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From Draft Report

Abstract

Lake whitefish stocks have been recognized by fishers, managers, and researchersin all of the
Great Lakes. However, the devel opment of specific criteriafor discriminating among these stocks
has been restricted to Lake Huron, Lake Ontario, and to a lesser extent, northern Lake Michigan
and Green Bay. Numerous and increasingly more powerful stock identification techniques and
tools are now available. A review was conducted of publications, theses, reports, and data on lake
whitefish stock structure of northern Lake Michigan, with special reference to Green Bay, to
determine how well stock structure and spawning-site distribution are known. Although general
harvest assessment and status report data are voluminous, there are not adequate quantitative data
to recognize, discriminate, set harvest quotas, or manage lake whitefish in northern Lake
Michigan and Green Bay on a discrete stock basis, given potential movement, stock dynamics,
and the possible praliferation of new stocks. If more specific and adequate sampling is conducted
and more recently devel oped and powerful stock discrimination techniques are applied, with
validation, it should be possible to adequately discriminate, practically monitor, and more
specifically manage the major lake whitefish stocks of northern Lake Michigan and Green Bay to
optimize harvest and protect diversity. Such studies should involve collaborative work across the
Great Lakes to better understand and describe “bay” and “lake’ stock complexes (e.g., eastern
Lake Ontario and Bay of Quinte).

A specific set of one-time research studies examining stock separation techniques
involving genetics and calcified structure analyses is proposed to ground-truth discretenessand in
conjunction with thisto develop, if possible, practical, smple, and cost-effective techniques for
routine application. At least four broad locations associated with Wisconsin (WMZ) and Michigan
(MMZ) management zones should be sampled (lakeshore, Door Peninsula, North and Moonlight
bays, WMZ—3; northern Green Bay, Big Bay de Noc, MMZ—01, central-west side of Green
Bay, including rivers, MMZ—O00; central-east side of Green Bay, bay side Door Peninsula,
WMZ—2). Studies that could be considered would involve 1) athorough survey of fishers and
fisheries specialists to accumulate practical knowledge, 2) a spawning-time survey (see above) to
locate the largest congregations of ripe and running females spawning and depositing eggs, 3)
some limited tagging and recapturing to monitor dispersal and return, 4) collection and anayses
of tissues and calcified structures—scales, otaliths, and fin rays, 5) spring sampling of
concentrations of hatching or newly hatched fry, 6) analysis of fry genetics and otaliths, 7) some
experimental trawling to locate suspected nursery grounds of young-of-the-year and yearlings, 8)
some experimental gill-netting of summering grounds to assess degree of stock mixing of sub-
adults and adults, and 9) sampling commercial harvest to assess degree of mixing and to compare
and test routine and practical discrimination techniques. Analytical techniques would involve 1)
molecular and nuclear genetic procedures, 2) trace e ement and stable isotope chemical analyses
of otaliths, and 3) detailed analyses of scales and otaliths for unique shape, growth patterns, and
thermal signatures.



Lake Michigan Lake Whitefish Task Group—Charge

1. Review available data on lake whitefish stock structure for the
northern Green Bay fishery.

2. Describe stock structure and spawning site distribution of lake
whitefish caught by fishers in northern Green Bay.

3. If data are not available to accomplish the above, design a study
or studies to provide the necessary information.

Background

Lake whitefish stocks have been recognized by commercial fishers
and fisheries managers and researchers in all of the Great Lakes.
However, the development of specific criteria for discriminating among
these stocks has been restricted to the Ontario waters of Lake Huron,
Lake Ontario, and to a lesser extent, northern Lake Michigan and
Green Bay.

Stock Identification Technigues—Materials and Methods

Spatial distribution

Population parameters and dynamics
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Behaviour
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12. Parasites

Review

1.

Reviewed all published sympatric lake whitefish stock studies,
particularly those associated with the Great Lakes and northern
Lake Michigan, and assembled more than 60 specific references
associated with the review, including analytical techniques and
their specific applications.

Reviewed all available theses (10), assessment and status
reports, and documents assembled by Wisconsin (18) and
Michigan (4) biologists.

Examined all available data and compiled an inventory of scale
archives established by Wisconsin, Michigan, and the Inter-Tribal
Fisheries and Assessment Program, encompassing a 32-year
period and consisting of more than 108,000 samples.

Reviewed spawning ground survey of fishers in the Michigan
waters of Lake Michigan.

Consult with those familiar with the area and experienced with
the lake whitefish populations and fisheries.

General Conclusions of Review

1.

Biologists of the state agencies have produced alarge number of
harvest assessment and status reports containing voluminous
data on northern Lake Michigan lake whitefish. Published studies
and theses usually considered two major stocks, one associated
with the bay, Big Bay de Noc, and the other with the main lake,
North and Moonlight bays.

We consider that at the present, there are not adequate
guantitative data to recognize, discriminate, set harvest quotas,
or manage lake whitefish in northern Lake Michigan and Green



Bay on a discrete stock basis, given potential movement and
stock dynamics and possible stock differentiation.

