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The New Jersey Zebra Mussel Curriculum Supplement, developed by the NJ Sea Grant
Education and Outreach Program, is intended for use with the previously
published Virginia Sea Grant Marine Advisory Program's Invasion of Exotic Species:
Stop the Zebra Mussell curriculum package. It is designed to provide New Jersey
students with the opportunity to identify the susceptibility of New Jersey
waterbodies to the introduction and invasion of zebra mussels using actual
water quality data collected throughout the state. Additional literature on
zebra mussel life history, physiology. and spread through waterbodies in
North America has been included in order to provide background information
for teachers and students.
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Great Lakes basin, the National Sca Grant College Program has played a
leading role in the federal response to the problem. Sea Grant outreach

personnel were among the tirst to recognize the enormous potential for ad-
verse ecological and economic impacts and helped generate a quick response.
This took the form ot interagency research planning and development of con-
trol legislation for nonindigenous aquatic nuisance species.

Through its long-standing partnership with academia and a competitive
peer-reviewed research process, Sea Grani. researchers have been able to ad-
dress more basic areas of research. which the more mission-driven agencies
are unable to do. Sea Grant's nonindigenous species research covers wide-
ranging topics, from manipulating zebra mussels' reproductive physiology as a
possible means of control, to modeling ballast exchange at sea for control of
aquatic animals while maintaining ship stability and safety, This work comple-
ments the research of other agencies and the interagency rcscarch plan for
nonindigenou» aqualic nuisance species,

At thc same time, Sea Grant outreach efforts are the basic avenues by
which water users learn about ways to predict the arrival of zebra rnussels and
combat them once they're established. This is increasingly important as zebra
mussels continue to spread throughout the United States,

It is our intent that thi» report provide the reader with accomplishments to
date and a synopsis of the program up through the funding of new research

project» in the I 993 fiscal year. I! ! ! !! ! ! ! J   ! ! ! < ! 1 ! ! ' / I I I. I i .
Division Director

National Sea Grant College Program

Nonindigenous Species Control Act

AQUATIC NUISANCE PREVENTION AND CONTROL,
PUBLIC LAW 101-646 NOV. 29, 1990

To prevent and control infestations of the coastal inland waters of
the United States by the zebra mussel and other nonindigenous

aquatic nuisance species.



Foreword

Great Lakes of the U.S. Fish and

Wildlife Service. the Cooperative in-
stitute for Limnology and Ecosysteni»
Research  CILER!, thc U.S, Environ-

mental Protection Agency, the Great
Lakes Comini»sion, the Great Lakes
Fishery Commi»»ion. thc U.S. Coast
Guard and the U,S, Ariny Corp» of
Engineers. Later, this committee ex-
panded to become the Great Lakes
Panel on Exotic Species of the
Aquatic Nuisance Species Task Force,

This report briefly summarizes
the zebra mussel research and ouf.�

reach efforts of the National Sea

Grant College Program. lt includes
brief descriptions of all research
projects funded by National Sea Grant
with the special zebra mussel appro-
priations and all research projects
funded by the local Sea Grant pro-
grarns in the Great Lakes. This inf'or-
nation should be usef'ul to elected

officials, decision makers, scientists,
businesses and industries, students

and the general public.

A» regional leaders in education,
environmental communications and

techno l ogy tran s fer, we re cog nized
our duty to devote all available re-
sources to this critical problem. We
also recognized our responsibility to
focus the vast university-based re-
search expertise at the region'» aca-

demic institutions

on the zebra mus-

sel issue and to co-

operate and
collaborate with

federal prograins
to develop a corn-

prehcnsive, coor-
dinated

nonindigenou»
species research
agenda.

The U.S. Great

Lakes Nonindig-
enous Species Coordinating Coinmit-
tee was formed to foster cooperation
and collaboration and to develop the
coordinated research agenda. In addi-
tion to the six Great I akes Sea Grant

programs, the committee included the
Great Lakes Environinental Research

Laboratory  GLERL! of NOAA, the
National Fisheries Research Center-

The Great Lakes Sea t'rattt iVetvv'ork

Wisconsin Sea Crant tnstitute

afro lie%our Sea  > I .In 
 .oIIege I'roborant

I I I in o i s- In dian a
Sea Grant Proqrarn

~ ~
ichigan Sea Grant College Program New York Sea

Grant Institute

I III I akfx ling» i O I nI

Grant programs in the Great
Lakes Sea Grant Network, one

of the 29 programs in the National
Sea Grant College Program of the
National Oceanic and Atmospheric
Admini stration, U,S. Department of
Cornrnerce, I am very pleased to
present this sum-
mary of our
research and out-

reach efforts to

address the prob-
lems and issues

associated with the

invasion ol Ihe

Great Lakes region
and eastern United

States by the zebra
mussel, Drei ssena

polymorpha, and
the quagga mussel,
Drei ssena bugensi s.

Zebra mussels were first offi-

cially reported in the Great Lakes in
June 1988. However, given the mus-
sels' size, it is estimated that zebra
mussels were introduced into the

Great Lakes in 1985 or 1986, when
one or more transoceanic ships dis-
charged ballast water into Lake St.
Clair.

Sea Grant researcher David Gar-

ton discovered the first zebra mussel
on the U.S. side of Lake Erie in Oc-
tober 1988 at The Ohio State Univer-

sity'» F.T. Stone Laboratory at
Put-in-Bay, Ohio. Recognizing the
significance of this introduction, the
Great Lakes Sea Grant Network im-

mediately went to work. Our pro-
grams attacked the problem of
combatting zebra mussels from all
sides, combining research, education,
technology transfer and outreach ef-
forts.

li r! r i i I   Ii'i o,~,«r. i'Ii I i

Director

Ohio Sea Grant College Program
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Exotics 2 the Great Lakes
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In 1873, alewife and chinook

salmon. In 1879, common carp,
Exotic» are nothing new in the

Great Lake». Scientists bclicvc the sca

lamprey led the way back in the
1830s. Since then, however, a host of

others have followed, everything from
plants to fish to mollusk». Today, sci-
enti»t» estimate that 136 foreign trav-
eler» make their home in the Great

Lakes,

About half of these travelers are

from Europe, according to scientists
Joseph Leach, William Mill» and
]arne» Carlton, who've completed a
survey of' Great Lakes exotics. These
species made the trip to America by
stowing away in the balla»t water of
ocean-going vessels. When the ve»-
»el» duinped their ballast into the
Great Lakes, the travelers had a new

honie. Evidence indicates that the

Great Lakes' most famous recent in-

vader, the zebra mussel, got it» start
that way.

Zebra mu»»els look like smail

clams and are about the size of a

thumbnail. A»mall tuft of fibers-

cal led bys»ai threads � protrude 
 rom the hinge on their bodie». These
fibers allow the rnus»el» to attach to

any hard surface including other
mussel», Female mu»sel» can reach

maturity in le»» than a year. Once ma-
ture, they can produce morc than one
million eggs per year, The egg» hatch
into free-swimming larvae � called
vcligcrs. Veligers can remain in the
water column for more than a month

before settling and attaching, During
this time, they can be transported
great distances by currents. Once they

settle, they begin to filter thc watcr-
up io a liter per day � u»ing plankton
for food.

But perhaps the definitive zebra
mussel characteristic is a sccrning

urge to roam. History tells us that ze-
bra mussel» have always been on the
move. They' re native to the Ponto-

Caspian region of western Russia.
But with the construction of canal»

across Europe in the 1700» and
1800». they rapidly expanded their
range. By the 1830», zebra mu»sel»
covered much of the continent and

had invaded Great Britain.

Today, zebra mussels have made
their mark on the Great Lakes. Since

their di»covery in Lake St. Clair in
1988, the tiny striped mollusk» have
spread rapidly. Because of its»hal-
low, warm, nutrient-enriched envi-

ronment, Lake Eric is, was, and

probably alway» will be the most sig-
nificantly affected of the Great Lakes;
however, to date, zebra mu»sel» have

spread to all of the Great Lakes and
waterway» in 18»tates and thc prov-
ince» of Ontario and Quebec. They' ve
cost municipal and industrial water
facilities million» of dollars in clean-

up and control costs. They' ve disrupt-
ed Great Lakes recreation, causing
thousands of' dollars in damage to
boats, dock», buoy» and beaches.
Over the next decade, »cientists esti-

mate that the cost of the zebra mu»scl

invasion for Great Lakes water user»

could go as high as $5 billion.
Zebra inussels have also affected

the environmcni. in other significant
ways. So far, Sea Grant scientists
have learned that zebra mussels are

prodigious I'ilter feeders � they re-

move tiny organisms lroin the water
coluinn at the rate of about a liter per
day. Since the invasion, water clarity
in Lake Erie has increased alrno»t

»ix-fold, allowing rooted aquatic
plant» to flourish and even clog har-
bors, Diatom» and rotifers � micro-

scopic plants and animals at the base
of the aquatic food chain have
been reduced by as much a» 80 per-
cent in»orne areas.

Also, scientists have learned that

the zebra mussel, though small, i»
damaging to other organi»rn». In
parts of Lake Eric and Lake St. Clair,
where zebra mu»»el» and native

clams were boi.h present, thc native
clams are now alino»t gone.

In addition, data»uggc»t that ze-
bra mussels' fatty tissues allow them
to accumulate toxic chemicals at lev-

els 10 times higher than native mus-
sels. When eaten, zebra mu»sels pass
this contaminant burden on to fish

and on to small shrimp-like organ-
i»ms called gammarids, which eat
both zebra mussel waste products and
dead mussel tissue.

To further complicate things. a
second zebra mussel species, I3reis-
sena hwgerisi», or "quagga" mussel,
ha» been found in Lake Erie, Lake

Ontario and the St. Lawrence River,

This mussel can colonize much

deeper habitats than Drei»teria poly-
morpha � it's the only zebra mus»el
found below 110 meters. Also, it is

lighter in color than the more fainous
black and brown striped zebra mus-
sel, Another difference i» substrate

preference. Unlike "standard" zebra
mussels, quagga» have been found on
soft surfaces such as sand and mud.
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Americans, 9 percent of the total U.S.
population. The eight Great Lakes states are

home to 30 million Americans.

V The Great Lakes basin covers 94,000 square
miles and is larger than the states of New York,
New Jersey, Connecticut, Massachusetts, Vermont
and New Hampshire combined.

V The Great Lakes shoreline covers more than

l 1,000 miles � a distance equal to almast 45 per-
cent of the Earth's circumference.

T The Great Lakes contain 6 quadrillion gallons of
fresh water. That's about 20 percent of the world' s
fresh surface water and 95 percent of the U.S, sup-

ply.

V Each day, 655 billion gallons of Great Lakes
water are used for various purposes � 94 percent of
this water produces 20 billion kilowatt-hours of
electricity by passing through hydroelectric plants
and returning to the Great Lakes ecosystem.

V About 25 million people get their drinking water
from the Great Lakes and the St. Lawrence River.

V The 145 U.S. and Canadian ports and terminals
an the Great Lakes and St, Lawrence Seaway move
more than 200 million tons of commodities each

year.

V In 1986, about 17 percent of U.S. manufacturing
industries were located in the Great Lakes basin.

V In 1988, there were more than 3.5 million regis-
tered recreational boats in Great Lakes states � a

third of all registered watercraft in the country.

SOURCES:
Great Lakes Basin, published by Michigan Sea Grant, publica-

tion number MICHU-SG-g9-50'3,
The Great Lakes Economy: Looking Worth and South, prepared

by the Federal Reserve Bank of Chicago and the Great Lakes
Commission.

Still unclear in all of this are the implical.ions � for
fisheries, biodiversity and pollution, Do zebra mussels
hurt the walleye fishery by stealing food from the small-
er fishes that walleye feed on? Will zebra rnussels cut

a simplifying swath through the complex ecosystem,
doing to lakes what purple loosestrifc has done to
marshes? Will zebra mussels pass super-concentrated
pellets of pollutants back up the food chain? Scientists
seek answers to these and other questions.

Much progress has been made, however. ln the labo-
ratory. researchers have been able to artificially induce
zebra mussel spawning. If large mussel populations in
the wild could be "tricked" into spawning at inappropri-
ate times, this could be a promising control technique.

Also, research has shown that potassium, bromine,
ozone and ultraviolet light are potential control strate-
gies � and possible alternatives lo chlorine. Currently,
more than 30 compounds are also being studied to deter-
mine their environt~cntal impact and effectiveness
against zebra tnussel». Chlorine is currently the most
popular control strategy, but increased chlorination
clearly contradicts the efforts of the Great Lakes com-
munity to reduce the amount of chlorine entering the
ecosystem.

Zebra mussels pose a complex set of challenges.
both now and for the future. Thc spread i» continuing,
and mussel densities at Lake Erie water intakes are

approaching l million per square meter. To meet these
challenges, research must continue. Control methods
must be developed, tested and made affordable. Indus-
tries. marinas all those directly affected by zebra
mussel» � must have a direct line to the latest informa-

tion, The general public must get involved � even sim-
ple precautions will help slow thc spread.

In short, there must a coordinated campaign against
zebra mussels through research, education, communica-
tion and information transfer. Clearly, zebra mussels
are a national problem and no longer just a Great Lakes
issue. This problem demands an effective solution.

That's where Sea Grant comes in. X



Zebra mussel distribution
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Zebra mussel distribution
lVorth American Range of the Zebra Nllsel  +!
ar of J5 December 1993

1. Hog's Sack Lock, Rideau River, Ottawa, ONT
2. Burritt's Rapid Locks, Rideau River, Ont
3. Lower Rideau Lake, ONT
4, Opinicon Lake, ONT
5. Big Rideau Lake, ONT
6, Owen Sound Harbour, ONT
7. Coliingwood Harbour, ONT

8. Mississagi Strail, ONT
9, Burt Lake, Crooked Lake, Paradise Lake,

Pickerel Lake, Walloon Lake, Michigan
10, Houghton Lake, Michigan
11. Cass Lake, Walled Lake, Michigan
12. Sellewlle Lake, Michigan
13. Lake Paw Paw, Michigan
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Others call it a bridge, a bond, a
partnership.

Congress called it Sea Grant. A
national program created in 1966, Sea
Grant is all of these things. It's a
commitment to solve coastal prob-
lems and develop marine resources.
lt's a bridge between government and
academia, scientist and private
citizen. It's a bond uniting 29 state
programs, 300 colleges and universi-
ties and millions ol people. It's a
partnership with a purpose to help
Americans understand and morc

wisely use our precious Great Lakes
and ocean waters.

Sea Grant today is what Congress
intended � an agent for scientific
discovery, technology transfer, eco-
nomic growth and social understand-

ing.
It's happening all over, Every

day, Sea Grant scientists make
progress on the important marine is-
sues of our time. Extension agents
quickly take this information out of
the laboratory and into the field,
working to help
save a coastal

business, a fish-

ery, sometimes
even a life. A

dedicated corps of
writers and coin-

munications spe-
cialists spreads the
word to the public.
And Sca Grant

educators bring
the discoveries

into the nation's schools, using them

Network of Sea C'rant Programs

iO

lenges of' its man-

date. Nai.ional

Sea Grant Direc-

tor David Duane

describes it this

way: "Being a
marine program, the boundaries be-
tween such traditional elements of

Sea Grant as research. education and

extension are indistinct. Moreover,

each element has a key role in the ho-
listic continuum which makes up thi»
unique program,"

The returns are great far ex-
ceeding the in-
vestment. In

1987, Sea Grant

had an $842 mil-

lion impact on
the national

Sea Grant has programs in most coastal
ansi Great Lakes states as well as in

Ptserto Rico

economy � a

return triple that
of 1981 and

more than 20

times the federal

investment of

$39 million. Not

included in this figure are the impacts

to pioneer new
and better ways
of teaching, help-
ing to create a
new generation

of scientifically
literate Ameri-

cans.

Together,
separate elctnents
create a cohesive

whole, ensuring
that Sea Grant

meets the chal-

of better scientific knowledge and
better education � important but al-
most immeasurable.

Clearly, Sea Grant's strength is
its ability to meet problems head-on
and efficiently solve them.

Today, one of those challenges is
the zebra mussel. Sea Grant i» meet-

ing this challenge. Proceeding as it
alway» has, Sca Grant is drawing on
a wealth of scientific expertise to de-
velop feasible solutions. But it's also
keeping the public informed in all thc
effective and innovative ways that
the collective creativity within Sea
Grant can generate.

This publication is testimony
to part of that effort, expertise and
creativity an overview of the
Great Lakes Sea Grant Network's

progress in combatting zebra mussels
to date, L
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Control and Mitigation of
Nonindigenous Species

O
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David Garton initiated the first

of several zebra mussel research

projects in late 1988, and outreach
programs werc underway in all six
Great Lakes Sca Grant programs by
late 1989. However, thc magnitude of
thc problem demanded a more signif-
icant federal response.

The Northeast-Midwest Institute

and the Great Lakes Task Force in

Congre»», lcd by Senator John Glenn
of Ohio, immediately went into ac-
tion and pas~ed the Nonindigenous
Species Control Act in late I99 !, A
concerned Congress. led by Con-
gre»»man Carr of Michigan, Con-
gressman Regula of Ohio and Senator

Glenn, then appropriated $1.8 million
to support Sca Grant's zebra mussel
research and outreach programs. For-
tunately. I'unds have been reappro-
priated every year since. These funds
have been di»tributed competitively
among the 29 Sea Grant programs
through a national call for research
proposals and an extensive peer re-
view process. These f'ederal funds
have eff'ectively leveraged significant
amounts of state. local and private

»ector support,

Of the $1,8 million Congress ap-
propriated for zebra mussel activitie»
in the 1991 fiscal year, the National
Sca Grant College Program desig-
nated nearly $1.3 million for research

project». Following a regional call for
research proposals in early 1991. the
National Sea Grant College Program
received 58 propo»als. The proposals
were reviewed and ranked by a panel
of experts, and 18 were funded.

During the 1992 f'iscal year, a
$2.9 million special congressional ap-
propriation for zebra mussel projects
wa» divided. with more than $1.8 mil-

lion designated for re»earch and al-
mo»t $1 million designated 1'or out-
reach. Following a national call for
research proposals, the National Sea
Grant College Program received 77
proposals and funded 13.

Ol the $2.8 inillion appropriated
during the 1993 fiscal year, more than
$1,7 million was directed for re-

search, allowing the National Sea
Grant College Program to fund 12
projects from a total of 55 submitted.

In 1990, the U,S, Great Lakes
Nonindigenous Species Coordinating
Committee developed a framework
for nonindigenous species research
with six major areas:

1
Biology/Life Hi»tory of
Nonindigenous Species

2
Ecosystem Effects of
Nonindigenou» Species

Socio-Economic Analysis: Cost»
and Benefits of Nonindigenous
Species

Prevention of Introduction of
Nonindigenous Species

6
Reducing the Spread of'Estab-
lished Nonindigenous Species



Both the U.S. and Canadian re-

search communities use these major
re»earch areas to focus their efforts.

The National Sea Grant College Pro-
gram has endeavored to address all

aspects of the zebra mussel problem
and support» projects in all six areas.

1<iology/Life I listur> of 5'oitindi!!c-
n !us,ipcclcs

Sca Grant has supported nine projects
in this area from six»tate Sea Grant

programs. Literature survey» of Euro-
pean research were conducted to
avoid duplication; however, it quickly
became apparent that the zebra mus-
sel in thc Great Lakes behaves differ-

ent ly than i t does in Europe,
Sea Grant researchers found that

genetic variability in the zebra mussel
i» much greater than expected, which
has allowed it to adapt quickly to lo-
cal temperature regimes, Unfortunate-
ly. this will facilitate the mus»el'»
spread, and thermal tolerance studies
conducted in northern latitudes may
not be directly transferable to south-
ern states.

It wa» equally disturbing to learn
that the veligers could remain sus-
pended for more than 30 day», which
is two to three time» longer than
reported in a number of European
studies. This fact, coupled with obser-
vations of up to 1 million eggs in
mature females, or inore than 10

times the number often reported in
European literature, and females that
can reach maturity in less than 12
months, has made the spread of the
mussel more rapid than anticipated,

The metabolic rate and oxygen
needs of zebra mussels increase

greatly above 30 C, resulting in

smaller individuals and slower repro-
duction. This may be very useful in-
formation in our efforts to control and

elr'minate the mussel,

Genetic research has also demon-

strated that the quagga is indeed a
second species of zebra mu»sel.

I.cusi»tcn> Isffcct» uf Xonindigctnni»
Species

In keeping with current resource
nianagerncnt cfforls to handle aquaiic
systems and address problems on an
ecosystem basis rather than species
by species, Sca Grant has invested
significantly in efforts to understand
thc complete impact of thc zebra
mussel on aquatic ecosystems by sup-
porting 29 projects at four state pro-
grarns, Results have been astonishing,

Den»itic» of zebra rnussels in the

western basin of Lake Frie frequently
exceed 70, XX!/m2. At water intakes.
these densities approach l, XX!,000/
m2. Veliger densities exceed 1 X!, �0/
m-". Their filtering rate depends on
their size and the amount of' food

available. They remove phytoplank-
ton of the size preferred by Diq~hnia,
and Oap/uU'a have responded with
reduced reproduction and survival.
Planktonic diatom densities in west-

ern Lake Eric from thc 1980s to the

1990s have been reduced 85 perccni;
copepods have also scen major de-
creases; and soinc rotifers have all but

disappeared. Few algae survive gut
passage, and only benthic  bottom
dwelling! algae have any likelihood
of surviving and escaping from
pseudofeces  tiltered particles re-
jected by the mu»sels as 1'ood!. This
has resulted in up to a four-fold in-
crease in water clarity.

Bacteria arc»mailer, and bacterial

production is reduced 60 to 70 pcrccni
in the prcscncc of zebra rnusscl»; bui
their nuinbcrs were not affected.

Zebra mussels use native clams as

~ub~trate for colonies, much to thc

detriment of the native clams that

have nearly all been eliminated from
western Lake Erie and Lake St. Clair,

However, zebra mussel aggregations
at the bottom provide great habitat for
many benthic macroinvertebrate»,
with up to S3 taxa reported. These
aggregations are dominated by amphi-
pods, turbcllaria, gastropods and oli-
gochaetc». Benthic algae and rooted
aquatic plants also increase in the
prcscncc of zebra mussels.

A significant number of large
freshwater drum and yellow perch eat
zebra mussels, hut they have had no
noticeable impact on zebra mussel
densities. Because zebra inusscls have

a body fat content about ten times
higher than native clams, they are able
to accumulate containinants at much

higher levels. The change in the pat-
tern of contaminant cycling through
aquatic systems, caused by zebra mu»-
scl», is of great concern, particularly if
sport fish are going to u»e zebra mus-
sel» as a significant portion of their
food. Thi» has the potential to lead to
significant human health risk».

Hard- water, meso troph i c  rnoder-
ately to highly productive! lakes with
rocky substratcs are likely to bc ideal
habitats for the zebra mussel as it

spreads. In these situations, thc dra-

matic environmental changes dis-
cussed in this section can be antici-

pated.
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Benelit» <il' N<inindif:en<iu» sipecie»
Sea Grant ha» funded five project» in
this area at two staLe Sca Grant pro-
gra<T<s. Utilities in both the United
States and Canada are spending mil-
lions of dollars to clean zebra mussels

oui. of machinery and to prevent fur-
ther introductions. Private boater» and

charter fishing busines»es are also ex-
periencing problems with zebra rnus-
sels fouling and clogging cooling sys-
tem. Fortunately, only two percent of
recreational users indicate that they
have reduced their use of the lakes

becau»e of the zebra mu»»ef invasion.

t'<>ntr<il and f<<litigati<>n <if
Vonindigen<itt» ''iperie»
Sea Grant has addressed this impor-
tant issue by supporting I3 research
projects at six state Sea Grant pro-
grams. A number of chemicals de-
»igned to kill and/or prevent th
attachment of zebra inussels have

been evaluated and found to be safe

and effective under a variety of envi-
ronmental condi t ion s. However, mo»t

remain quite expensive and/or require
additional regulatory approvals before
they can be used. As a result, chlorine
remains the inost commonly used
chemical to kill zebra mu»sels.

Potas»iuin has been found to be

very effective in inhibiting the heart
and respiratory activity of the mus-
sels. Sea Grant researcher» actually
performed EKG» and MRI testing on
zebra mussels to obtain this informa-

tion. Potassium chloride ha» been

found to be the most economical and

environmentally compatible form.
Physical removal techniques are

being investigated at several pro-

grams. A robot ha» been designed to
physically clean i.hc inside of pipes.
Ultraviolet light i» quite effective on
young larvae but loses effectiveness
as the mussels grow, Quagga mussel»
have been found to be more resistant

to the ultraviolet light.
Biological controls arc also being

investigated. A strain of bacteria ha»
been identified that can kill zebra

musscls in less than five days.
Sometimes the best way to learn

how to kill an organism is to learn
how to grow it. As a rc»ult, several
Sea Grant researchers have been de-

veloping technique» to raise zebra
rnu»»el» in their Iaboratorie». They
have found chemicals that artificially
induce zebra musscls ta spawn.
Through these, there may he potential
to control zebra mu»»els by inducing
them to spawn at inopportune times.
Once the researchers were able to in-

duce the mussels to spawn, they im-
mediately began evaluating chemical»
that would inhibit or interfere with

spawning.
Researchers are also evaluating

narcotizing agents such as carbon di-
oxide. It i» hoped that by first relaxing
the mussel with a narcotizing agent, it
could he killed with a smaller dose of

chlorine or some other chemical. This

could reduce the cost and the adverse

environmental impacts associated
with chlorine,

Prevention <il' introduction <if

Nonindigen<>us 'Sltecies
While everyone wishes zebra mussel»
had never been introduced, the signifi-
cance of their impact clearly demon-
strates the importance of working to
prevent further introduction». Conse-

quently, Sea Grant has supported a
project to evaluate the safety of ballast
water exchanges at sea. This tech-
nique deposits freshwater organi»m»
into a salL water environment where

they cannot survive, and vice versa.
Results indicate that such exchanges
are entirely safe for the vessel it' wave
height» are l0 feet or less. Balla»t ex-
changes when waves are 20-feet high
should be avoided.

Red<icing the,'ipread of I;stahlished
N<inindigen<>u» .'ipecies
Reducing the spread of zebra mu»sels
is very important. Sea Grant ha» at-
tempted to enlist the help ol private
hoaters and anglers by demonstrating
how their activitie» can facilitate the

spread. Research demon»trated that
veligers were frequently found in all
types of water contained in boats, in-
cluding engine cooling sy»tern»,
bilges, five wells and bait buckets.
Adult mussels were only observed on
vegetation entangled on boat trailers;
on some days, 30 percent of the boat
trailers transported mussels thi» way.
L

The following pages briefly sununarize
59 Sea Gnrnt zebra mussel research

projectsinthesh areasinitiatedbetween
1988 and 1992. This group includes
several projects supported with funds
from the U,S. Environmental protection
Agency, the U.S. Fish and Wildlife
Service and state Sea Grant program
development funds. A list of 12 new
research projects � i ni ti a ted in
September 1993 with a special
congressi onal appropriation � begins
on page 37. Some of the best university
researchers are working with National
Sea Grant on zebra mussel concerns.

Addresses for the researchers begin on
page 65.
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Preliminary Results
~ There i» high genetic variability among Great Lake» zebra mussels.
~ A»econd Dr<is»en  »pccies in the Great Lakes has been identified,
~ There >s a 1<>w level ol' genetic diffcrentiadon a<nong Great Lake» zebra mu»»el population».

1 lie 13' »»ul Atl lie»ii c <il' /<.'l!r;i lit<»st'I». l!r   <»<  r   /!r>/y !I<>/'/!I   
J, Herbert Waite, University of Delaware

Program; Delaware Sea Grant College Program
Project Number: R/B-26
Date: 9/1/91 to 8/31/94
Primary Source <>1' Fund»: Fiscal Year 1991 Zebra Mussel Federal Appropriation

Objectives
~ To purify the»ubstance that i» the precur»or of zebra mu»»el»' by»»al adhesive,
~ To deter<nine the sequence and physical properties of this substance.
~ To localize this sub»tance immunochemically.
Preliminary Results
~ Several families of DOPA-containing precur»or proteins have been purified from zebra mu»»el byssal

threads.
~ DOPA content in zebra mu»sel proteins i» lower all more variable than in other marine DOPA

protein».
~ DOPA-containing precursor proteins in zebra mus»el» have no extended»equence» in common with

other m;<rine mus»el glues.

1<	1l!eilcc>< <<1 1 <'I	1!<.'t iltili u iiii<1 1!lct <>ii 1 11<<»l<>l<> "lc<il I'.I!or<'otic» <ll  , I <><< ill,'111<1
14u 1! t < >0 tt et i<! t t < > f' l!     <'s'» < !    /! u/r ! r > /! /   
David W. Garton, Thc Ohio State University

Program: Ohio Sea Grant College Program
Project Number: R/ZM-10
Date: 2/1/92 to 1/31/94
Primary Source ot' Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation

Objectives
~ To determine how water temperature and food quantity and quality alfect growth and.reproduction in

zebra mu»sel».
~ To identify environmental factor» that lirriit mussel di»tribution.
~ To identify "weak link»" in the zebra mussel life cycle periods when resistance to environmental

stress i» low or when reproduction could be reduced.
Preliminary Results
~ Zebra mussels;ire genetically diverse and can adapt to local temperature regimes.
~ Thermal tolerance» of "northern" mu»»el» may not accurately predict thermal t<>lerance» of "southern"

mu»se1».
~ Greatest shell growth occurs with low temperatures and abundant food.
~ 8ody mass i» greatest at low temperatures.
~ Highc»t oxygen consumption occurs with high temperatures and abundant food,
~ Participation in spawning decreases as temperature increases.
~ High temperature» and abundant food retard reproductive effort.
~ Temperature rather than food � appears to bc the driving force behind zebra mussel reproduction.
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 rct!CIIC l 11! Ii�>II!t! illl l I'.I! > � <>I! ll 'lllill I <>l .'1 i l!cc» <>I lllc C!lli "'>ll .>1U»,'»cl:

cv  1!I cl's&c!ll I I!I! il Ic i <>I ill .'  r recit I i!!lsc»

Edward L. Mills, Cornell Biological Field Station, and Bernie May, Cornell Univcr»ity
Program: New York Sea Grani institute
Project Number: R/CMB-5
Date: 8/ I/92 to 5/31/93

Primary Source of Fund»: I.ocal Sea Grant program fr<>m federal and nonfederal »ource»
Objectives
~ To measure the quagga's genetic variahility and its natural hybridization with thc zchra mu»»cl.
~ To determine thc quagga'» tolerance to»alini y and heat.
Preliminary Results
~ No evidence of hybridization between zebra and quagga mu»sels ha» heen oh»erved.
~ A mussel from the former Sovie  Union � previou»ly identil'ied a» a zebra � ha» been»h<iwn  o

be u quagga; this provide» a place to start in searching for the quagga'» origin»,

.'>I!  ci  s Irl  nt ilies tit! l R  I;!li<>iisl!il!»  >l' X >rt li .><! i  1 ic.ii!;i!i l I: irol>c.in l!r is»  >tr 
  Bl/>r />'ti' : I Jr<~ sx<'>II f< <' J

Gary Ro»cnbcrg, Academy ol Natural Science» of Philadelphia
Program: New Jersey Marine Sciences Consortium Sea Grant Program
Project Number: R/F.-3 !-ZM
Date: 9/I/92 to 8/31/94

Primary Source of Funds; Fiscal Year 1992 Zebra Mussel Federal Appropriati<>n
Objectives
~ To confirm thai. a»ccond Dreiser<»u»pecies is present in North America.
~ To evaluate genetic variability in European Dr<isse>ta and compare it with North American popu-

lations.

~ To quantify how many existing Dreisse»<> species occur in Europe.
~ To determine whether it's possible  o identify Deci»scan specie» by shclland anatomy alone  a»

opposed to genetic gel tests!.

: �1 I 1!! C'>Iilji!li >11  >f ll!C I.'! f v itl I!C! CI >l	11C!! t �11 l .>I! 'll II >t I! l!VIOL V <>f tl!C I CI!rtt
XI  is»el. l!r i sv  nrr /r<>ly />/>>ry>ltn   I';tII:!s!
Gail M. Lima. Illinois Wesleyan University

Program: Illinois-Indiana Sea Grant Program
Project Number: ZM/3
Date: 9/ I /92 to 9/ I /94

Primary Source of Funds' .Fiscal Year l 992 Zebra Mussel Federal Appropriation
Objectives
~ To determine the maxi num time zebra mussel veligers can remain planktonic.
~ To determine whether veligers can delay metamorphosis and which environmental factor» could

inf! uence this.

~ To descrihe larval and post-larval zehra mussel shell morphology.
~ To propose control techniques that interfere with larval settlement and metamorpho»i».
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1 Ilc I'.ffcct s  >f /of!l n Xl ttsscls  !I1 1 ol:l<>lc   I>unlttll >lit 0'I

David A, Culver. The Ohio State University
Program; Ohio Sea Grant College Program
Project Number: R/FR-17-PD
Date: 12/1/8'9 to 6/30/90

Primary Source of Funds: Local Sea Grant program from federal and nonfederal sources
Objective
~ To determine the impact of zebra mussels on the phytoplankton in the western basin of Lake Erie.
Results
~ Water clarity and algal abundance changed seasonally in both 1988 and 1989. Spring algal blooms

were followed by a clear water phase in early July, followed by a resurgence c>f algae in August.
Da/>/u>iu wa» most abundant in late June and declined in >uid-July both years, Zebra mussels in-
creased in abundance from 1988 to 1989.

~ Grazing estimates suggested that Da/>/>nia could explain the decline of phyu>plankton during the
clear water periods. The resurgence ot' phytoplankton after Da/>/ nic> declined both years suggests
that zebra mussels were not responsible for the clear water periods, because zebra mussels were
still present in August when the resurgence occurred,

 ;t.tzittf> R;tfcs t>f'/cf>t",t Xlttsscls
David A, Culver, The Ohio State University

Program: Ohio Sea Grant College Program
Project Number: R/ER-21-PD
Date: 4/1/90 to 12/31/90

Primary Source of Funds: I.ocal Sca Grant program from federal and nonfederal sources
Objectives
~ To evaluate the grazing rate of zebra mussels as a function of body size to enable estimates of

grazing rates in the field from size frequency and density measurements,
~ To examine the effects vertical mixing rates of thc western basin of Lake Erie have on the growth

rate of zebra mussels suspended at various depths near and above the bottom.
Results
~ Grazing rates varied significantly with body size and with added clay particles to simulate the

effect of silt with low food quality, Analyses of an extension data set are continuing at this time.
~ Zebra mussels in cages near the bottom grew only one-third as fast as those two meters above the

bottom. This shows  hat either existing communities of zebra mussels on the bottom decrease the
amounts of algae there relative to further up in the water column, or higher turbulence above the
bottom increases the delivery rate of' algae to zebra mussels, or both. Clearly, zebra mussel» on
the lake bottom do not have unlimited access to all algae in the water column,

   !tlc 'I!t I ttllt>tl t>l llv fi't>f!fit>f!lc   tll clll !L>elis flv /Cl!t'll Il tlsscls:
I'.f'f< cia  ! tt .% fttufic lct> >tl  'ltnit!s
Susan W. Fisher, The Ohio State University, and Paul C, Baumann, U.S. Fish and Wildlife Service Na-
tional Contaminant Research Center

Program: Ohh> Sea Grant College Program
Project Number: R/PS-6-PD
Date: 4/ I /90 to 12/31/90

Primary Source of Funds: Local Sea Grant program from federal and nonfederal sources
Objective
~ To make toxicokinetic and physiological measures to examine the movement and importance of

contaminants passing through zebra tnussefs into the greater Great Lakes food web.
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Re»nits
' Accumulation rate» drop hy a factor ot' two f<>r each 10 C change in temperature.
~ /ebra ii!ussel» are likely to concentrate contaminants at a lcvei 100 time» greater than would be

expected in fish.
~ Bioconccntration ot' contaminants in zehra mussel» depend» on environmerltal temperature and the

contaminant'» oflinity for water.

I»! I!,!  1 <!I' I!r'r'i»sr rrrr poli rrrrrr/r/!rr i!» 1 t!e /»r!I!l:»!i to!!  	' 11 est  r't! I.!ri'e l,i i»
Alfred M. Beeton. GLERL at NOAA, and John R. Hageman, The Ohio State Univer»ity

Pr~!gram: Ohio Sca Grant Collcg» Program
Pr<>jcct Numher: R/ER-2.'!-PD
[!atc; Regular monitoring a» ii  4/1/90
Primary Source of Fund»: Local Sca Grant program from federal and nonfederal sources

Objectives
To follow change» in zooplankton a» the zebra mus»el population grow».

~ To detern!ine the effect» of mussel competition and predation on community structui'c».
Preliminary Results
~ Major decrea»e in copepod abundance,
~ Major population fluctuation» for cladoccr'i.
~ Almost total di»appearance oi' some rotifcrs.

I 11 ' I' » I  '   l l I I 1 y I i ! I! I at t 1 k 1 i ! t! I'  ! I I  ! ! i t t 1 ~<' I i r !  ' c s» r r r <~ I! i '1 I 1 e I c I! I'tt X I tl »» e I
Rcx L. Lowe. Bowling Creen Stale University

Program; Ohio Sca Grant College Program
Project Number: R/ER-22-PD
Date: 5/1/90 to 12/31/90
Primary Source of Funds; I.ocal Sea Grant program from federal and nonfederal sources

Objectives
~ To determine which algal specie» become zebra mussel feces and pseudofeces,
~ To determine the survival of algae following zebra mussel planktivory.
~ To identify the implication» of zebra mus»el planktivory on the food web,
Re»nits
~ Few algae that pass through the zebra mussel gut survive.
~ l.ake-bottom algae are more likely than open-water aigac to survive ingestion by zebra mu»»cls,

c»cape from zebra mussel pseudofcccs and rc-enter the plankton community.

lrl»r I ! t 1»l~ 1 h ' I'. 'I!l !pal '!ll I l]! I!'i! '1 t! I I el	 !t l I tl »»el » I ll 1 I le I', l» 1 .'r ii lirl»r ll  !I
I .like I'.!'Ie

Howard P. Ries»en, SUNY College at. Buffalo
Program: New York Sea Grant institute
Project Number: R/FO-1-PD
Date: 5/1/90 to 12/31/90
i'rimary Source of Funds; l.ocal Sca Grant program from federal and nonfederal sources

Objective
~ To monitor and follow th» population dynamics of veligcr» when zebra mussels first invaded the

eastern end of Lake Erie.
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Results
~ In 1989, vcligers hit peak dcn»itics in September �00 to 3,000 pcr cubtc meter! but were absent

from the water column by November.
~ In 1990, veliger» were absent in May and Junc, hii. peak den»i ie» in August  <nore than 100,000

pcr cubic meter! and declined rapidly durtrtg Septcmhcr.
~ During the first year ol' zebra mu~~el colonizati<rn in this region. veliger den»itic» increased by one

to two order» of magnitude.

'I r  illllic I»tcr'; cti<rtrs: The R<.'I; tie o Irr I! rrt;r tco  rI'1>rci vs '/lit urt j l>rr/!h!ria  :I"trzirtI>
<!ri I'lrit<rl!lt rrI t<rrt .t I!trit l;tire ..l» l 0;� .r  'I;rr iti
Joseph C. Makarewicz. SUNY College at Brockport

Program: New York Sea Grant Institute
Project Number; R/CMB-3-PD
Date: 6/ I/90 to 12/31/90
Primary Source of I'unds: Local Sea Grant program I'rom I'ederal and nonfederal s<iurcc»

Objective
~ To test the ability of the pelagic organism Daplin 'n and the benthic organism, the rcbra mussel

/!rei ssena per/vrrr<rrpha to aft'ect water clarity as a result of grazing on phytoplank <m,
Results
~ Zebra musscls excre e soluble reactive phosphoru»  SRPI as they graze on phytoplankton but at

much lower levels than when they graze on zooplankton.
~ Low rate of phosphorus cxcrction by zebra mus»el»»uggcsis that  hey could bc inhibiting

phytoplankton growth. thus resulting in greater water clarity.

i.I!ilithit Ilenth !s irt the t<l t'st  r» if  sin  rl' I.:rl t I;ric
Jerry H, Huhschman, Wright State University

Prograin: Ohio Sea Grant College Program
Project Number: R/ER-2'3-PD
Da c: 4/4/91 to 12/31/91

Primary S<>urce of Funds: Local Sea Grant program 1'roil  federal and nonfederalsource»
Objective
~ To characterize the macroinvertebrate f <una <if zebra mussel l!r< r'scen<r po/ynrcrrpl<a beds in

western Lake Erie.

Results
~ Aggregations of zebra mussels provide excellent habitat for benthic invertebrates,
~ Amphipod», turbellaria, gastropods and oligochaetes dominate the assemblage.
~ Thi» in crstitial community i» both large and rich in species. Fifty-three macroinvertcbratc taxa

have been identified in sample»,

I'.X !t C NI!OC OS I lv lrbt ills: I <il!ill it  !ii 1!S  lur lt 'S till l   <rtlrrrl trit tv  .  rrtxu Illertu '8  !I
lllu X .'Irrlr ~lusscl, I l>r'siss '/r<  /! rtyr! <rr J!lr<  i
D.K. Padilla and S.I. Dodson, University of Wisconsin-Madison

Program: Wisconsin Sea Grant Institute
Project Number; R/LR-41
Date: 8/I/91  o 7/31/93

Primary Source ol' Funds; Fiscal Year l 991 Zebra Mussel Federal Appropriation
Objectives
~ To develop models  o predict zebra mussel abundance, distribution, population dynamic» and
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ecological effects in North America.
~ To determine which factors are most important in predicting population performance,
~ To predict areas likely to be invaded and how zebra mussels might change those ecosystems.
Preliminary Results
~ Hard-water, mesotrophic lakes with rocky substrates are likely to be ideal habitat for zebra

mussel s,

~ Zebra mussel» are likely to reduce large phytoplankton  blue-green algae!.
~ Zebra mussels are likely to have small effects on nanoplankton and herbivorous zooplankton.
~ Based on European lakes, there appear to be thresholds in pH and cakium ion concentrations that

will determine whether zebra mussels can establish populations in lakes.
~ Other lake physical characteristics are not likely to affect their ability to support populations of

zebra mussel s,

'I lrc irlll!rrci  II /el!I ir .'r lrrsscls  l!/ cl ~scurl /!r! r!! /!I'/!I/O ! r!lr 1. !!scl' I'rr !r} '0'cI!
I! J llilllll cs r!! n 1.it I''c 1' r csllvvilic t' 1.'!kc
Donald J, Stewart, SUNY College at Stony Brook, E,L, Mills and J.L. Forney, Cornell Biological Field
Station. and M.J. Mitchell, SUNY College at Stony Brook

Program: New York Sea Grant Institute
Project Number: R/CF-3
Date: 8/1/91 to 7/31/94

Primary Source of Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation
Objectives
~ To test the hypothesis that open-water production of zooplankton will decline in response to colo-

nization by zebra mussels.
~ To create a computer model of nutrient-plankton interactions to predict Oneida Lake's response to

invasion by zebra mussels.
~ To gauge how zebra mussels might affect nutrients, phytoplankton, zooplankton and larval fish,
Preliminary Results
~ Zebra mussel frltration rates depend on mussel size and amount of' available food.
~ Zebra mussels remove phytoplankton of the size most preferred by Da/rh!ria.
~ Dnphnia respond to reduced phytoplankton with reduced clutch size and reduced survival.

I r! litter! ce r>I /cl! r a i! Irrsscl I rr v trsirrr! r!r!  'rrrl!U!!;rr!<i I'Irrrslrlrorrrs !!x r!;trr! ics
lrr I Iilr!UUI!  ..Urlll!lllllrtlcs: .W 'Mcstlcr!sir! stU ls rll ihagrt!U!! 13nv
Robert T. Heath, Kent State University

Program; Ohio Sea Grant College Program
Project Number. 'R/ZM-6
Date: 9/1/91 to 8/31/92
Primary Source of Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation

Objectives
~ To test the hypothesis that zebra mussels alter carbon and phosphorus dynamics at the base of the

food web by grazing selectively on phytoplankton and bacterioplankton,
~ To determine whether these effects are related to the trophic state of the community and zebra

mussel density.
Preliminary Results
~ Mussels prefer to graze on diatom» and small chlorophytes.
~ Bacteria are smaller in the presence of zebra mussels, though their numbers do not change signifi-

cantly,
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~ Release of dissoived organic phosphorus is greatly reduced in the presence of zebra mussels.
~ Bacterial productivity is reduced by 60 to 70 percent in the presence of zebra mussels.
~ Phosphate uptake in bacteria is greatly reduced in the presence of zebra mussels,
~ Oligotrophic, mcsotrophic and culrophic communities all appear to be susceptible to this ef lect,
~ Communities with large portions of large. inedible, blue-green algae seem less affected.

Aceutnulntiott and Troplsi» 'l'r;»tsf»r of  !romani» l»ttt!l!h>ties I!i tlt» 7»l>r u XltIss»I.
Dre/ssena puty>norpjta: I'h» ROle Of Rout» of L'Vposure 'tttd l.ipitl   tlttt»nt
Susan W. Fisher, Thc Ohio State University, and Peter F. Landrum, Gl.l;RL at NOAA

Program: Ohio Sea Grant College Program
Project Number: R/ZM- l
Date: 10/l/9l to 9/30/93

Primary Source of Funds: Pass-through from EPA
Objectives
~ To measure lipid content and production of pseudofeces when zebra mussels are fed two types of

algae or sediment,
~ To compare the assimilation rates of contaminants into zebra mussels via three types of particu-

lates.
~ To use radioactive tracers to measure trophic transfer l'rom pseudot'eces to the aquatic invertebrate

Gamrnarus.

Preliminary Results
~ Mussels exposed to contaminated algae assimilate the contaminant more efficiently than mussels

exposed to the same contaminant in sediments,
~ Exposure through algae plays a greater role in zebra mussel contamination.

X»bra itrluss»l: Fish R»lations nnd 'I'heir l';I'I'»ets tttt Vutri»ttt/l'.n»rl.'i nnd
Contatninant Dinami»s
Konrad Dabrowski, The Ohio State University, and Paul C. Baumann, U.S. Fish and Wildlife Service
National Contaminant Research Center

Program: Ohio Sea Grant College Program
Project Number: R/ZM-4
Date: l0/l/9 l to 9/30/94

Primary Source of Funds: Pass-through from EPA
Objectives
~ To determine if various sizes ol' lreshwater drum and yellow perch exhibit size-selective predation

on zebra mussels.

~ To determine prey handling times of various sizes of freshwater drum and yellow perch preying on
various size~ of zebra mussels.

~ To determine if lab-generated predictions of size-selective predation patterns by selecled fish
species on zebra mussels accurately predict actual predation patterns by fish in the f'icld.

~ To determine digestibility ot'diff'erent sizes ot mussels as food for various sizes of l'reshwater
drum and yellow perch.

~ To determine the metabolic rates of oxygen consumption and ammonia excretion as a function of
swimming speed in freshwater drum and yellow perch.

~ To determine energy and protein balance in freshwater drum and yellow perch feeding on zebra
mussels, as compared to reference diets.

~ To estimate ecological significance of freshwater drum and yellow perch preying on zebra mussels
in terms of' energy flow in Lake Eric.



Ecosystem Eff'ects oENonindigenolts Species

~ To document the presence of and determine the concentrations of PCB, dioxin and furan isomers in
a wild population ot' zebra mussels frotn a contaminated location.

~ To determine the ability of drum to bioaccumulate various polychlorinated aromatic isomers by
feeding on environmentally contaminated zebra mussels.

Preliminary Results
~ Zebra mu»»cls sampled Irom Ashtabula Harbor did not exhibit cxtcn»ivc contamination; onc

sample site showed detectable contamination of Chrysene in the larger-sized mussels.
~ Stomach and intestinal analyses of drum and perch collected in May 1992 showed that 26,5 percent

and 37.3 percent contained zebra mussels, respectively. Drum less than 325 mm and perch less
than 175 mm rarely consumed mussel.s.

~ Stomach and intestinal analyses of drum and perch collected in July 1992 showed that 31.3 percent
and 15 percent contained zebra musscls, rcspcctivcly, Drum less than 26S mm and perch less than
200 mm rarely consumed mu«els,

~ Seasonally, more zebra mussels were con»umed in the»pring than in the summer.
~ The predal.ion on zebra mussels by freshwater drum and yellow perch does not appear to be gape

limited.

Th« ltt~pnct of /et!ra Ilu»»«l l'ilterinl> on P«l;tl>i«Food N «1!»
David A. Culver and Robert M. Sykes, The Ohio State University

Program; Ohio Sea Grant College Program
Project Number: R/ZM-3
Date: 2/1/92 to 1/31/95

Primary Source of Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation
Objectives

To determine how zebra mussel grazing affects open-water communities,
To gauge how the benthic boundary layer affects the food available to zebra mussels.

Preliminary Results
~ Zebra mussels near the lake bottom grow only one-fourth to one-third as much as mussels higher in

the water column.

~ There is less food available to zebra mussels at greater depths.
~ The impact of zebra mussel» on open-water communities may depend on the physical structure of

the lake bottom and mussel settling depth.

R«»pon»«» of %In«rophyte» tttt l .%»»o«ittt« l Vi»lt I,:tt in« to /«1!t n bitt»»cl»
1 tt Stlgl llnhv
Thomas G. Coon and Ted Batter»on, Michigan State University

Program: Michigan Sea Grant College Program
Project Number: R/ZM-7
Date: S/1/92 to 4/3 !/93

Primary Source of Fund»; Fiscal Year 1991 Zebra Mus»cl Federal Appropriation
Objectives
~ To document how increa»ed den»itic» of zebra mus»els affect water clarity and thus distribution,

abundance and species composition of submersed macrophytes.
~ To determine whether zebra mussels change densities and growth of yellow perch and common

carp larvae.
Preliminary Results
~ From 1991 to 1992, macrophytcs in Saginaw Bay increased in occurrence and number.
~ Specie» re»ponding to increased water clarity included angiosperms, charophytes and attached

chlorophytes.
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Xehra 1>> It SSCl'5 Directed 'I'rOphiC 'I'ransfer
Susan W. Fisher, The Ohio State University

Program: Ohio Sea Grant College Program
Projcc  Number: R/PS-l 1 -PD

Da e: 6/1/92 to 12/31/92

Primary Source of Funds: Local Sea Grant program from federal and nonfederal sources
Objective
~ To test the hypothesis thar PCBs are transferred along the food chain from contaminated algae to

zebra mussels to gammarids and ultimately to many edible 1'ish species.
Results

~ Studies with uncon aminatcd algae show differential proces»ing and production of pseudofece» a»
a function of algae species, mussel size and algal concen ratii>ii.

~ Zebra musscls accumulate PCBs and PAHs a . levels about tcn tines higher than  hose  ypical i>f
aquatic invertebrates.
Determinants of biocnncentra ion in zebra n>ussels include mussel size and lipid content,

~ Contaminated particles are a significant source of PCB» and PAH» for zebra mussels.
~ When zebra mussel» are exposed to contaminated particles, unassimilated materials pa»» through

 o feces and subsequently become a source of' contamination 1'or benthic invertebrate»,
~ Gammarids accumula e 90 to 100 percent of their body burden of PCB» and PAH» through inge»-

tion of contaminated zebra mussel feces.

~ Fish eating contaminated zebra mussels versus contaminated gammarids will receive 1'ive times
the dose of chemical through consumption of gaminarid» duc to food chain magnification.

I'he Areal and Vertical l!istrihution of' 'larforera gIou erata in 1Vestern l.al e I;rie
anti its Interaction vvith the Zebra Mussel fl!reisvean polyatorpha!

Mark E, Monaco, NOAA, Richard C, Lorenz. Columbus  Ohio! Division of Water, and
Charles E. Herdendorf, The Ohio State University

Program: Ohio Sea Grant College Program
Project Number: R/ER-26-PD
Date: 6/1/92 to 12/31/92

Priinary Source of Funds: Local Sea Grant program f'r<>m federal and nonfederal »ources
Objective
~ To determine how zebra mu»sel» have influenced thc areal and vertical distribution of C/ado/>horn

glomeratn in western Lake Frie.
Results

~ Biomass of the dominant benthic alga Cladophorn glomernrn has not increased.
~ Water clarity has increased  hroughout the western basin. Sechhi disk depths in 1992 ranged from

0.6 to 4.3 m, compared with 0.7 to 2.6 m for the »aine»iie» in the early f980».
~ C/ndophorn colonization, which began with lush growth at the splash zone, is inversely related to

zebra mussel coloniza ion and begins declining after 1,5 m of depth.
Based on minimal light requirements, Clndvt>hvra is capable of a mean maximum depth of growth
to 8.35 m, compared with the mean maximum observed depth of 2,9 m,

~ C/ado/>horn colonization is limited by competition with zebra mussels for bedrock habitat at
depths greater than 2 m, even when adequate light level» arc available for colonization,

~ Only trace amounts of Cladophorn are found on substrates colonized nearly 100 percent by zebra
m u»se 1».

~ The blue-green alga Phvmidiam is present a  many of' the sampling sites, of'ten colonized direc .ly
on zebra mussels and rocks.
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1nll!aet t!f I>rei»sena polyunorphrz nn the 1'lankttin 1!iatom» in VVe»tern l,ake 1';rie
a»ti 1.tivver Saginavv �a>, 1.;>kc 11ttron
Ruth Holland Beeton, University of Michigan

Program: Michigan Sea Gran  College Program
Project Number: R/ZM-3
Date: 8/1/92 to 7/31/94
Primary Source of Funds: Fiscal Year l992 Zebra Mussel Federal Appropriation

Objective
~ To evaluate how zebra mussels affect the community structure of diatom» in western 1 ake Erie

and Saglnaw Bay.
Preliminary Results
~ Between the 1980s and 1990», planktonic diatorns in western Lake Frie declined by more than

8S percent.
~ During the same period, water transparency increased hy more than 76 percent.
~ Concentrations of major nutrients have either remained essentially the same or increased in

the waters of Hatchery Bay  near Put-in-Bay, Ohio!»incc the establishment of Dreissena
pol vntorphu.

1»A»ence nf Zebra lVlti»»el 1»va»ititt »n btttrie»t 1!x nan>ie» in Plank on
 'nmmttnitie»: I''iekl %crit'it.'atit!n ul' Vle»oeo»nt Finding» itt 'Saginaw Bay
Robert T, Heath, Kent State Univcr»ity

Program: Ohio Sea Grant College Program
Project Number: R/ZM-7
Date: 8/1/92 to 7/31/94
Primary Source of Funds: Fiscal Year 1992 Zebra Mussel Federal Appropriation

Objectives
To test the hypothesis that planktonic nutrient dynamics observed in the field will show the same
sensitivity in the presence of zebra mussels as scen in 1ab and mesocosm experiments.

~ To confirm that changes in bacterial nutrient dynamics are caused by loss of labile dissolved
organic carbo~  carbon normally released by algae!.

Preliminary Results
~ Bacterial phosphate uptake in samples taken t'rom oligotrophic sites were consistently more sensi-

tive to zebra mussel» than samples taken from eutrophic sites,
~ Sensitivity of bacterial phosphate uptake was correlated with the extent to which zebra mussel»

grazed on phytoplankton at each site, Those»ites at which algae were most heavily grazed were
those at which bacterial phosphate uptake was most severely affected.

~ Algal eutrophic sites that support large populations of zebra mussels develop communities of
large-bodied cyanophytes and large colonial chrysophytes, which are not as edible  o zebra
mussel» a» diatom» or small-bodied chlorophytes found at oligotrophic sites.

~ We tested the hypothe»i» that zebra mussels affect bacterial activities by depriving them of car-
bon substrate normally released by algae  Le., labile dissolved organic compounds, LDOC! by
comparing bacterial activities in samples incubated in ambient light intensities with those incu-
bated in low intensity light and in the dark, We found that light deprivation of the community led
to similar declines of bacterial activities as experienced by zebra. mussel grazing, presumably
because of a decrease in available LDOC photosynthate.
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Rent ate Sensing .studies ttf Zebra Mttssel intpac s itt Sal,itt;tea Btti
W, Charle» Kerfoot and Ann L. Maclean, Michigan Technological University

Program: Michigan Sea Grant College Program
Project Number; K/ZM-b
Date: 9/1/92 to W/31/93

Primary Source of Funding: Pass-through from Michigan DNR
Objectives
~ To determine whether changes in water quality cau»cd by zebra mussci» can be detected, mapped

and quantified using remotely sensed images.
~ To use Advanced Very High Resolution Radiometer  AVHRR! technique» to monitor «hange» in

water temperature, turbidity and chlorophyll a content.
~ To test the hypothesi» that  he impact of zebra mussel» on Saginaw Bay i» strongly related to water

depth and interactions be ween inshore and off»hore water masses.
Preliminary Results
~ Developed automated procedures for generating temperature and reflectance contour maps ot' Lake

Huron, Lake St, Clair and western Lake Frie using»ate!lite data.
~ Preliminary map» provide excellent detail of horizontal temperature and reflectance patterns in the

study sites.
~ Marked thermal gradien s of approximately 10'C appear during mid-summer in Saginaw Bay  Ju}y

4, 1983 image!.
~ Thc maps show that shallower bay waters may he successively closed off from  he oft'shore water

ma»ses due to density gradients; under these condi ion», the effect of zebra mu»»el filtering activi y
may be tracked using satellite data.

~ Zebra mussel impact» on water quality may be more difficult to  rack when flushing occurs  e,g�
»pring and fall !  September 4,  987 image!.

Direct I'.xperitnental Assessment of the Impact of 1!rei.ssc/ta pnlyntorpha on
I.'nionid  growth, tent lortality and  .'ondititm in I.ake Nt.  'lair
R. Dougla~ Hunter, Oakland University

Program: Michigan Sea Grant College Program
Project Number: R/ZM-4
Date: 9/]/92 to   /3 I/93
Primary Source of Funds: Fiscal Year 1992 Zebra Mussel Federal Appropriation

Objectives
To provide direct experimental evidence that zebra mus»el» cause the death of unionid» in Lake
St, Clair.

~ To evaluate whether zebra mussels also cause reduced growth and emaciation in Lake St. Clair
unionids.

