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One of the defining

experiences of my life occurred
on the shores of Lake Erie. |
was young, and it wasthe firg
day of my family’s summer
vacaion. | was exdted to go
fishing with my Dad. What
promised to be a wonderful
day, however, turned into a
very painful one.

Sanding on the waterfront, | looked out onto the leke and saw
mets of deed fish floating in the water. | didn’'t know it & the
time, but | was witnesding the actud extinction of a gedes—
the blue pike of Lake Erie — and the near-degth of the lake
itsdlf.

At that time, more then 30 years ago, chemicd pollutants hed
poisoned Leke Erie. Wildlife perished. Sientists warned thet
the Great Lekeswould die.

But they didri't.

That crigsled to the pessage of the Cleen Water Act, abanon
phosphete detergents and amulti-billion dollar investment in
wadewaer tregment upgrades Bventudly the Great Lakes
came back. Wildlife recovered. The rehahilitation of the Great
Lakes became aconservation uccessqory.

Now, however, the Great Lekes are agin in afight for ther
urvivd.

Thistime, the threat is not one of chemicd pollutants (even
though controlling chemicd discharges remain an on-going
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priority). It is one of agudic invadve species Non-native
organiams have entered the Gredt Lakes out-competed netive
species for food and habitat and wreaked havoc on the

ecosygem.

This report provides a comprehendve look & the devadating
impadts that invadve gpedies are having on the Great Lakes
food web. Non-native pedesare haoming fish a thetop of the
food web and decimating organiamsat itsbase. The ecology of
the lakes is profoundly changing before our eyes and the
repercussons can be fdt by weekend anderstryingtored ina
decent catch and regiond governments griving to meet the
godsof the Great LakesWater Qudity Agreement.

The picture is grim. The prognodsis darming. But solutions
tothisproblemexig. And we ill havetimeto adt.

We hope thet this report ingoires legidators, scientigs and
indudry leeders to work together to protect the Great Lakes
and other U.S waerwaysfrom thethreet of invesve oedies

For itspart, the Nationd Wildlife Federation is committed to
shutting the door on invesve pecies We are committed to

protecting native wildlife and their aquatic hebitat now o thet
they may be enjoyed now and for generationsto come.

pp

Lary Shweiger
Presdent and CEO
Nationd Wildlife Federaion
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S‘rﬂimes referred to as the “Svedtwater Sees” the Great Lakes contan an incredible 20 percent of the world's surfece
freshwater. Ther coadtlines gretch over 10,000 miles as long as the Atlantic and Padific coadtlines of the United Saes
combined. Imagine pouring the Greet Lakes out over the continentd U.S - they would fill the Grand Canyon and therest of the
nation would be submerged under 9 fet of water. The ecosysems supported by these lekes are equdly vad - from varied
shordineto despwater hebitats In monetary termsdone, the Greet Lakesfisheries generate dmog $7 billion eech year through
both commerdd and recregtiond meaens The Great Lakesaretruly anaiond and gobd tressure.

Inflicting damege on asygem thisvad seemsasif it would be difficult. Indeed it is Over the pagt few centuries though, humen
population expanson and deve opment has inedvertently caused severd ecosysemwide shocksto the lakes The harveting of
forestsand esablishment of egriculturein the region led to extendve erosion thet dameged fish spawvning hebitat. Overfishingin
the 19" century led to the extinction of severd fish gpedies such asthe degpwater dicso. In the 20" century, chemicd pollution
detroyed some spediesand harmed others

Once dameged, awaer sygem this huge is very difficult to resore. Over time, we have maneged to address and, & leed,
patidly mend many of these earlier ecosysem-shocks For example, Leke Erie, once dedared nearly deed due to chemicd



pollution (in particular phogphorus), now is much deaner.
Though a number of problems with persstent toxic
chemicds remain, pollution reductions have improved
conditionsfor aguetic life and wildlife.

N ow we are witnessing another wave of ecosygem
shodk. The entire food web + induding the foundation of
the vest Great Lakes ecosydem = is being disrupted by
aguaicinvesve pedes

People who frequent the shores of the Great Lakes are
becoming increesngy familiar with the sde effects of some
of these nuisance gpedes invesons They see the thousands
of zebramusse shells now covering the beeches They grall
the shores and periodicaly notice hundreds of tiny invesve
fish cdled dewives floating dead and rotting in the wave
bresks Curiousabout thissghting, they leern thet groups of
dewives tend to die off Smultaneoudy causng potentid
humen hedth hazards Yet, these shordine observaionsonly
hint & thefull gory.

Alewife, sea lamprey, round goby, Euradan ruffe, iny
water fleg zebramussd and quagga mussd are some of the
more devestaing species to be introduced to the Great
Lakes sysem. All have had extreme adverse afects on
donificant native aquatic pedes, uch as the commerdidly
important lake trout end whitefish. Individudly, scientids
have sudied these nuisance cregturesand brangtormed ways
to atempt to eradicate their populations At bes, we have
only been successful in figuring out ways to manege their
populations and reduce their negative impacts Meanwhile,
additiond potentidly devegtading invesive spedes such as
Adan cap, ae dready on the doorgep to the Great Lakes
thregteningto enter.

Perhaps one of the mogt darming discoveriesin the sudy of
the relaionship between native and invasve gpedes in the
Gredt Lakes is the depletion of atiny freshwater shrimp
cdled' IRHD ' [SRBDhigoricdly hes condituted up to 80
percent of the living materid in offdhore lakebed aressand is
criticdly important as food for fish, particularly juvenile
fish. In some locations in the lakes this srimp has gone
from populaions of over 10,000 organisms per square
meter of leke bottom to zero in jus afew years Such a
rgpid and complete decline in a foundation species is

unprecedented in the recorded higory of the Great Lekes
Sientigs do not know for sure the reason for this dedine,
but many believe tha the zebra mussdl population is the
likely culprit. Thidk colonies of zebra musels ometimes
acresin aeg cover large sections of the lakes bottom and
once esablished, interfere with the aaility of ' [SRBDand
ome other organigmsto thrive and reproduce.

As additiond inveders enter the lakes and teke hold,
they place the entire Great Lekes fishery & an even higher
risk of collapsing. And once such invasons occur, our
options for recovery are quite limited. The lakes will not
dean themsdves of invesve Spedies asthey can, to acertan
extent, chemicd pollution once pollution sources are
reduced or diminaed. Nor can we regore the food web
smply by socking high-profile pedieslike trout and sdmon
or by limiting their harvest. We must develop and
implement new management tools desgned spedficdly to
examine and protect the entire ecosysem — not just
individual species. We must investigate and better
undergtand food web dynamics and how they are being
digrupted. And it isabsolutely imperdive tha we sop new,
even more damaging species from entering the Svegtwater
Ses

Congress is currently consdering two highly effective
opportunities for action. The fird is legdaion that would
redrict activities (like balagt weter discherges) thet are the
primary entrance routesfor invadve pedes Thishill, cdled
the Nationd Aquaic Invasve Soedes Act (NAISA), could
prevent new harmful species from inveding the lakes It
would not, however, addressthe damage that is being done
by the invasve eciesdready present. Fortunatdy, ancther
=t of legidaive proposds would finance a Great Lakes
regoration initictive desgned to restore hebitat and goedes
thet have dreedy been haomed. The Gredt Lakesredoraion
bills would provide hillions of dollars for these and other
resoraion purposes. It will teke a combinaion of these
effective programs to enaure the surviva of a hedthy and
diverse Great Lakesecosysem.



Zebramusalson a Lake Erie beach.

The aguatic resources of the Great Lakes region contribute dgnificantly to the economic development, culture, and
recregtion in the region, dfedting eight sates and two Canadian provinces The Great Lakes and dl of the connecting channels
and rivers form the largest surface fredwater sygem in the world, contaning neerly one-fifth of the world' s supply of fresh
aurface water.! This abundant resource produces fish, atracts vidtorsto the regon, and provides water for myriad additiond
uses of economic and recregtiond benefit. Soort fisheries aupport 75,000 jobs while commerdd fisheries provide an additiond
9,000 jobs around the lakes 2 Recreetion and tourigm in the region isvaued a $15 hillion annudly with $6.89 hillion annudly
reaed to thefishingindudry.