If more specific sampling is conducted and recently developed
stock discrimination techniques are applied, with validation, we
suspect that the major lake whitefish stocks of northern Lake
Michigan and Green Bay can be discriminated and be practicably
monitored and sustainably managed, optimizing commercial
harvest and protecting diversity.

Although studies would focus on northern Green Bay,
collaborative work should be conducted across the Great Lakes
to better understand and describe bay-lake stock complexes, in
particular the well-documented example in eastern Lake Ontario
and the Bay of Quinte.

Therefore, we specifically recommend a set of research studies
examining different stock separation techniques involving
genetics and calcified structure analysis.

General Sampling Locations in Northern Lake Michigan for
Describing Putative Stocks

1. Lakeshore Door Peninsula and to the south, especially North and
Moonlight bays (WMZ—3).

2. Northern Green Bay, especially Big Bay de Noc (MMZ—01).

3. Central-west side of Green Bay, especially the rivers (MMZ—O00).

4. Central-east side of Green Bay, especially the bay side of the
Door Peninsula (WMZ—2).

Possibly:

5. Southern Green Bay (WMZ—1)
6. Lakeshore northern Lake Michigan (MMZ—02).



Specific Recommendations

We recommend a set of specific research studies to collect detailed
stock information to ground-truth discreteness and develop, if
possible, more practical and cost-effective techniques.

1.

That sampling be based on spawning stocks, confirmed by the
presence of ripe and running females sampled throughout the
spawning season.

That sampling surveys be conducted at several locations within
each of the various management zones.

That one-time technically detailed research studies be conducted
to confirm discreteness and validate stock origin.

That in conjunction with these one-time research studies,
practical quantitative techniques and criteria be applied and
developed to assign stock origin, incorporating error testing.

That these practical techniques be used in conjunction with
commercial sampling to routinely determine age and stock origin
(ideally from calcified structures) to monitor relative stock
abundance and dynamics and to manage lake whitefish
exploitation on a stock basis.

Research Sampling and Design

1.

Conduct a systematic survey of fishers and species specialists
familiar with lake whitefish in northern Lake Michigan and Green
Bay to summarize the traditional knowledge that exists
concerning specific spawning grounds of the major stocks for all
waters, similar to the one conducted for Michigan waters by
Organ et al. (1978).



Conduct spawning-ground surveys throughout the various
management zones (see list of locations), concentrating on
locations indicated from the survey. Sampling should be
systematic throughout the months of October and November,
focusing on concentrations of ripe and running (by body weight)
females and if possible confirm spawning and egg deposition.

Tag and release some fish associated with these major
assemblages for monitoring their dispersal and possible return.
(Consider atagging method that would substantially reward
return of carcass.)

Sample ripe and running females and if possible males at the
same time for detailed biological data, and remove tissue and
structures for studying stock origin, particularly scales, otoliths,
and fin rays.

Sample hatching or newly hatched fry the following spring at the
largest spawning assemblages. This may require developing
some new procedures for sampling fry before appreciable drift
has occurred. At the same locations, sample sedentary species,
such as sculpins, darters, and possibly zebra mussels.

Analyze fry, using genetic techniques; study otolith growth and
chemistry and compare with other indicator species.

Conduct experimental bottom trawling in suspected nursery
areas in the vicinity of the largest spawning and fry assemblages
and sample young-of-the-year and yearlings and apply stock
analysis techniques. Could also provide a useful long-term index
of early stock abundance.

Experimentally gill-net summering grounds to sample subadult
and adult fish to determine the degree of stock mixing. This could
help explain movements, dynamics, and stock discrimination
inconsistencies.

Sample commercial harvest to apply practical procedures
developed and validated in the above research studies to assess
degree of mixing and discreteness and develop and test routine



sampling and monitoring procedures.

Analytical Techniques

Emphasize genetics and calcified structure growth and chemical
analyses, but also consider, where possible, spatial distribution and
population dynamics.

1.

Use refined, modern analytical techniques, examining genetic
variability. Employ molecular genetic markers using nuclear and
mitochondrial DNA. Employ variable number of tandem repeat
minisatellite and microsatellite loci and polymorphic interspersed
nuclear elements such as SINEs and transposon sequences.

Conduct detailed analyses of calcified structure growth involving
scale and otolith camera-digitized shape and growth pattern
characteristics, including subannual features. Consider scale
check type, extent, and circuli spacing, use the unique growth
and thermal “ signatures” permanently recorded in early daily
incremental growth of the otoliths, and apply CSAGES to
examine growth sequencing in calcified structures of older fish.

