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T he Great Lakes right now are experiencing perhaps the most fundamental – and potentially devastating – changes in their 
recorded history. The Great Lakes food web is undergoing massive disruptions, primarily from the invasion of non-native 
aquatic species.  We see the obvious effects of alewives washing up dead on the beaches, sea lamprey sucking the life out of lake 
trout, and zebra mussels clogging water intake pipes. But as damaging as these are, the research presented in this report indicates 
that they only scratch the surface of what’ s ailing the lakes. 
 

The entire foundation of the Great Lakes food web is declining precipitously. The largest component of the base of the food web 
– 'LSRUHLD, a tiny shrimp-like organism – has nearly disappeared from large stretches of the lake bottoms. Other key components 
– fingernail clams and opossum shrimp – are beginning to experience similar declines. Although there is no conclusive evidence, 
most scientists believe that an invasive species, the zebra mussel, is the likely the culprit. And they worry that invasions by a 
similar species, the quagga mussel, will expand the damage to the remaining food web foundation, attacking deeper-water food 
sources. 
 

The damage by invasive species is perpetual. Unlike pollution in the lakes, which can improve once new inputs are stopped, 
invasive species continue to reproduce and thrive even if no new species are introduced. The problem species we see now will 
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continue to get worse without action; and new invaders (an 
average of one every eight months) will continue to be 
introduced. 
 

The lakes need action now. They need research to better 
understand the disrupt ions to the food web,  the 
consequences to key species, and the best methods and 

places of intervention.  They need federal and state 
legislation and voluntary action to stop the introduction of 
new invasive species. They need new management tools to 
address the invaders that are already in the lakes. And they 
need funding to accomplish these tasks – to restore the 
Great Lakes. Their future, and ours, are in the balance. 

���



����������������������������������������������������������������������������5HIHUHQFHV5HIHUHQFHV��

 

1 Government of Canada and U.S. Environmental 
Protection Agency, 1995, The Great Lakes: 
An Environmental Atlas and Resource Book, 
Fuller, K., Shear, H., and Wittig J., Eds. 

2 U.S. Fish and Wildlife Service, 2002. 2001 
National Survey of Fishing, Hunting, and 
Wildlife-Associated Recreation. Issued June 
2002.   

3 Government of Canada and U.S. Environmental 
Protection Agency, 1995, The Great Lakes: 
An Environmental Atlas and Resource Book, 
Fuller, K., Shear, H., and Wittig J., Eds. 

4 Beeton, A.M. 1969. Changes in the environment 
and biota of the Great Lakes. In 
Eutrophication: causes, consequences, 
correctives. National Academy of Science, 
Washington, D.C. pp. 150-187. 

5 Beeton, A.M., Sellinger, C.E., Reid, D.F., 1999. 
An introduction to the Laurentian Great 
Lakes ecosystem. In Great Lakes Fisheries 
Policy and Management: A Binational 
Perspective. Eds. W.W. Taylor and C. Paola 
Ferreri. Michigan State University Press, 
East Lansing, MI. pp.2-54. 

6 Smiley, C.W. 1882. Changes in the fisheries of 
the Great Lakes during the decade 1870-
1880. Trans. Am. Fish. Cult. Assoc. 11:28-
37. 

7 Beeton, et al., 1999. Op. Cit.  
8 Ibid.; Ashworth, W., The Late, Great Lakes: An 

Environmental History, Detroit, MI: Wayne 
State University Press, 1987. 

9 Beeton, A.M. 2002. Large freshwater lakes: 
present state, trends, and future. 
Environmental Conservation. 29(1):21-38. 

10 Beeton, et al., 1999. Op Cit.; Colborn, T., and 
C. Clement. Chemically-Induced Alterations 
in Sexual and Functional Development: The 
Wildlife/Human Connection. C. Princeton 
Scientific Publishing, Co., Inc. Princeton, 
NJ., 1992; Johnson, B.L., Hicks, H.E., 
Jones, D.E., Cibulas, W., Wargo, A., de 
Rosa, C.T., 1998, Public health implications 
of persistent toxic substances in the Great 
Lakes and St. Lawrence Basins, Journal of 
Great Lakes Research, V. 24, No. 2, pp. 
698-722  

11 Magnuson, J. J., Webster, K. E., Assel, R. A., 
Bowser, C. J., Dillon, P. J., Eaton, J. G., 
Evans, H. E., Fee, E. J., Hall, R. I., Mortsch, 
L. R., Schindler, D. W., and Quinn, F. H. 
(1997). Potential Effects of Climate 
Changes on Aquatic Systems: Laurentian 
Great Lakes and Precambrian Shield 
Region. Hydrolog. Proc. 11, 825-871; 
Quinn, F. H. (2002). Secular Changes in 
Great Lakes Water Level Seasonal Cycles. 
Journal of Great Lakes Research 28, 451-
465; Sousounis, P.J. and Bisanz, J.M., Eds., 
Preparing for a Changing Climate: The 
Potential Consequences of Climate 
Variability and Change – Great Lakes, A 
Summary by the Great Lakes Regional 
Assessment Group for the U.S. Global 
Change Research Program, Oct. 2000. 

12 Reviewed in Kelso, J.R.M., Steedman, R.J., and 
Stoddart, S. 1996. Historical causes of 

change in Great Lakes fish stocks and the 
implications for ecosystem rehabilitation. 
Can. J. Fish. Aquat. Sci. 53(Suppl. 1):10-19. 

13 Beeton, A.M. 2002. Large freshwater lakes: 
present state, trends, and future. 
Environmental Conservation. 29(1):21-38. 

14 Beldon, Russonello and Stewart, 2003. Great 
Lakes: Responsibility and awareness about 
a vital resource: Summary analysis of public 
opinion in Great Lakes States, conducted for 
the Biodiversity Project and Joyce 
Foundation, January 2003. 

