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The Great Lakes range in size from 19,000 (Lake Erie) 
to 82,100 km2 (Lake Superior) and exhibit maximum 
depths from 64 to 407 m, respectively (Jude and Leach, 
1999). Early in their history the Great Lakes were mostly 
oligotrophic. Lake Erie had an eastern basin that was 
oligotrophic, but its western and central basins were 
mesotrophic. Lake Superior, because of its size, depth 
and most northerly location, and Lake Erie, because it 
is the shallowest and most productive, have characteris-
tics that are unlike those of the other three Great Lakes. 
The lakes most affected by humans are those closest to 
the St. Lawrence River (Erie, Michigan, Ontario), which 
provided the easiest access to European settlers in the 
early 1800s. Historically the main fish species exploited 
were lake trout (Salvelinus namaycush), lake whitefish 
(Coregonus clupeaformis) and a coregonine complex 
(Coregonus spp.) in the four more oligotrophic lakes 
(Michigan, Huron, Ontario, Superior), while blue pike 
(Sander vitreus glaucus)(now extinct), walleye (Sander 
vitreus) and yellow perch (Perca flavescens) predomi-
nated in Lake Erie. The commercial production of fish 
from Lake Erie is approximately equal to that of the other 
four Great Lakes combined. The total number of native 
fish species in the Great Lakes ranges from 67 in Lake 
Superior to 112-114 in Lakes Michigan, Huron, and Erie. 
The Great Lakes are only some 10,000 years old and have 
undergone four major phases in their existence: pristine 
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times, a period of extensive exploitation and pollution, 
resurrection and now a period of oligotrophication. 

Fish Community Commonalities Among Lakes
The original species assemblage was similar in Lakes 
Superior, Michigan, Huron and Ontario (salmonine com-
plex), but markedly different in Lake Erie (percid com-
plex). The most abundant fish species in Lake Erie were 
lake whitefish, lake herring (Coregonus artedii), lake stur-
geon (Acipenser fulvescens), blue pike, walleye, sauger 
(Sander canadensis), yellow perch, freshwater drum 
(Aplodinotus grunniens) and channel catfish (Ictalurus 
punctatus) (Leach and Nepszy, 1976). The other lakes 
contained lake trout, lake whitefish, lake sturgeon, lake 
herring, several species of deepwater ciscoes, burbot (Lota 
lota), deepwater sculpin (Myoxocephalus thompsoni), 
slimy sculpin (Cottus cognatus), emerald shiner (Notropis 
athernoides) and (in Lake Ontario only) Atlantic salmon 
(Salmo salar); Green Bay in Lake Michigan and Saginaw 
Bay in Lake Huron also contained large populations of 
walleye and yellow perch (see review papers in Loftus 
and Regier, 1972). In Lakes Superior, Michigan and 
Huron, top predators were lake trout and burbot, of which 
lake trout was the more abundant; prey were mainly core-
gonines, comprising perhaps 11 species in Lake Michigan 
and somewhat fewer in Lakes Huron and Superior (Koelz, 
1929), and sculpins. Lake trout became the dominant 
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predator in Lake Ontario after 1850 when Atlantic salmon 
disappeared from that lake (Christie, 1974). Top predators 
in Lake Erie were walleye and blue pike, although lake 
trout may have been the dominant predator of the limnetic 
zone of eastern Lake Erie, at least until about 1890 (Regier 
and Hartman, 1973); primary prey were probably yellow 
perch and freshwater drum. 

After settlers arrived, nearly all but the smallest native 
species became heavily fished. Perhaps the most valu-
able as human food have been lake trout, lake whitefish, 
walleye and blue pike. Most native fish populations in 
the Great Lakes suffered dramatic declines between the 
mid-1800s and mid-1900s (see Loftus and Regier, 1972). 
For example, lake sturgeon had become scarce in all 
the lakes by 1900, while by the 1950s, lake trout were 
extinct in Lakes Michigan, Ontario and Erie, nearly ex-
tinct in Lake Huron, and at low levels of abundance in 
Lake Superior. Lake herring collapsed in Lake Erie in 
the 1920s, followed by declines in lake whitefish, blue 
pike and walleye. Declines in key predators, such as 
lake trout, resulted in an explosion of prey species and 
a constantly changing assemblage of fishes. One result 
of these changes was the emergence of a large biomass 
of rainbow smelt (Osmerus mordax) and alewives (Alosa 
pseudoharengus), which provided the opportunity to 

stock salmonines. Stocking has had a profound effect 
on the ecology of the lake. Large-scale stocking of sal-
monines began in 1965, and has continued to the present 
time. The rationale was to: (1) control abundance of 
alewives, (2) initiate recreational fishing, and (3) reha-
bilitate the lake trout population (Tody and Tanner, 1966; 
Holey et al., 1995; Rutherford, 1997). The five species of 
salmonines currently stocked in Lake Michigan include 
lake trout, Chinook salmon (Oncorhynchus tshawytscha), 
coho salmon (Oncorhynchus kisutch), rainbow trout 
(Oncorhynchus mykiss), and brown trout (Salmo trutta). 

Consequently, fish assemblages now largely consist 
of pelagic species (Figure 18.1), a condition that prob-
ably did not exist 200 years ago when nearshore littoral 
communities were in dynamic equilibrium with pelagic, 
offshore communities (Regier, 1979; Figure 18.2). Small, 
fecund pelagic species (alewife, rainbow smelt) now pre-
dominate over the larger species that were originally more 
closely associated with the benthic and coastal habitats 
of the lakes. Pacific salmon (Chinook, coho, pink and 
sockeye) have been introduced into all the lakes (Mills 
et al., 1993a). Self-sustaining populations of pink salmon 
(Oncorhyncus gorbusa) exist in all the Great Lakes and 
residual stocks of reproducing sockeye salmon persist in 
Lake Huron. White perch (Morone americana) have re-

Figure 18.1. Lake Michigan food web dur-
ing pristine times (pre-1940s) showing the 
two top predators, burbot and lake trout, 
their major prey items, deepwater sculpin 
and coregonines, and a nearshore complex 
of lake herring, emerald shiners, and yellow 
perch.  Major invertebrate prey include Mysis 
and Diporeia. Source: Jason Jude.
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cently invaded and prospered in lakes Erie and Huron. 
In spite of major changes in species composition of the 
Lake Erie fish assemblages, fish yield (total biomass) has 
remained approximately the same as it was prior to the 
major cultural stresses (Regier and Hartman, 1973). Most 
of the Great Lakes fish communities are shadows of their 
formerly diverse communities of 200 years ago.