Use trace element and stable isotope fingerprints in otoliths to
examine natural markers; these have been shown to identify
stocks of fish when microsatellite DNA was unable to.
Computerized micromilling or laser ablation ICPMS permit
detailed topographical analysis with very low limits of detection
and provide powerful discrimination that can be linked to
potential origin but can also track subsequent habitat
associations.
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Table 1. Inventory of lake whitefish scale samples for Lake Michigan archived by the states of Wisconsin, Michigan, and Inter-
tribal Fisheries and Assessment Program (ITFAP) for a 32-year period from 1968 to 1999 by Wisconsin Lake Whitefish
Management Zones W1, W2—bay and W3, W4, W5—Iake and by Michigan Lake Whitefish Management Zones M00, M01—
bay and M03 to M08—Iake (see Fig. 4). For comparative purposes, ITFAP samples, inventoried by grid, were combined into
Wisconsin and Michigan management zones. More specifics concerning the archive are available in Appendix C-1 for
Wisconsin samples by year, area (bay and lake), and month; Appendix C-2 for Michigan samples by year, management zone,
and month; Appendix C-3 for ITFAP samples by year, grid, and management zone.

Year Origin W1, W2 W3 W4, W5 MOO MO1 MO02 MO3 MO4 MO05 M06 MO7 MO8 Tota

1968 WI 88 88
Comb. 88 88
1969 Wi 68 68
Comb. 68 68
1970 Wi 25 25
Comb. 25 25
1971
1972
1973 Wi 600 235 835
Comb. 600 235 835
1974 WI 523 400 923
Comb. 523 400 923
1975 Wi 12 100 112
Comb. 12 100 112
1976 WI 75 75
Comb. 75 75
1977 WI 330 525 855
Comb. 330 525 855
1978 Wi 50 1,020 1,070
Comb. 50 1,020 1,070
1979 Wi 50 275 325
T 42 42
Comb. 50 275 42 367
1980 Wi 130 40 170
IT 26 1 27
Comb. 130 40 26 1 197
1981 Wi 164 340 504
IT 131 248 788 1,167
Comb. 164 340 131 248 788 1,671
1982 Wi 365 194 559
IT 200 397 400 989 1,986

Comb. 365 194 200 397 400 989 2,545



1983 Wi 140 123 263
IT 197 440 349 1,470 325 2,781
Comb. 140 123 197 440 349 1,470 325 3,044

Table 1 (cont’d)

Year Origin W1, W2 W3 W4,W5 MO0 MO01 MO02 MO3 MO0O4 MO05 M06 MO7 MO8 Tota

1984 Wi 565 1,025 1,590
IT 1,125 1,125
Comb. 565 1,025 1,125 2,715

1985 Wi 459 1,040 1,499
IT 39 137 176
MI 1,684 2,154 307 324 4,469
Comb. 459 1,040 1,684 2,154 39 137 307 324 6,144

1986 WI 930 908 1,838
IT 215 346 270 1,315 2,146
Ml 402 2,138 248 612 3,400
Comb. 930 908 402 2,138 215 346 270 1,315 248 612 7,384

1987 Wi 365 1,669 2,034
IT 320 321 136 777
MI 514 1,426 328 557 2,825
Comb. 365 1,669 514 1,426 320 321 136 328 557 5,636

1988 WI 576 1,060 1,636
IT 264 272 336 872
MI 764 1,810 458 1,131 4,163
Comb. 576 1,060 764 1,810 264 272 336 458 1131 6,671

1989 Wi 406 1,268 1,674
IT 221 492 330 1,043
MI 730 1,904 505 594 3,733
Comb. 406 1,268 730 1,904 221 492 330 505 594 6,450

1990 Wi 586 1,195 1,781
IT 299 370 350 1,019
MI 746 1,065 738 737 3,286
Comb. 586 1,195 746 1,065 299 370 350 738 737 6,086

1991 Wi 270 914 1,184
IT 308 728 375 51 1,462
MI 433 1,109 474 726 2,742
Comb. 270 914 433 1,109 308 728 375 51 474 726 5,388

1992 Wi 107 914 1,021
IT 216 382 680 285 1,563
Ml 251 927 434 642 2,254
Comb. 107 914 251 1,143 382 680 285 434 642 4,838

1993 Wi 100 993 1,093
IT 420 934 275 1,629
Ml 702 1,149 490 645 2,986
Comb. 100 993 702 1,149 420 934 275 490 645 5,708



Table 1 (cont’d)

Year Origin W1, W2 W3 W4 W5 MO0 MO01 MO2 MO3 MO4 MO5 MO6 MO7 MO8 Total
1994 Wi 100 1,135 1,235
IT 649 1,057 505 2,211
Ml 799 1512 254 640 3,205
Comb. 100 1,135 799 1512 649 1,057 505 254 640 6,651
1995 Wi 165 1,068 1,233
IT 352 207 687 276 1,522
Ml 653 1,505 407 741 3,306
Comb. 165 1,068 653 1,857 207 687 276 407 741 6,061
1996 Wi 73 932 1,005
IT 95 502 1,365 541 2,503
Ml 674 1,402 408 483 2,967
Comb. 73 932 674 1,497 502 1,365 541 408 483 6,475
1997 Wi 1,240 1,240
IT 834 1,877 1,056 117 3,884
Ml 790 1,396 488 700 3,374
Comb. 1,240 790 1,396 834 1,877 1,056 117 488 700 8,498
1998 Wi 70 932 1,002
IT 556 1,753 886 3,195
Ml 456 956 155 518 2,085
Comb. 70 932 456 956 556 1,753 886 155 518 6,282
1999 Wi 480 480
IT 992 1,309 549 2,850
Ml 525 1,201 199 600 2,525
Comb 480 525 1,201 992 1309 549 199 600 5,855
Total WI 7,161 20,256 27,417
IT 689 6,566 13,160 7,206 6,034 325 33,980
Ml 10,123 21,654 5,893 9,650 47,320
Comb. 7,161 20,256 10,123 22,343 6,566 13,160 7,206 6,034 5893 325 9,650 108,717




