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Section One

Introduction

he Cooperators Handbook is & com-

plled reference for schools, nature
centers, youth and community organi-
zatlons, and land management profes-
slonals participating in the Purple
Loosestrife Project al Michigan State
sily or working to control loose-
strife In other states. The Purple Loose-
strife Project tewide hiological
control program integrating formal and
non-formal educational activities. It
was Initiated in 1997 by laculty at
Michigan State University and joined
immediately by leaders at the Michigan
Department of Natural Resources, 1S,
EPA, Michigan Department of Agricul-
ture, public schools,

Unive

and citizen groups from across the
state.

The Purple Loosestrife Project bor-
rows from the wisdom of the university-
based cooperative extension system
moddel. 1L is truly a cooperative effort
between the university and the hun-
an:

dreds of Michigan communities that
Infested with purple loosestrife. Re-
and successful purple loose-
strife education and control methods
from the feld are brought together in
the Cooperators Hamdbook for you o
use, This is a working handbook and
reference. compiled so thal you
more effectively play the most impor-
tant mle there Is In the Purple Loose-
strife Project: the role of active partner
or, Cooperator,

The Cooperators Handbook Is a
looseleal binder with a few important
reference sections and plenty of mom
for Cooperator fleld notes, found ar-
tcles, development Ideas, and adidl-

sed

can

tional reference mater As the
Purple Loosestrife Project grows in
cooperating communitics over the next
few vears, the Handbook will be refined
1 tailored to sult community
poses

Section One provides an overview of
the Purple Loosestrife Project. and an-
swers frequently asked questions. I
describes the Importance of community
action in the control of purple leose-
strife and summarizes the role of
Purple Loosestrife Project cooperating
partners.

Section Two, “Rearing and Releas-
Ing Natural
Loosestrife,” offers background Infor-
mation and practical methods for rear-
ing and releasing purple loosestrife’s
natural Descriptive material
on exiic spes control options, spe-
cies population “balance,” Introducing
natural enemies, and the biology and
ecology of the Galerucella and Hylobius
provided. This section con-
tains everylthing Purple Loosestrile
Project Cooperators will need to know
for indoor and outdoor rearing of
Galerucelia beetles, as well as field re-
lease and monitoring technlgques.

The Purple Loosestrife Project edu-
cathonal activities in Sections Three and
Four are sorted by learner age group:
activities for young children (upper el-
ementary), and activities for adults and
young adulis. Also in this section, the
reader will find & description of how the
activities were developed,

Fin 5
Read
sources provided with the Cooperators

al ur-

snemies W Control Purple

beetles

Handbook andfor collected by users
over time. To begin your collection, we
include an important wetland reference
book, courtesy of one of Michligan’s pre-
mier conse o arganizations, Tip of
the Mitt Wate:
Council stalf member author,
‘Wilred “WII" Cwiklel, we are [ortunate
1o be: able to Include the best prac
gulde w wetlands avallable
Living With Michigans Wetlands,
Landowners Guide. Wetland 1y
wetland habitats, wetland man

ment, and wetland fealures are ex-
plored in this section. Perhaps most
important to wetland stewardship edu-
cation s the discussion in Cwinkels
book of the value of wetlands in
cycles, and the

Michigan's natura

strajghtforwand call to stewardship pre-
sented 1o landowners (and by exten-
ston, to land managers, conservation

Loosestrife Project recom-
mends not only th
owners Guide, but also the extensive
ner vitles found In the
publication WOW! The Winders of Wet-
lands. Wi
becom
leaming aboul purple looses
lngical control.

included Land-

sel ol |

*Uand leaming materials can
cher-led
strife bio-

extensions «







Section One

The Purple Loosestrife Project

Ichigan State University

and Michigan Sed

srant College Program Initlated

the Purple Loosestrife Project 1o help control the spread of purple loose-
strife In a novel way. This Innovative project joins students, educators, citizens

and secientists in the blological control of purple loosestrife using its natural In-
sect enemies. Blological control of purple loosestrile s

ceologically-sound

approach which allows infested wetland habital o returm to & more natural state.

The Plant
Purple loosestrife Is a native of Eu-
rope and Asia which has spread
throughout much of the United States
and Canada. Because the Nower is so
attractive, purple loosestrife has been
sold as an omamental plant, Rec
v slates have banned its s
Purple loosestrile grows an impressive
four to seven feet tall. Its blooms ane
long spikes of beautill purple Nowers,
It grows prolifically in wetlands and
other mokst &
produces 30 or more owering stems
and can produce over 2.5 milllon sceds

ity

md

Each mature plant

per year.