Preliminary Results
~ Massive Dreissena colonization of lamps/lit»nliqtzoiden and Anodonrzt grand/» causes starvation

and tissue degrowth, a» evidenced by increase in»hell:tissue mass ratio.
~ In a survey of five»pecie» of unionid», those that were colonized by zebra mussel» suffered higher

mortality rates than those not colonized,
~ There were inter»pecif'ic differences in mortality rate»,
~ Most unionids will recover it attached zebra mu»scl» are removed.

~ Unionids cleaned of zebra mussels had survival rates equal to those of unionids that were
uncol onized.

~ Species with relatively massive shells had lower percentage of mortality than specie» with rela-
tively thin and fragile shells.
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Ph«>»ph«irn» Bn«iget ot a /ehra Mtt»»»l Popttlattot!
Joseph C. Makarewicz, SUNY College at Brockport

Program: New York Sea Grant Institute
Project Number: R/CE-4
Dale; 9/1/92 to 8/31/94
Primary Source of Funds: Fiscal Year 1992 Zebra Mussel Federal Appropriation

Objectives
~ To determine a phosphorus budget t'or a zebra mussel population.
~ To compare phosphorus cycling in zebra mussels with down stream transport of phosphorus in the

Erie Canal.

Th» Inipa«t «if X»hr;i Wftt»»el» «in the l!i natnie» «if l1»avy Metals
Peter C, Fralcigh. University of Toledo

Program: Ohio Sea Grant College Program
Project Number: R/ZM-2
Date: 9/1/92 to N/31/94

Primary Source of Funds: Fiscal Year 1992 Zebra Mussel Federal Appropriation
Objectives
~ To determine whether zebra rnussels increase biodeposi ion of heavy metals to the lake bottom.
~ To test whether zebra mussels increase flux of heavy metals from the water column to the lake bottom.

'I'h» Impa«t of Xehra %1U»»»l» «in the 15»nthi«V«i«!«l W»h in siaginasv Bav,
I.a ke H tt rnn

Rex L, Lowe, Bowling Green State University
Program: Ohio Sea Gran  College Program
Project Number: R/ZM-S
Date: 9/1/92 to l/31/95

Primary Source of Funds: Fiscal Year l 992 Zebra Mussel Federal Appropriation

Objectives
~ To determine how increased densities of zebra mussels affect the structure and tunction of benthic

algae communities.
~ To test whether zebra mussel feces and pseudofeces increase nutrients available to benthic algae

and increase growth,
~ To tc»l. whether increased light penetration increases growth of benthic algae and leads to changes

throughout the food weh.
Preliminary Results
~ Light availability to benthic algae has increased in Saginaw Bay following the zebra mussel invasion,
~ Benthic algal growth in Saginaw Bay has increased following the zebra mussel invasion.
~ Benthic algal community structure has shifted following the zebra mussel invasion in Saginaw Bay.
~ Benthic algal biomass was not limited by nitrogen or phosphorus in Saginaw Bay following the

zebra mussel invasion.

1»«tttrient Repen»r iti«in liy X»hra Xlu»»el» and its Impa«t «in Phvtoplankton
Michael J. Vanni, Miami Univcr»ity

Program: Ohio Sea Grant College Program
Project Number; R/ZM-1S
Date: 9/1/92 to g/31/95

Primary Source of Funds; Fiscal Year 1992 Zebra Mussel Federal Appropriation
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Objectives
~ To quantify the amount and proportion of nitrogen and phosphorus consumed, assimilated and

released by zebra mussels and the fraction available to phytoplankton,
~ To determine the effect of nutrient release on phytoplankton nutrition, growth and cornrnunity

structure.

~ To create a computer model that predicts the elfects of zebra mussel nutrient cychng on the whole
ecosystem.

Preliminary Results
~ Body and shell C and N content are constant across all size classes  only mussels collected in June

analyzed so far!.
~ Small mussels have more P/mg dry weight in their shells than larger mussels; hut less P/mg dry

weight in their soft tissue  only mussels collected in June analyzed so  'ar!.
~ Overall N:P excretion rates are below the Redfield 7:1 molar ratio, and therefore favor blue green

algae growth.
~ There is a significant effect of month  P<.OS! on P excretion but not on N excretion or N;P ratio.
~ There is a significant effect of mussel size  P<,OS! on P excretion and N:P ratio but not on N

excretion.

Tltu f''ff«et@ of' Achro %fuss«fs ot> tlte fnv«rt«hr ulc  'tnunturtitics of' IVetfnnds in
,'s;tginaw f3ay, XIII' hig;tn
Thomas M, Burton, Michigan State University

Program: Michigan Sea Grant College Program
Date: 4/l/93 to 3/3 l/96

Primary Source of Funds: Pass-through trom EPA
Objectives
~ To deternune which sizes and species of the most abundant zooplankton in wetlands are most

susceptible to filtration by zebra mussel».
~ To observe how zebra mussels affect the invertebrate community in a Scirpuxamericanus

wetland.

~ To investigate the dynamics of zebra mussel colonization of the dominant vegeiaiion in a Scirpus
untericanus wetland.

The influence of'Z«hru Mtjsscls on th«. R«cruittuettt of'sin!:inness 13;<s f islse~
David J. Jude, University of Michigan

Program: Michigan Sea Grant College Program
Project Number: R/ZM-S
Date: 9/l/92 to 8/21/95

Primary Source of Funds: Fiscal Year l992 Zebra Mussel Federal Appropriation
Objectives
~ To determine which environmental factors are most important in fish year-class strength,
~ To test whether zebra mussel and zooplankton abundances al'feet fish hatching, growth and

mortal i ty,



Socio-Economic Analyses: Costs ant} Benefits of
Nonint}ige»ous Species

Socio-Economic Analyses:
GOStS and BenefitS Of

Nonindigenotfs Species

onindigenous species can af.
feet bath society and the

economy. Experience with in-

vading species tells us that the

negative impacts usuaiiy prevail aver
the positive; nonetheless, research
should address bath for the benefit

of society. Research should answer
questions about how invading argan-
isms might introduce disease, cou-

centrate pollutants, contaminate

drinking water or otherwise affect
human health. Economic impact in-

vestigations should examine haw in-

vading species might hamper sport,
commercial and tribal fishing indus-

tries, the recreation and tourism in-

dustry, the shipping and navigation
industry and municipal and industrial
water users. Using nonindigenous
species in beneficiai ways � as food
for domestic animals or fertilizer for

gardens and crops � should be ex-

plored. Finally, socioeconomic re-
search results should be presented

to palicy makers and educators.

These results should be a foundation

for sound, science-based policy and

environmental law, as well as for ef-

fective public education and tech-

nolagy transfer pra}ects.

Socio-Economic Analyses: Costs and Benefits of
cronin Jigenoiis Species

'I'h» f'»ont!tni»  'outs of th» l»hr;1 X}t!ss»}

Leroy J. Hushak, The Ohio State University
Program: Ohio Sca Grant College Program
Project Number: R/ME-14-PD
Date: 4/1/90 to 12/31/91
Primary Source ol Funds: Local Sea Grant program from federal and nonfederal
sources

Objective
~ To survey commercial shippers, por s/harbors, electric power plants, indus-

trial water users, municipal water users, marinas. charter boat t'irms and pri-
vate boat owners about costs they've incurred as a result of zebra mussel».

Results
~ Charter boat firms and private boat owners reported the greatest increased

costs.
~ Firms with water intakes reported small additional costs, although other evi-

dence suggests that these groups incurred major costs after the survey date,

'i'he Role of Vishing;tnrt th« /ehra %1uss«l on the Totlristn
l tl f tnt l I s

Leroy J. Hushak, The Ohio State University
Program: Ohio Sea Grant College Program
Project Number: R/ME-12
Date: 9/1/90 to l/31/92
Primary Source of Funds: Local Sea Grant program from federal and nonfederal
sources

Objectives
~ To survey Ohio licensed drivers about their recreation activities near Lake

Erie during 1988. 1989 and 199 !.
~ To estimate how the zebra mussel changed this participation and affected

the tourism economy in northern Ohio.
~ To predict how the continued presence of zebra mussel» will affect partici-

pation in Lake Frie recreation and the tourism economy.
Preliminary Results
~ Only 2 percent of Ohioans surveyed said they decreased time spent at Lake

Erie because of zebra mussels.

~ Of 109 boaters, 14 reported average protective paint costs of $94; four cited
additional maintenance costs averaging '$171.

I'he 1;contlmie  'oats of the /«bra llusse} ttl  !hio's 5'orth  ' oust
i'. » 0 n 1 l n1 5

Leroy J. Hushak, The Ohio State University
Program: Ohio Sea Grant College Program
Project Number: R/Z1VI-13



Socio-Economic Analyses: Costs anil Benefits of
Nonintligenous Species

Date: 8/1/91 to 7/31/93

Primary Source of Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation

Objectives
~ To survey Ohio and Michigan liccn»cd drivers about their current and future

recreation activities on Lake Erie and cost» incurred as a re»ult of zebra

mussel».

~ To estimate the economic value and impact of Lake Erie tourism and
recreational fishing and how zebra tnussels have at'fected it.

Preliminary Results
~ About 25 percent have responded to the survey as of April 1993.

I',nvironmentul;tnd I'.conomic Benefits from '1ehr;t Wluvsel

Ilnrvesting Throul:h Contulllillullt Rcductit»l uttd Product
Des clopment
Joe M. Regenstein, Cornell University, and Susan Cioldhor, Center for Applied
Regional Studies

Program: New York Sca Grant ln»titutc
Project Number: R/S W M- 1
Date: 9/1/91 to 8/31/94

Primary Source of'Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation
Objectives
~ To determine contaminant levels in Great Lakes zebra mussels.

~ To compost and hydrolyze ground zebra mus»els.
~ To test ultrasound as a way to reduce or destroy contaminants in zebra

mussels,

~ To evaluate the economic feasibility of different mcihods of harvesting zebra
musse 1s.

~ To evaluate and develop markets for zebra mussel products  compost, liquid
fertilizer, liquid protein!.

A I'olicy I:rumeworl for Ntinindil.ent!us Species in the  ireut
I.ukes

Alan J, Randall. The Ohio State University
Program: Ohio Sea Grant College Program
Project Number: R/ZM-14
Date: 9/1/92 to 8/31/94

Primary Source of Funds: Fiscal Year 1992 Zebra Mussel Federal Appropriation
Objecti ves
~ To develop policy approaches that are appropriate for accidental

introductions, purposeful private introductions and purposeful public
introductions of exotic species.

~ To develop a method to identify the costs and benefit» of both accidental and
planned introductions at exotics,

~ To complete a cost-benefit analysis of an introduction that ha» already
occurred in the Great Lakes.
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Control and Mitigation ot
Monindigenotfs Species

emporary measures may

mitigate the effects of
invading organisms. But
the only truly effective

means of control will be

identified through long-term

research. One example of this
approach is the successful

control of sea lamprey

populations in the Great

Lakes. Future success in

controlling invading species

depends on a research

strategy that addresses all

physical, chemical and

biological requirements of

each invading species. Only

through understanding each

organism's behavior, physiol-

ogy and genetic and immu-

nochemical characteristics

can scientists devise innova-

tive, effective and selective

control techniques. From a
base of general biology and
life history, researchers can
investigate a variety of
control measures: engineering
 redesigning water intake
pipes, etc.!, physical  scrap-
ing, filtering, etc.!, chemical
 antifoulants, biocides, etc.!

biological  parasites, preda-

tors, etc.!, and physico-

chernical  heat, pH, etc.!.

These lines of investigation

should be parallel and should

Control and Mitigation of Nonindigenous Species
'I'estinir of lleehunieal, lto!fuseieidu!, Anti tttaehntent,
Antihiofouling .students tin the /ehra i~ilusse!
Susan W. Fisher, The Ohio State University

Program: Ohio Sea Grant College Program
Project Number; R/PS-8-PD
Date: 4/1/90 to 3/31/91

Primary Source ot' Funds: Local Sea Grant program from federal and nonfederal
sources

Objective
~ To test a variety of different agents f' or their ability to control zebra mussels,
Results
~ Environmentally safe chemicals kill adult musseis in short period» of time at

concentrations averaging 150 parts per million.
~ These chemicals are cffcctive under a wide variety of environmental

conditions.

f 'ontrol of /ehrn itilussef» vsith f,emmnttixius, A Natura!

Ittilhtseieitle i'roru Phytofarrrr r/rrrjerrr»rlrrr
Harold H. Lec, The University of Toledo

Program; Ohio Sea Grant College Program
Project Number; R/PS-7-PD
Date: 12/1/90 to 6/15/91

Primary Source of Fund»: Local Sea Grant program from federal and nonfederal
sources

Objective
~ To determine the efficacy of Endod, a naturai molluscicide from Phytolacca

d<rdecandra, in zebra mussel control.

Results
~ Lemmatoxin 1Endodl doses of 15 mg/L are lethal to adult mussels, while

tower doses prevent mussel adhesion and reduce adhesion and aggravation,
~ Endod is recommended for usc as a control agent in tandem with other

mechanical and chemical means in water intake pipes.

l'.valuation of stol}useieitfes for Xehrn sifussel  'ontro!

Susan W. Fisher and Jeffrey M. Reutter, The Ohio State University
Program: Ohio Sea Grant College Program
Date: 5/10/91 to 9/30/93

Primary Source of Funds: Pass through from U,S. Fish and Wildlife Service
Objective
~ To evaluate a series of candidate molluscicides.

Preliminary Results
~ Determined the toxicity of 12 molluscicides to adult zebra mussels.
~ Determined the toxicity of five molluscicides to veligers, plantigrade and

adult zebra musse is.
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Application of t.!nrfcrwater Robot» to Vcrforrn fnspcction,
t.'leunint, and Maintenance of' Intake f'ipc»
Samuel E. Landsberger, Cornell University

Program: iVew York Scu Grant Institute
Project Number: R/EIVIS-4
Date: 7/I/91 to 6/30/93

Primary Source of Funds: Local Sea Grant program from federal and nonfederal
sources

Objectives
~ To develop a prototype robot that wil] clean and inspect eater intake pipes.
~ To design and test technology for underwater robots that will perform work

in constrained environment»,

Preliminary Results
~ Scientists have developed a strategy for building a robot that propels itself

along a cable within infested intake pipes.
~ Scientists have designed a robot that can perform pipe inspections, cleaning

and maintenance; work on a prototype has begun.
~ The Erie County  N.Y.! Water Authority has installed guide cable in its two

pipes to accommodate the new robot.

f'.'ffect of' t! ftraviofct-8 Rarfiation I Zfll!-Hat! mm! on sttrvivor»hip
of'Zebra Mussel  I>rei»se>ta pr/lymorphrr !: A f'otentiaf  'ontrol
5 t ra teg>y
Linda Chalker-Scot , Howard Riessen and James D. Scott, SUNY College at Buffaio
Program: N e w York Sea Grant In st it ute

Project Number: R/EMS-3
Date: 8/I/91 to 7/31/92

Primary Source of Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation
Objectives
~ To determine which zebra mussel life stages are sensitive to UV-B radiation.
~ To determine minimum dose needed for significant mortality.
~ To develop a UV-B prototype for use in water intake pipes and other

vulnerable areas.

Results

~ Adult mussels survive higher UV-B radtation doses than d<> larvae.
~ UV-B radiation is lethal to adult mussels when it is applied constantly.
~ Larvae are killed after relatively short exposure to UV-B radiation: older

larvae are less sensitive.

'.s<lonpol futing Control of' l<iosurfacc f'oulinf,
Robert E. Baier and Anne E. Meyer, SUNY College at Buffalo

Program: New York Sea Grant Institute
Project Number: R/EMS-2
Date: II/I /91 to 7/31/93

Primary Source of Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation
Objectives
~ To determine how zebra mussel attachmcn  and settling relate to the surface

energy of the substrate and other substrate characteristics.
T

include both short- and

long-tertn control and

mitigation methods. Finally,
all proposed control
strategies must be ecologi-
cally acceptable and
socially responsible.
Research on proposed
biocides, in particular,

should inciude consider-

ations of the toxicity to

other organisms, persis-

tence in the environment

and bioaccumulation

potential.
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~ To test the hypothesis that the strength of the adhesive bond between zebra mussel and substrate
is related to thc initial events in the expo»ure cycle and the sub»trate's surface energic».

~ To identify coating» that prevent attachmcn  without harming thc environment,

.'tt p p mat ches to /ehra 5'1 tt seel  'nntrol 'I'hrntigh enters cnt ion in Reprt! l ttt'ti !n
Jeffrey 1., Ram and Peter Fong, Wayne State University

Program: Michigan Sca Grant College Program
Project Number: R/ZM-1
Date: h/1/91 to 7/31/94

Priinary Source of Funds: Fiscal Year 1991 Zebra Mussel Federal Appropriation
Objectives
~ To determine internal and external spav ning triggers in male and l'emale zebra mussels.
~ To deterininc thc chemical structure of spawning inducer».
~ To develop inhibitors to zebra mussel spawning.
~ To identily a field»ite for testing»pawning inducers and inhibitors.
Preliminary Results
~ Viable gamctes can he produced through serotonin-induced spawning,
~ Hydrogen peroxide weakly stimulate» spawning.
~ Several pharmacological agents inhibit scrotonin-induced spawning.
~ Dopamine inhibits serotonin-induced spawning in zebra mussels, awhile indomethacin reduces

spawning intensity.
~ Serotonin produces no significant change in zebra mussel ECGs, but toxic doses of potassium

inhibit heart activity in zebra mussels.
~ Several agent» inhibit zebra mussel fertilization.
~ Specific cell-surface sugars may play an important role in t'ertilization and embryonic develop-

ment of zebra mu»sels.

I'lie i.!»e nf Pot;t»sitim in C:nntrnl  !f tht. 7eht'u Wnssel, Dreisvena polvatarplta
Pal la.s
Susan W. Fisher and Paul C. Stromberg, The Ohio State University

Program: Ohio Sea Grant College Program
Project Number: R/ZM-11
Date: 2/1/92 to 1/31/94
Primary Source of Funds; Fiscal Year 1991 Zebra Mu»sel Federal Appropriation

Objectives
~ To evaluate potassium salts as molluscicides.
~ To determine whether low levels of potassium deter zebra mussel attachment.
~ To measure potassium's toxicity to nontarget animal».
Preliminary Results
~ Potassium is highly toxic to adult mus»els.
~ Potassium chloride  KC1! i» the most economical and environmentally compatible form.
~ Potassium appears to have no adverse effects on other aquatic animals � even at 10 time» the dose

used to kill zebra mu»»el».

~ Low levels of potassium prevent zebra mussel larvae from settling onto hard surface».
' Pulses of potassium administered every two hours appear to be just as effective as a continuous

1'eed.

~ Po a»sium inhibits both heart and respiratory activity in zebra mussels,



Control and Mitigation of Nooindigeoous Species

Developing Mass  ;ttlt tre 'l cchrti fttes for Rcarirtg l.arvac of the /chr;t M«sscl,
Drei  sena pnfv/norpha
David W. Garton, The Ohio State University

Program; Ohio Sea Grant College Prograin
Project Number; R/ZM-8-PD
Date: s/I/92 to 12/31/92
Primary Source of Funds: Local Sea Grant program I'rom federal and nonfederal»ources

Objective
~ To develop mass culture techniques I'or rearing zebra mu»»e} larvae for application in basic

research and applied toxicology,
Results
~ Veligers survive longer in aquaria with gentle flow systems than in» atic aquaria.
~ Unfed vcliger» survive about 10 days in culture.
~ Fed larvae survive no longer than unfed larvae, although the fed larvae grow and develop more rapidly.
~ Fgg quality among adult female rnu»»el» declines over time.
~ Larvae collected from lake water»urvivc longer than lab-spawned larvae and begin to se tie.

 'arhott f!ioxi fe;ts t Viarcoti7jttg f'rc-'I'rcatmeot for  'hemical  ' intr«i i!f'
Dreissena pnIymnrpha
William Elzinga, Environmental Science and Engineering, Inc.

Program: Illinois-Indiana Sea Grant Program
Project Number: ZM/4
Date: 9/1/92 to 12/31/93

Primary Source of Funds: Fiscal Year 1992 Zebra Mussel Federal Appropriation
Objectives
~ To determine the amount ot'carbon dioxide needed to kill zebra mussels in a clo»ed sy»icin and

the amount necc»sary  o simply drug the mus»el».
~ To determine whether using chlorine and carbon dioxide together increases control effectiveness,
~ To test how length of application,  einperature and mu»sel size influence the control effcctivcnc»s

of chlorine and carbon dioxide.

Preliminary Results
~ Lethal effect» have been observed with carbon dioxide at more than 190 mg/1 for 24-hour application.
~ Narcotizing effects have been observed at lower concentrations �00-150 mg/1! over the»arne  imc

period.
~ Narco izing effec s have been observed within four hours ot the initiation ol  he treatment.

1Vevv Approaches to Corttrol of Xehra Klttssefs hy 'f'arf;eted lt>licrofiial f'rod tet»
Ralph Mitchell, Harvard University

Program; Massachusetts Institute of Technology Sea Grant College Program
Project Number: RT-3S
Da e: 9/1/92 to M/31/95

Primary Source of Funds: Fiscal Year 1992 Zebra Mussel Federal Appropriation
Objectives
~ To isolate bacteria that inhibit attachment or cause disease in zebra mu»sel»,

~ To isolate specific substances from these bacteria and evaluate their potential as environmen ally
safe control measures.

Preliminary Results
~ Several bacteria that can kill adult mus»cls in less than five days have been identified.



Prevention of Introduction of Noniudigenous Species

Prevention of Introduction of

Nonindigenous SIlecies

ciuntists can predict the spread
of an established nonindig-

enous species  a viable

reproducing population! by ana-
lyzing the species' environmental
requirements and its dispersal
mechanisms � vectors that allow it

to reach areas where environmental

conditions are favorable for growth
and reproduction. Iyfost nonindig.
enous species have been introduced
and spread by human activities  ship
ballast, boats, pet industry, etc.!.
However, dispersal mechanisms are
often unique to each species and
are usually determined after geo-
graphic range extensions occur. To
predict likely future dispersal
mechanisms, scientists couple their

knowledge of a species' biology and
life history with reports of past

modes of dispersal. Once dispersal
mechanisms are identified for indi-

viduai invading species, schoiars
and policy makers can develop safe-
guards and international protocols
to prevent and/or slow the spread to
uninfested areas. Such safeguards

and protocols may also prevent the

spread of new, not.yet-established,
nonindigenous species. Analysis and
identification of past and possible
future dispersai mechanisms en-
hances our ability to mitigate the
effects of invading species on the
ecosystem,

'I'he I'se of Acntr»tic and fivdrndsnamic 'rechnitit>e» to  "ontrnl
Iehra Witt»»el Inf'e»t;tt ion

Dimitri M. Donskoy, Stevens institute oi Technology
Program: Ncw Jersey Marine Sciences Consortium Sea Grant Program
Project Number: R/E-29ZM
Date: 9/I/92 to 9/30/95
Primary Source of Funds: Fiscal Year l99I Zebra Mussel Federal Appropriation

Objectives
~ To test how adults and veligers respond to varying frequencies, intensities

and duration of sound and vibration,

~ To study ultrasound and hydrodynamic cavitation effects on zebra musseis.
~ To develop acoustic and vibrational methods for measuring zebra mussel

populations in tanks and pipes.
~ To evaluate the feasibility of converting hydrodynamic energy to acoustic

energy to enhance the efficiency of the control technique.

Applicatinn tt ' A'ide-Rani:e 1 Jltravioiet Radiatinn fnr Xelir t
Itvltt»»ei C;nntrt!l
Linda Chalkcr-Scott, SUNY College at Buffalo

Program; New York Sea Grant Institute
Project Number; R/EMS-6
Date: 9/I/92-8/3 I/94

Primary Source of Funds; Fiscal Year l992 Zebra Mussel Federal Appropriation
Objectives
~ To determine the minimum level of ultraviolet exposure necessary to pre-

vent larval settling and the minimum chronic level necessary to kill existing
popu lations.

~ To gauge the effects of ultraviolet light on veiiger behavior.
~ To develop a prototype instrument that will deliver ultraviolet radiation in

restricted locations,

Preliminary Results
~ Adult rnusseis demonstrate a limited ability to move away from UV exposure.
~ While wide-range UV will eventually ktll oft' adult populations, the killing

time is so long a» to be of doubtful use as a control mechanism for existing
populations fusing our existing UV source!.

~ Higher intensity UV sources show more promise in killing adults.
~ Quagga mussels appear to be more resistant than zebra mussels.
~ Planktonic larvae show a negative directional response to UV radiation and

are killed rapidly  -2 hrs.!, even under our existing UV source.

Prevention of Introduction of Nonindigenous Species
Ship  !peratinn,tl 4 'Safety:%»pect» ni' Ihaliast N ater I'.exchange at
siea

John B. Woodward, Michael G. Parsons & Armin W. Troesch, University of Michigan
Program: Michigan Sea Grant College Program
Project Number: R/ZM-2
Date: 8/I/91 to 7/31/92





Reducing the Spread of Established Nonindigenous Species

I retlictitlII;ttld I~;aria 1!etec.titIII IIf Xellr I Wlus~el Itlvttsit!lib of tEIC
ItllatttI N'tttel s of IliChigtttl
Ladd E. Johnson and James T, Carlton, Maritime Studies Program

Program: Michigan Sea Grant College Program
Project Number: R/7lVJ-8
Date: 2/8/93 to 10/31/93

Primary Source of Funds; Local Sea Grant program from federal and nonfederal
sources

Objectives
~ To determine the ltkely rate, direction and pattern of the spread of zebra

mussel» to Michigan's inland waters,
~ To test thc hypothesis that recreational boat traffic between the Great Lakes

and inland waters is responsible for initial invasions.
~ To detect the early stages of zebra mussel invasion of Michigan's inland

lakes,



Newly funded research projects
initiated in /993 by the A'ati onal Sea Grant College Progranr

Biology/Life History of Nonindigenous Species
Swirrrming and Settlerrrerrt Behavi !r it! tire Quagga Mussel
Victor S. Kennedy, University of Maryland

Program: Maryland Sca Grant College Program
Project Number: NA
Date: I/1/94 to 12/31/95

Primary Source of Funds: Fiscal Year 1993 Zebra Mussel Federal Appropriation
Objectives
~ To observe thc behavior of thc quagga mussel to determine possible options for preventing fouling at

industrial water delivery systems.
~ To retrne protocols for culturing and rearing quagga mussel larvae,
~ To study how gravity, temperature. salinity and dissolved oxygen content affect quagga swimming

behavior.

~ To determine how light and substrate orienlation affect settling behavior in quagga pediveligers.

!assessing the Spatial and Temprrral l!istrihutiorr rrf Xel>ra Mussel l.arvae in
Saginasv Btry, Wlichigan, Using the 'r'ideo Plankttrrr Recur.der
Scott M. Gallager and Cabell S. Davis, Woods Hole Oceanographic Institution

Program. Massachusetts Sea Grant College Program
Project Number: R/B-119-PT
Date; NA

Primary Source of Funds: Fiscal Year 1993 Zebra Mussel Federal Appropriation
Objectives
~ To modify the Video Plankton Recorder for use on a ~mall vessel in shallow, turbid water for survey

and experimental work in the Great l.akes.
To determine thc temporal and spatial distribution and abundance of zebra mussel larvae in Saginaw
Bay, relative to the physical dynamics of the water column.

~ To evaluate thc extent of diel vertical migration of mussel larvae and its potential importance as a
transport mechanism.

Species ldentifrcation of' I'.arly l.ife History Stages of l!rcissenid Mussels and  !ther
 'o-occurrinl; Bivalves in l'reshsvater and  !ligohaline Habitats
Richard A. Lutz and Brad S. Baldwin, Rutgers University

Program: Ncw Jersey Marine Sciences Consortium Sca Grant Program
Project Number: R/E-45ZM
Date: 7/1/93 to 6/30/95

Primary Source of Funds: Fiscal Year 1993 Z«bra Mussel Federal Appropriation
Objectives
~ To develop a practical way to identify larval and postlarval stages of Dreissena po/vmorphcr, D.

bug«rois  quagga mussel!, Myti opsi s teucop/taea a  dark false mussel! and other co-occuring bivalve
species and freshwater and oligohaline habitats hy using SEM and other routine optical microscopic
examination of shell and hinge form and structure.

~ To develop routine methods for rearing zebra and quagga mussel larvae through to post-larval stages.
~ To determine whether shell morphological features used for identification purposes are altered by

environmental conditions or differ with respect to the geographic location of parental .source popula-
tions.





Newly funded research projects

Remote sensing Stneli«s oI' X«hra itilusscl Impacts in siaginaw Bav
W, Charles Kerfoot and Ann Maclean, Michigan Technological University

Program: Michigan Sea Grani College Program
Project Number: R/ZM-9
Date: 9/1/93 to 8/31/96
Primary Source of Funds: Fiscal Year 1993 Zebra Mussel Federal Appropriation

Objectives
To determine whether changes in water quality caused by zebra mussels can be detected, mapped and
quantified using remotely sensed images.

~ To determine whether computer-assisted image and analysis procedures that use spectral information
can be used to quantify spatialand temporal changes in water quality variables.

~ To map and model spatial and temporal changes in water quality, caused either directly or indirectly by
zebra mussels in Saginaw Bay.

SItifts in Sottthwcstcrn Lake Miehii>an Benthic I'ood AV«b D!nan!ies Since the Inva-
sion of thc Zebra IIttssels
Nancy C. Tuchman, Loyola University of Chicago

Program: Illinois-Indiana Sea Grant Program
Project Number: NA
Date: 8/1/93 through 7/31/9S
Primary Source of Funds; Fiscal Year 1 993 Zebra Mussel Federal Appropriation

Ohjecdves
~ To deterinine how the 1992 zebra mussel invasion of thc rock reef in southwestern Lake Michigan will

affect the dynamics of the benthic food web.
~ To compare pre-1992 data on benthic algal, macroinvertebrate and crayfish composition and crayfish

diet, abundance and size class distribution with post-1992 da a.
~ To determine the relative contribution of the benthic. and the limnetic littoral communities on total

littoral zone primary production.
Preliminary Results
~ Light penetration to thc lake-bottom community has increased significantly since the 1992 zebra

mussel invasion,
~ The benthic algal community has become dominated by green lilamentous algae since the 1992 zebra

mussel invasion.

Socio-Economic Analyses: Costs k Benefits of NonindigenoIIs Species
I'resent and Expected I'.et>nomic C.'osts of Xehra Xlttssel I!amazes to '6'ater I.:sere with
 hereat I.akes 'A'ater lntakes

Leroy J. Hushak, The Ohio State University
Program: Ohio Sea Grant College Program
Project Number: R/ZM-12
Date: 9/1/93 to 8/31/95
Primary Source of Funds: Fiscal Year l993 Zebra Mussel Federal Appropriation

Objectives
~ To survey industries with Great Lakes water intakes about the annual costs associated with zebra

mussels  damage, maintenance, control, full or partial plant shut-down, plant design modifications,
research costs!.

~ To survey public organizations and researchers about annualspending on zebra mussel control research.
~ To survey researchers at public and private institutions about the feasibility of zebra mussel control research

resulting in annual cost reductions for industry.
~ To estimate the expected annual rate of return of investment in zebra mussel control research to industries

with Great Lakes water intakes.



Newly funded research projects

Control and Mitigation of Nonindigenous Species
Th«R<>l«of  .'ontit>nous introductions in Lstubli»hing Zel>r u Xlu»sel  'ol<>nie» in
Aren» A here l'.n~ironmentul Vuett>r» Muy Bc l.imiting
Mary Balcer, Univer»ity of Wisconsin

Program; Wisconsin Sea Grant Institute
Project Number: R/LR-47
Date: 7/1/93 to 6/30/95

Primary Source of Funds. 'Fiscal Year 1993 Zebra Mussel Federal Appropriation
Objectives
~ To determine whether zebra mu»sels can survive, grow and reproduce under the pH, calcium and

water temperature conditions of Duluth-Superior harbor ia western Lake Superior,
~ To esttmate how many zebra mussel veligers and juveniles are introduced yearly to Duluth-Superior

harbor from ballast water discharge and boat hull transport.
~ To explore how continuous introductions help mussel populations reach the numbers accessary for

self-sustaining population growth,
Prelimin<>ry Result
~ Wisconsin Sea Grant's Zebra Mussel Watch program has documented the presence of zebra mussel»

in Duluth-Superior harbor but has recorded only low densities of' mussel veligers and juveniles.

Ct>torirtc Wlinimizwtion and Bt>undury I.aver Ittjection ft>r Control t>l' Xcl>ra AIus»el
Fouling in Hudson River D'uter Intukc»
Vincent Guida, Lehigh University

Program: New Jersey Marine Science» Consortium Sea Grant Program
Project Number: R/E-44ZM
Date: 7/1/93 to 6/30/9S

Primary Source of Funds; Fi»cal Year 1993 Zebra Mussel Federal Appropriation
Objectives
~ To assess both the env<ronmental impact and the economic viability of using staged boundary layer

injection technology to place chlorine only along intake walls, where fouling occurs.
~ To determine the optimal level of continuous chlorine ne«es»ary to control zebra mussel settlemeat

in a Hudson River water intake.

~ To test the degree of' control, chlorine consumption and chlorine discharge associated with boundary
layer chlorination.

 'ontrt>l t>f Zehru Mussel I'cligcr» in Water Treatment Plant» hy  .'.hemical  .'.oagulant»
John E. Van Benschoten and Jo»eph F. Atkinson, SUNY College at Buffalo

Program: New York Sca Grant Institute
Project Number: NA
Date: h/1/93 through 7/3I/95
Primary Source of Fund»: Fiscal Year 1993 Zebra M~ssel Federal Appropriation

Objectives
~ To «hara«terize how coagulants affect veliger behavior.
~ To characterize the particle stability characteristics of both veliger and non-veliger particulates.
~ To identify how adding coagulants at water intakes affects solid-!iquid separation processes.
~ To measure particle aggregation/disaggregation characteristics of veligers at varying coagulant do»es

and turbulence levels.

~ To develop a model predicting how coagulant addition» would affect different water intakes,



Sea Grant outreach
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programs working a» a unified
team are the primary source of

Great Lakes information for the

general public and water users. The
extension component ol' these pro-
gram» include» more than 30 agent»
and speciali»t» who cover the U.S.
Great Lakes shoreline, The»e exten-

sion professionals are the primary
liaisons with the public. They trans-
late scientific discoveries and techno-

logical developments and transfer
them to waters users, ensuring that
society receives the maximum benefit
from research efforts, Also, through
their interactions with the public and
businesses and industries that use the

lakes, these agents identify critical
research needs and issues for their

programs. This guarantees that Sea
Grant research remains focused on

the real issues affecting society and
that the research results obtained

represent practical, "real world"
solutions to problems.

Each Great Lakes Sea Grant

program began education and public
information efforts on zebra mussels

in 1989. However, the zebra mussel

population explosion in Lake Erie in
1989 � in one year densities reached
over 30,000 per square tneter � and
the associated clogging of everything
from large electric power plant
cooling systems to engines in small
private boats created a near-panic in
the Great Lakes community, Sea
Grant's agents and communication
specialists put all their energy into
providing the mo»t current zebra
mussel information possible. This
information took many forms: videos,

news releases, fact sheets, confer-

ence», seminars, network television

»pot», newsletter», displays and one-
on-one sessions, By mid-1990. Ohio
Sea Grant agents and researchers
alone had conducted more than 200

»cminars and conferences on zebra

rnu s»e1s.

The»ix program» in the Great
Lakes Sea Grant Network carefully
coordinated their efforts to prevent
duplication and to provide accurate
information to as many people as
possible. ln this brief report, it is
impossible to describe all programs
and activities undertaken, Instead, we

have described 13 efforts that illus-

trate the breadth and scope of Sea
Grant's zebra mussel outreach

efforts. These are outlined briefly
below and in greater detail in the
pages that follow.

v The program» have produced
many important fact sheets and
videos. However, more than

300,000 copies of two fact sheets
produced by Ohio Sea Grant were
printed by Brunswick Marine and
have been distributed widely by
Sea Grant programs and 100 other
agencies.

v New York Sea Grant, in response
to many information requests from
surrounding states, has conducted
more than 125 one- or two-day
regional training sessions since
1990, primarily in New England
and the mid-Atlantic states. This

would not have been po»sible
without strong support from U.S.
Fish and Wildlife Service as the

co-sponsor of the program.

In 199 l, Ohio Sea Grant ho»ted

the first zebra mussel research

conference to enhance communi-

cation aplong interested scientists
and to provide a forum for recent
research results. This conference

has becoine a very important
annual event. A» of the 1993

conference, it i» now hosted by a
Sea Grant program or a Canadian
sponsor,

v In 1990, New York Sea Grant,

with a great deal of private sector
support, created the Zebra Mussel
Information Clearinghouse part
library and part public informa-
tion office. With its "800"

number and its newsletter, this

office provides one-slop shopping
for anyone interested in the mo»t
current research information on

zebra mussel s,

w In 1991, Michigan Sea Grant
instituted an annual conference

on zebra mussels for municipal
and industrial water users. This

provides a forum for gathering
and sharing information on
problems and solutions about
zebra mussels and water intakes.

v To slow the spread of the mussel
and to document the spread as it
occurs, the public needs to know
how to identify mussels and
report them when observed. To
address this need, Wisconsin Sea

Grant developed a color, wallet-
~ized identification card for zebra

mussel». Since 1990, more than

one million cards have been

produced, including a version in
French for the Ontario Ministry
of Natural Resources.



r Photographs and slides of exotic
species are in great demand for
educational purposes. To meet
this need, Michigan Sea Grant
created the Nonindigenous
Species Graphic» Library in 1991.
Since then, they have distributed
more than 1,200 photographs,
slides and illustrations of exotic

species,
r Illinois-Indiana Sea Grant has

developed an exceptional educa-
tion program, using 130 Illinoi»
high schools and almost 10,000
students to monitor river systems
throughout the state for zebra
mussel». The results are reported
to Illinois Natural History Survey.

r Recognizing that the nation's
science writers at

the largest
newspapers can

reach more

people than our
programs can

reach with

seminars and fact

sheets, Ohio Sea

Grant coordinated

a special zebra
mussel informa-

tion session at the

1992 conference of the Scientists'

Institute for Public Information,

co-sponsored by the Society for
Environmental Journalists in

Toronto. Major newspapers,
public television stations and
network affiliates were present,

r Sea Grant's development of
educational displays is exempli-
fied by Minnesota Sea Grant' »
Exotic Aquatics of the Great

Lakes Region display at the Bell
Museum of Natural History. This

comprehensive interactive display
was created by the Bell Museum,
with Sea Grant as science advisor,

and funding from the state. Three
copies are available for travel.
In an effort to provide concrete
information to Wisconsin indus-

tries facing a possible zebra
mussel infestation, Wisconsin Sea

Grant developed it» Zebra Mussel
Watch program in 1990. With

assistance from municipalities,
power plants, industries and four
Wisconsin colleges and universi-
ties, this project monitors zebra
mussel populations and reports the
results in the periodic newsletter
Zebra Mussel Update.
Survey» of user needs are a regular
component of Sea Grant activities,
Illinois-Indiana' s 33-question
»urvey on the information needs of
municipal and industrial water
users is a good example of Sea
Grant's efforts to address real

issues and provide real world
solutions.

Transferring the knowledge
gained in the Great Lakes region
has been a major effort of Sea
Grant. Minnesota Sea Grant' s

conference for upper-Mississippi
water users in 1992 i» a good
example. With support from a
dozen agencies from Arkan»as to
Wisconsin, the two-day confer-
ence with 250 participants wa»
successful in letting the users
know what to expect and how to
deal with the problem when it
arrives. X



Just the facts
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How did they get here? What
will they do to Lake Erie' ?

And what will they do io my boat'?
It was summer 1989 � just a year

after the first zebra mussel was di»-

covered in Lake Erie � and such

questions were pouring in to Ohio Sea
Grant.

"People called and wanted us to
tell them everything we knew about
zebra mussels," says Maran Hilgen-
dorf, Ohio Sea Grant communicator.

"We were glad to do it, but it meant
hours on the phone for the extension
agents.

"We were also receiving many
request» for speaker»," she says, "We
wanted to find some way to provide
a service without taxing the same
people again and again."

So Hilgendorf and her colleagues
posed a question: Wasn't there a
more efficient way to meet public
deinand for zebra mussel informa-

tion?

Today, the answer is clearly
"yes," Ohio Sea Grant's solution is
two informative fact sheets and a

video called Too Mttch Mussel,

Together, the three pieces form a
package. One fact sheet details the
invasion and its implications � for
both the Great Lakes ecosystem and
the econotny. The other tells boaters
how to keep zebra mussels off their
boats and out of inland waters. And

the five-minute video provides pic-
tures to accompany the words
striking visual evidence of the zebra
mussel's impact on Lake Erie,

Best of all, the information

pieces are meeting a need, both

within and outside the Great Lakes,

Hilgendorl reports that Ohio Sea
Grant has distributed more than

3 X!,000 general zebra mussel fact
sheets and 30.000 of the boaters'

version since l989. In 1992 alone,

she says, Ohio
Sea G!rant

handled more

than 800 re-

quests for the
fact sheets from

people in 43
states. She also

notes that promi-
nent television

programs � in-
cluding PBS's
"Scientific

Atnerican Fron-

tiers" and TNN's

"Fishing with
Ro1 and M artin"�

have incorporated
Sea Grant'» zebra

mussel video

footage into their
shows.

Hilgendorf
says the informa-
tion pieces began
when Ohio exten-

sion agent Fred
Snyder wrote the
first version of a

zebra mussel fact

sheet in late 1989. Ohio Sea Grant

printed and distributed the first cop-
ies to an overwhelming response,
Ultimately, the demand for copies
became so great that Hilgendorf
made a plea; could anyone help Sea
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Grant print zebra tnussel fact sheets'?
Brunswick Marine responded,

To date, the company has printed
2S0,000 of the 300,000 general ze-
bra mussel fact sheets in circulation

and thousands of copies of three
other publications � a gift worth
about $2S,000, Hilgendorf says.

"Brunswick'» generosity
allowed us to better serve our

audience, but also helped clear the
way for other zebra mussel
projects including the fact sheet
for boaters  written by extension
agent Dave Kelch! and the video
 produced by Ohio State University
Extension!," Hilgendorf says,

Today. Hilgendorf i» pleased
about the benefits of the zebra

mussel information pieces � for
Ohio and the entire Great Lakes

region.
"Wc' ve raised public awareness

about zebra musscls. And we' ve

filled an information need for the

other states in the region and many
inland states." she says. "But

probably the best outcome is that
people have become more
knowledgeable about the value of
Lake Erie. Seeing this threat to it
makes them appreciate the value
Lake Erie has for them." A

t!<><> 't'h<!<'t <. /<>nt <' r>«» > «>/>«>f >he r< /><>r> t/><» «<> < />ri></<' / <'» v/< r<'«> < M«>'i>>e  />I><>/<> /r<»» pROFII I »>«<,'«. »><,
//»<»<><i< >t C <'»/>r»<>><r»> «>n/>/<>«'<' »>«'>'«;>r>< . >



Mussel husters
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Europe is that if it's Tuesday.
it tnust bc Brussel». Appar-

ently the pace on these tour» is so
frenetic that the only way to know
where you are i» tr! a»k what day it
IS.

Let it be known that travelers

on whirlwind tour» of Eun!pe have
nothing on Chuck O' Neill. He may
be in Baltimore instead of Bru»»el»,

but the»chedule is just a» crazy.
He's up and down the East Coast,
in North Carolina one week, in

Connecticut thc next, He's on a

plane to Philadelphia, to Nashville,
to New Orleans. From Lake Cham-

plain to Chesapeake Bay. his fame
is growing. He'» fast becoming onc
of the country's favorite traveling
mussel bustcrs,

It's a tough job, O' Neill, an ex-
tension specialist with New York
Sea Grant, has a serious charge; to
bring the people in the f!ve majOr

river ba»in» outside New York state

up to ~peed about zebra musscls. To
accomplish thi». he and I'ellow agent
Dave MacNeill travel far and wide.

They cover Lakes Erie, Ontario
and Champlain, a» well as the Con-
necticut, Su»quehanna, Delaware
and Allegheny rivers and thc eastern
portion of the Mississippi River ba-
»in. They also conducted a work-
»hop in Tulsa lor those in
Arkan»a». Oklahoma, Texas and

Kansas to cover thc v e»tern portion
of thc Mississippi and the Arkansas
river». There., at the states' reque»t,

they teach divcrsc audiences about
zebra mus»els � cveryonc from Sea
Grant staff to natural resources

workers to representatives from in-
dustrial and municipal plants,

"Dave tells them about the crit-

ter. and I tell them what the critter

can do and how to control it,"

O' Neill say».
O' Neill and MacNeill started

conducting these one- to two-day
regional training sessions in 199 !.
The format is simple. hut effective.
They devote the first day to basic
questions about zebra mussel»: what
are they" .what can they do? will
they get into Iny river'? They alsO
pre»ent control options, "everything
from keeping mus»el» ol'f a boat to
keeping them out ol a nuclear power
plant," O'Neillsay»,

If thc session continues for a

second day, O' Neill and MacNeill
teach the group such things as how
to tell the difference between zebra

and quagga musscls and how to test
for zebra musscls in rivers and

lakes � basic topics in identification
and mr!nitOring. They Cram as much
information a» they can into the time
available and even bring in other ex-

pert »peaker»,
"It really i»;I 'know your ene-

my' type of approach," O' Neill says.
He estimates that he and Mac-

Neill did 125 sessions that ranged
from a few hours long to the full
two-day workshops in l990 and
l991, reaching 5,000 people in the
mid-Atlantic states and northeast.

It's this kind of impact that's so

essential in winning the battle
against zebra mussels, O' Neill says,
In fact, it was the need for more ze-

bra mussel information in the mid-

Atlantic and northeast that got the
project started in the first place.

"We didn't see all the water u»-

ers � the small-town industries, the

engineers from bigger industries
making it to the major conferences,"
he says. "And we didn't see people
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New York Sea Grant has

recently entered

an agreement with the

USDA Extension Service to

provide "teach the teacher"

training for inland state

Cooperative Extension

Services to "pass the baton"

front Sea Grant to Extension

as the mussel moves

further inland.

outside the Great Lakes basin teach-

ing people about the mussel and
wh y they sho uld be concerned."

But O' Neill doesn't take full

credit for the idea, The National Sea

Grant olTice also recognized the
need and encouraged New York Sea
Grant to pursuc it, he says.

'They wanted us to provide in-
formation that wasn't getting to
people from within their own ar-
eas."

For Ncw York Sea Grant. the

question was how to gct regional
training sessions going. The answer
lay with the U.S. Fish and Wildlife
Service. O' Neill and MacNeill pro-

posed the project, and the Fish and
Wildlife Service signed on as a
co-sponsor, agreeing to make pre-
sentations at the sessions and to pay
for outside speakers and any printed
material».

"This is a unique, strong
collaboration," O' Neill says. "It' s

important that we' re doing these

ses»ion» with the Fish and Wildlife

people. even though we' re not from
the same parent agency."

Today, O' Neill reports that the
training sessions are working out
well for all involved.

"We'rc working very closely
with the mid-Atlantic and New

England Sea Grant networks and
we' re bringing them up to speed
fast," hc says.

Fast indeed. In March, O' Neill

trained members of the

mid-Atlantic network; in April of
1992, he trained New Hampshire/
Maine Sea Grant and Louisiana Sea

Grant. He's confident that because

they' ve learned from the Great
Lakes' experience, they' ll know
what to do about zebra mussels

when the time comes.

"They won't have the headache
ol' having to figure out what to do
They can just act."

Nancy Balcom, extension edu-
cator ifl fisheries and aquaculture
with Connecticut Sea Grant, agrees,

"The sessions are great," she
says. "In terms of time and value,
many of our participants said it was
the best workshop they'd ever been
to. It bumps you up the learning
curve real fast,"

O' Neill sees New York Sea

Grant benefiting, too,
"We' re reaching an audience

that didn't know Sea Grant existed,

forging a lot of good linkage»," he
says. "Media and federal agencies
are getting to know us better.
They' re starting to realize that Sea
Grant has so much good informa-
tion to give them.
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it happens; the invasion of the.
zebra mussel people. Their

experiments and projects tempo-
rarily tucked away, scientists,
graduate students, business execu-
tives and resource managers from
California to Connecticut converge
by the hundreds for an intensive
week of zebra musseling � every-
thing from the ins and outs of

spawning to zapping the bothersome
bivalves with ultraviolet light. The
occasion? The annual International

Zebra Mussel Research Confer-

ence � sponsored, in part, by the
Great Lakes Sea Grani. Network.

For those interested in zebra

mussel» � both researchers trying to
understand them and industries try-
ing to get rid ol them � it's the ma-
jor event of the year,

"The conference is the main net-

work for getting results of zebra
mussel research," says Indiana
University-Kokomo biologist Dave
Garton. "It's very valuable."

And it's growing. The first con-
ference, hosted in December l990

by Ohio Sea Grant, drew an audi-
ence of nearly 200 f'rom 20 states
and Canada and included 34 presen-
tations on zebra mussel biology,
ecology and control by nearly 90
authors. Audience members includ-

ed prominent scientists from Cana-
dian and American universities, as
well as a member of the Ohio legis-
lature and a writer from Time maga-
zine,

The second conference, hosted
in November I 991 by New York

Sea Grant, drew an audience ot 361

from 29 states, the District of'Co-

lumbia and Canada and included 70

presentations by nearly I SO authors,
For Ohio Sea Grani. extension

agent Fred Snyder, who helped or-
ganize the first conference, these
numbers prove what many sus-
pected all along: that zebra mussel
research wartants its own forum,

He says Ohio Sea Grant initi-
ated thc first conference to ensure

that there would be such a gather-
ing.

"There was no forum for re-

searchers to exchange their findings
about zebra mussels," he says. "It
was a big problem."

Snyder says it was no easy job
solving this problem. It took some
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furious fact-finding to pull it off.
"We had to find out who was

doing zebra mussel rcscarch, who
had findings to present and who
would be interested in that informa-

tion," he»ay». "We had a lot of
ground to cover in a few months."

But Snyder is quick to credit hi»
colleagues within the Great Lake»
Sea Grant Network with coming to
hi» aid.

Through the cooperation of the
communications network, he says,

the conference wa» promoted to
many major media outlets, re»ulting
in coverage on NBC News and the
Today show,

But more importantly, Snyder
»ay», the first zebra mu~~el confer-
ence showed the necessity of good
information flow among»cienti»t»
and served as a model for»ubse-

quent conferences.
Today, the conferences high-

light Sea Grant's position in the
»cientific world, identifying it a» a
major player in zebra mussel re-
search.

"Our credibility and visibility
have increased," he says. "And it' s
likely that the conferences have in-

spircd more and hetter propo»al» for
zebra mussel research."

But beyond the benefits for Sea
Grant, Snyder believes the con-
ference» ultimately make for better
science � and hetter problem-solv-

ing.
"Through the zebra mussel

research conference~, scientists in-

teract with each other and can poten-
tially collaborate and cooperate in a
way they wouldn't have done other-
wise," he says.

Dave Garton agrees.
"One of the real benefit» of the

conferences i» definitely collabora-
tion," he says. "Another i» the rapid
dissemination of knowledge about
zebra mussels, The conference fits

in that gap between when a project
is completed and when the results
appear in print,"

"Also, it's useful in that we uni-

versity scientists can meet with our
counterparts from industry and gov-
ernment agencies." Garton says.
"From my point of view, I get a lot
of interaction I normally wouldn' t
have on my campus."

Fortunately, all these benefits
wil! continue. In l 994 and beyond,
Sea Grant will join with Canadian
conference organizers to offer one
conference each year. The fourth In-
ternational Zebra Mussel Research

Conference is scheduled for March

7-11, 1994, hosted by the University
of Wisconsin Sea Grant Institute.

Garton is looking forward to it.
"It will be my chance to gct the

latest information about the state of

zebra mussel research," he says.
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Zebra Mussel Information

Clearinghouse. Dr. Dan Molloy
is visiting from the New York State
Museum at Albany, wading through
a hefty stack of journal articles,
scanning papers for that elusive
something from someone else's re-

search that might help him with hi»
own. Administrative assistant Jean-

ine Munn is taking requests for
inter-library loans and journal arti-
cle copies on the I-800 line. And di-
rector Chuck O' Neill is reviewing
submissions for the upcoming issue
of Dreissena polymorpha Informa-
tion Review, the clearinghouse's
research-oriented newsletter.

This is the hybrid known as the
Zebra Mussel Information Clearing-
house � part library, part public in-
formation office. For its part, the
library features a collection of 1,400
zebra mussel research papers from
peer-reviewed journals, including
nearly 400 in Cyril lie. And for its
part, the bimonthly Dreissena poly-
morpha information Review is the
only place in the Great Lakes to
find preliminary zebra mussel re-
search findings. It has 500 subscrib-
ers in 40 states, four Canadian prov-
inces, The Netherlands and Hong

Kong,
If it seems that the clearing-

house leads a bit of a double lit'e,

it's no wonder � even its ofttce is

cut in two. The site is the old library
at SLtNY-Brockport, the biggest and
oldest building on campus. Half is
in its original state, complete with
stacked shelves and crowded read-

ingg table«. The other half ha» bee n

converted to ofttces bustling with
pub 1 i shing an d information ope ra-
tion», telephones ringing, printers

whirring.
Fortunately, the Zebra Mu»sel

Information Clearinghouse and its

small corps of employees see plenty
of activity on both «ide», «ay» direc-
tor Chuck O' Neill. Since it began in
l 990, the clearinghouse has tripled
the number of research papers in it»
collection and has distributed

14,000 copies of Dreissenu poly-
morpho Information Review. Fur-
ther, in l991, it handled nearly 900
information requests from people in
37 states and four Canadian prov-
inces; in 1992, the clearinghouse
served 1,000 people from 40 states
and five provinces.

People who use the clearing-
house are "folks of allstripes,"
O' Neill says. The largest user
group» are consulting engineers,
researchers and government em-
ployees, followed closely by
industrial employee~, There's a lot
of diversity, even within categories.

"We work with everyone, from
the guy who's got a cottage on Lake
Erie and is concerned about zebra

mussels to officials with EPA, the

U.S. Army Corps of Engineers,
Ea»trnan Kodak and Xerox," says
O' Neill who characterizes the clear-

inghouse as a liaison.
"We act as a broker, putting re-

searchers in touch with each other,

putting industry and utility research-
ers in touch with a basic theoretical

scientist," he says. "We also try to
help smaller operations gain exper-



ti»e. We put the consulting engineer
who just designed a power plant in
touch with the engineer for a power
plant that pump» ju»t »ix hour» a
day."

According to O' Neill, there was
a real need for the clearinghouse,
even before il began. Researchers
were f'ru»lrated by how little they
knew about zebra mu»»el» and how

difficult il was to find good, current
i n formation.

'They could only find a few
thing» ca»ily. and those were written
in 1954 and didn't »ay much,"
O' Neill »ay».

Seeing a potential need that Sea
Grant could fill. New York Sea

Grant approached the Empire State
Electric Energy Research Corpora-

fj tion and a»ked il» scientists whether
their zebra mussel research inf'orma-

tion was adequate. They gave a
resounding no.

"They said they had a pressing
need tor more inf'ormation, and that

if we wanted to»lart a technical li-

brary, they'd help bankroll it,"
O' Neill says.

Sea Grant accepted. Additional
grants from Ea»trnan Kodak, the
Monroe County Water Authority, the
Great Lake» Sea Grant Network and

New York Sea Grant helped the ze-
bra mu»»el clearinghou»e become a

reality,
Today, lhe benef'it» of the clear-

inghou»e are clear.
"There's a lot of collaboration

going on between researchers and
engineers. I don'l think that happens
unless there's a clearinghouse,"
O' Neill say».

The U,S. Fish and Wildlife Ser-

vice, for example, has used clearing-
house information on zebra mussel

sightings to develop its own comput-
erized geographic information sys-
tern map of zebra mussel »ightings,

The New York State Mu»eum'»

Dan Molloy, f' or one, is enthusiastic
in hi» praise for the clearinghouse.

"I can'l speak well enough of it,"
he says. "It's extraordinary in how it
pulls all the zebra mussel literature
together. It's personally saved me an
inordinate amount of research time

and ha» speeded up general commu-
nication about zebra mu»»els."

O' Neill emphasize» that the

clearinghouse benefits people outside
New York as well,

"We' re putting researchers in
touch with each other, but it's more

than that," he says. "Our providing
this service means that each Sea

Grant program can use the money
it's receiving on things that are im-
portant to the people of the state.
They don't have to spend a major
chunk reinventing the wheel."

O' Neill relishes the role New

York Sea Grant plays in providing a
service for the region. He's even tak-

ing steps to improve it. Currently,
O' Neill and company are creating an
electronic form of the ever-expand-
ing zebra rnu»sel research bibliogra-
phy. It is now available to U.S, and
Canadian electric utililics on

EPRINet and they hope to have it
available to Internet. users early in
f994. They' re also creating a master
list of all zebra mussel research that' s

been funded by Sea Grant, the gov-
ernmenl or private sources, And
O' Neill has a scientist formerly asso-
ciated with the Ukrainian Academy
of Sciences translating a Cyrillic bib-
liography into English.

For O' Neil!. it's all part of run-

ning a good clearinghouse.
"Scientific research without an

outlet to u»er audiences is research

tmly partially appreciated," he says.
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Warren Isaacson has taken

out an insurance policy. It has
no deductible, no terms, no promise
of compensation. But for 1saacson,
water department superintendent for
the city of Escanaba, Mich., it's a
keeper, His insurance policy is a
presentation about minuscule mi-
crobes that could someday become
tiny zebra mussel assassins. It's an
update on government regulations
on molluscicidcs; it's a helpful chat
with colleagues over drinks. It' s
Michigan Sea Grant's zebra mussel
conference for municipal and indus-
trial water users.

No conference can completely
ensure against zebra mussel infesta-

tion. But for Isaacson and about 200

others annually, the conference does
ensure that they have thc latest in-
formation on key issues.