15 Pimentel, D., Lach, L., Zuniga, R., and 
Morrison, D. 2000. Environmental and 
economic costs of nonindigenous species in 
the United States. Bioscience, 50, 53-65. 

16 Nature Conservancy. 1996. America’s Least 
Wanted: Alien Species Invasions of U.S. 
Ecosystems. Arlington, Va: The Nature 
Conservancy; Wilcove DS, Rothstein D, 
Bubow J, Phillips A, Losos E. 1998. 
Quantifying threats to imperiled species in 
the United States. BioScience 48(8): 607-
615. 

17 Mills, E.L., et al. 1994. Exotic species and the 
integrity of the Great Lakes. Bioscience 
44:666-676.; Ricciardi, A. 2001. Facilitative 
interactions among aquatic invaders: Is an 
‘invasional meltdown’  occurring in the 
Great Lakes? Can. J. Fish. Aquat. Sci. 
58:2513-2525. 

18 Hansen, M.J. 1999. Lake trout in the Great 
Lakes: Basinwide stock collapse and 
binational restoration. Great Lakes 
Fisheries Policy and Management: A 
Binational Perspective. Eds. W.W. Taylor 
and C. Paola Ferreri. Michigan State 
University Press, East Lansing, MI. 417-
453. 

19 Mills, E.L., J.H. Leach, J.T. Carlton, and C.L. 
Secor. 1993. Exotic species in the Great 
Lakes: a history of biotic crises and 
anthropogenic introductions. Journal of 
Great Lakes Res. 19:1-54.; Ricciardi, A. 
2001. Facilitative interactions among 
aquatic invaders: Is an ‘invasional 
meltdown’  occurring in the Great Lakes? 
Can. J. Fish. Aquat. Sci. 58:2513-2525. 

20 Mills, E.L., J.H. Leach, J.T. Carlton, and C.L. 
Secor. 1993. Exotic species in the Great 
Lakes: a history of biotic crises and 
anthropogenic introductions. Journal of 
Great Lakes Res. 19:1-54.; Grigorovich, 
I.A., et al. 2003. Ballast-mediated animal 
introductions in the Laurentian Great Lakes: 
Retrospective and prospective analysis. 
Can. J. Fish. Aquat. Sci. 60(6):740-756. 

21 Ricciardi, A. and H.J. MacIsaac. 2000. Recent 
mass invasion of the North American Great 
Lakes by Ponto-Caspian species. Trends 
Ecol. Evol. 15:62-65. 

22 Grigorovich et al., 2003, Op. Cit.  
23 Reid, D.F., and M.I. Orlova. 2002. Geological 

and evolutionary underpinnings for the 
success of Ponto-Caspian species invasions 
in the Baltic Sea and North American Great 

Lakes. Can. J. Fish. Aquat. Sci. 59(7):1144-
1158. 

24 U.S. Census Bureau, 1998, Statistical 
Abstract of the United States 1996, 
200th Ed, cited in Pimentel et al 
2000, Op. Cit. 

25 Mills, E.L., J.H. Leach, J.T. Carlton, and C.L. 
Secor. 1993. Exotic species in the Great 
Lakes: a history of biotic crises and 
anthropogenic introductions. Journal of 
Great Lakes Res. 19:1-54.; Ricciardi, A. 
2001. Facilitative interactions among 
aquatic invaders: Is an ‘invasional 
meltdown’  occurring in the Great Lakes? 
Can. J. Fish. Aquat. Sci. 58:2513-2525. 

26 Leach, J.H., E.L. Mills, and M.R. Dochoda. 
1999. Non-indigenous species in the Great 
Lakes: Ecosystem impacts, binational 
policies, and management. Great Lakes 
Fisheries Policy and Management: A 
Binational Perspective. Eds. W.W. Taylor 
and C. Paola Ferreri. Michigan State 
University Press, East Lansing, MI. 185-
207. 

27 Ibid. 
28 Christie, G.C. and C.I. Goddard. 2003. Sea 

Lamprey International Symposium (SLIS 
II): Advances in the Integrated Management 
of Sea Lamprey in the Great Lakes, J. Great 
Lakes Res. 29(Suppl. 1):1-14.; Waldman, 
J.R., et al. 2004. Mitochondrial DNA 
analysis indicates sea lampreys are 
indigenous to Lakes Ontario. Trans. Am. 
Fish. Soc. 133(4):950-960. 

29 Eshenroder, R.L. and M.K. Burnham-Curtis. 
1999. Species succession and sustainability 
of the Great Lakes fish community. Great 
Lakes Fishery Policy and Management: A 
Binational Perspective. The Michigan State 
University Press. 145-184. 

30 Leach et al., 1999, Op. Cit. 
31 Eshenroder and Burnham-Curtis, Op. Cit. 
32 Jude, D.J., Reider, R.H., Smith, G.R., 1992. 

Establishment of Gobiidae in the Great 
Lakes Basin, Can. J. Fish. Aquat. Sci. 
49:416-421; Jude, D.J., 2001, Round and 
tubenose gobies: 10 years with the latest 
Great Lakes phantom menace, Dreissena, 
11:1-14. 

33 Janssen, J. and Jude, D.J., 2001, Recruitment 
failure of mottled sculpin Cottus bairdi in 
Calumet Harbor, southern Lake Michigan, 
induced by the newly introduced round 
goby, Neogobius melanostomus, J. Great 
Lakes Res., 27(3): 319-328. 

34 Vanderploeg, H.A., et al. 2002. Dispersal and 
emerging ecological impacts of Ponto-
Caspian species in the Laurentian Great 
Lakes. Can. J. Fish. Aquat. Sci. 59(7):1209-
1228. 

35 Eshenroder, R.L. and M.K. Burnham-Curtis. 
1999. Species succession and sustainability 
of the Great Lakes fish community. Great 
Lakes Fishery Policy and Management: A 
Binational Perspective. The Michigan State 
University Press. 145-184. 