Because of human exploitation, exotic species, habitat 
destruction, toxic substances and eutrophication, the fish 
species complexes in the Great Lakes have changed dra-
matically over their history. There has been the addition 
of several exotic species and the extinction of many na-
tive species, while efforts to stock salmonines have also 
contributed to major changes in the fishery complex in 
each lake. There are common species and fish commu-
nity trends among the lakes, with Lake Superior being 
the least affected because there were fewer people, while 
Lake Erie and Ontario were probably those most heavily 
affected by anthropogenic changes. 

Lake Superior Fish Community

Lake Superior, because it is cold and deep, was once 
dominated by lake trout, burbot, lake whitefish, lake stur-

geon, lake herring, sculpins, suckers (Catostomus sp) and 
several species of deepwater ciscoes. Overfishing, exotic 
species (sea lamprey especially), and some pollution of 
nearshore tributaries and bays were the main stressors for 
fishes. Rainbow smelt were common in the 1930s, while 
the sea lamprey entered by 1950, making Lake Superior 
the last lake to be colonized (Lawrie and Rahrer, 1972; 
Lawrie, 1978). Lake trout, one of two top predators with 
burbot, were being overfished and additional mortality im-
posed by sea lamprey caused them to decline sharply in 
the 1950s. There are several deepwater cisco species in the 
lake and they collapsed early and remained in low abun-
dance throughout the late 1980s. Lake whitefish were over-
fished, some of their spawning habitat was degraded and 
they were also affected by sea lamprey. Lake herring were 
also overfished and stressed by the exotic rainbow smelt 
and began to decline precipitously between the 1930s and 
1960s (Selgeby, 1982; Anderson and Smith, 1971). 

In the late 1990s, rainbow smelt have remained at low 
levels, and lake whitefish and lake herring have increased 
(Selgeby, 1985; MacCallum and Selgeby, 1987; Hansen, 
1994). No other lake herring stocks in the Great Lakes 
have ever recovered after reaching such low levels and 
there were no obvious reasons advanced (MacCallum and 
Selgeby, 1987). In an effort to restore top predators and 
promote lake trout rehabilitation, splake (lake trout-brook 

Figure 18.2. Lake Michigan food web 
for the 1980s-1990s showing the 
dominance of the non-indigenous 
alewife, predation effects by sal-
monines (salmon and lake trout), 
which reduced alewife abundance, 
and the rebound (upward arrows) of 
many native species after being re-
leased from predation on their larvae 
by alewives. Source: Jason Jude.



The North American Great Lakes/St. Lawrence River and Estuary

152

trout cross), rainbow trout, brown trout, brook trout, and 
Chinook, sockeye and coho salmon were planted volun-
tarily, while pink salmon were inadvertently introduced 
in 1956 (Emery, 1985). All contribute to sport fisheries 
in nearshore areas. Strategies for rehabilitation of Lake 
Superior included control of overfishing through quotas, 
banning of gill nets by Minnesota, sanctuaries and sport-
fishing-only zones (MacCallum and Selgeby, 1987). Tribal 
groups continue to fish commercially, primarily with gill 
nets, throughout the lake. In addition, TFM, a lampricide, 
was introduced to kill sea lamprey ammocetes, and lake 
trout were stocked, which improved natural reproduction 
(mainly from native fish) (Krueger et al., 1986). By the 
early 2000s, lake trout in Lake Superior were declared re-
stored and no more stocking of salmonines was allowed. 
However, walleye, lake sturgeon and brook trout stocks 
are still depressed (Williams et al., 1989; Hansen, 1994).

Lake Michigan Fish Community

Native fish stocks in Lake Michigan have undergone 
massive changes in abundance and diversity (Wells 
and McLain, 1973), with overfishing important through 
the 1940s, and then the exotic species the sea lamprey 
(Petromyzon marinus) and alewife colonized and caused 
wild fluctuations in populations (Eck and Wells, 1987; 
Coble et al., 1990). As with all the Great Lakes, over-
fishing sequentially reduced the abundance of lake trout, 
lake whitefish, lake sturgeon and the largest species of 
a seven-species complex of coregonines, the deep wa-
ter ciscoes (Coregonus spp). Even though the lake sup-
ported a robust lake trout fishery, overfishing and sea 
lamprey predation eventually caused the extinction of 
lake trout and reduced the abundance of lake whitefish. 
With no predators and abundant zooplankton food sup-
plies, the alewife soon entered and flourished, reaching 
a peak in the 1960s. The alewife ate the larvae of native 
pelagic fish species, thus reducing their abundance (Eck 
and Wells, 1987; Krueger et al., 1995b), including lake 
herring, which were extirpated in the late 1950s, and 
walleyes in the Muskegon River around 1970 (Schneider 
and Leach, 1977). More recently, cultural eutrophication 
and contaminants have also degraded the fish commu-

nity, especially in southern Green Bay. Many changes 
have occurred in native stocks. Six of seven species of 
deepwater ciscoes, lake herring and lake trout have been 
declared extinct (Smith, 1964). Burbot are now common 
due to sea lamprey control. Spoonhead sculpins (Cottus 
ricei), once thought to be extinct, have been found again. 
The rise in rainbow smelt and alewife in the early 1960s 
prompted the Michigan Department of Natural Resources 
to stock top predators in the mid-1960s, including lake 
trout, but there is little evidence of natural reproduction 
(Jude et al., 1981). Planting of coho and Chinook salmon 
(and brown and rainbow trout later) began in 1966-67, 
which resulted in a spectacular sport fishery (Rakoczy 
and Rogers, 1987). These predators ate large quantities 
of alewives and rainbow smelt and have contributed to 
the alewife decline (Jude et al., 1987; Figure 18.2). The 
alewife populations have continued to decline since their 
peak in 1966, resulting in the recovery of many native 
species, such as deepwater sculpin, bloaters (Coregonus 
hoyi) and yellow perch (Figure 18.3). However, overall 
forage fish biomass declined precipitously in 2007, prob-
ably due to reduced phosphorus levels and transfer of en-

Figure 18.3. Lake Michigan forage fish catches (USGS, Madenjian). Prey 
fish community biomass (kilotonnes) in the main basin waters of Lake 
Michigan, 1973-2007. Data from standardized trawl hauls provided by 
Charles Madenjian, USGS Great Lakes Science Center, Ann Arbor, MI.  
Note the low biomass and reduced biomass of alewives during 2007.
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ergy to the ecological dead end zebra (Dreisena polymor-
pha) and quagga mussels (Dreisena bugensis). Bloaters 
have declined from peaks in the mid-1980s, and round 
gobies (Neogobius melanostomus), an exotic species, 
have begun to increase in abundance since 2008. 