The five lakes though formed from the same processes of gadation and following dadd retrest over the pag 10,000 years
vay gregtly in their phydcd ssttingsand characterigics from the relaively shdlow and warmer Leke Erie (average depth of 62
feet) with its heavily developed shordine in the south to the much larger, deeper and cooler Lake Superior (average depth of
483 feet) in the north. The land and dimate around the lakes is ds0 quite diverse, ranging from the colder dimate, granite
bedrock, and more heavily foresed areasin the north to the warmer dimate, more fertile oils and intengve agriculturein the
south. The forestsand grasdands around the lakes have supported adiverse range of plants and animds induding moose, desr,



foxes and wolves while many waterways and wetlands have
aupported beaver and muskrat. As many as 180 ecies of
fish wereindigenousto the lekesthemselves 3

Over the pad two centuries the Great Lakesregion has seen
dramatic change in human populaions, land use, and
resource menagement goproaches Between the 1820s and
1900s the humean population around the Greet Lakes nearly
tripled.# The building of sttlements incressed use of the
lakes for trangportation, and the expandon of commerdad
fisheries d| dfected the lakes® Logging during the later
decades of the 19" Century was extendve in parts of the
region, and though the overdl dfect on Great Lakes water
qudity was unclear (gpart from observaions on savdugt
pollution)®, it islikely thet soil erogon, changesin runoff and
greamflow, and tributary hebitat and water qudity were
affected.” With indudridization came the dteration of
waterways through the building of dams, breskwaters,
wharfsand dikes, congtruction and dredging of channds and
the filling of wetlands® Though commercid fisheries had
been in place for some time, overfishing became an isue
with the collgpse of the lake herring fishery in Lake Erieiin
the 1920s° The combination of phosphetes in detergents
excessve nutrients from agriculture, and poor waste
management led to eutrophication (i.e, dgd blooms and
other symptoms of excessve nutrients) in parts of the lakes
during the 1960s and subseguently awareness increased of
the problems of widegpreed contamingion of the lakes by
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perdgent toxic chemicds®® Other emerging thregts to the
lakesindude changing lake levdlsand dimate change

While some changes in recent decades + such as dower
population and industrial growth rates and greater
environmenta avareness + have contributed to improved
water qudity in the lekes?, Gredt Lekes fidheriesreman a
risk, in perticular fromthethregtsof invesve gpecies 3

In the mide of these chdlenges, reddents of the region
recognize the vadue of the Great Lakes as a binaiond and
gobd tressure. Polling conducted throughout the regon in
2002 indicated that Great Lakes resdents are highly
committed to protecting and restoring whet they congder to
be a defining part of ther homes and lives Overdl, 94%
agreed (67% agree “grongly”) that each of them has a
persond responghility to protect the Greet Lakes Neerly dl
— 96% — agree (78% “drongy”) that we “need to do
moreto protect Great Lakes hebitatsfrom pollution”. 4

Today the Great Lakes are experiendng an ecosysem shock
which gopearsto be due in large part to the introduction of
agudic invesive gedies that have egablished themsdves in
the Great Lekes out-competed locd spedies for food and
hebitat, and profoundly dtered the food web of these five
freswaer sses The potentid chdlengesto the Greet Lakes
ecosydem from thexe invadve ediesislikey to be greater
and longer-lagting than any of the disruptions we have
witnessed over the padt two centuries
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Sea lamprey mouth

Over the pagt two centuries more than 50,000 foreign plant and animd gpedes have become esablished in the United
Saes About one in seven has become invadve, with damege and control costs etimated & more then $137 hillion each year.
Nationdly, about 42%D 400 0f 958D of the pedestha areliged asthrestened or endangered under the Endangered Soedies
Act are consdered to be a risk primarily because of predation or competition with exotic species* Indeed, invadve spedes
comprise the second-largest threat to gobd biodiversty ater hebitat los

The Great Lakes region hes been amilarly afected by exotic goedes and continuesto be threastened by exiging and potentid
new goecies invasons. Snce the 1800s the introduction of over 160 exotic goecies has irreversbly dtered the region's
ecosysem, causng draméic changes in biologicd relaionships and naturd resource avalability.'” The effects of some
introductions have been particularly acute + for example, sea lampreys played an important role in the collgpse of lake trout
fidheriesin the upper Great Lakes in the 1940s50s %8 In addition to worries about the effedts of invesive gpedies on individud
gedes awider concarnispotentia effectson the broader food web (see Box 1 for brief overview of Great Lakesfood wels).

Introduced gpedies enter the Great Lakes basin by multiple pathways As of the early 1990s the breskdown of the routes of
introduction for 139 known aguic invadve gpedies was shipping (41 new spedes), unintentiond relesses (40), ship or barge



cands dong ralroads or higways or ddiberae rdeases
(17), unknown entry vectors (14) and multiple entry
mechaniams (27).1° Unintentiond releases can include
unintentiona fish socking, agquarium release, and bait
hendling.?

About 70% of the 160 invasive species which have
edablidhed themsdves in the Great Lekes are native to the
Ponto-Cagpian region (aregon of southesgtern Europe and
outhwestern Asa that contains the Black, Azov, and
Caspian Seas), with the second highest percentage
orignating from the Atlantic Coagt of the United Saes®
An asesament of shipping patterns indicated thet the Bdtic
and North Sees were the source regons for the mgority of
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The adjoining sketch shows a very smplified food web
andogous to what might be found in one of the Great
Lakes. From a biologicd gandpoint, the lake can be
divided into free, open (3pelagic®) waers and deeper
(®benthic®) zones near and induding the sediments
While many spedes tend to reman in one or ancther of
the zones, other species (e.g. some fish and aguatic
insects) sometimes move between them. An important
agoect of the food web is the trander of energy (in the
form of nutrients) between organisms. In this case,
phytoplankton B suspended microscopic plants
(dgee) or photogynthetic bacteria®  grow by processng
sunlight through photosynthesis.
Phytoplankton can be consumed, either inthe
waer or dter they have died and fdlen to the
sdiments, by either zooplankton (smdl
sugpended animas with limited powers of
movement) or by macroinvertebrates
(smdl animds lacking a backbone) in the
sediments These organiams can in turn be
eden ether by other amdl animds uch as
aguaicinsets or forage fish, such asamdt
or adewife, which then can be eaten by
predator fish such aslake trout or Pedfic
sdmon. Changes to the food web can occur
in saverd ways £ induding @top down® with

cargo-bearing ships®  both number of ships and reported
tonnage, for ships identified as no bdlagt on board, or
NOBOBD enteringthe Gregt Lakesin 1997.2

The number of pedies invading from the Ponto-Cagpian
region surged beginning in the 1980s primarily due to
increased ship trdfic, inareased ship speed, and ballegt water
discharge. Factors such as extengive linkages of inlend badns
to the sess through cands and rivers tolerance for wide-
rangng dinitiesin many spedes and trandformaionsin the
new environment that make habitat more suitable for
additiond exotic gredes coming from the same region dl
have contributed to incressed numbersof invesons 2

the introduction of a new predaor fish, or #bottom up®
with the introduction of goedestha effect populations of
ether plankton or benthic orgeniams Inred leke sygems
food webs are more complex, with many interacting
components. However, the potentia for food web
digruption by invesve pedesor other phenomenadways
remans
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Snce recorded time began, people have brought plants
and animds with them for food and other usss Many
introduced species of plants and animds, such as
vaietiesof corn, whed, rice, and other food crops and
cattle, poultry, and other livesodk, now provide more
than 98% of the U.S food system a a vdue of
gpproximately $300 hillion per year.?* Some predaory
fish species (such as Pacific saimon) originaly
introduced in the Greet Lekes to control invasve fish
spedies have snce become popular in the multi-billion-
dollar recregtiond fishing indugtry. However, these
types of introductions can gill potentidly have codsin
terms of broader ecologicad changes not initialy
foreseen.

KHSDMR ,QMRGERRQL
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Asthe use of the Great Lakes as atrangportation route for
commerce intendfied, the rate of introduction of aguetic
nuisance gpedies d inareasad. Snce the opening of the S.
Lawrence Seaway in 1959, 77% of the new organisms
edadlished inthe Great Lakesare atributed to bellagt weter
discharge®

Faure 4 hows the reaionship between incressed shipping
ativity and the increased rate of sucoessful aguitic spedies
invedons FHgure 5 indicates the increase in the cumulaive
number of invesve gpedesin the Gregt Lekes The rate of
increase in recent decades is the highest observed thus far.
Neerly 30% of invesive and introduced spediesin the Great
Lakes became et ablished dter 1959.%

Who aretheinvaders?

Weknow of & leegt 160 exotic gpedestha have inveded the
Great Lakes snce the 1800s, but in redity, there are
probably many more that we have not yet discovered. The
invaderswe know about represent awide variety and type of
organians Besed on data through the early 19905 mog of
these species include aquatic or wetland plants (42%),

invertebrates (20%) fishes (18%), and dgee (17%).%"
Although it is difficult to conclusvely identify the mogt
damaging invaders because we do not yet know the full
extent of the harm they are caudng, three broad categories
of orgenisms have dready caused dramtic dteraionsto the

ecosygem: fishes mussels and zooplankton.
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A number of invadve fish gpedes have taken hold in the
Great Lekes dther asareqult of ddiberae introductions or
inadvertent invesons Examples of gpedes or groups of
gedestha have hed asgnificant effect on the fisheriesand/
or the broader food web are presented below.

Sea lamprey

6HD/PS.N The sealamprey has mogt likely hed the
mog sgnificant impacts on Great Lakes fisheries of any
invasve fish pedes The lamprey wasfird identified in Leke
Ontario in the 18305 likdy migrating west through the Erie
Cand, dthough more recent genetic evidence indicates the
species may be indigenous to Leke
Ontario.? While the lanpreyswere
not discovered in Lake Erie until
1921, they quickly spread to the
upper three Great Lakes reaching
Lake Superior by 1938.% Lampreys
dfect the food web through hebitat
modification and, to a greater
extent, through predetion on fish.®
The ed-like fish ataches to fish and

drainsthem of blood and bodily fluids An adult sealamprey
can kill up to 40 pounds of fish in 12-20 months The
combination of sealamprey predation and overfishing led, to
varying extents to subgtantid dedinesor complete collgpses
of populations of lake trout, burbot, and lake whitefish in
the middle of the 20" Century. Use of chemicd control on
sea lamprey larvee began in the late 1950sin Lake Superior
and was extended to other lakes over the next three
decades and hesdiminated gpawning runsfrom anumber of
dreams ! (See further discusson on populaions of species
dfected by ssalamprey in Section 5).