The Problem

A flerce competitor, purple loose-
strife eventually overtakes
elation, ferming nearly im
stands of this single species. As the
nathve plar
the wildlife species that depend on
them. Ecologists are concerned about
the loss of

alve veg-
pelrable

* reduce

. S0 Liwy are

hital for endangered
plants 2 and declines in
ducks, muskrats, mink, and some am-
phiblans. [ s of purphe loose-
strife also impair recreational use of
wetlands and rivers and i
Now In drainage ditches. Control by
conventional means has proven to be
extremely diMicult, impractical, and in-
elfective on a large scale. Somelimes
referred to as “the purple plague,”

anim

pede water

purple Inosestrile is a serious problem
throughout the Greal Lakes bloreglon
and across North America.

A Solution

As often oceurs with introdueed ex-
olic species, purple loosestrife arrived
In North America without Its natural
encmies. Three species of plant-feed-
ing beetles, Galerocella calmariensis,
Galerneella pusilla, and Hylobius trans-
versovillatus, show particular promise

as biological controls for purple 100se- <z

strife. These Insects have undergone
extensive esting to determine m|-lr
safety, host specificlty and effec-

leaves, and stem tssoe; cansing defo-
liation and prevention of Mowering
seed production, eventually leading 1o
plant death.

No More Purple Loosestrife?

Those who love 1o see purple lonse-
strife’s beauliful display need not fear.
Experts agree that these natural en-
emies cannol eliminate purple loose-
strife, only reduce its density and
harmful effects. It Is anticipated that
tion of these natural en-
be capable of reducing the

the comt

emies ma
density of purple loosestrife by up to
90% over most of Its current range
Remaining plants will serve to malntain
a resldent population of beetles lor the

future. Reducing purple loosestrife den-
sity will allow the re-establishment of
nalive vegelation.

Citizen Involvement in the Purple
Loosestrife Project

As part of the blological control ef-
fort, educators, students, and citizen
leaders rear and release Galerucella
beetles once they have recelved Lrain-
ing from project personnel. The teach-
Ing and learning opporiunities are

numerous, and inoculation of hundreds
of infested wetlands is possible within
Just a few years.
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. What is purple loosestrife?

Why should we want to control
ne

Isn't it good for anything?

So how can we get rid of it?
‘What are the control options?
What is biological control?

How effective is biological
control?

What natural enemies are
approved for use?

. Where can | get the beetles?

. How long will it take for

biological control to work?

. How safe is this approach?

. What will the beetles eat when

the purple loosestrife is gone?

What can | do?

1. What is purple loosestrife?

Purple loosestrife  (Lythrom
salfcarid) s a perennial plant native to
Europe and Asla which has become
ely established in the US and
It grows and reproduces
prolifically in wetlands and other molst
habitats, mature 4-10-7-foot-tall
plant produces 30 or more beautiful
purple Nower spikes that bloom
summer and can produce ove
lion seeds per year.

2. Why should we want to control it?
For generations, wetlands were
considercd wastelands. Thoughoul the
U.5.. wetlands were drained and filled
until in some ameas, virtually none re-
mained. Currently, th portant roles
that wetlands play as habitats for na-
tive plants and wildlife, flood control,
recreation amd enhanced water quallty
are widely recognized, Purple loose-
ading the qui
preclous remalning wetlands.

While undeniably beautiful. once iU
becomes established purple loosestrife
frequently becomes the dominant veg-
etation by out-competing native plants.
As native plant communities are re-
duced, so too are wildlife species that
ducks,
as well

strife i

depend on them. Declines
geese and other wetland bi
as muskrals, mink and some amphib-
lans have all been noted. There is
concern that purple loosestrife may
reduce spawning habitat for some fish,

3. Isn't it good for anything?
Purple loosestrife produces abun-
dant nectar and is attractive W honey-

bees and other poliinators. Butterflies
can often be seen obtaining nectar at
its blossoms. The stll, erect stems are
also used by redwing blackbirds as sup-
ports for nest construction, In the past
human beings greatly contributed Lo
the spread of purple leosestrife, plant-
ing it for its beauly and reported
medicinal qualities. Although it is beau-
Hlul, we now know belter than to let it
spread uncontrolled across the coun-
tryside.

4. 50 how can we get rid of it?