Lake whitefish stocks have improved to pre-lam-
prey years (Eck and Wells, 1987). Yellow perch are the 
most important (numerically) harvested sport fish in 
Lake Michigan. Yellow perch populations remained low 
through the 1970s, but with the decline in alewives in 
the 1980s, they made a substantial rebound (Jude and 
Tesar, 1985; Shroyer and McComish, 1998). Around the 
late 1980s-1997, there was recruitment failure attributed 
to high early-life stage mortality (Francis et al., 1996). 
Coincidently, zebra mussels first appeared around this 
time, suggesting that impacts on zooplankton, first food 
for larval yellow perch, might be part of the problem, 
along with overfishing of adults. Diporeia, important 
prey of YOY perch, also declined during this period. In 
1998 and 2005 (warm years), moderate recruitment of ju-
venile yellow perch was observed lakewide, resulting in 
a modest recovery of the stocks. In the early 2000s, ad-
ditional dramatic change has come to Lake Michigan, as 
the overall biomass of forage fishes had declined (Figure 
18.3), quagga mussels have expanded throughout the 
lake, alewives have remained at low levels, Diporeia re-
mains scarce, and chlorophyll-a levels have declined to 
less than 1 as the oligotrophication process accelerates in 
this lake (Fahnenstiel et al., 2010). 

Lake Huron Fish Community

Lake trout have also gone extinct in Lake Huron, except 
for a remnant stock in Georgian Bay, and scattered natural 
reproduction based on USGS trawl data (Eshenroder et 
al., 1995). Sea lamprey remain a threat to Lakes Michigan 
and Huron from ammocetes residing in the St. Marys 
River (Eshenroder et al., 1987, 1995; Ebener, 1995). 
However, lake whitefish populations have flourished in 
the 1980s. Lake herring was an abundant component of 
the fish community, but collapsed in the 1940-50s due to 
deterioration of spawning grounds in Saginaw Bay and 
overfishing. There is a viable population in the St. Marys 

River and Georgian Bay that could seed Lake Huron, now 
that alewives have collapsed in the lake (Ebener, 1995; 
Figure 18.4). Overall forage fish biomass has decreased 
along with alewife, round gobies have been increasing 
since 2005 and emerald shiners have expanded their pop-
ulations for the first time since alewives entered the lake 
(Schaeffer et al., 2008). Walleyes have shown increased 
recruitment in Saginaw Bay (Fielder et al., 2007).

The deepwater ciscos flourished until about 1940 and 
then declined, probably due to overfishing combined with 
alewife predation on larvae and competition for zooplank-
ton prey (Brown et al., 1987). Now, only the bloater per-
sists, as the five larger ciscoes were exterminated. Yellow 
perch are an important sport and commercial species; 
they are harvested from Saginaw Bay and southern Lake 
Huron. Abundance declined in the 1970s due to overfish-
ing (Eshenroder, 1977), then production increased, but 
growth has been slow. The lack of Hexagenia in the bay 
(Hayward and Margraf, 1987; Ebener, 1995) and invasion 
of dreissenids around 1990 are undoubtedly inhibiting 
perch abundance. The other important percid in Saginaw 
Bay is the walleye, the second largest population in the 
Great Lakes (Schneider and Leach, 1977). The population 
collapsed in the 1940s due to Saginaw River pollution, 
which degraded spawning habitat in the river and bay, 

Figure 18.4.  Prey fish community biomass (kilotonnes) in main basin 
waters of Lake Huron, 1992-2007 (USGS fall bottom trawl survey). No 
sampling occurred during 2000; biomass estimates for that year repre-
sent interpolated values. Data based on standardized trawling provided 
by Edward Roseman, USGS Great Lakes Science Center, Ann Arbor, MI.  
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while overfishing contributed as well. Walleye commer-
cial fishing was banned in Saginaw Bay in 1969, water 
quality improved, and in the 1980s, a large year class was 
produced based on stocking. Large numbers of walleye 
larvae are produced in the Saginaw River, but few survive 
to contribute to the fishery (Jude, 1992). However, with 
the alewife collapse in Lake Huron in the early 2000s, 
there is high survival of naturally produced walleye lar-
vae (Fielder et al., 2007), indicating the damaging effect 
of alewife predation on pelagic larvae.

Lake Erie Fish Community

Lake Erie is the shallowest and most productive of the 
Great Lakes, undergoing dramatic fish population chang-
es. The lake has three distinct basins (western, central, 
and eastern), ranging from oligotrophic in the east ba-
sin to eutrophic in the western basin. The central mes-
otrophic basin is adapted for percids (Leach et al., 1977). 
Exploitation of fish, eutrophication, exotic species, habi-
tat destruction, siltation and inputs of toxic substances 
have led to many changes in fish populations, a dead 
zone with varying degrees of anoxia, loss of Hexagenia, 
blue pike, and lake herring. Many of these changes first 
occurred in Lake Erie because of its human population 
and shallow nature. Lake trout, lake herring, blue pike 
and longjaw cisco (Coregonus alpenae) all went extinct 
in Lake Erie. Lake herring collapsed in 1925, probably 
due to overfishing (Regier et al., 1969). Lake trout were 
overfished and their spawning habitat degraded, causing 
them to be extirpated by the 1930s (Hartman, 1972). Lake 
whitefish collapsed in the 1950s, but staged a dramatic 
comeback in the 1990s (Ebener, 1997). Stocking efforts 
have failed to restore lake trout. Other common species 
in Lake Erie include: channel catfish, emerald shiner, 
white bass (Morone chrysops), gizzard shad (Dorosoma 
cepedianum), spottail shiner (Notropis hudsonius) and 
common carp (Cyprinus carpio). Lake trout (moderately 
abundant in the eastern basin) began to decline in the 
1950s-60s (Applegate and VanMeter, 1970) followed by 
lake sturgeon, lake whitefish, lake herring, sauger, blue 
pike, walleye and yellow perch. Rainbow smelt replaced 
the lost productivity by 1970 and became the dominant 

species. Rainbow smelt have been trawled commercially 
since the 1950s, while the yellow perch has been the most 
valuable commercial species (Hartman, 1988). Alewives 
colonised Lake Erie in 1931 (Smith 1970a), but because 
of the lack of a cold water refugium and high predation 
pressure, they have not done well (Hartman, 1972). White 
perch, an east coast estuarine species, was first found in 
1953, then exploded in the late 1970s (Boileau, 1985). It 
has expanded its range to Saginaw and Green Bay, where 
it suffers high overwinter mortality. Extinction of the blue 
pike, which was ideally adapted to the central basin and 
sustained some of the highest catches in the Great Lakes, 
occurred around 1958. Overfishing, degraded summer 
habitat and introgression combined to eliminate this 
species (Regier et al., 1969; Leach and Nepszy, 1976). 
Saugers suffered the same fate. Walleyes remain a very 
important sport fish in Lake Erie. The species declined in 
the 1950s and 60s due to overfishing, nutrient overload 
effects, loss of Hexagenia, and exotic species, such as the 
rainbow smelt (Schneider and Leach, 1977; Regier et al., 
1969). Rehabilitation efforts for walleye have been suc-
cessful, as limits to harvest and reduced phosphorus load-
ing have increased population levels (Knight, 1997). 