���



 

36 Madenjian, C.P., et al. 2002. Dynamics of the 
Lake Michigan food web, 1970-2000. Can. 
J. Fish. Aquat. Sci. 59(4):736-753.; Mills, 
E.L., J.M. Casselman, R. Dermott, et al. 
2003. Lake Ontario: Food web dynamics in 
a changing ecosystem (1970-2000). Can. J. 
Fish. Aquat. Sci. 60(4):471-490.; 
Fitzsimons, J.D., S.B. Brown, D.C. 
Honeyfield, J.G. Hnath, 1999. A review of 
early mortality syndrome (EMS) in Great 
Lakes salmonids: relationship with thiamine 
deficiency, Ambio, 28:9-15. 

37 Mills, E.L., et al. 2003. Lake Ontario: Food 
web dynamics in a changing ecosystem 
(1970-2000). Can. J. Fish. Aquat. Sci. 60
(4):471-490. 

38 Mills, E.L., J.H. Leach, J.T. Carlton, and C.L. 
Secor. 1993. Exotic species in the Great 
Lakes: a history of biotic crises and 
anthropogenic introductions. Journal of 
Great Lakes Res. 19:1-54. 

39 Bronte, C.R., et al. 1998. Fish community 
changes in the St. Louis River estuary, Lake 
Superior, 1989-1996: Is it ruffe or 
population dynamics? J. Great Lakes Res. 
24(2):217-227.; Ogle, D.H. 1998. A 
synopsis of the biology and life history of 
ruffe. J. Great Lakes Res. 24(2):170-185. 

40 Bronte, C.R., et al. 1998. Fish community 
changes in the St. Louis River estuary, Lake 
Superior, 1989-1996: Is it ruffe or 
population dynamics? J. Great Lakes Res. 
24(2):217-227. 

41 Chicago Sanitary and Ship Canal Aquatic 
Nuisance Species Barrier Project, 2004. 

42 Hebert, P.D.N., B.W. Muncaster, and G.L. 
Mackie. 1989. Ecological and genetic 
studies on Dreissena polymorpha (Pallas): 
A new mullusc in the Great Lakes. Can. J. 
Fish. Aquat. Sci. 46:1587-1591.  

43 Allen, Y.C., and C.W. Ramcharan. 2001. 
Dreissena distribution in commercial 
waterways of the U.S.: using failed 
invasions to identify limiting factors. Can. 
J. Fish. Aquat. Sci. 58(5):898-907. 

44 Klerks, P.L., et al. 1996. Effects of zebra 
mussels (Dreissena polymorpha) on seston 
levels and sediment deposition in western 
Lake Erie. Can. J. Fish. Aquat. Sci. 
53:2284-2291.; Vanderploeg, H.A., et al. 
2002. Dispersal and emerging ecological 
impacts of Ponto-Caspian species in the 
Laurentian Great Lakes. Can. J. Fish. 
Aquat. Sci. 59(7):1209-1228. 

45 May, B. and J.E. Marsden. 1992. Genetic 
identification and implications of another 
invasive species of dreissenid mussel in the 
Great Lakes. Can. J. Fish. Aqaut. Sci. 
49:1501-1506. 

46 Vanderploeg, H.A., et al. 2002. Dispersal and 
emerging ecological impacts of Ponto-
Caspian species in the Laurentian Great 
Lakes. Can. J. Fish. Aquat. Sci. 59(7):1209-
1228. 

47 Vanderploeg, H.A., et al. 2001. Zebra mussel 
(Dreissena polymorpha) selective filtration 
promoted toxic Mycrocystis blooms in 
Saginaw Bay (Lake Huron) and Lake Erie. 
Can. J. Fish. Aquat. Sci. 58:1208-1228.; 
Murphy, T.P., et al. 2003. New Microcystin 
concerns in the lower Great Lakes. Water 
Qual. Res. J. Canada, 38(1):127-140. 

48 Fricker, H., and A. Abbott. 1982. Zooplankton 
abundance in a north-south cross section of 
Lake Ontario. Government Report. Canada 

Center for Inland Waters, Burlington, 
Ontario. 

49 Lehman, J.T. 1991. Causes and consequences 
of cladoceran dynamics in Lake Michigan: 
Implications of species invasions by 
Bythotrephes. J. Great Lakes Res. 17
(4):437-445. 

50 Boudreau, S.A. and N.D. Yan. 2003. The 
differing crustacean zooplankton 
communities of Canadian Shield lakes with 
and without the nonidigenous zooplankton 
Bythotrphes longimanus. Can. J. Fish. 
Aquat. Sci. 60(11):1307-1313. 

51 Therriault, T.W., et al. 2002. Range expansion 
of the exotic zooplankton Cercopagis 
pengoi (Ostroumov) into western Lake Erie 
and Muskegon Lakes. J. Great Lakes Res. 
28(4):698-701. 

52 Laxson, C.L., et al. 2003. Effects of the non-
indigenous cladoceran Cercopagis pengoi 
on the lower food web of Lake Ontario. 
Freshwater Biol. 48:2094-2106.  

53 Stoeckel, J.A., and P.M. Charlebois. 1999. 
Daphnia lumholtzi: The Next Great Lakes 
Exotic? Fact Sheet. Sea Grant Publication 
IISG-99-10. 

54 Muzinic, C.J. 2000. First record of Daphnia 
lumholtzi Sars in the Great Lakes. J. Great 
Lakes Res. 26(3):352-354. 

55 Williamson, M., and A. Fitter. 1996. The 
varying success of invaders. Ecology. 
77:1655-1661. 

56 Mack, R.N., et al. 2000. Biotic invasions: 
causes, epidemiology, global consequences, 
and control. Ecological Applications. 
10:689-710.  