The format is straightforward.
Scientists, resource managers and
government officials come from

around the country to speak to an
audicncc of water managers from
both private industry and city facili-
ties. The crowd includes such big
names a» Detroit Edison, Morton

Salt Co., Michigan Department of
Natural Resources and Exxon. They
all gather at the Kellogg Center on
thc Michigan State University cam-
pu» lor two days of give and take,
discussing new findings in zebra
mussel biology, monitoring and con-
trol techniques and regulatory impli-
cations, Some participants are
already facing zebra mussel infesta-
tion; others, like Isaacson, arc there

to prepare for it.
The speaker» include experts

from within Sea Grant, but also

prominent researchers from other
organizations, says Chuck Pistis,
Michigan Sea Grant extension
agent. Renata Claudi lrom Ontario
Hydro, Wayne Weiner from Mary-
land Sea Grant and Dan Molloy
from the Ncw York State Museum

are just a few who have been fea-
tured since the meeting» began in
1991.

Pistis says the conference is
simply a local, more convenient
variation on the standard profession-
al meeting. Thc need for a conler-
ence with a local spin occurred to
him, he says, after he came back
from a zebra mussel conference in

Rochester, N, Y, He knew the big

conferences were valuable, but also

knew that local Michigan water us-
ers didn'  have the time or the mon-

ey to get there, Responding to what
he saw as an "educational need," he

and fellow Sea Grant agent Steve
Stewart proposed a zebra mussel
conference for Michigan, The I'irst
one was held in January 199 I.

That meeting was well-received,
as were thc next two, Pistis says.
Participants rated the 1992 and 1993
conterences a 3.3S on a scale ol' 1-4,

I meaning poor and 4 meaning ex-
< ellenl.

Pistis says the biggest reason for
the high marks is that the conferenc-
es save people money.

"At the conferences, peers talk
to each other about what they' re do-

ing, If one has a proven track record
in dealing with a certain problem,
just sharing that with thc other saves
money." he says.

lsaacson echoes that sentiment.

"The value of these conferences

is that wc all stay up-to-date. As a
result, we don't spend money on
something that's not worthwhile."

Beyond the dollars saved, Pistis
also sees intangible benefits for the
entire region, Sea Grant included.
Th» conferences serve almost as

mixers, ways ol' introducing partici-
pants to S»a Grant. p»ople and ser-
vices from all the Great Lakes

states.

Pistis says thc result is an
enhanced image of Sea Grant and
more healthy dialogue about zebra
mussels.

"Because of these conferences,

the people in Michigan and the
region involved with zebra mussels
talk to each other a lot more," he

says, "There's great value in that,"a
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Great Lakes. They' re spread-
ing into the mid-Atlantic re-

gion. Soon they may be in Califor-
nia.

If you guessed zebra mussels.
you' re right � kind of', These
fast-spreaders are Wi»con»in Sea
Grant's zebra rnu»»el inf'ormation

cards. They' re 4.5- by 3.S-inch
flier-type cards small enough to fit
in a wallet. Thottgh tiny, they' re
full of information. On thc outside.

two-color photographs show thc
mollusk's tell-tale markings: thc
brownish-yellow striped pattern
and D-shaped shell. Inside, readers
learn about the multi-billion-dollar

threat zebra mussel» pose, how to
identify them and how to report

'7 sightings,
Best of all. these cards have

spread even faster than the mussels
themselves. Wisconsin Sea Grant

communicator Stephen Wittrnan
reports that nearly one million
cards have been printed since the
project began in 199 !, In l 992
alone, Wisconsin Sea Grant pro-

duced ynore than SNO, �0 cards. in-

cluding more than 110,00 ! for
other Sca Grant programs in the
Great Lakes  custontized f' or each
state! and almost  s,0 � for the

Nashville of'f'ice tif the U.S. Army

Corp» of Fngineer»,
Wisconsin Sea Grant provides

these cards to any group that's in-
tere»ied, at cost. Most card carriers

re»ide in the Great Lakes region,
but Wittman report» i.hat hc's also
filled sizable orders for programs
in thc Mid-Atlantic Sea Grant Net-

work, the Lake Champlain Basin
Program and the Tcnncssce Shell
Company, the nation's leading ex-

porter of corn fnercially harvested
freshwater mussels. Wisconsin Sea

Grant has cvcn produced a version
in Canadian French for the Ontario

Ministry of Natural Resources.
According to Wittman, the

cards sprang from a need for funda-
mental public awareness about
zebra mussels � both how to iden-

tify them and why it i» important to
do so. The idea took root after Wi»-

con»in Sea Grant graphic designer
Christine Kohfer»aw a lyme tick
identification card produced by the
Wisconsin Department of' Natural
Resource» and asked 'why not ze-

bra mussels?"

Four years and thousands of
copies later, the card» are a clear
success, Wisconsin Sea Grant has

printed morc cards than altnost all
previous publications combined,
and total distribution is among thc

largest of all Sea Grant zebra mus-
sel publications. Also, Wittman

continues to re-

ceive dozen~ of

inquiries about
the card from

industries and
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Sea Grant and you' ll find
zebra mussels, ruffe, »piny

water fleas, sea lamprey, shoots of
Eurasian water milfoil, stalks of

purple loo»e»trife, tobe-nosed goby
and alewive».

There'» no genetic tinkering go-
ing on here, and it's not an aquatic
exotic species convention, These in-
habitants are photographs, slides
and illustrations, some of the mern-

bers of Great Lakes Sea Grant

Network's Nonindigenous Species
Graphics Library.

According to Carol Allaire. a
Michigan Sea Grant writer and
editor who helped develop the col-
lection, Michigan Sea Grant has
distributed more than 1,200 photo-
graphs, slides and illustrations of
exotic species since the graphics
library began in 1991. Because most
people who call the library want
camera-ready graphics of the zebra
mussel, the collection i» zebra

mussel-heavy, It includes more than
100 shots of zebra mussels encrust-

ing everything from an unsuspecting
crayfish to a Lake Michigan ship-
wreck.

Most requests come from gov-
ernment agencies, industries and
other Sea Grant programs, Allaire
says. The U.S. Army Corps of Engi-
neers, for example, has used slides
in staff training presentations, and a
Cleveland-based BP Oil executive

has used slides and photo» in pre-
sentation» at corporate headquarters
in London.

Though they' re not the largest
user group, prominent museum» and

media organization» al»o use the
»ervice. Library graphics have
appeared at the Kohl Children' »
Museum in Wilmettc, Ill., the Bell

Museum of Natural History at the
University of Minnesota and in
Science and National Fisherman

magazines.
Requesters can borrow the

graphics from Michigan Sea Grant
and return them at'ter a two-week

lending period or can purchase cop-
ies for a nominal fee. To get the
word out about the library, Michi-
gan Sea Grant distributes library
catalogs and color promotional bro-
chures at various conferences and

tneeting».
For Allaire, the creation of the

graphics library was an example of
Sea Grant at its best. She says the
Great Lakes Sea Grant Network

saw the spread of zebra mussels and
the accompanying media stories
and presentations about it, antici-
pated a need and began filling it,

"We just asked ourselves how
we could best meet this need and

began doing it."
For Roland Hamborg, an envi-

ronmental

graphics to use for my pre»enta-
tion»," he»ay». "It looked like the
only option I had wa» to make cop-
ie» from a few magazine article»,
which wouldn't have worked well at

all, The graphic» library made ev-

erything work very smoothly."
Allaire is pleased about the

graphics library's benefits, for the
public and for Sca Grant.

"The public can actually u»e our
graphics to get a good look at non-
indigcnous species and identify
thcrn," she says. "And for us, the

graphics library provide» a good op-
portunity to make contact», contacts
that give u» a chance to promote
other Sea Grant services and pro-
grams," she says.

"In this way, we' re not only
helping inform people about nonin-
digenous species, but we' re also
helping people learn about other
Sea Grant »ervice» and products
they can use." >
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Leslie Kilver and Michelle

Smith 1'rom Janet Franklin's

10th-grade biology cia»» are on a
barge that'» permanently anchored
at the Central Illinoi» Power Sy»tern

f.tcility on the Illinoi» River.
Notebooks and sampling jar» in
hand, they look like two typical, if
young. field scientists. Tension
build» a» they reel in about four feet
of rope and pull up a curious-
looking contraption a series of
four successively larger layers of
plastic plates attached to a steel
cable. They huddle to inspect the
plates, The evidence is clear, Onc
girl smiles; the other groans.
They' ve discovered zebra mu»»els.

Franklin's students from

Mcrcdosia-Chambcrsburg High
School in Meredo»ia, Ill.. are some

of' the youngest »oldier» in the battle
against zebra mussels, They' re part
of the Illinois Rivers Project. an ef-

fort fhat involves 130 Illinois high
schools and almost 10,000 students

in gathering data on thc Mississippi,
Illinois and other major rivers and
lakes in thc state,

Though thc project has been
around for three years, the zebra
mussel monitoring component is a
new addition. Credit, in part, be-
longs to Illinois-Indiana Sea Grant
research coordinator Glenn Stout for

suggesting the idea and to
Illinois-Indiana Sea Grant for pro-
viding financial support.

According to Cindy Bidlack,
project coordinator for the Ill inoi»
Rivers Project, the zebra mussel

monitoring effort is pretty straight-

I'orward, School group» set monitor-
ing device» out in late March, Then
over the course of the next eight
month», they vi»it the»itc» every
two weeks. When zebra mussels are

I'ound, student» notify Bidlack or
Doug Blodgett, associate biologist
with Illinois Natural History Sur-

vey�' s long- term resource moni to r-
ing program, Some students also
send prcservcd mussel samples to
Blodgett. The cycle ends in Novem-
ber, a» weather condition» dictate.

The project is young, hut
Bidlack emphasizes that it has pro-
duced some significant results for
both scientist~ and students. Ten

»chool». including Meredosia-Cham-
ber»burg, reported mu»»el »iting» to
Illinoi» Natural Hi»tory Survey in

1992. In addition, Illinoi»»chool»

have embraced the project, »he»ay»,
and have worked it into student life

in many different ways. At some
»chool». the entire I'ir»t-year class
goes monitoring for zebra musscls;
at other», only upper-level biology
students participate, Franklin's stu-
dents at Mcrcdosia-Chambcrsburg,
for example, try to culture the little
rnollu»k» in a<luaria and ultimately
hope to capture the zebra mus»el's
entire life history on videotape.



prospect.

"I called

the Illinois Riv-

ers Project from
Rochester," he

says. "I

couldn't wait,"

Things
moved pretly
quickly after
that. Materials

lo build the

monitoring de-
vices were dis-

tribute two

In Bidlack's view, this project is
providing a real »crvicc, Govern-
ment agencies facing stiff cutback»
need help where they can get it,
"people to act a» their eyes."

At the same time, »ay» Bidlack,
students need to gain an awareness
about water quality and all the other
environmental is»ue» that they will
be voting on «» adults.

Franklin, too, i» enthu»ia»tic,

"It's good for»tudent» to realize
that things they learn in school have
a bearing on the real world. It' s

been a very good experience for
them."

lt wa» u vision of thcsc kinds of

benefits that led Stout to suggest the
project. Thc idea hil him while he
wa» attending thc second Interna-
tional 7cbra Mussel Research Con-

ference in Rochester. N.V., he says,
Talks he heard there confirmed his

evaluation that zehra mussels would

spread down the Illinois River from
Chicago to St. Louis. He knew high
schools in the area were already do-
ing water quality sampling. Why

couldn't they

keep an cye on
zebra mu»»el»,

too?

Stout ad-

mits hc wa» ex-

cited about thc

u> the weekend mccting tr> train the
teachers attending h<>w tr> u»e the
device» correctly. The»chool» took
it. from there.

Today, Stout and Brdlacl »cc
niany of their hope» for the project
coming true. It's been favorably rc-
ccivcd at meeting» and symposia
from Sweden to Japan and was re-
cently included in a feature story in

/Varir>naI Cieognrphi<. Students con-

tinue to gather helpful information
for Illinois Natural History Survey.

"They fill in the holes that can' t
hc attended to hy»taff,' Blodgett
say»,

And student intere»l remains

high, At last year's student n>ecting
t>f the Illinois River» Project, Janet
Franklin's two lOth-graders pre-
»enr.ed a»hort videotape about.
potential infestation sites within the
Central Illinois Power Systenl facil-
ity. The response was very positive,
Franklin says,

The next step is to increa»e ze-
bra mussel monitoring effort»
throughout the region. Indiana is
next. Bidlack reports that a fled-
glin effort, Water Watchers of
Indiana, i» currently underway. Illi-
noi»-Indiana Sea Grant plan» to
provide financial support.

"We' ve seen it work before,"

Stout says. "It'» just a good invest-
menl." 4
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An exotic exhibit

1IC»J 1 1 1 il ill

from Great Lakes

fisheries'>" asks a boldly

lettered sign above a display pa.nel
at the University of Minnesota's
Bell Museum of Natural History.
A pretty obvious clue is the sea
lamprey hanging from the panel,
its suction cup-like mouth affixed
to an unf'ortunate fish.

Fortunately for museum visi-

tors, this sea lamprey is no
blood-sucker; it's a puppet, and its
prey is a photograph. Along with a
trophy stuffed carp and dozens of
paintings, photographs, cartoons
and diagrams, it's part of the Bell
Museum's new exhibit titled "Ex-

otic Aquatics of the Great Lakes
Region,"

The display, which opened to
the public in 3uly 1992. is the re-
sult of cooperation among the
Minnesota legislature, the Bell
Museum, the Science Museum of

Minnesota, the Minnesota Depart-
ment of' Natural Resources, several

other state agencies and two zoos,
And Minnesota Sea Grant.

Four museum staff worked full

time for a year to create it, says
Don Luce, the Bell Museum's cu-

rator of exhibits, The finished

product is a series of 12 panels on
different exotics topics.

The form may sound familiar,
but this is no ordinary display.
"Exotic Aquatics" includes sliding
panels that kids can move back and
forth to show a lake scene, both

before and after exotics. lt has a

magnetic map of the Great Lakes
region, complete with little boati
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and cartoon characters that kids can

move around to show how exotics

spread, And it even has a giant
marsh ecosystem jigsaw puzzle with
two different solutions: a complex
one with cattail at the base of the

f'ood chain and a simpler one that
can be solved with purple loose-
strife.

All these bells and whistles be-

lie a single, simple goal � to teach,
sa s Minnesota Sea Grant writer

Mike McLean. The main thrust of

the display is to teach people that
introductions and infestations of

exotic species don't happen merely
by chance or accident � that they
happen and succeed partly because
of environmental neglect, he says.

"One of the reasons exotics are

here is because the natural environ-

ment has been perturbed. lf you

take a plow and dig up a field,
weeds take advantage of that open
space. There's really no difTerence
between a weed and an exotic that

takes advantage in a lake."
For McLcan, the display was

just what Minnesota needed to get
iti environmental groups working
toward a common goal.

"One after another, an exotic

would become a problem, the dif-
ferent groups would try to deal with
it, and they'd come up with the
same advice," he says. "The idea
was to put together a comprehen-
sive exhibit to educate people about
the interrelationships between these
problems."



Thanks to a $5 ! !,0 ! ! grant
 rom the Legislative Commi ~~ion
on Minnesota Resources, money
made available from lottery ticket
proceed~. the idea came to life. Or
at least still-lite. Minnesota Sea

Grant's invol vemenl 1irst carne

when it joined the con»ortium of en-
vironinental group» that proposed
the display to the legislature. Later,
Minnesota Sea Grant served as, in

adviser for the display's creator» at
thc Bell Museum, providing exper-
tise for the display panels on zebra
mussel», sea lamprey, exotic species

movement and

control options,

Planning thc
exhibit was a

pleasant experi-
ence and benefi-

cial for

Minnesota Sca

Grant, McLean

»ays,

"It really

was a very good
cooperative ef-
fort. M i n nesota'»

a pretty»mall
state, and the

consortium was

a pretty small
group. Most
people knew
each other, and

working rela-
tionships became
stronger,"

Ultimately,
three copies of
the display will
be available to

travel one that can bc wall-

rnounted and two that can be dis-

played free-standing.
"It'» geared for easy setup and

easy maintenance," Mcl.ean say».
The display i» booked at the Bell
Museum. the Science Museum of

Minnesota, state parks and visitors
centers until July 1993. Atter that,
it will be available 1 or loanihrough-
out the Great Lakes region,McLean
says that some Great Lake» Sea

Grant programs have proposed to
cover transport costs to bring the
display to their stale» but that final
decisions on thi» are still pending.

There are high hopes riding on
thi» display among all the consort-
ium members, McLean says. The
official goal is that one million
Minnesotans will see and learn

from it.

For Mc Lean, thi s seem» likely.
"This display will be beneficial

because student» will be able to

take a ba»ic biological problem out
of the textbook and see its applica-
tion to principles in the real
world," he says. "As for adult», it
will help them understand that the
problems al their dock may be re-
lated to the way they' ve treated
their lakeshore, that. these problem»
arcn't always caused by some
far-off shipper." McLean doesn' t
sec these lessons as limited to 1Vlin-

nesota.

"This display will benefit all
the Great Lakes states simply be-
cause there's a lot of common in-

formation,' he say». A



On the lookout
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something of a ritual. Every
week from late June through

November, John Babinec, a water

intake»peciali»t with Wisconsin
Electric Power Co. in Milwaukee,

pumpi I, � ! liters of unfiltered
Lake Michigan water through a
55-gallon steel drum. But this ii no
ordinary drum; inside i» a. funnel-
shaped mesh net with a tiny bucket
attached at the tip. The v uter
through the drum, Babinec rinsci
the net, retrieves thc bucket and

carefully pours its contents into a
sample bottle. Later, with the help
of a stereo-microscope with a polar-
ized lens, he' ll »ee the fruits of his

labor: zebra mussel vcligcrs swim-
ming around in thc water intake
sample, wriggling around under the
microscope, plain as day.

This is Wisconsin Sea Grant' s

zebra mussel watch in action, Be-

gun in spring 1990, it's a sampling
and analysis project that involves l6
municipal water intake facilities, I I
power plants, five industries and
four Wiiconiin colleges and univer-
sities, all with the goal of determin-
ing how many zebra mussel veligers
and young adults are present in
Wisconsin's Great Lakes waters.

It's a big job. To tackle it, Wis-
consin Sea Grant divides it into cat-

egories harbors and water intake».
Four Sea Grant rcscarchers and

their students handle Wisconsin's

10 major harbors. They sample at
28 different sites every two weeks,
using a mesh net to snag veligers
and plexiglass pyramids to collect
young adults.

At the»arne time, industrial and

municipal technicians sample at
their own water intakcs, recording
data about zebra mussel quantity.
size and density, much the way the
scientist» do, The end result of both

ef'forti ii a mais of helpful inforrna-
tion about where zebra mussels are,

how fast they' re growing and repro-
ducing, and how dense  he colonies
really are. Wiiconiin Sea Grant
compile» thi» information and gets it
out to the people who need it, both
in person and through thc periodic
newsletter Zebra Musset Updare.

Al Miller, project director and
assistant director for advisory ser-
vices with Wisconsin Sca Grant,

says the project began because
Wisconsin industries facing zebra
mussel infestation needed sound in-

formation about what was actually
happening in Lake Michigan and
Lake Superior, not merely newspa-
per stories and unconfirmed reports.

"Businesses don't make deci-

sions based on newspaper stories,"
he iay». "They weren't going to
spend $300,000 on control meaiures
until there was more scientif'ic infor-

mation about what was really hap-
pening with zebra mussels."

According to Miller, the

Wisconsin Department of Natural
Resources also was hesitant to begin
taking steps to control zebra mussels

prematurely.
'They didn't want to put a lot of

chlorine into the lakes if it wasn' t

necessary," he says.
Dave Michaud, senior scientist

in Wisconsin Electric Power Co.'s

environmental department. says

there was also a tremendous need in

industry for information about how
to conduct a systematic zebra

mussel watch program,
"In 1990, not many companies

had biologists on staff who were
even trained in identifying zebra
mussel»," he says. "No one really
knew what they werc looking for,"

Recognizing these needs,
Wisconsin Sea Grant responded.
Miller and colleague Cliff Kraft,
zebra mussel watch coordinator,

identified the Wisconsin harbors



and nearshorc areas most likely to
he exposed to zebra mussels, got a
list of water users in those areas and

got to work contacting them. The
response was positive,

"We talked io various indus-

tries, and they said they'd like to
have us analyze samples in their
plants," Miller says,

In working with these indus-
tries, Wisconsin Sea Grant soon

shifted out of active sampling and
into an advising role, Seeing that
the water intake technicians were

already doing many water quality
tests, Miller and Kraft decided that

the best use of Sea Grant's time

would be to teach the technicians

how to identify veligers and adults.
More than 200 trained technicians

later, Wisconsin Sea Grant is

now nearly out of the intake
sampling and analysis business;
the technicians have taken over.

Kraft says he's pleased with
the way intake technicians have
respon-ded and that he has full
confidence in their ability.

"Anybody who's doing wa-
ter quality tests in a plant is cer-
tainly able to identify juvenile
and adult zebra mussels," he

says.

Miller is pleased with the
positive response the zebra
mussel watch has received

among Wisconsin industries,
offering recent grants from
Wisconsin industries totaling
over $40,000 as an example.

"Without a doubt, the feed-
back has been very positive,"

he says. "The water user communi-
ty is very pleased with what they' re
getting, and they' re very willing to
provide financial support to see that
it continue."

Proof of this comes from

Michaud.

"When we were asked to help
fund the program this year, it was
no big deal," he says. "Sea Grant

ha» been very helpful in providing
us with baseline data that we' re

confident with and doing it relative-
ly quickly. They' ve saved us money
by producing some pretty amazing
results for a tiny nutnber of dollars.
I don't think a private firm could
have done it."

But Miller emphasizes that the
rewards aren't all financial.

"Probably the most positive
thing to come out of thi» project is
that it has opened the door between
Sea Grant and industry in the state,"
he says, "Our previous relationships
with industry were not that strong.
Now that we' re into the zebra mus-

sel issue, communications have

opened and we' re now talking about
other i ssue s."

For Miller, the Great Lakes

region also benefits from the zebra
mussel watch.

"Sca Grant has taken on new

lift.' because of the zebra mussel

effort. One program's accomplish-
ment enhances Sea Grant's image in
the whole region," he says. "It car-
ries over." <
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water users along lower
Lake Michigan have seen

zebra mussel s? Where? What are

they doing about them? Do water
users know enough about combat-
ing the pesky mollusks?

Robin Goettcl wanted answers

answers that weren't readily avail-
able.

"We didn't know what the area

water users were doing about zebra
mussels, and we didn't know if

they were getting the information
they needed," says Goettel,
communications coordinator for the

Illinois-Indiana Sea Grant Program.
So Goettel, Illinois-Indiana Ma-

rine Advisory Service leader Joe
O' Leary, former comtnunications
assistant Kimberly Meenen and
University of Illinois decision data
specialist Gail Snowdon set out to
remedy the situation.

The remedy was a 33-question
"information needs" survey. The
Illinois-Indiana Sea Grant teatn be-

gan work in June I991, determining
topics, writing questions, selecting
a random sample. Five months later
the survey was ready and was
mailed to 29 municipal and indust-
rial water users in Illinois and Indi-

ana's lakeshore counties. According
to Goettel, most of the organizations
surveyed were medium-sized munic-
ipal water treatment plant~, but the
group also included Chicago Water
Works, Commonwealth Edison and
the Great Lakes Naval Station.

The goal of the survey was two-
fold: to gather data on the ever-in-
creasing spread of zebra mu»sel» and

to act as a sort of report card � a
gauge of how well II I inoi»-Indiana
Sea Grant was meeting the area' »
information needs,

Thanks to a 93 percent response
rate, Goettel and her colleagues got
the data they wanted, Survey results
showed that 74 percent of munici-
pal and industrial water users have
seen zebia mussels at their plants in
Lake Michigan and that 80 percent
of these sightings are the result of
industry-run monitoring programs.
The results further showed that 50

percent of respondents treat the wa-
ter as a means of controlling zebra
mussel », inainly with chlorine.

"These finding» were very help-
ful because they allowed u» to get a
better handle on the scope of the in-
fe»tation in lower Lake Michigan,"
Goettel»ays.

She says that data about the
area's inforination needs also were

valuable. Survey results showed
that respondents prefer to get their
information about zebra mussels

from workshops and newsletters,
and that 73 percent think their in-
formation needs are being met.

According to Goettel, informa-
tion like this was just what Sea
Grant needed.

"Many of our efforts were rein-
forced and verified, but we also

learned about areas we should em-

phasize more to most effectively
educate the water users," she says.

As one example, Goettel notes
that several respondents asked for
more information about way» to
control zebra mussel» and how



much these methods cost. As a re-

sult, Illinois-Indiana Sea Grant in-
cluded journal articles and a list of
publication» about zebra mussel
control with the summary of results
it sent to each respondent. Future
follow-up plans include a slide
show about control inethods that

will be available throughout the
Great Lakes region.

Goettel says the slide show, to
be written by prominent zebra mus-
sel scientist Ellen Marsden of the

Illinois Natural History Survey, will
become a feature of future industry
workshops. The emphasis will be

on teaching industry leaders how to
choose the rno»t appropriate, envi-
ronmentally friendly and least ex-
pensive control technologies from
among the 50 available, Goettel
says Marsden also hopes to show
industry leaders how to implement
their chosen methods.

Goettcl say»»he hopes the slide
show will help people both within
and beyond thc bounds of the
Hoosier and lllini states deal more

effectively with zebra mussels.
"Our goal is always to ask the

questions that need to be asked and
then get information out to those
who need it,' she says.

zebra mussels
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Mussels and the Mississippi
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about it. It was early winter
1992 and zebra rnussels were

already in the lllinoi» River. It wa»
just a matter of' time before they
made it to thc Mi»sissipph

Fortunately, Minnesota Sca
Grant wa» ready with the agc-old
defense � information, If the

spread into the Mississippi couldn' t
be prevented, it could at least be un-
derstood in time. The race was on.

It was close, but thanks to the

Upper Mississippi River Basin
Association, Minnesota Sea Grant

and more than a dozen other agen-
cies from Arkansas to Wisconsin,

the upper Mi»sissippi water users
got the head start they needed in the
race against zebra musscls � an in-
troduction to them from the people
who know thcrn best the Great

Lakes water users. In early April
1992, thc two camps, 250 strong,
converged in suburban Minneapolis
for a conference. What followed

were two days of straight talk ahout
what zehra mussels are. how much

damage they can do and what can
he done about them.  I-or the record,
zebra mussel» were discovered in

the Mississippi just two month» lat-

er.!
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Resource list

This list includes material that is distributed by the six Sea Grant
programs in the Great Lakes Sea Grant Network as of December
1993. Many of the other Sea Grant programs are producing
material about the zebra mussel, too. For example, Rhode Island
�01i792-6842!. Virginia  804/924-5965! and North Carolina
 919/5 I 5-2452! Sea Grant programs alI currently have material
available. Other U.S., state and Canadian agencies also have
material available,
To order any item in this resource list, complete and mail the

order form tor the program distributing the material, Free items
are forei!rgie copies rrnlyunless specified otherwise. For prices on
bulk orders, contact the program that is distributing the material.
Please prepay a11 orders.

Resources on zebra musseIs
The first three publications provide information on how this
species was introduced into the Great Lake , areas colonized in
the I akes, what methods of eradication exist, provide» ti ps on what
you can do to slow the mussel's spread, and the impact zebra
musse1s will have on industry, recreation a»d the Great Lakes
ecosyslems.

~ Xel!r;r mrrssels i» tire  ~reat I.i!Les: 'I'hc i»r:<si<»i i«!rl its
in! plications. December 1993, Fred L. Snyrler, David IV. Garron,
and Maran Brainard. 4 pp. OHSU-FS-045, Free for any size
order. OH

~ /ebra mussels; A 1992  ; real 1.;ikes <» err ie». 1992. Avery
Klauber. 8 pp. Free; multiple copies are $,10 each, NY

~ 7el!rii niussels in the  'reat I,:rhea. 1992. 2pp. MICHU-SG-
92-700. Free. MI

%lid-Atlantic zebra mussel fact sheet. Reprinted January
1994. Barbara Doll. 6 pp. Explores the possible routes of
entry the zebra mussel might take and examines the environ-
mental characteristics that would make this area a hospitable
host, including the expansi ve estuaries and freshwater rivers
and lakes. Free. To order, write N,C, Sea Grant, Box 8605,
N.C. State University, Raleigh, NC 27695-8605,
/ehra n!usscl: An unwelcome visitor, 1993 Karin A.
Tammi. 2 pp. Describes the biology, impact and history of
zebra mussels in the United States along with identification
information and help to Rhode Islanders to prevent their
introduction into the state. $,50 To order, write R.I. Sea
Grant Information Office, URI Bay Campus, Narragansett,
RI 02882, 401M92-6842.
Zebra rnusse1s in Virginia's future. March 1993. 2 pp.
Includes the zebra mussel's physical requirements and a list
of its potential range in Virginia's waters. Free. To order,
write Virginia Institute Marine Science, Gloucester Point,
VA 23062.

'Ve»  'oil«''I'ils cliicl Qc iis zchl il »«lsse1 spi'e'iris. 1992. 2 pp.
MICHU-SG-92-702, Free, MI

' I he /r I!i"i iuiisscl <Dr<i< s<'»rr polvrr<vrpha «kr! iin» r lcoi»e
North h»!eric'<r! ii!i irlcr. 1991. Charles R, 0'!Vergil, Jr. and
David B. Macl!leill. 12 pp, NYSGI-G-91-013. $1.00 NY

~11<!'iters � Slo!'< ihc sl!i c',lrl ol /el! i",i Iiilisscls <1	 l ]!r'» ie 'i ! <!Ii!'
hri;it. too. 1993. David O. Kelch. 2 pp. OHSU-FS-054, Free for
any size order. OH

~ I<le»til! catir»! of' jr! venile Drr irxr naprrlyrrrrrrlr/rr< r!nd.Uyrilvpsis
h «< rrphaeara. 1992. David B. Maci!iei IL 3-1'old brochure in-
cludes diagrams, glossary and references for the zebra mussel
and dark false mussel. NYSGI-G-92-001, Free NY

~ /cbrri »!r!sscl ii!forni:ition r!cc ls sr».re! f<ir»iiiiiicil!a1 iii!d
i»rlustri;!I »;iter risers � s!rr»!»!i!!.s r cport. 1992. Robin Go-
errel and Gai l Sno!vdon. 8 pp. A survey of 29 southern Lake
Michigan municipal and industrial water users provided find-
ings on what types of zebra mussel information were most
needed and in what form the information could best be deliv-
ered. Free. IL-IN

  oli ii ol ol /r'hi a 111<lssr'Is in residential » a ter s1 sir riis. 1993,
Charles R. 0'i!ieill, Jr. 8 pp. $1.00 NY

~ /r l!r;! ii!iissels miry ch!« irrigatio» sister»s. 199'3, 2 pp.
MICHU-SG-93-701. Free, MI

I;iigi»ecring Votes. 1992. Philip Keillor. Free, WI
¹1;  ';!sr str!ilies of constructed lilt< r iir d intnkes. A descrip-
tion of 10 such systems in the western Great Lakes that range
from one to 100 years old. Included is information on opera-
tional experience and whom to contact  plant operators and
design engineers! for further information, plus commentary
from marine contractor» and design engineers. 16 pp.

¹2 1»liltratir!ii iiitiikes f !t vc<! Iir!gc»»tel silt!plies: I'eii-
sii!Ie'" ,A review of four 20-year-old papers that considered
design feasibility as a means of' protecting larval organisms
from entrainment in power plant and water diversion project
intakes. 11 pp.

¹3: /cbra mrrs!el  Drr'isa<'rir< pol!rn<rrphu!  lisiril!uii<iri:
Reported si/c. dcpill;illrl teillpel i!i<<re !;<riirl!Ies. A sum-
mary ot'relevant data about zebra mussels intended for project
design engineers. 7 pp.

¹4, I sii!g filtiati<»i;i»rl i»<I»ceil ii!liltration ii!trikes to
r'xr'I<rrlr o<'t«!r!isnis fr'o»!» <!ter sui!pl! s! sie»is A literature
review plus an overview of slow sand filtration and infiltration
systems. 13 pp,

~ Siinrl 1<lter intrikcs c<iuld safeguard ! ii'll » i<tel'-sr<i!plr sl!-
ten! sf<i!m /ehra miisseis. 1991. Philip Keillor.4pp. WIS-SG-
91-428-13, Free. WI

~ I!o»'I let these invarlers hij;ick ! <iur h<!!it! is a 17"x22"
humorous cartoon poster telling boaters what to do to slow the
spread of zebra mu ssels. Perfect for fishing/bait shops, Pub X6,
Free. MN

'l!on'I I!ich ul! hite1!liihers! 'Si<il! ihc /ehi'a niusscl is a 3 pp
flier and 11 "x I 7" poster. One or two copies of the flier and
poster are free. NY



Resources

/«hi il 11> llsscl ss i!tch id<'ii! it'i«!i{i<in c'ii'd. Christine Kohler and
Stephen Wittma». Wallet-sized cards have a color picture of the
zebra mussel with text describing their appearance and what to
do if you find a mussel. Free; 20 cards for $1.00. Available from
each program. Order customized cards from Wisconsin, Wl

~ /chr'i i}iusscl dist! ihuti<>»»!<ip from the latest issue of Dreis-
.sena polymorpha informatirrn review, Free. NY

~/chr! r»»ss<I <lrsti-ih«tio» iii sii<lii ii». Free. MI
Zebra mussels: From spawning to settlement, January 1994,
20-miuute video shot through u microscope shows musscls
spawning naturally and induced. Voice-over provides detail».
$15.00. OH

~ /ch>.;»»}<sicls. I993. Produced by New York Sea Grant and
PBS-affiliate WLIW, Long Island as 30-minute show. $12.00.
NY

~ I'r<>tcciin<r y»ur hoot I'ri>m zebra }!russ< ls. Revised 1993. This
15 minute video give~ pointers on how to prevent damage to
your recreational boat and tips on preventing the spread of the
mussel to inland waters. $10.00, NY

~ 'I'<><> i»ucli »!iisscl, January 1991. This 5.5 minute video  VHS
format! provides an overview of the impact of zebra mussel» to
Lake Erie, $15.00. OH

'r!cl!i".! }>>r>sscl lc ii!}>'< s. Collection of 90 second feature stories
produced by Outreach Communications TV at Michigan State
University. Contact Carol Swinehart at MSU 517/353-9723.
$10.00.

~ Ni>»ir!<iigcrioiis S pccics  'rai!hics I.ihrai s contains slides,
photographs and illustrations of zebra mussel s and other aquatic
nuisance species. Also includes a videotape resource list, Con-
tact Michigan Sea Grant at 313/764-I I 38 for more information.

Resources on other species
~ X I>eld g}}i<i< io;«i<i<itic cxr>tic pi;»its iii}<I iii!i}ii;ils. 1992.

Developed by MN Sea Grant. MN DNR and Bell Museum of
Natural History. 10-page, four-fold, color brochure describes
eleven common exotics in the Great Lakes region. Pub X9.
Free. MN

'Iii<>l<ig!;ir!<11>«i i«iii il in}p i«is <> 'thc ru<hl in the 'i crit I.i!I < s.
October 1993. David MacNei ll. 4 pp. Free. NY

'Ihc Rul'I'c }r!!asion, trio>»rr iphalas r<rriiros. 1993. ltrlrke
ltilcLean. Describes the aggressive, perch-like fish found in
Lake Superior. This invader was first identified in the St, Louis
River in 1987. It is now the most numerous toruge fish in the
estuary and its range is expanding. PUB X7. Free. MN

~ I:I'I'« ts «I'siri<}y tiiil«I ltythrrrr'<'t!lr<'s <»i  .'r<sit Liil cs 11}sI>. 1993.
D. Rae Barnhisel. Explains affect of Bythotrephes on fish
predation. 2 pp. MICHU-SG-93-704, Free. MI

~ 1!<iii'I lci ex«ties ri<ic >s iil} s i>u. 1992. A simple card explaining
four major exotic» that threaten our lakes and rivers and what
boaiers and anglers can do to prevent their spread. 2 pp. Free for
any quantity, Available from each program. OH

~ I he sl! i» s»:>ter 11<",i. B vrhoiri'pl><'s: A i! cis c<i}tier t< i ihc   I re;it
I.i<h< s. 1991, David J. Berg. 2 pp. OHSU-FS-049. Free. OH
p>}}s trill«<I Brit>rill'<'5!!rc5: lis Ill<.' Ilrst<rr s i}}}d «Ilects o}1 the
 .r'<".ii I,:ii cs. 1990, Carla E. Caceres and John T. Lehman.
Explains the anatomy, reproductive cycle and behavior of
Bythorrephes and how this exotic may affect the Great Lakes
ecosystems. 7 pp, MICHU-SG-90-700. Free. Ml

I '}cil}c 8;!I<i»in iri tlic  ;re}it I. }hcs: I'he Iiisiors;ind futu} e,
1986. Warren Down.s, 5 pp. WIS-SG-86-149, Free. WI

~ Sc:i I.;!r!}pr'es: Iris;idcr <if' il}c  irci!t 1.:ihcs. 1982. Warren
Drrivns, 8 pp. WIS-SG-82-138, $.50. WI

la it i! w Il it<,' hil, is l>l' 'i » I iiic 1>«re h" .Reprinted 1991. Fred L.
Snyder. I p, OHSU-FS-005. Free, OH

'  ret I l}}g t< i I< I'low s oil t crlis'I} i I.!}i<i.' I'.l I<.', >}Il}}!orl}<l }dc<}ill !ca-
}i«i!. Reprinted 1991, David O. Kelch. 2 pp. OHSU-FS-03 I.
Free. OH

Scientific publications oII zebra mussels
~ "Bi<>ir> 's <!f recent i}!s erti lir'i! i« i>ical ing si!ccics ii! ihc  'rc'ii

I akes: I he sI!i}!s u:it< i. Ilc i.ltitl«rtrr ph<s < crt< rshvrerni;iri<l
the r< hi",i r»<>is«i. l!r'<iss< rrrr prrlyrnarplra" by David W.
Garron, David J. Berg, Arm M Stoeckmann and Wendell R.
Huug reprinted from Bi<riogi<al Pollution. The Contr<!i and
lmpa< r of Invasive Exotic Species, Bi ll ltrlcKnight ed:!, pp. 63-
84, 1993. OHSU-RS-165. Free. OH

'-I cd!iced sr}rs isiil ind I}in«as in r!irti! c hivi!ives in response
io I'<>«ling hs thc i»t! »du«cd rehr a mussel {Dr.<i ss< rra pr!lv-
rrr<rrph<r I in sscstcrn I.al c I',rie' by Wendell R. Haag, David
J. Berg, David W. Garton and J.L Farri s reprinted from Can
J Fish and49uur Sci 50  I'!:13-19, 199'3. OHSU-RS-157, Free.
OH

~  'hoi!gcs iii pl,'!}!hio»i< di:iioius;i}}d ss';!tcr tr;iiisp:ircncl in
11;itchcr s li;rs, II'irss Isl:in<i Xrc:r, U'«stern L'iikc I.ri» since
 lie I'si:!htish}ucnt <if'ihc rcl>r'ir iuusscl" by Ruth E. Holland
reprinted from J Grear Lakes Res 19�!:617-624, 1993.
MICHU-SG-93-306, Free, MI

~ "I''.IT««is <il'dcionizcd ssatcr <«! s iahility of tl}e zebra miissel.
lrr<isscrrn pr!lir>rrrrptr<r" by J.L. Runr and J.U. Walker re-
printed I'rom Comp Biochem Physiol 105C�!:409-414. 1993.
MICHU-SG-93-304. Free. MI

~" I'hc zeh}i! }}}rrss«I {Dr<iss<'rra pr!l!mr!>1rlr<rh u }!css pest il!
Noi'ili Xi!}ci lc'l: Ie<'l	'<!<Ii!<.'tive }}1<.'ch'll!>s}1!s 'i'.i ir<>ssil!lc
11 gets of co»tr ol sir itcgics" by J L. Ram, P. Fong, R P.

Crnll, S.J. Nr'<:hola and D. Wall reprinted from invertebrate
ReproductionandDevelopment22:1-3 �992�7-86, MICHU-
SG-93-303. Free. MI
1!ii» <11!lg }}I il}<.' /chi il fr}iisscl {Dr<'iss'i'rrir pol!'rr!r!llrlfi<!:
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Resources

Newsletters
~ /!re'risc rra /nrlvrnar/r lrrr irr fr r rr»:it ion re i ieu. Summaries of research, meetings, leg-

islation and sitings of the zebra mussel for the interested professional. 13imonthly.
$60,00 annual subscription rate includes other benefits. Contact Zebra Mussel
Clearinghouse at 800/285-2285.

+lr lrra nrrrs>e  npdalr reports on the status of the zebra mussel invasion in the region,
zebra mussel-related research, upcoming conferences, new publication, etc. Written
by Clifford Krnfr, Published irregularly; Free. WI

'l'o order material frorrl the Great l,akes Sea Grant Network

I I.- I s
lllirrrris-Irrdi;rua Sc;i  irirr>t I'rogram
University of Illinois
65 Mumford Hall
1301 W, Gregory Dr.
Urbana, IL 61801-3068
217/333-9448

Nerr l or k Seu  il'arrl Instittlte
SUNY College at Oswego
Swetman Hall
Oswego, NY 13126-3599
315/341-3042
800/285-2285

'  I l

i'srlichig;rrr .ic;r  'r;mt  'rrllr.'gr.' I'ro" r'rm
University of Michigan
2200 Bonisteel BI vd.
Ann Arbor, Ml 48109-2099
313/764-1138

 	1
 !hirr srea  lr;mt  'nllepe Pnrgrirm
The Ohio State Uni versity
13 l4 Kinnear Rd.
Columbus, OH 43212-1194
614/292-8949

M'I

Sl."l  i r" I r! I lllsti tutu

University of Wisconsin-Madison
1800 University Ave.
Madison, WI 53705-4094
608/263-3259

.'rl 5
l linnesrrta Sea  ~rrrrrf  'rrllege Pl' rgl rr 111
University of Minnesota
l 518 Cleveland Ave., N,
Suite 302
St. Paul, MN 55108-60 ! 1
612/625-9790

The following Sea Grant program newsletters cover Great Lakes issues, education,
environment, economic development, fisheries and aquaculture activities in each state.
Conferences, publications and journal articles may also be listed, Contact your closest
Sea Grant program for a subscription. Some prograins also produce additional topic-specific
newsletters.

The HFL3I, issued quarterly by Ill i nor's-Indiana. Free.
~ Upwef lings, issued quarterly by Michigan. Free.
~ The Seiche, issued quarterly by Minnesota. Free.
~ Coastlines, issued quarterly by New York, Free.
~ Twine Line, issued bimonthly by Ohio. $4.50 a year.

Each i~sue includes a zebra mussel update,
~ Iirtorrd Drift, issued monthly by Wisconsin, Free.
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Where Will the

Zebra Noszel invade?

E Objective

9 Student Preparation

Time Needed

1 class period �5 - 50 minutes!

Teacher Preparation

0 I
0

Rctivity Instructions

Students will work in small groups to communicate and analyze scientific data
on zebra mussels and water quahty. Using this information, each group wil]
predict the likelihood of zebra rnussels becoming introduced and established in
various aquatic sites in Virginia.

Students should have a basic understanding of pH, temperature, and calcium
content as measurable characteristics of the water in aquatic habitats. They
should understand that "parts per thousand" and "parts per million" refer to
the concentration of chemical substances present in a body of water.

Materials Needed  for each group of 4- 6 students!

From the "Student Activities" section:

Zebra Mussel Biology
Zebra Mussel Critical Habitat Needs

Zebra Mussel Impacts
Zebra Mussel Study Site Data Cards  one set of 6 data cards

per group!
Zebra Mussel Study Site Report

Optional: Virginia highway map  one per group!

1, Read the information in the "Student Activities" section and the supplernen-
tary reference materials provided in the packet to familiarize yourself with
zebra mussel s and their impact,

2, Duplicate the Zebra Mussel Study Site Data Card sheets.  You will need one
set of 6 cards for each student group.! Cut the data cards apart and put each
set of six in a separate envelope, or paper clip them together.  If the cards
become mixed up, the small number at the bottom of each card will help you
put the sets back together.!



3. For each group, duplicate one copy of the other four pages  " Zebra Mussel
Biology," "Zebra Mussel Critical Habitat Needs," "Zebra Mussel Impacts," and
"Zebra Mussel Study Site Report" !. If you wish, give the "13iology" sheet to
each student to read before class. You may want to make overhead transparen-
cies of the "Critical Habitat Needs" and "Impacts" sheets and display them for
reference during the activity.

4. If students are not already familiar with the concept of exotic species, decide
how you will relate the zebra mussel issue to other concepts that they have
studied, such as animal adaptation, species competition, impact of human
activities on ecosysterns, etc,

Conducting the Activity

1. Divide the class into groups of four to six students each. Assign roles within
the groups as follows:

Materials Manager: Obtains activity materials from teacher, distributes

them to group, and returns all materials to teacher in good order after
activity is finished.

Recorder: Keeps written notes on group discussions and observations.
Records group responses to questions on activity worksheets. Reads
written information back to rest of group for their approval,

Reporter: Gives verbal report to the class summarizing the group's con-
clusions, using the activity vvorksheets and other notes from the Recorder.

Research Technician s!: Provide s! additional information to the group
during the problem-solving activities by consulting supplementary hand-
outs and reference materials.

2, Introduce students to the information from the "Zebra Mussel Impacts,"
"Zebra Mussel Biology," and "Critical Habitat Needs" sheets. You may lead a
class discussion, or each small group may read and discuss the information
and review it with the teacher and the rest of the class. Explain that they will
be working in groups to analyze scientific information in order to predict
whether or not various places in Virginia are suitable habitat for zebra mussels.

3. Give each Materials Manager a set of Zebra Mussel Study Site data cards and a
copy of the Zebra Mussel Study Site Report form, The Materials Manager
should distribute the data cards one at a time to all group members  some stu-
dents may get more than one card if groups have fewer than six students!. In
turn, the students read aloud the information on their data cards to the other

group members. The Recorder reads the Study Site Report form to the group.

4. Based on this information, each group develops a prediction about the likeli-
hood that its study site will be affected by zebra mussels. The questions on the



Study Site Report form will guide their discussion. The Recorder writes the
predictions and supporting information on this form.

6. If you plan to follow this activity with "Developing a Zebra Mussel Action
Plan," have the Recorders keep their Site Report forms to use as reference,

Summary and Evaluation

1. Based on the information known about each study site, did each group make a
reasonable prediction about the zebra mussel's introduction and establish-
ment?  See chart below for scientists' predictions.! If students disagree, re-
member that all of the facts are not yet known, and that there is some room for
debate.

Chances for

Establ is h ment

Chances for

IntroductionStudy Site

high
high
high

moderate

high
high

moderate

moderate

1. James River
2. Potomac River

3. Smith Mountain Lake

4. Rappahannock River
5. Kerr Reservoir and

Lake Gaston

6. Mattaponi and
Pamunkey Rivers

7. Lake Anna

8, Claytor Lake
9. South Holston Lake

highhigh

moderate

high
high
high

low

low

moderate

high

2. Rank the study sites from "lowest risk" to "highest risk" for the successful
establishment of a zebra mussel population. Which site is closest to your
school?

3. Overall, what huxnan activity might be most likely to contribute to the intro-
duction of zebra mussels in Virginia?

4. Locate the study sites on a Virginia highway map. How could the location
and geography of each study site contribute to the introduction of zebra
mussels? Once the zebra mussel becomes established, how far away from each
study site do you think the mussel could spread?

5, At which study site might zebra rnussels have the most serious economic
impact?

5. Once all groups have completed their report forms, each group's Reporter
shares the results with the rest of the class. To facilitate discussion as the class

compares the sites, the Recorders can post on a chart or the chalkboard the pre-
dictions for their sites, along with water quality data and other important facts.



flctivity Instructions

Developing a
Zebra Nassel Rction Pion

Objective

Students work in small groups to design and cornrnunicate action plans to help
prevent the introduction and spread of zebra mussels in areas which are at risk,

Time Needed

2 class periods or more, depending on number of groups  students may need
additional time outside of class to prepare group presentations!

Materials Needed

Zebra Mussel Action Plan Outline  in "Student Activities" section!

Zebra Mussel Study Site Reports  the same forms which
were completed by the groups in the previous activity!

Supplementary zebra mussel publications included in this packet
 See "Resources" section for list of titles. You may duplicate these
so that each group has a copy, or groups can share materials.!

Posterboard, markers, and other art materials

Optional: Additional zebra musselarticles
 See "Resources" for bibliography!

Student Preparation

Students should have already completed the "Where Will the Zebra Mussel
Invade?" activity and be divided into small groups.

Teacher Preparation

1. Read the "Zebra Mussel Action l'lan Outline" for information on how the

activity is done,

2, For each group, duplicate one copy of the "Zebra Mussel Action Plan Outline"
and the supplementary publications. These publications contain background
information the students will need to develop their action plans.

3. Divide students into small groups and assign roles, as in the previous activity,
Groups may remain the same, or students may rotate into another group.
NOTE: You may decide to have the class develop action plans only for those
study sites which are at a high or moderate risk, If so, students from "Iow-risk"
groups can be moved into "high-risk" groups.



Conducting the Activity

1, Give each Materials Manager copies of the "Zebra Mussel Action Plan Outline"
sheet and the supplementary publications.

2. Briefly introduce the activity, and give students the timeline for the completion
of their plans and for their class presentations �-10 minutes each!. Encourage
the groups to use charts, posters, and any other creative methods to make their
presentations effective,

3. On the day set aside for presentations, assign a timekeeper to help keep the
activity on schedule, Each group should allow time for questions and com-
rnents from the rest of the class when its presentation is finished.

Summary and Evaluation

1. Have a small group of students serve as an evaluation team, and let them
choose which plans are the most creative, comprehensive, practical, effective,
etc, Alternatively, have the entire class discuss and evaluate the merits and
shortcomings of each plan.

2, How do the groups' action plans compare to the efforts which Virginia and
other states are making to control the zebra mussel? Students may want to
contact zebra mussel specialists to get their reactions to the student plans,
 See "Resources" for contact people,!



Publications Included In This Packet 4P

Baker, Patrick, Shirley Baker, and Roger Mann. 1993, Criteria for predicting zebra mussel
invasions in the mid-At! antic region. Virginia Sea Grant Program, Virginia Institute
of Marine Science, VSG-93- �,

Baker, I'atrick, Shirley Baker, and R iger Mann. 1993. I'ot 'ntial range of the zebra mussel,
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Additional curriculum materials may be ordered from th» following sources:

"Alien Invaders: A Case Study on Zebra Mussels"
 curriculum unit with student activities!

The Rivers Project
Southern Illinois University

Box 2222

Edwardsvi lie, IL 62026

"Saving America's Pearly Mussels"
 video, script, and poster!
Virginia Tech Extension Distribution Center
112 Landsdowne St.

Blacksburg, VA 24061-0512



Mill-Rtlantic Contacts for

Zebra Mussel Information

North CarolinaDelaware

Virginia

Maryland

New Jersey

New York

10

Tracey Bryant
Delaware Sea Grant Program
University of Delaware
Marine Communications Office

263 East Main Street

Newark, DE 19716-3530

�02! 831-8185

Jim Falk
Delaware Sea Grant I'rogram
Marine Advisory Services
700 Pilottown Road

Lewes, DE 19958-1298

�02! 645-4997

Dan Terlizzi

Sea Grant Extension Service

NOAA Chesapeake Bay Office
410 Severn Avenue, Suite 107A

Annapolis, MD 21403
�10! 280-1871

Eleanor Bochenek

New Jersey Sea Grant
Rutgers Cooperative Extension
1623 Whitesville Road

Toms River, NJ 08755
 908! 349-1152

Charles O' Neill, Jr.
Zebra Mussel Informa tion Clearinghouse
New York Sea Grant Extension

250 F lartwell Hall

SUNY CoHege at Brockport
Brockport, NY 14420-2928
 800! 285-2285

Barbara Doll

North Carolina Sea Grant

Box 8208

North Carolina State University
Raleigh, NC 27695
 919! 515-7802

W>II>am DuPaul

Vicki Clark

Virginia Sea Grant Marine Advisory
Program

Virginia Institute of Marine Science
P.O, Box 1346

Gloucester Point, VA 23062

 804! 642-7169

Virginia Department of Garne and
Inland Fisheries

F>sheries Division

I'.O. Box I I l04

Richmond, VA 23230-1104

 804! 367-1000

Louis A. Helfrich

Department of Fisheries and Wildlife
Sciences

Virginia Polytechnic Institute and State
University

Blacksburg, Virginia 24060
�03! 231-5 9



Other Zebra Mussel Contacts

Ohio Sea Grant College Program
The Ohio State University
1314 Kinnear Road

Columbus, OH 43212

�14! 292-8949

Michigan Sea Grant College Program
Zebra Mussel Information Office

University of Michigan
20200 Bonisteel Blvd.

Ann Arbor, MI 48109

�13! 764-1138

Minnesota Sea Grant

Zebra Mussel Information Center

208 Washburn Hall

University of Minnesota
Duluth, MN 55812

�18! 726-8712

Tennessee Valley Authority
1101 Market Street

Chattanooga, TN 37402
 800! 538-2526



Student fictivities

See "Teacher's Guide" for activity instructions.
Master copies of student activity pages included in this section are as follows:

i Zebra Mussel Biology
~ Zebra Mussel Critical Habitat Needs

Zebra Mussel Impacts
e Zebra Mussel Site Report
~ Zebra Mussel Action Plan Outline

~ Zebra Mussel Study Site Data Cards  9 pages!
~ Folio~-Up Ideas

NOTE TO TEACHERS AND STUDENTS:

It is against Virginia state law to import live zebra rnussels or any other non-indigenous  exoticl
species into the state. No activity in this curriculum involves the use of live zebra mussels. Due
to the danger of accidental introduction and the strict laboratory controls required for their use,
live exotic species are not recommended for student research.

12



Zebra Nassel Biology

The zebra mussel is a freshwater bivalve mollusk, originally found in Europe in the Caspian, Aral, and
Black seas. Adult zebra rnussels range from 0.5 to 3.5 cm long. The zebra mussel's scientific name is
Dreisserta polyrrrorplra, The name p<>iprrrorjt>hrr refers to the many individual variations in the color and
pattern of the shell. Most zebra mussels have striped shells, but some are solid black or brown,

Zebra mussels feed on plankton, including algae, bacteria, larval animals, and other tiny particles of or-
ganic matter suspended in the water. The mussel pumps water into its body through a siphon tube and
filters out the food. The water is pumped out through a second siphon. An adult zebra mussel filters an
average of one liter of water each day.

Although they are freshwater animals, zebra mussels can survive in slightly brackish water �.5 parts
per thousand!. Some adult zebra mussels have survived for several days in water with saliruties as high
as 12 parts per thousand under controlled laboratory conditions,

Zebra mussels grow and reproduce best in water which is 12 to 26'C wr th a calcium content of at least
20 parts per thousand. The calcium is important for the growth and maintenance of the shell.

Zebra mussels are either male or fernale. Mature females can produce 30,000 eggs each year,
Some females have produced as many as one million eggs per year, Spawning occurs when water tem-
peratures warm to 12 to 23'C. It the water temperature remains suitable, spawning may occur several
times during the season.

A fertilized zebra mussel egg becomes a microscopic, planktonic larva. The larval mussel spends two to
three weeks swimming about, feeding on phytoplankton. During this stage, downstream currents can
easily transport the larval zebra mussel from one body of water to another.

About two to three weeks after hatching, the larva begins to settle to the bottom, To survive, it must set-
tle on a hard surface, Almost anything will do, including rocks, pier pilings, boats, concrete, or another
animal's shell. It attaches to the surface with strong fibers called byssal threads. Zebra rnussels fre-
quently grow in large colonies, with hundreds of individuals attached to an object and to each other,

Zebra mussels can crawl from place to place by secreting temporary byssal threads which the mussels
attach and detach as they move along.

13



Zebra Nassel Critical ttabitat Needs

6 - 28oC  spawn at12-23 C;
die above 30'C!

water temperature

7.4 - 9.4pH

less than 5 parts per thousand  ppt!salinity

calciuxn  from CaCO3! greater than 20 parts per million  ppm!

need firm surface for attachmentsubstrate

14

h/OTE: Larval forms are more sensify've than adults, especially to cold water temperatures,



Zebra Nassel Impacts

Zebra mussels can reproduce in large numbers in suitable habitats. Although individual zebra mussels
are small, they attach to each other to form large colonies which grow on almost any solid underwater
material. 'I'hese colonies can grow to contain as many as 100,000 mussels per square meter!

Large populations of zebra rnussels in many parts of the United States can cause serious problems, such
as the following:

~ Clog intake pipes in water treatment plants, power generating plants, and industrial facilities,
reducing water flow and causing occasional shutdowns

e Attach to pier pilings, navigational buoys and markers, and docks, interfering with navigation
and increasing corrosion

~ Grow on boat hulls and inside engine systems, decreasing fuel efficiency and damaging engines

e Attach to shells of native freshwater rnussels, weakening or killing them by interfering with the
mussel s' abi]i ty to open or close their shells, as well as competing for food

~ Filter large amounts of phytoplankton from the water, reducing food available for other filter-
feeding organisms and many fish

15



Zebra Nussel Site Report

Location of zebra mussel study site:

Names of study team members:

1. The chance that zebra mussels will be introduced to this site is  circle one!:

moderatelow

What specific facts and information about zebra mussels and about the study site led you to this
conclusion?

highlow moderate

What specific facts and information about zebra mussel s and about the study site led you to this con-
clusion?

3. List three specific actions which your group feels people should take to prevent the introduction of
zebra mussels into this site.

2. If zebra mussels are introduced, the chance that they will survive and successfully reproduce in this
site is  circle one!:



Zebra Mussel fktian Plan Outline

Names of team members:

Location of zebra mussel study site:

Chance that zebra mussels will become introduced at thi» site  see your "Zebra Mussel Site Report"
form!:

low moderate

Chance that zebra rnussels will survive and successfully reproduce in this site:

low moderate

Your team is responsible for developing an action plan which will help reduce the chances that zebra
rnusseLs will be introduced in your study site, As a team, discuss the following questions  be sure to
have your team's recorder take notes during the discussion!:

What groups of people  your "target audience"! will need to know about zebra mussels?

What will each group of people need to do to help keep zebra mussels out of the area?

How will you communicate this information to each group in your target audience?

How will you pay for developing and conducting your activities?

What can you do to find out if your action plan is successful?

17

Use your answers to these questions to develop your action plan, Prepare a 5 - 10 minute presentation
to give to the rest of the class which describes what your group wants to do. Include a written surn-
rnary of the plan as well as charts, posters, or other items which will help explain your ideas,



Follow-Up Meas

Classroom Rctivities

1. Work with your group to design a method to remove zebra mussels from one of the following areas;

Small lake used for swimming, fishing, and boating

Water treatment facility which provides water for an entire community, including homes,
schools, businesses, hospitaLs, and industries

Stream which supports a population of a freshwater mussel which is important to the local econ-
omy  its shells are exported to Japan for use in the cultured pearl industry!

Consult the supplementary materials in this packet for information on zebra mussel control. As you
design your control method, consider the following:

Some control methods which kill zebra mussels may also be harmful to native freshwater mus-
sels, fish, aquatic plants, and other organisms. How will you make sure your method will not be
harmful to other organisms in the area?

What will you do with the zebra mussels that you destroy?

lf drinking water supplies are a f'fected, how will you avoid contaminating the water with chemi-
cals and with dead zebra mussels?

Describe your control method in writing, or present a report to the class. You may want to draw
diagrams and pictures or build a model to show how your control method will work.

2, Design a poster which educates recreational boaters, fishermen, and other users of lakes and streams
about the zebra mussel problem. In addition, develop a bumper sticker or T-shirt design using the ze-
bra mussel theme.

3. Produce a public service announcement for television which informs people about the zebra mussel
problem, Videotape or present the announcement live to the rest of the class.

4, Write a short play or skit with a zebra mussel as the main character.

5. lf you have access to a computer and a telecommunication network, contact students who live in an
area where zebra rnusscls have become established  see range map in "The Zebra Mussel: An Unwel-
corne North American Invader" !. Find out what people in their community are doing about the prob-
lem. If you cannot use a computer to communicate, write letters.

18





Zebra Massel StcIdy Site No. I
ames giver at Richmond, Vtt

The land area which drains into the James
River has many large lakes and reservoirs
with heavy recreational use, There are
over 90 public boat ramps in the area,

mostly on lakes.

Zebra Massel Stady Site No. I
ames giver at gichmond, Vtl

Each year, professional bass fishing
tournaments are held near Richmond on

the tidal freshwater portions of the James.
Most of these fishing boats are brought to
the tournaments on trailers. The boats

may have been in lakes and rivers
throughout the country only a day or two
earlier.

Zebra Mussel Stady Site No. 1
ames River at Igchmond, VR

In areas where the rnussels thrive, adult

zebra mussels frequently attach to boats
and trailers. These mussels can live out of

water for two to three days under certain
environmental condi tions.

Zebra Massel Study Site No. 1
ames River at Richmond. VR

Large ships traveling from freshwater
ports in Europe frequently dock at the
deepwater port in Richmond, There is
also heavy barge and boat traffic between
the James River and other tributaries of

the Chesapeake Bay.

Zebra Massel Study Site No. i
ames River at Richmond, VR

The water monitoring site closest to
Richmond is near Cartersville. The pH of
the James River at this site in August is
8.1. The calcium content of the river near

Cartersville is about 22 pprn,

Zebra Massel Study Site No. I
ames River at Richmond, VR

Free-swimming zebra mussel larvae can
survive for several days or even weeks in
the ballast water of ships. Under some
conditions, they can also survive for days
in water contained in bait buckets, live

wells, boat trailer frames, and other

enclosed areas in boats and ships.
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Large vessels travel regularly into the
Potomac River from the Great Lakes area.

For example, according to officials at one
dock terminal, cargo ships from Quebec
City on the St. Lawrence River arrive in
Alexandria six or seven times a year.

1ebra Mussel Stadia Site No. 2
Potomac River at alexandria, Vfl

Many zebra mussels live in the St.
Lawrence River near Quebec City in

Canada.

Alexandria is the largest port in the
freshwater portion of the Potomac River.
No one knows the volume of ballast water

dumped by ships in the port at
Alexandria. Commercial and recreational

traffic into the Potomac estuary from
neighboring estuaries is very high.

Zebra Nussel Study Site No. 2
a ~ a ~ ~ ~ 5 SA

The pH of the Potomac River near
Alexandria is 8.1 � 8.4 from May to
September, Calcium content of the
Potomac River near Alexandria is 32 � 40

Zebra Mussel Study Site No. 2
~ ~ ~ ~a ~ ~ %$&

Free-swimming zebra mussel larvae can
survive for several days or even weeks in
the ballast water of ships. Under some
conditions, they can also survive for days
in water contained in bait buckets, live

wells, boat trailer frames, and other

enclosed areas in boats and ships.

The Potomac is the Virginia estuary which
is closest to the Susquehanna River. Zebra
mussels are living in the Susquehanna
River in the vicinity of Johnson City, NY.





Along the Rappahannock there are several
reservoirs which are used for recreational

boating and fishing. There are 11 public
boat ramps in the freshwater portion of
the river.

Boat traffic into the Rappahannock from
other estuaries is low to moderate.

Residential development surrounds
several large, private reservoirs in the
Rappahannock drainage area.

Free-swimming zebra mussel larvae can
survive for several days or even weeks in
the ballast water of ships. Under certain
conditions, they can also survive for days
in water contained in bait buckets, live

wells, boat trailer frames, and other
enclosed areas in boats and ships,

Zebra Mussel Study Site No. 4
Rappahannock River

Near Fredericksburg, the Rappahannock
River has a pH of 7.8  measured in
August!.

Calcium levels of the Rappahannock in
August have been measured at 5.2 ppm.

Zebra Nussei Study Site No. 4
Rappahannock River

Currents moving downstream from one
body of water to another can easily
transport larval zebra mussels.



Zebra Nassel Stady Site tto. 5
Kerr Reservoir and Lake Qaston

Kerr Reservoir and Lake Gaston are on the

Roanoke River. Both lakes are heavily
used for recreational boating and fishing.

Zebra NcIssel Study Site No. 5
Kerr Reservoir and Lake Qaston

Currents moving downstream from one

body of water to another can easily
transport larval zebra rnussels.

Several public-access reservoirs with a

total of 8G public boat ramps are located
upstream from both lakes.

Zebra Nussel Stacly Site No. 5
Kerr Reservoir and Lake Qaston

Water chemistry varies from place to place
in both Lake Gaston and Kerr Reservoir.

Scientists have recorded pH readings of
6.9 - 9.3 in parts of both lakes.

Zebra Nassel Study Site No. 5
Kerr Reservoir and Lake %aston

Scientists have measured calcium levels in

Lake Gaston at 24 � 44 pprn. Data on
calcium levels in Kerr Reservoir are not

yet available.

Zebra Nansei Stady Site No. 5
Kerr Reservoir ond lake Qaston

In areas where the mussels thrive, adult

zebra mussels frequently attach to boats
and trailers. These mussels can live out of

the water for two to three days under
certain environmental conditions.







Zebra Mussel Stagy Site No. 8
Cla or Lake

Claytor Lake has heavy recreational use,

There are eight public boat ramps on the
lake, and eight more are located on the
New River upstream.

Zebra Massel Study Site lto. 8
Cla or Lake

Claytor Lake hosts numerous fishing
tournaments. Participants travel with
their boats to Claytor Lake from many
areas outside of Virginia,

Zebra Massel StcIdy Site No. I
Qaytor Lake

The pH of surface waters in Claytor Lake
in June ranges from 7,3 to 9,3.

Zebra Massel Stady Site ito. 8
Qaytor Lake

The calcium level in Claytor Lake is

usually low, around 9.0 to 10.0 pprn,
However, in some years, the calcium has

been measured at 30.0 pprn.

Zebra Mussel Study Site ito. 8
Claytor Lake

Claytor Lake was built as a reservoir to

provide water for a hydroelectric power
plant.

Zebra Massel Stagy Site No. 8
Claytor Lake

In areas where the mussels thrive, adult

zebra rnussels frequently attach to boats
and trailers. These mussels can live out of

the water for two to three days under
certain environmental conditions.
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INTRo DUCTION

I. INVASION'RISQ

Thefollowing docuinent isPnns the pmceedings of a L993 zebra
niussel workshoP, contacted in Baltisnore, Jtfaryktnd, At the
workshoP foszoasts were presented concerning the future of zebra
ntussets, Dreissena polymorpha, in the nud-Atlantic states.

What is the probability that zebra inussels will invade
specific bodies of water within a given state? If they do
invade, will they become economic and ecological pests as
they have in portions of the Great Lakes? These and similar
questions are addressed, with the expectation that manage-
ment strategies can be developed to delay;mitigate, or
possibly even prevent zebra mussel invasions, in, soine areas.

The probability of invasion is related to the frequency
with which a specific body of water is inoculated tvith zebra
mussels and their ability to'survive in that body of water.
The variety of dispersal mechanisms, and the frequency'and
relative iinportance of each potential inoculation affect the
overall chance that a reproducing population of zebra
musscls will become established in a la'ke or estuary.

Prior experience with zebra mussel invasions in Europe
and other parts of North America indicates that, at least
initially, populatiort gro'wth is not litnited by predators,
parasites, or other biological factors, - Certain abiotic
parameters, however, seein to limit zebra nlussel popula-
tions in Europe. For these reasons, the criteria for predict-
ing zebra mussel invasion success in the mid-Atlantic region
are priinarily physical environmental parameters, and
especially aspects of water chemistry. The degree to which a
particular body of waIer conforms to the known optimum
physiological requirements for zebra inus'sels is here termed
iis susceptibility. The second part of this document is a review.
of the physiological requirements used to predict suscepti-
bility. For an. example of similar predictions for other
regions, sec Neary and Leach �992!.

A second species of Dreissena, with at prcscnt only the
common designation "quagga mussel"  its taxonomic
identity is uncertain j, has been found in parts of the Great
Lakes and New York inland waters  hfay and Marsden,
1992!. At present, nothing is known about the dispersal or
physiological requirements of the quagga mussel, other
than that it lives with Dreissena Poly!norpha, and dominates
some deep-water populations  Marsden, 1993!, Through-
out this chapter, Dreissena is used to indicate both the zebra
inussel and the quagga mussel.

A zebra mussel is a small, striped mollusk capable of
raising havoc.  AIthoitgh the mollusk can grow up to
two inches, it is usually much smaller � fingernail size.!
Zebra mussels have cost millions of dollars in-the Great
Lakes region where they rapidly colonized water-intake
pipes, boats, docks, piers, and other structures, Dszissena
Polyeunpha was inadvertenly delivered to U.S. waters
around 1986 through the discharge of. European
shipping ballast water. -ed.

DISf'ERSAL MECHANISMS OF ZEBRA MUSSELS

Invasion, risk is here defined as the probability, relative
to other bodies of water, that zebra musselswill bc inocu-
lated to a specific body of water in sufficient nuinbers to .
establish a viable population, As wiH be'explained, risk is
related to the numbers of zebra mussels inoculated, and
the conditions of inoculation, which are in turn related to
the mechanisms of inoculation.

Tertninology for biological invasions merits a brief
dist'ussion. An invttsioe is the successful  reproducing!
establishment of a spccies in an area in which it had
historically been absent. The vector for invasion can be
either huinan-mediated or natural. When an invasion is
known to be human-mediated, it can be termed an intro-
duction. Thus, Dreiisena was introdnced to Lake St. Chir, ist
Michigan, and from there they, invaded  by natural dis-
persal! Lake Erie and Lake Ontario, The actual event that
leads to an introduction, such as the release of ballast
water containing larvae, is termed inoculation, and the
process by which the new species becoines a self-maintain-
ing' population is termed establishment. Thus, inoculation
and establishment are events sttithin an introduction, which is
itself a specific form of invasion. These usages come from
no single source, and alternate terms are used elsewhere,
but the above are-generally consistent with modern
literature on aquatic biological invasions,



POPULATION KSTABLISHlvIXNT

One of the most difticult aspects of predicting biological
invasions is forecasting when  how soon! an invasion will
occur. Dreisssna invaded the great Lakes sotne, time shortly
prior to 1988  Hubert et a4, 1989!, but the mechanism
responsible for invasion, ballast water  Carlton, 1993!, has
existed for decades before Dreisssna became. established,
Similarly, the rate and direction of disfkrsal by both natural
and human-mediated means<rom the Great Iakes has often
defied prediction. For example; Drsissena has been present
in' an upper portion of the Susquehanna River, in New York,
since at least 1991  Lounge and Cap, 1992!, but to date has
not appeared in downstream portions. This absence does
not incan that zebra mussels will not invade downstream,

. ottly that M cannot predict closely when they will.

Wekio haVe limited understanding of how some inocula-
tions may be favore'd'over others. Dreissrna reproduces
sexually, releasing male and female gametes into the water.
Prior research on other aquatic erganisms  Pennington,
1985; Laker and Stewart, 1992! show that gamete viability
decreases dramatically with dilution, so that low-density
populations of benthic invertebrates have much lower
reproductive success than highMensity populations. Not
only does this mean that the initial inoculation of Drnsssna
must result in animals in sufficient proximity to spawn
successfully, but also that there must be enough offspring-
produced so that they, too, can reproduce successfully.
Larvae disperse in the plankton and face' high mortality;
those that survive to settlement are widely scattered, and
only those that settle near others can reproduce. Thus, the
greater the foundmg population, the greater the chance of
subsequent establishment, and the more quickly the popula-
tion will anain high levels, Dispersal mechanisins which
deliver many individuals to the same location are the most
likely to spread invasions gohnson and Carlton, 1998!.

There are two practical aspects td the above observation,
and its corollary, that not every inocblation will resul,i. in
invasion. First, it is cost~ffective for management agencies
to concentrate first on major invasion vectors, rather tlliari'
trying to prevent every possible mechanism for invasion,
Second, when obtaining public cooperation in luniting
Dleisssnainvasion, it is important to make individuals believe
that their own reasonable efforts can make a difference in
Dieissena invasion. This latter aspect has been discussed by
Johnson and Carlton �99%!.

NATURAL DISPERSAL

LARVAL DISPERSAL

Drsssssisa is unusual among freshwater bivalves in that it
has planktonic larvae and postlarvae  Griffiths st a4, 1991;
McMahon, 1991!. Postlarvae drift passively with currents by
means of long byssal threads  Martel, 1992!. Larvae swim by
means of the vetuin, a ci1iatetl organ, but most bivalve larvae

have swimming rates of' less than 1 mm s '  Mann and Wolf,
1988; Jonsson et a4, 1991; Mann et aL, 1991!, and therefore
cannot swim against most currents. Juveniles and adults can
crawl actively but not rapidly, and.it is extremely improbable
that a juvenile or adult could crawl upstream against a
current as far in its lifetime as it would be carr'led down-
stream as a larva  planktonic period of about 12 days;
Neuinann el a4, 1993! or postlarva. Dreissena, 'therefore, is
ecologically adapted more 1' or lakes  no net currents! or
estuaries  bidirectional currents!, than for rivers  unidirec-
tional current!  Neumann et aL, 1993!. Rivers which have.
attached oxbow lakes, navigational locks, or other calm
backwaters, could probably support signiffcant populations
of Dreissena  e,g, Bir!tukov et o4, 1968!. The native range of'
Drsissena is estuaries in southern Russia, Ukraine, and
Kazakhstan, and the largest populations outside of the
native range, in Europe and North America, have been in
lakes', estuaries, and other calm waters  Shtegman, 19'
WolA; 1969; Sta czykowska, 1977; Griffiths st a4, 1991!.
High densities of Dreissena in nonwstuarine rivers can be
maintained only by a continual input of individuals from,
upstream lakes or backwaters. Thus, streams without such
areas cannot be suecessfufiy invaded by Dreiuena. Unfoi tu-
nately, most major North Ainerican rivers, including those'
along the eastern coastline of the U.S., have upstream '
reservoirs that could support Drassena populations, given '
the correct water quality paratneters. High densities of
Dreissena can be attained in rivers downstream of lakes  e.g.
Piesik, 1985; Neumann et al., 1993!. - There is no data on the
effect of reservoir size or flushing rates on downstream
Divissena population densities, so for now, all freshwater
downstream of a lake capable of supporting Dreissena
populations must be considered at risk from invasion,

Dreissena are limited in their ability to tolerate salt water,
but most inajor eastern estuaries in North America have
large freshwater tidal portions. Even in years of low freshwa-
ter input, significant portioris of most estuaries remain
fresh. Drsissena larvae and postlarvae could be retai'ned
within the estuary by the saine mechanisms used by oyster
larvae  Seliger et al., 1982; Mann, 1988! . A native species
closely rekt ted to Dreissena, the False mussel Mytikpsis
lmcoplMea<a, is already present in oligohaline and freshwater
portions of estuaries from New York to Texas  Abbou,
1974!. Water chemistry of these estuaries, in terms of pH
and calcium, is often nearly ideal for Dreissena, and many

~ust be considered at risk from Drdssena invasion. Further-
more, any freshwater portions of an estuary will eventually
be invaded if there are Dreissmsi populations established in
upstream lakes or reservoirs. The St. Mwrence River in
Qqebec and the Hudson River in New York are two North
American examples of invaded freshwater estuaries  New
York Sea Grant, 1992!,

ADULT AND JUVKNILE DISPERSAL

Adults and'juveniles of Dreissena can crawl by alternately
attaching and releasing byssal threads, Based on crawling
rates of juvenile marine tnusseis, hfy61iss spp.  these authors,
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unpubl. data!, Dtvissena individuals can probably move
several ineters per day. A very short stream between a
Drrisssna-infested reservoir and an upstream, non-infested
-reservoir, wouM probably not be a barrier against invasion
by crawling individuals, Two examples of this si uatiort
include a series of ponds in a typical golf course, and the
network of ponds, canals, and ditches in many coastal cities
in the mid-Atlan ic region. Dreissena individuals probably
carina  circurnnayiga e a waterfall or spillway, however, nor
crawl up a rapidly flowing stream more than, several hun-
dred nte ers in sufficient nutnbers to establish a new popula-
tion in an upstream reservoir.

Adult and juvenile Dret'ssena attach to a variety oE sub-
stra es with sturdy byssal threads. A number of natural
mechanisms  amphibious animals! have been proposed that
could transfer byssally-at ached adults or juveniles between
very close but separate bodies of wa er. These mechanisms
have been reviewed by Carlton �993!, and an example
includes aggt'egations attached  o the carapaces of turtles,
which often migrate between nearby bodies of water,
Cer atn species of turtle may becoine imporian  in dispets-
ing Drsisssna wi hin regions ssith many small lakes, or in
coastal regions, with many small es uaries isolated from each
other by high-salinity barriers, bu  only low, narrow  erres-
trial barriers. This last condi ion is  ypical of the coastal
plain from New Jersey  o Texas. In the mid-A lan ic region,
the eastern inusk turtle  Stsnotherus ttdaratus!, a cotnrnon
species living in a variety of bodies of water, is noted for
having heavy algal fouling  McCauley, 1945; Mar off st aL,-
19SO!, and the much larger snapping turtle  G&tydra
serPentina! can also be heavily fouled  j. Brown, Virginia
Inst. Marine Science; pers, comm.!.

Waterfowl have been suggested by a variety of authors as
potential vectors of transport, and Carlton �995! reviews
evidence both for and against this as a mechanism of
invasion, Birds could transport Dreissena tnany kilometers by
a variety of means, althotrgh the actual numbers  ransported
by any one bird would be small relative io the numbers that
could be transported by almost any human-mediated
process. The role of large flocks of migratory birds in
dispersing Dret'ssena is worth investigating, however,

lt should be no e'8 that so far  hc spread of Dreissena in
North American across natural barriers can be attributed to

- human actions alone. Thus while amphibious anitnals. may
be tnechanisms of invasion, most emphasis should be placed
on controlling huinan-mediated dispersal mechanisms.

HUMAN-MEDIATED DISPERSAL MECH AN ISMS

OVERLAND TRANSPORT

. Overland transport of Drstssena associated with recre-
ational vessels, or the trailers that transport them, has
received mhch attention, and is thought to be the primary
mechanism whereby inLmd lakes separated from other

navigable waters will be invaded. Baltimore County, Mary-
land, has res ricted the use of recreationaYvessels in several
municipal reservoirs in response to this threat. McMahon
and Payne �992! have shown that Dtssssena can survive
several days out of water even at high temperatures, and
dispersal by overland transport is known  o have-occurred
 Carlton, 1993!. Public education has focused on the
potential for Dreissena attached- to vessel hufls  o be moved
between lakes, bu  it has recen Iy been noted that under
certain circumstances more Dreissena will probably be
transported on suands of aquatic macrophytes that became
entangled in boat trailerf  Carlton, unpubl, data!,

Known or suspec ed invasions that have occurred as a
result of overland transport have been fewer, so far, than
have been expected. The reason may be that, normafly, few
individuals are in roduced by a single inoculation. Several
overland invasions have occurred, however, including the
invasion of the upper Susquehanna drainage in New York
state  Lange and ~p, 1992!, and either vessel hulls or their
trailers are the most probable vector.

Juverdles or adults, not larvae, will be transported
overland by the above mechatrlsms, To be introduced  a
the new location, the Dreissrna must detach from the vessel
or trailer. Juveniles are snore likely to move than adults
 Eckroa  et aL, 1995! . If tQe Drnssena are auached to
macrophytes associated with the boat trailer, it is simply
necessary for the plan  ta detach in the new body of water.
Furthermore, a piece of drifting plant with attached
Dreissena could drift rapidly down a river until it reached a
lake, where a population could be established, whereas
adult Dreissena sinking individually into a river would be less
likely  o reach a'downstream lake or successfully establish a
population.

BALLAST WATER,' BILGESI SAIC WELLS

It is believed  ha  the introduction of Dreissena into the
North American Great Lakes was accomplished by the
release of ballast wa errcontaining larvae or postlarvae, from
the holds of ore carriers from Europe. Evidence for this
route has been well documented  see Carlton, 1993, for
review!. Guidelines ro prevent further introductions or
exotic species by ballast water into the Great Lakes have
been set up, bu  compliance is no  thought to be 100%  j,
Carlton, pers. Comm,!, and probably a single inocula ion
under optimal conditions is sufflcient to permit, invasion.
Furthermore, ballast into other North American freshwater
ports remains undocumented. For example, Richmond,
Virginia, a freshwater estuarine port, is regularly visited by
coiitainer ships from Antwerp, Belgium, and other Euro-
pean ports  Meehan Overseas Terminal, Inc., 1991! .
Alexandria, Virginia, another freshwater port, is visited six
io seven times annually by ships from ~ebec City, Quebec,
in the St. Lawrence River, where Dreissena is established
 Robinson Terminal Warehouse. Corp., Alexandria, VA,
pers. comm.!. The amount ofbalbst water exchanged, and
the nature of the excharige, is undocumented and unregu-
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lated, but represents a potential vector for the introduction
of ZlssLtserta into Virginia. Port logs, sometimes available
upon request, wIII no doubt reveal many further points of
potential introduction, and it may be chance that the Great
Lakes wer&nvaded by Dteisssrta before another North
American body of water.

Bait wells, bilgt; water, shipments of live ffsh or bait, and
many other means of transporting water between bodies of
water may harbor !arvae or postlarvae for several days,
although to date no specific examples of this occurring in
North America are known. This means of transport is
reviewed at length by Carlton �993!.

VESSEL TRANSPORT BKTWEEN ESTUARIES

Once established in Lake St. Clair and Lake Erie in
1989, &pssena was subsequently identified at many isolated
points elsewhere'in the Great Lakes and in the Erie Canal,
New York. The vector of dispersal in these cases was
though't to be' vessel hulls with byssallyattached adults or

.juveniles  Giiffiths et aL, 1991!. Since vessels can move
upstream or across salinity barriers relatively rapidly, they
are a major mechanism for expanding the range of
Dreissrrta, Postlarvae and juveniles attached to the hull of a
recently moved vessel can detach at a new moorage, and
accumulate on nearby stationary substrate. Alternately,
adults attached to the hull can spawn at a new location. The
relanve importance of these two phenomena depends ust
the number of pastlatvae or juveniles transferred in the first
case, or the number of adults and the amount of time spent
at the new moorage in the secottd case. The resettlement of
postlarvae and juveniles from vessel hulls as a means of
dispersal is likely to be favored during the reproductive
season, by vessels with relatively clean hulls that do not
spend extended periods at any particular mooring. Even a
high density of microscopic Dreissrna postlarva and juveniles
would be unnoticed by persons visually inspecting vessel
htslls in an attempt to prevent the spread of Drsissena, On

Ithe other hand, some vessels, especially barges, spend weeks
or months at any particular moorage, giving fouling organ-
isins anached to their hulls multiple opportunities to spawn,
In such cases, vessels with large fouling populations of adult
Dreissena would be favored as a method for introducing this
species.

Barges in particular represent a majar vector for
a dispersal, They have large hull areas for coloniza-

tion from the source population, they are infrequendy
cleaned, and they often have long residence periods at any
particular snoorage. Once moved, barges tnay be moored
for months or even years, giving any fouling organisms many
opportunities to reproduce. In addition, freshwater regions
are attractive ta many vessel owners for long-term moorage,
because of the relative lack  prior to Dreisserta! of. fouling
organisms. The hulls of other vessels that travel between

I
estuaries are generally smaller and cleaner than barge hulls,
but the possibility of introduction via these cannot be ruled
out, Even a small, possibly unnoticed portion of a hull
could'harbor tens of thousands of adult, juvenile, and
postlarval Dreissena.

Given the ability of Dreissena to tolerate tnoderately saline
waters for at least a short period, vessel traflic represents a
major intracoastal vector for the spread of Drn'ssena between
estuaries, Drrissena is present in both the Hudson and
Susquehanna Rivers  New Yark Sea Grant, 1992!, and<auld
potentially spread frotn those sites  o most other estuaries
with barge traffic between New York and Florida. At present
no records on commercial or recreational traffic betvveen
freshwater estuarine. ports in North America have been
compiled. The length of time that Drsissena can tolerate full
seawater, perhaps by completely closing their valves, is
unknown, but they have been shown to be able to survive
several days out of water, attacherl to pleasure craft hulls,
under certain circumstances  McMahon and Payne, 1992!,
and can survive several days without oxygen  Mikheev,
1968!.

Introduction of Dreissena to a body of water via the hull
of a vessel does not. automatically ensure establishment.
Establishment is favored by high survival af Dreisssria during
 he passage overland or through high salinity, by large
numbers  e,g. millions! of individuals, by favorable water
conditions for growth and reproduction in the host estuary;
and by long tnoorage of the fouled vessel.

INTENTIONAL INTRODUCTION

The possibility of deliberate, misguided introductions of
Dreissena must be seriatisly consi dered, Dreissena popula-
tions are believed to be responsible for a dramatic increase
in water clarity in Lake Erie  Wright and Mackie, 1990;
Greenberg et aL, 1992; MacIsaac and Sprules, 1992; Leach,
1993!, and would probably do the same far any small lake to
which they were successfully introduced. Water clarity,
while of uncertain ecological advantage, is enormously
anractive aesthetically, and the impact of Dreissena on water
clarity in Lake Erie has been well-publicized  e.g. Di
Vincenzio, Newport News Daily Prsss, Dec. 5, 1991; Walker,
1991; Cohen, 1992; Sisson, 1993!. Other reasons to inten-
tionally introduce Deissena could be a desire to increase

f
biodiversity, provide food for other organistns, or  o provide
a new bait source. If Dreissena are used as bait, there is also a
risk of recreational fishermen dumping left-over' bait into a
pond or lake. Many previous intraducdons of freshwater
mollusks are believed to have beer> carried out by private
landowners, intentionally or through carelessness  Carlton,
1995!, and Dreissena are exceptionally easy to collect and
transport. Because Dreissena larvae disperse, a small lake
that retains and concentrates successive generations may be
as much at risk from a single introduction as a large lake.



II. SUSCEyr~annV TO

.INVASION

PHYSIOLOGICAL REQUIREMENTS OF
ZEBRA MUSSELS

This section reviews pubhshed data on the physiological
requirements of Drzisserta with respect to water quality and
chemistry. Four common aspects appear critical to the
persistence and reproduction of Drrissena populations;
temperature, salinity, alkalinity  pH!, and calcium content,
Table I summarizes this information for adults and larvae.

TEMPERATURE

Stanczykowska �977! stated that adult Dreissena began
growth at 11-1 2 C in European lakes, similar to a value of
10-12 C reported by Mackie �991! for Dreissena in the
Great Lakes. Bij dc Vaate �989!, however, reported that
growth of Dreissena in the Netherlands occurred at tetnpera-
tures as low as 6".C, and in a review of European lakes with
Drepssena, Strayer �991! reported that the largest popula-
tions were in lakes with a mean annual tctnpera ure of only
6-9' C, inferring that temperatures exceeded 6-9" C only half
of the year. Borcherding �991!, who reported gatnetic
growth at tempe'ratures as low as 2<' C, suggested that
reported differences could be due in part to food quality
and quantity for different populations. Differences may also
reflect methods of ineasuring ot' defining growth.
Schneidcr �992! predicted that growth rate is strongly
affected by temperature, with slower growth rates a  low
temperatures. The minimum temperature tolerance for
survival appears to be just above freezing  Su ayer, 1991!.
Nowhere in the rnid-Atlantic region are there temperature
regimes cold enough to limit Dreissena populations. The
maxitnum temperature that permits growth by adult.
Dreissena has been reported variously as 26-53'C
 Stanczykowska, 197'7! .

Gametogenesis in Dreisserta has been reported at tem-
peratures as low as 2-4' C in the presence of good food
quality  Borcherding, 1991!, and spawning is known to
occur, at 12' C  Sprung, 1987; Bij de Vaate, 1989;
Borcherding, 1991! and at 22-25 C  Haag and Garton,
1992! . Sprung �987! reported a loss of sperm tnotility in
Dreissenet at 26' C, and zygote failure above 24 C. This last
evidence indirectly supports predictions by Strayer �991!
that populations of Drzissena wifl be heat-limited in the
southernmost regions of North Atnerica. Haag and Garton
�992!, however, reported that Dtznssena in Lake Erie
spawned during a period of water temperatures above 26'C;
the maximum temperature at this time,was SN.". Tempera-
tures as high as 5 yC, therefore, may not inhibit reproduc-
tion. Strayer �991!, in a review of climatological conditions
in Europe, reported that the highest mean monthly tern-
peraturc tolerated by Dreissena was 26.4'C, Optimum' larval
rearing temperatures in the laboratory werc reported to be
about 17-18 C by Sprung �987!.

In temperate regions, with seasonal temperature fluctua-
tions, the maximum temperature that permits Dreissenrs'
reproduction is less important than thc temperature
tolecance of adults, since there will always be optimal
temperature windows at some point of the year for spawn-
ing. Dreissena tolerates extended periods of temperatures in '
excess of 25' C, so the majority of the United States and
southern Canada are within the temperature tolerance of
this species.

SALINITY'

Mackie and Kilgour �992! reported an LC of 7.6
salinity at 96 hours for unacclimated adult Dreissena, at
19' C. Over a period of 42 days, Dreissena which had been
slowly acclimated had only 15% mortality at 8.0 -salinity at
4 or 10' C. Barber �992!, however, reported 100%
mortality within 52 days of adult Dreissena in water slowly
raised from 0 to 2,7, at 15' C. Wolfl'�969! cites an
unpublished source stating that Dreissena could survive
salinities as high as 12.2, although the circumstances of
exposure were not given. In the Della region of the Nether-
lands, aduh Dreissena tolerate continual salinity of 4 in
ponds, but were not found in estuaries with mean salinities
above 0,$, in which salinity fluctuated with tides  Wolff,
1969!. WollF �969! concluded that the higher mean
salinities could be tolerated only if there were not tidafly-
driven fluctuations.

The apparent difference in reported salinity tolerance in
Dreissena, between Mackie and Kilgour �992! and Barber
�992!  above!, may reflect a strong interaction of salinity
and temperature  with higher tolerance at lower tempera-
Iures!, or it may reflect. physiological differences in the
experimental animals. Hebert et aL �989!, and Garton- and
Haag �991!, reported high genetic variability, for an
introduced species, among Dteissena in the Great Lakes and
this may be reflected in variation in physiological tolerances.



When plottjng potential spread of Dreissena in North
America, it is safest to assume that they can tolerate sahnities
of at least 12.2 for a few days. This would be significant for
Dreisseaa fouling slow-moving vesseh, such as barges; that are
periodically moved between freshwater portions of estuaries,
For example, a barge fouled by Lbmsnia in the
Susquehanna River, in Pennsylvania or Maryland, could
probably be towed to a new anchorage ' and a new water-

~ shed! in Philadelphia, Pennsylvania, or Alexandria, Virginia,
without submitting the Dreissena to lethal osmotic stress, On
the other hand, only areas with salinity below 1 are likely to
maintain high Dtstissena densities, Walton �995! found
Lireissena in salinities as high as 6 in the Hudson river, but
high densities  >1000 tn'! were maintained only at a site

' that never exceeded 5 salinity', and was often fresh.

The salinity tolerances of Dreissena spawning adults, eggs,
veliger larvae, or planktonic postlarvae, have not bee'n
reported. Mann et aL �991!, however, in a review of
physiological tolerances of oysters of the genus Crassostrea,
reported that the ranges of salinity tolerahces for spawning
adults or for larvae were equal to or less than those for adult
survivak

PHr CALCIUMr OTHER IONS

pH in North American fresh waters varies dependIng on
rainfall acidity and bedrock composition, Adult Dreissena
have a heavy periostracum covering all but the oldest,
thickest portion of tHe shell  pers. obs.!. The periostracum
in freshwater mollusks is thought to aid in prevention of
she B dissolution  McMahon, 1991!, and Dreissena may thus
be able to survive periods of relative acidity. The tninlrnum
pH tolerance of adult Dreissena appears to be 7.0, the point
at which shell dissolution exceeds calcium uptake
 Vinogradov et aL, 1993!, but Ramcharan es aL �992!, in a
literature survey of Euro jean lakes, reported that significant
populations ol' Dreissena persisted only above a mean pH of
7.5.

Larval development in Dreissena appears to be tightly
regulated by pH, Sprung {1987! reported Dreissena egg
survival between only pH 7,4 and 9,4, an'd optimal survival
between pH 8.4 to 8.5, at terhperatures of 18-20 C, Even if
these values vary among Dret'ssetia populations, or with
rearing conditions, it appears that at least during the
reproductive season, Dreissena requires slightly alkaline
water.

Calcium, a major component of mollusk shells, appears
to be limiting in some cases. Cas'  from CaCOs! is ex-
pressed either'as "hardness"  inigiequivalents, or meq!, or
as rng per liter. European lakes with large populations of
Dreissena have hardness levels of about 1.75 to 5.16 meq
 Strayer, 1991!, or a minimum of about 54.5 mg Ca' 1', a

mean of about 45-52 mg Ca" 1', and a maximum of 76 mg
Ca" 1'  Ramcharan et aL, 1992!. These values should not be
considered limits, but only the range for which large
populations of Dreissena have been recorded in Europe.
Actual requiretnents for adult Dreissena have not been
determined in the laboratory. Sprung �987! reported
minimum embryo survival at 12 mg Cm' 1', and optimum
survival at levels of 40 tng Cat' la �.0 meq! and above.

' Mrvae grew relativel> well at calcium levels of 106 mg 1 i, the
maximum level tested,-

Other salts, including MgSO,, NaC1, KHCO,, NaHCO�
end MgCl�do not appear limiting to Dreissena embryos
 Sprung, 1987!. Potassium  KCI! is lethal at'levels of about
100 ppm  LC50lor 24 hours!  Fisher and Strombtrg,
1992!, but concentrations rarely approach this'level in
natural waters. Ramcharan er aL �992!, in a review of
European lakes, reported that the mean phosphate  PO,!
level of lakes with stable populations of 6reissena is about
0.12 mg 1', with a maximum level of 0.18 mg 1' and a
minimum of 0.05 mg 1'i, although Dreissena have been
reported in lakes with no measumMe free phosphate.
Phosphorus and nitrogen tnay have indirect roles on
Dreissena population growth rates, since they are critical
nutrients for freshwMer phytoplankton, and thus affect
abundance of phytoplankton, the primary food source for
Dreissena, Ammonia �H,! is lethal at a level of about
2 mg 1'  Nichols, 1993!, but this lpvel is lethal to many other
aquatic organisms as well.

OXYGEN

Sprung �987!, with limited data, concluded that
Dreissena larvae survived for short periods at oxygen levels as
low as 20% of saturation, at 18 C, This oxygen level in
natural systems is considered to be a hypoxic condition, and
aquatic systems with oxygen levels of 20% for significant
periods have problems far worse thari zebra. mussel inlesta-
tions, During periods qf highestpollution in the 1970s,
hypoxia eradicated Dreissena from much of the Rhine River
in Germany  Neumann et aL, 1995!. Survival of adults in-
hypoxia is unknown, but juvenile oysters have been shown
to be significantly more tolerant of hypoxia than larvae
 Widdows et aL, 1989!, ao adult and juvenile Dreissena are
probably more tolerant. of hypoxia than are larvae, Under
anoxic conditions, 100% niortaliiy of Dreissena occurs in
about 6 days at 17-18"C, and 5 days at 25-24'C  Mikheev,
1968!. McMahon and Alexander {1991! concluded that
Dreissena are poorly adapted for survival a  low oxygen levels
in warm water �5'C!, which indirectly supports Strayer's
�991! predictions of a warm~ter limitation to Dreissena
invas'ion. In general, however, only severely stressed aquatic
systems would have oxygen levels low enough to inhibit
Dreissena invasions,
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INTRODUCTION

The following document is froin the Proceedings of a I 999
sebra inussel toorkshoP, conducted in Baltimore, Maryktnd. At
the roorkshop, forecasts arm Presented concerning the future of
zebra rnussels, Dreissena polymorpha, in the rriidAglantib
states.

This publication is devoted to predictions of the
probability of invasion by the zebra mussel, ~ena
Polyrnorpha  and the quagga mussel, Dreissend sp.! ' to
specific bodies of water in Virginia, Probability of
invasion is divided into risk and susceptibility, Aish refers
to the chance, relative& other sites, that a body of
water will be inoculated with Dreissena, in sufficient
number to establish a population. Inoculation can
occur by natural dispersal, but in  he rnid-Atlantic
region is most likely to occur through accidental
introduction by humans, especially via boat u afFic.
Susceptibility of a body of water refers to the probability,
based on known physiological requirements, that
Dreissena could survive and reproduce. In this publica-
tioit predictions are made, concerning both risk and
suceptibility, for several bodies of water in Virginia,

. Original Dreissena populations are riative to freshwa-
ter or brackish portions of estuaries, with bidirectional
water flow, iu eastern Europe and central Asia
 Staczykowska, 1977!, and most subsequent invasions
have occurred in lakes and freshwater portions of
estuaries  Shtegman, 1968; Wolff, 1969; Staczykowska,
1977; Griffiths et al, 1991! . Freshwater portions of
estuaries, and natural and artificial resetvoirs in the
mid-Atlantic region of the United States  here defined
as drainages east of the Appalachian hfoun,tains be-
tween New York and South Carolina! are therefore at
risk from invasion by Dreissena, given correct water
quality parameters. Dreissena populations cannot be

~ maintained at high levels in freshwater rivers without an'P
- upstream reservoir or lake, because it has planktonic
larvae and postlarvae stages. This topic is discussed at
greater length in Criteria for Predicting Zebra Mussel
Invasions in the Mid-Atlantic Region, a Virginia Sea Grant
Publication, which can be obtained from the Virginia
'Institute of Marjne Science.

TEMPERATURE-I IMITED

SYSTEMS

None of the systems in the mid-Atlantic region fall
below the minimum temperature requirements for
Diaissena reproduction  refer to Criteria for Predicting

A zebra inussel is a small, striped mollusk capable of
raising havoc.  Although the mollusk can grow up to two
inches, it is usually much smaller � fingernail size:!
Ze:bra mussels have cost millions of dollars in the Great
Lakes region where they rapidly colonized water-intake
pipes, boats, docks, piers, and other structures. Dreissena
polyrnorpha silas inadvertently delivered to U.S. waters
around 1986 through the discharge df European shipping
ballast water. � ed,

Zebra Mussel Invasions in the Mid-AtlantreRegion!, but
most estuaries and lowland reservoirs in South Carolina
and Georgia have sumtsser temperatures that may
exceed Dreissena tolerances, based on reported Euro-
pean limits  Strayer, 1991!, and reported physiological
~ liinits of zygotes and adults  Sprung, 1987; McMahon
and Alexander, 1991!. Reported European tempera-
ture limits for Dreissena inay be based on geography as
much as temperature', however, since the Mediterra-
nean Sea acts as a southern barrier. The movement of
Dreissena down the Mississippi River, tracked recently as
far as Vicksberg, Mississippi  New York Sea Grant,
1995!, should be closely monitored as a natural test of
temperature tolerance of this species in North America.

ESTUARIES

Virtually aff estuaries with permanent freshwater
inputs in the mid-Adantic region have tidal freshwater
portions, and are potentially suceptible to invasion by
Dreissena Examples of iuajor estuaries  more than 1000
ha. of open, permanently fresh water! between New
Yos;k and North Carolina include the Hudson River; the
Delaware River; the Susquehanna, Potomac,
Rapahannock,, Mattaponi, Pamunkey, and James Rivers
in the Chesapeake Bay; Currituck and Albemarle
Sounds, and Pamlico, Pungo and Neuse Rivers in North
Carolina  Coupe and Webb, 1984; U.S. Army Corps of
Engineers, 1984; NOAA,'1985!.

Estuaries can be-invaded by Dreissena in several ways,
all discussed at length in Critena for Prmficting Zebra
hfussel Invasions in, the Mid-Atktntic Region. Briefly, they
can be invaded overbnd, usually with recreational



vessels,'either direct!y to theWeshwater estuarine
portion, or to a !ake, from where, if they become
estab!ished, they wilt subsequently invade a!l down-
stream waters. Alternately, estuaries can be invaded
from the seaward direction, with vessels traveling,fiom
other estuaries, Ballast water containingj!rdsss7aa larvae
is a weH-known vector, but under sotn e circumstances,
Dtvissas may also be introduced as adults on the hulls
of vessels, if the time spent in high-salinity water is not,
long. This is often possible, as discussed below.

Natu' terrestrial and high-salinity barriers between
maj or estuaries and smaller estuaries have been partially
e!iminated by canals of the Intracoastal Waterway, and
may facilitate Dtvissena transfer between basins. For
exasnple, the Chesapeake-Delaware canal, between
o!igohaline portions of those respective est'uaries, is at
times of high freshwater runoff, fresh or nearly fresh at
both ends  U.S: Anny Corps of Engineers, 1985; NOAA,

- 1985; Me!lor, 1986!, and thus represents a route ftsr
natural invasion by Dsvisssvaa of the Delaware estuary
from the Susquehanna drainage, where it is found at
present  Lange and Cap, 1992; New York Sea Graait,
1995!; Two canah, the Disma! swamp Canal and the
Chesapeake and Albemarle Canal, connect the Ehza-
beth River estuary in southern Chesapeake Bay, Vir-'
ginia, to freshwater portions of the Albemarle and
Currituck Sounds in'North Carolina so that freshwater
portions of the two forinerly separate estuaries are now
a single body of water. The A!!igator Rive&md Pungo
River Canal connect tidal fresh waters of Albernar!e and
Pamlico Sounds, respectively, in North Carolina.
Similar examples cg be found elsewhere along the
Intracoastal Waterway. Even iT there are high salituty
regions that act as barriers to natural range expansion
by Dtvissssaa, barge and-other boat traffic carrying
Dtsissma along these cana!s could- pass relatively quickly
through high salinity areas artd Dnissstaa can to!crate at
!east several days of relatively high sa!inity.

Drsissssaa has already invaded the Hudson River
' estuary  Walton, !993!, and appears poised to invade
the SusquEhanna River estuary  Lange and Cap, 1992;
New York Sea Grant, 1998! These estuaries wi!l serve as
models'of the sorts of bio!ogical and economic impacts
to expect in other mid-Atlantic estuaries. In addition,
they wilt serve as reservoirs of Dtnssstia to invade adja-
cent estuaries, particularty on the hulls of vessels
travelling between estuaries, as discussed in Ctitoria for
Pivdicting Zshra Mussef Invasions iia the Mid-Atksratic Rsgioss.

. Some, but not. al!, of Virginia's freshwater estuarine
r'egions are at. risk of, or susceptible to, invasion and
establishment by Davisssna. The risk of inoculation
varies between estuaries, according to the level of boat
traftic and other human factors, Susceptibility of
establishment, on the other hand, varies according to
water chemistry, independently of human use. In the
fo!towing discussion for each estuary, va!ues for pH and
calcium ate the maximum reported monthly averages

for summer  May to September!, based on existing .
water chemistry data.

POCOMOKE RIVER

The Pocotnoke River is at low risk of inoculation, and
is not susceptible to establishment of Dreissena Like
other estuaries on the Deltnarva'Peninsula, it has
relatively low freshwater inflow, and no tnajor upstreatn
reservoirs for Dreissena to invade, There is little com-
mercial vesse}- traffic into the estuary, although the
channel is maintained to Snow Hill, Maryland, and
there is a marina near Snow gilL Opportunities for
inoculation, therefore, are relatively limited, relative to
other Chesapeake Bay estuaries.

Water chemistry'data for February 199!,nekr the
upstream tida! limit at Snow I!it! showed low pH �.! !
and calcium content �.3 ppm! games er aL, 1991!. If
Drsissena were to invade this estuary, they probably
wquld not attain high popu!atioh levels.

POTOMAC RIVER

The Potomac River is at high risk of inoculation, and
highly susceptible.  o establishment of Dreissotaa. The
tidal freshwater portion of the Potomac estuary
stretches from Washington, D.Q., to Quantico, Virginia
in most years, There are few lakes adjoining the
Potomac River estuary; therefore, tbe invasion of the
Potomac Riv'er drainage by Dreisssna carried by recre-
ational vessels transported from an adjoining drainage is
less likely to occur than in some other systetns. The
Virgin!a portion of the Potomac/Shenandoah drainage,I
for example, has only abtstat 40 public 'boat ramps  most
of which are on rivers! compared to more than twice
tha  number for sotne other Virginia draiuages of
similar size- DeLorme Mapping Co., 1989!. Resource
managers have fewer major lakes to monitor in a
program to prevent the introduct!on of Dreissena.
Invasion could occur via intentional, misguided intro-
duction to a farm pond or other small impoundment, .
however. This possibility can be prevented on!y
through education of !andovvners and users.

Inoculation of the Potomac by Dtzissenacou!d also
occur from the seaward direction, via ballast water of
the hu!ts of incoming vessels. Ballast water containing
Dmssstaa !arvae or posdarvae is a disdnct risk to the
Potomac estuary. Bulk cargo ships from Quebec City,
Quebec, arrive in Alexandria, Virginia, 6-7 times annu-
ally  Robtnso'n Terminal Warehouse Corp, Alexandria,
VA, pers, comm,!. Alexandria is the largest portion the
freshwater portion of the Potomac; Quebec City is on a
portion of the St. Lawrence River that has established
populations of ~a  New Yprk Sea Grant, 1995! .
The amount of ballast water e'xchanged and the nattare
of the exchange, are unknown, Commercial and
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RAPPAHANNOCK RIVER

PIANKATANK RIVER

I

recreational traHic into the Potomac estuary from
adjoining estuaries is very high, and the Potomac is the
closest Virginia estuary to the. Susquehanna River, where
Dreissena is already present.

Water chemistry dara indicate that both pH  8.1-8.4,
May to September at Washington, D,C.! and calcium
content �240 ppm!  Prugh el al., 1992! are suitabk for
Dreissena reproduction. If Dreissena becomes established
in the Potomac estuary, all indications are that it would
rapidly attain pest proportions. This region has already
experienced invasion by the asiatic clam, Cmbicula
Jlurrunea, which has attained high abundance  Phelps,
1991!.

Risk of innoculation to, and susceptibility of, the
- Rappahannock River to Dreissena invasion, are nroder-
ate. The tidal I'reshwater portion of the 'kappahannock
estuary extends upstreanr from Fredricksb'urg, Virginia,
to somewhere between Port Royal and Tappahannock,
depending on freshwater inflow levels. Invasion of the
Rappahahnock could occur from upstream, where tlrere
are several reservoirs of moderate size, if they were
invaded. There are I I public boat ramps in the fresh-
water portion of the Rappahannock drarnage
 DeLorrne Mapping Co., 1989!, and there are also
several large, privately maintained reservoirs, such as
Lake of the Wooris, which is surrounded by a housing
development. Inoculation could also occur froze the
sr.award direction, via fouling on the hulls' of vessels
nroved from nearby estuaries already invaderl by
Dreissena, but bott> commercial arrd recreational move-

ment from other estuaries to the Rappahannock is low
to rrloder ate.

The lower Rappahannock River has r<:latively low pH
�.8 in August, at Fredricksburg! arrd very low calcium
�,2 pppl!  Prrrgh el al., 1992!. Based on these data,
even if Drerrsena becomes established here, it is not

predicted to have high reproductive success most years,
. and is unlikely to maintain pest proportions.

The tidal freshwater portion of the Piankatank River
is at reladvely low risk of inocculation, and is not

I suceptible to establishment of Dreissena The
Piankatarrk, and its adjoining freshwater tidal portion,
Dragon Swamp, is the largest of a number of small
estuaries an the west side of Chesapeake Bay for which
the drainage basins arise entirely within the coastal
plain region. There are no large upstream reservoirs,
and no commercial tra6ic into freshwater tidal portions,
so the only likely mechanisms of Driesserra inoculation
would be via private introductions to upstream farm
ponds, or via the hulls of small pleasure vessels from
other estuaries. The Piankatank has low pH �.5 in July

at Mascot! and low calcium �8 ppm!  Prugh et aL,
1992! so Dreissena would be unlikely to survive or
reproduce.

Data for other small Virginia estuaries are limited,
and while some  e,g. the Pocomoke, discussed above!
are known to be acidic, pH and calcium of small- to
medium-sized impoundments upsfream on these varies
dramatically within the same drainage  Virginia Depart-
ment of Garne and Inland Fisheries, unpubl. data!. No
small estuary, therefore, should be considered safe from
Dreissena invasion until water quality has been measured
and determined to be unsuitable for Qn~vta growth
and reproduction.

MA'ITAPONI AND PAMUNKEY RIVERS
I

The Mattaponi and Pamunkcy Rivers, whr'ch unite at
West Point, Virginia, to form the York River estuary, are
both at moderate risk of inoculation by Drer'ssena, and
are moderately susceptible to establishment of, this
species. The York River is rarely fresh or oligohaline,
even at West Point  NOAA, 1985!, so freshwater por-
tions of the Mattaponi and Pamunkey are normally
distincr. from epch other. Small tributaries of the two
subestuaries are very close to each other, though, and
could be host to brief overland transmigration by
animals such as turtles  see Critena for Predicting Zebra
Mussel Invasions in the Mid-Atlantic Region! .

Inoculation of either estuary by Dreissena could occur-
from upstream reservoirs which had been previously
invaded overland. The Mattaponi River has several
upstream reservoirs of moderate size and recreational
use, such as Ni River Reservoir, and Caroline Reservoir,
an/ in the Pamunkey drainage ther' is the relatively
large Lake Anna  discussed separately iri this chapter in
the section on lakes!. There are about 12 and 15 public
boat ramps in the Mattaponi and Pamunkey drainages,
respectively  DeLorme Mapping Co., 1989!. Inocula-
tion of the estuaries could also occur vda Drerssena
attached to hulls of vessels incoming from other, already
invaded estuaries, but probability of invasion by this
method is low, due to the relatively limited traIHc,
compared to other major estuaries. Barges with wood
chips travel between the upper York River and other
estuaries, but the major moorage site, in the lower
Pamunkey, is rarely fresh, and the salinity regime
probably is suboptimal for reproduction of Dreissena.

Both rivers are slighdy acidic aad have low calcium,
and are thus only marginal for Dreissena~owth and
reproduction. Near Beulahville, pH of the Mattaponi in
July is about 6.9, while calcium content is only about 5,7
pprn, Near Hanaver, pH of the Pamunkey in June is
about 6.9-, with a calcium content of about 9 ppm
 Prugh et al�1992!. Even if Dreissena becomes estab-
lished, it is unlikely that they would attain pest propor-
tions in either estuary.
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JAMES RIVER

The James River is at high risk of inoculation by
Dn,issatsa, and is highly susceptible to subsequent
establishment of large populations, The freshwater
tidal portion of the James River extends downstream
Aom Richmond to Jamestown, and includes large
portioris of the Chickaltominy and Appomattox Rivers,
with over 8000 ha of open freshwater. The James River
drainage has many large reservoirs 3vith heavy recre-
ational use  high risk qf inoculation!, and home of these
reservoirs could support Draissana populations. Ex-
amples Include Briery Creek Reservoir, Lake Chcsdin,
Swift Creek Reservoir, Lake Moomaw, and Litde Creek
Reservoir.  Lake Chesdih, the largest of these, is
discttssed separately under the section on lykes.! The
danger of introduction via vessel hulls or trailers
increases with the amount of recreational use, and the
James 1Uvcr drainage has over 90 public boat ramps,
mostly on lakes  DeLorme Mapping Co�1989!. In
addition, there are annual professional bass fishing
tournaments on the tidal freshwater portions of the
James and Chickahomlny Rivers, with many vessels
trailered in from other stat'cs, where they may have been
in Dtzissarta-Infested waters only a day or two previously.

The Jisk of inoculation from the seaward direction is
also high, via both ballast-water and the hulls of incom-
ing vessels. Large vessels containing varying amounts of
ballast water regularly visit the Port of Richmond from
freshwater European ports  Meehan Overseas Terminal,

g Inc., 1991!, some of which have large Draissarta popula-
tions. Whether freshwater ballast containing Draissatta
larvae is acquired in Europe and released, undiluted by
seawater, in Richmond, is unknown, but it appears
probable. Barge and other vessel traffic between
industrialized areas of the James River and other
estuaries in Chesapeake Bay is heavy, There is also
heavy recreational traffic from other estuaries.

Conditions for Draissarta reproduction are favorable
throughout much of the estuary, and two other non-
native bivalves, CorbicuQ flumirtaa and Rangia aunaata,
have already successfully invaded freshvrtter and
oligohaline portions of this estuary  Diaz, 1977, 1989!.
The native bivalves Mytikpsis Iastcophaaata  a close
ts.'lative to Dn.issana!, Sphaariurtt trarUnarssttst, and Pisidiictts
aasartartum are also common'in oligohaline and freshwa-
ter portions of the Jatnes River  Diaz, 1977!, Near.
Cartersville, pH in August is 8,1, and calcium content is
about 22 ppm  Prugh at aL, 1992!, both within the
minimum requirements for Dszissatta reproliuction.

ELIZABETH RIVER AND ALBEMARLE

SOUND

Tidal freshwaters of southeast Virginia, including the
Elizabeth River and parts of the Albemarle Sound

system, are at risk of inbculation by Draissana, and some
regions within this area are susceptible to establishment
of the species, The Elizabeth, Nansemond, and
Lynnhaven Rivers in southeast Virginia, Currituck
Sountl and the Pasquotank River in North Carolina
 Albemarle Sound!, and many lesser bodies of water,
form an extremely complex estuarine and freshwater
system, because of the Intracoastal Waterway and many
lesser canals. The northernmost portion of Cumtuck
Sound is Back Bay, in Virginia; other connected bodies
of water include Lake Drummond  Dismal Swatnp!,
Lafayette River  Norfolk!, Rudee Inlet  Virginia Beach!,
and various small lakes in the cities of Virginia Beach,
Chesapeake, Norfolk, and Suffolk, The freshwater
portions 'of the Elizabeth, Nansemond, and Lynnhaven
Rivers are relatively small, but the Chesapeake and
Albemarle Canal, the Dismal Swamp Canal, and lesser
waterways are usually fresh, and all of Currituck Sound
and most of Albemarle Sound are oligohaline or fresh
water, depending on freshwater inflow  NOAA, 1985!.'
All of these bodies of water are intimately connected by
a network'of canals or ditches  refer to United States
Geological Survey topographical maps!, so if Draissarta
becomes established in any part of this system it could
eventually spread to all others.

Inoculation of the above region by Draissana is most
likely to occur via the heavy recreational and commer-
cial traffic incottung from other estuaries. There are
few freshwater lakes in Virginia Beach with boat ratIrps,
so the risk of inoculation by Draissatta on the hulls of
recreadonal vessels trailered frotn other systems is low.
Conversely, there are thousands of stnall recreational
vessels which use creeks, canals, and oligohaline por-
tions of the many small subestua'ries in this area, and
there is heavy barge traffic along the Chesapeake and
Albemarle Canal, part of the Intracoastal Waterway,
Draissana need become established only in one of the
other Chesapeake estuaries and, sooner or later it will
appear in Virginia Beach or the City of Chesapeake
waterways, as fouling organisms on small vessel hulls.

The Chesapeake and Albemarle Canal is potentiaffy
im~rtant in aiding dispersal of Draissana. Even if the
canal does not serve as-a reservoir for Draissarta recruits,
it will serve as a temporary relief of osmotic stress to
Draissaaa that are fouling vessels traveling along the
Intracoastal Waterway. This could prolong the survival

. of Drausaaa on vessels otherwise traveling in relatively-
high-salinity areas.

Some regions within southeast Virginia are suscep-
tible to establishment of Draissancr, others are not. Back
Bay, the northernmost extension of Currintck Sound, is
normally fresh, but in some years, salinity can increase
to as high as 10 for extended periods, although small
tributary estuaries remain fresh  Norman and
Southwick, 1991!. The only bivah e which presently
persists in Back Bay is the non-native oligohaline clam,
Regia autsaata  Lme and Dauer, 1991! �Alkalinity and



Table 1 summarizes the information for estuaries
discussed above. The relative. chance of inoculation, or
"Risk," is given as "high," "moderate," or "low," based on
factors discussed above. Using available water chemistry
data and published data on Drsisstvsa physiological
requirements, the relative threat of establishment of
large populations of Drvt'ssrrta following inoculation, or
"susceptibility" is also given as high," "inoderate," or
"low," "High" predicts that if Drsissona becomes estab-
lished; it witt ~idly attain high population levels, and
stay at those levels at least until the ecological commu-
nity adjusts to the invasion. "Moderate" predicts that if
Drsisseaa becomes established, it wilt reproduce success-
fully on!y during certain, favorable periods, and wiII
attain pest proportions only occasionally, "Low"
indicates that Drcissma is unlikely be able to reproduce
successfully,

LAKES AND RESERVOIRS

All major rivers and many small rivers in the mld-
Atlantic region have large arti6ciat impoundments. It is
unlikely that Drnssoita could become established m a
river system by a single inoculation into'the river itself,
but once they become established in a reservoir, they
would then spread to downstream reservoirs and
freshwater portions of estuaries. Only unfavorabte
water quality, such as Iow pH and low calcium concen-
trations, would then limit Drvistena population levels.

Water chemistry data were available for some Virginia
lakes, discussed in alphabetical order hereafter, except

where two or more
I

PREDICTED INVASION SUCCESS IN FRESHWATER
ESTUARIES

TABLE 1.

Estuaries are listed approximately from north to south. Risk refers to the relative
chance that Oreissena will be introduced, and susceptibility refers to the relative
chance that Oreissena will attain high population levels.

Sttsceptlblflty

low-

RiskEstuary

Pocomoke River, MD 8 VA low

Potomac River, MD 5 VA

Rappahannock River, VA

Piankatank River, VA

high

moderate

high

moderate

lowlow

Mattaponi River/
Parnunkey River, VA

/

CLAVrOR LAKE
Iowmoderate

The risk of inoculation
by Drrisscaa to Claytor
eke is high relative to
other lakes, but its suscep-
tibility to the establish-

James River, VA high'high

Elizabeth River, VAl-
Albernarle Sound, VA & AC highhigh

calcium levels for Back Bay are marginal for Deissma
reproduction  mean pH 7.7, calcium content of 10-20
ppm!  Sincock et aI, 1966!, but the presence of Rarigia
infers that other species of bivalves, such as Dreisssrta,
could survive there. Once established, Dreissorta would
survive high~inity periods by persisting in freshwater
tributaries.

The Dismal Swamp and the Dismal Swamp Canal, in
contrast to Back Bay, have very low pH  maximum 6.7 in
July! and calcium �.2'ppm!  Lichtler and Marshall,
1979!, probably inuch too low tor the reproduction or
even extended survival of Drrisserta 'The Dismal Swamp
Canal therefore is unlikely to be invaded by, or serve as,
a route for natural dispersal of Dreisserra, but it remains a
ready passage for dispersal by fouling on the hulls of
vessels passing between the Elizabeth River', in the-
Chesapeake Bay system, and the Pasquotank River, in
the Albemarle/Pamlico.Sound system.

I
Urban development in southeast Virginia has lead to

the creation of many small lakes, most of which are
connected by ditches or pipes to other waterways.
Water quality arid chemistry are unknown for most of
these, but it is probable that at least some will have ideal
condition+or Dreissena. For example, Smith and
Whltehurst Lakes, in the Little Creek drainage adjacent
to. the Norfolk International Airport, are both modaliy
alkaline with sufficient calcium for Dreissena reproduc-
tion  Virginia Department of Game and Inland Fisher-
ies, unpubl. data! ., If Dreissyna is introduced, therefore,
the probability that it could become established income
part of the system is high.

adjacent reservoirs are
discussed together. Water .
chemistry data, especially
catcium levels, are incom-
plete for inost lakes, and
while risks have been
assessed basetj on known
data, it is possible that the
known data are not
representanve of common
conditions. The rale of
water chemistry in
Drsisssria survival and
reproduction are discussed
in Criteria for Predicting
Zebra MusMI Irioasiorts in, the
hfi d-Atiaritic Rtgum.



ment of large populations is only mt>deviate. Claytor
Lake is a multi-purpose reservoir  recreation,
hydropower! on the New River  Kanawha River!, a
tributary of the Ohio River. It receives heavy
recreational use, with eight improved public boat
ramps, as well as eight more on the New River
upstream  DeLorme Mapping Co., I989!. There
are thus many opportunities for accidental inocula-
tion of Deissena via the hulls of small recreational
vessels. Frelds Dam impounds the New River
upstream of Claytor Lake, but the reservoir is
probably too small  flushing rate too big J>l to act as
a reproductive refuge for Dreissena Although
Dreissena is already present in other portions of the
Ohio River basin  New York Sea Grant, 199$!, the-
probability of its dispersing naturally upstream to
Claytor. Lake is low, relative t'o the risk posed by
human-mediated invasion. Surface waters are
normally quite alkaline {7.5-9,3 in June!, but
calcium is generally low  9-10 ppm!. In some years,
however, calcium levels can attain 30 ppm  Virginia
State Water. Control Board, unpubl, data!, so the
question of Dreissena success in Lake Claytor, should
it be inoculated, would depend on the varying water
chemistry.

FLANNAGAN RESERVOIR

John W. Flannagan Reservoir is at high risk of
inoculation by Dreissena, but its susceptibility to
establishment of large populations is only rnoder-
ate, Flannagan Reservoir is on the Pound River, a
tributaty of the Ohio River via the Big Sandy River,
The reservoir has three improved public access boat
ramps; there are two more just upstream an tribu-
taries, and three more are on North Fork Pound
River Lake, also upstream  DeLcNme Mapping Co.,
1989!. There are thus many opportunities for

, inoculatiori via the hulls of small recreational
vessels. Although Dreissena is present in other
portions of the Ohio River basin  New York.Sea
Grant, 1995!, the probability of its dispersing .
naturally upstream to FIannagan Reservoir is low,
relative to the risk posed by human-mediated
invasion. The surface waters are alkaline  pH 7,6-
8.9 in June!, with low to moderate levels of calcium
 9-29 pprn!  Virginia State Water Control Board,
uhpubl. data!, Dreissena would survive, if released
into Flannagan Reservoir, but in some years'repro-
duction may be calcium-limited.

HARWOOD Mu.LS RESERVOIR

headwaters of the Poquoson River, in Newport News,
has a single public boat ramp, limited to craft withoutI
internal-combustion engines. This reduces but does not
ehminate the possibility of Drer'ssena inoculation via the
hulls of recreational vessels, Like the majority of small
municipal reservoirs in southeast Virginia, it is modally
alkaline  pH S, I in June!, with moderate levels of
calcium �5' pprn!  Virginia Dept. Game and Inland
Fisheries, unpubl. data!. These conditions are favorable
for Dreissena reproduction.

Of ten similar small reservoirs in that area surveyed
by Virginia Department of Game and +land Fisheries,
six have water chemistry that would support high
populations of Dreissena, three have chemistry that
would support at least riioderate populations, and only
one  Kilby Reservoir! has water chemistry that would be
unlikely to support Dreisse>ra populations.

KERR RESERVOIR AND LAKE GASTON

Johrr H. Kerr Resewoir, and Lake Gaston; just
downstseam, arr. at high risk of inorulation by Dreissena,
and at least portions of both lakes arc higtily susceptible
to establishment of large populations of this species.
Both reservoirs are targe mtrlti-use {recreation, hydro-
power! impoundments on the Roanoke River, astride
the Virginia/North Carolina Reservoir, Just below Lake
Gaston m North Iwrolina is the Roanoke Rapids dam
and reservoir, arid tire Roarioke ends'in Albemarle
Sound, North Carolina, which has an extensive. freshwa-

1
tcr portion. Kerr Reservoir and Lake Gaston arc heavily
»sed by recreatii>rial boaters and fishermesr, with a total
of about .">0 public boat ramps. Iriaddition, E><>th are
downstream of a variety of public-access reservoirs,
including Philpott Reservoir,.Banister I.ake, Smith
Mountain Imke, and Leesville lake in Virginia, and
Hyco Iwke, Mayo Reservoir, and After Bay Reservoir in
North Carolina, with over 80 public access boat ramps
 Alexandria Drafting Co�19S I; DeLorrne Mapping Co.,
19S9!. Water chemistry in both Kerr Reservoir and
Lake Gaston varies between stations, and on the basis of
this McMahon �992! considered the susceptibility of
Lake Gaston to be relatively iow. Both lakes, however,
have semi-enclosed branches jn which water chemistry
may differ, and in both lakes there are modally alkaline
regions  pH 6.9-9,5!. Calcium levels for Kerr Reservoir
were unavailable, but calcium content of the alkaline
stations in Lake Gaston are about 24-44 ppm  Virginia
State Water Control Board unpubl. data!, and because
of the proximity of rhe two lakes, it is safest to assume
that Kerr Reservoir, more complex even than Lake
Gaston, also has regions of modally high calcium,

Hatwood Mills Reservoir is one of many small
multi-use  Rishing, municipal water storage! reser-
voirs in urbanized southeast Virginia. The risk of
inoculation by Dreissena is low, but the lake is highly
susceptible to estabbshrnent of this species, should
it become introduced. Harwood Mills, on the

LAKE ANNA

Lake Anna is at high risk of inoculation by Drefsse«a,
but irs susceptibility to subsequent establishment of this
species is low. It is on the North Anna River, a tributary



of tbe Pamunkey, and is the largest resetvoir in the
Pamunkey River drainage. Imke Anna is used heavily by
recreational boaters and fishermen, and is the water
source for the North Anna Nuclear Power Plant.
Downstreain is the freshwater tidal portion of the
Pamdnkey River, There are 9 itnproved public access
boat ramps on Lake Anna, Upstrcain of Lake Anna are
Lake Orange, with one public boat ramp, and Lake
I.ouisa, which is surrounded by a housing development
 DeLorme M'apping ~., 1989!, McMahon �992!
considers Lake Anna to be highly susceptible to the
establishment of large Drrissetta populations, but based
on unp'ublished water chemistry data provided by
Virginia Power. Innsbrook Technical Center, Glen
Allen, VA!, this seems unlikely. Although pH often rises
as high as 7.9 in some branches of Iake Anna during
the summer, inost-of the lake is modally acidic, ~d
even where waters are alkaline, the:.calciuttt content '
remains too low  tnaximutn about 6.0 ppm! for
Dreissrrta reproduction,

LAKE CHESDIN,

IMe Chesdin is at relatively high risk of inoculation,
by Dreissetta, but its susceptibility to establishment of this
species is low, Oti the Appomattox River  a tributary of
the James!, it has several public-access boat ramps,.and
receives heavy recreational use frotn the nearby Rich-

' mond area. It has a water chemistry unsuited for
Drdssrrta, however; the pH is variable �,4-8.7!, but
modally acid in summer in shallow water, and calcium
levels are very low  about 5-10 ppm!  Virginia State
Water Control Board, unpubl.'data! ..

LAKE GASTON  SEE KERR RESERVOIR!

LAKE MOOMAW

Lake Moomaw is a.rarity in Virginia; a large reservoir
at relatively low risk of inoculation by Drrissersa.
Drrissetta were introduced, however, IMe Moomaw is
moderately susceptible to cstablishinent of a large
population. It is on the Jackson River, in  he headwa-
ters of the James River, within a state wildlife manage-
tnent area, where recreational use is limited. DeLorme
Mapping Co. �989! shows no public-access boat ramps
on or upstream of Lake Mootnaw. The pH is modally
alkaline �M,4! in shallow water in sumtner, with
calcium levels of about 18-17 ppm  Virgitiia State Water
Control Board, unpubl, data!, -marginal conditions for
Dretssrrta reproduction'.

LEESVILLE RESERVOIR

 SEE SMITH MOUNTAIN LAKE!

PHILPOTT RESERVOIR

Philpott Reservoir is at relatively' high risk of Ltrttissittta
inoculation,' but its susceptibihty to establishment of this
species is low. It is on the Smith River, a tributary of the
Roanoke River via the Dan River, and has 11 improved,
public access boat ramps. The water is modally alkaline
 pH 7.2-8.7!, btlt available calcium data indicates very
low levels �-5 ppm!  Virginia State Water Control '
Board, unpubk data!, whtcb would itihibit Drstsssna
reproduction. If it does become established, however, it
will spread to Kerr Reser'vair and Lake Gaston, down-
stream, which have inore benign water chemistry,

SMITH MOUNTAIN LAKE AND

LEESVIH,E LAKE

Smith Mountain Lake is a large reservoir on the
headwaters of the Roanoke River, and Leesville Lake is
directly below it. Both are at high risk from inoculation
by Dreisserta, although tl!e susceptibility of both lakes to
establishment of large populations is only moderate.
There are only two improved public access boat ramps
into Leesville Lake, but there are more than 17 into
Smith Mountain Lake, upstreattt. Smith Mountain Lake
is also the site of a large, annual professional bass-
fishing tournament. The. pH of both lakes in shallow
water during the summer is normally high �.6-9.I!, and
calcium leveh are about 15-17 ppm  Virginia'State
WateF Control Board, unpubl. data! .- These conditiotis
permit reproduction of Drassersa, although in some
years cakium content tnay limit population- levels.
Downstream of these lakes are John H. Kerr Reservoir
and Lake Gaston.

r

SOUTH HOLSTON LAKE '

South Holston Iwke is at rehtively high risk of
inoculation by Drrissena, and its susceptibility to subse-
quent establishment of large populations of this species
is also high, South Holston Lake is a large mul6-
purpose reservoir  recreation, hydropower! on the
South Fork Holston River, a tributary of the Tennessee
River, It is in southwest Virginia, and the majority of the
lake is within Tennessee. The lake is vnthin a few hours'
drive of other lakes in' the Tennessee River system
containing Dreisserta  New York Sea Grant, 1993!.
There are 16 public access boat ramps on the lake, and
hvo more upstream on the smaller Hungry Mother
Lake,~ The pH of South Holston Lake is relatrvely stable
and modally alkaline �.9-8.6 in June and July!, with
moderately high levels of calcium �8-30 ppm!, based
upon data collected largely in the 1970s  Tennessee
Valley Authority ungubi. data!, These conditions are
Favorable for Dtrtt'ssena growth and reproduction, and
once introduced, it would rapidly attain pest propor-
tions,
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WESTERN BRANCH RESERVOIR, LAKE
MEADE

DeLorme Mapping G>. 1989. Virgittitt Atitts and Gazetteer.
Freeport, ME.

TABLE 2. PREDICTED INVASION SLQCESS IN VIRGINIA LAKES AND RESERVOIRS

Reservoirs are listed alphabetically. Invasion Risk refers to the relative chance that Dreissena will be intro-
duced, and Susceptibility refers to the relative chance that Dreisserra will attain high population levels. See
also text for explanation of terms.

Recreational
Vessel Use

Other
Uses SusceptibilityDrainage Risk

hydroelectric power - high
high

high
high

Claytor Lake
Flannagan Res.
Harwood Mills Res

Ohio
Ohio

moderate
~ - moderate

low

high
high
high
high

moderate
low
high
high
high
high

moderate

municipal water .
hydroelectric power
nuclear power plant

moderate
high
htgh
high
high
high
low

moderate
high
high
high

moderate

 Newport News! Poquoson
Kerr Reservoir Roanoke
Lake Anna Parnunkey
Lake Chesdin James
Lake Gaston Roanoke
Lake Meade ' Nansemond

Lake Moomaw James
Leesviile Lake Roanoke
Philpott Res. Roanoke
Smith Mtn. Lake Roanoke
S. Holstott Lake Tennesse
W. Branch Res. Nansemond

high
bigh
low
low
high
high

moderate
moderate

low
moderate

high
high

hydroelectric power

wildlife mgrnt. area

hydroelectric power
municipal water
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Western Branch Reservoir, Lake Meade, and some
adj acent reservoirs are at moderate risk of inoculation,
by Dret'rsena, and highly susceptible to establishtnent of
large populations of this species. Western Branch
Reservoir is the largest of seven impoundments in the
Nansemond River drainage, m southeast Virginia, It is
on the Western Branch Nansemond River, while Lake
Meade is the largest of four impoundments on the
Eastern Branch Nansemond River, but the drainages of
these are very close to each other. 'Other lakes include
Lake Prince and Lake Burnt Mills, upstream of Western
Branch Reservoir, and ~e Cohoon, Lake Kilby, and
Spaetes Run Lake, upstreatst of Lake Meade, Western
Branch Reservoir has two public boat ramps on or,
upstream of it, and Lake Meade has four. AII lakes are
trsed heavily for recreational fishing, but the majority of
the users are local  Virginia Dept. Game 8c Inland .
Fisheries, perse comm,!. Water chemistry data shows
moderately alkaline water  pH 8.2 a  2 m depth> Jutte!
with moderate leveh of calcium �0.25 ppm! in all of
these lakes except Lake Cohoon and Lake Kilby  no
data is available for Spaetes Run Lake!. Lakes Cohoon
and Kilby are often acidic, and their leveb of s'usceptibig
ity are thus moderate or low.  Virginia Dept. Game and
Ittlanti Fisheries, unpubl. data!. In the remaining four
lakes, conditions are favorable for Dreissetsa reproduc-
tion. Once invasion occurred in any of those four lakes,

Drrisrerta would reach high population levels. Natural
dispersal, perhaps by adults attached to turtles or other
amphibious organisms, could then spread Dreissettrz to
the other impoundments in the Nansemond drainage.

Table 2 summarizes the information for reservoirs
discussed above: The definitions for "risk" and "suscep-
tibility" are the same as for Table I.
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IHTRODUCTIOH

Zebra mussels  Dreissena potvrnor-
pha! are exotic, freshwater bivalves that
were inadvertently delivered to U,S,
waters around 1986 through the dis-
charge of'European shipping ballast
water. They reproduced and colonized
the Great Lakes for two years before they
were sighted in July 1988 in Lake St.
Clair near Detroit, Mich. The 1- to 2-

inch-long striped mollusks originated in
the drainages of the Black, Caspian and
Aral seas. Since their amvai, they have
spread rapidly throughout the Great
Lakes and into several river systems of
the eastern United States, including the
Ohio, Illinois, Mississippi, Mohawk,
Hudson, Susquehanna, Tennessee and
Arkansas rivers.

Zebra mussel colonization of water-

intake pipes, boats, docks, piers and
other structures in the Great Lakes region
has already cost millions of dollars.
Some speculate that it's only a matter of
time until they spread throughout most of
the United States, If they colonize the
mid-Atlantic, they could interfere with
municipal and industrial water users.
sport and recreational fisheries, food
webs, navigation, recreational boating
and beach use,

THE MID-ATLt'iiHTIC

REGIOH

The Mid-Atlantic Sea Grant region
includes New York, New Jersey,
Delaware, Maryland, Virginia and North
Carolina. To date, zebra musseis have

not forged into any of these states except
New York, which has been combating
the mollusks since 1988. This fact sheet

does not address the status of zebra

mussels in New York. Rather, it looks at

the prospect of the mussel moving into
other states in this region and how the
area might offer a different and more
variable envirorunent than the Great

Lakes.

The eastern portion of the mid-
Atlantic is comprised of expansive
estuaries. The Chesapeake Bay, Dela-
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ware Bay and Albemarle/Pamlico
estuarine system represent more than half
of the East Coast estuarine waters. This

large system is dynamic, often experienc-
ing rapid fluctuations in temperature and
salinity, Freshwater resources are also
plentiful. The region is composed mostly
of Atlantic-bound drainages and a 1'ew
watersheds in the western portions of
Maryland, Virginia and North Carolina
that feed the Mississippi River network.
There are very few natural lakes within
the region, but thousands of man-made
impoundments lie within these drainages,
including farm ponds, aquaculture facil-
ities, drinking water supplies, detention
facilities for water quality or flood con-
trol, and recreational or multipurpose
lakes.

COHCERHS

Zebra mussels can securely attach to

nearly any surface by secreting durable
elastic su ands called byssal fibers. They
colonize to form bamaclelike encrusta-

tions. And because of their affinity for
water currents, zebra mussels can

colonize water pipelines and canals.
often severely reducing the water flow
and, upon death, imparting a foul taste to
drinking water. The intake pipes at
drinking water, power generation and
industrial facilities serve as excellent

habitat for the mussels. The water flow

provides a continuous source of food and
oxygen and canies away wastes, while
the structures themselves protect the
colonies from predation.

Once in a drinking water treatment
facility, zebra mussels can colonize any
surface withi~ the distribution system up
to the first oxidation or filtration stage,
including intake mains. raw wells, screen
house walls, traveling or stationary
screens, strainers and settling tanks,
Colonization can cause loss of intake

head, valve obstruction', putrescence
from the decay of protein-rich mussels,
obnoxious methane gas and increased
corrosion of steel and cast iron pipe.

A similar fouling problem can occur

Continued on page 2



Continued from page 1
in power plant and industrial water
systems. lie mussels can clog con-
denser and heat exchanger tubing,
leading to loss of heat exchange capacity
and ov~g. They can also block
service water lines for fire ~on or
lubrication and/or cooling of bearings
and transformers, potentially damagmg
vital plant components or creating safely
hazards if sprinkler systems fail.

Recreational boating can be another
zebra mussel casualty. Attached to boat
hulls, the mussels increase drag, thus
reducing fuel efficiency and speed,
Larval mussels drawn into a boat' s

engine-cooling water intake may grow
and obstruct the system, leading to
overheating and possible engine
damage. Shells drawn into the engine
could abrade cooling system parts,
especiaHy impellers.

Zebra mussels also attach to docks,
marks buoys, ladders, pilings and ropes,
Their waste excietions hasten the

corrosion of these structures, and dense
colonies can even sink buoys and
floating docks. Colonization of lock
systems may negatively impact naviga-
tion canals,

Recreational beaches in infested

areas may be littered with shells washed
up by storm waves. Some Great Lakes
beachgoeis use footgear to prevent cuts.
Dead mussels produce odors that also
detract from the enjoyment of the
shoreline.

Further, zebra mussels can biologi-
cally impact the env~t. An adult
zebra mussel fitters on average 1 liter of
water per day using siphans and a
ciliated gill system, but rates of up to 2
liters per day have been observed, 1ley
feed on small phytoplankton and
zooplankton  microscopic plants and
animals! in lakes and detritus  decaying
leaf matter! in rivers, lhey can also filter
and consume their own larval stage,
called veligers. Particles of an unsuitable
size or diemical composition Me not
ingested; rather, they ate consolidated
and discharged as pseudofeces. Euio-
pean studies indicate that zebra mussel

filtration can dramatically increase lake
water clarity. Since the mussels were
introduced into the western and central

basin of Lake Erie, water clarity has
increased drainatically and the chloro-
phyll I content  photosynthetic pigment
found in algae! has de~scsed. But the
extent ta which changes in the take's
ctarity and productivity can be attributed
to zebra inussel activity is stilt unknown.

Although filtration inay improve
water clarity, the phytoplankton and
detritus removed by zebra mussels are
important links in lake and riverine food
webs. Therefore, filtration could nega-
tively impact fisheries. In lakes, excessive
removal of phytoplankton cauld cause a
decline in zooplankton species that eat
phytoplankton. Zebra rnussels also eat
small zooplankton, possibly reducing
their numbers and the surviv'al of larger
zooplankton and larval fish that feed on
them. This in turn could affect higher
trophic species within Ihe food chain.
Similar to lakes, excssive removal of
detritus from rivers may cause a decline
in aquatic insects and other detrital
consumers, which are an important food
soutee for many fish. Growing mussel
populations could atter vital links in the
food web, In addition, clearer water could
make zooplankton more visible to fish
prediuors and reduce the ability of larval
fish to avoid predimon.

Native mussel populations may be
endangered by the sheer numbers of zebra
mussel colonies competing for food and
space. In Lake St, Clair, zebra mussel
colonization has coincided with the rapid
disal!pearance of the native unionid clam
population. Numerous live and dead
unionids have been found covered with

mussel growths. Many unionids appear to
die as zebra mussel colonies interfere

with host shell movemenh or damage the
shell edges,

The zebra mussel has a reproductive
strategy unique to fieshwater mussels,
which is responsible for its rapid expan-
sion in Empt and the Gteat Lakes.

Sexual maturity is typicatly reached
at age 2 but may occur in the first year at
a size af 3 to 5 millimeters  mm!, Zebra
mussels are separately sexed, but some
hermaphroditism has been reported.
Mature female mussels can produce
30,0 N to 40,000 eggs per year, although
some produce up to l million eggs
annually. Based an these observations,
they may have the highest fecundity
ainang freshwater moltusks. Young,
first-year mussels as smal! as 3 mm may
produce as many as 6,000 eggs per year.
Individuals are able to spawn several
times a season, and spawning activity
appeats to occur year-round in warm,
productive waters, such as those in
Tennessee and Mississippi.

Although poorly understood, Ihe
reproductive cycle is apparently
influenced by local envhanmentat cues,
such as water temperature, mussel
population density, phytoptankton
abundance and species composition,
Spawning patterns can show consider-
able year-to-year variations. Studies
fram Lake Erie suggest that cool water
temperatures, storms, elevated turbidity
and incised population densities can
delay spawning, possibly causing the
mussels to spawn simuttaneoculy. The
presence of mussel gametes  sex
products! in the water may also promote
spawn ill g,

Two to three days after water
temperatures have reached 14-16 C, a
fertilized zebra mussel egg becomes a
planktonic larvae known as a veliger,
Traveling veligers search for food for
two to three weeks, often covering
considerable distances. Within three

weeks of hatching, they reach their
"settling stage" and attach to bottom
debris or other solid surfaces in the

water, But mortahties of settling larvae
can be very high due to hypoxia,
tempera' shock or failure to locate a
suitable attachment substrate.

During their first year of life, zebra
rnussels ate able to crawl along sub-
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strates at speeds of 3,8 cm per hour in
search of a inore suitable location to

attach, Juveniles can attach by secreting a
few temporary byssal threads, which they
can detach later to move elsewhere.

Sessile mussels develop byssal fibers and
remain stationary in most cases. How-
ever, larger mussels may be able io
detach. During winter, the young mussels
migrate to deeper, warmer waters ta
escape cold surface temperatutes. Their
life spans are highly variable, depending
on environmental conditions, but they can
live up to five years and sometimes
longer,

Predation of Great Lakes zebra

rnussels by other animals has not
significantly changed the size of their
colonies. The freshwater drum and a few

other species of fish, crayfish and diving
ducks have been unable to significantly
reduce their populations. In some
European lakes, crayfish piedation of the
mollusks has been substantial, But zebra

mussels attach to any firm surfaces in
water, including crayfish, and they can
severely limit the mobility of their host.

Typically, when Dreissena is
introduced to a suitable area outside of its

native range, a population will establish
aixl grow rapidly, often by a factor of iwo
or three. This explosive growth usually
lasts several years, followed by a marked
reduction in size and subsequent ascilla-
tions. In western and central Lake Erie,
zebra mussel populations appear to have
peaked and are starting to dmeLse as a
result of crowding for food and space. As
their numbers thin oot, predation will
likely have a greater impact.

EHVIROHh&6AL
REQUIRRMEHYS

Zebra mussels are capable of
withstanding a wide range of environ-
mental parameters. Even though they are
a fieshwater mollusk, they have demon-
strated an ability ta acclimate to salinities
of 10-12 parts per thousand  ppt! for short
periods. Temperature has a bearing on

this ability. If zebra mussels are removed
from fresh water and gradually exposed to
fairly low salinities of 2-3 ppt, their mor-
tality will significantly incr' once water
teinperahues exceed 10 C. Rapid teinpeia-
ture fluctuations, characterisuc of estuarine
environments, also inhibit their salinity
tolerance. Physiological differences may
further affect the mussels' ability to tolerate
salinity..

Zebra mussels begin ta grow at tem-
peratures fiom 6-12 C and continue,up to
33 C. The maximum temperature of
extended exposure is unknown, but it
likely exceeds 30 C. Spawning takes place
in temperatures from 12-23 C, but labor-
atory tests have concluded that the ~
temperature for nurturing zebra mussel
larvae is 17-18 C.

The mussels are intolerant to pro-
longed exposure to acidic waters. They
prefer basic waters with a pH in the range
of 8-10 and generally do not persist in
waters with a incan pH below 7.9. AII
freshwater mussels need calcium to grow
and build shells, but zebra mussels tend to
require higher calcium concentrations than
other freshwater bivalve species. Rmeareh
has shown that zebra mussels are unable to

maintain a balance between uptake horn
the water and metabolic loss of calcium if

concentrations drop much below 12-14
milligrams per liter  mg/1!,

The optimal range of dissolved
oxygen concentrations for zebra mussels is
8-10 mg/l. As dissolved oxygen concentra-
tians begin to drop, they consume lm
oxygen. However, they typically do not
colonize waters with continual concentra-

tions of 4 mg/l and less, due to respiration
difficulty.

The mussels are most often found

within 2-7 meters of the water surface.

However, they are able to colonize at
depths of up to 50 meters, Since flowing
waters provide a continuous source of food
and oxygen and carry away their waste,
velocifies of 0.54!.7 meters per second  m/
s! are optimal for colonization. Velocities
greater than 2 m/s inhibit their feeding and
growth. They are also fairly intolerant of
rapid fluctuanons in water levels. The

mussels generally withstand drying for
only a few days, depending on atmospheric
humidity. And they piefer very firm
substrates, such as rock, wood, gravel,
shells, conciete, metal or plastic for
attachment. They can attach to most any
surface, however, including sand, rope or
even aquatic weeds and grasses.

Thiee natural and 20 human-related

dispersal mechanisms have been identified
for zebra rnussels. Natural mechanisms

include currents, birds and other animals,
such as beavers, muskrats, turtles, fish and
crayfish. Of all animals, birds are believed
to be the most significant transporter. They
can inove zebra mussel adults, larvae or
eggs that attach to their plmnage, legs or
feet; relocate thein internally after con-
sumption and subsequent defecation or
regurgitation; and directly transport them in
their beaks,

But many human activities can
disperse the mollusks more rapidly than
natural mechanisms. And in some cases,
humans have buih canals and waterveys
that aided natural dis~. Construction of
shipping canals helped zebra mussels
migrate from their place of origin in
western Russia into European fish waters
in the late 1700s. The transport and
discharge of ballast water is another
dispersal method that was believed io be
responsible for introducmg zebra mussels
and other non-native species into the Great
Lakes from Europe.

Mussels can also be transported by
attaching to boat trailers, vowel hulls, hull
openings or reoeieonal boat and motor
components, such as outdrive units, trim
plates, transducers, prop guards, propellers,
shafts and anchors. Fisheries-related

dispersal includes movement of fish cages,
fish stocking water, fish bait, bait-bucket
water and fishing gear, such as tackle, nets
or traps, Other means of dispersal are
lecreational dive equipment and water
discharged from aquariums, fire tmcks,
research projects and amphibious plane
pontoons.
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Numerous methods for controlling
tlie infestation of water-intake systems
have been developed in Europe, Russia
and the Great Lakes. For instance, fdter
systems or high water velocities  above 2-
2.5 m/s! can deter the mussels from
entering and attaching to water intakes;
scraping can remove mussels already
attached; organometallic anti-biofouling
coatings and electrical currents can
discourage them from attaching to pipes;
and reducing oxygen in the water,
flushing water systems with hot water or
treating intake water with copper sulfate,
chlorine, ozone or other chemicals can
kill adult and larval mussels, Scientists

continue to develop new control methods.
The choice of a control method

depends on many site-specific variables,
including the type of water-intake facihty;
use of the intake water, intake pipe size,
length and accessibility; federal and state
enviionmental regulations; and zebra
mussel population densities.

WHAFS DIFFERIEHT

ABOUT THE

MID-ATIA&fK7

COMNIZATION RJSK

Assessing the risk of colonization
appears to be site-specific. Two major
factors should be considered: mechanisms

by which zebra mussels can be intiodumJ
to an area and the mollusks' ability to
survive the environmental conditions of

that area. Determining their ability to
survive requires a close examination of
several environmental parameters. A
number of mid-Atlantic enviromnents ate

at risk of colonization, and each should be
individually examined to gauge its risk. A
few areas within the region have distmct
environmental characteristics that qualify
them as suitable or unsuitable for

colonization. However, it is dif5cult to
make basic generalizations about the risks
involved for the entire region.

Similar to other systems, the
estuaries of the mid-Atlantic typically

undergo fairly rapid temperature and
salinity fluctuations, especially after a rain,
Zebra mussels can tolerate significant
salinity concentrations for short periods of
time. But they are unable to colonize,
reproduce and proliferate in highly saline
waters, especially estuarine environments.
Therefore, it is unlikely that dense,
inhibitory colonies of these rnussels will
establish in the mid-Atlantic estuaries. But

the mussel is constantly evolving through
the process of natural selection, and it may
develop a greater tolerance for higher
salinities. European and Russian studies
indicate that other species of Dreissena
have greater salinity tolerauces,

Summerthne surface-water tempera-
tures usually exceed the preferred range for
zebra mussels in the southern teaches of

the mid-Atlantic, especially in the shal-
lower, low-salinity fringes of the estuaries
and lakes. And in many of these areas, the
deeper, cooler waters that the mollusks are
more likely to colonize often have
dissolved oxygen concentrations below
desired levels. Anolher important charac-
teristic is the drastic reduction in suitable

attachment substrates for zebra mussels as

the Atlantic-bound rivers of the mid-

Atlantic approach the estuaries. The region
is well-known for the blue crab popula-
tions in its estuanes, and the male crabs
that visit the low-salinity waters will likely
enjoy feeding on zebra mussels.

The acidity of mid-Atlantic inland
waters depends on the acidity of rainfall
and bedrock composition, w~ the
acidity or pH of estuarine waters is more
dependent on salts, which act as buffers,
Acidic waters, such as the Pine Barrens of
southern New Jersey or the Great Dismal
Swamp of southern V,irginia and North
Carolina, would not serve as suitable mid-
Atlantic environments for zebra rnussels.

A large number of lakes are classified
as eutrophic within the region, with the
highest concentration occurring in the
warmer southern portion. These algae-rich
bodies of water would piovide plenty of
food for zebra mussels. Extremely eutro-
phic waters with very high nutrient load-
ings would not be suitable. Many lakes

within the southern region have calcium
concentrations too low to support healthy
populations. But there are isolated lime-
stone deposits scattered throughout the
entire nud-Atlantic. Lunestone  calcium
carbonate! can dissolve, raising calcium
concentrations in the water and creating a
suitable climate for zebra mussels.

Zebra rnussels have several potential
routes into the region's waters. They are
rapidly encioaching on the mid-Atlantic
estuaries from the Susquehanna, a tributary
of the Cliesapeake Bay. And even though
the rnussels are not likely to establish in
these estuaries, they can survive salinities
of up to 12 ppt for several days, enabling
them to attach to barges or other slow-
moving vessels and travel through Ihe
estuarine hinges into the mouths of
uninfested freshwater rivers. Once there,
barge and boat traf5c wiB provide them
with an easy means of dispersing to olher
tributaries within the associated water-

sheds.

The Susquehanna is not the only route
of entry into the Che~ Bay. The
zebra mussels could also be inuoduced by
the discharge of infested shipping ballast
water. The ChesapMe Bay is linked to the
Delaware Bay by the Chesapeake and
Delaware  CkD! Canal; it's also linked to
North Carolina's Albemarl~ico
estuarine system by several man-made
canals, including the Intracoastal Water-
way. These ~ons make all ~es
feeding the mid-Atlantic estuaries vuhter-
able to a Chesapeake Bay introduction,

The Delaware River, which lies just
west of the already infested Hudson River,
will provide easy access into New Jersey
and the Delaware Bay if it becxxnes
colonized, The Potomac River drautage
hes just southwest of the Susquehanna
drainage and extends into sotrthem
Pennsylvania. If zebra inussels are
transported into the Potomac River system,
they will move easily into northwest
Maryland, south into northern Virginia and
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on to the Chesapeake Bay. They are also
in the Ohio River system, The New
River forms in northwestern North

Carolina, travels through western
Virginia and finally drains into the Ohio
River at the border between West

Virginia and Ohio. Deep Creek Lake at
the far western tip of Maryland feeds the
Youghiogheny River, which is also a
tributary of the Ohio River, Therefore,
movement of zebra mussels upstream
through the Ohio River network exposes
western Virginia as well as small
portions of North Carolina and Mary-
land. Cunently in the Tennessee River,
upstream movement of zebra mussels
threatens the far-western drainages of
North Carolina.

Many of the mid-Atlantic region's
larger lakes serve recreational uses for
residents and visitors from other parts of
the country. Of most concern are people
who bring their boats from states where
zebra mussel invasion has ahead y
occurred, such as Michigan, Illinois,
Ohio, Pennsylvania and Tennessee.

Water is regularly transported
to mid-Atlantic drainages fmm river
networks, including the Mississippi and
Tennessee, through the sale of fish for
bait and for stocking aquaculture
operations, Preliminary investigation has
sho~n that fish producers generally use
well water to fill their live-haul trucks for

transport, and many fish ponds are filled
with well water or are I~ in very
small upstream tributaries that are fed by
watershed tunoIT rather than streams or

rivers, However, this is not true in all
cases, and the potential for zebra mussel
adults, larvae or eggs attaching to the
lish must also be considered.

Numerous drinking water plants,
industries, pulp and paper mills, power

generation facilities, processing plants,
golf courses and agricultural operations
draw water from rivers, streams and

reservoirs in the mid-Atlantic region.
Many of these users have aheady incuned
zebra mussel expenditures by monitoring
for iheir arrival and developing plans of
action for a potential colonization. The
possible costs of an invasion to these
water users is even more significant.

Shoreline property owners
wiihin the mid-Atlantic region would
likely be impacted by zebra mussels that
colonize docks, piers, pilings and other
shoreline suuctuies. Boat owners would

be burdened by preventing and repairing
damage to motor intake lines that ate
clogged and hulls and other exposed
surfaces that are fouled. ~ Intracoastd

Waterway provides a vital commerce link
for the East Coast, Barge traflic cames
seafood, gravel, fertilizers, fuel and other
products through numerous ports along
the waterway and ~ng river sys-
tems. There are also many recreational
uses of the waterway, including pleasure
boating, sailing and yachting. Navigation
though the region could be inhibited by
zebra mussels colonizing locks, bridges
and other structures.

The mid-Atlantic supports several
important commercial and recreational
fisheries. Each year, recreational anglers
spend millions of dollars on fishing
licenses, bait, tackle and guided tours. The
region could suffer economically if a
zebra mussel infestation caused severe

reductions in fisheries, Even though they
have not yet reached the mid-Atlantic,
some local economies have already
suffered where lakes were temporarily
closed to boatets for fear of an invasion.

Qose to 300 species and subspecies
of fieshwater mussels are found in the

United States, but the Southeast has the
greatest diversiry. Human activities have
already plated considerable stress on
these mussels. A few species aie consid-
ered extinct and many others are listed as
endangered or ~ned. According to
the U.S. Fish and Wildlife Service, if the
zebra mussel establishes itself in ieser-

voirs and larger rivers throughout the
eastern United States, at least 20
additional freshwater species could
become extinct. Their extinction would
probably be a direct result of competi-
tion for food and space, coupled with
existing stresses. If mid-sized and
smaller rivers ate also colonized by
zebra inussels, the death toll is expected
to rise even higher.

Unlike the Great Lakes region, the
mid-Atlantic has the opportunity to
prepare for zebra rnussels. As part of
the plan for preparedness, these states
are keeping abreast of the mussel's
migration, establishing a plan of action
to rninirnize the economic and environ-

mental impacts upon arrival and
monitoring to detect ih presence. The
U,S, Fish and Wildlife Service main-

tains an itiventory of all zebra mussel
monitoring within the United States.
Federal and state agencies use this
information to track the mussel's

distribution and to provide an early
warning to resoutee managers, scien-
tists and at-risk water users, The spread
should be tracked by monitoring at the
edge of the zebra mussel range,
Planktonic veligets are likely the first
life stage to colonize a new area,
although adults inay be transported by
boat or barge. For early detection,
sampling should cover all of its life
stages, from veligers to setded adults.
Veligers are detected by planktonic
sampling, settling juveniles are picked
up by smooth settlement plates and
settled adults are detected by regular
inspections of hard surfaces. Most first
sitings of zebra mussels have been
reported by informed citizens. There-
fore, pubhc education is an effective
method of early detection.

Once a population has arrived,
continuous monitoring data can reveal
how it is developing and expandmg,
Sampling should occur at intervals that
span the entire spawning season. Any
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method of collection is suitable, although
a standard protocol is best for comparing
data from different locations, Measure-
ments of population density can be used
to investigate local environrnmtal factors
that may ittfluence the mussel's success
and to track its movement. Continuous

monitoring data can help a facility assess
the need, tinting and efltcacy of control

For mee i rloirttMttiort,
contact the $ot Qrttrrt expert

in your state:

RC Sea Onwl
Box 8605
North Carolina State University
Raleigh, North Carolina 27695
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could inadvertently be transported in the
bilge or bait weHs of recreational vessels.
The posabiHty also exists that zebra mus-
sels may be dehberately intcaduecd by
IandOWneXS ia cneceaSe water Clartty Of
ponds or lakeL

The Zebra muaacl, Drefsxsrca
pOlymerphcx, is an alien Species mtretueed
ta the Great Lakes in the 1980s, via balhun
water fram Europe. It has since invaded aH
of thc Great Lakes, and tbe Hudson, Ohio,
anct h6ssissippi Rivers. Thc zebra mussel
is also in the upper Susquehanna River, and
is ezlrected to appear in other mid-Atlantic
drainages. As a canscqucnec of their abil-
ity to heavily foul submerged surfaces,
zebra mussei populations have had severe
ecological and economic ~ in areas
i» which they have becoam establishecL

This xeport summarizes the physi-
ological requirements, dispersal rnecha-
nisms, and potential range: in Virginia, af
zebra mussels. Critical physiological pa-
rameters are temperature, salinity, pH, and
calcium. Ltispersal mcchruusms chsecnscd
include both ~ and human-mediated
vectors. Water quahty and vectors of iutxo-
duetian axe used to pxediict whether zebra
mussels are likely to became established in
specific bodies of water in and near Vir-
guua-

axgIJIRXmnNTS

Optimumtcmpexatuxes for growth and
xeproduc<oa of zebra mnsseis axe between
l2 snd 2<PC, so temperatures in thc mib
Atlantic region «ce unlHceiy to be limiting.
While zebra nmssels are found prinucrily in
freshwater, theyeanpexaistinsHghtlybrack-
ish water �4 4/cu!, and to&rate sahaitics of
up to l24/44 for a fcw daya. Zebra muSSCla
can survive short periods of acidity, but
require relatively alkaline water  above p8
7~ to nqeOduce. Cakiutn, xeqcciced far
shell ~ may bc Hmiting in sacnc
bodies of water.

DISFKRSAI

Zebra mussel adults and juvenHcs can
crawl shartdisbrnceu, but theprimarymeace
of natural dispersal is by plsuktocie larvae
and postlarvae. Zebra musscls axe mene
hkely to bccamc initiaHy estabhshed in
lakes or cstuaiea, than in rivers where the

cHspentiug farms wauld bc swept away.
Zebra mussels tnay reach high densities in
rivers, howcvcr, if there arc lakes or reser-
voirs upstream which have reproducing
popuhtiona Once zebra xnusscls axe estab-
lished in a lake, aH lakes and estuaries
doumstxeamsxe subject to invasionbydxift-
ing larvae. Moat rnid.Athntic estuariCS
haVe large fceahwatcr portima, many with
nearly ideal water chemistry, in which
zebra ~ csn become cstabHshcd.

Zebra musscls can bc intmdneed to
bodice of water by several human-xnedi-
ated means. Larvae and postlarvac may bc
txcmspartcd kmg distarIces in the baHan
water of commercial ships, and it was by
this means that they were introduced to the
Great Lakes. The huUs of commercial
vessels also represent a means of txcuLqnnt.
Adults and juveniles attach to thc hulls of
vessels which may subxequently move up-
stream or across salinity barriers. At thc
ncw location, thc zebra mussels can detach
and reattach to a nearby schstxate, or adults
Inay xcpcoducc snd release larvae at the
ncw location. Barges axe an hnpartrcnt
exancpieaf thia, beCauSe they remain in One
place for keg periods of time and ace
itLfxequcntly cleaned of fouling argrtnisncs,
but any vessel could serve as a vector.
Zebra mussds can survive several days out
of water and can bc intxrdoaul via the hulh
of xeccea&mal craft traHenxi between wa-
texsheds. Altcrnatcly, larvae or postlarvae

POTEYfLAL RANGE: ESHJARIES

Pcxxiac Rxvszt

The freshwater portion of the Potomac
estuary stretches fxocn Washington, so near
Qhruntica, Vugicua Zebra musscls axe
most likely tobe mtxachxcedto the P~
River by vessels txavcHug fxum nearby
estuaries ox the Gxeat Lakes, either at-
tached to huHs ar in baHast water. Water
quality in the Potomac is suitable far zebra
mussel n~xhetian. Thc risk af invasion
is high and, cmce established, zebra mus-
scis would xaphHy attain pest proportions.

Ru rmaucrcocK Rtvan

The tidal freshwater portion of the
Rappahannoek estuary extends Ixom
Pxedricksburg to 1m' Tappalumnack. In-
vasion af the Ralrpaiuumock could occur
fzam uInrtxeam Xeacnmimr, Ox vexseIS fram
other emcaxics cauld beingm zebraxnussels
attrcchedtothcirhuHs. Water quality is not
Canckmve ta tepraductive sneeeSSOf Zebra
muSaelr Invaian riSk Snd estabHshntent
potential arc moderate for the
Rapipuhau nock.
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~ment Rtvan

The Piarbmek and the adjoining fresh-
water tidal portion, Dragon Swamp, have
no major upstream reservoirs, and hmited
vessel traffic. The water has low pH and
calcium, and is unlikely to support zebra
mussels. Risk of invasion and estabbsh-

mcnt is low compared to other estuaries.

Mafrasosu aNn
PmtuNuzz Rxvaas

Thc Mattaprmi and Parnunkey Rivers
unite at West Point to form thc York River

estuary; however, the freshwater portions
remain separate. The Mattaponi River has
several upstream nmcrvoirs which are at
risk of introduction via recreational ves-
sels. Txaff m from other cstuarics is moder-

ate. Water chexmstxy is unlikely to support
large populations of zebra mussels. Risk of
introduction is moderate but reproductive
success would bo low.

J~ Rxvtrn

Thc freshwater tidal portion of thc
James River extends from Richmond to

Jamestown, Virginia, and includes por-
tions of the Chickahominy andAppotnattox
Rives. The James River drainage has
many large reservoirs with heavy reae-
atiorel usc. Zebra musaals may bc intro-
duced to thee lakes via trailexed pleasure
craft 'Hm Jaxncs River is industrialized

and traffic from other estuaries is heavy.
Large vessels atxrying ballast water visit
tho Port of Richmond from fxeshwater Eu-

ropee ports. Conditions favorable for
zebra mussel reproduction me found
throughout tbc estuary, and zebra mussels
will attain pest populations if introduced.
Risk of invasion and establishment are high
for the James River.

Ktzsaaxrxxt RtvzafAtnzat,uttz Soutto

Thc South Branch Elizabeth River in
Chesapeake, Virginia, is Albemarle Sound
in North Caxolina via the Chesapeake snd
Albcmarie Canal and the Dismal Swamp
Canal. Back Bay, in Vixginia, is thc north-
cxnxnue portion of Albemaxic Scm@ and
is usually fresh. Thcsc bodies of water are
interconnected by an intricate network cf
canals and ditches. If zebra mussels be-

come established in any part of the system
they will spread m all other portions that
have adequate water chemistry. They are
most likely to be intxoduced to the system
by the heavy vessel traffic from other estu-
aries, Water chemistry is sufficient for
zebra musscls throughcan much of the sys-
tem although populations in Back Bay

would be limited in some years by salinity,
and the Dismal Swamp Canal is too acidic
for zebra mussel survival. In general,
however, invasion risk and establishment

porential are high for these bodies of water.

POTENTIAL RANGE: LAKES

Caavma Lucrt

Claytor Lake is a multi-puxtrosc reser-
voir on thc Ncw River  Kanawha River!, a
tributary of the Ohio. Recreational use is
heavy and zebra mussels arc likely to be
introduced via recxeational vessels. Riskof

invasion is high but water chexnistry varies,
making establishxxrcnt potential moderate.

Ft lNrxaOAri RtrztrttvOttt

John W. Flannagan Reservoir is on the
Pound River, a tributary of the Ohio via the
Big Sandy River. Opportunities for intro-
duction by the hulls of small recxearional
vessels me high. Thc water is alkahrm but
calcium varies; zebra ~ will survive
but xepmduction may be calciuxn-limited
ul turne yeats.

Kxratt Rtrtsravom arm
Ltzxt Gasxetr

John H. Kerr Reservoir and Lake

Gaston, just down~ are large multi-
usc impoundxnents ou the Roanoke River,
which ends in rhc Albemarle Sound. The
lakes axe heavily used by recxeational boat-
ers and fishextmn and are dOWtlstxeiim of a
variet of public-access reservoirs. Kerr
Reservoir and Lake Gaston are, thexefom,
at higher risk of invasion by zebra ~
viarecxeational vessels the any other lakes
in Virguxia. Wster chenistxy is optimal for
reproduction in portions of both lakes and,
once intxoducisd, zebra mussels will rap-
idly become established.

Lazxr Arou,

Lake Anna, on the North Anna Rive;
is rhe largest reservoir in the Pamunkey
River drainage. ReCleational bOatcm uae
Lake Anna as well as two other lakes

upstream, rhua, OpflOrtumncs fof mtxudue-
tion axe high. Water chemistry is not
favorable for zebra tnussds, however, the
chance that they will become cstabhshcd is
low.

LAzz Cmrsnm

Lake Chesrhu, on the Appomattox
Rive; receives heavy xeeeational usc but
water chemisny is unsuited for zebra nms-
scls. Therefore, risk of invasion is high but
establisiluncnt potential is low.

Psarorr Rasaavom

Philpott Reservoir is on thc Smith
River, a tributaxy of thc Roanoke River via
Dan River. Oppurtulutiea far intruductiOn
via reCreatianal veaaelS iS high. The water
is generally alkaline but calcium levels are
low making zebra mussel reproduction
unlrely and estabhshment success low. If
zebra mussels did become established in

Philpott Reservoir, they would spread
dounlstxeiun to Kerr ReSCXVOir and Lake
Gaston.

SMrxtt Mxtr. Laztt ~
Ltrznvttxa Lrua

Smith Mountain Lake is a large reser-
voir on the headwaters of the Roanoke

River, and Lccsville Lake is dixectly below
it. Smith Mountain Lake is heavily used by
boaters and fixhcxxxam anti opportunitics
forintxoducnon axenumenxus. Warerchem-

istry conditions will support zebra mussels
but in some years population levels umy be
limited by cakium.

Ws3rnnN Bnartctt Rsxumvottr

Western Branch Reservoir is one of
many simile lakes in thc Nanscumud River
drainage. Recreational use, and theefoxe
risk of iatxoduc6an, is moderate. Water
chemistry is favorable for zebra mussels so
once intmduced, they would reach high
population levels.
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Safe use of zebra mussels in
classroom and laboratories

by Thonras G, Coon,
Department af Fisheries
and Wildlife
Michigan State University
13 Natural Resources Bulding
East Lansing, Ml 48824

The Great Lakes Bea Grant
Network is a cooperative pro-
grars of the Illinois.Indiana,
Michigan, Minnesota, New
York, Ohia, end Wisconsin
Sea Grant programs. Bea G mnt
is a university-based program
designed to support greater
knowledge end wise use of
the Great Lakes and ocean
resources.

Through its network of ad-
visory agents, researchers,
educators and communkmram,
the Great Lakes Sea Grant
Network supplies the region
with usable soiutiorm to pressing
problems and provides basic
information needed ta better
manage the Great Lakes for
both present end future gen-
erationss.

Sea Grant is a program in
the National Oceanic and At-
mospheric Administration
 NOAA!, Department of Com.
merce

Produced by Michigan and
Ohio Sea Grant programs as
a joint project for the Great
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Zebra mussels  Dreissena poly ynorpha! were acci-
dentally introduced into North American waters in
the mid-1980s. Since that time, they have spread
throughout the Great Lakes region and into the
Mississippi River basin. They have attained con-
siderable notoriety because they are extremely
ptoiiflc and move into new regions fairly quickly,
but most importantly because they clog water
intakes and plumbing systems and foul boat hulls,
docks and other submerged surfaces.

Several fact sheets on the biology and con-
trol of zebra mussels are available from
Sea Grant offices. See the references at the
end of this fact sheet or contact the nearest
Sea Grant office for more information.

Some of the features that make zebra mussels a

nuisance also make them interesting for use in the
classroom. Adult mussels can be kept alive easily
in a simple aquarium system for at least several
days, and they readily exhibit interesting facets of
animal behavior, physiology and ecology.

However, zebra mussels are not native to North

Ainerican waters and they can be a costly nuisance.
Because of this, it is imIMrtant to use extreine
caution when using them for class instruction. It is

imperative that classroom use not result in the
release of live rnussels � either adults-or larv'ae-

into lakes, streams or pluinbing systems, either by
accident or by intent.

To understand the basis for control measures, it

is iinportant to understand a few aspects of zebra
inussel biology, specifically, their means of trans-
port and their tolerance of adverse conditions.
Adult zebra mussels attach themselves to hard

substrates such as rocks, other mussels, logs, boat
hulls and the inner walls of pipes with secreted
fibers called byssal thteads. It is when these at-
tached mussels accumulate  up to hundreds of
thOuSandS per m2! that they beCOme a nuiSanCe tO
industries, inunicipal water suppliers, power plants
and other water users. Adult mussels can survive

being detached from their substrate, and they can
crawl along the substrate to find new attachment

sites. In fact, adult mussels will yeadily detach
them SelveS fTOm a SubStrate, CraW1 tO anOther Sub-

strate and reattach.

The primary means of dispersal for zebra rnus-
sels is not the movement of adult mussels, how-

ever. Rather, zebra mussels spread as their plank-
tonic larvae are carried by water currents into
previously mussel-free habitats. Though this pas-
sive transportcan only occur downstream in rivers,
it assures broad dispersal of rnussels within a lake
basin.

However, zebra mussels can and do tnove up-
stream and against lake curren~with human
help. For example, larvae can be carried in the bilge
water of boats  including pleasure craft! traveling
upstream or being transported over land to up-
stream waters. Adult rnussels attached to boat

hulls, trailers, anchors or ropes can also be trans-
ported upstreain by boat travel. Adult rnussels, in
particular, can survive out of water for days simply
by closing their valves and slowing their metabolic
processes.

These "opportunistic" characteristics make it
imperative that people take precautions to prevent
the spread of zebra mussels into waters where they
could not go without our assistance. For example,
zebra rnussels have effectively surrounded lower
Michigan by colonizing Lakes Erie, St. Clair, Hu-
ron and Michigan. However, they have only been
found in a few inland water bodies. These inva-

sions occurred when boats from the Gieat Lakes

were transported to these inland lakes,
Even in areas where zebra mussels are estab-

lished, it is important to use them with caution in
the laboratory. For example. a flow-through
aquarium that drains into a sink or floor drain could

introduce rnussels into plumbing and eventually
clog the pluinbing and require expensive repairs.

We recoinmend several preventative measures
for teachers and students to follow to ensure against
introducing zebra mussels into plumbing or inland
waters.

lt!l'Itt, know the current status of zebra mussels in
your area. You can get this information by calling
your state's Sea Grant oflice or natural resources



agency or the zebra inussel hotline operated by New York
Sea Grant.

Are zebra inussels present in the lakes or streams around
your school? If mussels are not present in your area's surface
waters, then you should not transport thein to your lab or
classroom froin infested areas. Transportation across state
lmes is generally illegal and many states forbid transporting
thein anywhere within the state. If there are no mussels in
your area, do not use them in your class but go to a site that
is already infested to study them. In other words, confine
youruse of zebra mussels to field trips to areas where they are
already present.

Do not bring live rnussels, water that was in contact with
zebra mussels or items that have been in contact with water

that contained zebra mussels back to your classroom. The
water may contain microscopic larvae, and iteins with hard
surfaces may have tiny post-larval mussels attached. To
avoid the risk of introducing zebra mussels to the interior
waters of Michigan, Michigan State University researchers
have conducted their research with live mussels at F, T. Stone

Laboratory, Ohio State University's biological field station
on Lake Erie.

%<olid, if you do use zebra mussels, water or items that
have been in contact with zebra rnussels in your classroom,
quarantine them from contact with your plumbing systcin
and the surface waters in your area. In other words, keep the
mussels and water in closed systems.

Thlfd, treat any items that have been in the water with
rnusscls  such as gravel, rocks, Alters, siphon tubes, plants,
etc.! with a 10% solution of household chlorine bleach before
using them again. This will kill any attached larvae, juvenile
or adult mussels. Also, be sure to treat any water that has
coine into contact with mussels before disposing of it. The
preferred treatment is a bleach solution � part full-strength
bleach to 9 parts water, minimum 30 minute exposure!.
Alternatives include exposure to hot water ! 40'C �04'F! or
hot salt water  ! 3 parts per thousand! for at least 15 minutes
or freeze samples at -18'C �'F! for a minimum of 24 hours.

We recominend using a water-proof bin or tub to soak all
iteins that came into contact with zebra mussels or zebra

inussel water and a separate container for discarded zebra
mussel water. Keep these containers away from sink and
floor drains so that untreated spillage does not escape down
the drain. At the end of each day, treat both containers with
chlorine bleach or hot water as prescribed above. This will
kill any remaining larvae, juvenile or adult mussels. Over-
night exposure is more than long enough to kill remaining
mussels, as long as concentrations are appropriate. You may
want to place several live adult mussels into the treatment
water to verify that your treatment is adequate to kill zebra
mussels,

Follftll, dispose of any treated water very carefully. Do not
pour chlorinated water or salt water directly into a lake or
stream this is toxic to resident organisms, You may likely
pour the treated water down your drain, but use caution.
Large volumes of chlorinated water may cause problems for
your wastewater treatment facility. Check with the facility's
operators to see if they have any special concerns or sugges-
tions,

Fill, know where your drain goes, Soine floor drains go
directly to a storm sewer or open body of water. It's best to
avoid these. Passing the treated water ttnough a wastewater
treatment plant further ensures that no inussels survive your
treatment efforts.

The only other appropriate way to dispose of treated water
is to pour it over very porous  sandy! soil � far froin a surface
water body or storm sewer.

Zebra mussels and otherexotic organisms can be effective
teaching tools for a variety of biological topics. However,
careless use of any exotic species will likely result in an
undesired, costly lesson � both in terms of potential repairs
and in terms of adverse ecological effects on your local
aquatic ecosysterns. To avoid this, use any exotic species with
caution and take all necessary precautions to prevent release
of live exotics into aquatic or terrestrial ecosystems!

For iirfarmation about Soa Grant's work on zebra mussels, contact
the Great Lakes program nearest you. If you are interested in
another area of the country, ask for the phone number of any of the
23 coasial Sea Grant programs.

Illinois-Indiana Sea Grant Program
University of Illinois, 65 Mumford Hall, 1301 West Gregory
Drive, Urbana, IL 61801, 217/333-9448

Michigan Sea Grant College Program
4113 IST Building, 2200 Booisteel Boulevard, Ann Arbor, MI
48109-2099, 313/764-1138

Minnesota Sea Grant College Program
1518 Cleveland Avenue North, Suite 302, SL Paul, MN 55108,
512/6254781

New York Sea Grant Institute

Hartwell Hall, SUNY College at Brockport, Brockport, NY
14420-2928, 716/395-2638 or 800/285-2285

Ohio Sea Grant College Program
The Ohio State University, 1314 Kinnear Road, Columbus, OH
43212-1194, 614/292-8949

Wisconsin Sea Grant Institute

ES 105, UW-Green Bay, Greerr Bay, WI 54311-7001, 414/465-
2795
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ligers swim by using their hair-like, cilia for 3
to 4 weeks, drifting with the curren s. If they
don't settle onto firm object» in that time, they
die; and the vast majority actually sutf'er thi»
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survive to adulthood. Those that tend a hard

surf'ace quickly a tach und  runsform into the
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Zebra mussels  Dreisse/ru p</fyrnorpha! were first dis-
covered in Luke St. Clair in 1988. Wi hin one year, they
had colonized the surface~ of nearly every firm object in
western Lake Erie. As of December 1993, zebra mussels

have been f'ound in ull of' the Great Lakes and in water-

ways in 18 states and two provinces, Major river systems
that now have zebra mussels include the St. Lawrence

Seaway und the Hudson, Illinoi», Mississippi, Ohio,
Arkansas, and Tennessee Rivers.

Zebra mussels also have bccn reported in several
inland lakes, including Lake Wuwascc in Indiana; Hargus
Luke und White Star Quarry in Ohio; Kentucky Lake
and Dale Hollow Reservoir in Kentucky; ut least 10
lakes in Michigan; und Bulsum, Rice. and Big Bald
Lakes in Ontario.

In 1991, a second specie~ of Drcristrrrr/ was discov-
ered in Nor h America but was only recently identified.
Quagg 1 muSSels  Drdivnvdrr«b// genyi S! h lVe been I'Ound
in the S . Lawrence Seaway, Lake Ontario, Lake Erie,
und Saginaw Bay in Lake Huron,

It is not clear when, how fur and into which water-

ways the zebra and quagga mussel» will spread. The
zebra mussel has spread faster und farther than expected.
Its southward sprcud will likely bc limited because of
average summer water temperatures above 81 F �7 C!.
The north ward spread might be limited by soil s deficient
in calcium or by summer water temperatures below 54
F �2 C!.i

Questions about zebra and quagga mussels abound,
but finding answers is a difficuI  task. The following
information answers some of the more commonly asked
questions about zebra and quagga mussel».

The invasion
Drei.sve/ia prrfyrrrr/rgrha and Drei sverrr/ brr r,en vi.v are na-
tive to an area in Russia near the Caspian Sea. Canals
built during the lute I 70 !» allowed the mussel» to spread
throughou  eastern Europe. During the early 18009,
canals were built acros~ the rest of Europe, which made
bulk shipping much easier but also allowed rapid expan-

sion of the zebra mussel's range. By the 18306, the
mussels hud covered much of the continent and had

invaded Bri ain.

The introduction of zebra

mussels into the Great Lakes

appears to have occurred in
1985 or 1986, when one or more

transoceanic ships discharged
ballast water into Lake St, Clair,

The freshwater ballast, picked
up in a European port, may
have contained zebra mussel

larvae und possibly juveniles;
or, adult mussels may have been
carried in a sheltered, moist

environment, such as a

sediment-encrusted anchor or chain, The faster ~peed of
today's ships provides exotic species a better chance of
surviving the trip across the Atlantic. Being a tempera e,
freshwater species, the zebra mussels found the pl;ink-
ton-rich Lakes St. Clair and Erie to their liking.

Zebra and quagga mussels
The rapid spread and abundance of bo h mussels can bc
partly attributed to their reproductive cycles. A fully
mature female mussel muy produce up to one million
eggs per season. Egg release starts when the water tem-
perature warms to about S4 I' f12 C! and continues until
the water cools below 54 F. In Lake Erie. spawning may
begin as early as May and end as lute as October, but it
peaks during July and August at water temperatures
above 68 F �0 C!,

Eggs are fertilized outside the mussel'5
body and within a few days develop into
free-swimming larvae culled veligers. Vc-

yp p
are then considered to he luveniles.

Mussels become adults when  hey reach
sexual maturity, usually within a year. They
grow rapidly, near! y an inch in their first year,Lloru Lammerman
adding another I/2 to I inch their second year.

European studies report mussels muy live 4 to 6 years.
Three years seems to be the maximum life span in Lake
Erie, but there is insufficient data  o know wha  to expect
in other North American bodies of water,

Zebra mussels generate a tuft of fibers known us u
hyssus, or hyssal threads, from u gland in  hc foot.. The



B iological and ecological concerns
Zebra mussel» disrupt the aquatic food chain, Literature reviews suggest
that they eat mostly algae in the 1 S-40 nricrometer size range. Each adult
mussel, however, is capable of filtering 1 or more liters of water each
day, They remove nearly all particulate matter, including phytoplankton
and some small forms of zooplankton, including their own veliger».
1n»tead of pa»sing any undesired particulate matter back inro the water,
mussel» bind it with mucous into loose pellets called pseudofeces that
are ejected and accumulate among thc»hells in the colony.

By removing significant amount» of phytoplankton from the water,
er 1993. zebra musscls remove the food source

for microscopic zooplankton, which
in turn are food for larval aird juvenile

i-

'. ~ fishes and other plankton-feeding for-
age fish. These forage fish support
»port and cornrnerc ial fi»herl e», Thi»

'p~ competition for phytoplankton, the
' base of the food chain, could have a
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by»su» protrude» through the two halves of the shell. These threads
attach to hard surfaces with an adhesive secretion that anchors the

mussels in place. Small juveniles can actually break away from their
attachments and generate new, buoyant threads that allow them to drift
again in the currents and find anew surface, Zebra mussels can colonize
any  irm surface that is not toxic: rock, metal, wood, vinyl, glas~,
rubber, fiberglass, paper, plants, other mussels � the surface need only
be firm, Bed» of mussels in some areas of Lake Erie now contain morc

than 30,000 � and»omctimes up to 70.000 � mussels per square meter,
Zebra mussel colonies show little regard for light intensity; hydro-

.static pres~ure  depth!; or even temperature, when it is within a normal
environmental range. The life stage most sensitive to low temperature

is the veliger stage, and juvenile» are
' t

more sensitive than adults. All life stages

~ ~ are scn»itive to low levels of dissolved

oxygen, particularly a» temperature in-
creases, Colonies grow rapidly wher-
ever oxygen and particulate food are
available and water currents are not too

swift  generally less than 6 feet per

North American range of the zebra mussel as of l5 Decemb
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second!. 'Ihu», colonies are rare in wave-wa»hed zones, except for
sheltered nook» and crevices. in mosi European lakes, the greatest
densities of adult mu.«els occur at depths ranging from 6 to 45 feet.

Zebra musscls can also colonize soft, muddy bottoms when hard
objects deposited in or on the mud � such a» piece~ of native mussel
shells � serve a» a»uh»trate  ba»e! for se tling veligers, As a few mussel»
begin to grow, they in turn serve as substrate for additional colonization,
forming whar i» known a» a rrirrrae. Quagga mu»sels can live directly on
a muddy or sandy bottom and appear more tolerant ot low temperatures
and extreme depths than zebra mussel».

long-r erin ir egat i ve impact on Cireat
l.akes fisheries. Observation» of the

etfects ot zebra mussel filtration upon
the food base for fish communities are

st i 1 1 l neon el u» i ve.

Most rocky area» in Lake Erie are
alrno»t completely covered with mu»-
sel» several inche» deep. 1n laboratory
nb»ervation, thc accumulation of

p»cudolbcc» in the»e beds creates a
1 oui environment, As waste particles
decompose, oxygen is used up, and the
pH becomes very acidic. Biologist were
initially concerned that such poor en-
vironmental condition» could poten-
i ll ' r v 1, t a y hinder no mal egg de e opment

' of reef-spawning fish  walleye, white
ha»», urd smallmouth bass!. However,

large hatches ot' walleye documented
in Lake Erie in l 990, 1991, and 1993

»uggest that flushing water currents
are sufficient to prevent environmen-
tal deterioration.

Zebra riru»»els readily encru»t na-
' tive North American mu»»el»  family



Uni<ididae!. In Lakes S . Clair and Erie, heavy fouling hy zebra
mu»sels ha» severely reduced populations of native mu»»els. Some
native mussel species are more tolerant to fouling than others, but
even for these re»i»tant .»pecie», zebra mus»el encrusta ion lead» to
reduced energy re»ervc» and vulnerability to other environmental
»tres»ors, »uch a» extreme water temperatures, lack of food, or
parasites and disease. A» zebra mu»sel» spread, biologi~ts are con-
cerned that population» of native mus»els will decline, and perhaps
some of the rarer species may he complelely eliminated.

Zebra mussels apparently have contributed to the improvement of
Lake Erie'» water clarity, which began with the initiation ot the
phosphorus abatement program» of the 1970». Shallow embaymenls
arc being recolonized by roo ed, aquatic plants, since turbidity no
longer shade»  hem out. According to Dr. Ruth Holland Beeton, who
conducted re»earch near Stone Laboratory on Lake Eric in the I970».
before phosphorus abatement programs, water clarity was approxi-
mately 3 feet, improved to 6 to 10 feet in the 1980» after a decade of
reduced phosphorus inputs, and improved again to l0 to 17 feet in the
early 1990», af er rehra mussel» colonized the area,

The prodigious filtering of water by zebra mussel» may increase
human and wildlife ex-

posure to organic pol-
lutant»  PCB» and

PAHs!. Early studies
have shown that zebra

mussels can rapidly ac-
cumulate organic pollut-
ants within their tissues

to levels more than

300,00 ! times greater
than concentrations in

the environment. They
also deposit these pol-
lutants in their pseud-
ofeces. These per»i»lent
contaminant» can he

pas»ed up the food chain»o that any fish or waterfowl consuming
zebra mus»els will also accumulate these organic pollutants. Like-
wise, human consumption of these same fish and waterfowl could
result in further risk of exposure. The iniplications for human health
are unclear.

Industrial, commercial, and recreationaI concerns
The rebra mussel'» proclivity for hard surfaces located at moderate
depths has made water intake.structure», such as tho~e used for power
;md municipal wa er treatment planks, su»ceptihle to coloniration.
Since 19g9, »nine plants located in areas of extensive zebra mussel
colonizalion have reported significant reduction» in pumping capa-
hilitic» and occasional shutdowns.

Inve»iigations of zebra mu»»el conlrol on intake structures have
included prechlorina ion, preheating, elec rical shock, and sonic
vihra ion». Current control methods include prechlorination, ozone,
pota»»iowan periiianganate injec ii>n, and»and bed filtration, Prechlo-
rination ha» been the mos  comm in treatment u»ed  o date, because it
i» alrciidy «ppro»ed for u»e hy the Environmental Protection Agency;
hut it al so rai»e» c<iiiccrns;ibou   he toxici ty of chlorinated compound»
to other aquatic organisms.

Zehr;i riiussel» arc very»en»itive to high temperatures. Some
then»a! elec ric plants currently;ire experimenting with the diversion
ot' waste heat into intake structure» to kill zebra mussels or prevent
set let»en .

Recreation-bii»ed industrie» along I.tike Erie have hecn»npac cd by
zebra musscls. Unpr >tected dock~. hreakwall», hoat bott»»i», an l
engine outdrivcs were rapidly colonized beginning in 1989. Conse-
quently, there were numerous report»  if hi>at engine» overhea ing due
to colonic»of zebra mussels clogging cooling water inlets and  nu»»el»
coloniring boa  hull».'-

Beache~ are at»o af'fected by zebra mussel». The»harp-edged
mussel shell» along swimming heache» can he a harard lo unprotected
fcct. By autumn of 19H9, ex ensivc dcpo»i s of rehra mus»cl shells
were on many Lake Erie beaches, The extent of these deposi s varied
with successive period» of high wave activity.

Zebra mIIssei eontroI
Lake-wide control of zebra mu»»els is nol fca»ihle. The European
community, after lwo centuries of infe»t'i ion. and the Great Lake»
community, after years of infc»tation, haven'l heen able to develop;i
chemical toxicant for lake-wide control that isn't deadly to other
aquatic life form».

In some parts of Europe, large population» of diving ducks have
actually changed their migration patterns in order to fora< e on heds of
zebra mu»»el». The ino»t extreme ca»e occurred on Germany'» Rhine
River. Overwintering diving duck» and coot» con»umed up to 97
percent o ' the»landing crop of mu»»el» each year. High mussel
reproduction rates. however, replenished the populalion each»um-
mer.

In North America,  he species rnos  likely lo prey on rehi i vcly deep
bed» of zebra mu».el» are scaup. canvasback», and old squaw». Bu 
popo]ation» of these specie» are quite I >w; in fuel, can va»hack» are»o
rare that they are protected. ln the Great Lake», diviiig duck»;ire
migrating visitors, pau»ing only to feed during north- and sou hward
migration». However, Canadian re»earchers have documented in-
creasing number» of migrating ducks around Pt. Pe Ice in western L;ike
Erie, and these ducks were oh»crved to be feeding hear ily iin rehru
mussel». In»oulhern Lake Michigan, zebra mu»sel» cncru»ting an
underwater power plant int;ike attracted flock» of le»»er»caup. Uritor-
tuna cly, some were pulled into the intake pipe and dr<iwned. The
stomach» ol' these dead»caup were lull of zebra mu»sels, Mallard
ducks also are frequently ohserved f iraging on zebrii mu»»cl» on
»horeline rock» and shallow structures. In additi in, freshwater drain,
or sheep»head. are knov n lo feed substantially on zebra mu»»els;;ind
yellow perch have been ohserved feeding on juveniles, parlicularly
when they are detached and drifting,

One novel appro;ich lo controlling zebra mu»»el populations is hy
disrupting  he reproductive process. Zebrii mus»cl «gg» arc fertilized
externally; therct'orc, male~ and lemale» must relea»c their game e»
 sperm and egg»!»i nul unco»sly. After rclca»e, zebra mu~~el sperm
remain viable for only a short  ime � perhaps only a few minute».
Disrupting the»ynchroniralion of »pawning hy i»ales and females
may effectively reduce lhe numbers of fertilized eggs, Researchers are
currently studyin the environmental cue» and physiological path-
v'ays that coordinate rehia mu»sel »pawning activity.

Spread to inland waters
Zebra mu»»el» can»preud to other inland v aters either a» veligers
transported in water or a» adul s attached  o boat huR», engine»,
aquatic weed», or other surface s. Ve ligers are small � about the si ze of
the period at the end of thi»»cntence � and may he able to»urvive in
any residual water source.

Adult mus»el» are very hardy and can survive out of water for
extended periods depending upon tempera ure, humidity, wind, and
sunlight. Maximum out-of-water»urvival time in ideal conditions i»
about 10 days for adults and 3 days for newly-settled juveniles.



Based on a survey of boat users in Michigan, Dr, Ladd Johnson
recommends the following to prevent further spread of zebra mussels:

For more informatjon on thvs tssue, request a copy of Ohio Sea Grant's fact sheet titled
ltra tnttssel mtgration ttt inland lakes and reservoirs: rt guide for fake tnattagerv  OHSI!-

Fs-nss!.

2 For more information on thi s issue., request tt copy of Ohio Sea Grant's !act sheet tnled.itttvs
the vtt read ofretsrtt mussels and pr !ret't your bttat and other et! ttipment, ton  OH SU-FS-OS4!.

Be advised that these recommendations a.: still being studied by
researchers and resource managers,

e g
Ther! ttagga mussel tDreissena sp.! ahove, andcebra tnttv tel Drei vsenultotytnttrptta! he low

Zebra mussels and Quagga mussels
7<bra tnussels  Dret'ssentt polyrrtrrrphrt! were accidentally introduced into the Great Lakes in  he mid-1980s, Quagga mussels  Drei vvena bugenvi v!, an East
European re!ativa of the zebra, was  'ound in the colder dep/hs of Lake Ontario in l 991, across the bottom of Lake Erie in 1992, and in Saginaw Bay in Lake
Huron, This table contrasts the characteristics ot the two species.

QUAGGA MUSSELSZEBRA MUSSELS

Rounder sides

Ridge lacking
Shell

tween side and bottom

bottom

side flat Byssal side rounded

Pale near hinge
Dark concentric rings on the shell

nd patternsColor

Small byssal groove near the hingemiddle of flat side;

on rocks
Byssal

Depth in Lake 3 to 351 feet �-107 m!

Commonly found down to 98 feet �0 m.!

32 to 86 F � to 30 C!

39 to 68 F � to 20 C! preferred

0 m!

t �0 m!; rare below

Temperature ' 32 to 86 F � to 30 C!

54 to 68 F �2 to 20 C! preferredTolerance

Reproductive
Temperature Young present at 57 to 68 F �4 to 20 C! Young present as low as 46 F  8 C!

Growth Up to 1 inch �5 mm!/year Up to 0,8 inch �0 mm!/year

Provided hy Ontario Ministry of Natural Resources, wilh an update by Dr. Robert Heath of Kent Stale University,

~ Remove any visible vegetation from items that were in the water,
including the boat, trailer, and a	 equipment.

~ Flush engine cooling systetn, live wells, and bilge with tap water,
lf possible, use hot water.

~ Do not re-use bait if exposed to infested waters.
~ Dry boat and other equipment for at least 48 hours before using in

uninfested waters.

~ Examine boat exterior for mussels if it has been docked in infested

waters; if mussels are found or exterior is heavily fouled by algae,
either clean fouled surfaces or leave boat out of the water for at least

5 days before entering uninfested waters.

Tests show that mussels will die if they are exposed to water hotter
than 110 F �0 C! for more than 15 minutes or to freezing temperatures
 OF or -18 C! for more than 24 hours.

In earlier versions of this publication, chlorine disinfection was
suggested but is no longer recommended since chlorine is toxic to other
organisms and may also damage boat equipn ent. Salt water mixtures
are also not recommended.

Veligers may be transported easily in water used in live bait contain-
ers. Minnows or cray fish used in lakes contain i ng zebra mu ssels should
be transferred to well water or aged chlorinated tap water before
carrying them to other bodies of water.

Waterfowl and other wildlife may transport zebra mussels, carrying
veligers and/or adults in wet fur or feathers.

The zebra mussel is now a permanent part of the Great Lakes, many
major river systems, and inland lakes; and i I continues to spread rapidly

throughout major river basins. Increased support for research is
needed to gain understanding of its natural predators, spawning
activity, and pollutant uptake, as well as its effects upon ecosystems,
industries, and local economies,

Theoretically, zebra mussel populations should peak a few years
after initial infestation and then decline, depending upon predation and
upon each water body's carrying capacity. There is little doubt that the
zebra musse1's impact will be felt by everyone who uses our nation's
inland waters.
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How to slow the spread
The first step in prcvcn ion of spread is to develop an
a titude of concern. Second, accept the fact that your
activities are a potential means of transportation, and
third, adhere to the recommendations in this publication
and to those of your s atc nal.ural resources agency.

An in eragency Great Lakes task force rccommcnds
the actions  listed below! be taken after using a boat or
other equipment in zebra mussel-infested waters. Be
advised that these recommendations are still being stud-
ied by researchers and resource managers; thcrcforc, thc
recommendations may change.

Zebra mussels  Dreissena polymorpha! have spread
throughout the Great Lakes and in waterways in 18 states
and two provinces since  hcy were accidentally intro-
duced into Lakes Eric and St. Clair in the 19809. In 1991,

a seCOnd SpCCiCS, quagga mussels  Drei dsena bug ensis!,
was discovered. Quagga musscls are similar to zebra
mussels, bu  they survive in deeper, colder waters. They
have been found in the St. Lawrcncc Seaway, Lake
Ontario, Lake Erie and Saginaw Bay in Lake Huron.

The zebra musscls' range will continue  o expand
naturally as flowing water carries their young � vc-
ligcrs � downstrcarn. Commercial and recreational ves-
sels and equipment also can spread zebra mussels when
they move from infested waters to uninfested waters.
Adult musscls may attach to hard surfaces, and veligers

may be transported in water, Ve-
ligers are small about the size
ot' thc period at the end of this
sentence � and may be able to
survive in any residual water. Ze-
bra musscls spawn when the wa-
ter temperature is between S7 and
68 F �4 to 20 C!, Young quagga
mussels have been observed in

water as cool as 46 F  8 C!.'
Some inland lakes have already

been colonized by zebra musscls
because of man's activities. For

example, White Star Quarry, a 15-acre, 90-foot-deep
Ohio lake, is not connected to any other waterway and is
no  used by boatcrs. It is, however, used by divers and
anglers; and now it, too, is colonized by zebra mussejs.2

Nearly anything that has been in zebra and quagga
mussel infcs cd wa crs may have the mussels on them.
This list of potential carriers includes,
~ plan s and animals ~ fishing gear and bait buckets
~ any water ~ scien ific equipfnent
~ snorkeling and scuba ' boats, trailers and related

gear cquiprnen .
Placing these items in uninfested waters withou  fol-

lowing precautions may lead to an accidental introduc-
tion of these pesky mussels, Thc guidance provided in
this publication is not guaranteed toremovcor kill all thc
musscls; but it should vastly rcducc thc number being
transpor ed away from infested sites, and thus greatly
reduce the prohahility of' accidcn al further spread.

Thcrc arc currcn ly scvcral s ates with laws that pro-
hibit intentional introduction of non-native species such
as the zebra mussel. Other states prohibit thc possession
of some plan s and animals, and still other states have
laws pending. Researchers must follow protocols ap-
proved hy an intcragcncy committee to impede thc
spread of musscls to uninfested waters.

OHSU-FS-054
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College Program
The Ohia State Unrveraily
1314 Kinnear Road
Columbus, OH 43212-1194
614/292-9949
Fax 614/292-4364 Actions

Remove any visible vegetation from items that
were in the water, including boat, propcllcr,
trailer and all equipment.  Zebra mussel s readily
attach to aquatic vcgc ation.!

Sea Grant is a prOgram within
fhe National Oceanic and At-
mospheric Adminislralion
 NCAA!, Oeparfmenf of Com-
merce. Ohio Sea Gran is one of
29 state programs nalionwide
Ihai work lo improve lhe wise
use and man agemenl of marine
and Great Lakes resources for
public benefit. Sea Grant uses
universilyexperlise inresearch,
educalion endlechnologytrans-
fer lo help solve the problems
and challenges of the oceans
andlhe Greail.akes. This pub-
licalion was produced by Ohio
Sea Grant  Projecf A/ZM-f,
Grani NA9 rAA-o-SG496j

~ Flush cnginc cooling system, live wells and
bilge wi h hot wa cr. If hot water is not avail-
able, use tap water.

Rinse any other areas that gct wet, such as water
collcc ed in trailer frames, safety light compart-
ments, boat's decking and the lower portion of
motor cooling systems.

 Wa cr hotter than 110 F will kill vcligcrs, and
140 F will killadults. If hot water is no  avail-

able, it is s ill important to rr'nse your boat and
equipment. Do not usc salt and chlorine water
mixtures as both mixtures are very toxic to other
organisms and may also damage boat equip-
ment, Thcrcforc, neither is rccommcndcd now
for use outdoors.!For other publicalions, newslet-

fers, conference and workshop
announcements, or for advice
from local experts, conlacl the
Sea Grani programorslalenalu-
ral resources managemenl of-
lice nearest you. Phone num-
bers for Ihe Great Lakes Sea
Grant programs follow.

Always air dry boat and other cquipmcnt for
five days before using in uninfested waters. If
boat and equipment are complc cly dry for two
dayS, it may bC Safe tO uSC in uninfcs cd waterS,

Examine lroat exterior for musscls if it has been

docked in infcstcd waters; if musscls arc I'ound
or exterior is heavily I'ouled by algae, either
clean fouled surfaces or leave boat ou  of thc

water for at lcas  five days bcl'orc cntcring
unin fes ed wa crs.

llinois Indiana 317/494-3622
Michigan sf 7/363-9746
Minnesota 218/726-6106
New YOrk 990/295-2295
Ohio 614/292-8949
Wisconsin 698/263-3259

If your gear feels grit ty,  hen young microscopic
musscls may bc attached. Any musscls scraped
off should bc bagged «nd discarded in the trash.

Other Sea Grani programs and
Olher agenerea alSO haVe infcr-
malion available on lhis issue.

DO nOt re-use bait i  cxposcd  o infes Ccj waters.
rb1994 The Ohio Biale Unix ersrr

Printed Compliments of Mercury Marine, A Brunswick Company

Slow the spread of zebra mussels and
protect your boat and motor, too



How to protect your boat and motor
Thc longer a boat remains in zebra mussel-infcsled waters, thc
more ap  it is to bc fouled by xcbra mussels. Therefore, boats that
are docked or moored are more likely to he fouled by rnussels
than boats that arc launched and rctricved in a single day,

Usage
Thc most cxpcnsivc  ype of destruction to your boat is probably
motor damage, Vcligcrs can cause this harm when they are taken
into the cooling system, where they can attach, grow and block
intake screens, internal passages, hoses, scacocks and strainers.

Thc best prcvcntion against such damage is to usc your boat.
Try to run your boat twice a week at high speed for 10 lo I5
ininutes, The mussels can't attach when thc water velocity
exceeds I,5 mc crs a second  about 3.5 mph or about 3 knots! and
may he washed off at speeds exceeding two meters a second
 about 4.S mph or 4 knots!. The high-speed running will also
help flush any attached young mussels from inside thc motor
»ystcms, and thc heat gcneratcd past the water pump will kill any
veligers that may have been drawn into the system.

For outdrivcs and inboard units, run the engine at operation
tcmpcraturc for one-half hour each week. Watch temperature
gauges and record readings for each usc; any increase in readings
over the prcvious usc warrants disassembly and inspection of thc
cooling system. Consider installing a high temperature alarm.

After rc urning to thc dock, flush any veligers out of the lower
unit's intake by running tap water through thc system.  Never
use a chlorine mixture in the engine cooling system.! Do this by
having a hose fitting installed on the intake system or investigate
current commercial "cnginc boot" systems that contain lower
unit water and that recirculate the heated water through the
engine. This flushing practice, however, won't prevent veligers
from entering the intake screens while your boal. i» al the dock,

Mus»els can also iiccumulate around propeller shafts and can
cause increased wear and possible damage to drive shafts or
»haf  »cals. Rcducc the atnount of lime in lhc water by tipping the
drive unil» up anil out of wa er when al dock.

During pre-season maintenance, and frequently thereafter,
inspect cooling systcrns, intake screens, lower unit stccring and
hydraulic con rois, propellers and propeller shalt seals, Fre-
quently inspect thc rubber boot that surrounds the I/O unit at the
hull, because mussel shells can tear the boot, resulting in water
entering  he hull. Check water pump impeller for dainage from
shell I'ragmcnts if adults arc tound near the intake systems. At the
cnd of thc season, follow the prc-season guidelines and disas-
semble everything, including lhe parts between the seacock and
the engine.

Antifoulant products
Maintain a good quali y anlifoulan  paint on the hull and other
accessories because such paint releases toxin». Most marine
algae, slime growths and musscls including zebra and quagga
musscls � are sensitive to thcsc chemicals and will not attach to

them. Several types of antifoulant paints exist, includingcoppcr-
bascd, tribulyllin  TBT!-based, copolymer, vinyl/epoxy binder,
resin hinder and hard- and soft-filin types.

Copper-based paints arc used on fiberglass and wooden
hulled boats and accc»sorics   rim  abs, etc.!. They are usually
viable for one or two seasons. A primer may bc necessary on
some surf'aces, and thc old coating must bc removed first. A

primer coat is absolutely necessary before applying lo alumi-
num, because  hc aluminum and copper rcac  with each other
 elec rolytic action! and cause corrosion.  Mo»  lower riiolor
units are aluminum,!

Tributyltin  TBT!-based antifoulants arc rc»trictcd by law
because they are extremely toxic, Early forms of TBT antifoulant
paints lcachcd biocidcs into  hc water and contaminated and
killed non arge  organisms. In 1988, a federal law restricted  he
usc of TBT as an antifoulant.

Some states have approved usc of newer "slow-release" TBT
paints  bulk brush-on! I'or iipplication only on  hc hulls of
aluminum boats and vessels cxcccding g2 feet in length. This
treatment can last  wo  o thrcc seasons when properly applied,
The person applying the paint i» required to obtain a pesticide
applicator's license, generally available through your state' s
agriculture agency,  o purchase and apply this antifoulant. Some
states and provinces, including Michigan «nd Ontario. have
banned the use of TBT paints altogether. Check appl icabi li y and
legality of u»e of these painls with the product's manufacturer,
boat dealer or regulatory agency. Where legal, a TBT-ba»ed
spray for use on outboards, I/O»tcrndrivcs, propcllcrs and
internal passages is availablc for over the counter purchase..

Copolymer coatings are best for high-speci} boa » because
they are thinner and smoother than the others. They are also
rccommcndcd for lrailcrcd or rack storage boa s because,  hey
only react when immersed in water. Other coatings oxidixe when
exposed to air for as little as onc week and become useless.

Vinyls, epoxies and resin coatings allow biocidcs lo leach to
the surface.

Soft-film types result in a soft rcsiduc remaining after  hc
biocide is leached out and are well suited Ior boats that remain

in the water.

Hard-film types can bc. sanded to rcstorc cffcc ivcncss.
Consult your manufacturer or boat dcatcr to dclcrminc thc type

hest suited for your hull and accessories. Applying paints to
some acccssorics may cause a loss in pcrformancc. Apply spray
inside passages as far as possible. Some units rcquirc an annual
breakdown for lubrication of the drive shaft; this is an excellent

opportunity to spray dccp inside olhcrwisc hidden water pas-
sages,

Never apply a new antifoulant over an existing coating of
another type. Remove old paint and read con ainer labels I'or
compatibility,

Remember, it tttay take only a felv viable adult zebra
mttssels or a minnow bucket containing microscopic
veIig ers to start a new colony. Do your part to prevent the
spread while protecting your boat attd eqttipment, too.t

'For more information about zebra and quagga mu»scls, request Ohio
Sca Grant's fact sheet Zebra rnusselsin Nortti America: Thai nvasion ant/

its implications  OklSU-FS-045!.

~For more information on this subject, request Ohio Sea Grant's fact
shee s Zebra niusset migration toinland /akes and reservoirs: 4 guide
for la4 nianagerx  OHSU-FS-058! or Snf» use o/:,ebra niusse/s in
classroom aiid lriboratorie»  OHSU-FS-059!,

~A 1990 Ohio Sea Gran » udy revealed a loss of effectiveness o "I BT-
ha»cd spray coatings used on acce»»orie» aflcr 9 to 12 weeks in the water.





FS-o58 Zebra mussel migration to inland lakes
and reservoirs: A guide for lake managers
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Ecological effects of zebra mussels
in inland lakes

Zebra mussels graze on several species of algae at
different rates and can remove large portions of the
phytoplankton cotnmunity from the water column,
greatly increasing water clarity. Zebra mussels graze
on particles greater than 0.00004 in.  Ipm! in size.
Free-living bacteria are smaller than this and appar-
ently are not grazed by zebra mussel s. These mussels
graze on algae, protozoans and rotifers.but not indis-
criminately. Recent investigations in Saginaw Bay
indicate that zebra mussels establish abundant popu-
lations most readily in regions with large populations
of diatoms and small edible green algae. Zebra mus-
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Since the introduction of zebra mussels  Dreis-
seyta polymorpha! from Europe into Lake St.
Clair in 1986, they have spread to all the other
Great Lakes and the inland navigation system of
major rivers, notably the Cumberland, Missis-
sippi, Ohio, Susquehanna, Hudson and Tennes-
see rivers. They have recently been sighted irk
some smail inland lakes and reservoirs. and it is
generally believed that they will soon spread to
many others. Which environmental factors are
most itnportant in determining whether a lake
can support large populations of zebra mussels?
What will be the ecological and economic im-
pacts of zebra rnussels in inland lakes and reser-
voirs? What can be done to prevent and tniti gate
the spread of zebra mussels? The purpose of this
publication is to summarize current views on
theae topics to aid resource Tnanagers in plan-
ning.

Lake conditions most likely to
support zebra mttssels

Moderately hard-water lakes with calcium  Ca"!
concentrations above 12 mg/L, alkalinity above 50
rng CaCO jL and pH above 7.2 provide the necessary
chemical environment for adult zebra mussels. Ze-
bra mussels will tolerate oxygen concentrations as
low as 25 percent saturation  about 2 mg/L at 25'C!,
but they die in anoxic water. Lakes with prolonged
periods above 54' F �2'C! and with maximufn
temperatures of 64-74'F �8-23 C! provide opti-
mum conditions forgrowth and reproduction. Devel-
opment of large populations of zebra mussels also
depends on sufficient hard substrate onto which the
adults can attach, as well as an abundant edible
phytophtnkton community. For example, the west-
ern basin of Lake Erie, with Ca" concentrations
above 30 mg/L, alkalinity of 86 mg CSCO+, pH of
8.4, mean temperatures around 68'F and a rocky
bottom, is able to support massive populations of
zebra mussels; more than 100,000 adults/m' have
been reported in some places.

Although these are the optimum conditions for
production of large populations, tnanagers need to
recognize that zebra mussels readily adapt to a wide
range of conditions. In Europe, their range extends
from the southern parts of Sweden to the Mediterra-
nean shores. Recent physiological studies indicate
that zebra mussels are more tolerant of auld salinity
and wide swings of temperature than many indig-
enous bivalve moliusks, indicating that they may

successfully invade some regions that offer only
marginal environments toolher motlusks. Zebmmussels
are genetically diverse and readily produce genetic
variants, a characteristic that permits them to invade
a wide variety of habitats and that may permit them
to expand their limits of tolerance.

Recent field and laboratory studies report that
calcium and alkalinity are the major factors that
determine growth and reproductive success of zebra
mussels. Zebra mussels require Ca'+ concentrations
greater than 12 mg/L to establish signiftcant popula-
tions, which is considerably higher than required by
other bivalve mollusks  typically 34 mg/L!. Adult
mussels are unable to survive in aquaria below 3.6
mg Ca'+/L and an alkalinity of 4.7 mg CSCO+.
Larval veligers are more sensitive to low calciutn and
alkalinity than adults.

Mussels are sensitive to acidic waters, too. Below
pH 6.8, adult zebra mussels have a net loss of cal-
cium, sodium and potassium to the surrounding water,
however, they are able to adapt to ynildly acidic
conditions. After several days at pH 5,5-6.0, adults
adapt to these conditions and their net rate of ion loss
decreases. Zebra mussels are unable to withstand

prolonged periods below pH 5,2 and eventually die
because of ionic irnbaiance. Veligers are more sensi-
tive to low pH than adults.

Tcrnpcrature is another factor that can linut the
extent of zebra mussel colonization Each mature

female produces several hundred thousand eggs dw-
ing the breeding season, which occurs when the water
temperature is above 54'F �2'C!. The longer this
period the more successful colonization is likely to
be. Adults are unable to survive prolonged exposure

temperatures above 90 F �2 C!. They can tolerate
temperatures as low as 32' O'C!, provided they do
not freeze.



scls appear to graze on large filamentous blue-green algae and
colonial algal forms less readily, and they greatly decrease their
filtering rate in the presence of toxins released from certain blue-
grcen algae  even if those algae aren't present!.

The particles zebra musscls filter and eat are digested and
released through thc cxhalant siphon as fecal material, which
rapidly decomposes. Thc particles zebra mussels filter and reject
are coated with mucous and expelled through the inhalant siphon
as pseudofeces, which sink and decompose slowly at the sedi-
ment surface. The net effect of zebra mussels on the benthic
 bottom4welling! community is unclear; soinc organisms ben-
efit from their prescncc, others arc banned. Gammarid amphi-
pads feed on feces and pseudofeces and seem to benefit from the
increased food supply on the bottom of thc lake. On the other
hand, zebra inussels compete with other organisms  e.g. mysid
decapods! for the same plankton resources. Populations of bur-
rowing unionid clams have been nearly eliminated from Lake St.
Chir because of zebra musscls that auach to the exposed portion
of their shells.

Recent studies indicate that zebra mussels may mobilize toxic
materials from thc sediments into thc food chain in two ways.
When zebra rnussels filter algae to which toxic materials are
sorbed, they either ingest these toxic algae or release them in
pseudofeces. Zebra mussels arc capable of accumulating toxic
compounds  PAHs and PCBs! in their fatty tissues, reaching
concentrations 50,000 times greater in concentration than the
surrounding water and about 10 times greater than other inverte-
bmtes. If edible fish begin to cat zebra musscls in large quanti-
ties, biomagnification of these accumulated toxic organic mate-
rials could increase thc toxic load to humans. Also, zebra mussels
provide a new mechanism of introducing toxins to thc food
chain, as amphipods that graze on pscudofeces containing toxin-
sorbed algae are then eaten by fish.

Reinoval of significant proportions of plankton at the base of
the food chain will diminish the energy available for fish produc-
tion. Inland lakes that support large populations of zebra mussels
msy expericncc a diminished fish yield, especially of fish feed-
ing in the open water. On the other hand, stimulation of the
benthic community may increase the productivity of bottom-
dwe/ling fish. Open-water piscivorous fish may change their
feeding habits to prey more onbenthivorous fish or may decrease
in production. As water clarity increases, changes in fish popu-
lations may occur as conditions become more favorable for
"clear-water" fish  e.g. pike! and less favorable for "turbid-
water" fish  c.g. walleye!. Increased water clarity will increase
the light penetration into the water, increasing growth of aquatic
weeds, providing increased habitat for fish that prefer to spawn
and hide in weed beds  e.g. sunfish!.

Increased water clarity can also cause community and eco-
system changes. Abundant growth of these aquatic weeds will
oxygenate the bottom waters, further supporting benthic com-
munity life. Recent studies indicate that zebra mussels increase
the remineralization and recyctlng rate of nitrogen and phospho-
rus, providing an increased availability of nutrients such as
nilrate and phosphate, essential for growth of benthic organisms.

Economic impact of zebra ntnsseis
on inland lakes

Hydroelectric power plants, municipal drinking water facilities

and other water-using industries are likely to be most heavily
impacted by zebra mussel populations. Musseis colonize the
surfaces of pipes, diminishing the flow rate through water intake
pipes. Unless preventive measures are taken, larval zebra mus-
sels colonize the interior parts of turbines and other equipment,
leading to costly repairs. Prevcnuve measures such as retro-
fitting backwash filters or pre-chlorination devices for water
intake pipes are also costly. Great Lakes industries have spent
millions of dollars combating and preventing zebra inussel
damage.

Zebra rnussels can also attach to water intake pipes of boats,
preventing sufficient flow of coolant water, leading to engine
failure. Mussel attachment to boat hulls increases drag and
decreases fuel efficiency. Removal of mussels from boat hulls
can be time-consuming and costly. Anti-fouling paints are ex-
pensive; some are highly toxic, heavily regulated sndneed to be
applied by a licensed specialist.

The full economic impact of zebra mussels is still under
investigation. Recent studies report that zebra mussels hasten
the corrosion rate of iron and steel structures at the point of
auachment. Enhanced growth of aquatic weeds resulting from
increased water clarity has led to taste and odor problems in
drinking water supplies, necessitating more expensive and ag-
gressive water treatment procedures.

Prevention and remediation of
the zebra mussel invasion

Boat and barge traffic is the major vector spreading zebra
mussels inland from the Great Lakes through the inland water-
ways. From these inland waterways, it is expected that zebra
mussels will be carried unwittingly to inland lakes and reservoirs
on the hulls of boats. They also may be carried in live wells and
bait buckets, ou fish nets and possibly by waterfowl and other
wildlife moving from infested waters,

Controlling the movement of contaminated boats appems to
be the only significant means of preventing, or at least slowing,
the spread of zebra mussels from infested waters. The most
effective and least environmentally damaging method of control
is to drain the boat thoroughly and let it dry for several days
before transferring it to other waters. Although the veligers arc
sensitive to drying, individual adult mussels are very hardy and
can survive at least several days ont of water, especially in moist
environments. Washing the boat with hot water  at least I I lFF',
42'C! using a high pressure hose is also effective in removing
zebra mussels attached to boat surfaces. Inspection ofboat hulls
and scrubbing have a limited effectiveness because very young
musscls are difficult to detect, often being smaller and more
transparent than a sesame seed.

Zebra musscls are sensitive to potassium and to modest
amounts of chlorine bleach  one part bleach to ten parts water!.
Chlorine bleach is useful for disinfection of live wells and bilges.
Although dipping boats into holding ponds of potassium chlo-
ride ar chlorine bleach for several hours has been contemplated
as a means of decontarmnating boat hulls, this is generally not
considered feasible because both the economic and environmen-
tal costs may outweigh the benefits. Chemical treatments are
expensive in the large quantities required and can damage some
boat equipment. Disposal of large quantities of chemicals is
problematic because of toxicity to aquatic !ife. For more infor-
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tnatiou, boaters should request the publication Slow rhe Spread
yf Zebra Mussels. attd Protect Yattr Boat, Too, FS44, from
Ohio Sett Grant.

What can be done to remove zebra mussels once they have
become established in a lake? Much current research is directed
at identifying procedures of reducing or removing zebra mussel
populations frotu lakes. Adult zebra mussels are resistant to
toxins generaHy used to remove mol!usks. MoHuscicide con-
centrations sufficient to kill zebra mussels do cottsiderab!e
damage to other forms of aquatic life and are considered au
inappropriate means of control. Biological control seems also to
be inadequate. Diving ducks are natural predators of these
mussels, but their numbers are insufficient to control massive
popuhtious. Some fish  e.g. yellow perch! are learning to eat
zebra mussels, but so far fish do not consume theta to the extent
sufficient to control large populations.

Whole-lake cotttro! may be possible for impoundments that
can be drawn down over ~inter. Although a draw-down cannot
be done on aH inland lakes and reservoirs, it is a procedure that
needs to be explored as a possible means of control in those
lakes that can be drawn down.

Aquatic nuisance species and Sea Grant

Kelly Kershner, Ohio Sea Grant Cominunicatious

!n 1&69, it was putpie Ioosestrife. In 1873, alewife and chinook
salmon. In 1879, comtnon carp.

Exotics are ttothing new in the Gmnt Lakes. Scientists believe the
sea lamprey led the wny back in the 1830s. Today, scientists
estimate that 136 foreign plants, fish and moHusks make t!ie Great
Lakes home.

Perhaps the most definitive zebra mussel characteristic is a
seeming urge to roam, They' re native to the Ponto-Caspian region
of western Russia. But with tbe construction of cana!s across
Etuope in the �00s and 1800s, they rapidly expanded their range.
H y the 1830s, zebra musse!s covetedmuch of the continent and had
invaded Gmnt Britain.

Today, zebra mussels have made their mark on the Great Lakes.
Since their discovery in Lake St. Clair in 1988, the titty striped
moHusks have spread rapidly to aH of the Great Lakes snd inland
waters in 18 states and two provinces, No matter where itcolonizes,
Lake Erie � with its shallow, warm, nutrient-enriched environ-
ment � is expected to always be the most significantly affected of
the Great Lakes.

Zebra niiissels have also affected the environment in significant
ways. So fsr, scientists have !earned that zebra mussels are prodi-
gious filter feeders � they remove tiny trganisms from the water
column at the tate of abouta liter per day. Since the invasion, water
c!arity hi Lake Erie has incretued a!most six-fold, allowing rooted
aquatic p!ants to flourish and even clog harlem Diatoms and

-uucroscopic phnts and animals at the base of the aquatic

food chain � have been rot!need by as much as 80 percent in some

Also, scientists have learned that the zebra mussel, though smaH,
is dangerous. In parts of Lake Erie and Lake SL Clair where zebra
mussel s and native c!ams are both present, the native clatns are now
a!most gone.

Further, data suggest that zebra mussels' fatty tissues allow them
to accumulate toxic chemicals at leve!s 10 times higher thannative
mussels. When eaten, zebra mussels pass this contaminant burden
on to fish and on to sinai!, shrimp-like organisms called gam~
which eat both zebra inussel waste products and dead mussel tissue.

Still unclear in aH of this are the itnplications � for fisheries,
biodiversity attd pollution. Do zebra rnussels hurt the walleye
fishery by stealing food from the sma!!er fishes that walleye feed
on? Will zebra musse! scut a simp!ifying swath through the complex
ecosystem, doing to lakes what purple !oosesttife hns done to
marshes? WiH zebra musse!s pass super-concentrated pellets of
poHutants back up the food chain? Scientists seek answers to these
and other questions.

Zebra mussels pose a complex set of challenges, both now and for
the futtue. The spread is continuing and mussel densities at Lake
Erie water intakes are approaching 1 million per square meter. To
meet those challenges, research tuust continue. Control method
must be developed, tested and made affordable. Industries, mari-
nas � aH those directly affected by zebra mussels � must have n
direct line to the latest information. The general public must get
involved � even sitnple precauuons wi!! help slow the sptead.

That's where Sea Grant comes in.

Sea Grant is a bridge between government aud academia, scien-
tist and private citizen. Sea Grant is a comtnitment to solve ~
prob!eius and develop marine resources, It's a bond uniting 29 state
programs, 300 colleges and universities and millions of people. It' s
a partnership with a purpose � to he!p Americans understand and
more wisely use our precious Great Lakes and ocean waters.

Sea Grant scientists make progress on the important marine issues
of our time. Extension agents quickly take this information out of
the laboratory and into the fie!d, working to help save a caasL8
business, a fishery, sometitnes even a life. A dedicated corps of
writers nnd communications specialists spreads the word to the
public. And Ses Grant educators bring the discoveries into the
nation's schoo!s, using them to pioneer new and better ways of
teaching, helping to create a new generation of scientifica! ly literate
Amtmcans

Together, separate eletnents ideate a cohesive whole, ensuring
that Sea Gmm meets the chaHenges of its mandate,

Sea Grant's strength is its ability to tneet problems head-on and
efficient!y solve them.

Today, one of those chaHenges is zebra musse!s. Sea Grant is
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solutions. But it's also keeping the public informed in aH the
effective and innovative ways the coHective creativity within Sea
Grant can generate.

For more information about Sea Grant's work on zebra musseh,
contact the program nearest you. For a list of resources avtn!ab!e
fmm the six Sea Gram programs in the Great Lakes Sea Grant
Network, request a copy of 4 Great La4s Sea Grastt resource list
an zebra rrtttssels arid other ttonindi gettotts species.
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the zebra mussel's range in North America.!

Such dispersal will likely be greatly enhanced by
interlake transport of veligers  larvae! in ship ballast
and adult and juvenile mussels attached to ship and
recreational boat hulls. The discovery of zebra
mus s in Duluth Harbor  Lake Superior! may be evi-
dence of such transport. There is concern that the
range expansion of the zebra mussel will be further
facilitated by transport of veligers by commerc@ bait
transport, in anglers' bait bucket water and recrea-
tional boat engine cooling water, transport of juveniles
and adults by waterfowl and by attachment to crayfish
and turtles.

BIOLOGY OF THE ZEBRA MUSSEL

Zebra mussels are small � crn and smaller! bivalve
mollusks  relatives of ciams and oysters! with elan-
gated shells typcally marked by alternating light and
dark bands  Fig. 1!. As its scientific name polymorpha
implies, the species shows considerable genetic and
morphological plasticity, particularly in its marking
and coloration patterns. Specimens with few mark-
ings, with a herringbone pattern, with stippled patterns
or radial striping are quite common. Soviet studies
suggest the presence of discrete morphological and
physiological ecotypes or 'phenes'  racesl of Dreis-
sena  Smirnova 1990!. Early Soviet studies described
at least five species  Andrussov, 1898!.

Figure 1 The origin of the name polymorpha
can readily be seen in the variations in the light
and dark banded markings on Zebra rnussels,

Zebra mussels secrete durable elastic strands,
called byssal fibers, by which they can securely attach
to nearly any surface, forming barnacle-tike encrusta-
tions  Fig. 2!. Because of an affinity for water

currents, zebra mussels extensively colonize water
pipellnes and canals, often severely reducing the gow'
of water and, upon death, imparting a foui taste to
drinking water  serious impacts in Europe since the
late 1800sj.

Zebra mussels will colonize lakeshores and
riverbanks where they attach to rock or gravel sub.
strates, forming broad reef-like mats  Fig. 3!
European lakes, colony densities exceeding 100 000
per square meter have been reported with 15 cm deep
shell accumulations from dead mussels on the lake
bottom within two years

[Photo: Ontario Ministry of Environment!

Figure 2. Zebra mussels can attach to nearly
any surface, This car, retrieved from the bottom
of Erieau Harbor, Ontario, had mussets growing
on every surface including sheet metal, tires,
fiberglass, glass, even cloth seats,

The mussels are generally found within 2 to 7
meters of the water surface but may colonize to
depths up to 50 meters  Walz, 1978!. Colonization
depths vary from lake to lake, but appear to be deter-
mined by light intensity, water temperature and avail-
ability of food. Zebra rnussels can tolerate a fairly
wide range of environmental conditions. They prefer
water temperatures between 20 and 25'C �8' and
7TF! and water currents 0.15 to 0.5 meters per sec-
ond for proper growth. While normally considered a
freshwater species, the zebra mussel can adapt 'to
and inhabit brackish areas ranging from 0.2 to 2.5 ppt
 parts per thousand! total salinity in estuarine locales.
European reports indicate occasional sightings of
zebra mussels in total salinities exceeding 12 ppt
 Benthem Jutting, 1 943!.

ln Europe, mussel densities tend to be higher in
large lakes  surface areas greater than 485 hecta«s!
with depths exceeding 35 meters, which are not overly
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enriched but which have a high calcium content,
generally greater than 12 ppm  parts per million!.
Conditions generally considered as unsuitable for
growth are water temperatures below 7'C �5 F! or
above 32 C  90'F!, water currents greater than 2
meters per second or rapid water level fluctuations.
Zebra mussels can withstand dessicatlon for two to
three days, depending upon atmospheric humidity.

Figure 3 Zebra mussels attached to rock or
gravel substrates can reach colony densities
greater than 100,000 per square meter with shell
accumulations reaching 15 cm or more on the
lake bottom.

The zebra mussel has a reproductive strategy
unique to freshwater mussels which is responsible for
its rapid population expansion in Europe and the
Great Lakes. Sexual maturity is typically reached at
age two but may occur in the first year at a size of 3 to
5 rnm. Zebra mussels are separately sexed, but some
hermaphroditism has been reported. Mature fernale
mussels can produce 30,0DD to 40,000 eggs per year,
as the water temperatures reach 12 C �4'F!. At least
one European study has indicated that a 30 mrn
femaie can produce, on average, up to 1 miliion eggs
per year, Precocious young-of-the-year mussels as
small as 3 mm may produce as many as 6,000 eggs
per year  Walz, 1978!. Egg production can occur in
either asynchronous or synchronous batches
enabling individuals to spawn several times during the
spawning season. Spawning activity may extend
throughout the year in warm, productive waters.

Although poorly understood, the reproductive
cycle is apparently influenced by environmental cues
such as water temperature, phytoplankton abundance
and species composition, and mussel population
density. Evidence from Lake Erie suggests that
reproductive activity may be cued by such seasonal

phytoplankton dynamics as blooms and algal species
succession, Spawning patterns may show consider-
able year-to-year variations. Recent studies from Lake
Erie suggest that cool water temperatures, storm
events, elevated turbidity, and increased population
densities can delay spawning, resulting in possible
synchronous spawning activity. Spawning may also
be Induced by the presence of mussel gametes  sex
products! in the water,

in Europe, fertilized eggs are 40 to 70 rnicrons
long and become planktonic larvae  veligers! in 2 to 3
days when water temperatures reach 14 to 1' �7
to 61'F!. In Lake Erie 11'C �2 F! is the norm, with
the Ontario Ministry of Natural Resources reporting
vellgers in water as cold as 8.0'C �6'F!, Veligers are
capable of active swimming for 1 to 2 weeks, and are
also transported by water currents, enabling them to
disperse considerable distances from their parent
colonies. Nocturnal vertical migrations of veligers
have been reported in European lakes,

Within 3 weeks of hatching, the young mussels
reach the 'settiing stage,' where they can attach to
bedrock, cobble, bottom debris or such manmade
objects as boat hulls, breakwaters and water Intake
cribs. At this lifewyde phase, the settling larvae can
experience mortalities exceeding 99%, primarily from
hypoxia, temperature shock, and failure to locate a
suitable attachment substrate  which could result in
larvae sinking into bottom sediments or into deeper,
colder water with lower productivity!.

During the first year of life, young mussels are
capable of active crawling along the substrate at
speeds over 3.8 cm per hour until they find a suitable
location to attach with small, temporary byssal fibers.
With age, the mussels develop extensive byssal fibers
and, for the most part, become sessile Younger,
overwlnterlng mussels can detach from their ternpo-
rary byssal fibers and migrate to deeper  warmer!
waters to escape from cold temperatures and ice
scour. During the first growing season, young zebra
rnussels may reach 5 to 10 mm in length.

The Nespan of a zebra mussel Is highly variable
depending on a number of environmental conditions.
Ufespans average around 3.5 years but can reach 8 to
10 years in some less productive European systems,

Typically, when the zebra mussel is introduced
outside its native range, the relocated population
undergoes a rapid increase in number, often by a
factor of 2 to 3, lasting for several years after the initial
introduction, followed by a marked reduction in
population size and subsequent population osciifa-



tions. However, in Sweden the population of zebra
rnussels has not yet crashed after more than 11 years.
The zebra mussel population expansion in Lake Erie
appears to be more aggressive than in Europe, most
likely due to the lake's highly suitable chemical, bio-
logical and thermal regimes.

USE OF THE ZEBRA NIUSSEL AS FOOD:
NATURAL P REDATION

Although larval and adult zebra mussels  which offer a
high nutritional value to predators! are regularly
consumed In Europe by several species of fish, the
overall impact upon mussel populations is believed to
be insignificant in many instances, Vellger and post-
veliger larvae are also preyed upon by young fish and
zooplankton, but to what extent this predation con-
tributes to mussel mortality is unknown, although
some researchers estimate this ioss can reach five
percent  Piesek, 1974!. In some European lakes,
crayfish predation on mussels I to 5 mrn long is
conskferable, with adult crayfish  90 rnm! consuming
over 100 mussels per day  about 6,000 mussels per
summer!. Crayfish, however, are believed to be
ineffectiv predators in deeper lakes due to cooler
water temperatures. Some studies indicate that over
90'I6 of the diets of the roach, a Eurasian fish species,
is composed of zebra mussels. In the Great Lakes,
the role of coarse fish species such as carp, eels and
sheepshead may become increasingly important as a
biological control agent; sheepshead are already
reportedly feeding extensively upon zebra rnussels in
inshore areas of Lake Erie.

ln Europe, studies indicate that waterfowl preda-
tion rates on zebra mussel populations are variable,
ranging from insignificant to as high as 32% during the
summer months and greater than 90% during the
winter in some lakes. In Ihe littoral zone  water depths
of 0 to 5 meters! waterfowl are considered to be the
prime controller of zebra mussels. For example, Lake
IJssel, in the Netherlands, supports a large population
of diving ducks feeding on zebra mussels.

The value of zebra mussels as a human food
source is doubtful. It appears that they may not be a
viable human food because of their small size, a
strong byssal attachment which would make them
difficult to harvest, and a possible tendency to serve
as a parasite vector  transmitter! to humans. Fur-
thermore, the mussel's fitter feeding process may
cause bioaccumulation of toxic contarninants, making
the mussels unfit for human consumption.

BIOLOGICAL IMPACTS

Using slphons and a ciliated gill system, zebra
rnussels filter small particles such as phytoplankton
 microscopic plants and many forms of algae!, small
zooplankton  microscopic animals! such as rotifers,
and detritus  bits of organic debris! out of water drawn
into the mussel's mantle cavity, Laboratory studies
indicate that the mussels can efficiently filter food
particles down to 0.7 mlcrons, but preferentially select
those particles between 15 to 40 microns as food.
Rotlfers as large as 450 rnicrons can be retained and
eaten Zebra mussels can also filter and consume
their own veligers. Particles of unsuitabie size or
chemical composition that are not ingested are coa-
lesced into a mucus bolus  pseudofeces! and subse-
quently discharged.

Filtration rates  volume of water filtered per unit
of time! are determined by food particie concentration
and sizes, water temperatures, hunger state and
mussel body size. Qn average, a 25 mm long zebra
mussel can filter 1 iiter of water per day. Filtration
rates up to 2 liters per day under optimal conditions
have been observed. European studies indicate that
the filtration ability of the mussels can dramatically
increase lake water clarity. Since the introduction of
zebra mussels into the western basin of Lake Erie,
Canadian researchers have observed a two- to three-
fold increase in water clarity and a significant reduc-
tion in chlorophyll Lt content  chlorophyll g analysis
provides an index of the open water food chain pro-
duction available for the aquatic plants and animals in
a waterbody!. The extent that changes in the lake's
clarity and productivity can be attributed directly to
zebra mussel filtration activity is unknown. It is sus-
pected that the zebra rnusseI has played a role. Lake
Erie has also experienced an effective phosphate
abatement program, which may be responsible in part
for these observed trends in increased water clarity
and decreased chlorophyll y content.

Since phytoplankton and detritus are rrejor food
sources for pelagic  open water! lake and riverine
food webs respectively, fisheries-related impacts
could result from zebra mussel filtration activity.
Excessive removal of phytoplankton and detritus from
the water column could cause a decline in zooplank-
ton species which feed upon those food particles.
Small zooplankton are also eaten by zebra mussel.
Larger zooplankton species and larvai fish of all
species preying on smaller zooplankton could face
reduced survival as mussel populations expand,
suggesting other potential food web impacts. In addi-
tion, extensive deposition of mussel pseudofeces on



the lake bottom could favor the proliferation of benthic
 bottom-dwelling! fish and invertebrate species,
especially ln littoral areas. The changes ln water
transparency and the setectlve survival of benthic
algae in mussel pseudofeces could favor a shift
towards increased importance of primary production
of benthic algae in the Great Lakes.

Because zebra rnussels settle on rock cobble as
an attachment substrate, there is concern that exten-
sive colonization of shoal areas could impair repro-
duction of species of fish  such as walleye and lake
trout! which spawn only on rocky-bottomed areas.
Some biologists are concerned that decomposing
mussel pseudofeces could reduce water quality In and
around fish egg masses on shoals, reducing egg sur-
vival, Data collected by the Ohio Department of
Natural Resources in 1990-91, however, indicated
good year classes of walieyes produced from mussel-
encrusted shoals in western Lake Erie. Apparently,
rnussels were scoured from some spawning areas by
ice prior to 1990 walleye spawning. Wave action also
helped by sweeping shoal areas clear of mussel
pseudofeces. Continued monitoring of spawning
areas is necessary to quantify any future mussel
Impacts. Furthermore, increased water clarity may
reduce the ability of larval fish to avoid predation. This
also makes zooplankton more visible to fish
predators.

ln general, freshwater mollusks are important
vectors of parasites  digenetic trematodes! in water-
fowl, fish, wildlife, and, occasionally humans  in tropi-
cal areas!. The typical life cycle of digenetic trema-
todes involves the development of the parasite within
the bodies of mollusks, which serve as intermediate
hosts. Although zebra mussels are not considered as
common parasitic vectors ln Europe, they could
potentially increase the spread of certain parasites,
particulaiiy as the mussel colonizes rapidly through-
out North America. Zebra mussels themselves show
little effects from parasites.

THE ZEBRA MUSSEL AS A BIOFOULER
IN RAW WATER SUPPLIES

A ma]or impact of zebra mussel infestatlons is the
fouling of raw water intakes such as those at drinking
water, electric generation and Industrial facilities,
Water Intake structures  intake cribs, trash racks, pipe-
lines and tunnels! serve as excellent habitat for mussel
colonizatlon, The continuous flow of water into in-
takes carries with It a continuous source of food and
oxygen to the mussels and carries away wastes, while
the structures themselves protect the mussels from
predation and ice scour, This makes water intakes
ideal mussel habitat.

The zebra mussel ls capable of attaching to firm
substrates at water flow velocities below 2.5 meters
per second on horizontal surfaces or 2,0 meters per
second on vertical surfaces, Researchers in the
Netherlands have reported that flows of 1.0 to 1.5
meters per second are sufficient to preclude settling
under some conditions  Jenner, 1989!. The presence
of zebra mussels in a raw water main is usually first
detected by the discharge of shells into the facility's
raw well or forebay, possibly accompanied by a no-
ticeable decrease in head, as the mussels line the
pipeline or tunnel, eliminating the laminar flow along
the walls of the conduit. In some cases, layers up to
0.3 meters or more in thickness are formed in intake
mains.

Once in a drinking water treatment facility, zebra
mussels may colonize any surface within the distribu-
tion system up to the first oxklation or filtration stage,
including intake mains, raw wells, screen house walls,
traveling or stationary screens, strainers and settling
tanks, The main impacts associated with colonizatlon
are: loss of intake head, obstruction of valves, putre-
factive decay of highly proteinaceous mussel flesh,
obnoxious methane gas production, and increased
electrocorrosion of steel and cast iron pipelines.

Native mussel populations may be adversely
impacted by competition for food and space by the
sheer numbers of zebra mussel colonies reported in
areas of the Great Lakes. There are already early
signs that native unionid darn populations in Lake St,
Clair are disappearing rapidly coincident with zebra
mussel colonization. Numerous live and dead uni-
onids have been observed covered with extensive
growths of zebra rnussels. Many unionids appear to
die as zebra mussel colonies interfere with host shell
movements or cause damage to the shell edges.

A similar fouling problem can occur in power
plants and industrial water systems which use an
infested waterbody as their raw water supply. Con-
denser and heat exchanger tubing can become
clogged, leading to loss of heat exchange efficiency
and overheating. Service water  fire protection, bear-
ing lubrication/cooling, transformer cooling, etc.! lines
can also become clogged, resulting in potential
damage to vital plant components and possible safety
hazards if sprinkler systems fail to deliver sufficient fire
fighting water.



The rate of overgrowth of zebra mussels from
intake cribs and trash racks to internal distribution
systems ls dependent upon chemical and physical
characteristics of the raw water supply, flow veloci-
ty within the system, the three-dimensional posi-
tion of the surface of the overgrowth, and the
surface structure of the substrate. One Great
Lakes utility has reported mussel densities as high
as 750,000 per square meter in its Intake canal.

IMPACTS ON NAVIGATION AND
RECREATIONAL BOATING

Zebra mussels can impact commercial navigation and
recreational boating. As with any organism capable of
attaching to hulls, zebra mussels increase the amount
of drag, reduce a boat'8 speed, and increase fuel
consumption. Growth of larval mussels drawn Into a
boat's engine cooling water Intake may occlude the
cooling system, leading to overheating and possible
damage to the engine. If shells are drawn into the
engine, abrasion of cooling system parts, especially
impellers, could result,

Commercial and recreational navigation can also
be impacted if marker buoys sink under the weight of
mussel encrustations on the submerged portions of
the navigation aids. There is concern that navigation
canals can also be negatively impacted by mussel
colonization ln lock systems.

The zebra mussel can also negatively affect
docks and piers. Large colanies can encrust pilings
and ladders, making them difficul to tie up to and
speeding corrosion as a result of the musseis' waste
excretions. On floating dock systems, each square
meter of adult mussels on the bottom and sides of
floats can add as much as 20 to 30 pounds. Oack
systems that are left in the water year-round could be
destabilized or sunk by mussel colonization. Bubbler
or flow developer systems which are used to prevent
ice damage to dock systems cauld be colonized, de-
creasing the systems' ice minimization effectiveness.

IMPACTS ON RECREATION

Recreational use of beaches in infested areas may be
impacted by colonization of cobble in shallow near-
shore areas by the musseis and by littering of beach-
es by shells washed up from submerged colonies by
storm waves. Bathers on some Great Lakes beaches
are reportedly adopting the use of beach/bathing
footgear to prevent cuts from zebra mussel shells.
Obnoxious smells from the decomposition of mussels
also detract from the enjoyment of shoreline recrea-
tional activities.

PHYSICAL AND MECHANICAL
CONTROL ALTERNATIVES

The European and Soviet experiences indicate that it
ls best to eliminate the zebra mussel in water plpe-
lines at the veliger stage or before the most rapidly
growing post-vellger specimens are able to pass
unhindered through the pipeline. Control can be
continuous or periodic with the time schedule for
elimination based upon the mussel's growth rate for
the specific waterbody and the minimum openings in
the pipeline through which dead or living specimens
can pass.

The first, and most evident, method for control-
ling zebra mussel infestation of raw water use facilities
is to prevent entry of the mussel into such water
systems  exclusion!. This is accomplished by the use
of strainers and filters to prevent the entry of larval.
juvenile and adult mussels. The effectiveness of
exclusion depends upon the mesh size of traveling
and stationary screens and the size of the mussel.

The common traveling screen mesh used in
water supply systems is 9 to 13 mrn, The effective-
ness of screens can be increased by reducing the
mesh size  some newer power plants use traveling
screens with openings as small as 1 mm!. This meth-
od is effective in excluding oniy those musseis which
originate upstream of the screens or filters, Mussel
colonization downstream of the screens  as a result of
the passage of veiigers through the screens! is not
impacted. Additional service water strainers can ex-
dude adult and juvenile mussels that were not
excluded by the initial screening. Centrffugal separa-
tion debris filters or backflushable bag filters can be
used to exclude most sizes of zebra mussels but may
result in a loss of head in distribution lines.

Unfortunately, veligers pass easily through both
screens and service water strainers and perhaps fil-
ters, as well, and need to be eliminated in some other
manner before they have an opportunity to settle and
colonize within the distribution system. The possibility
does exist to use rnicrostraining fabrics or filters with
an aperture of 60-70 microns or smaller to keep
veligers out of very sensitive portions of distribution
systems. However, this is not practical on systems
requiring large amounts or high velocities of water.

A different approach is filtration of intake water at
the source, before the water enters the pipeline. This
can be accomplished through the use of several dif-
ferent farms of buried intakes or sand filters, These
types of filters are suitable for low flow requirements,
up to a maximum of about 25,000-30,000 gallons per



minute. These types of intake filters are either drilled
vertically and laterally into a good sand and gravel
aquifer near a lake or river  Ranney wells!; consist of
porous intake pipes lad in trenches excavated Into
the bed of a lake or river and backfilled with a graded
sand and gravel media  infiltration galleries!; or are
comprised of a flowing water source entering a sur-
face trench or basin filled with a graded sand/gravel
media with the pumping conduit either beneath the
trench/basin, in the center, or at the outflow end
 surface sand filter!. Some modled form of sard fil-
tration may also be suitable for use in single family
homes or cottages using raw lake or stream water.

Since zebra mussels do not attach in high vel-
ocity current areas, another control method Is to
maintain intake and distribution system flows exceed-
ing the rates stated earlier in this paper. This may not
be possible in existing facilities due to pipe and pump
size, pipeilne configuration, or other factors, but
should be taken into consideration in the design of
new facilities in infested areas. Anything that causes
either a significant drop in flow velocity or an eddying
effect  such as changes in pipe diameter, short radius
bends, square wall intersections in pumping welis,
etc.! which would allow for increased mussel settle-
ment and subsequent colonization, should be
avoided. Also, rough pipe walls caused by scale, pit-
ting, or poor welds should be corrected, as these
areas create turbulence which allows the mussels an

improved chance of reaching conduit walls through
the laminar layer and increasing rates of attachment.

Physicaffy scraping rnussels from water systems
 removal! ls also a viable method of control. The
desirability and effectiveness of scraping depends
upon the design and operational characteristics of the
impacted system. Scraping is most effective in large
conduits where mussels are found in high concentra-
tions, where access for personnel and equipment is
available, and where the conduit can be taken out of
service for long enough penods of time that divers  or
non-dive personnel, in the case of dewatered sys-
tems! can remove the accumulated mussels, This
alternative is, however, very expensive in terms of
labor and lost production.

In smaller pipes or in pipelines where the config-
uration does not allow for direct access by workers,
scraping may be accomplished by pigging.' The
effectiveness af this method depends upon the design
of the system and the intensity of the infestatlon. Pig-
ging ls not effective In systems with sharp, short radi-
us bends ln the pipeline or where the infestatlon is so
great that the large amount of dislodged mussels
might obstruct the progress of the pig or cannot be

effectively removed from the conduit. PIgglng can be
designed into new systems constructed in infested
areas.

Attachment of zebra mussels on open surfaces
 I.e, trash racks and gates! may be discouraged
through the use of electrically charged surfaces using
industrial-frequency currents. Care should be taken to
ensure that humans cannot come in contact with the
charged surfaces. Potential impact on fish, ducks and
other animals should also be considered.

lt may be possible to control vellger settling in
pipelines by the use of electrostatic flters placed in a
pipeline cross section. In this case, exposure time
depends upon water flow rates. Soviet research
indicates that vellger death can be achieved by expo-
sure to high voltage for 0.1 second, For such short
exposures, 225 to 250 volts per centimeter would be
needed for specimens with open shell valves or 380 to
400 volts per centimeter for those with dosed valves
 Morton, f969!, making this alternative impractical for
most situations. At higher temperatures and voltages,
specimens die proportionately more quickly. It should
be noted that preliminary testing in the U.S. indicates
that even greater charges may be required to ensure
100% mortality.

A "last resort' mechanical control for extreme

situations is the removal and replacement of dogged
tubing,

AVOIDANCE CONTROL ALTERNATIVES

For facilities that place marker buoys to locate intake
cribs, it would be advisable to keep the buoy anchors
well away from the intake structures to prevent velig-
ers from settling on the anchor cable and spreading
down the cable to the cribs. Periodic scraping of the
bottoms of buoys is advised to avoid possible sinking
under the weight of attached mussels.

The use of acoustic vibrations  >20kHz! is also
being researched as an avoidance methodology,
Preliminary data indicate that certain frequencies and
intensities may be effective in 'deactivating' veligers,
that is, rendering them unable to attach to available
substrates. Ultraviolet B radiation may also prove to
have some effectiveness at killing veligers entering
low flow conduits.

OXYGEN DEPRIVATION CONTROL

Since zebra mussels breathe' oxygen as they draw
water over their gills, oxygen deprivation, accom-
plished by hermetically sealing water intakes and



Table 1 Zebra mussel mortality rates at differing water temperatures and dissolved oxygen concentra-
tions  Mikheev, 1968!.

THERMAL CONTROL

TABLE 2 Relationship of zebra mussel size and
mortality under anaerobic conditions for 37 hours
at 22'  Mikheev, 1968!.

isolated internal distribution lines, can be used as a
control method. Because the rnussels utilize oxygen
most efficientl at 20 C �8 F!, oxygen deprivation
tends to work best in summer, Two to three days
exposure to anaerobic water at 23'to 24'C �3.5'
to 75'F! will result in 100% mortality  Mikheev, 1968;
see Table t!. Oxygen can be eliminated from a sealed
conduit using sodium metabisulfite with cobalt chlo-
ride as a catalyst. Hydrogen sulfide gas may be
added to increase the effectiveness of the treatment.

A relationship also exists between mussel size
and susceptibility to oxygen deprivation. Small
specimens die first because smaller rnussels consume
more oxygen than larger ones  Table 2!. Unfortun-
ately, however, since zebra rnussels can survive
several days of anaerobic conditions, any pipeline
treated in this manner must be capable of being shut
down and sealed for a number of days, a major
drawback for most applications. It should be noted
that many European water systems are designed with
dual intakes, often quite short, to enable one to be
shut down for deaning while the other carries on the
business of the facility,

When eliminating zebra mussels through oxygen
deprivation, it should be noted that rnussels in dosed
vessels die more rapidly when dead specimens are
already present. There are several explanations for
this: the appearance of disintegration products in
water, extensive development of bacterial flora, and
the rapid uptake of any remaining oxygen for oxida-
tion  decomposition! and bacterial respiration.

Experience in Europe and the Soviet Union indicates
that one of the most efficient, environmentally sound
and cost effective methods of controlling zebra rnus-
sel encrustations is the systematic, periodic flushing
of water systems with heated water, Water tempera-
tures must exceed 37 C  98.6'F! for approximately 1
hour to ensure 100% mortality for mussels acclimated
to 10'C �0'F! water temperatures  Ontario Hydro,
t 990!. Water temperatures in excess of 55'C �31'F!
will result in rapid death of the most mussels of the
widest size  life stage! range. In this temperature
range, musseis tend to die with their shells slightly
opened, promoting exposure and degeneration of
byssal threads, followed by detachment of many
specimens from the substrate  the smallest mussels,
<7.0 mrn, detach first!, Lower temperatures, or ther-
mal shocking applied to mussels acclimated to warm-
er water temperatures, will take longer periods of time
to achieve 100% mortality  Figure 4!. Mussels which
remain attached must be mechanically scraped from
the attachment areas or may be allowed to decorn-
pose. Treatments at temperatures greater than 60'C
 i 40 F! result in immediate 100% mortality. However,
many mussels may die with closed shells and may
remain attached for several days.

When utilizing thermal control, it is often neces-
sary to treat as many as three or more times annually
to remove adults and to target the more vulnerable



Figure 4 The time required to kill zebra mussels
by thermal shocking varies dependent upon the
temperature to which the mussels are acclimated
and the temperature of the water used for the
treatment.

early life stages of the mussel. The suggested annual
treatment regime is early summer  June! to eliminate
overwintered post-veliger specimens of the previous
year, followed by second and third treatments in late
summer  August! and fall  late October or November!
to eliminate the current year's post-veligers. Each
thermal treatment may have to be repeated several
times during each of the three annual treatments to
eliminate the greatest number of mussels. Mechanical
scraping and cold-water flushing can be used after
each hot water treatment to remove debris from major
encrustations, much of which can be flushed from the
system under high flow condffions. lt should be noted
that byssal threads will remain attached to substrate
for considerable iengths of time, possibly disrupting
laminar flow long after mussel shells have been
removed.

CHEMICAL CONTROL ALTERNATIVES

Chemical control strategies generally fall into two
categories: compounds which oxidize the rnussels'
organic material rather than acting in a toxic manner
 e,g. chlorine, chlorine dioxide, ozone, potassium
permanganate, hydrogen peroxide, chioramine! and
chemicals which have a toxic effect on the mussels
 e.g. moiluscicides, copper sulfate, some metallic ions!,

Chemical control strategies may be applied once
per year at the end of the mussel spawning season
 to kill all mussels of all ages which have been allowed
to grow ln a system since the end of the last spawning
season!; periodically throughout the spawning
season  allowing some colonization but killing the
mussels before densities get too great for efficient
operation of the system; this allows less colonization
than seasonal treatment!; frequent intermittent treat-
ment with relatively high concentrations of chemical
 generally once or twice per day to purge the system
of recently settled post-vellgers, preventing growth to
the more troublesome adult stage!; and continuously
with lower concentrations of chemical throughout the
spawning season to prevent all settlement and coloni-
zation within the system.

Commercially available moffuscicfdes lend
themselves more to seasonal or periodic treatment of
nonpotable water systems in which some colonization
can be tolerated. Oxidizing chemicals may be used
for short-term seasonal or periodic usage in systems
with an immediate discharge to the environment. In
potable water systems where little or no colonization
can be tolerated because of potential human health
impacts  mainly bacterial growth in rotting mussel
flesh and taste and/or odor problems!, oxidizing
chemicals may be suitable for intermittent or continu-
ous treatment.

Experiments in the Soviet Union have indicated
that electrolytically dissolved metal ions in water
may be used in low discharge pipelines and in under-
ground and other inaccessible conduits to eliminate
zebra mussels. When using metallic ions, larger
mussels can be expected to exhibit a greater negative

Table 3 The effects of metal ions on zebra
mussels. 'Surviving rnussels filter water but do
not attach to substrate, ' Static water test.
2 Rowing water test.  Dudnikov and Mikheev, 1968!
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T4BLE 4 Mortality rate of zebra rnussels In laboratory experiments at varying chlorine concentrations.
The ilnes represent linear correlations. Experiments were run at water temperatures of 12'-15'C.

x = 1.0mg/I TotalReslduaIChlorlne TRC!; 3expetimentsindupllcate; r =0.972
o = 0.5 mg/I Total Residual Chlorine  TRC!; 2 experiments In duplicate: r = 0,988

0.25 rng/I Total Resklual Chlorine  TRC!; 2 experiments ln duplicate; r = 0.956

10

response due to incomplete hermetic sealing of their
shells, White discharge of many of these metals into
the natural environment  receiving waters! would not
be permissible under state and federal regulations,
some metallic iona might be applicable for use in
dosed water systems. Another factor which could
limit use of metallic iona as a zebra mussel control
measure ls the potential corrosion of metal system
components.

The use of copper sulfate has been shown In
Soviet experiments to be an effective zebra mussel
control. However, at temperatures below 22.5'C
�2.5'F!, lethal doses of copper sulfate are so high
 i.e., 300 mg/I at 17,5'C for 5 hours results in 60%
mortality  Lukanin, 1968]! as to be impractical, con-
sidering corrosion of metal pipes caused by the
copper. At temperatures above 27.5'C  81.5'F!, lethal
concentrations decrease to more practical values
 e.g., 11.0 mg/I at 27.5'C for 5 hours yields 88% mor-
tality!, perhaps making water pre-heating combined
with copper sulfate a feasible control alternative in
some situations.

Treatment at the point of raw water intake or
within the system with various oxidizing chemicals has
been proven ln Europe, the Soviet Union. Canada,
and the United States to be effective in controlling
zebra rnussels, Concentrations in the range of 0,25
mg/I to 1,0 mg/I total residual chlorine  TRC! for 2 to
3 weeks has been found to be effective in killing 95%-
100% of zebra rnussels  Jenner, 1989; see Table 4!.
Continuous treatment at concentrations of 0.25 mg/I

to 0,5 mg/I during that period of the year when velig-
ers and post-veligers are present in source waters has
been shown to be effective in preventing settlement
and growth of mussels in water treatment facility
intakes, Chlorine treatment is more effective at
warmer water temperatures than cold,

In power generation and industrial settings,
continuous chlorination is feasible only for limited
portions of water systems that are highly vulnerable to
infestation and/or are part of safety-related systems,
This is not a problem in water treatment facilities
where oxkfizing chemicals are commonly used during
most, I not all, of the year for taste and odor control
as well as disinfection purposes.

There is concern for negative effects of chlorine
on nontarget species in discharge receiving waters,
Therefore, dechlorlnatlon at the point of discharge is
usually required

There is aiso the risk that too high concentrations
of chlorine tnay result in hartn to the biological charac-
ter of slow sand filters, thereby requiring dechlorina-
tion prior to filtration, In addition, an excessive rate of
mussel killing can result in the putrefactive decay of
the highly proteinaceous rnussels, production of
obnoxious or dangerous methane gas, and concen-
trated deposition of detached shells with a subse-
quent blockage of conduits when pipelines containing
significant infestations are 'shock treated.



Chlorination of organic-rich water at the intake
end of pipes may cause the formation of trihalometh-
anes  TMMs!, suspected carcinogens, and may there-
fore not be practical for public water treatment facili-
ties which already have THM production problems. In
these situations, other oxidizing compounds  e.g.,
chlorine dioxide, ozone, potassium permanganate,
hydrogen peroxide! may be alternatives to chlorine.

Molluscicides may also be effective in industrial
and power plant applications, These are usually
short-term applications used periodically throughout
the year, similar to periodic thermal treatments.

Before using any chemical treatment method,
readers are advised to check with local environmental
regulatory agencies to determine legality of use for
their situation.

COATINGS

Organometallic antibiofouling coatings such as
tributyltin oxide  TBTO! may be effective in preventing
zebra mussel attachment to pipes, boat hulls and
buoys, but are relatively expensive, difficult to apply,
must be reapplied frequently and may result in nega-
tive environmental impacts on nontarget species as
the coatings ablate off the substrate into the surround-
ing waters. Many such compounds are currently
banned for most uses in the Great Lakes. Since these
coatings do ablate into the water, they are unsuitable
for use in potable water systems, Other coatings,
such as copper paints or epoxies or zinc galvanizing
may be useful in minimizing zebra mussel attachment
and growth without environmental consequences as
great as those caused by TBTO. Silicone-based coat-
ings may also prove to be effective.

SUMMARY AND CONCLUSIONS

The zebra mussel, Oreissena polymorpha, is now well
established throughout the Great Lakes and their
connecting channels, as well as in numerous inland
river systems in North America. There is no way to
eliminate the mollusk in these water bodies without
harming other life forms, so we must assume that the
mussel is here to stay and that it will eventually be
found throughout most inland waterbodies throughout
North America, The task now is to control its impacts
on ecosysterns and water uses.

The control methods cited above will give read-
ers an introduction to the mussel and its control. Note
that new control alternatives will most likely be de-

veloped as a result of the invasion of the zebra mussel
into the Great Lakes. Readers should augment this
fact sheet by referring to research reports available
from Sea Grant, federal, state and provincial environ-
mental management/regulatory agencies, and re-
searchers.
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A Creat Lakes Sea Grant resource list on zebra mussels

and other nonindigenous species

Resources on zebra mussels
The first three publications provide information on how this species
was introduced into the Great Lakes, areas colonized in the lakes,
what methods of eradication exist, provides tips on whatyou can do
to s!ow the mussel's spread, and the impact zebra mussels will have
on industry, recreation and the Great Lakes ecosystems.

Bouters-5!ow the spread of zebra mussels and protect your
boat, too. 1993.David O. Kelch. 2 pp. OHSU-FS454. Free for any
size order. OH

Identification of juvenile Dreissena pafJrmorpha and MyNopsfs
lencophaeafa. 1992. David B. Madtfeilh 3-fold brochure includes
diagnuns, glossary and references for the zebra mussel and dark
false mussel. NYSGI-G-92-00!. Free NY

Zebra musseis in the Great Lakes: The invasion and its
implications. December 1993.Fred L. Snyder, David W. Garfort, and
Marart Brainard. 4 pp. OHSU-FS-045, Free for any size order. OH

Zebra mussels: A 1992 Great Lakes overview. 1992. Avery
Klattber. 8 pp. Free; multiple copies are $.� each. NY

Zebra mussel Information needs survey for municipal and
industrial water users-Summary report. 1992. Robin Goettei
attd Gail Srsowdon, 8 pp. A survey of 29 southern Lake Michigan
municipal and industria! water users provided fmdings on what
types of zebra mussel information were most ~ and in what
form the information could best be delivered, Free. IL-IN

Zebra mussels in the Great l.ates. 1992. 2 pp. MICHU-SG-92-
700. Free. Ml Control of zebra musse!s in residential water systems. 1993.

Charles R. O'Neilf. Jr. 8 pp. $1.00 N Y
Mid-Athtntic zebra mussel fact sheet. Reprinted January
1994. Barbara Dolh 6 pp. ExpLores the possible routes of entry
the zebra mussel might take and ettzmines the environments!
characteristics that would make this area a hospitabIe host,
including the expansive estuaries and freshwater rivers and
lakes. Free. To order, write N.C, Sea Grant, Box 8605, N.C.
State University, Ra!eigh, NC 27695-8605,

Zebra mussel: An unwelcome visitor. 1993 Karin A.
Tammi. 2 pp. Describes the biology, impact znd history of
zebra tnussels in the United States along with identification
information and help to Rhode Islanders to prevent their
introduction into the state. $.50 To order, write R.I. Sea Grant
Information Office, URI Bay Campus, Narragansett, RI 02882,
401/7924s842.

Zebra mussels may clog irrigation systems. 1993. 2 pp. MICHU-
SG-93-701. Free. Ml

Engineering Noles. 1992. Philip Keillor. Free. WI
¹1; Case studies uf constructed filter bed intakes. A desaip-

tion of 10 such systems in the western Great Lakes that range
from one to 100 years old. Included is information on opera-
tional experience and whom to contact  p!ant operators and
design engineers! for further information, pius commentary
from marine contractors and design engineers. 16 pp.

¹2: Infi!tration intakes for very large water supplies: Fea-
sible? A review of four 20-yearold papers that considered
design feasibility as a means of protecting larval organisms
from entrainment in power p!ant and water diversion project
intakes. 11 pp,Zebra mussels in Virginia's future. Match 1993. 2 pp

Includes the zebra mussel's physical requirements and a list of
iis potential range in Virginia's waters. Free. To order, write
Virginia Institute Marine Science, Glouccster Point, VA 23062.

¹3: Zebra mussel  Dreissena polyrrtarpha! distribution: Re-
ported size, depth and temperature variables. A summary
of relevant data about zebra musseis intended for project
design engineers. 7 pp.

New concerns etnerge as zebra mussel spreads. 1992. 2 pp.
MICHU-SG-92-702. Free. MI ¹4: Using filtration and induced infiltration intakes to ex-

clude organisms from water supply systems. A literature
review plus an overview of slow sand ft!tration and infiltration
systems. 13 pp.

The zebra mussel  Drefssena pofysrtarpha!: An unwelcome North
American invader. 1991. Charles R. 0?t/ei lL Jr. and David B.
/if ac/Vei ll. 12 pp. NYSGI-G-91-013. $1.00 NY

The Great Laltcs Sca Grant Network ts a cooperts ive program of the Illinois indiana, tvlichlgan, hlinnesota, New York, Ohio and Wisconsin
Sea Grant programs. Sea Grant is a universilykased program designed to support greater knowledge and wise use of the Cress Lakes and
ocean iesowl es,

Through Iu network of advi sory agents, researchers, educators and communicators, the Great Lakes Sea Grant Network supplies the region
with usable solutions to pressing problems and provides basic information needed to better manage the Great l,akes for both present and
funne generations. Sea Grant is a program in the National Octstnic and Atmospheric Administration  NOAA!, Department of CommeN».
This Iht was complied by Ohio Sea Grant Conanunications  projects fvt/P-2 and AfZfv92-'l, grant NA90AA-D-SG496.! as OHSLI-F5452.
December 1993,

Pdnsad contplimenta of Mercury Marine. A Brvnasnok Company

This list includes material that is distributed by the six Sea Grant programs in the Great Lakes Sea Grant Network as of December 1993.
Many of the other Sea Grant programs are producing material about the zebra mussel, too. For example, RHode Island [401f/92-6842!, Vir-
ginia  804/924-S96S! and North Carolina <919/S! S-2452! Sea Grant programs all currently have material available. Other 05., state and
Canadian agencies also have material available.

To order any item in this resource list, cornpleba and mail the order form for the program distributing the material. Free items are I'or
single copies only unless specified otherwise For prices on bulk orders, contact the program that is dlsVibuting the material. Please prepay
all orders.



Sand filter lntakea could safeguard vital water-supply systems
from zebra mussebi. 1991, Philip Kcillor. 4 pp. WIS-SG-91-428-13.
Free. WI

Doa't let these invaders hijack your boat! is a 17 "x22" humorous
cartoon poster telling boaters what to do to slow the spread of zebra
musseh. Perfect for fishing/bait shops. Pub X6, Free, MN

Don't pick up hitchhikers! Stop the zebra mumel is a 3 pp. flier and
11 "x17" poster. One or two copies of the flier and poster are free,. NY
Zebra mussel watch identification card, Christine Kohlcr and
Stephen Wit tman. Wallet-sized cards have a cohr picture of the zebra
mussel with text describing their appearance and what to do if you
find a mussel. Free; 20cards formal.00. Available from each pogram.
Order customized cards from Wisconsin. WI

Zebra mussel distribution map from the httest issue of Drcisscna
polymorpha information review. Free. NY

Zebra mussel distribution in Michigan. Free, MI

Zebra massels: From spawaing to set tlemeat. January 1994, 20-
minute video shot through a microscope shows mussels spawning
naturally and inducetL Voicewver provides details, $15.00. OH

Zebra mumeht. 1993. Produced by New York Sea Grant and PBS-
affiliate WLIW, Long Island as 30-minute show. S12.00. NY

Protecting your boat from zebra mumebt, Revised 1993. This 15
minute video gives painters on how to prevent damage to your
recreational boat and tips on preventing the spread of the mussel to
inland waters. $10.00. NY

Too mach musseL January 1991, This 5.5 minute video  VHS
format! provides an overview of the impact of zebra mussels to Lake
Erie. $15.00. OH

Zebra mmael featureL Collection of 90 second feature stories
produced by Outreach Communications TV at Michigan State Uni-
versity. Contact Call Swinehart at MSU 517/353-9723. $10.00.

Resources on other species
A field guide to aquatic exotic plants and anhaals. 1992. Devel-
oped by MN Sea Grant, MN DNR and Bdl Museum of Natural
History. 10-page, four-fold, color brochure describes eleven com-
mon cxotics in thc Great Lalres region. Pub X9. Free. MN

Biology aad poteatial lsapacts of the rudd hs the Great Lakes.
October 1993. David MacNeill, 4 pp, Free. NY

The Ruffe invazkm, Gynr aoccphalar eerntrus. 1993.Nike NcLcan.
Describes the aggrmive, perch-like fish found in Lake Superior.
'IItis invader was first identified in the St. Louis River in 1987, It is
now the most numerous forage fish in the estuary and its range is
expamhng. PUB X7. Free. MN

Elfects of spiny taged Bytho~p Jrcs on Great Lakes fish. 1993.D.
Rac Barnhi tel, Exphuns affect of Bythotrephes on fish predation. 2
pp, MICHU-SG-93-704. Free. MI

Don't let exotks ride with you. 1992. A simple card explaining four
major exotics that threats our lakes and rivers and what boaters and
anglers can do to prevent their spread. 2 pp, Free for any quantity.
Available from each program. GH

Tbe spiny water Ben, Byrltatrephesr A newcomer to the Great
Lakes. 1991. David J, Be'rg. 2 pp. QHSU-FS449. Free, GH

Spiny tailed B~p¹es: Its life history aad etects oa tbe Great

Lakes. 1990. Carla E. Caceres and Joh¹ T, Lehman. Explains the
anatomy, reproductive cycle and behavior of Bythotrephes and how
this exotic may affect the Great Lakes ecosystems. 7 pp,
MICHU-SG-90-700, Free. MI

Pacific Sahnoa in tbe Great Lakes: The history and future, 1986
Warren Downs. 5 pp. WIS-SG-86-149. Free. WI

Sea Lamprey: Invader of the Great Lakes. 1982. Warren Downs,
8 pp. WIS-SG-82-138. $.50. WI

Is it a white bass or a white perch? Repintcd 1991. Fred L. Snyder,
I p. OHSU-FS405. Free. GH

Getting to know your catch: Lake Erie Salmoaid identification.
Reprinted 1991, David 0, Kelch. 2 pp. OHSU-FS-031. Free. OH

Scientific publications on zebra mussels
'%iology of recent iavertebrate invading species in the Great
Lakes: Tbe splay water flea, Bython'ep¹es cederstroend aud tbe
zebra mussel, Drcisscna polynrorpha ' by David W. Garron, David
J. Berg, Ann M. Stoeckmann and Wendell R. Haag reprinted from
Biological Pog¹tion: The Control and Impact of invasive Roric
Species, Bill McKni ght  ed.!, pp, 63-84, 1993. OHSU-RS-165. Free,
GH

"Reduced survival and fitness in native bivalves in response to
foaling by tbe introduced zebra mussel  Drcissena polymorp¹a!
in western Lake Erie" by Wendell R. Haag, David J. Berg, David
W. Garron and J/.. Farris reprinted from Can J Fish a¹d Aquat Sci
50 l!:13-19, 1993. OHSU-RS-157. Free. OH

"Chaages in planktonic dintoras aad water transpareacy in
Hatchery Bay, Bass Islaad Area, Western Lake Erie since the
Establishment of the zebra mussep' by Ruth E. Holland reprinted
&om J Great Lakes Rcs 19�!:617424, 1993. MICHU-SG-93-306.
Free. MI

"Effects of de!onized water on viability of tbe zebra mussel,
Dreirsena poly~rpha" by JL,Rani and J.U. Walker reprinted from
Comp Biochem Physiol 105C�!:409414. 1993. MICHU-SG-93-
304. Free. MI

"fbe zebra mussel  Drefssena polyniorpha!, a aew pest in North
America: Reproductive mechanisms as possible targets of coa-
trol strategies" by JI,. Ram, P, Fong, R.P, Croll, S J. Ni chols and
D. W'all reprmtcd from JnvertebratcReproduction and Development
22:1-3 �992! 77-86. MICHU-SG-93-303. Free. MI

"Spawning in the zebra mussel  Drefsscna polymorp¹a!: Activa-
tioa by laterual or external applicatioa of serotoain" by JL. Ram,
G.W'. Crawford JU. Walker, JX Moj ares, N. Pate/, P, Fong and K'.
Kyosakarcprinted from J Experimental Zoology 265:587-598, 1993.
MICHU-SG-93-300, Free. MI

"Attitudes of 1990, 1991, and 1992 Mid-America Boat Show and
1991 Fairport Symposium patroas coaceraing the zebra mussel
 Dneisscna polynrorpha!, Lake Erie, and Great Lakes pollutioa"
by Frank R. Qchtkopplcr, David 0. K'clch and N. Annie Berry
reprinte from J Great Lakes Rcs 19 l!; 129-135, 1993. OHSU-RS-
158. Free. GH

"Seasonal reproductive cyde and settlemeat palteras of Dreis-
sena polynsorp¹a in western Lake Erie" by David W. Garton and
Wendell R. Haag reprinted from Zebra Nassels: Biology, Impacts
and Control, Thmm F, Nalepa and Donald W. Schloesser  eds !, pp.
111-128, 1992. OHSU-RS-159. Free. GH

"Investigations of the toxicoklaetics of hydrophobic coatami
aaats ia the zebra mussel" by SLra¹ W. Fisher, D¹ane C, Gossianzi
Kathkcn A. Brttncr and Peter F. Landrnm rcyrinted fiom Zebra
Mnsscls: Biology, Impactr and Control, Thomas F. Nalepa and
DonaM W. Schlock  eds.!, pp. 465490, 1992. GHSU-RS-160.
F OH



«he use of eadod to control the zebra mussef'by Harold H. Lee,
Akilulu Lemma and Harriett J. Bennett reprinted from Zebra Itfus-
sels: Biology, Impacts and Control, Thomas F. Nalepa and Donald
W. Schloesser  eds,!, pp. 643456, 1992. OHSU-RS-161. Free. OH
"Early detectiott of the zebra mussel  Drebtscna po!ymarpha!" by
Chord Kraft reprinted from Zebra Mussels: Biology, Impacts and
Control, Thomas F. Nalepa and Donaki W. Schktesser  eds.!, pp.
705-714, 1993. WISCU-R-93-001. Free. WI

''Multivariate model for predicting population fiuctuathms of
Drcissena polymorpha in North American Lakes" by Charles W.
Ratncharan, Dianna K. Padilla and Stanley I. Dodson reprinted irom
C' an J Fish Aquat Sci 49 I!:150-158. 1992. WIS-SG-92-944. Free.
WI

''Models to predict potential occurrence and density of the zebra
mussel Drelsscna po  ymorpha!" by Charles W, Ramcharan, Dianna
K. Padilla and Stanley I. Dodson reprinted from Can J Fish Aquat Sci
49�2!:2611-2620, 1992. WISCU-R-92-032. Free. Wi

"Bktenergetics modd of zebra mussel, Druisscna polyrnarpha,
growth in the Great Lakes" by Daniel W, Schneider reprinted from
Can J Fish Aquat Sci 49�!: 1406-1416, 1992. WISCU-R-92-017.
Free, WI

"Syachronons spawning ln a recently established populatkrn of
the zebra mussel, Drcisscna polymorpha, ia western Lake Erie,
USA" by Wendell R. Haag and David W. Garto» reprinted from
Hydrobiologi ca 234:103-119, 1992. OHSU-RS-151. Free. OH

International zebra ntttssci research cottfcrcncc �99I! praeced-
ings sponsored by the Great Lakes Sea Grant Network and hasted by
New York Sea Grant, 52 pp. $8.00. NY

"Heterozygratity, sheU length and metabolism in the European
mussel, Drcissena polynrarpha, from a recently established pope-
httlon ia Lake Erie" by David W. Garron and Wcndall R. Haag
reprinted from CompBiochemPhysiol99A�/2!:4548. 1991.OHSU-
RS-140. Free. OH

''Mollusdcidal activity of potassium to the zebra mussel, Drteis-
scnapolynrorpha: Toxicity and mode of action" by Susan Warwick
Fisher, Paul Stromberg. Kathleen A, Bruner and J. Denise Boulet
reprinted from Aquatic Toszcology 20:219-234, 1991. OHSU-RS-146.
Free. OH

"Zooplankton grazing and phytoplanktnu abundaace: Aa as-
sessment before and afier invasion of Drcisscna pefytnorpfta ' by
Lin Wu and David A, Culver reprinted from J Great Lakes Res
17�!:425436, 1991, OHSU-RS-149. Free. OH

uMethods for evaluating zebra mussel control products iu htbo-
ratory and field studies" by Susan W~ Fhther and Dennis
Bernard reprinted from I Shellfish Res10�!:367-371, 1991.OHSU-
RS-150. Free. OH

Infcrnational zebra «tttsscl research conference �9M! proceed-
ings gtortsored by dte Great 4kes Sea Grant Network and hosted by
Ohio Sea Grant. 32 pp, OHSU-TS419 also available as "Abstracts
of technical papers presented at the Internatioual Zebra Mussel
Research Conference Columbus, Ohio 1990" reprmted front J
Shel+eh Res 10�!:243-260, 1991. OHSU-RS-144, Both are Iree.
OH

Scienti8c publications on other species
"Embryonic aad postembryonic devektpment ln Bythotrcpfrcs
ecderstrocnsP' by P Jl. Yurista reprinted fmm Can J Fish Aquat Sci
49�!: I 118-1125, 1992. MICHU-SG-92-307. Free. Mi

"Zoophtuktou Bythotrephcs ccdctstrucmr! spme mduces aversion
hrsmaQ fish predators" byD,RaeBarnhiseireprinted from Oecologia
88:444450, 1991. MICHU-SG-92-303. Free. MI

"Causes and consequences of dadoceran dynamics lu Lake
Michigan: Implications of species invasion by Byrhotrcphes" by
John T. Lehman reprinted from J Great Lakes Res 17�!:437445,
1991. MICHU-SG-92-302. Free. Mi

Genetics and ecology of an invading specicst Bythotrephes�cede-
rstr�oeml tscssrtrt Lahckrfe. 1991.David J. Berg. 164 pp. TD-030.
On loan from the Sea Grant Depository, Pell Library 8uikhng/Bay
Carttpus, University of Rhode Island, Narragansett, Rhode bland
02882.  All items listed in this publication can be borrowed from the
Depository.!

"Occurrence of Bythotrcphcs cedcrstroctul  Schoedler 1877j ia
Lake Superkrr, with evidence of demographic variatiou within
the Gnat Lakes" by David W. Garron and David J. Berg reprinted
from J Great Lakes Rcs 16 l!: 148-152, 1990. OHSU-RS-138. Free.
OH

"Vhermal toleraaces of the predatory dadoceraus Bythotrcphcs
ecdcrstrocnd and Lcpsodoru kindtlt Relationship to seasonal
abuudance in western Lake Erie" by David W, Garton. David J.
Berg and Robert J. Fletcher reprinted from Can J Fish Aquat Sci
47�!:731-738, 1990. OHSU-RS-125. Free. OH

l'hc tvhite perch and Issintcruedon wtthyenotv perch In Lake Brie.
1989. Donna L. Parrish. 137 pp. TD421. $15.50. OH

Zebra nsusscl arpdue reports on the status of the zebra mussel
invasion in the region, zebra mussel-related research, upcoming
ccztfereuces, new publicatitut, etc. Written by Chgord Kraft. Pub-
lished irregulariy; Free. WI

Thc following Sca Orant program newsleuers cover Great Lakes issues,
cdta~et, cnvitutuncnt, cconotmc dcvet~t. Atsherire and aquaculuue
activities m each state. Conf~ pubticatiotn and journal articles may
also be listed. Contact your closest Sea Grant program for a subscripticm.
Some programs aho ~ additional topic-spccitic newsletters.

~ Tile HBLItf, Issued quarterly by Illinois-Indtatn. Free.
~ Uptrentntts, tssued quarterly by Midugan. Free.
~ y7te Saiche, issued quarterly by Minnesota Free,
~ Cesstlims, issued quarterly by New York, Free.
~ 1'wrac Lttse, issued bimonthly by Ohio. $4.50 a year.

Each issue includes a zebra mussel update,
~ Laarttst Drttft, issued monthly by Wisconsm. Free.

For more information...
uaaats-tedtaaa Saa Grant Preyme New Yerk Sea Groat taatttute
Uaivarsity at lttinoia SUNY Cottage at Oawtuo
65 Matafatd Hall Swattunt Hau
t30t W. Gregory Dr. Oswego, NY t3t26-3599
Utbaaa, lt. 6l SOt-306S 3 tS/set-3042
2 t7t333-944t sno/2S5-22S5

Mteatgaa Sea Graat Coaage progress
Uaiversity af Mithigat
22tXt ~ em
Aaa Arbor, Mt 4t l 0'-ztyi9
3 t3I76t-1 i3s

rutto Saa Graat Cottage ~
'the ohio state Uuv'varsity
l 3 l 4 Kieetar atL
Cotuntbaa, GH 432l2-t l94
6tai292484tt

tsttaeesota Sea Groat Cottage program
Ueteraity of Miaaesata
t jtS Ctctadaad Ave.,N.
Suite 3tt2
St. Paul, MN 55 tns-600 l
61 2at25-9790

Sea Great Isstttttta
U iveaatty af Wisctmin-tdadiaee
tsno U~ Av»,

wt 537t5-att94
~3259

NewsIetters
Dreisscna po ymorpha information revievr. Summaries of re-
search, meetings, legislation and sitings of the zebra mussel for the
interested professional Bimonthly. $60.00 annual subscription rate
includes other benefits. Contact Zebra Mussel Clearinghouse�at�SN
285-2285.
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INVASION OF AN EXOTIC SPECIES: STOP THE ZEBRA MUSSEL!

NI':W JI.RSI:Y C'I tRRICIII UM SLlPPLFMFNT

ABSTRACT

The Virginia Sea Grant Marine Advisory Pr<>gram has developed the INVASION OF' AN
EXOTIC SPECIES: STOP THI: ZEBRA MLJSSEL! curriculum package in order to
intr<>duce students to the problem» associated with the introduction and spread of zebra
mussels in Virginia waterbodies. 'I'he activities and resources in that packet guide students in
a study of the zehra mussel and the possihilitie» and resultant impact ot' its i»vasion.
Students use actual scientil'ic data to identify which Virginia waterhodies will he introduced
or infested with zebra mussel». Further activities provide students with the opportunity t«
create action plans to prevent the spread <>l' zebra mussel within each waterhody, and follow-
up activities for hoth the field and classrootn provide a nutnher of' possibilities to investigate
the impact of zebra mussels on other animals and plants a» well as structures located within
these waterhodies.

The Vev, Jersey Zehra Mussel Curriculum Supplement, developed hy the New Jersey Sea
Grant Education and Outreach Program. i» intended for use with the Virginia Sea Grant
Marine Advi«>ry Program INVASl !N  !I-' AN I-;XO'I'IC SPFCIES: S'I' !P 'I HI i'.EBRA
MUSSEL! curriculum package. It is designed to pr<>vide New Jersey students with the
opportunity to identify the susceptihility of New Jersey waterhodies to the introduction and
invasion of zehra mussels using actual v ater quahty data collected throughout the state
Additional literature on zebra mussel life history, physiology and spread through waterhodies
in North America has heen included in order to provide background information t'or teachers
and students.
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CONTI:NTS

Abstract

A I ield Guide to Aquatic I'.xotic Plaiits and Animal» - Identificatioi! Ihrochurc

Invasion <>f «n I xotic Species: Stop the Zebra Mussel! - New Jersey Study Activity Set

Invasion of an L:xotic Species: Stop the Zebra Mussel! � Annotated Bibliography

Showing Our Mussel - 'I he Great L.akes Sea Grant Network Report on Zebra Mussel
Research and Outreach

Zebra Mussel I'.nvironn>ental 'I'olerances � 1!ata Sheet - New Y<>rk Sea Grant Institute

Mussel Menace � Fact Sheet � New Jersey Sea Grant Mariti Advisory Service

Zebra Mussel: Present Threat, I'uture Danger" .- A Report I'rom the Mid-Atlantic Sea Grant
Network 1992-1993

Zebra Mussel Wtttch � Identif'ication Card - Mid-Atlanttc Sea Grant Network
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AC KNOW1.1: 1!G1',M I'.N'I'S

'I'hese n!ateriats v er» prepared by the stat't'ot the Nev<, Jers»y S»! C!r t!t 1 duc;tti<in and
Outreach Progratt! it!cludit!g John 'I'i»d»mant!, 1!ir»ct«r, New Jersey S»;! C'ir, nt I=.ducati<»!;!nd
Outreach Program, Kerr> l.ynch, iVIarine Sp»ci;<list. C'I; ir» Anuit!ucci. I'.duc ttion I'r<igr<m
C oofdlnilt<ir 'uld 1.!csl I lotalltlg, O tire'lch I talgl a	1 C <i lt dit!ator.

'I'he Vew Jersey i',ebra Mussel Curri»ulutn Supplen!et!t w; s adapted t<ir use in New Jers»y
I'r<int the accompanying INVASION CJF AN I XO'I'IC SPL'Cll.'.S: S I'OP Till'. IL<I3RA
MltSSL'L! authored by Vicki Clark and Thomas Miller, Virginia Sea Clrant Marine Advis«rv
Progran!.

lnf irmati<in»<intained it> the curriculut!i suppl»!ne tt was reviewed by Lleanor 13ochenek,
Marine Fxtension Agent with the New Jersey Sea Grant Marine Advis<!ry Service and Vicki
C.lark. Marine I-:ducator with thc Virginia Sea Grant Marine Advisory I'rogratn.

The Vew Jersey Sea Grant I=.ducatiot! and Outreach Program is a program of the New Jersey
Marine Sciences Consortiutn  NJMSC'I. NJMS ' is a private. non-profit organization
cotnprised of tnetnber c<!lleges, universities and private groups interested in marine affairs.
The Vew Jersey Sea Grant Fducation and Outreach Program supp<>rts the edtt»ati«n g<ials <!f
the Consortiun! by plat!ning and c inductittg a wide range of pre-college. »ollege, teach»r and
public education progratns.

'I he activities of the New Jersey Sea Grant 1'ducation and Outreach Pr<!gran! are the result <if
t'unding. in part, by NOAA, Office <if Sea Grant, Department <it' C'ornnterce, uti<ler C'r!nt
No. NA 36-RG0505,  Project No. A,'S-6ZM!, 'I'he views expressed herei!t ate those ot' the
auth<irs and do not necessarily retlect the views of NOAA or any <it' its sub-agencies. The
1J.S. Government is authorized to produce and distribute reprints f ir governmental purpose
notwithstanding any c !pyright notati<i<i that ma> appear here«n. New Jersey Sea Grant
Publication Number NJSG-9~-307.
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Zebra Mussel Study Site 1:
Delaware River at Montague

The salinity measurensent at
the monitoring station is
0 ppt and the calcium
measurement is 9.25 ppm.

Zebra Mussel Study Site 1:
Delaware River at Montague

Zebra mussel veligers are
carried by water currents
which in turn infest new

waters.

Zebra Mussel Study Site 1:
Delaware River at Montague

Delaware River is widely
used by recreational boaters
and anglers. The monitoring
station is included in the

Delaware Gap National
Recreational Area which is

frequently used by trailered
boats.

Zebra Mussel Study Site 1:
Delaware River at Montague

The Delaware River flows

from New York State along
the western border of New

Jersey.

Zebra Mussel Study Site 1:
Delaware River at Montague

The average annual water
temperature is 14.75'C with
a pH reading of 7.15.

Zebra Mussel Study Site 1:
Delaware River at Montague

Boaters who use trailers to

utilize several waterbodies

must be informed that boat

equipment and parts may
transport both adult zebra
mussels and veligers to new
waterbodies where they may
colonize.
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Zebra Mussel Study Site 2:
Hacke»sack River at New
M i l f' ! rd

At the»i !nit !ri»g site in
New Milf !rd, the average
salinity  !f the river is 0 ppt.

Z .bra Mussel Stu fy Site 2:
Hackc»sack River;it Ncw

Mil f !rd

Large sl>ips travcli»g f'r !~»
freshwater p~!rts in l'.ur !pe
frequently d !ck;it the P !r t  !f'
Ncw;irk, located s !uth  !f' the

Hacke»sack River.

Zehr;i Mussel Study Site 2:
Hack«»s;ick River «t New

Mil f !rd

The Hackcnsack River,
heavily used f' !r h !th
c ! i» i»e re i'i I «»d rec re;i t i  ! na l

b !ating, has»inc public h !at
r'ii»p» s !uth  !f' New Milf' !rd.

Zebra Mussel Study Site 2:
Hack«»sack River at New

M il ford

On average, the calcium
level along the river in New
Milford is 29.45 pprri, water
temperature is 14.75'C,
salinity is at 0 ppt and pH is
7.15.



river.

Zelira Mussel Study Site 3:
Wallkill Rii er «t l1;tt»burg

The average yearly sali»ity
of the t»«t>it«rit>g »tati«n «t
Han>burg i»  ! ppt «»d th~
«velage water te»ipetatule Is
1<.2S C'.

Zebra Mussel Study Site 3:
Wallkill River at Ha»>burg

The Wallkill River drai»»

frown New Jersey i»t«New
York and has a 203 square
»sile watershed in New

Jersey, which i»
predo»>i»a»tly rural.

Zebra Mussel Study Site 3:
Wallkill River at Hamburg

The average calcium level at
the monitoring site is 41.34
ppm with an average pH
measurement of 7.25.

Zebra Mussel Study Site 3:
Wallkill River «t Hamburg

Bel«w the F rankli» P~ind

outlet the rive! can

experience severely reduced
flow duri»g the su»micr
»i«»ths, resulting i» high
strea»i temperature».

Zebra Mussel Study Site 3:
W«llkill River at Ha»>burg

  ul tents nlovltlg within a
single b«dy «t water can
tl a»sp«I t zebra Illus»el
vel iger».

Zebra Mussel Study Site 3:
Wallkill River at Hamburg

Small boats are trailered

within the watershed of the





Zebra Mussel Study Site 5:
Raritan River at North

Branch

Recreational fishing for trout
and smallmouth bass is very
popular in many of the
streams of this 190 square
mile watershed.

Zebra Mussel Study Site 5:
Raritan River at North

Branch

The mouth of the Raritan

River flows into Raritan Bay
and New York Harbor which

is heavily used for shipping.

Zebra Mussel Study Site 5:
Raritan River at North

Branch

Large ships use ports within
New York Harbor for

loading and unloading cargo.

Zebra Mussel Study Site 5:
Raritan River at North

Branch

The average annual water
temperature is 15'C.

Zebra Mussel Study Site 5:
Raritan River at North

Branch

On average, salinity at the
monitoring station is 0 ppt,
pH is 8.1 and the calcium
level is measured at 19.4

pprn.

Zebra Mussel Study Site 5:
Raritan River at North

Branch

Free swimming zebra mussel
larvae can survive for several

weeks in the ballast water of

ships,



Zebra Mussel Study Site 6:
Kettle Creek at Route 70

Zebra mussel veligers can
easily be transported from
downstream by current
movement within a

waterbody.

Zebra Mussel Study Site 6:
Kettle Creek at Route 70

Small trailered boats are used

upstream for recreational
fishing.

Zebra Mussel Study Site 6:
Kettle Creek at Route 70

In areas where the mussels

thrive, adult zebra mussels
frequently attach to boats and
trailers. These mussels can

live out of water for two to

three days under certain
environmental conditions.

Zebra Mussel Study Site 6:
Kettle Creek at Route 70

Several public access boat
ramps are located at the
mouth of Kettle Creek where

recreational boating is heavy
during summer months.

Zebra Mussel Study Site 6:
Kettle Creek at Route 70

On average, annual water
temperature is 16.1'C,
salinity is 0 ppt, the pH is
5.54 and the calcium is

measured at 1.6 ppm.

Zebra Mussel Study Site 6:
Kettle Creek at Route 70

Free swimming larvae can
survive for several days in
water contained in bait

buckets, live wells, boat
trailer frames and other

enclosed boat areas.



Zebra Mussel Study Site 7: Zebra Mussel Study Site 7:
Barnegat Bay at Mantoloking Barnegat Bay at Mantoloking

The average annual
temperature is 18'C.

Zebra Mussel Study Site 7: Zebra Mussel Study Site 7:
Barnegat Bay at Mantoloking Barnegat Bay at. Mantoloking

Zebra Mussel Study Site 7: Zebra Mussel Study Site 7:
Barnegat Bay at Mantoloking Barnegat Bay at Mantoloking

The bay is used for
recreational boating
especially during summer
months.

Barnegat Bay is an estuary
fed by the Metedeconk,
Toms and Forked Rivers as

well as the Oyster, Cedar
and Kettle Creeks.

There are five�! public boat
ramps within a two mile
radius of the monitoring site.

The monitoring site located
at the Mantoloking Bridge
has an annual average
salinity of 19 ppt and a pH
level of 7.86.

The nuclear power plant
located on Oyster Creek is
dependent on water from
Oyster Creek and Barnegat
Bay for its operation.



Zebra Mussel Study Site 8:
Great Egg Harbor River at
Folsom

There are five�! public boat
ramps south of Folsom on
the Great Egg Harbor River.

Zebra Mussel Study Site 8:
Great Egg Harbor River at
Folsom

Great Egg Harbor River
feeds Great Egg Harbor, an
estuarine environment used

widely by recreational
boaters and anglers.

Zebra Mussel Study Site 8:
Great Egg Harbor River at
Folsom

The average pH level at
Folsom is 6.65, and the
average calcium level is 3.6
ppn 1.

Zebra Mussel Study Site 8:
Great Egg Harbor River at
Folsom

The average annual
temperature at the monitoring
station is 14.56 C and tke

average salinity is 0 ppm.

Zebra Mussel Study Site 8:
Great Egg Harbor River at
Folsom

Boats trailered between

waterbodies within several

days speeds the spread of
zebra mussels due to the time

period which adult zebra
mussels can live out of water

attached to boats.

Zebra Mussel Study Site 8:
Great Egg Harbor River at
Folsom

It is recommended to dispose
of live bait and water from

bait buckets prior to leaving
each waterbody since
veligers can survive in bait
buckets and the enclosed

engine parts of boats for
several days.



Zebra Mussel Study Site 9:
Maurice River at Millville

The average temperature of
the water in the Maurice

River at the Millville

monitoring station is 15.3'C
and the average salinity level
is 0 ppt.

Zebra Mussel Study Site 9:
Maurice River at Millville

The average calcium level of
the river at Millville is 5.4

pprn, and the average salinity
level is 0 ppt.

Zebra Mussel Study Site 9:
Maurice River at Millville

The river is widely used for
recreational boating and
fishing.

Zebra Mussel Study Site 9:
Maurice River at Millville

There are eight 8! public
access boat ramps south of
Millville on the Maurice

River.

Zebra Mussel Study Site 9:
Maurice River at Millville

The Maurice has a drainage
area of 386 square miles and
travels for 50 miles into

Delaware Bay, a waterbody
heavily used for shipping.

Zebra Mussel Study Site 9:
Maurice River at Millville

Zebra mussel veligers can
travel between waterbodies in

currents.



Zebra Mussel Study Site 10:
Cape May Harbor

The annual average pH is
measured at 8.0.

Zebra Mussel Study Site 10:
Cape May Harbor

On the average, the water
temperature at Cape May
Harbor is 17'C and the

salinity level is 30 ppt.

Zebra Mussel Study Site 10:
Cape May Harbor

Cape May Harbor is used by
recreational boaters and

anglers.

Zebra Mussel Study Site 10:
Cape May Harbor

There are five�! public
access boat ramps located
within the harbor.

Zebra Mussel Study Site 10:
Cape May Harbor

Cape May Harbor is fed
from several tributaries

including; Schellenger,
Cedar, Ford, and Skunk
Creeks, the Upper, Middle
and Lower Thorofares and

the Cape May Canal.

Zebra Mussel Study Site 10:
Cape May Harbor

Transient boaters should be

aware that because zebra

mussels can survive for

several days in live bait wells
and enclosed engine
compartments they should
take precautions prior to
entering a new waterbody.





INVASION OF AN EXOTIC SPECIES: STOP THE ZEBRA YlI,SSFL!

ANNOTATED BIBLIOGRAPHY

NEW JERSEY SEA GRANT EDUCATION AND OUTREACH PROGRAM

of the

New Jersey Marine Sciences Consortium
Building 22 Fort Hancock

Sandy Hook. New Jersey 07732



INVASION OF AN EXOTIC SPECIF.S; STOP THE XF.BRA Ml 'SSEL!

ANNO 1'A'I l:,D BIBI.I !GRAI'IIV

Baker. P., S. Baker and R. Mann. 1993. C riteria For I'redicting /chra Musse! Invasions
in the Mid-Atlantic Regi<in. Virgini;< Se;t Grant Marine Advisory Pt<igratn. Publicati<in No.
VSG-93-03. Ghiucester P<>int, VA.

Tbi» publication covers the intr<>duction and dispersal mechanisms, physiol<igtcal
requirements and likclih<iod of invasion <il the zebra mussel. Tetnperature, sa!inity,
p11 and oxygen are discussed in detail as the envir<>nn>enta! parameters measured t<>
predict zebra mussel intr<iducti<in and int'estati<in in Virginia waters.

Baker, P.. S. Baker and R. Mann. 1993. P<itential Range <it the 7ebra Mussc!. 1!rei.csena
I><>ly»>orph<t, ln and Near Virginta. Virginia Sea Grant Marine Advisory Pr<>gram.
Publication N<i. VSG-93-04. Gloucestor Point. VA,

This puhlicati<>n discusses the probability <>t' zebra mussel infestation in specit'ic
waterbodies located in Virginia. Risk and susceptibility of zebra mussel infestation
are used to determine whether zebra mussels cou!d be introduced and, if introduced,
whether they could attain high populations within specific waterbodies.

Baker, S., P. Baker and R. Mann. 1993. 7ehra Musse!s in Virginia's Future. Virginia Sea
Grant Marine Advis<>ry Program. Publicati<in No. VSG-93-OS. Gloucestor Point, VA,

1'his fact sheet provides a syn<>psis <if the physiological requirements ot the zebra
musse! and their dispersal and p<>tential range in specific Virginia waterbodies.

Bryant, T. 1993. Can the Pesky Zebra Mussel Change its Stripes.' l!el<n<<>re Sea grant
Reponer. Vo!.10. University of Delaware Sea Grant College Program. Newark, DE.

This article discusses the possibilities ot'commercial value for zebra mussels which. if
feasible, would reduce the costs of preventing the spread of the mussel. Examples
discussed include whether the glue used hy the mussel to attach itse!f to hard
suhstrates c<iuld be a possib!e product.



Clark. V. and 'I . Miller. 1994. lnvasi<in <it an Ex<i ic Species: St<ip the Zebra Vlu»sel!
Activitie» and Res<iurccs f'<ir Cirade» 8-12. Virginia Sea Grant Mari<< Advi»<iry I'r<igra»i,
Virginia In»titute <if' Marin Science. Publication N<i. VSC<-<�-03. Cil<iuce»tcr P«int, VA.

This educational packet provides activities and res<iurce» dc»igned t«educate»tudent»
in grades 8 - 12 ah«ut the zebra mu»»el a» an ex<itic»pecie». Student» are giveii
water quality parameters to deter<nine the p<issihility <it' a zebra rnus»el inv;i»i<in iii
several Virginia waterh<idics.

Clad, R. and G Mackie 1994. Practical Manual f' or Zebra Mu»»ef Sf<i»it<>ring and
C<intr<il. I cwis Publisher». Boca Ra <in. FL.

Ibis text hook «iutlines the anat<imy, m<init«ring tcclinique», c<!min«in places <il
infe»tation and types <if n>itigati<in treatments of'  ltc zebra mu»scl. Case hist<iries are
als<i included.

Delaware River Basin Commi»si<m.  undated!. Attention Boatcrs: [lave You Seen thi»
Mussel'? We»t Trent<in, N.J.

This fact sheet identifies the problems and potential dan>age <if zebra mussel
inf'estation as wellas directions for the prevention of their spread by hoaters.

Garton. D. and W. IIaag. f993. Seas<mal Reproductive Cycle and Settlement Patterns <if
l!r<issena p<itimorpha in Western I.ake Fric. Ohio Sea Grant C«liege Pr<igr;im. I'uhlicati<in
N<i. OSHU-RS-159. C'«lumhus, OH.

Thi» publication is a review of data related t<i the reproduction of the zebra <»us»el
during the summers <if 1989-1990. Zebra mussel larvae measurements taken between
3une and October during those two years are used t<i determine environmental factors
found during peak larvae ahundances.

Great Lwkes Sea Grant Network. Fxotics: Don't Let them Ride With Y«u! Minnesota Sea

Grant Program. St. Paul, MN.

Thi» illustrated fact sheet identif'ies and describes exotic species and the damage that
they have caused or c<iuld cause, to an aquatic environment up<m introduction.

Great Lakes Sea Grant Network. 1991. Zebra Mussels: A 1991 Great Lakes Overview. Great
Lakes Sea Grant Network. Brockport, NY.

Identification criteria and control methods for the zebra musselare explained in this
hooklet, Agencies to call if zebra mussels are found are listed.



Gf»al I,<tk«» S»<  Grant V»trv !rk. 19 ! A GrI itt I akes S»<i Grattt R»s i iic« I. st oti Zebra

Muss»ls; nd Oth»r Niintndig«n<iu» Speci»». Ohiii S»a Gr;!<it C ill»g«1'r igratit. Puhlicati<in
N<i  !I IS I t-I S- !>2 t iiltii»hu».  !} I

'1'his li»t dcscrili»s rc»<iurcc» avail:<hlc triim; ll members ot' th» Great Lak»s Sea Grant

N«tv,'<irk, includittg p<is cts. vid«<is. tn;<ps, ID cards atid n»wsl»tters.

Great Lakes S»a Grat!t iV»lwork. 1 !93. GI»'it I.' kc» S»aGfatlt N«tw ifk: A R»gi i it�
Netw<irk Serving th» N;iti<in. I tniv»rsit> i!t Wisconsin Set  Gr;int Institute. Puhlicati<in N i.
WIS-SG-93-1 S9. Madi.  it>, Wl.

This h<i<iklct pr ividc» an <iv»rview <it xari<ius Great I.ak«s S«a Grant Netw irk
activitie» related t i zellt"  111uss»ts alld otllet' 11 inittdtgen iu» species. 'I' he resp ins».
c<!ntr<!l. prcventi in and eciil<igical impacts <it the zebra mussel are r»vi»wed t s   »ll as
their impact <in c<>mnierce and industry.  !ther nonindigen<ius nuisanc» sp»cies and
<iutreach activities related to tli»»» sp»cies; re alsii highlight»d.

Haag, W. and D. Gart<in. 1992. Syti br<in ius Spawning in a Recently L<stahfished
Populal.i<in of the Z»bra Mussel, L!rei. sert« Ii<ilvm<!rpha, in Western Lwke L'rie, 1.:SA, Ohio
Sea Grant C<illege Program. Publicati<in No. Ol ISL 1-RS-151-92. C<ilumbus. Oll.

Research «n zebra mussel repr<iductive patterns conducted in order to determine the
peak periods <if spawning is described in thi» publication. The influence of ivarm
w»ather ntonths. »sp«cially tat» August, t!avc pr<iv»d to h» the periods of abundant
vel iger p<ipulat ion ».

Hastreiter, K. 1992. Green Bay Tak»s Acti in on Zebra Mussel Control. Unpen<'arer
Mrtgazine. Spring 1992.

This puhlicati<in reviews precauti<inary acti<ins taken hy Green Bay Water Ltility.
locat»d on Lake Michigan, to prevent zebra mussels from invading the water intake
system, including the installation of chlorine control systems that may kill the larval
and adult tornts of this mollusk.

Kelch, D. 1992. Boaters-Slow the Spread <if Zebra Mussels, and Protect Your Boat Too.
Ohio Sea Grant C<illege Program. Puhticati in N i. OHSLJ-FS-054. Columbus, OH.

Included in this hand<iut are detailed guidelines designed t<i prevent the spread <if'
zebra mussel veligers. SCLJBA equiptnent, water transport, boat hulls and all boat
engine parts are discussed as possible sources of infestation. Preventive boat
maintenance is described in detail



Kelly, K 1993. C<imm«nwealth of Penn»ylvania Dept. <!f' I nvironn!cntal Resource» Zebra
Mu»»els. Harri»burg, PA.

The lit'e history of the zebra mussel is reviewed in  hi» b<!<!klet. A sampling pr<igram
is <iutlined a<id a chart <if' Pennsylvania wa erbodies with a temperature and pH range
within zebra mussel t<!lerance are included.

K<ihler, C. and S, Wittinan. 1991. Zebra Mu»»el Watch. Ilniver»ity of Wise<in»in Sea
Grant Institute . Madison, WI.

This col<ir ph<it<> card pr<ivide» a I ey to the identification of the zebra niussel and lists
thc agencies t<> c<>ntact if a zebra mussel i» identified.

Kraf't, C. I 992. Zebra Mussel l.lpdate b'14. Llniver»ity <if' Wi»c<>n»in Sea Grant In»titute.
Madi»<in. Wl.

'!his publica i<!n rep<irt» recen  sighting» <if the zebra mussel <!r its larvae. Current
zebra mus»el t<!pic» such a» new»ighting» and chh>rination techniques to prevent
infe» ation are als<! c<>vered.

Kraft, C. 1993, Early De ection of the Zebra Mussel  Dreissena p<ily<norpha!. Ilniver»ity
of Wisconsin Sea Grant College Program. Publication No. WISCU-R-93-001. Madison,
WI.

Thi» publication pr<ivides guidance on detection of thc zebra tnussel based on the
premise that early identif'icati<in <if the zebra mussel may no  come fro<n complicated
<ir expen»ive <n<!nitoring e<tuiprnent, but from educated water users able  o detect the
zebra  rtu»»el in its earlie»t »tages,

Kreag, G., J. Gunderson and C. Schwegman 1993 Mu»set Menace! Zebra Mussels and
You. Minnesota Sea Grant C<illege Pr<>gram. St. Paul, MN.

Thi» re»ource package, includes background information, slides and a video, that
provide an introducti<in to the >nethods of teaching students about zebra musscls, The
package may al»o be used by water user groups and youth groups such as scouts and
fishing clubs.

Lange, C. 1993. Acres Internati<>nal Corporation's General Approach Io Monitoring I-or
Zebra Mussels. Amherst, VY.

This paper reviews and discusses methods of testing for zebra mussel larvae.
Included is a description of the bridal veilsampling tnethod which has proven to be
more effective than other tests due to increased amount of' surface se tling area.



M't»N»tll, .1. 199 . Id»ntili»;it<<in <it Juvctitl» I!r<'i,<<'e>»> p >tv>>n>rph<J and M'vnl<>fz<c<'
i:tv< r>p/t<>e<tnc N»«Y<itk S».t Gr.'int Ikr<ickp<irt, NY.

Thi» hr icliur» id»ntili»s th» dit't'»r»nces between th» z»br;< mu»»»land tlie dark 1;ils»
<nusscl. Included in th» »<i<up;tri»<»t;tre salinity toler;<nce dill»'r»»c»s, shell f»atur»»,
and i<it»mal,i»d»xt»rn;<1;<tid b idy pat t»  it' both»p»ci»».

Maryland Sea Grant. 1993. I'.x<itic Specie» Intr<iducti itts: f!»ia»tatiott  ir l!»liveranc»".
Maori»e >V >le<. M'«y latld SL'< C>ra<it Iixt»n»1 ln PI'ogrilnt.   <>Ilcg» P'trk, MD.

Various non-indig»n<ius sp»ci»s are highlighted in this;trticle in ternis  it' 1'uture
destruction, possible cause»  il' accidental intniduct itin and intent i inal introduction.
Benefits and c<>nse<Iuenc»s <if tlie»e species are discus»ed.

Maryland Sea Grant. 199 . Zebra Mussel» Head for the Bay: I~»»<in» fr im the Great
I.akes, Marine Xt>Ie<. Maryland Sea Grant Exten»itin I'r<igratii. College Park, MD.

'I'his article emphasizes current studies about zebra mussels and cff<irts to control the
spread <if zebra tnussels. Stat» Sea Grant pr<igrams and projects are discussed.
Publications, including vide<is, are listed.

Mclean, M. 1993. Mussel Menace. '/chra Mussels and You. Minnes<ita Sea Grant
College Program. St. Paul, MN.

Thi» 15 minute vide i ts intended for use in conjuncti<in v'ith the Mussel Menace!
7whra Mussel» and You, educati<inal package.

Mid-Atlantic Sea Grant Netw<irk. 1992. Zebra Mussels. A 'Ihreat to Maryland Waters.
Maryland Sea Grant Lxtensi in Program. Publication No. 1.1M-SG-MAP-92-01. C<illeg»
Park, MD.

This brochure describe» the life history of the zebra mussel and the damage it causes
due to its infestation. Specific areas withtn Maryland are discussed as potetitial zebra
tnussel sites and precautionary methods to prevent infestation are outlined.

Mid-Atlantic Sea Grant Network. 1993. Zebra Mussels and the Mid-Atlantic. Maryland
Sea Grant Publication. College Park, MD.

The proceedings  if' a 1993 conference held March 10-12, 1993 in Baltimore.
Maryland review each of the Mid-Atlantic Sea Grant programs plans to study,
monitor and control the invasion of zebra rnussels in their state waterbodies. Included

are the plans for New York. New Jersey, Delaware, Maryland, Virginia, and North
Carolina.



Mid-Atlantic S»a Gran  Vetw<>rk. Mid-Atlantic Z»bra Mussel Fact She» . I'niversity of'
North Canilina Sea Gran  C«ll»g» I'r<>gram. Raleigh, N .

This bo<ikJet presents an introduction t<> the proble tis and potential ef'f'cuts of the
zebra mussel in North America. Topics included»nc<>ntpass bi<ikigy, repr<iducti<in.
dispersal, and c«ntr<il measures of the Mid-Atlan .ic r gion,

Mid-Atlantic S»a Gran  Netw<irk, 1994. Z»bra Mussel: Present Threat, I'uture Danger'? A
Rcpor  from  he Mid-Atlantic Sea Grant Network 1992-1993. 1.Jniversi y <>1' Delaware S»a
Grant College Progran>. Publication N<i. DI'I.-SG-02-94. Newark, DF..

'I'his booklet discuss»s th» intr<>duct on of the zebra muss»ls to North A »»rica and
assess»s  he thr»a  of' possible invasion in  > other adjacent waterliodies. A list <>f'
relat»d Mid-A la»tic Sea Grant publications is pr<ivided.

Nalepa, T. and D. Schl<iesser. 1993. Zebra Muss»is: Biology, Impacts and Contr<il. lewis
Publishers. Boca Raton, 1:I..

This book covers t<ipics such as the ecology and fife history <if the zebra mussel, its
morphology, phystol<igy, and the effects of its introduction i t U.S. waters. Methods
of monitoring and contr<>fling the  i<mindigenous species are described in detail.

New Y<irk Sea Grant, Don't Pick IJp Hitchhikers! New York Sea Grant. Stop the Zebra
Mussel!. Vew York Sea Grant. Brockport, NY.

This brochure provides a brief' overview of the zebra n>ussel and methods of
pr»venting their spread.

North Carolina Sca Grant. Zebra Mussels: A Costly Threat to North Car<>lina. I.Jniversity
<if N<irth Carolina Sea Grant C<illege Program. Raleigh, NC.

This brochur» provides an <iverview of zebra mussel spread and infestation in the
U.S. Precautionary methods to prevent their introduction inui North Carolina
waterbodie» are als<i <iutlined.

North Carolina Sea Grant. 1992. Musseling into Carolina Waters. Ccr<tst Wat<A;.
Newsletter of the KJniversity of North Carolina Sea CJrant College Program, Raleigh, NC.

This article outlines the introduction of zebra mussels into LJ.S. waters and the
methods employed to prevent infestation. Methods to monitor waters for zebra
mussels and f'unding sources to support those monitoring efforts are described.



 !hi<i 'Se;t Cir;mt. 19<�. Sh<»ving  !ur Mussel; 'lite Grea  l.akes Sea Graiit Nctw<irk Rep<irt
<ltl Zebr;t Mu«el Research;<nd  !utreach 1988-1994 Great I akcs Sea Grant Net~ ork.

  o1u  iihu s,  ! I I .

'this h«<iklct rcviev s  lie ruse;irch;ind <iutre <ch pr<ijects of' the Great I.akcs Sea Grant
Netw<irk related t<i zebra iiiussels.

 !hi<> Sea Gran . 1994. Puhlicatioiis Available <in /cbr < Mussels. Ohi<i 'Sea Grant College
I'rogratn. Colutnbtis  !I I.

This fact sheet provides a list <if' free zebra mussel publicati<ins and materials available
f<>r distribu ion frtim Ohio Sea Grant.

O'Ncill, C. i'.cbrit Mussel I::nvir<inmental T<ilerances; Variables vs, Colonization Potential.

New Y<irk!le;< Grant. Br<>ckp<irt, NY.

Zebra mussel envirtinmental tolerances including salinity, calcium, pH, water
temperature, turbidity, diss<ilved <ixygen and water velocity are used as parameters in
determining the potential for c<il<inization.

O' Neill, C. and D. MacNeitl. 1991. Dreissena po/! t>torp/M: An Unwelcotne North
American Invader. New York Sea Grant, Brockport, NY,

This t'act sheet outlines the  ntroducti<in of  he zebra mussel int<i U.'S. waters. Its

origin, biology and identification are detailed as well as its impact <in the surr<iunding
environment. Other t<ipics such as hiof<iuling and zebra mussel control methods are
covered.

Ramcharan, C.W. and f!. Padilla, S. D<ids<in. 1992. Models to Predict Potential
Occurrence and Density of the l.ebra Mussel, Dreiss<na po/vmnrp/ta. University of
Wisconsin Sea Grant College Pnigram. WISCU-R-92-032. Madison, WI.

This paper reports on the results of a study that was conducted to predict the
occurrence and density of the zebra tnussel as to the limnological teatures of different
lakes. The effects of limnological features of a specific lake on the spread of the
zebra mussel are described.

Roberts, C. 1992. Delaware River Basin Commissi<m Annual Rep<ir . Delaware River
Basin Commission. West Trenton, NJ.

This report includes an article outlining a zebra mussel monitoring program being
conducted on behalf of the Pennsylvania Departtnent of Fnvirontnentat Resources and
the Delaware River Basin by the Delaware River Basin Cotnmission. The monitoring
process and reproduction of the zebra mussel are described.



Ro»»nfield, A. and R. Mann. 1992. I!i»per»al «l I.iving Organi»tn» into Aquatic
Ecosystetns. Maryland Sca Grant Exten»i«n Program. C«ll»g» Park. MD.

'I his t»xt hook pr«vide» a series «f papers «nd case studies in which the tran»1«cating
ot'aquatic plants and animal» are analyzed. The h<tok is divided int« tv «secti«n»:
Ri»k «I< Impact», and Risk Reduction Er. Sat'ety.

Schn«td«r, D. 1992. A Hi««ncrgelic» VI«del «  /ebra Mu»»el, Dreisxena p<rlvtnorphn.
Gr«wth in the Great I.ake». I univ»r»ity «f Wi»c«n»in Sea Grant C«liege Program.
Publication No. WISCIJ-R-92-017. Madi»«n, WI.

Thi» publication provides the re»ult» ofa study conducted in order to determine the
gr«wth rate and f'«od consumption of' the zehra mus»cl has»d on varying rate~ of I'ood
availability and «ptirnurn water temperature.

Snyder, I'., D. Gart«n and M. Brainard. l992. Zebra Muss»ls in the Great Lakes: The
Invasion and it» Implications. Ohio Sea Grant Coll«g» Program. Colutnbu» 011.

This handout presents an overview of the history, reproductive cycle, and ecological
concerns related to the zebra ntussel. Industrial, commercial and recreational

concerns related to the zebra mussel are addressed including recreational boating,
swimming beaches and marine structures.

Tamtni, K.  undated!. Zebra Mu»»el: An l.inwelcome Visitor. Rhode Island Sea Grant.
Narragansett, RI,

An introduction to the life history and biology of the z»bra mussel and the impact of
their eminent spread on New England ar» included in this fact sheet. Damage due to
zebra mussel inf«»tation and precaution» to pr«v«nt infestations are also discussed.

Virginia Sea Grant. Mid-Atlantic Zebra Mussel Outreach Plan. Tideline Virginia Graduate
Marine Science Consortium. Charlottesville, VA.

This article defines exotic species and uses zebra mussel as an example of how non-
indigenous species can invade an environment. A description of how individual Sea
Grant programs act as the communication link between researchers and water resource
users in order to provide education programs to slow the spread of the zebra mussel is
provided.



WciL'tn tnn, D., I. IIelfrich, R. Spccnhurgh. R. Ncves, I..Kitchel attd S. Bruenderman.
I99I, i'.chra Musscls Pose a Threat to Virginia's Waters Virginta Sea Grant College
Progratn, Virgini t Institute of' Marine Science. Gloucester Ptiin . VA.

'I his newsletter dtscusscs the econontic consequences, control me Itods and incvitahlc
spread o  the zehra ntusscl. A detailed checklist of preventive zehra mussel spread
action is given as well as funding sources and people to contact for more information.
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The zebra mussel  Dreissena polynerpha! is a small freshwater shellfish native to
Europe that attains a maximum length of one to two inches. This D-shaped bivalve
has alternating light and dark bands on its shell and usually grows in clusters con-
taining thousands af individuals that attach to hard substrates by small threads
called byssal threads, in shallow surface waters �-30 feet deep!. The non-native zebra
mussel was accidently introduced into the Great Lakes region in 1986, by bilge water
released from European transoceanic ships. They have since spread throughout the
Great Lakes and into the Hudson, Susquehanna, Ohio, Illinois, Tennessee and
Mississippi river systems as well as many isolated lakes.

Zebra mussels have an enormous capacity to reproduce which enables them to
spread to other water bodies at alarming rates. Females can produce more than
30,000 eggs per season, Fertilized eggs develop into free swimming larval veligers
that remain suspended in currents for three to four weeks, They then settle and attach
to hard surfaces and mature within a year, Adult mussels can withstand drying for
several days with their shells closed,

The zebra mussel has already caused a monumental amount of economic damage
by fouling power plant, industrial and public drinking water intake pipes, damaging
boat hulls, engine cooling systems, docks, navigation buoys, and littering beaches.

Zebra rnussels do not have natural predators in the United States and as a result,
their exploding populations are disrupting natural food chains and threatening
native fish and mussel populations. These mussels compete with resident fish and
native mussels for planktonic food. Threatened and endangered native freshwater
bivalves are at risk because they cannot compete with zebra mussels for available
food and space.

Zebra mussels are dispersed naturally by birds, turtles, and currents and by human
activity. It's estimated they will find their way into New jersey waters within the next
few years. But it's better to take precautions now. It's suggested that water users, par-
ticularly recreational boaters, follow recommended preventative practices to help
slow the spread of the mussels.



HOW TO SLOW THE SPREAD ~a

1. Before transporting your boat to a new water body, thoroughly inspect the
boat's hull, outdrive, trolling and trim plates, prop guards, transducers,
trailers, anchor, anchor rope and all other parts which may have been
exposed to the infested waters. Any surfaces which feel grainy may have
small zebra mussels attached. These mussels should be scraped off and dis-
carded into a garbage container, 4!.

2. Drain aII water from your boat's bilge, motor well and live well and empty
your bait buckets. Do not transport leftover bait to other waters. 44.

3. Flush hulls, outdrives, live wells, trailer frames, bait buckets and all other
parts which may get wet, using hot water �40 F or hotter!. Pressurized
steam cleaners which are environmentally favorable can also be used or
high pressure jI250 psi or greater! hot water power washers are also effec-
tive and require less time.

4. Boats and trailers should be dried in the sun for at least two to four days
before transporting to other waters, ~

5, If you do not follow the above precautions, allow your boat and trailer to
dry for a minimum of two weeks before entering another water body. ~

Contact New Jersey Sea Grant at 908/872-1300 for a free Zebra Mussel Watch
card. It provides a close-up of the mussel and other zebra mussel facts. If you
think you' ve spotted one, note the location and approximate quantity of mus-
sels sighted. If possible, save a few in alcohol and call Dr. Eleanor Bochenek of
the New Jersey Sea Grant Marine Advisory Service at 908/349-1152. 45.
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Program, U.S Department of Agriculture, County Board
of Chosen Freeholders, and the New Jersey Cornmkssion
on Science and Technulugy. Educational programs are
offered without regard to race, sex, handicap, color,
national origin or age. Rutgers Cooperative Extension is
an Equal Opportunity Employer. FS239.





ZEBRA MUSSEL ENVIRONMENTAL TOLERANCES
Variab!es vs. Colonization Potential

Source: Charles R. O' Neill, New York Sea Grant
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Exotic Introductions

"Exo ic" species � organisms introduced in o habi a s v here
they are no  native � are severe world-v,ide ageiits of habitat
alteration and degrada ion. A major cause of biological diversi y loss
throughout the v orld, they are considered "biological pol! utants."

Introducing species accidentally or intentionally, from one
habitat into another. is risky business. I'reed from the predators,
pamsites. pathogens. and competitors that have kept their nuinbers in
check, species introduced into nev habitats often overrun their new
horne and crowd out native species. In  he presence of enough food
and a favorable environment.  heir numbers wil! explode. Once
estab!ished. exotics rarel> can be elirnina ed.

Most species introductions are thc work of humans. Some
introductions, such as carp and purple loosestrife, are intentional and
do unexpected damage. But many exotic introductions are accidental.
The species are carried in on animal», vehicles, ships. commercial
goods. produce, and even clothing. Some exotic introductions are
ecologically harmless and some are beneficial. But other exotic
introductions are harmful to recrea ion and ccosystems. They have
even caused the ex inction of native species � especially those of
confined habitats such as islands and aquatic ecosystems.

The recent developrnen  of fast ocean freighters
risk of new exotics in  he

region. Ships take on bal-
last water in Europe for
stability during the ocean

crossing. Thi» v a er is
pumped out when the ships

pick up  heir loads in
Great Lakes ports. Be-

cause the ships make the
crossing so much faster now. and harbors are often

less polluted,  nore exotic species are likely to survive
journey and thrive in the new waters.

Many of the plants and animals described in this guide arrived
in the Great Lakes this way. But they are now being spread throughout
the continent's interior in and on boats and other recreational v ater-

craft and equipment. This guide is designed to help water
recreationallsts recognize these exoties and help stop their fur-
ther spread.

Midwest Aquatic Exotics

Ciinimon carp  Cvirrinus  arpio! are domesti-
cated ancestors of a wild forin na ive to thc

Caspian Sea region and eas  Asia. Carp degrade
shallov, lakes by causing excessive turbidi y whichcan lead to
declines in waterfowl and irnportanl native fish spccics.

Sca I irnprey  Petro ny;.on inarinusl arc prcda-
ccous, cel-like fish na ivc lo the coastal regions
iifbo h sides of the Atlantic Ocean. They entered

lhe Great Lake~ through the Wc!land Canal about 192!. They
contributed grea ly to  he decline of white 'ish and lake trout in the
Gree  Lakes.

Rust! eras I tsh  Orconec es rus i< us! are native
to streams in  he Ohio. Kentucky, and Tennessee
region, Spread by anglers who use  hem as bait,I

'rus y crayfish are prolific and can severely reduce lake and stream
vegetation, depriving native fish and their prey of cover and I'ood.
They also reduce native crayfish popula ions.

'A hite perch  Morone americana! are na ivc to
A lantic coastal regions and invaded the Great
Lakes through the Erie iind Well and canals.

Prolific coinpetitors of native f sh species, white perch are believed
 o have thc potential  o cause dec ines of Great Lakes wal!cyc
populations.

I'lowering rush  Bu ainus umheifatus! is a
perennial plant from Europe and Asia that was

J introduced in the Midwest as an ornamental

plant. It grows in shallow areas of lakes as an emergen , and as a
submersed form in water up to 10 feet deep. Its dense stands crowd out
native species like bulrush. The cmcrgcnt lorm has pink. umbe!late-
shaped f!owers, and is 3 feet taII with triangular-shaped stems,

'I   uft -leaf pundweed  Po amogeton crispus! is
an exotic plant that forms surface mats that inter-
fere with aquatic recreation. The plant usually

drops  o thc lake bottom by early July. Curly-leaf pondweed was lhc
most severe nusiancc aquatic plant in the Midwest until Eurasian
waterinilfoi1 appeared. It v, as accidenlally introduced along wi h the
common carp. It has been here so long.  ha  most people are not aware
i  is an exotic,
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Purple loosestrife
!.i;!I'!.it!! Saitri!:I

Purple loosesirife is a wetland plant from Europe and Asiii. li
v as inirodriccd into ihc east coast ot North America in the 1800s. I.irst

sprciid ing along roads, canals. and drainage ditches. then later distrib-
uted as;in oman!enial. this exotic plant is in 40 states and all Canadian
border provinces.

Purple loosestrife invades marshes and lakeshores, rephicing
cattails and other wetland plants. Thc plant can form dcnsc, irnpcn-

ctr,rblc stalls which arc unsuitable as cover. iood, or nesting site~ for
a v ide range of native wetland aninials including ducks, gccsc, rails,
bitterns. muskrats. frogs. toads. and turtles. Many rare and cndan-
crcd wetland plants and animals tire also;ii risk.

A major reason f' or purple ioosestrife's expansion is a lack ol
ctfcctivc predators in North America. Several European insects that
only att;ick purple loosesiril'e;rre being tested as a possible long-term
biological control of purple loosestrife in North America,

I.ikcly means of spread: Seeds cscapc front gardens and
nurseries into v etlands, lakes, and rivers. Once in aquatic systems,
sccds arc easily spread by moving water and wetland animals.

/rililtr ltrwlt /la orient I ui i, Jitrt Art t'i'trav ttt1ir i9  rarttiiliti

Purple looscstrrfc thrives r!n disturbed, moist soils, ol'icn in-
vading aller sonic type ol construction activity. Eradicating an
established stand is difficult because of an enormous number ol'seeds

in ihc soil. Onc adult plant can dispcrsc 2 million seeds arinually, Thc

plant is able io resprout from roots and broken stems that fall to the
ground or into thc v atcr.
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Clean boats. clean waters

lf you are a  va et'recreat ionali»  � a boater. an angler, a wa cr-
»kicr, sailor. or canocis  �  bere arc»otnc itnpot 'ttl   hinlls you can
do, DON' T  ran»port water. animals. or plant» front one lal'e or river
 o another. In many»ta cs and province» it i» illegal to tran»pot 
exo tcs !pcc cs,

/ Remove plants and animals from your boat. trailer, and
accessory equipment  anchors, cen erboards, trailer hitch, wheel»,
rollers, cables, and axles! before leaving the water access area,

Drain your livev elis, bilge water, and transom well»
before leaving the water access area.

K npty your bait bucket on land, never into the water.
Never dip your bait or tninnow bucket into one lake il' i  has wa er in
it I'rom another. And never dump live fish from one water body into
other waters.

v Wash v our boat. tackle, downriggers, and trailer with ho 
water when you get horne. Flush water through your tnotor' s cooling
system and other boat parts that normally get v e . If possible, let
every hing dry for three days before transporting your boat to another
body of water.  Bo h hot v ater and drying will kill xebra mussel
larvae and spiny waterfleas.!

Learn what these organistns look like  at least those you
can see!. If you»uspect a new infestation otan exotic plan or animal.
report it to the Minnesota Department of Natural Resources,

hd Consult the DNR for recomendations and permits before
you try to control or eradicate an exotic "pest." Rernernber, exotic
"pest" species thrive on disturbance, Do-it-yourself control treat-
ments often make matters worse and can harm na i» e species.

For more information...

If you would like  nore information abou aqua ic exotic
species.  he problem» they cause, regulation» to prevent their spread,
or me hod» and permits for their control, contact one of the follov,  ng
offices:

Minnesota Depart nent of Natural Resources
Exotic Species Progra ns
500 Lafayette Road
St. Paul, MN 55155-4025

�12! 296-2835

Minnesota Sea C rant
Zebra Mussel Information Center

208 Washburn Hall

Vniversity of Minnesota
Duluth, MN 55812
�18! 726-8 l06 Duluth or
�12! 625-9288 St. Paul

Thi» publication i» also spitnsorcd by:

The U.S.
Fish and

Wildlife
Service

If you would like information about booki ng a traveling exhibit
on aquatic exotic specie», contact:

The Bell Museum of Natural History
10 Church St, SE

Vniverslty of Minnesota
Minneapolis, MN 55455
�12! 624-2090

n r» nl <Til<llil<' iii «� <Ilt<'111<1 �'<' f<I<n <TT 1< I<I»I <I <lac»X





DON'T LET YOUR BOAT BE A

ZEBRA MUSSEL CARRIER

- =~~fi>Zebra Mussels are fingernail-sized
freshwater rnussels with alternating light and
dark bands on their shells, and can live in

freshwater and low salinity waters. They were
accidently introduced into the Great Lakes in
1986, Since then, these voracious filter feeders

have caused monumental economic and

environmental damage including: fouling
industrial and public water intake pipes,
damaging boats, docks, and navigation buoys,
fouling beaches and changing the aquatic
habitat.

It's estimated zebra rnussels will make

their way into New Jersey waters within
the next few years. Dispersed b
human activity, by birds, turtles
and currents, mussel larvae can
be transporled in boat bilge
water, live wells, bait buckets,
and engine cooling systems,

Juvenile and adult

mussels can attach to any
hard surface such as boat hulls,

engine drive units, and boat
trailers and be transported to other waterbodies.
The mature mussel can live for several days out
of water and if kept moist, may survive out of
water for more than one week.

To date, no zebra mussels have
been found in New Jersey's waters. But the
zebra mussel is present in the nearby Great
Lakes and their tributaries, several Finger Lakes,
the Hudson River, the Susquehanna River
 in New York State!, Ailegheny River, Lake
Champlain and other waterbodies in the region.

Now can you slow the spread?

~::-~m!

 Please Turn Over!



YOU CAN TAKE THE FOLLOWING STEPS
TO PREVENT OR SLOW THE SPREAD

OF ZEBRA MUSSELS:

When leaving a lake or river:

REMOVE aquatic vegetation  weedsj from
boat, propeller, anchor, lines and trailer and discard
in trash,

DISCARD all live aquatic bait in a suitable
container, DO NOT RELEASE bait into any New
Jersey waters.

EMPTY live wells and bait buckets before
leaving the lake or river.

If you take your boat from one waterbody to another,
please take the following additional steps:

DRY out your boat for at least TWO days
OR wash down the hull with tap water before
launching again.

~k@4 FLUSH engine cooling system, bilge areas
and live wells with tap water.

DON'T SPREAD THESE EXOTIC ANIMALS

Protect New Jersey's Waters and Your Boat!

For additional information on zebra mussels or other
exotic nuisance species, please contact Dr, Eleanor
Bochenek, NJ Sea Grant Marine Advisory Service,
Rutgers Cooperative Extension, 1623 Whitesville Rd.
Toms River, NJ 08755 or call 908-349-1152.

This work is the result of research sponsored by NOAA, Office of Sea
Grant, Department ol Commerce, under Grant No. NA36 - RG0505
 Project No. A/S- 6ZM!. The U.S. Government is authorized to
produce and distribute reprints for governmental purpose
notwithstanding any copynght notabon that may appear hereon
NJSG-95-305.

Cooperating Agencies: Rutgers, The State Unwersity of New Jersey,
NJ Marine Sciences Consortium, U S Department of Commerce,
NOAA Sea Grant Co lege Program, U.S. Department of Agriculture.
County Board of Chosen Freeholders, and the New Jersey Commis-
sion on Science end Technology. Educational programs are offered
without regard lo race, sex, handicap, color, national origin. or age.
Rutgers Cooperative Extension is an Equal Opportunity Employer.

This public seivice message is brought to you through a cooperative elicit
belween the New JerSey Manna Sciences Consortiurn's Sea Grant College

Program and New Jersey Motor Vehicle Senesce.
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SEA GRANT NETWORK

I>z 1 c�6, Congress established the National >ea C'rant C,'rrllcqc l'ra-
@ra>n to condnct research, cd»cation, and p>zhli r service i n swjrlru> t uf'th»
ncztirr>z '.c ocr an, cuastal, and C~reat Takes recrrzcrces. 77ie na>nc. ",'rea Cra>rt"
>rras chosen to e>nphasi re thc pa rail> 1 1>etrr>ee>z thi s prcrara>n foe>>si na on
thc sca, ana' the Lcz>zd Cirant p>okra>n create'd mor» than a c»rrt>z>>
carl>»r tu der clop ozzr czarzczdtzzral rescrzzrces.

'I'rrdav, there are 2'!,Cea C~> z>nt pro@ra>zzs zn zl>e U>zited, rt>>tee � at
rnaj rrr acadc>ni c i nsti t>zti onsi n c>ccrv coastal state. Each pro@ra»z hac
a crr>n>no>zpual: tu firster thr: »ise zzse, cu>zserrrzztion, a>zd nzanzrsye>non z
of >narine and coastal reson>ces. Fath proqra»z rcccimsfizndiwq frozn
the Xatiu>zal C!ceazri c and A t>ncnpheric Ad>ninictrati crn CNOAA!
in the U.,'c. Depa>t>nent of Con>>nerce, as ncell asstate
>z>zd/ur n>>zrcers>t'I'f>cnas.

'1 lais reporr h>abliqhts thc threat I
the =eh>a nzzzscel puscc t r thr. Ahd-
Atlantic rect>'o>z � Ycrr Jcrscv,
Della>va>.t, cuba> Yln>zd, Vzraz>na,
and Xrrrzh Ca~v>li>za � and Lire
Mid-Asia>>tie .bca el> ant
A'ct>>~uric 's >if'i rts tu p>>»pare
the reaiun fo>. a lro.cc>7>le
=cl» a nz ass»i

z rr ua.ciun.



li j ily I !88, thc zebra nlUss»1
 j!reirse>lef pule>ffo>pb f!�
.1 creat irc nc« to V<!rth

A»1«l i»a» «at»re � SeaS SlghLCd
i» I..ik» .it.  .lail, licit I!ctroit,
hlichig.!I!..   linis'c of t.h . 131ack
S».I, thC snl ill bl'lck  Uld-«'hi  c
striped in«ss»l apparent lv hit»lied
a rid» to thc Lfnited States in Lh«
ballast vvatcr ot Eurasian tankers
bound f' or Thc  ircat L.akcs.

So »1 .1ftel IT,!l I  v'C<t Iii
tf!»  il.e.!t J.al es,
th» Zebra Iiiussel
b»gin «rcaking
h,ivr!c, tor thc

tiny »loll «sk
  av«I lgc si/e:
L .'2 ulch»s! ciili
attach itsc lt' firmly
t<! virtually anv
solid  >bj«cl in fiesh
<>r slight lv Lir,lckisli
v«aLCI vVIth Oft»n d Sastn!us r»s  its.

ln thc  ircat L.akcs region, th«
7»bra mussel has clogged thc intake
pipes ot'niunicipal «atcr plants and
povi<cr conipanics and cicn thc
vv1TCr,SyStCmS  >t gnlt CourSCS. It
h,is ~~i«cd Itself Io Thc shells <!f
 !th 'I' h»vhivatCf ni >llflskS, Ili»i«d-
ing several sp« ics of' c»dang«red
�.»l!S, Cf1«CTIVelV vill !Th  litig flic!!i.

'I'lie 7ebra Ii«lssel's slicer nl«ll-
L1»rs combilied «'ith iTs»ieTfi >�  >f
fc» lulg � flltcf'«lg t«ly !	'»its  Uld
<>ther organi» I»art«I fIOnl tile
vvatcr � h lVC C,l IS«d,l I'«du»LIO» In
the fb .ld Suppli' II«» f«d by of.hCI
shellfish and tile larval stages <>I'
some finfish in th« 'r»at I akes,

In additi<ni to chaliging thc
aquatic ccosystcni, thc zebra
l	UssC1 s  nip i»t Oil fISli«lg, bnat-
nlg,  Uid he l»li USC als ! h.iS bCC»

significant.� and costly. 'I'hc
costs asso»iatcd witf! 7»hra nllls-
scl control in thc  'r«at I.akcs arc
espcctcd to approacli $5 billion
by the end  >f'this dccadc.

An l n !vv Tile z 'bt.l Iilusscl ni;iy
be h«.ldcd o«r «al. Since tlie first
sighting iii I.ake SL.  :1.1ir in L988,
thc zebra. mussel has spread L!«yond
th« lrcat I.akCs t<i thc HLudsol,
 %4ohalvk, Illinois, Oh!o, Missis-

sippi, 'I'cnncsscc, and
I' iusqLlchann'I
ers. Biol >gists bc-
icvc il «ltiinately
«ill infest Iil >sl

North An«ri-
ca!i «aL»rs
so�th of ce»-
tral  ;anada
and north ot'
thc Florida

Pal'!handle.

Thc Nit on ll Se'I  TI 'i lt  . 	1cgc
Prograni has lauiiclie f nlaj >r inilia-
Llvcs f >» is«lg OIi rcscai cli Lo dcLcr-
I I!I i » bCT Tcf !lief hocl92 fo COIitl ol thc
7«br,i i»usscl a>id <in outreacli «tt
f<>rts u> iSSiSt «ater US«l.s;Iff'e»ted
or Tlil c,it»»cd by tli«p»sT,

In Tlic Mid-Atlantic region,
,!ca  i!.llil plogl",Ui!s lli Vc92v jcrs»y,
Del;llv'Lfc, Maryland, Vil ginia, and
North  :arolina arc v< orking to
alert thc public vvc serve about thc
111Ussel:«id its TlifCaf fo oL« fTCsh
 »ld hl;lcklsli «',Itct S.  ,Onllilnflig  I
str<>ng pn>gram Of applied reseal>eli
al!d ptlbllc o«trcach,;lnd cool dl
n;lri»g svith partners '.it agC»CICS
.Ind iI!dustri  s thr > ighr» t thc
r«gioli, our g<xil is 1 > prep.irc flic
lcgIOn tO r«Sl!OI!d e� 'Ctiecly Lo tll»
z»bra mussel it' thc pest s«ts foot in
  > II vv afCI S.











.!c 1  it 1192I !i zcbl 1»1  sscl
;vs';u'e»ess eff<!rts, The

following .!rc just a fere
Of'the ties that hl!xe beei!
c}c clop»d b»t < c»n s< a
Cira»t and ncighb<!ri»g
agencies in thc region.

Virginia !!Ca Cirant
joined saith a host of'
'lgenc!es and I»el !stl'Ies
I<! C<!-s}! !I!s !I' ff!C VII�
g»111 IVI! tel' Reso lrces
 , !Afci »I!cc pi c'scute�
b! th» Virginia KVat»r
Rcsourc»s Rcscarch

»IC »lb CI S f H!»1 pl I c.u C
i» hist! y, ST1TL ',1»<.l fed
Cf,!l agcllcics, al!CI A !lui.11
I'esoL»ce glollp!L 1 he
task fore< later hostcc}
a regional meeting of
go! crnmcntal agcncics
and oth»r groups that
af C »10» II OA n g fol
7»}!l a »1 lssels in
P»i!»sl 1 v,u	.1, Ne'6
Jersey, and Nese York.

IA c<! 01 u!c LI ! 0 'A 1 th
th» North Carolina
Dcpaltnlcnt of Fnvl-
ronmcnt, Health, and

I.<,'gyi<i< ti I!e <I a»i. P<!li <.v-
I!I !l:i!I<I 71 <.ri virile» '1'he
! }i  }-At}a»tic .'! ».I   il;lnl
iV»TSSOrk iS ke»ping d»Ci
sion nlakcrs abrc.1st of
thc 7»bl".1 »1LLsscl s stalLLS
and laynlg thc ground-
svo! k f<!t' TLIturc n!a»,lgc-
nlc»T st .!TCgICs

I» Ju»c 1993, l!cia-
!@,!re !e,l  <r.u! t brief'e�
the House C;on!mitt»»
<!» the Fn! it' !AA!enl
and Natural Rcsol!rccs
of thc Dc}a!safe  i»lief !I
Assembly about thc

CCfltCf 'lnc1 Vlfglnla
I.akcs Associat!o» in
April }993 in }bchmoncf.
DLII h1g Thc conf'crcncc,
virginia %ca C}r!AT
prese n ted a spec i a 1
SC»ll» II, Zcb! 1
MusSels Upcl ate f' Or
VII gin}a, fof an atlcU-
ei!ce of'80 representa-
tiv»s from natural
resource agencies,
industry, and local
government.

Ncw Jcrscv Sca  arrant
seas appointed chair of
lhc state's 7ebr,l i!!mussel

Task Force, conlpflslng

Natural Rcsourccs,
North Carolina Sca
 irant organized a }7-
mcmhcr 7cbra iMusscl
Task F<!rce c<!n!}!risi»g
I e}!l ese»tativcs �0»1
}!O'A'el c !nip!»<es,l»d
go' 'el'» I!lent;1ge Acies
such as thc U.S. AI A!y
Corps of Fny'neers and
thc North  :arolina Dc-

partmcnt' of'Agriculture,
'I'hc task f' !rcc dcsig-
natcd North Carolina.'ica
 wrant  Is ch',lu ',Il!d ce»T»1
fol I cpofI.IAg IT!onlloi l»g
results a»<l f'<!r <!btlinii!g
LIpdlltcd InfoI »1at!<!n.

zebra mussel and dis-
tributed information
}!ackcts fo co»1»1lttcc
r» C I » bCI's 0.!T»r,! I
resource,ige i!cy st I tf',
�»d Icglsl ulcc .1!des.
The C<>n!!i!ittee s !ught
ie 1  !rcult s;!civic» In
deter!»i»i»g if' legi»-
lati»c action n<»d< d To
bc Taken immcdiatcly to
!»i»in!izc thc st,1tc s
risk of in fcs ration.

Thc Exotic!!pccics
Yvo! k C<ITT!up  of Thc 1.!v-
ing RCsourCeS !u}!CAA!-
n!ittee of'the Chesapeake
}<ay Progra»! J chaircd by



M.rrl l.ui d Sc.i Gr;inr, pfo-
<luied ' ,1>»S !peak» Ba>
l>olic> f' or th» lntroduc
uon of Non-Ill<kg»no is

A<1 Lian» species, which
!vill help guide nlarlagc-
ni»lit stratcpcs f !r thc
i»bra rnusscl and otlicr
potential in> ad»rs,

k'dr rr! ti o>!. '1'hc Mid-
Atfar>tli Sc,l Gl'.>nt Net-
>rot k 11,>s,lfso Info  1'ned
 >tllel e lui,l-
tors abo I Y

Fol' ex ill>pl», Nelc
averse» Se;1 Gr;lni helped
rlie P > ' >no Fnrln!llnlcn-
lal Fd lc.ilioll  :curer in
1  . Il l1sv I vi! 111;1 Ill I tl, I te:I
x»hra nl ISSCl nlnnitOI i!lg
pl ogl anl ln four '4'atcr
b ><lies in thc 1'oconos as
part of'thc cent»r's public
education progranl.

'<rirginia Sca Grant
has dcvclopcd an educa-
tional rcsourcc packet,

Invasion of a.n 1.> otic
Spcclcs: Su!p thc Zebra
!Muss»1, to gurdc stu-
dents and teachers in
grades 8 � 12.

Netivork A~ities Prep
Region for Zebra Mussel

major goai of the Mid-Atlantic
. 'Sea Grant programs is to work

cooperatively to reach water
users with zebra mussel information in
an efncient and cost-e8ective manner.
The following ate examples
of individual state efforts that
serve the entire region:
+ New Jersey Sea Grant pro-

duced a Geographical
Inforntatfon System  GIS!
map of the Mid-Atlantic
region depicting potential
zebra mussel infestation
areas. The map wiH be used
to hdp water users assess
their risk of infestation.

+ Delaware Sea Grant devel-
oped a decal for boaters and anglets to
alert them about the zebra mussel and
how to lessen their odds of'transport-
ing it into the Mid-Atlantic region.

+ Maryland Sea Grant hosted the first
Mid-Atlantic Zebra Mussel Gooference
ou March 10 � 12, 1993, in Baltimore.
The conference brought together
115 representatives from academia,
industry, resource management, gov-
ernment; and the media to learn more
about the mussel's history, biology,
method of transport, and status in the
region. A trade show featuring 11 ven-
dors highlighted zebra mussel control,
and monitoring devices and services.

+ I "rrginfa Sea Grant scientists compiled
Criteria for Prsdieeing Nbru Mmrei
Iarf>asia!se ie sire Nisf-rbhretie Begot,
an 11-page review of the region's
pre>bability and susceptibility of
invasion by Dreieeetsee po/yeerpha.

+ North Carohna Sea Grant produced
. the Miei-AtQ@ge Zebra Afegrl &et
Queer, which has been atsed throughont-
the reyon-to introduce readers to the
tnusael'and kS poten'Sat'imricta,



Mussel Change Its
Stripes V' Univ cracy of
Delaionre Seu Grunt
R~  winter 1993!.
Highlights research on
the glue the zebra mus-
sd produces to attach to
objects underwater. By
Delaware Sea Grant.

+ Cits'zeus Alert: Zebra
lrl¹ae& Pose u Vyxxvut to
Virgs¹ia's Wuterx, This
brochure alerts residents
about the mull, its po-
tential economic impacts,
and control. By Virginia
Sea Grant, Virginia
Goop. Extension, Vir-
ginia Water Resources
Research Center, and
Virginia Dept. of Game
and Inland Fisheries.

+ Critersu for Bvdic&y
Zebra 3Azxei Iu pnti our s¹
tbe hI¹l-Adu¹tsc Ration
and Potent' Range of
doe Zebra N¹sre/ Xa nod
¹ar Virginia. These
reports review ihe
region's and Virginia's
risk of mussel invasion.
By Virginia Sea Grant.

+ "Don't Pick Up Hitch-
! Iyxe Jersey Sbore"

line  sununer 1992!.
Outlines precautions to
take to help prevent the
mussel irom invading

Jersey Sea Grant,

Exotic Species Intro-
ductions; Devastation or
Deliverancel" 3furixse
Xotex  spring 1992!.
Reviews the impact of
zebra musseh and other
non-native species on
U.S. waters, By 1VIaxy-
land Sea Grant,

+ Ariel-Atlantic Zebra
kt¹ael Fact Sheet, Pro-
vides an overview of the
mussel and its threat to
the region. By North
Carohna Sea Grant.

+ Mid-Atlantic Zebra
Mussel Outreach Plan."
Tixk6¹e  ~r 1992!.
Reviews Sea Grant' s
planned edort and Vir-
guna's contribution to it.
By Virgmia Sea Grant.

+ "14iussehng into Caxo-
lina Waters." Conrcxoutcb
 May/June 1992!. De-
scribes zebra mussd
preparedness «fforts and
prevention tips, By Nordx
Carolina Sea Grant,

+ Zebra 3f¹xxel DecaL This
8 '/s z 7-inch decal alerts
boatexs and anglers
about the zebra xuussel
and the steps they can
take to ~ the hitch-
hiker. By Delaware Sea

Dept. of Natural Re-
sources arid Environ-
mental Control.

+ Zebra lif¹eecl Me¹iP-
endo¹ Cnre . This
wallet-sized card tells
how to identify the
mussel and what to do
if you And one. Created
by Wisconsin Sea Grant,
the card is tailored to
each state in the Mid-
Atiantic region.

I&rent to Xorxh Caro-
lina, TMs brochure
describes the mussel
and what citizens can
do to keep it out of the
state. By North Carolina
Sea Grant.

+ Zebru 3femlrx A 11xrent
to Afurylund Waters,
This brochure identifies
the mussd and steps to
take to stop ixs spread,
By Maryland Sea Grant
and Maryland Dept. of
Natural Resources,

+ "Zebra Musscls Head
for the Bays." Azurine
Xotex  Dec. 1991-Jan.
1992}, Recounts the
mussd's history in the
U,S. and provides tips
for mussel prevention.
By NIaryiand Sea Grant,



l dcdi a A I parcncss
a pzd l.'zsbli c Inf ur>yzati ozz.
Sca Grant's outreach
tcan1 also has targeted
thc ncsvs media and the
general public for zebra
mussel information, So
far, the net Fork h,ls dis-
tributed  nore th,ln
100,000 publicati<»ls 1<>
industrv representatives,
bOaterS, angrletb, resource
inanagers, teacher~, and
<>ther l lid-At!antic r<.si-
deilts. Thc f >ffosving are
other high-inlpac T «ffol'ts.

Netv Jclscv Sc;I GI'ult
pr<Mlticcd a series ot clls-
Tonllzcd radio public bef-
it Icc,lnflotlilccnleflts lol
bro,1dcast in Neu Jersey,
Delasa are, Marvlaild,
Virgini,l, and North
f air<>lin I, retlehi»gr .I
p< >teli rial 1 is Te» In g .1»tli-
e»ce  >f'20 I»illi >il.

Neu s rele.lses .I»d
tlrticles h.lve restllted in
c >vei lge bv .I s ll lc'tv  >1
lieu sll lpcrs, f'n >»I i bc
Plziladclphia Tnqnircz t .>
the FIvl>rial-v l Far>ntr,
>lid nl lg lzlncs such ls
Is>'I'ldll Ji. i n,'stn ptlz  .'a I o-
li na, Y  I>i Jc vsc» Fislz
and I > ildlzfi !'II'a sct,
.lild ontdoor 1 zcla>parr..

Al 1 pi ogt .»»s In
llic iictivork h.ivc been
dcvclopillg tlucll >vis lais
tn use at s orksh<>ps  lnd
ineetingis. Mais lan .l Sca
Gtl"ant s 7,eb "a iv!»sscls;
A Thrc.lt tn hclarvland
Ware> si h,lS 1> ' 'n
us< tl T > TI',lin Marvl;tnd

pa> k man,>gets, sT,>tC
 >.I T  ra I rCSO»rCC »1.1»-
;lgvC 's, Cngvl»CC> >ng
companies, an J prh atc
citl zeus in  lshing and
ht»lt ng clubs;»ld
othcf gl oops.

l.'sitz > c k'fforts. In
1992 � 1993, thc AIid-
Atlantic Sca   rant Vct-
svork played a kcy role
in alerting thc region's
svater tiserS of'the ZChra
»1u ss el s th I e'lt.

During the next sear,
thc nctsvork's goalis
to continue dclivcring
timely, accurate inf'or-
11laTion to pt cpal c thc
region for thc zCbra
mussel's eventual arrival.

T hc folio ping programs arc m
of thc I'vlid-Atlantic!ica  'ra

Vcrsvork. Please contact thc pro
gt Rill ln y<>ul st lte f >I 111oie zeb
Ill  SSCl l lfoi »>ation:

I Jniterstrf  >f Delaware
8<."I  it Il>   ,ollege 1 r»gl'1»1
XIarinc Advison Service
700 Pilottown Road
I aetves, D&. 19958
 .'ontact: la »cs balk
�02! 645-4235

North Carolina
Sea Csrant Col!ege Program
North Caroli»a State L»iv.
�30 Jordt» l Iall, Rot 8208
Ra!ugl>, N , 27695-8208
 '.<>»t,l -t R,trl>art Doll
 9191 515-5287

 .It>it crstry of tvlan land
Sc.t Cira»l College Progra»t
Se,>  .r »'I I I' stet>st< > I/N !AA
410 Scvcrn Avenue
A»»apol s, ixh 1 f 21403
Contact: nan Terlizzi
�10! 267-5660 Virginia Sca  ' rant

Collcgc 1'rogram
Marine Adhdsory Progvrasn
Virginia Institute of
Marine Science
Clouccstcr 1'oint, VA 23062
ContaCt: AVilliam nu1'aul Or

Vicki Clark
 804! 642-7164

Ncw JCrscy Sca Cvrant
College Program
R.lltgets  ,oop. E> tension
1623 IVhitcsnl!c Road
Toms River, NJ 08755
Contact: F leanor Rochenek
 908! 349-1152

This report was wtsttcn hy Tracey I. Rcyac>t and lames M. Fatk iif'thc Univcr.
city of nels narc Sea Grant Cz>liege Pro@am, a n>cmbcc of a national ncnviirk
of universities comrnittcd to ccscacch, education, and technology transfer
dedgncd to  neet the chaupng needs of our oceart, coastal, and Great Lakes re-
gions. The progratn is financially supported by the National Oceanic and
Atn>ospheric Ad ninistration of the U, S. Department of Commcrce, the Stace
of Ddawarc, and the university. This publication was produced by Tracey
Bryant, editor; David Bacczak, art director; at>d Parnda Donndly, production
manager. Por >nore information, contact thc Univcrst y of Ddawarc Marine
CX>mmutucations OIBce, Newark, DK 19716-3330. Phone: � >2! 83I-B >83.
Pho o Ccechn: Csssv � Zetea Mussel Cluster, F.. Manden; Zebra Muneis in Cupped Bands,
C. Ramchscsn, Wisconsin Sca Ccsnc; Salem No lest Pnwec Plant, Delaware Sea Gcanr.  also
on p. 28 Zehcs Musseis on Clam, Wismnsin Sea Grant; p. 2 � Zebra Mussel, Ohin Sca
Ccanc; p. 3 � Zebra Mon<i Vdiger, Out cia ~ of Namtal Resoutccs; Oil Tanker, Dela-
ware Sca Grant  Mussel-En noted Boat Hull, Michigan Sca Gram; p. d � Og ~ ac
Night, Bob Bowdcca ointdscd Pipe 6am Lake Eric, C. Czamecki, Mchigui Sea Giaru; Dc.
Bc ben Wairc, Bob Buwdm; p. 3 � Mtusd Watch Gud, Wnconsin Sca Grmt; Zebra Mund
on Band, C. ~, Wisconsin Sca Grant; p, <> � Champion Pspcc, snd Manhsa Lake,
Kcn Taylor, North CatnEna Wiidhfe; Mussd-Coveted Cca>fish, Ontario Minisny of Natural
Resources; p 7 � Oncack> Bydro Conducung Zoophukton Studies, Ou ado Mtnisuy of
Natund Resources; p. 8 � P~, cceatcd Rom Angler hy Xcn Tayioc, Neith Cardina
Wgdb'fe, photos by Delaware Ses Crane, and Mussd Chaser by B, Mar den,
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