Lake Erie in the 2000s continues to recover. Zebra and 
quagga mussels invaded along with round gobies, which 
now dominate the lake. Chlorophyll levels have been re-
duced as a result of lower phosphorus loading and fil-
tering of dreissenids, anoxia has been reduced allowing 
Hexagenia to rebound, and water clarity is at all-time high 
levels, resulting in high abundances of aquatic plants and 
associated fish fauna in embayments (Makarewicz and 
Bertram, 1993). Walleye, smallmouth bass (Micropterus 
dolomieu), lake whitefish, burbot and lake sturgeon have 
surged in abundance, helping to stabilise the ecosystem. 

Lake Ontario Fish Community

Lake Ontario, the only Great Lake directly connected to 
the Atlantic ocean, has a unique fish fauna (Atlantic salm-
on and American eels (Anguilla rostrata)), and it has had 
high levels of nutrient loading (Beeton, 1965; Ryder and 
Edwards, 1985). Because Lake Ontario was colonised by 
humans first, major changes were recorded in this lake pri-
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or to any of the others. Lake Ontario probably has had the 
most fish extinctions: lake herring, lake trout, blue pike, 
Atlantic salmon around 1900, deepwater sculpin (Brandt, 
1986), and four coregonines in the 1940s-50s. Most ex-
tinctions were caused by overfishing, including reductions 
in lake whitefish and lake sturgeon (Christie, 1972). Only 
lake whitefish populations have rebounded (Christie et al., 
1987b; Casselman et al., 1996), while some deepwater 
sculpins have been found recently. The alewife is common 
to abundant in the lake and that, plus the lack of terminal 
predators, prompted stocking of salmonines in the 1970s 
(Kerr and LeTendre, 1991). Introduction of the zebra 
mussel caused increased water clarity and movement of 
alewives deeper, but the fish community remains almost 
extinct to depauperate in the deep abyss, while the remain-
ing community remains in flux (Jones et al., 1993). Lake 
trout are currently being stocked but little reproduction has 
been recorded (Krueger et al., 1995). Attempts are also be-
ing made to introduce Atlantic salmon, but dams and tribu-
tary degradation are hurdles. In Lake Ontario alewife are 
being consumed by salmonines, but there have not been 
substantial declines as observed in Lake Huron until the 
1990s (Jones et al., 1993). It is not clear what species may 
respond if alewives decline more, but O’Gorman et al. 
(1987) state that yellow perch, white perch and remnant 
stocks of lake herring are candidates. Such a decline would 
also suggest that the endemic fauna, especially bloaters 
and deepwater sculpin, should also be re-introduced. In 
response to changes in prey and lower phosphorus concen-
trations, Chinook salmon stocking was reduced by 50% 
(Jones et al., 1993). Declines in the salmonine fishery in 
Lake Ontario and Lake Huron and elimination of stocking 
in Lake Superior are new directions of management to-
ward more native species. Lake Ontario has been partially 
resurrected in the late 1990s and early 2000s. Dreissenids 
and lower phosphorus concentrations have combined 
to increase water clarity, deepwater sculpin, formerly 
thought to be extinct, have been collected, there has been 
a reduction in contaminants and sea lamprey predation, 
lake whitefish are at historical high levels (Casselman et 
al., 1996), walleyes have staged a resurgence (Bowlby et 
al., 1991), there has been some natural reproduction by 
lake trout in conjunction with the alewife decline, thereby 
reducing their predatory effect on lake trout, and yellow 
perch have increased (Jones et al., 1993). 

Aquaculture

The major aquaculture activity in the Great Lakes basin 
involves production of: 1) Salmonines by the federal gov-
ernment for stocking into the Great Lakes; 2) Walleyes for 
stocking into Saginaw Bay and other water bodies by the 
Department of Natural Resources from the various states; 
3) Cyprininds by the private sector for the bait industry; 
4) Yellow perch, rainbow trout and Talapia by the private 
sector for consumption; 5) ornamental fish for small foun-
tains, aquaria and ponds; and 6) rainbow trout and other 
species stocked into ponds for fee-for-fishing operations. 
There are some 25 different species currently cultured or 
cultured in the past in the Great Lakes region. In addition, 
there is some pen culture of salmon ongoing, as well as 
some rainbow trout culture activities. All of these projects 
are small, with the exception of salmonines raised by the 
federal government for stocking into the Great Lakes. The 
data on numbers of fishes stocked by the federal govern-
ment and the Great Lakes states are available in a Great 
Lakes sponsored database termed the Great Lakes Fish 
Stocking Database, which is now administered by the 
USFWS in Franken, WI, and can be accessed on the inter-
net through the Great Lakes Fishery Commission website. 
In 2005, the eight states and Ontario (not all in the Great 
Lakes basin) had 183 aquaculture farms with viable op-
erations worth 13 million dollars. However, this is barely 
4% of the US total aquaculture value nation-wide and only 
composed 2% of Canada’s production (USDA NASS, 
2005). Both the Great Lakes Fishery Commission and 
many of the state’s natural resource agencies are against 
cage culture of fishes in the Great Lakes. 

Exotic Aquatic Species  

There were 34 species of fishes introduced into the Great 
Lakes basin between 1819 and 1974 (Emery, 1985). 
A more recent summary was provided by Mills et al. 
(1993a). Species with major impacts entered the Great 
Lakes through canals built for shipping and include sea 
lamprey, alewife, white perch, round and tubenose gobies 
(Proterorhinus semilunaris) and ruffe (Gymnocephalus 
cernuus).
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The lower food web has been damaged by exotic zoo-
plankton and dreissenid introductions, since algae and 
native zooplankton have been diverted into invasive 
species that may be less palatable or an ecological dead 
end to higher trophic levels. Contaminant pathways are 
being modified and new trophic levels introduced (Ng 
et al., 2008). Zooplankton are important food for plank-
tivores and obligatory prey for larval fish and are likely 
to be strongly linked to fish recruitment. Bythotrephes 
longimanus and Cercopagis pengoi are recently in-
troduced zooplankers that feed on other zooplankton 
(Evans, 1988) and in turn are fed on by fish (Warren 
and Lehman, 1988). Cercopagis and Bythotrephes are 
expected to affect Great Lakes food webs through com-
petition with larval fish and fish planktivores for small 
zooplankton. However, the most influential recent in-
truders are the zebra and quagga mussels, which have 
spread through all the Great Lakes and far outside the ba-
sin (New York Sea Grant, 1993). Zebra mussels produce 
faeces and pseudofaeces, which provide nutrients for al-
gae, macrophytes, benthos and the microbial food web. 
This process is the major mechanism whereby mussels 
shift energy from the pelagic to the benthic zone (Figure 
18.5). Zebra mussels selectively feed on diatoms and 
green algae, promoting blue-green algae, including toxic 
Microcystis blooms during summer (Vanderploeg et al., 
2001). They also directly remove micro zooplankton, 
such as protozoa and rotifers (Lavrentyev et al., 1995; 
MacIsaac et al., 1995), and have an important role in nu-
trient cycling (Arnott and Vanni, 1996; Johengen et al., 
1995). Zebra mussels modify and create new habitats for 
microbes, invertebrates and fishes (Ricciardi et al., 1997; 
Jones et al., 1997), and are linked to killing native mus-
sels (Schloesser and Nalepa, 1994). 