5R{IG*RA  Round gobies look and behave very
smilarly to the mattled sculpin, afish native to the Great
Lakes However, thexe inveders are much more aggressve
and out-compete the sculping as well as severd other fish
soecies for food end hebitat. Frg reported in the United
Saesin the 8. Clar River in 1990, they quickly soreed,

and now inhebit dl five Gregt Lakes® Once round gobies
arive in an aeg, a combination of aggressve behavior and
prolific spawning dlow the species to rgpidly increase in
abundance. They have been deemed responsble for locd
extirpation of mottled sculpins in Cdumet Harbor, Leke
Michigen, through competition for food sources for goace,

and for spawning Stes = In addition, zebramusHsfadlitae
the introduction and egablishment of round gobies by
erving as areadily avalable food source for the non-naive
fish + round gobies are one of the few fish pedies that eat
zebra mussels + and by creating habitat for small
invertebrates that are the prey of amdl gobies* The zebra
mussel/ round goby reaionship thus represents a case of
invasonad meltdown, the process by which a group of
nonindigenous spedies fadlitaes one another's inveson in
various ways, increasing the likelihood of aurvivd, the
ecologicd impact, and possbly the megnitude of the impedt.

Round goby



$OZ ILH Alewives are indigenous to lakes and reams in
waershedsdong the Esgt Coad of the United Saes Aswas
the case with sea lamprey, dewives were adundant in Lake
Ontario by the lae 19" Century, likdy having migrated
from Esgt Coadt bednsthrough the Erie Cand. The opening
of the Wdland Cand dlowed for migration to the upper
lakes, dthough it was only in 1931 that dewives were
reportedin Lake Erie. They werereported in Lake Huronin
1933, Lake Michigan in 1949, and Lake Superior in 1954%,
and hed adgnificant afect on the fish community of mog of
the lakes Alewives were held responsble for population
declines in a number of fish species including emerdd
shiner, bloaer and ydlow perch during the 1960s and ds0
likely were respongble for low abundances of deepwater
sculpin in Lake Michigan by 1970. Alewives d<0 likely
contributed to reductions in burbot aundance in Lekes
Huron, Michigen, and Ontario. In addition, dewives have
continued to hinder the recovery
of lake trout populations due to
both their predetion on lake trout
young and reversdly through early
mortdity syndrome (a thiamine
defidency in lake trout offoring
caused by the parent's
consumption of non-native
pedes uch as dewife as opposed
to more nutritious native
species). 36 A further problem
with dewivesisthet they svimin
dense sthools and often die off in
large numbers, littering beaches

with rotting carcases and posing
hedth threats. Ironicaly, some
species introduced in the 1960s to
control dewife populations (e.g.
chinook sdmon) are now popular
gportfish, and are dependent on
adequate dewife populaions ¥

(XADMBQ 54 1H The Eurasian

ruffe was firg found in the S. Louis

River, Minn. in 1986, probably

introduced via bdlag weter.*® Ruffe
can tolerate a wide spectrum of
environmenta and ecological conditions, ranging from
shdlow to degper waters and low- to hign-nutrient weters
dthough their abundance increases with the latter. The fish
goawvn on avaiety of surfaces and in some cages more then
once per year. Adults feed on macro invertebrates on lake
sdiments and their primary predators are pikeperch and
northern pike. Snce ther introduction, they have become
the mogt abundant fish in the S. Louis River etuary + by
the mid-1990s, their dendties were over 4 times greater
then the next mog populous species (ottal shiner and
troutperch).3® While research has not indicated any
aubgtatid fish community chenges in regponse to the ruffe
invegon in the S. Louis River,® ther tolerance for wide-
ranging conditions potentid for widespread digribution,
and their diverse diet of organiams on bottom sediments
could eventudly lead to pressures on other fish populations
withamiler diets

Alewife

Euradan Ruffe
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The dosdly-related bighead carp and Slver carp (commonly
referred to jointly as Adan carp) are alooming thregt to the
Great Lakes Bighead carp ae known to reach 90 pounds
and dlver carp 60 pounds Because they are filter feeders
thet eat primarily plankton and they can atan such alarge
d7ze, dentigds uggedt that these carp have the potentid to
deplete zooplankton populaions This can

lead to reductions in populations of native

species that rely on this food source,

induding dl larvd fishes some adult fishes

and native musels Soedies of fish with high

recregtiond and commerdd vaue, induding

sdmon and perch, are a risk from such

competition in large rivers and the Great

Lakes

Adan cap likdy excgped from catfish fams
in the South during flooding in the 1990s or
through accidentd release. In less than 10
years they have spread up the Missssppi
River sygem and have been collected in the
Chicago Smitary and Ship Cand only 25
miles avay from entering Lake Michigen. In
some of the big pools dong the Missssppi
River, Adan cap have multiplied so quickly
thet in less than a decade they make up 90
percent or more of the fish life. To gem the
potentiad movement of fish between the
Misssippi and Great Lakeswaters the Army
Corps of Engineers has constructed an
dedtricd barier acrossthe cand to repd fish
in both directions The barrier isnot fal-sfe
and will require either backup generaorsor a
seoond barrier for added security. A plan is
currently in place to congruct a second
barrier.®

The slver carp have become infamous for
their tendency to panic when they hear aboat
motor, hurling themsalves out of the water
and into the path (or onto the deck) of
pasing vesHls and persond watercrat. As

dangerous as they may be to recreationa boaers and
angers they are even more perilous to the Great Lakes
fishery. Degpite some efforts by commercid anglers and
dae manegement agendies, no viadble market for the large
crop of cap has developed dong the Missssppi River and
its tributaries. If the Great Lakes are trandormed into a
aGreat Cap Pond,° there is no indicetion that a fishing
industry would develop to replace losses to the current
$6.89 hillion industry.

Adan carp
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Sverd invadve mussds have esablished themsdves in the
Great Lakes The two mog dgnificant are the zera and
QuaggamusHls

=HH D O XAMHD The zebramussd isahighly opportunistic
mollusk that reproduces rapidly and consumes microscopic
plants and animals from the water column in large
quartities Zebramussdswere firg discovered in the Great
Lakes in 1988 in Lake . Clar, where they had been
discharged in the bdlag water from ocean-going vessds#
Because zebra mussHls have alarvd sage as plankton, they
can easly be taken up in bdlast water and passively
digributed within a lake or downgream in rivers“ The
adults can d9 atach to vesds and be trangported to new
water bodies as the boats enter them either directly or
following overland trangport. About the sze of afingernall,
zebramuses exarete agrong adhesve tha dlowsthem to
atach to virtudly anything, from rodks to municipd water
intake pipes The musss can form thick colonies, aresin
dze, which cover the lakebed and occupy the hebitat needed
by native gecies BEven more damagng, zdra musds ae
incredible filter-feeders, capable of consuming large
quantities of microsoopic aguaic plantsand animdsfromthe
water column £ and depriving native species of needed
nutrients Research indicates that zebra mussels remove

ugpended matter from the open water & arate of up to 30
percent per day, and their filtering rete is over 10 times
higher then tha of netive unionid mussels# Such filtering
fundamentdly shifts the location of the food and energy in
the Great Lakes, from the water column down into the
sdiments While this shift has resulted in much dearer
waer in many pats of the Gredt Lakes this desrer water
meanslessnutrientsfor many fish pedes

Sientigs are jus begnning to undergand the impeacts tha
zebra mussdls are having on the Great Lakes Ressarchers
ugedt that zebramussasare amgor factor in the collgpse
of afundamentd food source in the Grest Lakesfood web +
the tiny, shrimp-like' LSRMD(see Setion 4). Sientigsdo
bdieve the zebra mussd inveson hes had negetive impacts
on avaiety of fish pedes (e Stion 5).

