003,coinciding
with ODW reports of declining numbers of Walleye reproducing there. The two spawning groups
differ ed in genetic composition suggestingthat they are closely related yetseparable reproductive
subpopulations,with both contributing to the overall diversity of Lake Erie Walleye. Their

maintenanceand integrity thus may bear management attention and further monitoring

Running Head: Central Lake Erie Walleye Genetics

The WalleyeSander vitreus supportecologically and economicallsaluableNorth American
commercialand recreationdlsheries(Locke et al. 2005)n the Laurentian Great Lakesake Erie
containghelargest population numbers andkiswn as the Walleyecapital of the world{Scott and
Crossmarl973,Hartig et al.2009. The combined commercial amgcreational Walley@ésheriesin Lake
Erie areworth =$2 billion U.S. per year (Gentner and Bur 2008 an estimated harvest 8f078
million Walleyein'2016 according to the Lake Eri&alleyeTask Group of the Great Lakes Fishery
Commission WG 20T7). The Lake EriaValleyefishery is managely binational interagency
cooperatiorand advisedinderthe recommendations of the Interageli¢glleyeTask GrougWTG) to
theLake Erie Committee of th@reat Lakes Fishery Commission (WTG ZDTrhe WTGis guided by
the Joint Strategic Plan (JSP) for Management of Great Lakes Fisheries to coopemaslyee fish
communities and fisheries in Lake Erie (Kayle et al. 2015).

A key objective of the Lake Erid/alleyeManagement Plais to “Maintain and promote genetic
diversity by identifying, rehabilitating, conserving, and/or protecting locapted stocks” (Kayle et al.
2015).Likewise, acrosthe entire Great Lakesldentifying and maintaining healthi/alleyegenetic
stocks constitutesa Great Lakes Fishery Commissioranagement prioritfRyan et al. 2003)/Valleye
populationsfrom LLake Eriehave been found foossesshe greatest overall degreeg#neticdiversity
among allpopulationsanalyzedacross thepeciesNorth American rangasing nuclear DNA
microsatellite locicontairing severalgenetically differentiatedpawning groups (Stepien et 2009,
2015).

Spatial genetidifferentiationand population structuharacterize Walleyat theirspring spawning
locationswith theirreturnsto natal sitedelievedto be genetically basgdummarized by Stepien et al.

2009, 2015)Otherwisejndividual Walleyeoftentravelwidely during most bthe yearandstocks show
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considerable admixtur@/andergoott al.2010. For example, Brenden et al. (2015) analyzed
microsatellite loci taletermineorigins ofthe Walleyerecreationaharvestin Sagnaw Bay, Lake Huron
estimatingthat 25%wereindividualsborn in the Lake St. Clair/western Lake Erie system.
Walleyereproductive populatiorscross the Great Lakes amdoughout other parts difieir native
range(encompassingiuch of northeastern and central North Amereehibitboth broadscale and fine
scalegenetic differencesvhich appear tdraceto theirpostglacial recolonization patterns, physieald
behaviorabarriers to migration, and natal homing (Stepien et al. 2012, 2015; Haponski and Stepien
20143b). Fer example, somgpawning group$ocated less than 20 km apart in the Heioime Corridor
(spanninghelLake Huror-St. Clair RiverLake St. ClaDetroit RiverwesternLake Eriesystem
significantly,diferedfrom each therin allelic compositionwhereas othermid not (Haponski and
Stepien20149 /Genetic analysisf single nucleotide polymorphism (SNP) variatiol/#lleyefrom
several lakes and watersheds in Alberta Calikel@isefoundboth broad andfine-scale stock
differentiation among watersheds and lakes, with two nearby lakes housing a simbfteddtiag
population, and others showing genetic demarcation that did not reflect a genetiernidniageographic
distance pattern (Allen et al. 2017). Fhepatterns are very like thadiscernedor Walleyepopulations
across Lake Eriesand the Great Lakes ovesifig microsatelte loci(summarized by Stepiest al.
2015) and'as 'analyzedereto assessvo spawning groups in Central Lake Efte the present study
Using:dolith chemicalsignature assignmentshen et al(2017)found that strontium levels
otolith coressignificantly differedbetween Walleyspawning in thé&Sandusky and Maumee Rigaf
western[LakesErie, supporting natal homiStgpien et al. (2012) identifiddwer genetic self
assignmentfor Walleyespawning in the Maumee River than ftrose reproducing in theearby
Sandusit River(er in Van Buren Baywhich is in the Easterndsin) thiswas attributedo large number
of spawners'andithe geographic proximity of nearly continueatand riverspawning locationin
Western LakesErieT his continuity likewise explaired close genetic relationships among western Lake
Erie spawning groups (Maumee and Sandusky rivers and Western Basin Reefs) folgPnithalysis
(Chen 2016and microsatellite results &renden et al. (2015pr the Lake St. Clair/Western Lake Erie
system An ‘acoustic telemetry study by Hayden et al. (2017) uncovered less/fid@t#o) of Walleye
tagged in the Maumee River (as opposed to 95% in the Tittabawassee River off Saginaak8ay
Huron), which they postulated is related to the close proximity of other spawniregatigns and sites
in Western Lake EriéValleyespawnimg in the Lake St. Clair/\&5stern Lake Erie systesmgnificantly
differed from those spawning in the Tittabawad3aer (Brenden et al. 2015)hose findings were
similar to the differentiatioelucidatedoy Haponski and Stepien (2014a) Walleye spawningn the
nearby Flint River, which both flow together through the Saginaw River into Saginaw._Blag,Huron