Quagga mussels tolerate colder water temperatures, 
can colonise soft substrates and occur in deeper waters 
than zebra mussels (Mills et al., 1993b), and as a result 
have dominated former habitats occupied by zebra mus-
sels and extended the range of dreissenids from nearshore 
water (Dermott et al., 1998a; Mills et al., 1999; Berkman 
et al., 1998) to the deep abyss of the lakes. They have 
high fecundity and produce planktonic, veliger larvae 
that can be transported long distances (Garton and Haag, 
1992). These species foul water intakes (Stanczykowska, 
1978), and have had detrimental impacts on the two ma-

jor groups that feed on algae: zooplankton and Diporeia 
(Nalepa et al., 1998; Figure 18.6). As a result there has 
been a trophic cascade in lakes Huron and Michigan re-
sulting in declining prey fish and the salmon fishery in 
Lake Huron (Fahnenstiel et al., 2010). They have also 
fouled rocky spawning reefs and made habitat there 
more desirable for another exotic species, the round 
goby which eats mussels. As evidence of their ability to 
shift energy from the pelagic to the benthic zone, Leach 
(1993) demonstrated that chlorophyll-a declined by 54% 
in the western basin between 1988 and 1990. In Saginaw 
Bay, chlorophyll-a declined by 59%, total phosphorus by 
42% and phytoplankton production by 38%, while water 
transparency increased by 60% (Nalepa and Fahnenstiel, 
1995) and zooplankton declined (Bridgeman et al., 1995). 
Macrophytes expanded (Skubinna et al., 1995) and there 
was increased production of benthic algae (Lowe and 
Pillsbury, 1995). In Lake Erie, walleyes moved farther 
offshore to avoid light (Ryder, 1977). 

Figure 18.5.  Diagram showing Great Lakes food web prior to zebra 
mussels when energy flowed through algae to Diporeia and zooplankton 
and then into pelagic and benthic fishes.  Zebra and quagga mussels 
short circuit this food web by filtering the algae and shunting energy to 
ecological dead end mussels. A trophic cascade has resulted, wherein 
declines in zooplankton and Diporeia have led to declines in forage 
fishes, and in Lake Huron, a collapsing salmon fishery.
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Non-indigenous Fishes

Non-indigenous species have been introduced at every 
level of the food chain, and have extirpated some na-
tive species, disrupted fish communities and reduced the 
abundance of others. Invaders have exploited trophic op-
portunities and colonised new habitats because of their 
species-specific attributes, environmental conditions 
that were similar to their native habitat, anthropogenic 
perturbations that allowed access to food and habitat, or 
modifications of the environment (invasional meltdown) 
by other invaders (Ricciardi, 2001). They have shifted 
energy from the pelagic to the benthic zone and large 
benthic organisms have been replaced with r-strategist 
species. Benthos and fishes associated with aquatic plants 
have flourished, while contaminant pathways have been 
modified, new trophic levels added and routes for botu-
lism uptake established. An estimated 4,500 non-indige-
nous species have been introduced into the United States, 
with 162 introductions into the Great Lakes (Mills et al., 
1994; Ricciardi, 2001). Introduced species are arguably 
the most serious threat to the ecological health of most of 
the Great Lakes today and Great Lakes global warming 
will exacerbate present effects by decreasing coldwater 
forms, allowing southern species to move northward 
(Mandrak, 1989), reducing annual primary productivity, 
and promoting the spread of exotic species, including 
diseases and parasites (Meisner et al., 1987).

Sea lampreys were in Lake Ontario as early as 1819 
(Emery, 1985) and gained access to the rest of the Great 
Lakes in the 1920s-40s. They prey on many species, but 
overfishing, which reduced the mean size of the lake trout, 
caused them to become extinct in all the lakes except 
Superior and some remnant stocks in Georgian Bay, Lake 
Huron (Lawrie, 1970). Sea lampreys can kill up to 18 kg 
of prey in their life (Jude and Leach, 1999). Sea lampreys 
are still a serious threat, despite good control of their am-
moncetes in tributary spawning streams using lampricides. 
There still remains a large population in the St. Marys 
River, which is too large to be economically treatable. 

With the top predators lake trout and burbot extinct or 
severely reduced and planktivores and other competitors 
also diminished to extremely low levels, marine alewives 
entered and quickly proliferated throughout the Great 
Lakes, reaching peak numbers in Lake Michigan dur-
ing 1966-67 (Brown, 1972). Alewives did well in only 
those lakes with adequate cold refuges, but did not colo-
nise Lakes Erie and Superior to any large degree (Smith, 
1972a; Christie, 1974; Bronte et al., 1991). Alewives are 
predators on the larvae of native pelagic fish species, re-
duce zooplankton size spectra (Wells, 1970), and are prey 
for stocked salmonines (Jude et al., 1987; Madenjian et 
al., 2002). In Lake Michigan, salmonines reduced the 
abundance of alewives, which reduced the impact on large 
cladocerans. The resulting trophic cascade (Scavia et al., 
1986) produced increases in water clarity due to the more 

Figure 18.6. Diagram of the various 
impacts that zebra and quagga mus-
sels have on the physical, chemical, 
and biological characteristics of the 
Great Lakes ecosystem.  Invasive mus-
sels foul intakes, shunt energy to the 
benthic zone, facilitate expansion of 
other exotic species, change physical 
habitat, increase water clarity, and kill 
native mussels and severely depress 
other benthic organisms, such as zoo-
plankton and Diporeia.  N=nitrogen, 
P=phosphorus, YP=yellow perch. 
Source: Jason Jude.
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efficient filtering of algae from the water by Daphnia. The 
choice of maintaining or eliminating alewives presents a 
conundrum for management agencies, which must de-
cide between having large alewife populations to support 
a salmonine fishery worth billions of dollars, or reducing 
alewife populations to allow increased survival of native 
species such as yellow perch. In the 2000s, alewives have 
been reduced to extremely low levels in Lake Huron and 
are at a long-term low, but are still successfully reproduc-
ing in Lakes Michigan and Ontario. The near-elimination 
of alewives in Lake Huron has resulted in dramatic re-
bound of walleye in Saginaw Bay (Fielder et al., 2007) 
and of emerald shiners in the main lake (Schaeffer et al., 
2008), as their larvae were released from predation. Fewer 
alewives resulted in improved recruitment of native spe-
cies (e.g. yellow perch, deepwater sculpin, bloaters) and 
increased the abundance of the larger cladocerans (Figure 
18.7). Since Daphnia are more efficient at filtering algae 
than smaller zooplankton, water clarity has improved. 