4X1ID 0 XAMHD A second muss may be as damaging to
the Great Lakes as the zebra mus: the quagga mus.
Quagga musHsfird gopeared in the Gregt Lakesin 1989.%
In sze and gopearance they are amilar to zebramussds, and
like zebra muss they colonize in thidk mats over acres of
lekebed. The mgor difference + and the one that darms
sientigds + is that quagga mussHs can colonize in deeper,
colder water then zebramusels ZebramusHsthriveinthe
shdlower and warmer lakebed aress dong huge Sretches of
Lakes Michigen, Erie and Ontario, and Sxginav Bay. Now
quagga mussls have begun to colonize additiond lakebed
aess, further decreadng the overdl nutrients avalable to
organiamsimportant in the food web (see Section 4).%

A zebra mussel and quagga mussel
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Reseer chers have found thet
zebra mussels can promote
the growth of atoxic dgee
that isregpongble for humen
and wildlife hedth concerns
and the fouling of drinking
waer supplies O LRBR\WYis
one of a dass of dgee tha
produce toxins (termed
microcysing thet can cause
harm and even degth in figh,
wildlife and people + for example, 55 people in Breil
died following exposure to microcysins Blooms of this
type of dgee were common in parts of the lower Great
Lakes before phogphorus reduction meeaures were taken
in the 1970s However, recent ressarch indicates thet
zebra mussels may be contributing to a resurgence of the
bloomsin aress 2uch as Seginaw Bay and Leke Erie. Zebra
mussels consume and break down some adgee, but

S(HMAED] FREIINAWUYHIO
WHZ DU FROPQ

Zooplankton are tiny animdstha float inthe water and feed
on smal, usualy microscopic, floating plants called
phytoplankton. Zooplankton are aSgnificant source of food
for meny fish a& some sage of ther lifecyde + egpecidly
young fish. Because of their amdl Sze, esdng their entry
into balag tanks and the phenomenon of éreding Sages®
some zooplankton can easily become invaders into new
ecogydems Aswas the case with exotic mussels mentioned
above, recent invadons by exatic zooplankton gedies have
indicated the potentid for nonindigenous species to digupt
the Great Lakesecosydem.

One type of zooplankton of significant importance in

An Example of an algae bloom
sectively rgect 0 IFRBRWY, which can contribute to
blooms of the toxic dgee. In addition to the potentidly
hermful conseguences on wildlife and people, the blooms
can d9o effect the food web + the low intske rates and
poor nutritiond qudity of O LR WYIead to decreased
arvivd of zooplankton (microsoopic animas) consuming
the dgae, which can then affect fish consuming the
zooplankton.

70
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60 1 [ Bosmina longirostris
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fredwaers ae dadocerans dso known as
water fleas. Two recent zooplankton
inveders of the Gregt Lakes come from this
family + the spiny water flea and fishhook
water flea Both of these water fless posess
long harply barbed tal suinestha comprise
upwards of 80% of the orgenisms lengths
Many fish that otherwise eat zooplankton
avoid both of these iny credtures as prey
and most of the smaller fish cannot
effectively swalow them because of the
long hooked tal spine. In addition, these
larger zooplankton eat smdler zooplankton,
competing directly with some fish for this
important food source.

63Q ZDMJ IBD The spiny water flea native to
northern Europe and Ada, wasfirg foundinthe Great Lakes
in Lake Onterio in 1982.% Over the next five years this
water flea was found throughout the Great Lakes and in
some inland lakes in nearby gaies Edablishment of the
soiny water fleain Lake Michigan was followed in 1987 by
sonificant dedlines in abundance of three gecies of an
important group of zooplankton, the Dgphnia® In a more
recent sudy of smdler Canadian lakes, it was found thet
lekesinveded by the spiny water flea hed sgnificantly lower
totd amounts of the dadoceran zooplankton group, and on
average 23 percent fewer of these species than the
uninvaded lakes ®

Soiny water flea

) MKERN ZDMU | B The fishhook water fleais native
to the Ponto-Cagpian regon (southeest Europe). It wesfird
found in Lake Ontario in 1998 and quickly soreed through
lakes Ontario, Michigan, and Erie by 2001. The pettern this
expanson took is condgent with the inter-lake trander of
balast water; in addition, pleasure-craft are likely
respongble for trander from the Grea Lakes to inland
lakes.®! Research on Lake Ontario indicated that the
abundances of three dominant zooplankton declined
drameticaly dter the introduction of fishhook weter flessin
thelake (e Hgure 6).%

* IDYWRDIHI) A third exctic zooplankton
Fedes the gant dedoceran, is ndive to Africa
Ada and Audrdia and mog likdy entered North
America with African fish imported for the
aguarium trade or to sock reservoirs.® Snce
1995, it has been found in the lllinois River and a
connecting channel to Lake Michigan through
Chicago and now gppears dose to invading Leke
Michigan; it wasfound in Leke Eriein 1999.% The
giant cladoceran is much larger and has more
numerous gines then dmilar native ecies making
it difficult for young fish to egt; this could reault in
areduction of food available in lekes greams and
fish hatcherieswhere thiszooplankter invades

Fishook waterflea and spiny waterflea
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Zebramusds

Sentists edimate that about 10 percent of the aguatic gpedestha have been introduced into the Greet Lakes have caused
dgnificant ecologicd and economic damege.® While the impacts of some of these goeciesare dear, the potentid for other direct
and indirect impects remains to be determined. Sientids have, however, conduded thet invesve gedes can dfect multiple
ecologicd levels They influence various functiond and behaviord factorsfor the native gpedies such ashebitat use and foraging,
abundance, digribution, food web reaionships and pathways for energy and nutrients® They can dter the physcd and
chemicd conditions of ahabita to an extent that the behavior, growth, and reproduction of netive pediesare impared. Asthe
Great Lakesareinvaded by incressing numbers of exatic pedes stentigsare discerning some digurbing patterns

Profound alteration of the base of the food web. Over thepagt 15 years invasonsin the Great Lakesincreasingy
condg of tiny invertebraes While they are important to their native food web, in the Great Lakes they are cgpable of
accumulating in high dengties and replading netive ecologicd equivdents This drameticaly reduces the amount of avalable
nutrient for anumber of naive pedesin the sygem.™ It d<o dtersthe way nutrients and contaminantstravel through the food
chain and ecosydems of the lakes 8 (See discusson in next section).

Assault on the ecosystem on multiple fronts. A combinaion of multiple new species may make life even more



difficult for native species egpecidly if these invaders are
dfecting the ecosysem a severd different levels® For
example, in addition to teking up food energy that would
otherwise be in gpedes more reedily consumed by forage
fish, zebra mussel shells increase the complexity of the
lekebed, meking it difficult for fish to find food, and thus
dfecting the way nutrients and energy flow through the food
web. The spiny water flea then afects the water column,
out-competing naive zooplankton. Then the introduced
Eurasan ruffe may compete with naive species for the
limited food resources further diminishing the surviva of
naivesin the ecogygem.®

Facilitation of invasional meltdown
(accelerating invasion). Smeinvadersmay dter their

new environment in ways tha could make it easier for
ubsequent invasve gpedies to esablish themselves thus
accelerating the increase of new oedes over time.® Snce
1970 there has been an average of one invader recorded
every eight monthsin the Great Lakes with the number of
pedies established per decade increasing over time. None of
these pedieshave ever auccessfully been diminated. 5

Increased pressureson commercial and
gportfish species. Asinvasve gpedesconsime energy,
food, and hebitat resources these necesstiesbecome less
avalableto the native pedestha are useful to humans This
may Sresssport or commerddly vauable gedesenough
that herves hesto be reduced to sugan the population. For
example, the Ohio Department of Naturd Resourcesbegen
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Soiny water fleasooating a fishing line

to prohibit the catching of smdlmouth bassin Leke Erie
during May and June &ter along-term gudy showed thet

round gobiesdecimeted the netsby consuming eggsinthe

absence of the mde bass guarding the nest. % Additiond
daesae conddering Smilar modification of

beg limitsfor recregtiond angersto baance

the impadts of aquatic invesive ecies

Changesin the broader species
distribution of fishes. The
combingtion of extinction and depletion of
netive fish gpeciesand introduction of non-
netive fish hes dgnificantly chenged the fish
digributioninthe Gredt Lakesover the pagt
century, asindicated in Figure 7. Amongthe
changes

by andt and dewife (with the mogt dramatic changesin
Lake Onterio);

x  Average lengths anong the forage fish have decressed
subgantidly (e.g. Lake Michigan deepwater cisco
averaged from 203 to 333 mm (about 8to 13 inches) in
lengthin 1930, while dewife and amdlt averaged 66 and
109 mm (about 2 %2 - 4 inches), regpectively, in
1987);

x  Invaave forage fish (amdt and dewives) inhabit much
shdlower watersthan the native fish they have replaced,
and bloaters whose numbers have recovered in Lekes
Michigen and Huron tend to be in hdlower waersthen
before;

x  Introduced sdmonids (predator fish such as coho and
chinook sdmon, and gedhead and brown trout), while
within the 9ze range of the higoricadly dominant native
fish (the lake trout), are shorter lived spedies about five
yearsfor the introduced sdmonidsvs over 20 yearsfor
leketrout;

x  Theintroduction of sdmonids has been produdng afish
community dominated by pisdvorous fish (fish thet eat
other figh) that inhebit the upper waters of the lakesvs
a community higoricaly dominated by piscivorous fish
that fed in deeper waters(laketrout and burbaot). s

Sction 5 indudes more detaled discussons on impects of
invasive goecies on fish populaions as well as trends in
commerdd fish caches

([WDAR *UHDW INY)RRG: HE' MOSAR)
Foundation $ecies Fish

Diporeia Lake Trout

Hngernal dams Yellow Perch

Zooplankton (3 goedies) Whitefish
Sndlmouth Bass
Lake Herring
Degpwater Cisooes
Simy Sulpin
Mottled Sulpin
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x  Among forage fish, lake herring and \NMRIKRWDONHHI | RIDNHRWMRGIBOGEBIIRY HI PRYBG
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deepwater dscoes have been replaced