For years, people have tried with-
oul success Lo eradicate purple loose-
strife. It Iis now clear that this is
Impossible and we must Mnd ways 1o
live with this plant. Current efforts fo-
cus on wo approaches W controlling
but not eradicating purple loosestrife:
(1) keeping It out of wetlands where it
Is nol currently established and (2)
where IL s present, managing its de
sity so that native plants and animals
can prosper.

5. What are the control options?

There are several, and your cholce
depends on the particulars of the in-
fested site. The best control strategy |s
dictated by the density and extent of
infestation. See the next section in
Handbook for detalls.

8. What is biological control?

Biological control is when human
beings use a pests natural enemles Lo
the damage Lhat
dl enemles may
sites or pathog

It causes, The
be predators, pe
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lar with the use
of predators such as lady beetle:
help control Insect pests. Fewer are
aware that blological control can also
s like

Most people ane fi

be used o help manage pla
purple loosestrife.
When purple loosestrife arrived in
Ameriea, It came withoul the
ack it in its
native home. Without these natural
enemles, loosestrife populations can
grow largely unchecked. Scf
know that in ils native range, pu
loosestrife Is a part of wetland ecosys-
tems, bul never becomes the dominant
vegetation. By careful study, they found
1 species ol insects which leed on
purple loosestrile, keeping Its popula-
tion In balance with other vegetation.
The process of identifying, studying and
establishing these natural enemies

mies that

HEV

where loosestrife has invaded, is known
as importation blological control.

7. How effective is biological
control?
Biological control has been prac-

ticed in the U8, for over 100 years with
both successes and fallures. In this
country, most of the effort has gone into
the control of insect pests, Farmers in
the midwest are very familiar with the
highly successful control of two exotic
insect pests, the cereal leafl beetle and
the alfalfa weevil, using parasites im-
parted from Europe. The alfs
project Is estimated to save .S, agri-
cultural producers $10 million per year
in reduced pesticide usage and In-
creased v Control of Kl
weed, another European Invader of

8 weevil

1ath

rangelands in the westermn US was also
highly successful In just a few years.
However, In other cases natural en-
emles have falled to establish or never
Bl up to sullicient numbers o Impact
the pest. Fortunately, in the case of
purple loosestrife, some of these
hurdles have already been overcome,

8. What natural enemies are
approved for use against purple
loosestrife?

Three species of plant feeding
beetles, Galerucella calmariensis,
Galerucella pusilla and Hylobius
transversovittatus show the greatest
promise as blological controls for
purple loosestrife, The Galerucella leal
beetles Teed on bud, leal and stem Ls-
sue causing defoliation and prevention
of Nowering/seed production, Contin-
ued defollation leads to plant death.
Hylobius 1s a weevil whose larvae mine
In rool lssue weakening
Killing the plant. Thes

undergone extensive testing to deter-
mine thelr safety and effectiveness, re-

cetving USDA approval in 1992,

9. Where can | get the beetles?

Teachers and others who wish to
rear and release Galerueelia beetles as
part of their local purple loosestrife
blological control program necd Liv
know where they can obtain a breed-
ing stock: a minimum of about twenty
beetles, In Michigan, as in other states,
one source of beetles Is the nearest in-
fested wetland that was inoculated with
Grabericella in a previous summer. The
source of your beetles might be right
next door!

If you don't know where to turn for
a supply of beetles in Michigan, see the
Purple Loosestrife Project website for
a Cooperative Blologlcal Control site
near you or contact the Purple loose-
strile project office on the campus of
Michigan State University. If you don't
Iive In Michigan contact your state DNR




or the Purple Loosestrile Project at
Michigan S
agencies and universities we know to
pful

You might have o establish your
own brood stock with as few as twenty
beetles carefully nurtured until their
numbers Incre: The process will re-
quire a minimum of & months and a
minimum of 15 feet of “bench space”

e University for a list of

he

in a greenhouse or on your window
sill{s) but you can do It* Follow the in-
structions In Section 11 of the
Cooperators Hamdbook, “The Nuts and
Bolts of Galerucelia Rearing and Re-
Iease.” With a little forethought and
perseverence, anyone can cull
crop of Galerucella W help conquer an

£ a

Invading stand of purple loosestrile
Please send us your sucoess slory so
W can pass it along!