57 Simon, K.S., and C.R. Townsend. 2003. 
Impacts of freshwater invaders at different 
levels of ecological organization, with 
emphasis on salmonids and ecosystem 
consequences. Freshwater Biology. 48:982-
994. 

58  See for example Dermott, R.M., M. Munawar, 
L. Witzel, P.A. Ryan, 1999. An assessment 
of food web changes in eastern Lake Erie: 
impact of Dreissena spp. and phosphorus 
management on rainbow smelt Osmerus 
mordax. State of Lake Erie – Past, Present, 
and Future. Eds. M. Munawar, T. Edsall, 
and I.F. Munawar. Backhuys, Leiden. 367-
386.;Ryan, P.A., L.S. WitzelJ. Paine, M. 
Freeman, M. Hardy, S.Scholten, L. 
Sztramko, R. MacGregor, Recent trends in 
fish populations in eastern Lake Erie in 
relation to changing trophic state and food 
web, In State of Lake Erie – Past, Present, 
and Future. Eds. M. Munawar, T. Edsall, 
and I.F. Munawar. Backhuys, Leiden, pp. 
241-289., Shuter, B.J., and D. Mason. 2001. 
Exotic invertebrates, food-web disruption, 
and lost fish production: understanding 
impacts of dreissenid and clasdoceran 
invaders on lower-lakes fish communities 
and forecasting invasion impacts on upper-
lakes fish communities. Prepared for board 
of technical experts, Great Lakes Fishery 
Commission with support from Great Lakes 
Fishery Trust and Ohio Sea Grant.  

59 Simon, K.S., and C.R. Townsend. 2003. 
Impacts of freshwater invaders at different 
levels of ecological organization, with 
emphasis on salmonids and ecosystem 
consequences. Freshwater Biology. 48:982-
994.  

60 Kolar, C.S., et al. 2002. Interactions among 
zebra mussel shells, invertebrate prey, and 

Eurasion ruffe or yellow perch. J. Great 
Lakes. Res. 28(4):664-673.  

61 Simberloff, D., and B. Von Holle. 1999. 
Positive interactions of nonindigenous 
species: invasional metdown? Biol Invas. 
1:21-32.; Ricciardi, A. 2001. Facilitative 
interactions among aquatic invaders: Is an 
‘invasional meltdown’  occurring in the 
Great Lakes? Can. J. Fish. Aquat. Sci. 
58:2513-2525. 

62 Ricciardi, A. 2001. Facilitative interactions 
among aquatic invaders: Is an ‘invasional 
meltdown’  occurring in the Great Lakes? 
Can. J. Fish. Aquat. Sci. 58:2513-2525. 

63 Great Lakes Panel on Aquatic Nuisance 
Species. 2003b. Around the basin: Ohio. 
ANS Update. 9(3):1-2.  

64 Eshenroder, R.L. and M.K. Burnham-Curtis. 
1999. Species succession and sustainability 
of the Great Lakes Fish Community. In 
Great Lakes fishery policy and 
management: a binational perspective. The 
Michigan State University Press, pp. 145-
184. 

65 Perrings, C. (2002). Biological Invasions in 
Aquatic Systems: the Economic Problem. 
Bulletin of Marine Science 70, 541-552. 

66 Evans, 2003Evans, E.A., 2003, Economic 
dimensions of the problem of invasive 
species, EDIS document FE386, available 
at: http://edis.ifas.ufl.edu/BODY_FE386 

67 Food and Agricultural Organization (FAO). 
2001. The state of food and agriculture 
2001. Rome, Italy. Available at http://
www.fao.org/docrep/003/x9800e/
x9800e14.htm 

68 Leung, B.D.M., et al. 2002. An ounce of 
prevention or a pound of cure: Bioeconomic 
risk analysis of invasive species. Proc. R. 
Soc. Lond. B. 269(1508):2407-2413. 

69 Brown R.W., Ebener, M., Gorenflo, T., Great 
Lakes commercial fisheries: historical 
overview and prognosis for the future, In 
Great Lakes Fisheries Policy and 
Management: A Binational Perspective, 
Eds. W.W. Taylor and C.P. Ferreri, East 
Lansing, MI: Michigan State University 
Press, pp. 307-354. 

70 Data in Baldwin, N. A., R. W. Saalfeld, M. R. 
Dochoda, H. J. Buettner, and R.L. 
Eshenroder. (August 2002). Commercial 
Fish Production in the Great Lakes 1867-
2000, available at: (http://www.glfc.org/
databases/commercial/commerc.asp) 

71 Office of Technology Assessment, U.S. 
Congress. 1993. Harmful Non-indigenous 
Species in the United States. OTA-F-565. 
U.S. Government Printing Office. 
Washington, D.C. 391. 

73 Lozano, S.J., J.V. Scharold, and T.F. Nalepa. 
2001. Recent declines in benthic 
macroinvertebrate densities in Lake Ontario. 
Can. J. Fish. Aquat. Sci. 58:518-529.; 
Beeton, A.M., C.E. Sellinger, and D.F.  
Reid. 1999. An introduction to the 
Laurentian Great Lakes ecosystem. Great 
Lakes Fisheries Policy and Management: A 
Binational Perspective. Eds .W.W. Taylor 
and C. Paola Ferreri. Michigan State 
University Press, East Lansing, MI. 2-54. 

73 Gardner, W.S., et al. 1985. Seasonal patterns in 
lipid content of Lake Michigan 
macroinvertebrates. Can. J. Fish. Aquat. 
Sci. 42:1827-1832.; Pothoven, S.A., et al. 
2001. Changes in diet and body condition of 
lake whitefish in southern Lake Michigan 

���



 

associated with changes in benthos. North 
American Journal of Fisheries 
Management. 21:876-883.  