Figure8



Sea lamprey attached to a laketrout
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Invasve species introductions are a consequence of the
economic wefare of our nation. Many spediesintroductions,
both intentionad and unintentiona, can be linked to
economic activities, such as production, trade, and
shipping.®® The irony is tha they are now impatting this
economic progoerity. % Invadve spedesin generd can afect
the economy in a number of ways incduding production,
price and merket effects trade, food security and nutrition,
human hedth and the environment, and finandd cogs ¢
Two ways that aguetic invasve species have affected
infrastructure and the broader Great Lakes economy are
indicated below:

Disrupting water infrastructure. Zebramusesoet
indgde water intake pipesand fadlities, reultingin high cods
to remove them. Asthey etablish populionsin more and
more inland lakes in the Great Lakes bagin (generdly via
private smdlardt trangport), they put increesngy more
water infragructures & rik. In fadt, Univergty of Notre
Dame resserchers determined thet it would be more cogt-
effective to goend $324,000 per year on efforts to prevent
zebramuss infestation on each inland lske associated with a
power plant rather then pay the high cods of managing the
negetive impacts of zebra mussls on water withdrawas
once populaionswere estadlished in eech ke ®

Imposing high unending control costs, if
control is even feasible. The invason of the sea
lamprey had by the 1940s devastated populations of

whitefish and ke trout and resulted in subgtantid economic
losesto recregtiond and commerdd fiheries® From 1900
until trout population dedines were causad by sealamprey,
the annud commerdd harveds of lake trout exceeded 4.4,
6.3, and 5.5 million pounds annudly for Lakes Superior,
Michigen, and Huron regpectively.” Control efforts were
initisted in the 1950s but by the early 1960s the catch wes
only about 300,000 pounds In 1992, annud sea lamprey
control cods and resserch to reduce its predation were
goproximaed a $10 million annudly. Ongoing control
efforts have resulted in a 90% reduction of sea lamprey
populaions in mog areas, but now, resources gpent on
controlling these exctics are not available for other fisheries
and resource management purposes This earlier assessment
found that the totd vdue of the logt fishing opportunities
plus indirect economic impacts in the Great Lakes could
exceed $500 million annudly.™

Laketrout with sea lamprey wounds
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Amalthy food web is a complex interrdationship in which each plant and anima benefits from and contributes to the
aucoess of the ecosygem. Typicdly the bottom of afood web beginswith thetinies creasturesand their populdionsare endlesdy
bountiful. Moving up the food web, the animds become larger and their populaions become fewer in number asthey require
more gpece and food. The top of the food web is very dependent on the hedth of dl of the lower levds When thereisa
disruption in the lower food web, negative effectsripple up through many populationsand can be devagating.

A key part of the food web in the Great Lakes are macroinvertebrates (smal animas without backbones) which link dgee with

fish communities In particular in the deeper water of the lakes four groups of organisms dominae the mecroinverterate
community B fingernall dams certan worms (2 QIRKOARYY, opossum srimp (0\\WY, and mog sonificantly, atiny srimp-like
amphipod cdled ' 1SRBD Together, these organiams condtitute the vas mgority of the degpwater food avaladle to forage fish
and other animdsthe Great Lakes accounting for as much as 99% of the biomass avalable in the sediments 2 Any changestothe
sdiment environment that afects these organiams therefore has the potentid to gregtly dfect the fish and other predators
reliant on thisfood source.




Diporea
" ISRHD
" IRV paticularly compared to other invertebraes ae
an espeddly important, high-energy food source for meny
fish.” In fact, mog fish gpedies feed on ' IRBDa some
dage of ther life cyde™ In degper water hebitas ' LSRUD
consume nearly one-quarter (23%) of the totd annua
production of phytoplankton™ and, in Lake Michigan, they
consume over 60% of the spring distom bloom (blooms of
an dgeerichin lipids, another nutrient),” making
these nutrientsavailable to move up the food web.

Yet ' IRHD) akey component of the Greet Lakes
food web, hes dramaticaly dedined over the pedt
20 years = in some cases decreasing from over
10,000 orgenisms per square meter to virtudly
zero. The scale and short time frame of the
declines are particularly digurbing; fish species
reliant on ' LRMUD need to find other equdly
nutritious food sourcesin order to aurvivein arees
where the amphipod isin geep dedine. If some of
those food sources are less eadly digested or
avalable, the spedes would not likdy be ale to
evolve characteristics quickly enough to
compenste (see discussion in Section 5 on impeacts
of ' ISRMDdedines).

%R
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At the same time tha ' LSRHD disappeared in Lake
Ontario, a bacterium caled 7KESBED begen to form in
unusudly extensve mas and soon became the most
dominant organism in the sediments of the upper lakebed.
More energy began being usad in the development of
becterid mets leaving fish and other resources ussful to
humans deprived of nutrients.”” While some exotic
edes such as dewife can be viable food sources for
commerdd and ort fish goedes bacterid mas do not
provide food or hebitat for these species As the mats
developed, the lakebed community was reduced to afew
species of worms and a few tiny clam species.
Additiondly, nitrete hes doubled in Lake Ontario over the
pag severd decades ™ which may do aupport the soreed
of the bacterid mats Prior to 1991, dense ' ISRHD
populations (up to 16,000 individuds per sguare meter™)
probebly directly and indirectly B by keeping the |akebed
more oxygenated B reduced the development of the
bacterid matson the lakebed.®

Figure9: NOAA
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Snce ther discovery in the Great Lakes zelra and quagga
mussals have colonized a wide variety of underweter
aurfacesto depths of 130 meters’ and have reached dengties
of up to 340,000 per suare meter in ome aees® Zebra
and quaggamusH s are agyressive and ffident filter-feeders
that consume large volumes of nutrients, drameaticaly
decreasing sugpended nutrients that are criticd to other
gedes® In paticular, thisdiverson of food resources may
deprive' IRBDand other degper water macroinvertebrates
of food ttling from the above water .8

Sibdatid dedinesin' IRMDpopulations aswdl as tha
of fingernail dams, have been observed in saverd of the
Great Lakes gnce the esablishment of zebra mussels.
Although the connection between zebramuss invaeson and
sonificant ' [SRBD dedines coincides in time, direct causd
links have not been dearly esablished. Although other
potentid explangtionsfor the dedines have been proposed +
induding decreasing dgd nutrient resources and indirect
competition with zebra musse colonies in sdlow water +
these done cannot explan the totd dimingtion of ' LSRYD
from favorable habitats® Other factors that may affect
" IRMD include disesse from pathogens® ®  though none
have been reported in the literaure, as well as additiond
factorsb yet unknown.

Zebramusds

As' IRUDdisgopears the pressure will be
geder on aless abundant food source, the
opossum shrimp. If the opossum shrimp is
susceptible to the same factors that are
causing the degradation in ' LSRHD few
other dterndives are left to support many
fish and other aguatic animds in deeper
waers of the Gregt Lakes Indeed, soentids
have observed impactson fish that depend on
" IR WDas afood source:

In Leke Brie, andt socks have dedined
gncethelossof ' |SRUID

In Lake Ontario, dimy sculpin and
young lake trout, goediesthat dsorey on' LRUD have
dedined;

In Lake Michigan, whitefish have shifted from egting
' |SR#Dto the more ebundant, but less nutritious zebra
mussH, leadingto leaner, smdler whitefish. &

) IGHRPOKDMPV As devatating asthe disgppearance of
" IRBDmMeay be for the Greet Lakesfidhery, it may be only
pat of abroader dedine near the bottom of the food web.
Sientigs have ds0 discovered what looks like a pardld
depletion in another oecies, the fingernal dams These
dams are found in the upper sections of sediments and feed
on microorganismsin the water between sediment partides
Because some fingernail dams filter-feed directly on dgee,
zebra musHls can be in direct competition with them for
food. Research in Lake Michigan reveded subgantid
dedinesin fingernal dams through the mid-1980s and into

Fingernail dam
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WH \KUPS ONH RJDQ\P " IRHD number's in southern Lake Michigen dropped dightly

*\IHEIWP 7 1088 * WDV during the 1980s but decressed much more rapidly beginning in

[ INY( QIURPHOBDSNADIK 410 o1y 19908 following the introduction of zebramussisto the
| ERDRY 12$% e

x Thedengtyof ' ISRHIDa the Grand Haven, MI gation
dropped from 10,000 per sguare meter inthe 1980sand early
1990sto 110 per sguare meter in 1999 dter zebramussls
were discovered in the areaiin 1992 + 299 percent dedine. ®

x  Themean dengty of ' LRUDoff Muskegon, MI dedined from
5,569 per uare meter to 1,422 per quare meter.

By 1998, * |SRBiDded ined in southern Lake Michigan and
wererareor absent off Grand Haven, Saugetuck, South
Haven, and S. Joseph out to depthsof 70 meters®



Smila changes in ' LSRMD populaions have been observed in
sampling of anumber of Stesin Lake Ontario:

X

Meen dengties of ' [SRBDwere a lesgt 130 times greder in
1964 and 1972 than in 1997 dter zebramussa estabdlishment.

At locations where ' LSRBIDwes abundant, dengties dropped
to 15% of ther former levesin three years (averaged 6,363
per quare meter in 1994 and only 954 per suare meter in
1997).

The percentage of gaionswhereno or very few ' LSRHDwere
found more than doubled from 40%in 1994 to 84%in 1997.