Overall geneticelationshipsof Walleyespawning groups in Lake Er#howed greatesite-specific

This article is protected by copyright. All rights reserved



99 differentiation in the &stern Basithan in theWestern Basitfisummarized by Stepien et al. 201&)th
100 theCentral Basirspawnimg groupsevaluated here.
101 Analyses of historic specimens of Lake El¢alleyefrom the early to mie20" centuryrevealed
102 lower levels of genetic diversithan foundat presentwhich likely stemmedrom habitatloss,pollution,
103 and overexploitation (Haponski and Step2&i4b). The lakewide Walleye population appears to have
104 largely recovered in genetic diversity during the past several decades (Haponslepaei Z218;
105 Stepien et al. 2015). From thad-1990s to the preseWalleyespawning groups the Western and
106 Eastern Basins of Lake Erie were found to have e@htainedheir respective genetic consistency
107 compositionand diversity (Stepien et al. 2012, 2015; Haponski and Stepien Zph6ning groups
108 from Lake Erie’sCentral Basirhavenot previouslybeeninvestigated for finescale differences or genetic
109 continuity over'time, largely due the smaller size of theogks stochasticityin the runs (WTG 202),
110 and corresponding lack of samplBetably,electrofishing surveys suggest that the Grand Rtér
111 spawning stock in the Central Basin noampriesfewer than 3,000Valleye(C.T. Knight Ohio
112 Division of Wildlife, unpublished data)Thisis the primary spaning group in the Central Basiwhich
113 has beemeclining in numbers in comparisonttwse in the Western and EastBasinsover the past two
114 decadeglsermann and Knight 200&. T.Knight, unpublished da}arendering te curreninvestigation
115 of managemennterestSuch snaller populabnsand subpopulatiorsremorelikely to be negatively
116 affecied buthedoess of genetic variation due to harvest, meriting monitoring of genetidmatiands
117 over time (se Allendorf et al. 2013)Two key objectives setby the Great Lakes Fishery Commission
118 (GLFC 2015)insthecurrent “Fishery Research Priorities for the Great Lakes:“What arethe stock
119 structures ofValleye?” and “How can we identify, rehabilitate, conserve, or protect locally adapted
120 stock®”, indicatingthe importance of understanding the genetic dityeamd réationship of this
121 spawning group'to others across Lake Htiis essentialo weighgenetic data carefully for management
122 decisions onsstock designation (see Waples 1ABéndorf et al. 2013), together with behavioral data
123 from tagging and telemetry studies, and results from ecological habitatehdtdry analyses.
124 TheOhio Division of Wildlife FairportHarbor FisherieResearch Statiotus requestedn
125 evaluatiorby the Stepien laboratoty determine whethdrake Erie Central Basiwalleyethatspawnin
126 theGrand River of Ohio and ahe nearbyCentral Basin RegFigurel) comprisegenetically separable
127 stocks If they differ, conservation of both spawning groupightbe subject téhe WalleyeTask Group’s
128 management prioritieQue to available samples and sample sizes, iMakyespawningrunsfrom
129 three yearsver a'span of6 years were compared from the Grand River, in order to assess their temporal
130 genetic compositiamand relative diversity levels.
131
132 METHODS
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133 Samples for the present study comprigéalleyefin clips (~2 cnt of pectoral or caudal fifs