74 Mozley, S.C., and R.P. Howmiller. 1977. 
Environmental status of the Lake Michigan 
region: zoobenthos of Lake Michigan. 
Argonne National Lab. Rep. No. ANL/ES-
40. Vol. 6. U.S. Energy Research and 
Development Administration. Argoone 
National Laboratory, Argonne, IL.  

75 Flint, R.W. 1986. Hypothesized carbon flow 
through the deepwater Lake Ontario food 
web. J. Great Lakes Res. 12:344-354. 

76 Fitzgerald, S.A., and W.S. Gardner. 1993. An 
algal carbon budget for pelagic-benthic 
coupling in Lake Michigan. Limnol. 
Oceanogr. 38:547-560. 

77 Dermott, R., and M., Legner, 2002, Dense mat-
forming bacterium Thioploca ingrica 
(Beggiatoaceae) in Easter Lake Ontario: 
Implications to the benthic food web, J. 
Great Lakes Res., 28(4): 688-697. 

78 L’ Italien, S., D.J. Williams, K.W. Kuntz, 2000. 
Lake Ontario Surveillance Program. Spatial 
and temporal trends of selected parameters, 
with emphasis on 1998 and 1999 results. 
Environment Canada, Environmental 
Conservation Branch - Ontario Region, 
Ecosystem Health Division. 

79 Dermott, R., 2001. Sudden disappearance of the 
amphipod Diporeia from eastern Lake 
Ontario, 1993-1995. J. Great Lakes Res., 
27:423-433. 

80 Dermott, R., and M., Legner, 2002, Dense mat-
forming bacterium Thioploca ingrica 
(Beggiatoaceae) in Easter Lake Ontario: 
Implications to the benthic food web, J. 
Great Lakes Res., 28(4): 688-697 

81 Mills, E.L., et al. 1993. Colonization, ecology, 
and population structure of the “ quagga”  
mussel (Bivalvial Dreissenidae) in the lower 
Great Lakes. Can. J. Fish. Aquat. Sci. 
50:2305-2314. 

82 Leach, J.H. 1993. Impacts of zebra mussel 
(Dreissena polymorpha) on water quality 
and fish spawning reefs in western Lake 
Erie. Zebra Mussels: Biology, Impacts, and 
Control. Eds. T.F. Nalepa and D.W. 
Schloesser. Lewis/CRC Press, Inc., Boca 
Raton, Fla. 381-397. 

83 Holland, R.E. 1993. Changes in planktonic 
diotoms and water transparency in Hatchery 
Bay, Bass Island Area, western Lake Erie 
since the establishment of the zebra mussel. 
J. Great lakes Res. 19:617-624.; 
Fahnenstiel, G.L., et al. 1995. Effects of 
zebra mussel (Dreissena polymorpha) 
colonization on water quality parameters in 
Saginaw Bay, Lake Huron. J. Great Lakes 
Res. 21:435-448.  

84 Lozano, S.J., et al. 2001. Recent declines in 
benthic macroinvertebrate densities in Lake 
Ontario. Can. J. Fish. Aquat. Sci. 58(3):518-
529.  

85 Dermott, R. 2001. Sudden disappearance of the 
amphipod Diporeia from eastern Lake 
Ontario, 1993-1995. J. Great Lakes Res. 
27:432-433. 

86 Mills, E.L., et al. 2003. Lake Ontario: Food 
web dynamics in a changing ecosystem 
(1970-2000). Can. J. Fish. Aquat. Sci. 60
(4):471-490. 

87 Lozano, S.J., et al. 2001. Recent declines in 
benthic macroinvertebrate densities in Lake 
Ontario. Can. J. Fish. Aquat. Sci. 58(3):518-
529.; Madjenian, C.P., et al. 2002. 

Dynamics of the Lake Michigan food web, 
1970-2000. Can. J. Fish. Aquat. Sci. 59
(4):736-753.; Nalepa, T.F., et al. 1998. 
Decline in benthic macroinvertebrate 
populations in southern Lake Michigan, 
1980-1993. Can. J. Fish. Aquat. Sci. 
55:2402-2413. 

88 Nalepa, T.F., et al. 1998. Decline in benthic 
macroinvertebrate populations in southern 
Lake Michigan, 1980-1993. Can. J. Fish. 
Aquat. Sci. 55:2402-2413. 

89 Pothoven, S.A., et al. 2001. Changes in diet and 
body condition of lake whitefish in southern 
Lake Michigan associated with changes in 
benthos. North American Journal of 
Fisheries Management. 21:876-883.  

90 Pothoven, S.A., et al. 2001. Personal comments 
of T. Nalepa, Great Lakes Environmental 
Research Laboratory. Changes in diet and 
body condition of Lake Whitefish in 
southern Lake Michigan associated with 
changes in benthos. N. Amer. J. Fish. 
Manage. 21:876-883.  

91 Nalepa, T.F., et al. 1998. Decline in benthic 
macroinvertebrate populations in southern 
Lake Michigan, 1980-1993. Can. J. Fish. 
Aquat. Sci. 55:2402-2413. 

92 Lauer, T.E., and T.S. McConish. 2001. Impact 
of zebra mussels (Dreissena polymorpha) 
on fingernail clams (Sphaeriidae) in 
extreme southern Lake Michigan. J. Great 
Lakes Res. 27(2):230-238. 

93 Dermott, R., and D. Kerec. 1997. Changes to 
the deepwater benthos of eastern Lake Erie 
since the invasion of Dreissena: 1979-1993. 
Can. J. Fish. Aquat. Sci. 54:922-930. 

94 Mills, E.L., et al. 2003. Lake Ontario: Food 
web dynamics in a changing ecosystem 
(1970-2000). Can. J. Fish. Aquat. Sci. 60
(4):471-490. 

95 Pothoven, S.A., et al. 2001. Changes in diet and 
body condition of lake whitefish in southern 
Lake Michigan associated with changes in 
benthos. North American Journal of 
Fisheries Management. 21:876-883. 