A zone of very low ' |SRBIDdengty (lessthan 4 individuds per
Quare meter) extends as far as 16 miles (26 kilometers) off-
shore and to depths of 656 feet (200 meters) over 40% of the
totd surface areaof Lake Ontario oft sedimentsin 1997.



the early 1990s yet the widesoread nature of the
dedines + induding beyond aress of zebra mussel
infesation + suggested that zebramussels may have
hed a more minor role, with nutrient reductions
and dedining primery productivity playing alarger
role®

However, in another sudy near Michigan City,
Indiana, growth of zebra mussds on fingernall
clams was observed, and the researchers
hypothesized thet zelbra musse colonization caused
the dgnificant dedines in fingernal dams seen
from 1992-1997, from amedian of 832 t013 dams
per uare meter.® Smilar reaults have been found
in Leke Erie, wherethe damsdedined dgnificantly
in aress where zebra musls were ebundant.® In
wegern Lake Ontario, a dgnificat increase in the
population of zebra mussds was accompanied by acomplete
crash of two spedesof fingernall dams® (Sse Haure 11).

Sdhaaium biaress (g nﬁz)

Because fingernal dams can be important food sources for
certain fish (for example, these dams were among the food
items encountered mog frequently in the diet of lake
whitefish in southern Lake Michigan in the late 19909),%
reductionsin their numberscould lead to additiond foraging
presures on fish that consume them, in paticular if zebra
musEsare not esten.

FARMUGSHEY WDNO DY %DV
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Another important component of the food web is the
opossum shrimp. This organism, which can grow up to
about 1.5 incheslong, feedson avariety of zooplankton, and
can move up and down through the lower, cooler waters of
alake® It isen important food source for anumber of fish
species in open lake waters induding forage fish such as
decpwater sculpin, amdt, dewives and bloaers aswell as
lake whitefish.®” Research off of Muskegon, Michigen in
southern Lake Michigan found that as the percentage by
weight of ' LSRUDIn the diet of |ake whitefish dedined from
70 percent to 25 percent from 1998 to 1999-2000, the
inteke of opossum shrimp incressed from four percent to
nearly one-third of the totd.® Although research hes yet to
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find declines in opossum shrimp populaions, increased
predation by fish tha would otherwise feed more on
" ISRBDocould lead to subdantid pressures on these srimp

populations

The drametic dedine -- to the point of disgppesrance -- of
these foundation species represents a sea-change in the food
web and the entire Great Lakes ecosygem. Although the
causes have not been condusivdly proven, sdentigts believe
thet invadve goedies -- paticularly zebramussds -- are the
likely culprits Regardless of the causes, we dready ae
seaing subgtantid damege ripple throughout the Greet Lakes
fidhery, asdiscussed in the next section.

Opossum shrimp
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Fishermen troMing for amdlt

The commerdd fishing indugry hes adjuged to many dramatic changes in Great Lakes fish communities due to exatic
gedesintroductions + from around 60,000 metric tons annudly around 1900, commerdd fish harvessremaned neer 45,000
tons per year through mogt of the 20" Century.® In fact, recent resoraion efforts have reveded podtive results + for example,
lake trout are aggin naturdly reproducing in Lakes Michigean and Huron, and are goparently self-augtaning in Lake Superior;
burbot populaions have come back to some extent in the upper Great Lakes® Redoration efforts must now address the
possihility thet therewill be aloss of basic componentsin the food web; in particular, the disgppearance of ' LSRBDMay proveto
be the mogt devadtating reault of invesive gecdiesto date, aswdl asone of the mogt chdlenging blowsfrom which to recover.

The disgppearance of ' LISRBDmMay destroy the link between the best food supply and the fish. % Following the zebra mussl
invadon in Lake Ontario, dewives and ranbow andt (which feed in part on ' IRUWDthere), and juvenile lake trout moved to
decper water. Alewife and rainbow amdt, both fish that support trout and sdmon gocks used to obtained 40% and 11%
repectively of ther energy budget from ' LISRHD® The shift of these gpedies to deeper water has likely incressed the
importance of the opossum drimp in their diets dthough it has not necessrily led to increased growth rates in the colder
water.® Thereaionship between thisdisruption in food levels and selected fish pedesisdiscussad below.



[DNHZ KWK Lake whitefish are widely
digributed in North American freshwater lakes.
They ae a geple of the Great Lakes commercid
fishery and a maingay of the traditiond Native
American diet. Grea Lakes whitefish have been
ubject to & leedt two mgor dedines towards the
end of the 19" Century, due to overfishing and
drainage modification, and in the middle of the 20"
Century, due in part to sea lamprey predation. %
More recently, the average annud commerdd leke
whitefish harves from 1995-1999 wes over 50% of
the totd commerdid catch in Lake Michigen eech yeer.1®
But following the arriva of zebra mussls in 1989, the
average length and weight of these fish decreased in
southesgtern Lake Michigen.® One meeaure of afish's sze
isits condition factor, determined by cdculaing the ratio of
itsweight toitslength cubed. A lighter, more emadaed fish
hes a lower condition factor. FHgure 12 shows declines in
condition factor of three age dasses of lake whitefishin Lake
Michigen snce a population pesk in 1992. While reduced
growth ratesin the 1990s may have been partly atributeble
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Lake Whitefish
to factorsinvolving the densty of the populations the rapid
dedine garting in 1995 coindded with dgnificant incresses
in zebramussd dendty in northern Lake Michigen.

A very dmilar patern is gopearing 700 miles avay on the
esdern end of the Great Lakes chan. Lake whitefish from
Lake Ontario's Kingston Basn supported 50% of Lake
Ontario' stotd commerdid harves of dl fish speciesin the
1990s.1® Snce 1993, whitefish body condition, decressed
juvenile and adult abundance, poor survivd, and reduced
production have oocurred aslake whitefish shifted to feeding
on musHs® Research into the hedth of Lake Huron leke
whitefish in regponse to decressed abundance of ' LISRBDIs
underway. 110

/ DNHWRAW/ Lake trout are native to the Greet Lekes and
higoricdly aupported adgnificant commerdd fishery in dl
lakesbut Leke Erie. Asnoted previoudy, the combination of
overfishing and sea lamprey predaion led to sgnificant
declines in lake trout populations. These included a
complete collapse of lake trout populations in Lakes
Michigen and Huron in the 1940s and continued dedines
b that had begun prior to sealamprey invason B in Lake
Superior. By the mid 1990s lake trout were conddered
commerddly extinat from dl of the lskes except Superior.
An additiond inault to lake trout in & lesst one leke came
from toxic chemicds aretrogpective assessment indicates
that expoaures to dioxin-like chemicds (induding dioxing
furang and certan PCBg) done were aufficiently high to
cause complete mortdity in lake trout sac fry (i.e., young
fish that have not completely absorbed the food sec) in Leke
Ontario through the late 1970s.'** The combinaion of
chemica control on sea lamprey larvae and stocking



programs (and presumably dedining levels of dioxin-like
chemicals in Lake Ontario) have brought lake trout
populations back to some degree, dthough only in Leke
Superior are lake trout considered to be naturally
reproducing a udanebleleves

In the past decade, the disgppearance of ' LSRMD has
imparted another blow to lake trout. Dengties and body
condition of lake trout dropped sharply in Lake Ontario's
Kingston Basin after 1992, corresponding to the
dissppearance of ' LIRHDin those waters*® Juvenile lake
trout eat ' LISRMD and dthough adult lake trout do not
Oepend directly on ' LISRBDfor food, they do prefer to est
dimy sculpin in the summer months **# which rely on
" ISRYDfor food.™> In the pagt decade, densties of dimy
ulpin have dedined by as much as 95% in some waters of
Lake Ontario. ¢ In thissame areg, only asnge gpedmen of
" | RBDwas collected from 18 lake bottom samplesin 1997,
where average dendties of ' IRMDhad reached levels of
14,000 per sguare meter before the mussel invason.
Sientigsbdieve tha dropsin productivity through nutrient
abatement and reduction in ' ISRHDmay have negetively
dfected dimy sculpin populaions '8 with corregponding
damegetolaketrout.