White perch was first found in the Great Lakes in Lake 
Ontario in 1950 (Mills et al., 1993). They have colonised 
all the Great Lakes, but became extremely abundant in 
Lake Erie and are suffering die-offs in Saginaw Bay each 
winter. They are also negatively affecting yellow perch 
in Green Bay. 

The round and tubenose gobies were discovered in 
1990 in the St. Clair River (Jude et al., 1992) and rapidly 
moved throughout all the Great Lakes, with their disper-
sal mediated by uptake of larval forms in the ballast water 
of freighters (Hensler and Jude, 2007). Round gobies are 
robust, since they have adaptations similar to cavefishes, 
feed in the dark (Jude et al., 1995), and survive low dis-
solved oxygen conditions. In addition, they can respire 
through the skin (Moyle and Cech, 1988). Round goby fe-
males can spawn every 20 days up to six times during the 
year (Jude, 2001), guard their eggs and have high surviv-
al. Large individuals mostly eat zebra mussels (Ghedotti 
et al., 1995), but also fish (French and Jude, 2001), and 
because they are so abundant in many areas, are prey 
of most of the top predators in the system (Jude, 2001). 
They have caused extirpation of mottled sculpin (Cottus 
bairdi) in areas of overlap (Janssen and Jude, 2001; Lauer 
et al., 2003), have diet overlap with native benthic spe-
cies in the St. Clair River (French and Jude, 2001), and 
have been linked to the decline of darters and logperch 

in rocky reefs in Lake Erie (Jude and Thoma, personal 
communication). They have also reduced survival of lar-
vae from smallmouth bass nests (Steinhart et al., 2003) 
and reduced benthic populations in rivers (Carman et al., 
2006) and Lake Michigan (Kuhns and Berg, 1999). They 
may also change toxic substance pathways, causing in-
creased bioaccumulation through food chains from zebra 
mussels to smallmouth bass (Morrison et al., 1999; Ng et 
al., 2008) and by ducks eating zebra mussels (Petrie and 
Knapton, 1999). In lakes Erie and Michigan, round go-
bies are also implicated in the deaths of many organisms, 
such as gulls, loons (Gavia immer), and lake sturgeon 
that ate round gobies contaminated with botulism-bear-
ing zebra mussels (Domske and Obert, 2001). They con-
sume lake trout and lake sturgeon eggs and so are a threat 
to restoration of these species in Great Lakes nearshore 
reefs. Once nearshore, round gobies are now expanding 
their range to offshore waters in Lakes Ontario, Huron 
and Michigan (Walsh et al., 2007; Schaeffer et al., 2005; 
Jude, unpublished data). Burbot are now consuming high 
percentages of round gobies on offshore reefs with the 
potential of changing trophic position and contaminant 
uptake pathways (Henser and Jude, 2008). Lake white-
fish, in response to the Diporeia declines, have shifted 

Figure 18.7.  Trophic cascade involving reduction of alewives by stocked 
salmonines.  Fewer alewives resulted in improved recruitment of native 
species (e.g., yellow perch, deepwater sculpin, bloaters) and increased 
abundance of larger cladocerans.  Since Daphnia are more efficient at 
filtering algae than smaller zooplankton, water clarity improved. Source: 
Jason Jude. 
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their diets to round gobies and quagga mussels (Jude, 
pers. observations). 

The Eurasian ruffe (Gymnocephalus cernuus), another 
ballast water transplant, was first found in 1987 in west-
ern Lake Superior at Duluth Harbor (Pratt et al., 1992). It 
rapidly attained high abundance within the Duluth Harbor 
(Busiahn, 1996), then spread from tributary to tributary 
along Lake Superior, then probably via ballast water, and 
was found in Lake Huron (Thunder Bay), then Green Bay, 
Lake Michigan, in 2002. It is expected to change fish dy-
namics in Saginaw Bay and Lake Erie, but has not been 
recorded there yet. Ruffe are small percids with spiny dor-
sal fins that discourage predators (Ogle et al., 1996), are 
very fecund (up to 20,000 eggs), are multiple spawners, 
and feed at night (Janssen, 1997a). Anglers find them un-
attractive because of their small size (Ogle, 1998). There 
is diet overlap and documented laboratory detrimental 
effects of ruffe on yellow perch (Fullerton et al., 1998). 
However, few changes were noted in Lake Superior na-
tive fish populations that could be attributed to impact of 
the ruffe (Gunderson et al., 1998; Bronte et al., 1998).

There are a number of other fish species that have 
threatened to enter or entered the Great Lakes. The com-
mon carp was introduced early in the 1800s (Mills et al., 
1993), has colonized all the Great Lakes, especially eu-
trophic bays, and has had negative impacts on shallow 
habitats by destroying vegetation and increasing turbidity 
(Emery, 1985). Another cyprinid, the goldfish (Carassius 
auratus) is also common in some shallow habitats and 
probably originated from pets being dumped in local 
habitats. More threatening, however, may be several 
other carp species, e.g., grass carp (Ctenopharyngodon 
idella), black carp (Mylopharygodon piceus), bighead 
carp (Hypophthalmichthys nobilis) and silver carp 
(Hypophthalmichthys molitrix), which escaped into the 
Mississippi River from aquaculture operations and are 
slowly migrating toward the Great Lakes. The silver carp, 
which has a reputation for jumping from the water and 
injuring people and damaging equipment, has recently 
been found in the Illinois River in large numbers and is 
displacing native fish species (USFWS, 2002). An elec-
trical barrier was installed in the Chicago Sanitary and 
Ship Canal (CSSC), which connects the Illinois River 
with Lake Michigan, first to stop round gobies and now 
Asian carp (Moy, 1999). A silver carp was observed dur-

ing electrofishing during August 2009 near the conflu-
ence of the Des Plaines River and the CSSC. Poisoning 
of the CSSC with rotenone in December 2009 showed 
that one bighead carp had bypassed the barrier, whereas 
intensive efforts by the US Fish and Wildlife Service in 
late 2009 and early 2010 have produced no evidence of 
silver or bighead carp in warm-water discharges below 
the barrier. Silver carp grow very large, eating zooplank-
ton as juveniles, later switching to phytoplankton, zoo-
plankton, algae and benthos by filter-feeding. Asian carps 
require warm water for growth (Nico et al., 2005), so it 
is likely their impact would be limited to warmer, more 
productive waters of the basin (Barberio et al., 2009). 
The Asian carps face many bottlenecks to successful 
survival and reproduction in the Great Lakes: 1. Water 
temperatures in most areas are too cold for growth, 2. 
Plankton populations are too sparse to support growth, 3. 
Successful reproduction requires large rivers with turbu-
lence, high velocities, long reaches up to 100 km to keep 
eggs suspended and appropriate nursery areas (Nico et 
al., 2005).