134 collectedvia electrofishingoy theFairportHarbor Fisheries ResearStationduring spring spawning
135 runs at the Grand RivéAshtabulaOH at 41.8511%latitude,-81.23748longitude) in 1996, 2003, and
136 2012 andby gill netsatthe Central BasiRReef(just offshoreat 41.76960latitude -81.22628 longitude)
137 in 2012, totalig 147 individualgTable 1).The Grand River, Ohio, drains a watershed of 1,844 km
138 where Walleyecan utilize the lower 55 km up to Harpieeld Dam The sampling location in this study
139 ranged from 2.2to 7.2 km frothe mouth of Lake ErieDue tothelow numbers of spawning/alleye
140 caughtin the Grand River in 201&e analyzed this spawning groopth separately and together

141  comparison.tastoredsamples from two other years of Grand Risgawningruns(1996 and2003) in
142  order to evaluate its relationship to the Central Bagief Run of 2012Samples fronother time points
143 for the Central’Basin Reef run were unavailablerdy PointReef(here termed the Central Basin Reasf)
144  located 4.6 km east of the Grand Rive80m from shorgandis approximately 1.5 ha, characterizedaby
145 mixture ofboulder, rock, gravebndsandwith interstitial spaces for egg depositigkl Walleye

146 individualsanalyzedvere verified adeingin spawning condition and when possible, were released after
147 fin-clipping. Fin clips were placed in 95% ethanol in labeled vials by ODW, and storedSteflien
148 laboratory.

149 Genomic DNA was extractegurified,andamplified using th@olymerase chaireaction (PCRand
150 allelic variationwas assessett 14nuclear DNA microsatellite loci (See Tablg llowing previously
151 publishedoroceduregStepien et al2009 2012 Haponski and Stepie2014a,2016). Amplification

152  products weresdiluted 1:50f which 1ul was added to 13pl of formamide and Applied Biosystems (ABI,
153 Fullerton, CA) Gene Scan 5size standard in 9%ell plates, denatured for 2 min at°@3 and

154 analyzed onvan-ABI 3130%enetic Analyzer with GENEMAPPE®3.7. Output profiles were checked
155 manually te'confirm allelicige variants.

156 All loci wereevaluatedor conformance to HardWeinberg equilibriumexpectations and lirdge
157 disequilibrium, using thimarkov Chain Monte Carlo (MCMQ)rocedure with0,000dememorizations
158 1,000 batchesand 10,000 iterationger batchn GENEPOR/4.0 (Rousse?008). Levels of significance
159 were adjusted witktandard Bonferroni correction (Z&99).MICRO-CHECKERV2.2.3 (van

160 Oosterhout et ak004) was used t@xamine resultfor possiblescoring errors, large allele dropout,
161 stuttering, antbr.aull allelesat each locus

162 Perlocus calculationgTable2) included: number of allelefNg), inbreeding ,s), overall genetic
163 deviation across all samples{), anddivergenceamongsamplegFsr) in FSTAT v2.9.3.2 (Goudet
164 2002). Genetic diversity comparisobstweerthe spawningites and sampling years (TableiBluded
165 observedHKlo) heterozygosity +/standard errorSE) andexpected i) heterozygosit (GENEPOR, Fs,
166 Nj, and allelic richnessAg) +/- SE, whichwasadjustedor sample sizevith rarefactionFSTAT). Paired

This article is protected by copyright. All rights reserved



167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

t-tests in Rv3.0.1 (R Core Team 2015) were used to identify whether allelic richness and observed
heterozygosity values significantly differbdtweerthe spawning groups and sampling yelitamber of
privatealleles Nra), i.€., thoseappearing uniquo a given spawning grour samping yearin the
present study were identifiadith CONVERT v1.31 Glaubitz2004). Percentagef private allelegPp,)
wasdetermined by dividing the number of private alleles for a given sample by its totaénafralleles
Due to disparity in samelsize, the rarefaction representation of private alleles was evalvitidte
program ADZEvV1.0 (Szpiech et al. @& b).

Pairwise g@neticdivergence amongthe spawning groupand sampling yeamseredeterminedising
the Fst analogfsy (Weir and Cockerhari984) inFSTAT (Table 4) whichis regarded aappropriatdor
analyzinghigh gene flow speciesmall sampleizes and unknowmumber ofsutpopulations
(Cockerham and\Weir 1993; Waples 1999; Meirmans and Hedrick ,201ditp facilitate comparisons
with otherstudies SinceF-statistic estimates assume a normally distributed data set (Weir and
Cockerhaml984)ram may be influenced by sample sizes (Raymond and Rdlgge} we additionally
conductecpairwise exact tests of differentiation (x?) in GENEPORusing MCMC chais of 10,000, 1000
batches, and 10,000 iteratioRsobability values for both types pirwise comparisons were adjusted
using sequential.Bonferroni corrections (Rice 1988)s correctioris regarded as a very conservative
approach that may preclude elucidation of significance when sample sizes,deathng to type Il error
(i.e., fabelysrejecting the null hypothesis of no significant differdpesveen sample€abin and Mitchill
2000;Moran 2003 Narum 2008. Thus we reportedsignificance values after (**) as well @sior to (*)
sequentiaBonferroni correction, so thagsults on théorderlinecould be visualizeqwhich may have
beeninfluenced bysample size limitationsin order to aid theéesignof future studiegsee Moran 2003)

Relationships among sampling year the Grand River, combingaars andthe Central BasirReef
sampledurtherwereexamined using thregimensional factorial correspondence anal{@isFCA)
(Benzecril973)in GENETIXv4.05 (Belkhir et al2004), to facilitatevisualization of spatial and
temporal trends.

In addition to the above frequenbgsed methods that used the sample as the unit of comparison, we
employeda Bayesian approach in STRUCTURE v2 @E8annoet al.2005) whichcalculatel likelihood
assignments diValleyeindividualsto K=1-5 hypotheticapopulation groupghe number of sampling
events +1}o determine the nunebof genetic stocks. Eadtiwas run withl0 indepadentanalyses
burninsiof 50,000 and00000 replicateswith and without the LOCPRIOR functiofihe Evanno et al.
(2005) A K method inSTRUCTURE HARVESTEREarl and vonHoldt 2012)as used to determine the
bestsupporte. Individual assignments$o each ofthe spawning groups and yesamplesadditionally
werecalculated usin@ayesiaranalysis iIlGENECLASS2(Piry et al. 2004)with the compute likelihood
and enable probabilitiunctiors, 100,000 simulated individualRannala an#lountairis (1997)
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criterion and Paetkau et &.(2004)simulation algorithmGENECLASSwas runin threeseparate
analyses(A) for the2012spawning runsilone,(B) with combined years from the Grand Rivans and
(C) for the separate years of Grand Riweith all being compared tthe Central Basin Reef (2012)

sample

RESULTS

All 14 nucleaDNA microsatellite lociconformedto Hardy-Weinberg equilibriunexpectations
except for a single sample at a single loe&@si14 from the Central BasiReef, which was attribuedto
samplingand/or,stochastierror. None of theloci exhibitedlinkage disequilibriumMICRO-CHECKER
findingssuggestedlighthomozygote excess at a feligparatdoci in selectsamples, i.eSvi6 (Grand
River, OH 1996),9/i18 (Grand River 2003 and 20187 (Central BasifiReef), Svil4 (Central Basin
Reef), andSiL21(Grand River 2012However, herewere no indications of null alleles excess
homozygotsin other samples at these loci, or across the entire datdlsstmples and all loci thus
were included in all analyses.

Overall, 185 alleles were recovered fradi7 Walleyeindividualsatthe 14 microsatellite l0gi
ranging from 6 $vi18) to 25 Bvil4) allelesper locugTable?2). Loci showing the greatebist
divergences amaong the samples w&i83 (0.016) and®viL4 (0.018). Observed heterozygogifyable3)
appeareglightly-higher for the Grand River spawning samples overall (0:0®8) thann the Central
Basin Reepawning population (0.73-€.03) these values did not significantly difféfor individual
years sampledsinithe Grand River, the earliest sample fromd88essethe greategheterozygosity
(0.78+£0.04), whichdecreasetb 0.76+£0.03 in 2003 and 0.73-8.05 in 2012 Table 3; these values
were not statistieally differehtHeterozygosity also did not differ between the 2012 samples in the Grand
River versus the\Central Basin Reef. Overall number of abiglpearedjreater in the Grand River (171)
than in the Central BasiReef(155), with the earlier to later samples from the Grand Raygrearing to
dedine over time.Allelic richness Ar. which was adjusted for sample sizegs significantlyhigherfor
the Grand Rivespawning groupverall(8.38) than in the Central BadReefsample(7.69 p=0.003* ).
Allelic richnesscomparisonshowed some borderline significance (befgquential Bonferroni
correction) between the Central Basin R@aimple from 2012) and the Grand River spawning population
in 1996 p=0.009%) and 2003p=0.008"), butno differencen 2012 No significantdifferences in allelic
richnesecurred between sampling years for the Grand River populdtenercentagef private
alleleswas 18% fothe Grand Riveoveralland 9% for the&Central BasirReef whenadjusted for
rarefaction(Szpiech et al. 2008), the number of private allplrslocussignificanty differed (Grand
River populatioroverall=2.18+£0.32, Central Basin Reef=1.378/29;p=0.022*). Comparison®f

private alleledetween sampling yeawngthin the Grand Rivepopulationwere not significant, and those
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235 for individual sampling yearsersusthe Central Basin Reef also did not significantly difiestimates of
236 Fssuggestedlightinbreeding depressidn all samplegFs=0.013-0.066) which were significant

237 except forthe Grand Riverin 1996.

238 PairwiseF st analogand exact tests showed significant genetiedjencebetween Walleye

239 spawning groups in the Grand Riwmrerallversus the Central BasiReef as well abetweerthe two
240 groups in 201ZTable 4) Exact tests revealed significant differences between those reproducing at the
241 Central BasirReefin 2012 versus those from the Grand River for the 1996 and 2003 individual sampling
242 year; the 1996 spawning group also was significant irFfgieomparisonBetween Grand River

243 sampling years,the middle (2003) versus the latest (2012) sashpleedslight yet insignificant

244  variationwith bothFst analog and exact tests, and the 1996 &@3 2amplesliffered usinghe exact
245 test alondTable4).

246 Genetic differences betwe#ime Walleyespawning in thé&rand River andhe Central BasirReef
247  werefurtherdepictedby 3d-FCA (Figure?2), with thetemporalGrandRiver samplesll clusteringcloser
248 to one another anskparately from th€entral BasirReefsample Among the Grand River samples,
249 those from 2003 and 20Hvergedthe most, aalsoindicated by the exact tests of differentiatidhe
250 three axe®f the 3dFCA explained 100% of theata Figure?2).

251 STRUCTURE and STRUCTURE HARVESTERalysesndicated that the number of geiget

252  populationsgroups (stockslasK=2 (Figure3), supported byleltaK results, and othdf alternatives
253 were not supportedResults showed genetidfdirencebetweenindividuals spawning ithe Grand River
254  (coloreddarkgrey)andat the Central Basin Re@folored light grey. All of the Grand River individuals
255 showed strongstassignments to the Grand Ridark grey) Selfassignments to the Grand River
256 appeared greatest for thedividuals spawning in 1996 (averaging ~97%), followedHhnse in2003

257 (averaging/~92%), and then 2012 (averaging ~904d)viduals spawning othe Central Basin Reef
258 averagedbout:606 assignment to the Central Basin Riight grey) and about#t0% assignment to the
259 Grand River(dark grey.

260 GENECLASS assignmeméstsfor the two spawning groups in 20@iBcernedl00% self

261 assignment of individuals from the Grand River to the Grand River, with neiggiag to theCentral
262 Basin ReefTable 5A) All but two of the56 individual Walleyesampledn 2012that spawned at the
263 Central Basin Reef seifssigrd to the Central Basin Regbtaling 97%), with just 3% mis-assigningo
264 the Grand Rive(Table 5A) When allthreespawning ruryearsfor the Grand River samplegere

265 combined,100% of the individuals spawning in the Grand River oveelffassigned to the Grand River,
266  with nonemis-assigningo the Central Basin Reéfable 5B) However,when includingmultiple

267 samplingyears forthe Grand Rive(Table 5C), 47% of the Central Basin Reef samplesassifyned to
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268 the Central Basin Reehd 53%mis-assignedo the Grand River (including% tothe Grand River

269 sample fron2012,17% tothe sampldrom 2003 and33% to the sampléom 1996§.

270

271 DISCUSSION

272 The researchbjectivewas to provide genetassessmerid the WTG and theDhio Division of

273  Wildlife Fairport Fiseies ResearcBtationof the relationship betwedwo nearbyWalleyespawning

274  groups in Lake Erie’s Central BasiDur results indicatethatWalleyespawning in the Grand River

275 appeato genetically difer from those reproducingt the nearby Central Badieef All Walleye

276 spawning in.the Grand River sel§signed to the Grand River, and 97% of individuals sampled on the
277 Central Basin Reef in 2012 selsignedThese data indicate that thmups likelycomprise sepabde

278 reproductive stocksvhich may merit management attention

279 This research founthat misassignments were rare for the Central Basin individuals when just the
280 2012 spawners weircluded with only 3% misassigning to those spawning in the Grand Riv@0ih2
281 However, when the other temporal runs in the Grand River were considered, ovéttalCentral

282 Basin Reef samplebenmis-assigned to the Grand Riveespecially to the 1996 spawners frime

283 Grand River. There are several possible explanations for these findings, inc{lifige Central Basin
284  Reef populatiormay have ben historically derived from the Grand River populat{@y Walleye that
285 were bornsinsthesGrand River may occasionally spawn on the Central Basin Reef,\nc¢-retsa

286 and/or (3) Somerof the Walleye caught on the Central Basin Reef in spawning conditibavadneen
287 enroutetospawning in the Grand River. It may be that some of the population that once spawned on the
288 Grand River is now spawning on the Central B&s#ef ormay reproduce at both locations.

289 Alternativelyyseme individualsnay travel back and forth between these locations befoadter

290 spawning(and might have been inadvertently sampled here), for which behavioral data fromrielemet
291 studies may'be'very useful. Further work involving tagging and telemetry, douiphegenetiand

292  otolith signature analysegould help to resolve these questio@s/en that thédhio Division of Wildlife
293 (ODW) has found thathe Grand Riverspawningrun ha declinedin numbersver the past two decades
294  (C.T.Knight, Ohio Division of Wildlife,unpublished datapur baselingeneticinformationmay

295 provide an important gauge to monitorfiture success

296 In a previoussstudysome of théValleyespawning groups agss the HurorErie Corridorwere

297 discernéd.isignificantly diverg from one anothefwith levels ofgeneticdifferencecomparable to that
298 foundhere between the Grand River and Central Basin Reef sgntplese patterns did not correspond
299 to genetic isolation by geographliistance laponski and Stepien 2018imilarly, small yet significant
300 divergences differentiated amongselylocated populations of th&alleyes congener, the European

301 PikeperchS lucioperca, in the BalticSea(Bjorkland et al. 2007)Very significantdivergence have been
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discerned amongpawningLake Eriegroupsof anothempercid fishery, the related Yellow PerBerca
flavescens, including Central Lake Erigroupsthatwere locatedhear to thaValleyesampled in the
present studySepulvedaVillet and Stepier2011; Kocovsky et al. 201;3Sullivan and StepieR015.
Moreover, Yellow Perch spawning adults in Central Lake &habitedmorphometric differences
among spawning locationk@covskyet al. 2013)Fine-scale divergences #falleyeand Yellow Perch
across their ranges do not correspond to geographic proximity; they instead appéeatthisedric and
behavioral homing patterns (Stepien et al. 20%6hilar toYellow Perch populations of the congeric
European PercR. fluviatilis showedsignificant divergence betwespawning groupkcatedonly about
one km apaiin Lake Erken, SwedefBergek and Olsso2009).

In the present studyValleyespawning in the Grand River had slighigheroverall genetic
diversity (allelicrichnessand private allelgghandid the Central BasiReefpopulation. Levels of
genetic diversity'in these Central BaSualleyespawning groupw/ere similar to thosef otherWalleye
reproductive groupthroughouthe Great Lakesising these same loci studies also conducted bwr
laboratory(meanobservedeterozygosityHo)=0.72+£0.04;Haponski and Stepigi2014a, b 2018§.

Allelic richnessof Walleyespawning in the Grand Riveleclinedoverthetimescale of thistudy
(decreasing from;1996 to 200&nd othediversity measure@bserved heterozygosity and private
alleles)appeared to follow a similarend butwere not significant (likely due to sample size limitations).
This decreas@ppears to coincide with reckd numbers of Walleye spawningn the Grand River
discernedby the'©hio Division of WildlifeFairport Harbor Fisheries Research Statwar the past two
decadegC:I=Knight, Ohio Division of Wildlife unpublished observationsg§ome factors that may have
in the Grand Riveinfluenced walleye habitat and populations include a “E€#&r” flood event in July
2006 which:meved mobile substrate amdchannelized some areasong with overalivarming
temperatures, increasimgpoxia,andincreased harmful algal bloorasross Lake Erie (see WTG 2017)
Influences ofithese latter factors loake Erie tributanhabitats, including the Grand River, tend to be
more rapid and stochastic than those in Lake Erie proper.

In comparison temporalgenetic analyses oftherWalleyespawning runén Lake Erierevealed
overall genetic consistendy diversity and allelic compositioover time (the last two decadés)the
Western Basin (Maumee River and Sandusky Ri&tepien et al2012 Haponskiand Stepien 2036
and the Easterndin (Van Buren Bay an@attaraugu€reek; Stepien et al. 201Baponski et al(2014).
Thus, although other spawning stocks in Lake Erie have maintained consistent |lgeglstaf diversity
over the past two decadesistmaynot be the case faWalleyein the Central BasirResults of the
present studynay indicateneedfor continuedmonitoring and attention by th&alleyeTask Group.

A study of genetic variation for 420 homologous single nucleotide polymorphisms (SNEsheie

decline in overall genetic diversity @falleyefrom Smoke Lake, Alberta Canada in comparisons from
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1973 (13 individuals) versus 2005 (19 individuals), which appeared to be linked to high fishesy harve
exploitation and the collapse of the fishery (Allen et al. 2017). Like the preserts fesWalleye
spawning in the Grand River, Allen et al. (2017) found a decrease in overall percergeayatefalleles
and observed heterozygosity. It theyspearsvarranted to continue monitoring the numbers, genetic
diversities, and compositions of the Lake Erie Grand River and Central BasiWBk&fespawning
groups in the future.

In contrasto Walleye the genetic compositions ¥kllow Perchspawning groups Lake Erie
(Sullivan and Stepien 2018y well aghose ofEuropean Percim Lake Erken, Swedehave varieds
muchtemporallyasspatially (Bergek and Olss@®09). Yellow Perch spawning grouappear texhibit
less fidelity to specific locations from year to yé&zan do Walleygthus,their genetic divergence
patterns fluctuatéSullivan and Stepien 2015tepien et al. 2015l comparison, large and significant
temporalpopulation genetigariationchangesn Atlantic CodGadus morhua of the North Sea havaeen
associated with extrenstockdeclines due to overfishirand subsequent increased immigration from
other populationgHutchinson et al2003).Suchoverallstock decline factors do not appear to be the case
at present fothe Lake ErieWalleyeand Yellow Perch fisheries (see Stepien et al. 200/6gther and
how population genetic relationships and stock continuit@scide withmanagemenpractices for
Walleyeand Yellow Perch, versus those for other spedes matter for further investigation.

The presenstudy provides ew insight into thedivergentgenetic compositianof Walleyespawning
in geographicallysclose bphysically different habitat®©verall bothspawninggroups ofWalleye
appeagéengically=diverse and different; suamallerreproductivesulpopulationgnay significantly
contribute to Lakérie’s stock structure as a whole apaint to a need faadditionalsurveillancelt is
importantthat-future studies investigate these runs over multiple years with larger sample sizes
(preferablywith"norinvasive sampling, such as environmental DNA), and interpret the data in light of
Walleye tagging and telemetry studikfg history, and reproductive behavidn relation tothe Lake Erie
WalleyeManagement Plaabjectiveto “Maintain and promote genetic diversity by identifying,
rehabilitating, conserving, and/or protecting locally adapted stocks” (Kagle2215), here we
identifiedtwo appaently locallydifferentiated stocksvhichmerit continuedmonitoring andpossible
geneticconservationLake ErieWalleyeare managed lakewide as a single populatietimproved
understandingf the numbes, abundancesand diversityof stocksis critical to managersilthough
managers.might be hard pressed to limit harvest of an individual stock of lake caughefishay be
able tofurther monitorspawning habitat and exploitation in specific ayedsere warranted
Identification of stocksieeds to be accomplished before managedesisionsan be considere&uture
sampling and analgs ofthesespawning groups the Grand River and at the Central BaR&efshould

be undertaketo evaluatgotential changes tiheir temporal genetic dynamics and spatial structure.
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559 TABLE 1.Collection information including date, location, number of individsaisipledN), and
560 sample setdesignatidor spawningWalleyecollected by the Ohio Division of WildlifEairportHarbor

561 Fisheries,Resear@tation

Collectiondate Location N Spawninggroup sample
03/27-04/15/1996 Grand River east dfairport Harbor 30 Grand River GR) 1996
OH

41.75117at., -81.23746long.

04/02—-®/12/2003 " “ “o 30 Grand River GR) 2003
03/28-04/03/2012 *“ “ ‘o 16 Grand River GR)2012
0320-05/@®/2012 CentralLake ErieReef off 58 Central BasirReef(RF)2012
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Painesvilleon-the-Lake, OH
41.76960lat., -81.22623long.

562

563 TABLE 2. Summary of genetic variation per microsatellite lofmrsGrand River and Central Badreef
564 Walleyespawning groupsTable shows primer reference source, annealing temperag)rengmber of
565 alleles Na), allelic size rangenfucleotide¥ genetic deviation across all combined samg¥gs,(mean
566 genetic divergencd-gr), and inbreeding coefficienE(s, average divergenaeithin a spawning group)
567 calculatedwsingSTAT.

568
Locus Source Ta (°C)  Na Sizerange Fir Fst Fis
Svi4 Borer'etal. (1999) 60 8 96-120 -0.052 0.005 -0.057
Svi6 " 60 14 140-166  0.039 0.015 0.025
Sil7r " 54 10 102-142  0.088 0.005 0.084
Sil8 " 65 6 114-126  0.203  0.000 0.211
Si33 " 60 14 78-106  0.030 0.016 0.015
SviL2  Wirth.etal. (1999) 53 7 263-281 -0.014 0.000 -0.009
SiL3 " 53 16 233-263 -0.067 0.008 -0.076
SiL4 54 15 121-161 0.115 0.018 0.099
SiiLe " 54 11 108-136  0.014 0.009 0.004
SviL7 ™ 54 20 174-236 -0.005 0.000 -0.004
Svi2 Eldridge et al. (2002) 60 12 190-220 0.071 0.007 0.064
Svi7 " 60 9 154-172  0.137 0.000 0.139
Sil4 " 54 25 154-214  0.119 0.005 0.115
Svi20 " 50 18 152-190  0.040 0.011 0.043
Total --- 185 --- 0.049 0.006 0.043

569

570 TABLE 3.Summary of genetic data frospawningWalleyesamplesn theGrand River and Central
571 BasinReefincluding: number of individuald\), observed heterozygositii ) + standard errorSE),
572 number of allelesN), number of private alleleNg,), percentagef private allelesRp,), allelic
573 richnessAgr+SE adjusted for sample sigeand inbreeding coefficientf ) calculated from the 14
574  nuclearDNA microsatelliteloci usingFSTAT.
Sample N HoxSE Na  Npa Ppa ARtSE Fis
Grand River 1996 30 0.78+0.04 147 13 0.05 8.50+0.83 0.013
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2003 30 0.76+x0.03 135 5 0.02 8.18+0.69 0.045
2012 16 0.73+0.05 116 4 0.02 8.11+0.71 0.066
Total Grand River ~ ---- 76 0.76x0.03 171 30 0.18 8.38+0.73 0.039
Central BasirReef 2012 58 0.73+0.03 155 14 0.09 7.69+0.68 0.051

575

576 TABLE 4. Pairwise geneticomparisonbetweenValleyespawningsamplefrom Grand River (all years
577 combinedand separate years (1996, 2003, 2p¢8)the Central BasiReef(2012).Fsr analog

578 (calculatedirFSTAT; below diagonal) and * (calculated in GENEPQOP above diagonaly=significant
579 before, but not after, Bonferroni correctidh= significant differenceemainedafter sequential

580 Bonferroni‘correion. NS= notsignificant.

581
Site GRAII GR1996 GR2003 GR2012 RF2012
(N) (76) (30) (30) (16) (58)
Grand River(GR) All ~ NS NS NS **
GR 1996 0.000 ~ * NS *
GR 2003 0.000 0.001 ~ * *
GR 2012 0.000 0.004 0.010* ~ *
Central Basin,Reef (RF, 0.006** 0.008** 0.004 0.009* ~

582

583 TABLE 5. GENECLASSassignment test ressltor Walleye spawning samples from Grand River vs. the
584 Central Basin.Reeh 2012(Percentage assignments are in parenthese2D12 spawning runaslone, B.
585 All samplingy€ars combineébr the Grand Riverand C Separate Grand Rivespawning run$1996,

586 2003, 2012)Selfassignments aii@ italics.

587

588 A. Samplesfrom'the 2012 spawning run

Assigned to
Sample GR 201! RF 201:
Grand River (GR) 201 16 (1.00) ~
Reef (RF).2012 2 (0.03 56 (0.97)
589
590 B. All samplingyears combined for the Grand River
Assigned to
Population GR RF

This article is protected by copyright. All rights reserved



Grand River (GR) 76 (1.00) ~
Reef (RF) 2012 31(0.53) 27(0.47)

591
592

593 C. Separate Grand River spawning run samples and Central Basin Reef 2012
594

Assigned to

Sample GR 199¢ GR 200: GR 201. RF 201.
Grand River(GR) 1996 20(0.67) 8(0.27 2 (0.07 ~
GR 2003 11 (0.37 17(057) 2(0.07 ~
GR 2012 2(0.13  4(0.25 10(0.63) ~
Reef (RF) 2012 19(0.33) 10(017) 2(0.09 27(0.47)
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599 Figure Captions

600

601 FIGURE 1.Sampling locationsfadhe Walleyespawning groups Central Lake Erie
602

603 FIGURE 2.Three-Dimensional Factorial Correspondence analyisistratingrelationshipsamong

604 Walleyespawning grouppersampling year from the Grand River (GR96, GR03, GR12), the
605 Central BasirReef(Ree}), and the combine@rand River samples (GR_AII).

606

607 FIGURE3.. STRUCTURE Bayesian assignment results showing individialeye(thin vertical lines)
608 from,the two population groups, for whi&x2 population groups (light and dark grey) were
609 supported =1-5 were tested; AK=6.91).
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