In addition, zebra musse colonies on shdlow waer refs
gopeer to inhibit sucoessful lake trout gpawning while other
exatic ypedes(cap, dewife, and round gobies) are poterntid
predators of eggs and fry.1® Recent research hes indicated
that an adult diet high in dewives has contributed to
thiamine defidency, which can d<0 lead to mortdity of leke
trout fry.*0

Laketrout

Yedlow perch

<HBZ 3HHK Yelow perch have been important in the
commercid fisheries in the four lower Great Lakes for
decades in particular in the pet three or four decades in
Lakes Huron, Erie and Ontario.'? Dedinesin ydlow perch
in Leke Michigen in the 1970s were attributed to predation
of larvae by the exotic dewives. Although populaions
rebounded in the 19805 ydlow perch recruitment (i.e., the
increase in afish populaion sock through reproduction,
maturing, and migration) has been extremely poor sSnce
1989,122 for reasons that are still not clear.?® Poor
recruitment resulted in the lske-wide dosure of commerdd
fidheriesand reductionsin bag limitsfor recregtiond anders
by the mid-1990s In southern Lake Michigan, yellow perch
aurvivd and recruitment is dosdy tied to zooplankton
abundance. Dendty of nearshore zooplankton had
dedined by afactor of 10 between 1988 and 1990 and
remained low during 1996-1998, and may have
contributed to yellow perch dedines*?* Although no
firm evidence yet exids it is possble tha dedinesin
" LSRMD populaions in southern Leke Michigan have
dso oontributed to poor recruitment of ydlow perch.
Because they are dso preyed upon by fish such as
waleye, muskellunge, northern pike and burbot,
yellow perch recruitment failures can dfect anumber of
fidheries
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Shordineof Lake Superior

Trirty yearsof pollution controls and fisheries management have driven arecovery processin the Grest Lakes However, as
pointed out in the mogt recent Sate of the Greet Lakesreport, while anumber of indicatorsare trending postive (e.g., meeting
of phogphorustargetsin dl lakesbut Erie, recoveries of bad esge populations on Great Lekes shorelines), the introduction of
non-native species has dramaticdly disrupted the Great Lakes ecosysem dready, and threstens to grow worse.*> The
combination of invesive gedesand other threetsto the ecosygem will make meetingthe godsof the Great LekesWater Qudity
Agreament that much more difficult. And alack of sophigticated management tools combined with the complexity of the sygem

will make manegement of the sygem chdlenging. '
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Predicting the impacts of new invasive species requires
teking into congderétion how the spedes will interact with
the new environment as well as with other oecies both
naive and norn-native. Additiondly, forces such as dimate
change may meke determining the chdlenges of future Great
Lakes sysem management even more chalenging. '’
Sometimes the identification and management of new
nuisance gpedes may not occur for an extended period of
time dter initid exposure. Based on records of ddiberae
goedes introductions it may teke saverd years before the
invader isdetected in the sygem, depending on the speed of
digpersd and type of organiam.’® This edditiond pessage of
time may obscure the linkage between the oedes and the
damepe it is caugng, particularly snce thislink may not be
direct or linear.'®

Sientific predictions ugges that the Great Lakes and S.
Lawvrence River sysem will continue to receive new and
potentidly more damaging invesons from Eurasa® As
esch new pedes becomes esablished, the ecosygem will
respond to these new relaionships These changes will
continue to chdlenge our innovative ability to adapt,
eeddly in light of additiond pressureson the Greet Lakes

ecos/gem.
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Unless additiond action is taken quickly, the number of
invasve pedes entering the Great Lakeswill likely continue
to dramaticdly increese. Researchers use condderaions
induding potentid donor regions with growing economies,
trade patterns, atributes of species likely to facilitate
invasdon, and higory of successful invesons in order to
identify new spedestha could potentidly invede the Grest
Lakes 3t An important characterigtic is examining spedesin
regions from which succesful Great Lakes gpedies invadons
have occurred. One sudy identified 56 fish goedesfrom the
Ponto-Cagpian region of BEurada as potentid invadersto the
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Climate change is being increasingly recognized as a
serious problem for the Great Lakes Computer modeds
indicate thet the dimate in generd could be ssmuch as 7
degress warmer by the end of this century. The modds
dso indicate widely varying predictions on impacts of
dimete change on lake levelsin the Great Lakes rangng
from as much as a 1.38 meter (4.6 ft) drop in Lakes
Michigan and Huron by 2090 to a 0.35 meter (1.2 ft)
increase in levels for the two lakes. The different
predictions are generdly due to difference in predicted
precipitetion levels and incresses in ar temperaure.
Other computer modding predicts that the lakes would
be warmer and more gatic for longer periods of the year
(e.g gratified with warmer weater on top during warmer
months), which could lead to reductions in nutrient
cyding as well as lower penetration of oxygen to the
deeper watersin thelakes Though the potentid food web
repercussons of these changes are not dear, potentid
effects include reduced primary production (e.g., the
production of agee), reduced generaion times for most
invertebraes and reduced hebitat for coldwater fish quch
astrout and samon due to lower oxygen levelsin degper
weters 1

Great Lakesdodk



Great Lakes.?®* Two additiona studies looked at
invertebrate goedes one determined that 16 gpedies were
ahigh ris® out of the 63 gpedes’™ gudied and the other
identified 17 2high ride® gpedes out of 59 gecies ' Smila
gudies have not yet been conducted for other groups of
plantsor animds
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We have agregter chance of dowing theimpact of invesons
if we can determine ways of preventing their entry and by
taking quick action to eradicate new populetions before they
ae edadlided. Determining which spedes pose the highest
risks and then focusng prevention and control effortson the
pahways tha bring those species may be the mogt effective
drategy.

With advanced information on invasve and potentidly

hermful organisms control messuressuch asquarantinesand
import regrictions could be egablished.'% Additiondly,
resources could be better dlocated to incresse the chances
of erly detection and ragpid response.*¥” A process known as
bioeconomicd modding uses a framework to evduae the
risks posed by invesive gpediesto both economic activity and
the environment and could be used to assg in identifying
optimd management drateges®

The Great Lakes ecosysem has been dfected by invasve
species and other dresses for over two centuries, and the
fish communities have changed sgnificantly during thistime.
Yet the potentid for even more dgnificant changes via an
invesond meltdown of Grea Lakes food webs is red.®
Research is increasingly showing the potentia for
amutudigic interactions® to occurD that is where two or
more invesve gedies interact to mutud benefit for eech
involved. Acknowledging this threat means addressing
balagt weater introductions and other methods of invesve
species trangport. It means focusing on the benefits of
educationd programs. It means supporting research,
technologies and regulaions that control, reduce and
prevent the soreed of invadve pedies

aThe chdlenges for scientigs, managers, and gakeholders in the
coming decades will be monumental, as expectations will be
hampered by ecologicd aurprises resulting from anthropogenic forces
like dimate warming and exotic pecies invasons® (Mills et d.,

2009))

Great Lakesshardine
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Our optionsfor recovery once anuisance gedesinvasion hasoocurred in the Great Lakesare limited. The lakeswill not
dean themsdlves of invasve goedesasthey can to some extent of chemicd pollution; so Sopping new inputsisnot enough. Nor
can we regore the food web smply by socking high-prafile goedeslike trout and sdmon or limiting their harvest. We mugt
develop and implement new management tools desgned spedificdly to protect the entire ecosygem and not jud individud
gedes Wemud invegtigete and better undergand food web dynamicsand how these sygemsare being digupted. Abovedl, it
is bsolutdy imperative thet we S0p new, even more dameging invadve gpedes from entering the Great Lakes To aocomplish
thisdifficult but vitd objective, we mug atack the problem on multiple fronts policy, research, funding, and public education.
A number of initiatives have been taken to combat thethregt of invasve gpedesinthe Grea Lakesthrough containment, control
and prevention. Effortshave achieved varying degrees of success
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Theinvadon of the sealamprey and ensuing cragh of severd
commerdd fish goecies led to the esablishment of one of
the mogt uccessful invadve spedies control programs+ the
sealamprey control program + which has reduced lamprey
populations by 90%, according to the Great Lakes Hsheries
Commisson, which manages the program in conjunction
with the U.S Hsh and Wildlife Service, Army Corps of
Engneers and Hsheries and Oceans Canada. The program
cods between $10 million and $15 million annudly, and,
its uccess notwithdanding, hes underscored the chdlenge
of mitigating the effects of invasive species in an
environment in which they have adready established
themsdves

Great Lakes dateshave d0 enated gatutesto prevent the
introduction and soread of invasve gpecies Through a
pachwork of legdaiveinitiatives sates have atempted to
monitor and regulate the importation, trangportation,
docking, posesson, e and relesse of non-ndive ecies
such asfishand bait.

Recent efforts to comba invadve gpedies have focused on
preventing new non-native organiams from entering the

Great Lakesthrough the primary
pahway of entry + the relesse of
balas weter from ocean-going
vessels originaing in foreign
ports

Under the Non-Indigenous
Aquatic Nuisance Species
Prevention and Control Act of
1990, ships entering the Great
Lakes from the oceans are
required to e@ther carry no bdlagt
waer when entering the Great
Lakes (3No Bdlast On Board®
vessels, or NOBOBs), or to
exchange their bdlagt waer a
sea, in theory dumping any
invaders into the ocean before

Duluth, MN they reach the Great Lakes

But after extendve sudy, stientigs have conduded that
NOBOBs and bdlegt water exchange are not effective a
gopping the introduction of new invesive edes into the
Great Lakes St water may kill freswater organisms
However, brackish water species quch as crugtaceans and
dgee may rvive the exchenge trestment.* Furthermore,
depite their name, NOBOBs do contain reddud bdlagt
water and dudge that the pumps cannot remove. NOBOB
vesHs entering the Great Lakes typicaly carry between
one to two hundred metric tons of unpumpable dop and
sdiment in the bottom of their tanks ' As the ships
unload their cargo and take in Great Lakes bdlad, the
resdud balag mixes with the new water, resugpending
non-native organiams and then relessing them when they
teke on and discharge bdlagt during their voyage through
the lakes Bdlag water exchange & seafares no better, for
the same reason. Such exchanges cannot remove dl
organigmsfrom ships bdlags 0 even dter an exchange &
seq, ships entering the Great Lakes can carry harmful
organiams that they discharge as they travd through the
lakes And of course, balagt water exchange cannot address
invadve gpediesthat atachto the hullsof ships

Fa more protection is needed. There are a number of
immediate and important actions the federd government
and regond leaders should take to address invadve species



to prevent further damage to the Great Lakesfood web and
fishery. Theseindude:

National Legislation: Congress is considering
comprehengve naiond legdaion + the Naiond Aguétic
Invesve Poecies Act (S525), or NAISA + that would
regulate the most common routes of nuisance species
introduction in the United Saes induding the nation's
first implementation of standards for balast water
discharges NAISA's enactment is atop priority; but it is
a9 pat of alongterm solution. The Great Lakes need
even more rgpid action than the bill would provide.