10. How long will it take for
biological control to work?

Most estimates range from 5 1o 15
vears for large impacts of these bectles
to be reallzed. However, recent resulls
from Ontario and Minnesola indicate
that Galerucella o e had a dra-
matle Impact on purple loosestrife in-
festations in as little as three years.
Larger releases and betler rearing
ay help to shorten the

techniques
time to Impact.

11. How safe is this approach?
Before introduction of any weed bo-

logical control agent it must pass sev-

eral tests to determine its level of host

The Purple L

Project « Ci ]

specificity and establish that It Is free
of unwanted diseases or parasiles. The
Galerveel:

d Hyvlobius bectles wene
tested against 47 plant species that are
either closely related o purple loose-
strife, oocur in the s e
Important economic species. Based on
this testing these species were consid-
ered to be host specific to purple loose-
strife and approved for release by the
UsSDA. Galerveella and Hylobivs
% are also harmless o huma

me h L or

hee
helngs and pets.

12. What will the beetles eat when
the purple loosestrife is gone?
Because normal feeding and growth
occurs exclusively on purple loosestrife
the: number of the beetes in any anca
Is expected 1o rise and fall based on the
amount of loosestrife present. As the
plant becom 2 common, the
beetles will have a harder tme Anding
Tood, they will produce fewer offspring,
and as a consequence, thelr population
will decline, Experts believe thal these
natural enemies cannol climinale
purple loosestrife only reduce i d
sity. However, once established, these

beetles will continue 1o control lnose-
strife on a permanent basis,

13. What can | do?

READ ALL YOU CAN: The references
cited here a greal start. Also, there
is an increasing amount of Information
available on-line via the Internet and
World Wide Web, Begin your internet
search with a visit to our Purple Pages:
WWW IS, msiedwseagrantpp.

CONDUCT A SURVEY: Become a
Loosestrife Locator. A "windshield sur-
vey” of your nelghborhood or ownship
1 determine if purple loosestrife s
present, whene IL occurs and the level
of Infestation. Consider enlisting
help of loca
service on
groups, elc,, 1o broaden your coverage.

FORM A MANAGE PLAN: Con-
sider your options for hand digging,
cutling Nowers or spol spraving, Talk
o adjacent landowners about a coor-
dinated effort.

EIMICATE IN YOUR COMMUNITY: Con-
tact The Purple Loosestrile Project
office for more information. including
sugpested activities for kids.

4-H, scouls, schools,

lons, conservatlon

Get Started!




Section One

PROJECT OVERVIEW

The Purple Loosestrife Project at Michigan State University

Linking Ecological Resource Management with Public Education and Community Action

he Purple Loosestrife Project at

Michlgan State University was Inl-
tiated nuary 1997 with the goals
of coupling blologlcal control of purple
loosestrife with an innovative outreach
and education program.

Purple Ioosestrife (Lythrom sall-
caria) Is a widespread and serlous
problem, afecting both coastal and in-
land wetlands, lakes and waterways
throughout the Great Lakes region and
North America. To date, few viable so-
Iutions for managing this invasive weed
have emerged.

Three species of plant-feeding
beetles, Galerucella calmariensis, G.
pusilla and Hylobius transversovitlatus
show promise as bologleal controls for
purple loosestrife, Native to Eumpe,
these insects have undergone extensive
testng to determine their safety and ef-
fectiveness, receiving USDA approval in
1992, Since then, these insects have
been released In 27 states and all the

Canac

n provineces, The Galerveella
leal beetles Teed on bud, leal and stem
tssue causing defoliation and prevention
of Nowering/seed production. Continued
defoliation leads to plant death. Hylobius
15 & weevil whose Larvae mine in root Us-
sue weakening and ultimately killing the
plant.

Beginning in 1994, the Michigan
Department of Natural Resources, Wild-
life Diviston, petitioned the Michigan
Department of Agriculture for approval
to release insect encmies on several In-
lested state game areas in Michigan, The
MDNR's releases of approximately 5,000
Galerucella in 1994 established and
began to show real Impacts by 1998,

While these natural enemies cannot
ellminate purple loosestrife,
believe that in ¢ th

experts

species, Park superintendents, lakefront
property owners associations, wildlife

V BIE C-
pable of reducing the density of parple
loosestrife by 0% over most of its cur-
rent range. Reducing purple loosestrife
density will allow re-establishment of na-
tive wetland vegelation.