Rainbow smelt (Osmerus mordax) is another species 
that was stocked into Crystal Lake in 1912 to provide 
forage, then escaped into Lake Michigan and then into 
all the Great Lakes. It is believed to suppress recruit-
ment of native coregonines either through food compe-
tition (Anderson and Smith, 1971) or predation on fry 
(Selgeby et al., 1978). It is commercialy fished in Lake 
Erie and has attained high abundance in Lake Superior. It 
has become an important sport fish where it is abundant. 
Several exotic salmon and trout (rainbow trout), brown 
trout, coho salmon (Oncorhynchus kisutch), Chinook 
salmon have been stocked into the Great Lakes at various 
times, but they attained high abundance in the 1970s to 
present times, when they were stocked to establish a sport 
fishery. A spectacular sport fishery resulted and these 
species have stabilised the ecosystem, reduced alewife 
biomass, and more recently have presented a dilemma 
for fishery managers, as the alewife population on which 
they depend has declined to almost undetectable abun-
dance in Lake Huron and is reduced in Lakes Michigan 
and Ontario. 
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Prevention and Research Needs

Mills et al. (1993) documented the modes of entry of non-
indigenous species into the Great Lakes and identified 
ship ballast water as the main vector of dispersal. Once 
here, Great Lakes freighter ballast water dumping within 
the lakes and bait-bucket transfer have been responsible 
for their spread throughout the Great Lakes and into in-
land streams and lakes as well. Outreach efforts to in-
form the public about spreading invasive species through 
contaminated boats and bait buckets has been effective in 
some cases, but more needs to be done. We are aware of 
one individual who stocked zebra mussels in a Michigan 
inland lake because he wanted to clear up the water; he 
was completely unaware of the ecological consequences 
of his action. Attempts to control ballast water have been 
slow, but the US Coast Guard has required incoming 
freighters to exchange ballast water in the open ocean, 
which has proven somewhat effective. However, the flaw 
in these procedures is that freighters without ballast on 
board (NOBOBs) are allowed to enter the Great Lakes. 
These ships with NOBOB have residual water, sediment 
and organisms in their ballast tanks, which are often 
mixed with Great Lakes water and at some point during 
picking up or unloading cargo, they dump this material 
at a port. In addition, many organisms may be present 
on the outside of ships attached to the ship’s hull, ropes 
or other structures. In order to control the spread of ruffe 
from Duluth, Minnesota harbours, where they were first 
found, freighters were asked to exchange ballast water in 
deep areas of Lake Superior. Ruffe still made it to lakes 
Huron and Michigan. Research efforts to control ballast 
water have involved the use of chlorine, gluteraldehyde, 
on-board fine-screen pumps, and suggestions to make 
ships deposit all ballast water into onshore sewage treat-
ment plants. Based on their research of round goby larvae 
diel vertical migrations at night, Hensler and Jude (2007) 
suggested that ballast water uptake by freighters should 
only occur during the day, when larvae are almost ex-
clusively on the bottom. Some states, such as Michigan, 
have passed stringent recommendations for more effec-
tive control of ballast water. The urgency to enact better 
control measures is based on what we know about or-
ganisms that arrived here on ocean-going ships, such as 
the dreissenids and round gobies. We know considerably 

less of lower trophic levels. Similar destructive scenar-
ios may have occurred with bacteria, viruses and algae. 
Cholera has been found in the ballast water of ships and 
the recent outbreaks of botulism type E and viral hemor-
rhagic septicemia are also believed to be of ballast-water 
origin. Few studies of viruses and pathogens have been 
conducted and this information is required for identify-
ing potential problems, planning, prevention and muster-
ing public support for tougher regulations. Humans often 
have the opportunity to be in or catch fish from water that 
could be contaminated with ballast water, which could 
lead to localised catastrophes. Another scenario, which 
has already been and continues to occur, is zebra mus-
sels filtering pathogens (e.g. botulism), which in turn are 
passed up food chains. Monitoring water and dreissenids 
in high-risk areas for pathogens should be a new research 
priority. Anthropogenic activities often cause major per-
turbations in ecosystems, which may facilitate the entry 
of non-indigenous species (Elton, 1958; Ehrlich, 1989). 
Most of the Great Lakes have modified or destroyed 
nearshore habitats and water quality has been degraded in 
many areas (Sonzogni et al., 1983). Global warming has 
already increased temperatures in the Great Lakes and is 
expected to cause major changes in fish species diversity 
and abundance (Magnuson et al., 1997). Warming will 
also promote expansion of aquatic nuisance species, par-
asites, and diseases that flourish at higher temperatures. 
Hence, efforts should be directed toward increased eco-
system health, balanced fish populations, and improved 
water quality to deter the successful entry of exotic spe-
cies. We need a basic understanding of food web proc-
esses, especially those of the lower food web. The micro-
bial food chain, viruses, pathogens, algae, zooplankton 
and benthos require more study in order to identify new 
organisms and predict exotic species effects, especially in 
the most disturbed, nearshore areas. Algal communities, 
critical food for zooplankton and Diporeia, have been de-
graded since human arrival in the 1800s, yet we know lit-
tle of their population dynamics. The second major con-
duit for transfer of organisms to the Great Lakes from the 
Mississippi River is the Chicago Sanitary Canal in south-
ern Michigan. Round gobies have entered the Mississippi 
River from Lake Michigan and Asian carp are threatening 
to enter the Great Lakes from the Illinois River. This arti-
ficial connection needs to be eliminated.
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Conclusions

The Great Lakes have proceeded through four phases 
in their short 10,000-year history: pristine times, the 
apocalypse, the resurrection, and oligotrophication. 
Eutrophication has been controlled through improvement 
of sewage treatment plants and subsequent reduction in 
phosphorus loading. Many toxic substances have been 
banned (PCBs, DDT), leading to dramatic increases in 
sea gulls, loons, eagles and cormorants. Habitat destruc-
tion continues, but efforts are ongoing to restore wetlands 
and improve habitat quality and quantity. Overfishing has 
been curtailed by banning gill nets and shifting harvest 

to sport fisheries. We currently are in the age of oligo-
trophication, as the combined effects of reduced phos-
phorus loading and dreissenids have driven down the 
chlorophyll-a values in lakes Huron and Michigan to < 1, 
increased water clarity, and changed zooplankton species 
composition. Lake Huron has lower chlorophyll-a values 
than Lake Superior and these changes in the lower food 
web are being propagated much faster than expected, as 
we have also seen a dramatic decline in the forage fish 
biomass in Lake Huron and less so in Lake Michigan. 
Despite these improvements, many difficulties remain 
(Table 18.1). With the decline in alewife populations in 
lakes Ontario, Michigan, and especially Huron, there has 

Table 18.1. List of existing and future management issues/problems in the Great Lakes.