96 Wetzel, R.G. 2001. Limnology, 3rd Ed. 
Saunders, New York. 

97 Mills, E.L., et al. 2003. Lake Ontario: Food 
web dynamics in a changing ecosystem 
(1970-2000). Can. J. Fish. Aquat. Sci. 60
(4):471-490.; Pothoven, S.A., G.L. 
Fahnenstiel, and H.A. Vanderploeg. 2004. 
Spatial distribution, biomass and population 
dynamics of Mysis relicta in Lake 
Michigan. Hydrobiol. 522:291-299. 

98 Pothoven, S.A., et al. 2001. Changes in diet and 
body condition of lake whitefish in southern 
Lake Michigan associated with changes in 
benthos. North American Journal of 
Fisheries Management. 21:876-883. 

99 Brown et al., 1999. Op. Cit. 
100 Kelso, J.R.M., R.J. Steedman, and S. Stoddart. 

1996. Historical causes of change in Great 
Lakes fish stocks and the implications for 
ecosystem rehabilitation. Can. J. Fish. 
Aquat. Sci. 53(Suppl. 1):10-19.; Eshenroder, 
R.L. and M.K. Burnham-Curtis. 1999. 
Species succession and sustainability of the 
Great Lakes fish community. Great Lakes 
Fishery Policy and Management: A 
Binational Perspective. The Michigan State 
University Press. 145-184. 

101 Wells, L. 1980. Food of alewives, yellow 
perch, spottail shiners, trout-perch, and 
slimy and four-horn sculpins in southeastern 
Lake Michigan. U.S. Fish and Wildlife 

Service Technical Paper 98.; Flint, R.W. 
1986. Hypothesized carbon flow through the 
deepwater Lake Ontario food web. J. Great 
Lakes Res. 12:344-354.; Gardner, W.S., et 
al. 1990. Pontoporeia hoyi – a direct trophic 
link between spring diatoms and fish in 
Lake Michigan. Large Lakes: Structure and 
Functional Properties. Eds. M.M. Tilzer 
and C. Serruya. Springer. 632-644. 

102 Flint, R.W. 1986. Hypothesized carbon flow 
through the deepwater Lake Ontario food 
web. J. Great Lakes Res. 12:344-354. 

103 O’ Gorman, R., et al. 2000. Shifts in 
distribution of alewives, rainbow smelt, and 
age-2 lake trout in southern Lake Ontario 
following establishment of dreissenids. 
Trans. Amer. Fish. Soc. 129:1096-1106. 

104 Eshenroder, R.L. and M.K. Burnham-Curtis. 
1999. Species succession and sustainability 
of the Great Lakes Fish Community. Great 
Lakes Fishery Policy and Management: A 
Binational Perspective. The Michigan State 
University Press. 145-184. 

105 Data drawn from Baldwin et al., 2002. Op. Cit. 
106 Pothoven, S.A., et al. 2001. Changes in diet 

and body condition of lake whitefish in 
southern Lake Michigan associated with 
changes in benthos. North American 
Journal of Fisheries Management. 21:876-
883. 

107 Madenjian, C.P., et al. 2002. Dynamics of the 
Lake Michigan food web, 1970-2000. Can. 
J. Fish. Aquat. Sci. 59(4):736-753. 

108 Casselman, J.M., J.A. Hoyle, and D.M. 
Brown. 1996. Resurgence of lake whitefish, 
Coregonus clupeaformis, in Lake Ontario in 
the 1980’ s. Great Lakes Fisheries Review. 
2:20-28. 

109 Hoyle, J.A., et al. 1999. Changes in lake 
whitefish (Coregonus clupeaformis) stocks 
in eastern Lake Ontario following Dreissena 
mussel invasion. Great Lakes Res. Rev. 4:5-
10.; Hoyle, J.A., et al. 2003. Resurgence and 
decline of lake whitefish (Coregonus 
clupeaformis) stocks in eastern Lake 
Ontario, 1972-1999. State of Lake Ontario: 
Past, Present, and Future. Ed. M. Munawar. 
Ecovision World Monograph Series, 
Aquatic Ecosystem Health and Management 
Society, Burlington, Ont. In press. 

110 See Ecology of Lake Whitefish and Response 
to Changes in Benthic Communities in Lake 
Huron, available at: http://
www.glerl.noaa.gov/res/Task_rpts/2002/
edynalepa09-4.html. 

111 Cook, P.M., et al. 2003. Effects of aryl 
hydrocarbon receptor-mediated early life 
state toxicity on lake trout populations in 
Lake Ontario during the 20th century, 
Environ. Sci. Technol. 37:3864-3877.  

112 Hansen, M.J. 1999. Lake trout in the Great 
Lakes: Basinwide stock collapse and 
binational restoration. Great Lakes 
Fisheries Policy and Management: A 
Binational Perspective. Eds. W.W. Taylor 
and C. Paola Ferreri. Michigan State 
University Press, East Lansing, MI. 417-
453.; Eshenroder, R.L. and M.K. Burnham-
Curtis. 1999. Species succession and 
sustainability of the Great Lakes fish 
community. Great Lakes Fishery Policy and 
Management: A Binational Perspective. The 
Michigan State University Press. 145-184. 

113 Hoyle, J.A., et al. 1999. Changes in lake 
whitefish (Coregonus clupeaformis) stocks 
in eastern Lake Ontario following Dreissena  

���



 

mussel invasion. Great Lakes Res. Rev. 4:5-
10. 

114 Mills, E.L., et al. 2003. Lake Ontario: Food 
web dynamics in a changing ecosystem 
(1970-2000). Can. J. Fish. Aquat. Sci. 60
(4):471-490. 

115 Elrod, J.H., and R. O’ Gorman. 1991. Diet of 
juvenile lake trout in southern Lake Ontario 
in relation to abundance and size of prey 
fishes, 1979-1987. Trans. Am. Fish. Soc. 
120:290-302.  