From Draft Report

References

Allendorf, F.W., and R.S. Waples. 1996. Conservation and genetics of salmonid fishes, p. 238-
280. In J.C. Aviseand J.L. Hamrick [eds.], Conservation genetics. Case histories from
nature. Chapman and Hall, New York, NY.

Baker, A.J. [ed.]. 2000. Molecular methods in ecology. Blackwell Scientific, Oxford, UK.

Beaumont, A.R. [ed.]. 1994. Genetics and evolution of aguatic organisms. Chapman and Hall,
New York, NY.

Begg, G.A., M. Cappo, D.S. Cameron, S. Boyle, and M.J. Sdlin. 1998. Stock discrimination of
school mackerel, Scomberomor us queendandicus, and spotted mackerel, Scomberomorus
munroi, in coastal waters of eastern Australia by analysis of minor and trace eementsin
whole otaliths. Fishery Bulletin 96:653-666.

Bernatchez, L., and J. Dodson. 1990. Mitochondrial DNA variation among anadromous
populations of cisco (Coregonus artedii) asrevealed by restriction analysis. Canadian
Journal of Fisheries and Aquatic Sciences 47: 533-543.

Bernatchez, L., J. Vuorinen, R. Bodaly, and J. Dodson. 1996. Genetic evidence for reproductive
isolation and multiple origins of sympatric trophic ecotypes of whitefish (Coregonus).
Evolution 50: 624-635.

Brown, D.M., and J.M. Casselman. 1992. Research project: Development of criteriafor
discriminating among lake whitefish stocks in eastern Lake Ontario. Lake Ontario
Fisheries Unit, 1991 Annual Report, Section 21:1-9.

Brown, E.H., J., G.W. Eck, N.R. Foster, R.M. Horrall, and C.E. Coberly. 1981. Historical
Evidence for discrete stocks of |ake trout (Salvelinus namaycush) in Lake Michigan.
Canadian Journal of Fisheries and Aquatic Sciences 38:1747-1758.

Brown, RW., and W.W. Taylor, and R.A. Assdl. 1993. Factors affecting the recruitment of lake
whitefish in two areas of northern Lake Michigan. Journal of Great Lakes Research
19(2):418-428.

Campana, S.E. 1999. Chemistry and composition of fish otaliths: pathways, mechanisms and
applications. Marine Ecology Progress Series 188:263-297.

Campana, S.E., and J.D. Nellson. 1985. Microstructure of fish otoliths. Canadian Journal of
Fisheries and Aquatic Sciences 42:1014-1032.

Campana, S.E., and JM. Casselman. 1993. Stock discrimination using otolith shape analyss.
Canadian Journal of Fisheries and Aquatic Sciences 50:1962-1083.



Campana, S.E., A.J. Fowler, and C.M. Jones. 1994. Otolith elemental fingerprinting for stock
identification of Atlantic cod (Gadus morhua) using laser ablation ICPMS. Canadian
Journal of Fisheries and Aquatic Sciences 51:1942-1950.

Campana, SEE., JA. Gagne, and JW. McLaren. 1995. Elemental fingerprinting of fish otoliths
using ID-ICPMS. Marine Ecology Progress Series 122:115-120.

Campana, S.E., SR. Thorrold, C.M. Jones, D. Gunther, M. Tubrett, H. Longerich, S. Jackson,
N.M. Halden, JM. Kalish, P. Piccali, H. de Pontual, H. Troadec, J. Panfili, D.H. Secor,
K.P. Severin, SH. Sie, R. Thresher, W.J. Teesdale, and J.L. Campbell. 1997. Comparison
of accuracy, precison, and sendtivity in demental assays of fish otoliths using the eectron
microprobe, proton-induced X-ray emission, and laser ablation inductively coupled plasma
mass spectrometry. Canadian Journal of Fisheries and Aquatic Sciences 54:2068-2079.

Campana, S.E., G.A. Chouinard, JM. Hanson, and A. Fréchet. 1999. Mixing and migration of
overwintering Atlantic cod (Gadus morhua) stocks near the mouth of the Gulf of St.
Lawrence. Canadian Journal of Fisheries and Aquatic Sciences 56:1873-1881.

Campana, S.E., G.A. Chouinard, JM. Hanson, A. Frechet, and J. Brattey. 2000. Otolith elemental
fingerprints as biological tracers of fish stocks. Fisheries Research 46:343-357.

Carvalho, G.R., and T.J. Pitcher. 1995. Molecular geneticsin fisheries. Chapman and Hall, New
York, NY.

Cassdlman, J.M. (2000, in review). Global climate and salmonid communitiesin oligotrophic
lakes: Lake Ontario case history. Submitted to SCOL ||—Samonid Communitiesin
Oligotrophic Lakes. 33 p. + 14 figs.

Casselman, JM., D.M. Brown, and JA. Hoyle. 1996. Resurgence of |ake whitefish, Coregonus
clupeaformis, in Lake Ontario in the 1980s. Great Lakes Research Review 2:20-28.

Casselman, JM., JJ. Callins, E.J. Crossman, P.E. Ihssen, and G.R. Spangler. 1981. Lake
whitefish (Coregonus clupeaformis) stocks of the Ontario waters of Lake Huron.
Canadian Journal Fisheries and Aquatic Sciences 38:1772-1789.

Casselman, JM., and K. A. Scott. (2001, in review). Fish-community dynamics of Lake
Ontario—Long-term trends in the fish populations of eastern Lake Ontario and the Bay of
Quinte, 1960s to 1990s, p. 00-00. In M. Munawar, T. Edsall, and J. Leach [eds.], State of
Lake Ontario (SOLO): Food-web dynamics and management. SPB Academic Publishing,
Amsterdam, The Netherlands.

Casselman, JM., K.A. Scott, D.M. Brown, and C.J. Robinson. 1999. Changesin relative
abundance, variahility, and stability of fish assemblages of eastern Lake Ontario and the
Bay of Quinte—the value of long-term community sampling. Aquatic Ecosystem Health
and Management 2:255-2609.



Christie, W. J. 1963. Effects of artificial propagation and the weather on recruitment in the Lake
Ontario whitefish fishery. Journal of the Fisheries Research Board of Canada
20:597-646.

Christie, W.J., K.A. Scott, P.G. Sy, and R.H. Strus. 1987. Recent changes in the aquatic food
web of eastern Lake Ontario. Canadian Journal of Fisheries and Aquatic Sciences
44(Suppl. 2):37-52.

Colura, R.L., and T.L. King. 1995. Using scale and otolith morphol ogies to separate spotted sea
trout (Cynoscion nebulosus) collected from two areas within Galveston Bay, p. 617-628.
In Recent developmentsin fish otolith research. D.H. Secor, J.M. Dean, and S.E.
Campana (editors). Belle Baruch Library in Marine Science. No. 19. University of South
Carolina Press, Columbia, SC. 735 p.

Douglas, M.R., P.C. Brunner, and L. Bernatchez. 1999. Do assemblages of Coregonus
(Teleostei: Salmoniformes) in the Central Alpine region of Europe represent species
flocks? Molecular Ecology 8:589-603.

Ebener, M.P. 1997. Recovery of lake whitefish populationsin the Great Lakes. Fisheries 22:18-
20.

Ebener, M.P., and F.A. Copes. 1985. Population statistics, yield estimates, and management
considerations for two lake whitefish stocksin Lake Michigan. American Journal of
Fisheries Management 5:435-448.

Eshenroder, R.L., M.E. Holey, T.K. Gorenflo, and R.D. Clark, Jr. 1995. Fish-community
objectives for Lake Michigan. Great Lakes Fishery Commission Special Publication 95-3.
56 p.

Ferraris, J.D., and S.R. Palumbi [eds.]. 1996. Molecular zoology: advances, strategies, and
protocols. John Wiley and Sons, New York, NY.

Friesen, V. 2000. Introns, p. 274-294. In A.J. Baker, [ed.]. Molecular methods in ecology.
Blackwell Scientific, Oxford, UK.

Grant, W.S. [ed.]. 1997. Genetic effects of straying of non-native hatchery fish into natural
populations. proceedings of the workshop. U.S. Department of Commerce, NOAA
Technical Memo. NMFS-NWFSC-30, 130 pp.

Greene, B.A., and J.E. Seeb. 1997. SINE and transposon sequences generate high-resolution
DNA fingerprints, “SINE-prints’ that exhibit faithful Menddian inheritancein pink
salmon. Molecular Marine Biology and Biotechnol ogy 6:328-338.

Hallerman, E.M., and J.S. Backman. 1988. DNA-level polymorphismsasatool in fisheries
science. Canadian Journal of Fisheries and Aquatic Sciences 45: 1075-10878.



Hansen, M.M., K. Mensberg, and S. Berg. 1999. Postglacial recolonization patterns and genetic
rel ationships among whitefish (Coregonus sp.) population in Denmark, inferred from
mitochondrial DNA and microsatellite markers. Molecular Ecology 8:239-252.

Hodzel, A.R. [ed.] 1992. Molecular genetic analysis of populations. A practical approach. Oxford
University Press, Oxford, UK.