Problem  Brief description

Ballast water discharge Major source of invasive species; needs to be controlled

Zebra/quagga mussels Continued expansion: detrimental effects on benthos

Lack of Hexagenia in Saginaw Bay Need restoration to improve perch growth

Xenophobic toxic substances Unknown chemicals with unknown impact 

Depauperate abyss/loss of energy transfer No fish in deepwater abyss of many lakes

Areas of concern Impaired habitats need restoration/rehabilitation

Zooplankton herniations Unknown agent negatively affecting zooplankton

Diporeia loss Dramatic decline has negative effect on fishes

Oligotrophication Lowered nutrients causing decreased productivity

Non-indigenous species Continuing serious problem; ballast water control

Sea lamprey Maintain control; problem with St. Marys River

Global warming Reduce coldwater species, spread exotic species

Bacterial Kidney Disease Periodic problem when salmonines are stressed

Early Mortality Syndrome High salmonine egg mortality from eating alewife

Viral haemorrhagic Introduced virus that kills many species of fishes

Type E botulism Has killed many loons, gulls, sturgeon, walleyes

Lake trout rehabilitation  Still stocked in 4 Gr Lakes: established in Superior

Asian carp Threatening to enter the Great Lakes; devastating

Round gobies Expansion to deepwater, effects on reefs, botulism

Yellow perch decline in Lk Michigan Lack of recruitment- overfishing/dreissenids

Salmonine stocking strategy With alewife decline: to stock or not to stock

Wetland losses Continuing; requires more restoration activities

Alewife decline Continue stocking salmonines: rebound of natives 

Cormorants Population explosion: impact on fish; control

Native American gill netting Affects non-target species

Lake Erie dead zone Increasing areas of anoxia in recent years

Asian Tapeworm Infects predatory fish; widespread

Hemimysis anomala Exotic invertebrate: eats zooplankton; prey for fish
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been an upsurge in recruitment in walleyes in Saginaw 
Bay, but managers must now decide whether to promote 
large alewife populations to support a salmonine fishery 
worth billions of dollars, or continue the trends of reduc-
ing alewife populations to allow increased survival of na-
tive species such as yellow perch, lake herring, walleye 
and lake trout. Early mortality syndrome continues to 
plague hatcheries using top predators that eat alewives, 
which reduces thiamine in eggs and causes mortality 
(Fitzsimons, 1995). A further assault on stocked salmon 
was an outbreak of bacterial kidney disease (BKD) with-
in the Chinook salmon population (Kabre, 1993), which 
decimated their numbers in the early 1990s. Round go-
bies and ruffe have not yet reached peak abundance, and 
many ecological interactions and implications for toxic 
substance mobilisation and botulism facilitation remain. 
In addition, round gobies are now overrunning offshore 
reefs and penetrating coldwater trout streams and we 
have no information on their impact on fish communities 
and reproduction of salmonines in these environments. 
The deepwater abyss of Lake Ontario, the eastern ba-
sin of Lake Erie and the central basin of Michigan all 
have extinct or severely reduced populations of fishes. 
This has led to a loss in energy transfer from lower to 
higher trophic levels and efforts to restore key forage and 
predator species. Targets have been lake herring in Lake 
Huron, bloater, deepwater sculpin and Atlantic salmon in 
Lake Ontario, and lake trout where sanctuaries have been 
established to promote their abundance. For lake trout, 
some four decades after the first were stocked to restore 
populations, only Lake Superior, with a remnant stock of 
natives, has been fully restored. Climate change has al-
ready increased the mean temperature in the Great Lakes 
and prolonged the spring warming trend, enhancing yel-
low perch recruitment. The growth and habitat of fishes 
has been changed by the increase in water temperature, 
which is enhancing the growth of warm water species by 
increasing their normal habitat, and decreasing the growth 
of coldwater species. Non-indigenous species are expect-
ed to expand their ranges as a result. Zebra and quagga 
mussels have filtered the water of algae and caused mas-
sive changes to the chemical, physical and biological 
characteristics of the habitat they colonise. Major impacts 
have been documented in reductions of Diporeia and zoo-
plankton, with detrimental effects on fish recruitment and 

reduced energy transfer to many species which depended 
on this lipid-rich food source. Quaggas have expanded 
their range throughout lakes Michigan and Huron, fur-
ther exacerbating a serious problem in the Great Lakes. 
There is still a continuing problem with sea lampreys in 
the St. Marys River and they have detrimentally affected 
salmonines and burbot in the more northern lakes (Huron 
and Michigan). Viral hemorrhagic septicemia, an exotic 
ballast water virus, has killed thousands of important spe-
cies such as muskellunge in the St. Clair River, and is 
also spreading throughout the Great Lakes and into in-
land lakes. Introduced species have at one time or an-
other been the dominant species in all the Great Lakes. 
These include the sea lamprey and Pacific salmon as top 
predators in lakes Ontario, Michigan and Huron, and 
white perch, alewives, rainbow smelt and round gobies in 
Lake Erie. However, recent invaders continue to assault 
the Great Lakes (e.g., Asian tapeworm, Hemimysis) and 
some threaten (silver carp), showing that we have not es-
tablished well integrated fish communities, which would 
resist expansion of non-indigenous species. 

Many of the Great Lakes, especially their main basins, 
will continue to be highly prone to invasions (Jude et al., 
2006). First, the Great Lakes are a species-depauperate 
system (similar to the eastern basin of Lake Erie and Lake 
Ontario) due to a short evolutionary history and isolation 
from invasion because of Niagara Falls, and second, be-
cause the nearshore areas tend to be disturbed. Main ba-
sin invaders will be different from those of bays and es-
tuaries. Main basin invaders are expected to be of marine 
origin, but tolerant of freshwater, while bay and estuary 
invaders will come primarily from freshwater (Jude et al., 
2006). We need more understanding of basic scientific 
processes in the Great Lakes, including regular monitor-
ing of the lower food web, especially in nearshore areas. 
We need better long-term data sets on how food webs 
function, since exotic species are poised to influence 
food-web processes in Great Lakes ecosystems now and 
in the future.
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