116 New York Department of Environmental 
Conservation. 1998. 1997 Annual Report: 
Bureau of Fisheries, Lake Ontario Unit and 
St. Lawrence River Unit, to the Great Lakes 
Fisheries Commission’s Lake Ontario 
Committee. Cape Vincent, N.Y.  

117 Lozano, S.J., et al. 2001. Recent declines in 
benthic macroinvertebrate densities in Lake 
Ontario. Can. J. Fish. Aquat. Sci. 58(3):518-
529.  

118 Owens, R.W., et al. 2003. The offshore fish 
community in Lake Ontario, 1972-1998. 
State of Lake Ontario: Past, Present, and 
Future. Ed. M. Munawar. Ecovision World 
Monograph Series, Aquatic Ecosystem 
Health and Management Society, 
Burlington, Ont. In press. 

119 Marsden, J.E., and M.A. Chotkowski. 2001. 
Lake trout spawning on artificial reefs and 
the effect of zebra mussels: fatal attraction? 
J. Great Lakes Res. 27(1):33-43. 

120 Reviewed in Mills, E.L., et al. 2003. Lake 
Ontario: Food web dynamics in a changing 
ecosystem (1970-2000). Can. J. Fish. 
Aquat. Sci. 60(4):471-490. 

121 Brown et al., 1999., Op. Cit. 
122 Francis, J.T., S.R. Robillard, and J.E. Marsden. 

1996. Yellow perch management in Lake 
Michigan: a multi-jurisdictional challenge. 
Fisheries. 21(2):18-23.; Shroyer, S.R., and 
T.S. McComish. 2000. Relationship 
between alewife abundance and yellow 
perch recruitment in southern Lake 
Michigan. N. Am. J. Fish. Manage. 20:220-
225. 

123 Madenjian, C.P., et al. 2002. Dynamics of the 
Lake Michigan food web, 1970-2000. Can. 
J. Fish. Aquat. Sci. 59(4):736-753. 

124 Dettmers, J.M., and M.J. Raffenberg, and A.K. 
Weis. 2003. Exploring zooplankton changes 
in southern Lake Michigan: implications for 
yellow perch recruitment. J. Great Lakes 
Res. 29(2):355-364.  

125 Environment Canada and U.S. Environmental 
Protection Agency, 2003, State of the Lakes 
2003, EPA 905-R-03-004. 

126 Mills, E.L., et al. 2003. Lake Ontario: Food 
web dynamics in a changing ecosystem 
(1970-2000). Can. J. Fish. Aquat. Sci. 60
(4):471-490. 

127 Mills, E.L., et al. 2003. Lake Ontario: Food 
web dynamics in a changing ecosystem 
(1970-2000). Can. J. Fish. Aquat. Sci. 60
(4):471-490. 

128 Reviewed in Grigorovich, I.A., et al. 2002. 
Patterns and mechanisms of aquatic 
invertebrate introductions in the Ponto-
Caspian region. Can. J. Fish. Aquat. Sci. 
59:1189-1208.  

129 Kelso, J.R.M., R.J. Steedman, and S. Stoddart. 
1996. Historical causes of change in Great 
Lakes fish stocks and the implications for 
ecosystem rehabilitation. Can. J. Fish. 
Aquat. Sci. 53(Suppl. 1):10-19. 

130 Ricciardi, A., and J.B. Rasmussen. 1998. 
Predicting the identity and impact of future 
biological invaders: a priority for aquatic 
resource management. Can. J. Fish. Aqaut. 
Sci. 55(7):1759-1765.  

131 Ricciardi, A., and J.B. Rasmussen. 1998. 
Predicting the identity and impact of future 
biological invaders: a priority for aquatic 
resource management. Can. J. Fish. Aqaut. 
Sci. 55(7):1759-1765.  

132 Sousounis, P.J. and Bisanz, J.M., Eds., 
Preparing for a Changing Climate: The 
Potential Consequences of Climate 
Variability and Change – Great Lakes, A 
Summary by the Great Lakes Regional 
Assessment Group for the U.S. Global 
Change Research Program, Oct. 2000; 
Lofgren, B. M., Quinn, F. H., Clites, A. H., 
Assel, R. A., Eberhardt, A. J., and 
Luukkonen, C. L. 2002. Evaluation of 
Potential Impacts on Great Lakes Water 
Resources Based on Climate Scenarios of 
Two Gcms. Journal of Great Lakes 
Research 28, 537-554; Brooks, A.S. and 
J.C. Zastrow. 2002. The potential influence 
of climate change on offshore primary 
production in Lake Michigan. J. Great 
Lakes Res. 28(4):597-607; Lehman, J.T. 
2002. Mixing patterns and plankton biomass 
of the St. Lawrence Great Lakes under 
climate change scenarios. J. Great Lakes 
Res. 28(4):583-596.  

133 Kolar, C., and D. Lodge. 2002. Ecological 
predictions and risk assessment for alien 
fishes in North America Science. 298:1233-
1236. 

134 Grigorovich, I.A., et al. 2002. Patterns and 
mechanisms of aquatic invertebrate 
introductions in the Ponto-Caspian region. 
Can. J. Fish. Aquat. Sci. 59:1189-1208.  

135 Ricciardi, A., and J.B. Rasmussen. 1998. 
Predicting the identity and impact of future 
biological invaders: a priority for aquatic 
resource management. Can. J. Fish. Aqaut. 
Sci. 55(7):1759-1765. 

136 Groves, R.H. and J.J. Burdon, Eds. 1986. 
Ecology of Biological Invasions, Cambridge 
University Press, Cambridge, U.K.; Willan, 
R.C. 1987. The mussel Musculista 
senhousia in Austrialia: another aggressive 
alien highlights the need for quarantine at 
ports. Bull. Mar. Sci. 41:475-489.; Jenkins, 
P.T. 1996. Free trade and exotic species 
introductions. Conserv. Biol. 10:300-302. 