Hoyle, JA., JM. Cassdlman, R. Dermott, and T. Schaner. (2001, in review) Resurgence and
declne of lake whitefish (Coregonus clupeaformis) stocks in eastern Lake Ontario, 1972
t0 1999. In M. Munawar, T. Edsall, and J. Leach [eds], State of Lake Ontario (SOLO):
Food-web dynamics and management. SPB Academic Publishing, Amsterdam, The
Netherlands.

Ihssen, P.E., H.E. Booke, JM. Casselman, JM. McGlade, N.R. Payne, and F.M. Utter. 1981.
Stock identification: Materials and methods. Canadian Journal of Fisheries and Aquatic
Sciences 38:1838-1855.

Imhoff, M., R. Leary, and H.E. Booke. 1980. Population or stock structure of |ake whitefish
(Coregonus clupeaformis), in northern Lake Michigan as assessed by isozyme
electrophoresis. Canadian Journal of Fisheries and Aquatic Sciences 37:783-793.

Kapuscinski, A.R., and L.D. Jacobson. 1987. Genetic guidelines for fisheries management.
Minnesota Sea Grant Res. Progress Report 17.

Krause, A.B. 1999. Stock-specific growth rates of cisco (Coregonus artedi) in the Lake Superior
environment. M.S. thesis, University of Minnesota, St. Paul. 111 p.

Kubisiak, J. 2000. Lake Michigan harvest of fishes summary, 1999. Prepared for Great Lakes
Fishery Commission, Lake Michigan Committee, 2000 Annual Meeting, Ann Arbor,
Michigan, March 22-23, 2000.

Milner, JW. 1874. Report on fisheries of the Great Lakes: the results of inquiries prosecuted in
1871 and 1872, p. 1-75. In Report of the Commissioners for 1872 and 1973. U.S.
Commercial Fish and Fisheries.

Mraz, D. 1964. Age, growth, sex ratio and maturity of whitefish in central Green Bay and
adjacent waters of Lake Michigan. U.S. Fish and Wildlife Service Fishery Bulletin 63:619-
634.

Nidsen, J.L. [ed.]. 1995. Evolution and the aquatic ecosystem: defining unique unitsin population
conservation. American Fisheries Society Symposium. 17, 435 p.

Organ, W.L., G.L. Towns, M.O. Walter, R.B. Pdletier, and D.A. Riege. 1978. Past and presently
known spawning grounds of fishesin Lake Michigan coastal waters of the Great Lakes.
(Coastal Zone Management Act of 1972.) Aquatic Systems Inc., Ludington.



Ostazeski, J.J. 1998. Historical growth responses of freshwater drum, walleye, and yellow perch
in the Red lakes of Minnesota. M.S. thesis, University of Minnesota, St. Paul. 85 p.

Park, L., P. Moran, and R.S. Waples[eds.]. 1994. Application of DNA technology to the
management of Pacific salmon: proceedings of the workshop. U.S. Department of
Commerce, NOAA Technical Memo. NMFS-NWFSC-17, 178 p.

Patterson, W.P., G.R. Smith, and K.C. Lohmann. 1993. Continental palecthermometry and
seasonality using the isotopic composition of aragonitic otoliths of freshwater fishes, p.
191-202. In P.K. Swart, K.C. Lohmann, J. McKenzie, and A. Savin [eds.], Climate change
in continental isotopic records. American Geophysical Union, Washington, DC.

Patton J., B. Gallaway, R. Fechhelm, and M. Cronin. 1997. Genetic variation of microsatellite and
mitochondrial DNA markers in broad whitefish (Coregonus nasus) in the Colville and
Sagavanirktok riversin northern Alaska. Canadian Journal of Fisheries and Aquatic
Sciences 5: 1548-1556.

Pdla, JJ., and G.B. Milner. 1987. Use of genetic marksin stock composition analysis, p. 247-
276. In N. Ryman and F. Utter [eds.] Population genetics and fishery management.
University of Washington Press, Seattle, WA.

Pereira, D., C. Bingham, G. Spangler, D. Conner, and P. Cunningham. 1995. Construction of a
110-year biochronology from sagittae of freshwater drum (Aplodinotus grunniens), p.
177-196. In Recent developmentsiin fish otolith research. D.H. Secor, J.M. Dean, and
S.E. Campana (editors). Belle Baruch Library in Marine Science. No. 19. University of
South Carolina Press, Columbia, SC. 735 p.

Pleyte, K.A., S.D. Duncan, and R.B. Phillips. 1992. Evolutionary relationships of the salmonid
genus Salvelinus inferred from DNA sequences of the first internal transcribed spacer
(ITSL) of ribosomal DNA. Molecular Phylogenetic Evolution 1:223-230.

Prodohl, P.A., J.B. Taggart, and A. Ferguson. 1994. Cloning of highly variable minisatellite DNA
sngle-locus probes for brown trout (Salmo trutta L.) from a phagemid library. In A.R.
Beaumont [ed.] Genetics and evolution of aquatic organisms. Chapman and Hall, New
York, NY.

Roelofs, E. W. 1958. Age and growth of whitefish, Coregonus clupeaformis (Mitchdl), in Big
Bay de Noc and northern Lake Michigan. Transactions of the American Fisheries
Society 87: 190-199.

Scheerer, P.D., and W.W. Taylor. 1985. Population dynamics and stock differentiation of lake
whitefish in northeastern Lake Michigan with implications for their management.
North American Journal of Fisheries Management 5:526-536.

Scribner, K.T., and J. Pearce. 2000. Microsatellites. evolutionary and methodological background



and empirical applications at individual, population and phylogenetic levels. In A. Baker
[ed.]. Molecular methods in ecology. Blackwell Scientific, Oxford, UK.

Smith, T.B., and R.K. Wayne [eds.]. 1996. Molecular genetic approachesin conservation. Oxford
University Press, Oxford, UK.

Spangler, G. R., and J. J. Cadllins. 1980. Response of lake whitefish (Coregonus clupeaformis) to
the control of sealamprey (Petromyzon marinus) in Lake Huron. Canadian Journal of
Fisheries and Aquatic Sciences 37: 2039-2046.

Spangler, G.R. 1970. Factors of mortality in an exploited population of whitefish, Coregonus
clupeaformis, in northern Lake Huron, p. 515-529. In C.C. Lindsey and C.S. Woods [ed.]
Biology of coregonid fishes. University of Manitoba Press, Winnipeg, Manitoba. 566 p.

Taylor, W.W., M. A. Smale, and M.H. Freeberg. 1987. Biotic and abiotic determinants of lake
whitefish (Coregous clupeaformis) recruitment in northeastern Lake Michigan. Canadian
Journal of Fisheries and Aquatic Sciences 44:313-323.

Thorrold, S.R., and S. Shuttleworth. 2000. In situ analysis of trace elements and isotope ratios in
fish otoliths using laser ablation sector field inductively coupled plasma mass
spectrometry. Canadian Journal of Fisheries and Aquatic Sciences 57:1232-1242.

Thorrald, S. R., C. Latkoczy, P.K. Swart, and C.M. Jones. 2001. Natal homing in a marinefish
metapopul ation. Science 291:297-299.

Weisherg, S.. 1993. Using hard-part increment data to estimate age and environmental effects.
Canadian Journal of Fisheries and Aquatic Sciences 30: 1229-1237.

Whitmore, D.H. 1990. Electrophoretic and isod ectric focusing techniquesin fisheries
management. CRC Press, Ann Arbor, MI.

Wirgin, 1.1., and JR. Waldman. 1994. What DNA can do for you. Fisheries 19:16-27.
Wright, JM., and P. Bentzen. 1995. Microsatellites: genetic markers for the future, p. 117-121.

In G.R. Carvalho and T.J. Pitcher [eds.]. Molecular geneticsin fisheries. Chapman and
Hall, New York, NY.



From Draft Report
Appendix A—Reportsand thesesreviewed

Report References, Wisconsin

Belonger, B. 1995. Documentation of a Menominee River whitefish run. Memorandum to George
Boronow, State of Wisconsin, File Ref. 3600, December 1, 1995. 1 p.

Lychwick, T.J., and J.M. Moore. 1979. Status of whitefish and recommendations on future
management. Wisconsin Department of Natural Resources. 28 p. (mimeo.).

Moore, J.D. 1970. Whitefish tagging and distribution. Wisconsin Department of Natural
Resources. 2 p. (mimeo.).

Peeters, P.J. 1996. Status of the lake whitefish stock in the Wisconsin waters of Lake Michigan
and commercial harvest for quota year 1994-95. Wisconsin Department of Natural
Resources. 36 p. (mimeo.).

Peeters, P.J. 1998. Summary of the commercial harvest of |ake whitefish for quota years 1995-96,
1996-97, and 1997-98 in the Wisconsin waters of Lake Michigan and status of the
North/Moonlight Bay stock |ake whitefish. Wisconsin Department of Natural Resources.
31 p. (mimeo.).

Toneys, M.L. 1980. A summary of commercial whitefish monitoring with a comparison of
incidental catch vs. commercial gear. Wisconsin Department of Natural Resources. 25 p.
(mimeo.).

Toneys, M.L. 1981. Lake Michigan lake whitefish assessment 1981. Wisconsin Department of
Natural Resources. 9 p. (mimeo.).

Toneys, M.L. 1982. Lake whitefish assessment in Wisconsin waters of Lake Michigan 1982.
Wisconsin Department of Natural Resources. 10 p. (mimeo.).

Toneys, M.L.1983. Whitefish harvest assessment in Wisconsin waters of Lake Michigan 1983.
Wisconsin Department of Natural Resources. 19 p. (mimeo.).

Toneys, M.L.1984. Whitefish harvest assessment in Wisconsin waters of Lake Michigan 1984.
Wisconsin Department of Natural Resources. 17 p. (mimeo.).

Toneys, M.L. 1985. Lake whitefish harvest assessment and status of stock in Wisconsin waters of
Lake Michigan 1985. Wisconsin Department of Natural Resources. 27 p. (mimeo.).

Toneys, M.L. 1986. Lake whitefish harvest assessment and status of stock in Wisconsin waters of
Lake Michigan. Wisconsin Department of Natural Resources. 26 p. (mimeo.).



Toneys, M.L. 1987. Lake whitefish harvest assessment and status of stock in Wisconsin waters of
Lake Michigan. Wisconsin Department of Natural Resources. 26 p. (mimeo.).

Toneys, M.L. 1988. Lake whitefish harvest assessment and status of stock in Wisconsin waters of
Lake Michigan1988. Wisconsin Department of Natural Resources. 25 p. (mimeo.).

Toneys, M.L. 1990. Lake whitefish harvest assessment and status of stock in Wisconsin waters of
Lake Michigan 1989-90, with a quota recommendation for 1991-92. Wisconsin
Department of Natural Resources. 25 p. (mimeo.).

Toneys, M.L. 1992. Lake whitefish harvest assessment and status of stock in Wisconsin waters of
Lake Michigan 1990-91, with recommendation for the1992-93 quota year. Wisconsin
Department of Natural Resources. 23 p. (mimeo.).

Toneys, M.L. 1993. Lake whitefish harvest assessment and status of stock in Wisconsin waters of
Lake Michigan for quota year 1991-92. Wisconsin Department of Natural Resources. 27
p. (Mimeo.).

Toneys, M.L. 1994. Lake whitefish harvest assessment and status of stock in Wisconsin waters of
Lake Michigan for quota year 1992-93. Wisconsin Department of Natural Resources. 33
p. (Mimeo.).

Report References, Michigan

Organ, W.L., G.L. Towns, M.O. Walter, R.B. Pdlletier, and D.A. Riege. 1978. Past and presently
known spawning grounds of fishesin Lake Michigan coastal waters of the Great Lakes.
(Coastal Zone Management Act of 1972.) Aquatic Systems Inc., Ludington.

Schneeberger, P.J. 1996. Assessment of whitefish populationsin the treaty area of Lake
Michigan. NOAA NMFS Study Progress Report (April 1, 1996, to September 30, 1996).
State of Michigan Study No. 431, 56 p.

Schneeberger, P.J. 1996. Whitefish stocks in Green Bay and northern Lake Michigan. Michigan
Department of Natural Resources, Marquette. Fall 1996, 6 p. (mimeo.)

Schneeberger, P.J. 1998. Assessment of whitefish populations in the treaty area of Lake
Michigan. NOAA NMFS Study Completion Report (October 1, 1995, to September 30,
1998). State of Michigan Study No. 431, 33 p.



References, Theses

Brown, R.J. 1968. Population structure and growth characteristics of the whitefish in northern
Lake Michigan 1929-1967. M.S. thes's, University of Michigan.

Ebener, M.P. 1980. Population dynamics of |ake whitefish, Coregonus clupeaformis, in Green
Bay and Lake Michigan east of Door County, Wisconsin. M.S. thesis, University of
Wisconsin-Stevens Point. 106 p.

Frederick, L.L. 1982. Ecology of juvenile whitefish Coregonus clupeaformisin Lake Michigan
east of Door County, Wisconsin. Ph.D. thesis, University of Wisconsin-Madison.

Gunderson, J.L. 1978. Vital gtatistics of the lake whitefish in three areas of Green Bay, Lake
Michigan with comparison to Lake Michigan east of Door County, Wisconsin. M.S.
thesi's, University of Wisconsin-Stevens Point.

Hastreiter, J.L. 1984. Dynamics of an exploited population of lake whitefish, Coregonus
clupeaformis, in northwestern Lake Michigan. M.S. thesis, University of Wisconsin-
Stevens Point. 102 p.

Hogman, W.J. 1971. The larvae of the lake whitefish Coregonus clupeaformis (Mitchill) of Green
Bay, Lake Michigan. Ph.D. thesis, University of Wisconsin-Stevens Point. 126 p.

Humphreys, J.D. 1978. Population dynamics of lake whitefish Coregonus clupeaformis, in Lake
Michigan east of Door County, Wisconsin. M.S. thesis, University of Wisconsin-Stevens
Point.

Imhof, M.A. 1977. Population genetic structure of |ake whitefish, Coregonus clupeaformis, in
Green Bay and northern Lake Michigan, as assessed by el ectrophoresis of lactate,
glycerol-e-phosphate, and malate dehydrogenase isoenzymes. M.S. thesis, University of
Wisconsin-Stevens Point.

Leary, R.F. 1979. Population or stock structure of lake whitefish, Coregonus clupeaformis, in
northern Lake Michigan as assessed by isozyme dectrophoresis. M.S. thes's, University of
Wisconsin-Stevens Point.

Rowe, M. 1984. Population dynamics of lake whitefish in the Big Bay de Noc, Bark-Cedar rivers,
and Portage Bay area of Lake Michigan. M.S. thesis, University of Wisconsin-Stevens
Point. 72 p.