Vduntary action: The shippingindugtry hesrecognized its
role in the introduction of aquatic invasve species.
Recently, the Internaiond Maritime Organization (IMO)
isued internationd balegt water dandards for vesdls The
IMO dandards are wesk and do not go far enough in
protecting the Great Lakes Those dandards have d<o not
been ratified by the necessry 30 nations representing 35
percent of world shipping tonnage. Nevertheless the
shipping indugtry does not have to wait for government
action; it can take measures now to prevent the
introduction of new harmful goedies Over the past severd
years, bdlag water treatment technologies have been
tested to reduce the probability of invasive species
introductions Gredt Lakes cariers ports and shippers can

commit to developing and ingtaling innovative and
effective trestment technologies rather then waiting for the
public outcry and legd liability thet could accompany anew
infegation by aharmful invedve pedies

Great Lakes Restoration: Congress dso is conddering
pending legidation that would provide $4 hillion-$6 billion
toregorethe Great Lakes These fundswould be pent ina
number of aress induding invasve edes control, dean
up of contaminated sediments, prevention of additiond
water pollution, and hebitat retoration. The funds may
a9 be gpent on research projects (induding the research
discussed below) that are criticd to underganding and
addressing the massve disruption of the Great Lakes food
web.

SRHDLFK SRARY

Sientigs have mede grides in determining the extent of
the disruption of the Great Lakes food web, the causes of
thet digruption, and its consequences However, there are
criticd knowledge ggpsthat mugt be filled before we know
how to regore the food web or a leas minimize the
damage done to it. More ressarch is urgently needed to
determine:

X The scope and severity of
changes to the food web
throughout the Greet Lakes

X  The causes of the changes to
the food web, induding a better
understanding of multiple
interacting factors where
identified.

X  The impacts that food web
disruptions have dready had on
other aguatic pedies and the likdy
future impacts given current
trends Current impacts need to be
meesured directly to the greatest
extent posshle. Additiond daa
gathering and computer modeling
on food web interactions is
necessary to identify potentia

Great Lakesmarina
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Jurigdictional menagement of resources in the Great Lekes
drainage basin is complex * involving the federa
governments of the United Sates and Canada, bureaucracies
from two provinces and eght dates and Netive American
tribes 242 Further, policy and management guidance is
provided by the Internationd Joint Commisson and the
Gredt Lekes FsheriesCommisson.

U.S government agencies a dl levels have adopted
programs to retore and protect the environmenta qudity
in the Great Lakes region. In a 2003 report, the U.S
Generd Acocounting Office (GAO), the invetigative am of
Congress, found that within seven federd agendes there
were 33 programsthat were gpedificdly desgned to address
environmentd conditions in the Great Lakes through
attivities uch asresearch, deanup, or pollution prevention.
The federd government goent $387 million in fiscd years
1992 through 2001 on these programs During this same
time, the Army Corps of Engineers pent $358 million on
projectsin the Greet Lekes begin, as directed by Congress
And, according to the GAO, officids from seven saes

reported 17 Gredt Lakes goedific programs that expended
ebout $956 million in 1992 through 2001. In its assessment
of these Great Lakes regoration efforts the U.S Generd
Accounting Office found that there is no snge agency in
charge of the Great Lakes to coordinate various programs
resulting in amenu of Great Lakes programsthet are often
fragmented, uncoordinated and underfunded.

The GAO found that smilar problems plagued nationa
effortsto combat invadve gpedes In 1999 Presdent Clinton
dgned an executive order to ramp up the government's
respone to invadve gpedes and curtal the damege caused
by non-native organisms to the environment, economy and
hedth of the country. The executive order etablished the
National Invasive oecies Council (NISC) to provide
leadership on invasive species initiatives + including
responghilities to enaure federd initictives are coordineted
and effetive.

As part of this charge, the NISC crafted a federa
menegement plan, issued in 2001, to coordinae the netiond
effort to control invasve gpedies anong the 20 or o federd
agendes tha currently have jurisdiction in that area In a
Sudy relessed in June 2003, the GAO found thet the federd
management plan for addresing invesve specdies induded
actions that would lead to the control of, monitoring and
response to invasve species + though it lacked clear
outocomes and messures of Success
Further, the GAO found that
implementation of the plan was
dow due in part to lack of funding
and g&f to cary out he work. The
2003 gudy dso identified other
obsgtacles in combating invasve
species induding gaps in exiging
legdation and lack of an effective
badlag waer gandard. The report
detaled mgor concerns by dae
offidds induding alack of federd
funding, public education and
outreach, and cost-effective

management programs. 12



future impects of food web disruptions in the Gregt
Lakes

X The desgn of new management tools to address
the damage to the food web and its ripple effects
throughout thelakes Exigingtoolsareinadeguate.

In addition, dnce dl potentid invaders may not be
prevented from entering the Great Lekes research
should be @med & prioritizing threets through meens
uches

X ldentifying potentid donor regons and digpersd
pethways of future invaders

x  Selecting potentia invaders usng biologica
criterig

x Usnginvadon higory ssapredictive criterion; *#

x  BExamining ingances of faled invesonsto identify
limiting factors %

While researchers have been addressng various
agpects of thee isues it isdear that current resserch
cgpadty and ativity mug increase to address these
potentidly serious chenges to food webs Sgnificant
additiond funding is urgently needed, and gate and
federd fisheriesagendesneed to exablish thisresearch
aeaasatop priority within their budgetsand gafs
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Sae funding will not be enough. According to the U.S
Generd Accounting Office, federd funds + egpeadly new
federd funding through Great Lakes restoraion financing
legdation currently pendingin Congress are essntid.

Policymakersand the public for years have heerd about toxic
pollution, water diversons and habitat degtruction in the
Great Lakes and the generd leve of public underganding of
thexe isuesisrdaivdy high. In the pad few years invadve
spedies d0 have gained condderable notoriety. But few
outsdethe Grea Lakes sdentific community undergand the
radicd and harmful chenges these problems have caused for
the Great Lakes food web, fishery, and overdl ecosygem.
That limited avarenessmud change. The Great Lekesarein
the midg of what may be an ecologicd meltdown + and the
public and many policymakers do not yet know. The Great

Lakes will not recave the atention they need in the time
frame they need it unless public avareness of the problem

changesdramaticaly.

A grest number of mecheniams are available to bring about
thischange. A few indude:

X Orgenized hearings in Washington D.C. and in the
region, to explore and highlight the problem.

X The convening of panels of knowledgedhle stientids by
conservation and business associaions a regiond and
netiond megtings

X Saelegdaive and agency heerings

X Priority-setting by regond orgenizations such as the
Internationd Joint Commisson, the Coundil of Great Lakes
Governors, and the Great Lakes Cities|nititive.

X Continued education and outreach through gate Sea
Grant programs, and incressed efforts by sae extenson
prograns



The Great Lakesright now are experiencing perhgpsthe mog fundamentd + and potentidly devadating + changesin their
recorded higory. The Great Lakes food web is undergoing massve diguptions primerily from the invadon of non-naive
aguatic pecies We e the obvious effects of dewiveswaghing up dead on the beaches sealamprey sucking the life out of leke
trout, and zeramusselsdoggngwaer intake pipes But ssdameaging asthese are, theresearch presanted in thisreport indicates
thet they only scratch the aurface of what' salingthe lekes

The entire foundation of the Greet Lakesfood web isdedining predpitoudy. Thelarges component of the base of the food web
+' LR atiny shrimp-like organiam + has nearly disgppeared from large Sretches of the lake bottoms Other key components
+ fingernall damsand opassum drimp + are beginning to experience Imilar dedines: Although thereisno condusive evidence,
mog ientids beieve that an invesve edies the zebramuss, isthe likdy the culprit. And they worry thet invesons by a
dmilar species the quaggamussd, will expand the damege to the remaining food web foundation, atacking deeper-water food
DUrces

The damage by invadve spedies is perpetud. Unlike pallution in the lakes which can improve once new inputs are sopped,
invadve spedies continue to reproduce and thrive even if no new gedes areintroduced. The problem gpecies we see now will



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 reseerch to better
understand the disruptions to the food web, the
consequences to key species, and the bes methods and

places of intervention. They need federa and state
legdaion and voluntary attion to gop the introduction of
new invadve gpedes They need new management tools to
addressthe invadersthat are dready in the lakes And they
need funding to accomplish these tasks + to restore the
Great Lakes Thar future, and ours areinthe bdance
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