137 e.g., Townsend, C.R., and M.J. Winterbourn. 
1992. Assessment of the environmental risk 
posed by an exotic fish: the case of the 
proposed introduction of channel catfish 
(Istalurus punctatus) to New Zealand. 
Conserv. Biol. 6:273-282.; Cangelosi, A., 
Blocking invasive aquatic species, Issues in 
Science and Technology, Winter 2002-03, 
pp.  69-74. 

138 Leung, B., et al. 2002. An ounce of prevention 
or a pound of cure: bioeconomic risk 
analysis of invasive species. Proc. R. Soc. 
Lond. B. 269(1508):2407-2413.  

139 Ricciardi, A. 2001. Facilitative interactions 
among aquatic invaders: Is an ‘invasional 
meltdown’  occurring in the Great Lakes? 
Can. J. Fish. Aquat. Sci. 58:2513-2525. 

140 Leach et al., 1999. Op. Cit. 
141 Reeves, E., 1999, Analysis of Laws & Policies 

Concerning Exotic Invasions of the Great 
Lakes, A Report Commissioned by the 
Office of the Great Lakes, Michigan 
Department of Environmental Quality, 
March 15, 1999. 

142 Leach et al., 1999. Op. Cit. 
143 U.S. General Accounting Office, 2003. Great 

Lakes: An Overall Strategy and Indicators 
for Measuring Progress are needed to Better 
Achieve Restoration Goals. GAO-03-515. 
April 2003. 

144 Ricciardi, A., and J.B. Rasmussen. 1998. 
Predicting the identity and impact of future 
biological invaders: a priority for aquatic 
resource management. Can. J. Fish. Aqaut. 
Sci. 55(7):1759-1765. 

145 Drake, J.A., et al. 1989. Biological invasion: a 
SCOPE program overview. Biological 
Invasions: A Global Perspective. Wiley & 
Sons, New York. 491-506.; Allen and 
Ramcharan. 2001, Op. Cit. 

���



 

����������������������������������������������������������������������3KRWR�&UHGLWV3KRWR�&UHGLWV��

Cover:  Zebra mussels on native mussel; © U.S. Fish and 
Wildlife Service 

 Spiny water fleas coating a fishing line; © NOAA; 
GLSGN Exotic Species Library. 

 Alewife; © David Jude, Center for Great Lakes and 
Aquatic Sciences.  

 Round goby; © D. Jude, NOAA. 
 Ship; © Mark H. Clabaugh 
 Asian carp; © Fish and Wildlife Service. 
 Spiny water flea; © H. Vanderploeg, NOAA 
 Eurasian ruffe; © Gary Cholwek, National Biological 

Service. 
 Sea lamprey; © National Park Service. 
Page 1: Cargo Ship; © Mark H. Clabaugh 
Page 2: Zebra mussel-encrusted  Vector Averaging Current 

Meter, Lake Michigan © NOAA. 
Page 4: Fishing on pier; © Kenneth O. Butts, Fish and 

Wildlife Service. 
Page 6: Zebra mussels on a Lake Erie beach; © Great Lakes 

Environmental Research Lab. 
Page 8: Sea lamprey close-up; © USFWS.GLSGN Exotic 

Species Library. 
Page 11: Sea lamprey; © National Park Service. 
 Round goby; © D. Jude, NOAA. 
Page 12: Alewife; © David Jude, Center for Great Lakes and 

Aquatic Sciences.  
 Eurasian ruffe; © Gary Cholwek, National   

Biological Service. 
Page 13: Asian carp; © Fish and Wildlife Service. 
Page 14: Zebra and quagga mussel; © USGS 
Page 15: Macrophytes in Lake St. Clair cause by 

zebra mussels increasing water clarity; © 
NOAA. 

Page 16: Spiny water flea; © NOAA. 
 Fishhook water flea and spiny water flea; © 

H. Vanderploeg, GLERL. 
Page 17: Zebra mussels on rudder; © USFWS. 
Page 19: Spiny water fleas coating a fishing line; 

© NOAA; GLSGN Exotic Species Library. 
Page 20: Sea lamprey on lake trout; © USFWS. 
 Sea lamprey scars; © U.S. Fish and Wildlife 

Service. 
Page 21: 'LSRUHLD; © M. Quigley, NOAA 
Page 22: Multiple 'LSRUHLD; ©  G. Carter, 

NOAA. 
Page 23: Zebra mussels filtering, showing open 

siphon; © W. Brusate, NOAA. 
 Fingernail clam; © USGS. 
Page 26: Opossum shrimp; © NOAA. 

Page 27; Fishermen trowling for smelt © Jeff Gunderson, 
MN Sea Grant 

Page 28; Lake whitefish © EPA 
Page 29; Lake trout © FWS 
 Yellow perch © Ken Hammond, USDA 
Page 30; Lake Superior © Mark H. Clabaugh 
Page 31; Great Lakes dock © Mark H. Clabaugh 
Page 32; Split Rock, MN, Lake Superior © Mark H. 

Clabaugh 
Page 33; Ocean ship in the Soo Locks,  Sault Ste. Marie © 

Jerry Bielicki, US Army Corp of Engineers 
Page 34; Ship in Duluth, MN © Mark H. Clabaugh 
Page 35; Marina, Thunder Bay, MN © Mark H. Clabaugh 
Page 36; Lake Superior inlet © Mark H. Clabaugh 
Page 37; Palisade Head, MN, Lake Superior © Mark H, 

Clabaugh 
Page 38; Sailboat and ship © Mark H. Clabaugh 
Page 39; Ship silhouette © Mark H. Clabaugh 
Page 43; Commercial fishing, Duluth, MN © MN Sea Grant 
Page 44; 'LSRUHLD�© NOAA 

���


