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Summary of Project Results

The research study (1) evaluated genetic stock structure and its geographic patterning for the
walleye Stizostedion vitreum (family Percidae), which comprises the most important sport
fishery in Lake Erie, and (2) developed genetic markers and a baseline data set enabling rapid
discrimination of stocks. This research project addressed the question of what populations
comprise genetically meaningful management units, 1.e. stocks, which is a critical problem in
fisheries science today. How to delineate stocks of walleye also is of stated primary interest to
fishery managers in Lake Erie. Throughout the project we worked closely with the Lake Erie
Walleye Task Group and the Ohio Division of Wildlife, in order to disseminate the results and
enable their utilization. We also consulted with the Michigan Department of Natural Resources,
the Ontario Ministry of Natural Resources, the Pennsylvania Fish and Boat Commission, and the
New York Department of Environmental Conservation throughout the course of the project. We
held a day-long workshop for 20 Ohio Division of Wildlife managers and personnel and guest
researchers from the Ohio State University in order to present the results of this funded project
and develop plans for the future (November 20, 2002 at Cleveland State University). We are
meeting with the Lake Erie Walleye Task Group on February 19, 2003.

This research project specifically developed a baseline data base comprising 6 microsatellite
DNA markers and sequences for the entire mtDNA control region (about 1150 bp) for 500
walleye. We conducted a comparative analysis of spawning site compositions in Sandusky



River, Sandusky Bay, the Maumee River, and western basin reef sites. We compared these data
with spawning sites in the central basin at the Grand River, Ohio and in the eastern basin at the
Van Buren Bay, Cattaraugus Creek, and Grand River, Ontario. We also tested outgroup
populations from Lake Ontario, Lake Michigan, and Lake Superior, in order to discern the
genetic history of the genotypes in light of colonization patterns from historic glacial refugium
populations.

Our findings reveal greater statistical differences among spawning populations of walleye than
was previously known. Our previous studies, for example, did not detect statistical differences
between spawning groups in the Sandusky and Maumec Rivers — but the increased sample sizes
in the present study showed that they are statistically divergent, using both mitochondrial
(maternally inherited) DNA as well as nuclear (biparentally inherited) microsatellite DNA
markers. The results of this project support the hypothesis that walleye home to natal spawning
sites and return from generation to generation, with apparent high fidelity under natural
conditions. Both reef and river spawning populations and both males and females reveal similar
patterns. These results make it clear that we need to protect and maintain our walleye spawning
habitat in order to safeguard the fishery for generations to come.

The good news is that walleye spawning groups in Lake Erie, at the present time, appear to be
quite genetically diverse. Such appreciable genetic diversity is important for maintaining disease
resistance and withstanding natural climatic fluctuations, as well combating the ongoing
anthropogenic influences posed by nonindigenous species introductions, exploitation, pollution,
global warming, and habitat degradation. During non-spawning months, walleye apparently may
forage far from spawning areas and what 1s a mixed stock in the summer, is not so in the spring.
Since fishing effort is mostly in the summer, the fishing stocks are of mixed genetic composition
and are presumably not concentrated on given spawning groups. Thus, exploitation appears even
enough to maintain genetic diversity of the overall population and that of individual spawning

groups.

At the request of New York Department of Natural Resources and the Lake Erie Walleye Task
Force (including representatives from Ohio Division of Wildlife, Michigan DNR, Pennsylvania
Fish and Boat Commission, New York Department of Environmental Conservation, and the
Ontario Ministry of Natural Resources), we conducted additional analyses of a walleye stocking
problem in Cattaraugus Creek, New York, eastern basin of Lake Erie, in order to determine the
effects of stocking Maumee Bay hatchery fingerlings and fry into a riverine area thought to be
devoid of spawning walleye. After stocking, a native walleye run was discovered in the Seneca

Nation region of Cattaraugus Creek, which our genetic analyses show is very genetically diverse.
This project is resulting in a published paper and several research presentations have been made.

In consultation with the Ohio Division of Wildlife, we also worked towards completing a study
of the extinct “blue pike” Stizostedion vitreum glaucum as part of the project, which is resulting
in another peer-reviewed scientific publication. Several research presentations have been made
on those results. We sequenced museum specimens of the historic blue pike S. glaucum in
comparison to the walleye S. vitreum for the mtDNA control region, the nuclear LdhA6 intron,
and presently are assaying microsatellite variability. We also sequenced 30 blue-colored walleye
from various areas in the Great Lakes and Canada, in order to test their relationship to yellow



walleye from the Great Lakes and to the historic blue pike. We conducted a morphological study
of variation in walleye and the blue pike with Drs. Miles Coburn of John Carroli University and

Ted Cavender of Ohio State University. This study is being completed and will be submitted for
publication soon.

Publications on Research Results from this Funding (N=4)

Stepien, C.A. and C.D. Taylor. Fine-scale genetic divergence of spawning populations of
walleye in Lake Erie: A comparative analysis of mtDNA sequence and nuclear
microsatellite data. In prep. (for 2003 submission)

Stepien, C.A, M. M. Coburn, T. M. Cavender, and C.D. Taylor. Genetic and morphological
identity of the “extinct” blue pike Stizostedion glaucum: Endemism, speciation, and
divergence. In prep. (for 2003 submission)

Stepien, C.A., C.D. Taylor, M.A. Tumeo, and D.W. Einhouse. Analysis of genetic hybridization
risk posed by fish stocking to a historic walleye spawning group using mtDNA control
region sequences and nuclear DNA microsatellites.

Stepien, Carol A. and Joseph E. Faber. 1998. Popuiation genetic structure, phylogeography,
and spawning philopatry in walleye (Stizostedion vitreum) from mtDNA control region
sequences. Molecular Ecology. 7(12): 1757-1 769.

Students Supported with this Funding

Alex M. Ford. Graduate student, Ph.D. Department of Biological, Geological and
Environmental Sciences, Cleveland State University
Dissertation Title: Population genetic structure, phylogenetic history, and
phylogeographic patterns of percid fishes in the Great Lakes.
Began 1-01, Ph.D. projected 2004.

Clifford D. Taylor. Undergraduate, B.S., Department of Chemistry. Cleveland State
University. Worked in our laboratory on this project since fall 2000. Graduated
with B.S. in summer 2002. Is now employed full-time as the research technician
in our laboratory and has continued work on the waileye project. Will work on the new
study (beginning March 2003) on Walleye population genetics and stock structure,
funded by the Great Lakes Fishery Commission Restoration Funds to identify 200
spawning walleye unknowns to eastern versus western Lake Erie basin.



Presentations on Research Results from this Funding (N=14)

Stepien, C.A., M. Coburn, and T. Cavender. 1999. Evolutionary significant units and the genetic
identity of the "extinct" blue pike: Fact or fiction? At the International Association
for Great Lakes Research (IAGLR) Annual Meeting. May 1999.

Stepien, C.A. 2000. Genetic and morphological identity of the “extinct” blue pike Stizostedion
glaucum: Endemism, speciation, and divergence in the lower Great Lakes” by Stepien,
C.A, M. Coburn, and T. Cavender. Invited research presentation at the annual Lake Erie
Protection Fund meeting held in Willoughby, Ohio in September 2000.

Stepien, C.A. 2001. Phylogeographic, population genetics, and systematic relationship patterns
in percid fishes using nuclear and mitochondrial DNA sequences. Seminar at John
Carroll University, October 2001.

Stepien,C.A. 2002. Genetic and morphological relationships of the extinct blue pike to walleye.
Invited Ecology lunch 45-minute seminar presentation, Department of Biology,
University of Akron, March 13, 2002.

Stepien, C.A., M. M. Coburn, T. M. Cavender, and C. D. Taylor. 2002. Genetic and
morphological identity of the "extinct" blue pike Stizostedion glaucum versus walleye S.
vitreum. Society of Ichthyologists and Herpetologists held in Kansas City July 4, 2002,
oral research presentation.

Stepien, C.A. 2002. Unlocking the mysteries of Lake Erie fishes and invasive species using
DNA clues. Stone Laboratory, Ohio State University seminar. 45 minute seminar oral
research presentation, August 1, 2002.

Stepien, C.A. 2002. Unlocking the mysteries of Great Lakes fishes and exotic invasions: DNA
clues. Beckman Sequencing Conference, University of Pittsburgh, Pa., August 28, 2002.
30 minute oral research presentation.

Stepien, C.A., C.D. Taylor, and D.W Einhouse. 2002. Analysis of genetic hybridization risk
posed by fish stocking to a historic walleye Group. Woodlake Environmental Field

Station Annual Conference, Cleveland State University, oral research presentation,
October 8, 2002.

Stepien, C.A. 2002. Using DNA data to understand fish stock structure in Lake Erie" presented
to the Ohio Division of Wildlife and held at CSU, 30 minute seminar presentation
followed by demonstration workshops. November 20, 2002.

Stepien, C.A., and C.D. Taylor. 2002. Population genetics and stock structure of walleye in
Lake Erie. Workshop and seminar conference presentation on "Using DNA data to
understand fish stock structure in Lake Erie" presented to the Ohio Division of Wildlife
and held at CSU, November 20, 2002.



Stepien, C.A., C.D. Taylor, and D.W. Einhouse. 2003. Analysis of genetic hybridization risk
posed by fish stocking to a historic walleye spawning group. Ohio Division of Wildlife
Poster presentation at annual meeting, Columbus, Ohio. Feb. 7, 2003.

Stepien, C.A. 2003. Population genetics of walleye in Lake Erie: Using DNA data for fishery
Management. Presentation scheduled for Wed. Feb. 19, Lake Erie Walleye Task Force.

Stepien, C.A. 2003. Population genetics of walleye and stock structure using nuclear and
mtDNA. Percis Symposium (Percid fishes), Madison, Wisconsin, July 2003.

Stepien, C.A., C.D. Taylor, Mark A. Tumeo, and D.W. Einhouse. 2003. Analysis of genetic
hybridization risk posed by fish stocking to a historic walleye spawning group. Invited
symposium oral presentation for “Use of genetic markers for management and

conservation”. American Fisheries Society annual meeting, Quebec City, Quebec.
August 2003.

New Research Funding Stemming from this Project

U.S. Fish and Wildlife Service Restoration Act, Great Lakes Fishery Commission. Walleye
population genetics and stock structure. (with Dr. Tim J ohnson and Dr. Christopher
Wilson; Ontario Ministry of Natural Resources and Dr. Brian Dixon, University of
Waterloo), $63,000. March 2003-4. Collaborative fishes grant with Great Lakes federal
and State Agencies. U.S. Fish and Wildlife Service Restoration Act, Great Lakes Fishery
Commission.

Grant in Review: Great Lakes Fishery Commission. Development and implementation of
a high-resolution DNA data base for fishery management: Walleye and yellow perch
stock structure. $300,000/3 years.

Benefits to Lake Erie and the State of Ohio

This investigation provided fundamental data on the genetic variability and stock structure of
walleye in Lake Erie, key to maintaining diversity for successful fisheries and ecological
management. Preserving genetic variability of stocks and maintaining their habitats is important
for ensuring diverse and resilient species for sustainable fisheries (Allendorf et al. 1987).
Genetic diversity is believed to enable native species to inhabit a variety of environments and
withstand perturbations, such as exploitation, habitat degradation, and effects of invading
species. It is essential that we continue these efforts to analyze genetic diversity of the walleye at
the present time and incorporate the results in our fisheries and environmental policies, including
stocking programs, potential protection of some spawning areas, and procedures that help to
maintain genetic variation. For example, our results to date show that the Ohio River native
stock of walleye has been separated from populations in the Great Lakes for over a million years
(Stepien and Faber 1998). Any future stocking of the Ohio River should thus comprise the
native type.



The project provided data directly utilizable by the Ohio Division of Wildlife, the other Great
Lakes State Departments of Natural Resources, the Walleye Task Group, the Great Lakes
Fishery Commission, the Ontario Ministry of Natural Resources, the U.S. Fish and Wildlife
Service, and the EPA. This research directly met the need and strategies the Ohio Division of
Wildlife Strategic Plan 1995-2000, for managing Lake Erie walleye, to “Identify discrete
spawning stocks and their relative contribution to the overall population”. It also met the
primary goals of the Great Lakes Fishery Commission (Colby et al., 1994) “Walleye-
Rehabilitation guidelines for the Great Lakes area”, specifically by defining and delineating
stocks, developing stock-status indicators (i.e., genetic diversity), and providing data for
evaluating stock recruitment (via contribution of spawning populations to open lake stocks).
This investigation directly addressed the needs for defining stock structure in the annual reports
of the Walleye Task Group (1998) of the Great Lakes Fishery Commission.

The results are valuable to management agencies for interpreting population fluctuations and
delineating potential critical areas of genetic diversity in order to sustain fisheries. This research
specifically produced data of the number and description of genetic types, their distributions, and
their relative abundances in Lake Erie. It is also providing the link between contribution of
spawning populations and fisheries.

This project benefited the public through providing data for maintaining a sustainable walleye
fishery and determining which habitats are important to conserve. For example, our results have
suggested that the spawning population of walleye in the Sandusky River tributary of Lake Erie
houses a high number of unique genotypes of walleye (Stepien and Faber, 1998), indicating that
it may be an especially important spawning habitat. Likewise Cattaraugus Creek spawning
walleye in the Seneca Nation territory of New York is highly diverse and should be maintained
for generations to come.



Abstract for ASIH talk presented July 2002

Genetic and Morphological Identity of the “Extinct” Blue Pike Stizostedion glaucum
versus walleye S. vitreum

Carol A. Stepienl, Miles M. Coburn?, Ted M. Cavender’, and Clifford D. Taylor1

!Great Lakes Environmental Genetics Laboratory, Center for Environmental Science,
Technology and Policy, Cleveland State University, MC219, Cleveland, OH 44114-4434
c.Stepien@csuohio.edu

’Department of Biology, John Carroll University, University Heights, OH 44118
coburn@jcu.edu

3 Museum of Biological Diversity, Ohio State University, 1315 Kinnear Rd., Columbus, OH
43212 cavender.1@osu.edu

It has long been questioned in fisheries biology whether the blue pike Stizostedion glaucum was
a separable species or an ecophenotypic variant of the yellow walleye S. vitreum. Morphological
characters included the larger eyes and the smaller interorbital of S. glaucum. The blue pike was
endemic to deeper areas of Lake Erie (and Lake Ontario) and supported a large commercial
fishery. The fishery crashed, presumably due to pollution and/or overexploitation, and the blue
pike was declared extirpated by the 1970s. The Stepien laboratory obtained the last known blue
pike specimen caught by a commercial fisherman, Jim Anthony of Conneaut, Ohio, which has
been stored frozen since 1962. We sequenced its mitochondrial control region (about 1200 bp)
and the nuclear lactate dehydrogenase A6 intron (about 200 bp) and made comparisons with
preserved specimens of the blue pike, possible relatives that were stocked in other lakes, and
over 300 walleye. We also analyzed morphological characters, finding evidence for significant
divergence between walleye and blue pike and indications that the Anthony specimen was
aberrant (a possible hybrid). Sequence data also suggest that the blue pike was a separate species
and that the Anthony specimen is significantly different from walleye. The Anthony specimen
appears to have had a blue pike mother and possibly a walleye father. Modern specimens of
blue-colored walleye from the Great Lakes and Canada are within the normal range of variation
for walleye, and are not S. glaucum.



Abstract submitted and accepted for Symposium Presentation in August 2003 for the coming annual
American Fisheries Society meeting in Quebec City

Carol A. Stepien* (a), Clifford D. Taylor (a), Mark A. Tumeo (b), and Donald W. Einhouse (c)
(a) Great Lakes Environmental Genetics Laboratory, Center for Environmental Science,
Technology and Policy, Cleveland State University, 2121 Euclid Ave., MC-219, Cleveland, OH
44115

(216-523-7488; fax: 216-687-5393; e-mail: c.stepien@csuohio.edu, c.d.taylor26(@csuohio.edu)

(b) Mark A. Tumeo, Office of Sponsored Programs and Research, 1111 Fenn Tower, 2121
Euclid Ave., Cleveland State University, Cleveland, OH 44115
(216-687-3595; fax 216-687-9214 e-mail: m.tumeo@csuohio.edu)

(c) Donald W. Einhouse, New York Department of Environmental Conservation, 11344
Dennison Rd., Silver Creek, NY 14136
(615-366-0228, fax 716-366-3743, e-mail: dweinhou@gw.dec.state.ny.us)

Analysis of genetic hybridization risk posed by fish stocking to a historic walleye spawning
group, using mtDNA control region sequences and nuclear microsatellites

Prior studies showed that walleye spawning groups are genetically distinguishable, apparently
due to spawning site philopatry. This study investigates the genetics of a newly discovered
spawning group (estimated as 2 to 4,000 individuals) in Cattaraugus Creek, a tributary in eastern
Lake Erie. Unfortunately, its genetic composition may be altered by the 1995 through 2000
artificial stocking of 2.2 million fry and 44,000 fingerlings per year from Maumee River
broodstock (introducing genotypes from western Lake Erie). We tested older spawning
individuals (both males and females, whose ages pre-date the stocking) in comparison with
younger individuals (who may represent returns of stocked individuals as well as offspring of the
original genotypes). We sequenced the mitochondrial DNA control region (~1150 bp) and
analyzed variation at 6 microsatellite loci. Results indicate that the historic Cattaraugus Creek
spawning group is genetically divergent from other walleye in Lake Eric. Results to date suggest
that younger individuals in Cattaraugus Creek are not significantly different from the older ones,
indicating that the stocking had little overall effect. Hybridization among the original genotypes
and the introduced Maumee River types thus does not appear to constitute a significant risk to
the genetic integrity of the Cattaraugus Creck walleye spawning population.



0D W Posk- Presen e
Feb 7, 03 | |
at Ohjo O wild 1 i Annad  1echry

(ol 5.8, OhO

Z K a
Prior stwdies by the Great Lakes Environmantal Genetics Laberatory showed that walieye spawning

Analysis of Genetic Hybridization Risk Posed by Fish Stocking to a Historic Walleye Spawning Group
Carol A. Stepien', Clifford D. Taylor', and Donald W. Einhouse?

1Great Lakes Environmental Genetics Lab, CESTP, Cleveland State University 2 NY Dept. of Environmental Conservation

constitute s significant riek te the genetic IntegrRty of the Cattarsugus Creek walleye spawning
populatien.

; 20d Yousy
nmﬁnulghll'-lot"llll‘l’lcmnnmolmv!ypudwlhu»dlwrh Rt i A A swggestiag Wil effect from stocking.

groups In the western, contral and sastern basins of Lake Erie are genetically distinguishable, snd Aliefic dsta from the SVI-4 locus par spawning group (one of 3 bocl)
divergences occur among seme within-basin sprwaing locations. These differences appareatly arc g ; Tepawming | 100 ] 102 | 104 [ 108 [ 188 [ 410 [ 412 | 114 [ [ s [z | N
d by site » behavier in which walleye - and later thelr offspring - ; B A -

retiirn ts ghven spawning srese. Swch bebavior maintalns differences smong spawning locations »EEE 3 wlz| =[] 4
o the take busias ever time, with genotypes In the westarn basin rgely comprising individusis mn‘:"“‘;}_ﬁ‘_‘;‘;‘;ﬁ';ﬂ;‘“ iCrook oMt LR R AT SR N ER S B

descended from the Missisippl glacial refugium group and those in the sastern basin descended e T ieirs EECO Bt B B 7 S R S O B R e

from the Atiantic giaciel refuglum. The New York o [ asked  Pesks denote sizes of slicies (2 per individual) Yo | 3% o b s Lae v | aew | 1o | 1am | 5% u
us to examine the genstic of walleye " C Creek, & tributary in - _— ~—

the eastern basin. A hstoric walleye ron was n d ] retare)

as 000 individusie, which may be sitered by the 1995 through 2000 artificial stecking of 2.2 vandorent = | BT ] KRR 76
muo-m-‘u,ono'wnrywmmmum(m«xm.mpa o % | 22% | 3%

from the western Lake Erie basin). We testad 21 eider spawning individuais (both maies and =T ta T Ta w2 =1 | e
famales), whose ages pre-date the stecking. We compared resuks with 18 younger individuals, P s | o |2 | 9% | 21w | 34w | oox ™~

who should reprasent returns of stocked individusis as well s offepring of the original genotypes. focang

We sequenced the entire mitochendrial DNA centrol region (~1100 bp) to compare with sur large ourcs)

mm-mmﬂmmma:-&mhhd Results Indicate that the "":“'" ‘; ;‘ !; - 'L s ’:‘ 7| - 74
[ distinct growp from ether walleye in Lake e ™ | b

Erle, with 11 unique contrel region kaplotypes and some more widely distributed genotypes. The

youmger rad in C Creak were mot differant from the alder Adclic fraquencies sign¥icantly #iffared among mest sites. Cattarawgus Croak Ol
ones, indicating that the stecking efferts had Ritie everall effect on the -t ) diftaront

F,rDivergences smong spawning groups
from mtDNA contre! region data haplotype

| I Y
Samter 5. savedonse

™ ’-upynumumnm‘mmunmnmhumﬁvwrdwmtnudoenaﬂnlpdsmmnlau.

- of mtDNA hap! among sites frequancies (balow disgenal) and from 3 nuclear
- T o = ST alielic (sbove diagonal)
e apiotype B RIK W n DD
Neighbot Joining Tree of aoc ot s {1000 parmutations; Arlequin 2002)
relationships among e | T [ < v
peal WO ConCrok | Ca | VamBaren | Mawmer | Sandwiy
mtDNA control region - o Creek Bay River River
haplotypes (MEGA 2001) T BCS B e B s R R Tt =T = gt | Youmg | bty | e e
Sumaks Superior Ordna 142t bom | 0 |axse [nsm| an] amne am s | e | e
Bt Lake 8L Clakr i) | %% » *
Cant Creet = wen o corz Soz8
W= Maumee Rivec CanCreek] 1 |4 |~ {2t K 0 - 3 - - — ™ NS. paot <0.01 pea.002
B=Sandumhy River . Yeong (o | 5.6% | 22, 1] jsewise 2 e PR
o) % 1% % * % ]
GaGrand River. On Cant Creek oo B wely 0.008 oo
Vevan Bursn Bey NS pas ns. pesaz
s Tl alm (=] = [3]+(m =] = fare evtvem)
cand River, Ontario > 17 a7 33333 e s% erm| 11s 10.0% Vin P rET) % — T o
CmCattarnugus Craek w| % |% “ - Bas veooar | pcoeat P ez yonz
Note: Muny s ot o ] ] 4 1 L] " b - - ¥ L
apitypes, e ao— - s Maumee e e win s
twoughout the trse. Thix spewning :; x:: : 16% es% x’: 2% T |:.| w2t River voxting | pe0.0001 | p<woot | paaomt Pz
poputation ia very geneticelty diverse. ——
Seadweky CET [Xrm) ai =
- S ERE 2] - “Ta s ~ | — | — 0
39 107 4 faen ean s B ol Ranull  gant peoen
v hed * Al
Above sites are o8l sigaificancly difarent in spowniag pepwistion compesition, axcept for Cattarsmpus differeace original ret:
Creat origlas! popointion versws sew retwrss. Individusis ln Cattacomges Crook. Othar apswning wites re sigaiicsntly




Jusesr 1, toc e
Seminc, Presearaine -~ a i
Stone Laboradery

Ohiv Shede u,\',uc'fs.'v'-v

Unlocking the mysteries of Lake Erie fishes
and invasive species using DNA clues

Great Lakes Environmental Genetics Lab
Center for Environmental Science,
Technology & Policy
Cleveland State University

» The sequences of DNA in living
organisms (and in some cases,
even fossils) contain a record of
the history of life.

The instructions for the

organism'’s structure, function, r

and reproduction are contained

in DNA,

These instructions have been

modified over time.

« When we examine the code for
organisms and compare it to
their relatives, we can
understand how it and the
organisms have changed.

Why DNA?

o

Usefulness of “Junk” DNA

« There is up to 95% of other code —
sometimes called “junk” DNA — that is
not currently used by that organism

« However, the junk DNA is inherited too

— and some may be used again. Much

of this junk DNA is freer to

change/mutate

Population geneticists usually find a

better trail to track recent genetic

history using this “garbage” DNA

An example is DNA fingerprints — can

be used to tell all persons apart easily

with 100% accuracy

T

Today's Examples from Lake Erie

« 1. What does DNA tell us
about our native fish? How
have their populations
changed due to man’s
influences?

« 2. What does DNA tell us
about exotic species
invasions? Where did they
come from and how are they }
changing?

R

s
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Mystery #1
What was the the Blue Pike?
Did it disappear? Are there any left?

Carol A. Stepien
Miles M. Coburn
Ted M. Cavender
Clifford D. Taylor
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Conneaut, Ohio Blue Pike Fishery in the 1950°s
(courtesy of Jim Anthony)
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A blue pike processing piant in Conneaut, Ohio in the early 1950's.
(courtesy of Jim Anthony)
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Preserved Blue Pike Stizostedion glaucum
Cleveland Museum of Natural History
Collected from Ashtabula, Ohio Lake Erie in 1896.
This specimen is being sequenced by the Steplen laboratory.

Comparison of blue and yellow walleye
McKim Lake, Ontario (Dr, Wayne Schaefer)
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Measurements of Anthony Blue
Walleye/Blue Pike Specimen

1. Eye diameter: Interorbital width
Anthony specimen: 1.37
Mean for blue pike: 1.56 +/- 0.058
Mean for walleye: 1.32 +/- 0.057

2. Upper jaw: lower jaw
Anthony specimen: 0.755
Mean for blue pike: 0.772+/- 0.006
Mean for walleye: 0.792 +/- 0.005

3. N Vertebrae
Anthony specimen: 48 (high for both walleye and blue pike)
Walleye 44-48

Approach and Methods

« Test Anthony blue walleye specimen and other blue
walleyes for morphological and genetic
comparisons

« Test known biue pike specimens (historic material —
scales, okl specimens in alcohol)

Compare above with morphological and genetic
data bases for yellow walleye and relatives




LN '.I.l U3 Z.97 L)
4
LI L W T W
PR U
1 14
PR IR
LIPS ) b
'v11 1
P 1,11
L crt gty 04
5 11 13 1
1
P 2 3
2 2 222922 4 0.
FREEY LTI T
22272
2 2
2
H
22 1.4
H A A A

Principal Components Morphological Data Analysis

1 = walleye N=36

2 = blua pike N=47

3 = Canadian blue walleye
4 = sauger

5 = Anthony

Significantly
separated by PC2 =
5% (interorbital width,
eye diameter, and
head width)

PCI1=93%
(jaw, cheek, head
lengths)

Anthony Blue Walleye mtDNA Control Region Sequence Data

Distinguishing mtDNA Characters of some Blue Walleyes
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What does DNA say about the mystery
of the Blue “Pike"?

g meteprpr e |

« 1. The historic blue Rike Stizostedion vitreum
glaucum appears to have had some sl}ght but
significant morphological divergence from walleye S.
vitreum vitreum.

« 2. Modern Blue-colored walleye are morphologicaily
walleye, and not blue pike.

« 3. The Anthony specimen was not morphologically a
biue pike, but appears to have been a hybrid. It was
genetically quite different from walleye.

« 4. Historic samples of blue pike are being sequenced.




fillets for potential iilegal import Why are they so successful?
cases identified (imports frorl:1° Europe y 4

] Mystery #2
Other Fish Mysteries Solved Using DNA Where do exotic species come from?
. -Fish” detective work — unknown Why can’t we get rid of them?

of European pike h and from

Canadapgfasalzllger e "

« Stocking problems — Separate out
native walleye runs from stocked

individuals (Cattaraugus Creek, New
York)

Carol A. Stepien
Clifford D. Taylor
Kora Dabrowska
Toriano Bowens

Identify spawning groups and their
contribution to the oper? lake stocks
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ﬁ What's so Bad about Exotics? \\ Aqatif Ballast Wer Introductions

h

« If they are successful, they usually spread
uncontroliably.

« They compete with native species for food,
space, & other resources.

They disrupt & alter food chains, and may
change the entire structure of the physical &
biological habitats.

« They often carry parasites & pathogens.

They often result in economic & habitat
damage.

AR
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! Are the Great Lakes Experiencing
an Invasional Meltdown?

s recneos o

Genetic Structure of a Successful
Invasive Population is Dependent on:
¢ 1. Number of

individuals introduced
« 2. The genetic
diversity of the
source population(s)
« 3. The number of
founding sources

Invasions may be aided by:;
r 1. An ecologically “young” system: Lots of

vacant niches

2. Ecological disturbance: Loss of habitat,
pollution

3. Facilitative interactions among invaders
(ex: round goby eats dreissenid mussels) E

R R




Objectives

1. To develop species- and population-
specific DNA markers to allow rapid
specimen typing
« 2, To determine possible number and
source locations for the nonindigenous
populations.
« 3. To analyze variation within and among
population sites, to test for a founder effect,
mixing from several founding sources, etc.

« 4. To test for genetic changes over the time
course of the invasions. .

R R

—

Dreissena polymorphavs. D. bugensis

Zebra Mussel

32 2%

Quagga Mussel

e

[7] Diatritnstion of Ore ke ene pomophs

Eurasian Distribution & Sampling Sites

2 Sympatic Getruon of D, pelymphe
5 0. bugensie
|

Genetic Divergence of
Zebra Mussel Populations

Between
Variation | N, Amer. | Eurasia N.A& | gverall
Eurasia
Ht 0.207 0.211 0.198 0.211
Hc | ===== | ===-- 0.197 0.180
Gst 0.095 0.189 0.065 0.070
Nm 4.78 2.15 3.46 5.66
N sig. | 20 20 11 20
diff. loci
Me_'a“n 0.029 0.060 0.032 0.032

75/80‘/_.J

82/66%

80/74%

Relationships Among European Zebra Mussels:
o= 1000 bootstrap replications (Parsimony/ NJ)

Netherlands (N=21)}
Poland (N=18)
Rhine River (N=21)

Danube River (N=19)
Dnieper River (N=19)

01

Volga River (N=5)

Relationships of Zebra Mussel Populations

63 Loci

N=280

Lake

perior (N=24)

River (N=26)
Rhine River (N=21)

Danube River (N=19)
Lake Erie (N=31)

Lake Ontario (N=21}

Poland (N=18)

St. La River (N=22)
Lake Huron (N=28)

ds (N=21)

Hudson River (N=22)
Dnieper River (N=19)

Voiga River (N=5)




What does DNA tell us about

Zebra Mussels?

« 1. Exotic populations of zebra mussels have y
surprisingly high levels of genetic variability,
suggesting large numbers of founding individuals and
consistent with multiple colonizations.

« 2. Zebra mussels in North America likely were founded
by multiple source populations from northwestern and
northcentral Europe, but not southcentral or eastern
Europe.

« 3. Sampling areas within North America were
significantly divergent, with levels of gene flow and
migration about twice that separating long-established
Eurasian populations.

Other Mussels Mysteries We Solved

Using DNA

The quagga mussel was found to also
have very high genetic variability
The deep water profundal variant was
determined a quagga and not a
separate type or species
Identification markers were
developed for rapidly distinguishing
species at all life history stages

We examined the genetics of a living
fossil relative — thought to be extinct
for 10 million years — that was found
alive in underground caverns in the
former Yugoslavia.

Another Mystery: Origin of Invasive Gobies

Round goby Neogobius melanostomus

RISSIA

KAZAKHSTAN

TURKEY

L N. mefanostomus distr:bution
A Collection sites




Structure & Variability of the
mtDNA Control Region in Gobies

Goby Species Comparisons

Round goby

« No population genetic variation in
North American samples of tubenose
gobies- but some in Europe.

« The round goby Neogobius
melanostomus and the tubenose goby
differ by about 5.2 mya.

« We are developing quick identification
markers for other related species that
may invade

. Tstaz
T T \
e rpl1 | tpll pu 13 | eptd
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Tubenose goby
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« Genetic diversity in the Black Sea
polymorphism = 0.046
h = 0.96 +/- 0.04

« Genetic diversity in North America
polymorphism = 0.025
h = 0.84 +/- 0.08

« Genetic diversity in the Gulf of Gdansk, Poland
polymorphism = 0.014
h = 0.56 +/- 0.13

73\ lZ‘fl l 20
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il
110
|
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Round goby Genetic Diversity Comparison “ Distribution of Round Goby Haplotypes

W PR e Rl 2o bbb e
Phylogenetic Tree of Relationships Modified Chi-Square Monte Carlo Tests
. am for Differences Among Sampling Sites
e l J Lake Erie | Lake St. Clair
Sapteiive (N=20) (N=10)
o Lake St. Clair X2 =16.5
N. melanostomus e« 1t P< o 001*
Black Ses |
=L Lake Huron XZ2=22.6 X2=5.0
« GisckSen i (N=10) P < 0.001* P<0.09
" - P. marmoratus 2
o - Genetie Distance Scale - i




Vhat-dees-DNA={lellis=aboiii——
Gobies

The round goby has relatively high variability in the mtDNA
control region in both native and invasive populations. There is
some new evidence that the invasive populations have become
more variable over time (indicating new introductions)

There were marked differences among populations from the
Black Sea, the Gulf of Gdansk, and the Great Lakes.

Neither the Great Lakes nor the Guif of Gdansk populations
appeared to have been introduced from the northern Black Sea.
The Great Lakes and the Guif of Gdansk populations were
founded by different sources. We are now testing other possible
founding sources and additional populations.

. The tubenose goby is less variable than the round goby.

s

+U.S. EPA

Samples:

Colin Adams

John Clay Bruner

B Mary Burnham-
Curtis

Thanks!

Thomas Busiahn
Renata Claudi
Lynda Corkum
Ronaid Dermott
David Garton
Jeftrey
Gunderson

Bob Haas

John Hageman
Anjie Hintz
Hank Jenner
Douglas Jensen
David Jude
Kevin Kayle
Carey Knight
Viadimir Kavac
Yuriy Kvach

3. Efien Marsden
Bemnie May

Grants: s
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+«Ohio Sea Grant

«Lake Erie Protection Fund

«National Fish & Wildlife
Foundation

Vadim Panoy
Jeffrey Ram

Gary Rosenberg
Svetiana Rudnicka
Mariusz Sapato
James Selgeby
Predrag
Simonovich
George Spangler
Adrian Spidte 111
David Stein
David Strayer
Mike Thomas
Bruce Thompson
Christian Wiesner
Ian Winfleld
Timothy Zak
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Genetic and Morphological Identity Morphological Features of Walleye vs. Blue Pike
of the “Extinct” Blue Pike The Fishes of Ohio (Trautman 1981)
versus Walleye Walieye 6oL oRE
Stizostedion s sise s Wt Blye pike
w:treum Vi v S. v. glaucum
vitreum
Carol A. Stepien <L ]
Miles M. Coburn A S
Ted M. Cavender R - -
Clifford D. Taylor T )

Preserved Blue Pike Stizostedion glaucum
Cleveland Museum of Natural History

D|StInQU|Shlng CharaCters Of the Coll.ected. frorp A§htabula, Ohio Lake Erie in 1896.
b' ue pike (Hubbs & Lagler 1 964) This specimen is being sequenced by the Stepien laboratory.

1. Body in life grayish blue,

without brassy yellow mottiings.

. Lower fins bluish white.

3. Eyes larger and set more closely (bony
interorbital width 1.4 to 2.0 X in length of the
orbit).

4. Dusky blotch on webbing between three last
dorsal spines.

N

A blue pike processing plant in Conneaut, Ohio in the early 1950's.
(courtesy of Jim Anthony)

Conneaut, Ohio Blue Pike Fishery in the 1950°s

(courtesy of Jim Anthony)




Blue walleye caught in McKim Lake, Ontario
Summer 2001
(Dr. Wayne Schaefer)

Comparison of blue and yellow walleye
caught in McKim Lake, Ontarlo (Dr. Wayne Schaefer)

10 Angle:'s Froezer Sir “Scientific bonanz
Fish M in family’s freezer

ey~

Frozen Asset

Mwumnnm‘om—

Measurements of Anthony Blue
Walleye/Blue Pike Specimen

1. Eye diameter: Interorbital width
Anthony specimen: 1.37
Mean for blue pike: 1.56 +/- 0.058
Mean for walleye: 1.32 +/- 0.057
2. Upper jaw: lower jaw
Anthony specimen: 0.755
Mean for blue pike: 0.772+/- 0.006
Mean for walleye: 0.792 +/- 0.005
3. N Vertebrae
Anthony specimen: 48 (high for both walleye and
blue pike)

Principal Components Morphologlcal Data Analysis
T)1= walleye N=36

S 2543 e pike N=47
¢ : 3 = Canadian
* ; : blue walleye .
2 1* 11,84 4 = SAUGET Significantly
; s=Anthony separated by
s | PC2
l7l'o; (interorbital
of - .
transformed WIdth, eye
variables .
2 PC193% diameter,
(aw, cheek, and head
. and head N
lengths) width)
2 PC2 5%
H (orbital size
H L N H 2] and head width)




Approach and Methods

« Test Anthony blue walleye specimen and other
blue walleyes for morphological and genetic
comparisons

» Test known blue pike specimens (historic
material)

» Compare above with morphological and
genetic data for walleye

+ DNA comparisons: mtDNA control region
(large walleye DNA data set in Stepien lab),
nuclear LdhAG6 intron (walleye DNA data in
Stepien lab)

Blue walleye, Blue pike, and Yellow
Walleye Comparison Study

+ Blue walleye modern

candidates:

-Lac Perone, Quebec (best
DNA match so far, but not
close)

-Quebec samples obtained
from UMMZ (best
morphological match, some
DNA data, not yet sure)
-Many fish analyzed from
the Great Lakes and other
areas of Canada (no DNA
or morphological matches)

Historic blue pike material:

-Cleveland Museum of Natural
History Ashtabula-2
specimens 1896 (good DNA &
some sequence)

-Ontario Ministry of Natural
Resources preserved
specimens (good DNA)

-Ohio State, University of
Michigan Museum of Zoology
& U.S. National Museum
(Smithsonian) samples (good
DNA & some sequences)
-Preserved scales (little DNA)

Blue Walleye Sequence Data

Aty st Ciem

Distinguishing mtDNA
Characters of some Blue Walleyes

Base [10[70[r0[r0[r1|1]2[4l5]s1s5]7 8
Paosition 1121818171211 41212193 ‘ 1

3/7/5/8]0[5|8]2[4{7]3[9]|4

Walleye |\ C |C|A|A|T|CIAJCIC|G|A|A|G

Anthony |G |G |G|G|{C|A|GIG{T{A|T|T|C
] il

tic |G|G|A|A|T|C|A|G|C|G|T|A|G
Perone 1 | i

Neighbor-Joining and Most Parsimonious Tree

Atlantic
Group

L. ERIE
Mississippi
Group

{ Missouri

t Group
o River 1= 110 RIVER

_—I Blue walleye Lac Perone Quebec blue
100° Anthony blue

SAUGER

Lake Superior "C"
S. Indian Lake 17 "C"

0.03 0.02 on 0.00




Genetic results from nuclear DNA
Ldh-A6 intron sequences

» Anthony blue pike is more closely related to the
blue walleye samples from Lac Perone, Quebec,
but they are very genetically different from each
other.

« The other blue walleyes tested are more closely
related to yellow walleyes from Lake Erie and
other areas.

* The degree of genetic divergence is less in the
nuclear DNA than in the mtDNA, but both show
similar relationships.
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+ What do we need to know?

« 1. How different was “our” “extinct” blue

pike in Lake Erie from yellow walleyes and
the extant blue walleyes? +

.
» 2. Is it evolutionary convergence or close

genetic relationship that regulates blue
color/big eyes in some habitats?

» 3. Are blue and yellow walleyes genetically

and/or ecologically distinct?

« 4, Do blue and yellow walleyes hybridize?

If so, under what conditions?
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Analysis of Genetic Hybridization
Risk Posed by Fish Stocking to a
Historic Walleye Spawning Group

Carol A. Stepien and Clifford D. Taylor
Great Lakes Environmental Genetics Lab, CESTP, CSU

and Donald W. Einhouse
NY Dept. of Environmental Conservation

What is Fish Stocking?

Fish stocking is the artificial supplementation of
hatchery-reared young to the population.

One problem is that if the original population is
not used as the source of the stock, foreign
genotypes are introduced to the natural
population.

This mistake was made by stocking in
Cattaraugus Creek, an eastern Lake Erie tributary.

Our assignment is to assess the genetic
characters of the native stock in comparison with
returns of the stocked individuals (unknowns)
and, in the future, with possible hybrid offspring.

Genetics of the
Walleye _
Stizostedion vitreum §

« Our work to date, as well as tagging data and
ecological data, have indicated that there are
significant differences in genotypic composition
among spawning locations.

* These data appear to support spawning site
philopatry (i.e., natal homing).

« Differences among populations in the Great Lakes
(including sites in Lake Erie) have been
maintained by this behavior since their founding
after the Ice Ages.

Significant Differences Among
Walleye Spawning Groups

Analysis of Molecular Variance (AMOVA) tests
(Arlequin 2.0, 2001)

- Between Lakes St. Clair & Erie
Variance=14.3% , Phi = 0.131
P < 0.001*
- Among Lake Erie Basins
Variance= 7.0% , Phig; = 0.025

P < 0.047*
- Among Spawning Sites within Basins
in Lake Erie
Variance= 7.5% , Phig; = 0.031
P < 0.001*

Comparison: Significant Differences
Among Walleye Spawning Groups

Modified X2 contingency table tests, with Bonferroni
corrections for multiple post-hoc tests

Tests Among Spawning Locations:

- X?between Lakes St. Clair & Erie = 17.3, p< 0.001*
- X2among 3 basins in Lake Erie = 21.4, p< 0.001*
- X2among Lake Erie sites = 18.7, p< 0.001*

Controls:

- X?between males & females
- X2 between years

2.0, p< 0.73, N.S.
5.8, p< 0.23, N.S.

Sampling and Stocking
Cattaraugus Creek
by New York Department of

Environmental Conservation
R - Between 1995 and 2000,

about 2.2 million 1-3 day-old
fry and 44,000 fingerlings
per (ear from Maumee River
origin hatchery fish were
stocked in Cattaraugus
Creek.

« The objective of our study is
to determine the impact (if
“ll) on the genetics of the
native fish spawning in
Cattaraugus Creek. The
native spawnlnqy:o ulation

Is estimated as 2-4,000.

« How unique are the
originals? Have the
genoty!)es changed? What

the risk of hybridization?




Walleye Spawning Population Study Sites
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Methods

® Analyzed 1200 bp of the mtDNA control region
in comparison with our data base of 300 walleye
from the Great Lakes.

* Analyzed 3 nuclear microsateliite loci.

¢ Compared 20 old (pre-stocking) versus 20 young
(stocked and non-stocked individuals). Also
compared a nearby population (Van Buren Bay)
and the stocking source population (Maumee).

Cattaraugus Creek Walleye
mtDNA Control Region Sequence Data

Neighbor-Joining
Tree of mtDNA i 2
Haplotype ‘:‘(?C;é’ggmm.,
. N .
Relationships snc Tl
(MEGA 2.0) z"z‘)(‘é}';'.;"
Conclusion: Cattaraugus loyre Ml
Creek population was very Phiadiuciid
unique and very geneticaily 2etsandusky-1}

diverse, significantly
different from Van Buren Bay

(nearby walleye spawning) "“‘;;;’é‘_’:" -
and Maumee (stocking S(M-2,C-2,Told, Imew)
. 20(M-3,5-9,G6,V-5.C-1new,0}
source) populations. 30(S-1,V-1)
29(Sup-1,5t-1,M4,5-3,G-10,v-11,0-41}
32(5-1)

[l
23(Sup-1.851-22.M-12,5-16.6-30,V-12.C-1new.0-6)
3151

(S-1)
1(C-oid)
24{St-5 M-8,58.66.V-5.08)
S 33(Chio Rivar}

4{Sauger-outgroup)

0.005

Two Microsatellite Loci (SVI33-green and SVI-4-black) in Walleye
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Data from SVI33 microsatellite locus

80 . 82| 84 | 86 | 88 1 90 | 92 | 94 | 96 | 98 | 100
Catta- | 1 | 5|7 10} 1 |3[13]18{2]4]|3
raugus 015 ].073 | .103 { .147 | .015 | .044{ .191 | .265 | .023 | .059 ! .044
Creek
N=34
cc 114|641 |3]4a|6]0;2]1
Oid .031.125].188 | .125 .0311.094.1251 .188 .031}.031
N=16
o o1 [1]elojo|s|13|2|2]2
New .056 | .028 | .167 .250 | .361 | .056 | .056 | .056
N=18
Maumee | 0 | 1 | 2 |t |t |2y s{5s{o|1]|2
River 050 { .100 | .050 | .050 | .100 | .250 | .250 .050 1 .100
N=10
VanBuren | 2 0 0 3 2 0 6 8 0 11 0
Bay .063 .094 | .063 .188 | .250 306
N=16




Conclusions to
Date:
Cattaraugus Creek

Walleye

* The native Cattaraugus Creek

spawqin?l stock is very
genetically diverse and
should be maintained.

e The introduced Maumee

spawning stock population is
less genetically diverse.
There is some preliminary
indication that there are now
some differences between
the older fish and the
youger ones (the latter

which now represent
Cattaraugus Creek and
stocked Maumee origin
walleye).

Possible differences in the
mtDNA versus the
microsatellite data may be
due to differential input of
spawning males in the latter,
rather than egg-laying
females.

Funded by the Ohio Sea Grant NOAA Program,
the Lake Erie Protection Fund,
the NY Department of Environmental Conservation,
and the Risk Analysis Program of CSU.
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Using DNA Data to
Understand Fish Stock
Structure in Lake Erie

Carol Stepren

Great Lakes Environmental §
Genetics Lab
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What do we use DNA data for?

m 1. Delineate stocks -
u 2. Determine which spawning groups/locations are the
most critical

m 3. Measure changes in genetic diversity over time, in the
face of exploitation and irregular year classes and
recruitment

u 4. Predict where individuals originated (spawning group)
» 5. Match up eggs, larvae with adult life history stages

a
E=ay

. Identify unknowns (i.e., fish fillets, parents of fry, etc.)

Steps e
n 1. Collect and Log in samples
m 2. Extractand purify DNA
a. Run mini-gel to visualize results
m 3. PCR Amplify DNA
a. Run mini-gel to visualize results
m 4. For Microsatellites: Run on autosequencer

with a size standard

m 4, For DNA data:
a. Purify PCR product

b. Run sequencing Reaction
c. Precipitate products and prepare the plate
d. Run on autosequencer

m 5. Read and Analyze Data

1. Collect and Log in samples

2. Extract and Purify DNA from Samples

s v

3. PCR (Polymerase Chain Reaction)
to “Xerox” DNA




Ingredients for PCR

m 1. Template DNA

m 2. 2 primers (forward and reverse) that are about
18-24 bases long, made from conserved known
DNA areas that border the target sequence

= 3. four deoxynucleotide triphosphates

(dATP, dCTP, dGTP, dTTP) to build the chains

m 4. Taq DNA polymerase

m 5. A buffer

PCR: The Polymerase Chain
Reaction Thermalcycler

Changes temperature of the PCR seaction tubes according to the program.

PCR thermalcycler: repeats sets of three
different temperatures for 35 to 40 cycles
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PCR: makes multiple copies of target DNA

e ]

vl e vepacan surands: sthach Uemers

pN v aion

M cycte 30, <1 Wiine Mwatical ate e o 10 x 16%)

Microsatellite DNA

Microsatellites (or VNTRs = variable number of tandem
repeats) are short segments of DNA that have a repeated
sequence such as CACACACA, which occur in non-coding
DNA.

Microsatellites mutate rapidly and have no known function =
“junk DNA”.

These mutations are in the form of losses or gains of repeats.

Individuals in a population typically possess microsatellite
alleles of different numbers of repeat copics, having
variable lengths.

CACACACACACACACACACA W
CACACACACACACACACACACA 11
CACACACACACACACACACACACA 1
CACACACACACACACACACACACACA 1
CACACACACACACACACACACACACACA #4




4. Run Microsatellite PCR Products
on Auto Sequencer to determine

Inheritance of Microsatellites

CACACACACACACACACA 9 . their lengths
CACACACACACACACACACACACACACA 14 N ¥ 0
C CACACA & PVARRS PECAN n
Excacadacacacacacaca 1o . i

4 parents j
CACACACACACACACACA § offspring i
CACACACACACACACACACA 1 ! - = H

-

CACACACACACACACACACA 18 N LA E .
CACACACACACACACACACACACACACA 1 : R L
CACACACACACA .4 -
CACACACACACACACACA 9 (s A

I N
CACACACACACA &
‘CACACACACACACACACACACACACACA 14 4 8 .

[ 9.10 14

Diploid organisms (such as walleye and humans) each have 2 copics.

Two Microsatellite Loci (SVI33-green and SVI-4-black) in Walleye
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Populations (stocks) that are isolated )
diverge in microsatellite frequency Another type of DNA Data is Sequence
lengths over time -

Sequences are easiest to analyze with haploid (single copy)

a Examples: Mitochondrial (mt) DNA, genes on X and Y

Pop A: Pop B: chromosomes in males
9 10% 1% = We use the same beginning steps: DNA extraction & PCR
10 80% 35%, a But now we determine the genetic code
1 8% 47% = Mutations in the code are usually point mutations called
12 2%, 17% Single Nucleotide Polymorphisms (SNPs)
GATCAAATTCTA
GACCAAATTCAA
We assay several different microsatellite loci to test » Other changes are insertions or deletions (Indels)
this hypothesis independently and statistically. GATCAAATTCTA

GATCAA-TTCTA




Mitochondrial DNA

The Inheritance of Mitochondrial DNA
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Maternally inherited
Circular

Independent from
nuclear DNA

High mutation rate

3. PCR Amplify DNA using conserved primers that
flank the target sequence

4. DNA sequencing Steps: .

a. Purify PCR product to

get DNA template -
b. Set-up Cycle Sequencing -~
Reaction . e
c. Perform cycle sequencing o
reaction on e

thermalcycler

d. Prepare the sequencer
sample plate

e. Run sequencing products o
on autosequencer -

PNy ——

a. Purification

b. Set up Cycle
Sequencing

Add:

Purificd template DNA
primer

dNTPs

Dye-labeled ddNTPs that will
randomly terminate the reaction

DNA polymerase
[Sanger AN TP Chain Ternination Sequencing

. SCATGAL.
B

K T

GAT

*
bl

£
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t

A b

Do Cycle Sequencing Reaction on
the Thermalcycler




d. Preparing the DNA Template

e. Run Sequencing Products on
Capillary Auto Sequencer

Precipitate and clean the Seqp ing Products; R pend in buffer

Walleye mtDNA Control Region Sequence Data

SNPs (Single Nucleotide
Polymorphisms)
In this example, there are 5 different haplotypes:

1. CAATCGTTCACTGGGACATGATTACT
® 2. GAATTGTTCACTGGGACATGATTACT
® 3. GAATCGTTCACTAGGACATGATTACT
u 4. TAATCGTTCACTGGGACATGATTACT
m 5 GAATCGTTCACTGGGACATGACTACT

Ways in which DNA haplotypes yield
Information

a We can analyze the evolutionary pattern of the refationships among
haplotypes, yielding a phylogenetic tree

3
1
2
4
outgroup
® We can compare the frequencies of the haplotypes within and among
populations
Pop A: Pop B
I 10% I
2 0% 5%
3 ™4 7%
4 % 1%

5. Read and Analyze Data

1 Two Primary Ways:
1. Measurc amount of variation within and among

populations

a. calculate Fstvalues (measure of genetic
divergence)

b. calculate genetic distances among
populations

2. Test Phylogenctic (evolutionary) relationships

among genotypes (which ones are ancestral,
which ones are more recently derived)
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Genetics of the
Walleye

Our work to date, as well as tagging data and
ecological data, have indicated that there are
significant differences in genotypic composition
among spawning locations.

These data appear to support spawning site philopatry
(i.e., natal homing).

Differences among populations in the Great Lakes
(including sites in Lake Erie) have been maintained by
this behavior since their founding after the Ice Ages.

What maintains these genetic differences?
Philopatry: Spawning Site
Faithfulnes

« Natal homing examples from b
studies of salmon, sea turtles, N
rainbow trout, many marine and
freshwater fishes.

¢ They appear to track back to the
sites using olfactory cues
imprinted as larvae.

« Similar patterns in other Great
Lakes fishes (glacial
recolonizations, spawning
site/group ﬁde‘ity)

+ Jennings et al. (1996): Evidence
for heritable preferable in
sp ing habitat walleye
groups (river vs. reef spawners,

Objectives

-

1. Delineate spawning &
commingling lake stocks

2. Determine which spawning
groups/locations are the
most critical (rivers & reefs)

3. Develop baseline data sets
to measure changes in
genetic diversity over time,
in the face of exploitation
and irregular year
classes and recruitment

4. Predict where individuals
originated (spawning
group)

Testing design

ESR St - 2 d
Among Lake Erie Spawning sites (rivers, reefs)
Among spawning years
Among size classes (ages)
Between the sexes
Between Lake Erie and other Great Lakes

(Lakes St. Clair, Michigan, Superior, Ontario) and
also Ohio & Mississippi River Systems

by New York Department of
Environmental Conservation , geiyeen 1995 and 2000,

Applied Example:
Sampling and Stocking
Cattaraugus Creek

about 2.2 million 1-3 day-old
fry and 44,000 fingerlings
per year from Maumee River
origin hatchery fish were
stocked in Cattaraugus
Creek.

« The objective of our study is

to determine the impact {if
on the genetics of the

nal fish spawning in
Ca:j?eraugus Creel L % Tlllet_
native spawning population
is estimated asgl-4,goo.

« How unique are the
originais? Have the
geno changed? What

is the risk of hybridization?




Applied Example:

Methods for Catt Creek Study

¢ Analyzed 1200 bp of the mtDNA contro! region
in comparison with our data base of 300 walleye
from the Great Lakes.

o Analyzed 2 nuclear microsateliite loci.

o Compared 20 old (pre-stocking) versus 20 young
(stocked and non-stocked individuals). Also
compared a nearby population (Van Buren Bay)
and the stocking source population (Maumee).

Walleye Spawning Population Study Sites

KILOMETERS

Cattaraugus Creek Walleye
mtDNA Control Region Sequence Data

Walleye Haplotype Relationship Data

Significant Differences Among Walleye
Spawning Groups
with mtDNA sequences

Analysis of Molecular Variance (AMOVA) tests
(Arlequin 2.0, 2001)

- Between Lakes St. Clair & Erie
Variance=16.7% , Phi = 0.131
P < 0.001*

- Among Lake Erie Basins
Variance= 8.7% , Phig = 0.055

P < 0.001*
- Among Spawning Sites within Basins
in Lake Erie
Variance= 7.5% , Phig = 0.031
P < 0.001*

Comparison: Significant Differences Among
Walleye Spawning Groups
with mtDNA sequences

Modified X2 contingency table tests, with Bonferroni
corrections for multiple post-hoc tests

Tests Among Spawning Locations:

- X2 between Lakes St. Clair & Erie = 17.3, p< 0.001*
- X?among 3 basins in Lake Erie = 21.4, p< 0.001*
- X2among Lake Erie sites = 18.7, p< 0.001*
Controls:

2.0, p< 0.73, N.S.
5.8, p< 0.23, N.S.

- X2 between males & females
- X2 between years




Neighbor-Joining Tree of MtDNA
Control Region Haplotypes

MtDNA haplotype Frequencies per Site

Haplotype
_ Spawning ‘ ] s | 22 | 26 4 | & ‘ 27 | 24,29 | 1,38, 2,
M=Maumee River site | 335 | 12| 10
S= Sandusky River e I ‘ 11,
G=Grand River, Ohio ‘ | 19,
V=Van Buren Bay/Ounkirk Catt Creek s 3 5 \ 15 ¢ 9
C=Cattaraugus Creek Total 14% | 8% | i 14% | 40% J 24%
O=Grand River, Ontario 9% Catt Creek 2 2 [ % TsTs
old 11% | 11% l ‘ ‘ | 2 ‘ 280 ‘ 28%
CattCreek | 3 1 | IR
New 16% | 5% 5% 1 51% 1 21%
sv Maumee 35% | 6% | 17% | 19% | 13% | 4% 6% ‘ |
River | |
|
W Van Buren 32% | 12% 8% 21% 7% 4% 2% \ 14%,
33 Ovio River Bay
3 Sauger=outgroup ]
0.005 = 500,000 years
Two Microsatellite Loci (SVI33-green and SVI-4-black) in Walleye Data from SVI-4 Microsatellite Locus in Spawning
oo § Populations of Walleye
N T
& o 114/114 100 [102 [104 (106 [108 [110 T112 T11a e
Sl a . 7 P o Maumee | 1 | 0 | 1 | 2 {13 | 2 |1 ’ 25 | 7
° River | 016 016 | .032 | .209 | .032 | .178 | 403 | .113
2530 e N=31
: 30000 n:n 84/94 - 108/‘1‘1:2 AY-AASE.CO?
15000 i ua N P
2 oo e - o sl Sandusky] 1 | 1 | 2 | 0 | 7 | 5 | 15| 26 | 7
S B el 9 [NICL o River | 016 | .016 | .031 .109 | .078 .234‘ 406 | .109
N=32
1000 T
2 ;;:j s 1047114 fraesaer) VanBuren| 0 1 (12 0 123 1113 4
) 7 i e Bay .018 | .214 214 | .054 | .196 | .232 | .071
2 A :;/J - I N=28
wmy N ng il i
Catta- | 0 | 0 | 1 1 3] 4| 9] 8|0
. %2"5‘ . . Sige Marker [T_—-_—Jmm@,o ’;,”:;‘f .038 ! 038 | 115 | 154 .346“ .308 ‘
2 mE o ] ¢ \ o ! | :
S ; il i ! N=13 L L
o d37 Preag riYrarpmneeet fev ey recrepnere proryy "‘rfr'rJ L .
n s & a5 3 s 10c 108 10 s ] Yellow Vs, White= freq differences western & eastern basin
: oo
Data from SVI-4 Microsatellite Locus Data from SVI33 microsatellite locus
80| 82 | 84 | 86 | 88 | 90 | 92 [ 94 | 96 | 98 | 100
100 [102 |104 |106 |108 110 [112 [114 116 | 118 - |
Maumee | O | 1 | 7 | 7 | S s | 15 | 18 | 1 7 6
Catta- | 1\ O | 7 3 9 7 |13 14 4 2 River 014 | 097 | 097 | 069 | 069 | 208 | 250 | 014 | .097 | .083
raugus | 017 117 | .043 | .150 | .117 | .217 | .233 | .067 | .033 N=36
Creek
N=30 ] Sandusky | 1 | 3 | 6 | 13| 3 5 8 6 2 |6 03
(29 0 0 1 1 3 4 9 8 0 0 River 017 .054 | 107 | 232 | .054 | .089 { 143 | .107 | .036 | .107 | .054
Oid 038 | .038 | 115 | .154 | 346 | .308 N=28
N=13
- VanBuren | 3 | 0 | 5 | 8 5 1 Lo 18] 1 |16 2
cc 1 ° 6 2 M 3 4 6 4 2 Bay | 043 071 | 114 | 071 | 014 | 143 | 257 | 014 | 228 | 029
New | 029 162 | 059 | 176 | 088 | .118 | 176 | .118 | .059 N=35
N=17
Maumee | 1 [) 1 2 13| 2 | 1] 25 7 0 ":";‘:; 1131614 0‘3 016 ‘; ;)0 0 027 0‘33
River | 016 016 | 032 | 200 | 032 | 178 | 403 | 113 avgas | 033] 100 200 ) 133 | 033 1067 | 133 1 :
N=31 oid
N=15

Yellow=most common alleles in each population

Catt Creek old, Catt Creek new, and Maumee
River populations are all significantly different.

Yellow=most common alleles in each population




Data from SVI33 microsatellite locus

‘ao 82 | 84 | 86 “i”l”\“l“

"3

Catta 1 s | 7 0] 1] 3[12]2]2
raugus | 015 | 073 | 103 | 147 | 015 | 044 | 176 | 294 | 029
Creek |

N=34 |

cc 1| 3] 6] a1 2]|4]|6] 0
o | 033 .100 | .200 | 133 | 033 | .067 | 133 .200‘
N=15 i

¢ | ol 21160« |8 |1al2
New 053 | 026 | 157 026 | 211 | 368 | 053
N=19
Moumee | © | 1 | 7 | 7 | s | s 1518 1
River o014 | 097 | 097 | 069 | .069 | 208 | 250} 014
N=36 i

Yellow=most common alleles in each population

Conclusions to
Date:
Cattaraugus Creek

Walleye

The native Cattaraugus Creek
spawning stock is very
genetically diverse and
should be maintained.

The introduced Maumee
spawning stock was
significantly different from
the native Cattaraugus Creek
stock. The Cattaraugus
Creek stock is also
significantly different from
the Van Buren Bay reef
spawning population.

There is indication that there
are some differences
between the older fish and
the younger ones (the latter
which now represent
Cattaraugus Creek and
stocked Maumee origin
walleye).

Where do we go?

* Large baseline data sets

* Use in monitoring

e What is most

important?

Cost/time

e Fastest/cheapest= ms
analyses Goal=400
samples/2 weeks, 12
loci, Cost=$25/fish
Feasibility= within 1
year
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Analysis of Genetic Hybridization Risk Posed by Fish Stocking to a Historic Walleye Spawning Group
Carol A. Stepien', Clifford D. Taylor', and Donald W. Einhouse?

1Great Lakes Environmental Genetics Lab, CESTP, Cleveland State University 2 NY Dept. of Environmental Conservation
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Prior studies by the Great Lakes Environmental Genetics Laboratory showed that walleye spawning
groups in the western, central and eastern basins of Lake Erle are genetically distinguishable, and
divergences occur among some within-basin spawning locations. These differences apparently are
maintained by spawning site philopatry, & behavior in which walieye - and later their offspring -
return to given spawning areas. Such behavior maintains differences among spawning locations .

id the lake basins over time, with genatypes in the western basin largely comprising individuats Nuclens n::::’;et;?::‘:;’;’;;’:’;’""’
descended from the Mississippi glacial refugium group and those in the eastern basin descended
from the Atlantic glacial refugium. The New York of L 1 Co asked Pesks denote sizes of alleles (2 per individual)
us to examine the genetic characteristics of walleye spawning in Cattaraugus Creek, a Uributary in B R

the eastern basin. A historic walleye spawning run was In Ci Creel d
a8 2,000-4,000 individuals, which may be aktered by the 1995 through 2000 artdiclal stacking of 2.2
million fry and 44,000 fingerlings pe: year from Maumee River broodstock (introducing genotypes
from the western Lake Erle basin). We tested 21 older spawning lndividuals (both males and
females), whose ages pre-date the stocking. We compared results with 18 younger indhviduals,
who should represent returns of stocked lndividuals as well as offspring of the original genotypes.
We scauenced the entire mitochondrial DA control segion (~1100 bp) to compare with our large
walicye data base, and anafyzed variation at 3 microsstelfite bocl. Results indicate that the

< Crad - distinct group from other walleye in Lake
Erie. with 11 unique control region haplotypes and ssme more widely distributed genotypes. The
younger 1s captured in C Creck were not dfferent from the older
ones, ndicating that the stocking efforts had iktic overall effect on the population. Hybridization
mang the original genotypes and the Introduced Maumee River types thus does not appear to :

conatitute a signNicant risk to the geneti integrity of the Cattaraugus Creek walleye spawning £, Divergences among spawning groups
population. N L from mEDNA control region data hapiotype
ping Distribution of mMtDNA haplotypes among spawning sites trequencies (below diaganal) and from 3 nuclear
alielic {above diagonal}

Alietic frequency data from the SVI4 locus per spawning group (one
Spawning | 100 | 102 ‘ 104 | 106 | 108 | 1o | 12 [ 114 l s l 1 l 120
sita

can. -

tan | 7% | w30 | e

of
RERK ‘ls z~~~‘"
wo | 1o [ sew | e [ | s
I
WS W W ‘]l \76
2o | o oo |

I ENIRERE ulz

26 | ¢ |23 |12 |~ 11
2% | 3% §21% | e | 1o it

RN R
% | T [2e% faew | e

ABekk frequencies signiicantly differcd among most sites. Cattarswgus Creck Ok
(original population) and Young (recent returas) were aot siyaificantly different
swggesting Withe effect from stocki

. . e Wi
Netgt\bor Joining Tree of e »” {1000 permutations; Arfequin 2002)
relationships among e ,
mtDNA control region . 3 .u(;r.n tL-u‘ \--“n:--- u‘:....a ‘ ~.;:|u~n
haplotypes (MEGA 2001) rEEy - - i USSR R
" —— ey
e O el ol
= =5
[ l 0012 0.020
Maumee River
- R CaueCreen pust | peool p<0.002
S=Sandushy River e Young tren l
-t
G=Orand River, Oh - we) | 0008 u.02%
Vavan Buren Bay hood X8 st ‘ NS pe?
Owrand River, Ontara - IR E T a1t Tl |7
| 67] 23439 d [ 035 — ban D
Note: Many unique Cattaraugus Creek ™ n
Napiotypes, widaly distrbitad o BRI =~ I T A T [N
nrougnos the e, This spawning i 719 4 1% o0 N e | oot | oo | penmn | ponor
ppeiatian s very ganstically divarss. ockine v Ll |
- T m I —t— : Smduky [ wsa e e =
o - e e T e w0
.~ (wugroup) “ “ (e
Above sites are all significantly diffecent in spawning populition composio, except for Cattaraugus Above resuks show ac dference between original returns and younger
Craek original population versus mew relumns. individuals in Cattaraugus Creck. Other spawning sites are significantly
different, supporting philopatry (spewaiag ske faithiyiness) and natal
homing. Exception is that Cattarsugus Croak powng population i similar
Ohia River 1o Maumee River for microsatalites, indicating some possibie stocking
Lo ‘,.-“"- effect, whick is being furthar tested.
2005 Fanded by the Dhlo Sea Grant NOAA Proyram, the Lake Eric Protection Fund, the NY Department of Enviroamental Canservotion and the Risk Analysis Frogram of C5¢.