Results from Ontario and Minnesota
Indicated that the Gallerucella bectles
can have a dram. Impact on purple
loosestrife infestations in as litle as

the rearing and release procedures are
quite simple but rather labor intensive
and that the problem would not be
solved quickly or by a handful of sclen-
tists. Ongoing research al MSLU, and the
establishment of a statewlde coopera-
Uve community network showed prom-
Ise to speed up the statewlde control
PIOCESS,

The challenge was to establish viable
populations of these natural enemies
wherever purple loosestrife occurs. Al
first, the Purple Loosestrile Project
laboratory at MSU was ble of pro-
tucing about 150,000 Galerucella spp.
and managing releases on 1010 15 sites’
. By tralning and supporting other
groups interested in rearing natural en-
emies IL was possible Lo gre.
ply the number of beetles reared and the

vei

Conservation organizations have
been concerned for many vears about
the dangers of purple loosestrife to wild-
Nile, and environmentalisis are well
aware of lis negative Impacts on nathe

. 2oll courses. natun: resenes,
ele., ane all altempling Lo manage purple
loosestrile on thelr properties and in
thelr communitics—with limited suc-
cess, Thus, there exists a significant
public awareness of the threat that
purple loosestrife poses and great Inter-
esl in a solution. The possibility that an
environmentally fendly approach such
as hinlogical control could provide a vi-
able solution ks very attractive o a wide
segment of soclety. This sltuation pre-
sents a wonderful opportunity to link
various groups al the community level
1o address their common problem. Be-
cause loosestrle has spread W so many
locations, It s clear thal a few pald pro-
leasionals cannol secomplish manage-
menl goals alone. A network of
volunteers, in partnership with univer-
nency professionals, dramatl-
rases the lkelihood of sucoess.
art-up funding lor the Purple
strife Project was provided by
Agricultural Experiment

dlllm Michigan State University Ex-
tension, Michigan State Universily
Department of Entomology. Michigan
State University College of Natural Sci-
ence, Division of Sclence and Mathemal-
les Education, U.S al
Prodection Agency, USDA Natlonal Bio-
logical Control Institute, Michlgan De-
partment of Agricult Michigan
tment of Natural Resources,
Michigan Sea Grant College Program
and cooperating communitles
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Establishing the Purple Loosestrife Project

Three Phases of the Purple Loosestrife Project
at Michigan State University

Phase | (1997-98)

Developed large numbers of natural en-
emies, evaluated thelr impacts and developed the educational materials
necessary 1o support the community and educational efforts of Phase 1L
Initlated research to develop Improved management techniques

pability o rear and rele

Phase || (1998-99)

Continue rearing and release of natural enemies in key areas of the
slate. Support the development of cooperative biological control (CBC)
network sites by providing instruction and support to communities. Re-
search on improved management techniques continues in an expanded

form, Community-based greenhouse rearing of Galerucella begins.

Phaselll (2000 )

As the original CBC network cooperators gain experience they take a
more central role In supporting additional satellite sites. Cooperating
groups come o “own” the project and they develop techniques, expertise
and educational materials that they wish to share with other communi-
ties, Purple Loosestrife Project leaders at MSU facilitate and encourage
this process as well as continue W supply technical support, Research
activities In this pl tion of the entire
project, Galerucella populations are large enough Lo support “harvesting”
and transport from early inoculation sites to new loosestrife infestations
by cooperators.

se conclude with an impact evi

zm

To rear and release purple
lovsestrife biological control agents for
release in all infested Michigan water-
sheds over the Iife of the project.

Using techniques developed at
Comell University, the lllinoks Natural
History Survey (INHS) and University of
Minnesota, the Purple Loosestrife
Project conducted a greenhouse rearing
program in Michigan capable of produc-
ing about 150,000 Galerucella beetles
per year. This level of production re-
quired about 2,000 square feet of green-
house space and 300 potted Lythrom
silicaria obained from wild populations
In Michigan, (verwintering bectles were
Initkally obtained from INHS and reared
for one generation on fall-collected L.
salfcarta, These Nrst-generation beetles
were used for two purposes. Approxi-
mately 120,000 were released directly in
the spring (Hmeed Lo n al beetle emer-
gence) In 15 slies, Some of these siles
wene chosen primarily on scientilic ori-
Lera regarding site suitabllity so that the
project could develop optimal rearing
and release technlques, conduct re-
search and establish nurs
provide beetles for Tuture years.

Other sites were chosen by local
pariners to begin W address thelr lose-
strife control goals. First-year beetles
were used W inftlate colonkes in outdoor
rearing programs at CBC network sites,
Personnel from each site were person-
ally provided with details on Galerucelia
rearing amd trained in these procedures.

Ty Siles o
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nd Obgective

To evaluate the establshment
of blologlcal control agents [n all re-
lease sites and evaluate their impact on
purple loosestrife in ten selected sites.

Standardized evaluation crileria
developed by the Cooperative Fish and
Wildlife Res i Unit at Cornell Uni-
versity are used to evaluate the estab-
lishment of
release sites, Intensive monitoring will
be conducted on ten sites managed by
the project for several years to help elu-
cidate site suitabilit
spread of beetles, Im)
purple loosestrile plants and recovery
of native plant community. Personnel
from new cooperating sites ane tralned
in evaluation criteria and encouraged
to use them on the s
A commit
establishment of the nal
is a requirement for CBC network site
participation.

leal beetles on all

Lhey manage.
1 least the
il enemies

il bo evalu

rd Objective

Tor use the purple loosestrife
biological control program as a forum
for youth education in science, environ-
mental stewardship and as a catalyst
o link public and private institutions,
conservation and enviramental advo-
Cacy groups, and resaune management
agencies.

During the first year of the project
MSL personnel coordin
ment of the wo educational activity

d develop-

se1s targeling upper-elementary and
high school grade levels found in the
Cooperators Handbook (see sections 3
and 4), Coneepts of blodiversity, t
practice of blological contral of invasie
specles, purple loosestrile biology,
ecology and impact on wetlands wene

velop lessons in the phyvsical
al science, and environ-
al stewardship. This Cooperators
Hamdbook, containing background ma-
1 the learing activitle:
developed by sclence educators work-
Ing In teams with M 1 Purple
Loosestrife Project personnel. The
hands-on activitles inclode the rearing
and release of insect natural enemies
of purple loosestrife. Beetle rearing kits
and instructions are made avallable 1o
Individual classes, nalure centers,
school districts or Integrated Into a lo-
cal cooperative control program, Hand-
als were tested through
5 and after revision, made

Lerial was

Dok
selected sl
available W project cooperators who
are trained In their use. The activities
were subsequently linked Lo standard-
zed Michigan leaming objectives.

A apring project conference held
during M5Us Agriculture and Natural
Resources Week is the starting point for
most cooperators, The moming pro-
gram, which is open to the general pub-
lic. is a forum to review aspects of

purple loosestrife biology ecology and
management and provide an overview
of ' le Loosestrife Project at
MSL. The afternoon consists of wo
breakout sessions and is Hmited o in-
dividuals and groups directly participat-
Ing In the project. One breakoul session

12 for educators who will be using the
vity sets In thelr classmooms or non-
in the
sion is for
i sites

formal learning enviro
coming vear. A second se
persons from cooperative s
(CBC network sites) who will be con-
ducting outdoor beetle rearing and

I

making releases of natural enemies,
The sy
heavily on cooperators by encouraging
them to review their results and share
their plans for the upcoming year.

The third educa initiative
p and cltlzen
groups on the hunt for large purple
loosestrife Infestations. In 1998, the
public
statewide survey of the largest Infested
sites containing ~1000 loosestrife
plants within 100 yards.” Several thou-
nd “loosestrile locator
designed, printed, and distributed as
part of the Loosestrife Locator Survey

M project conferences draw

a8 asked 1o help complete a

anls” wen:

50 that cltzens could report large in-
festations for our consideration as
release sites. In addition, where
aders onganized the necessary
effort, systematic surveys began at the
level of the ownship.

th Objective

To improve biological contmol
of purple loosestrife through research
almed at elucidating opportunities and
limitations i the system.

Two areas of research interest
ged in the first phase of the Purple

Loosestrile Project.

m 3




ased In the field, Galeru-
cella are exposed (o indigenous preda-
tors. Other researchers have proposed

Onee

predation could influence the sue-
<sful establishment and population
increase of Galerncedla, In greenhouse

tests, Purple Loosestrife Project
researchers have documented that
1l indigenous predators can sig-
nificantly reduce the survival of Galern-
cellia Immatures can limit
population growth to near zem, Re-
searchers hope 1o determine under
what conditions predators can impact
the successiul
spread of these natural enemles under
both controlled and natural conditions.

There 18 potential for continued ad-
vancement in improving the rearing of
Hyiobius beetles, and in the use of two
additional Nower feeding beetles
planned for future re arch

SOV

ani

sstablishment and

The Purple L

examining the optimal integration of
these natural enemies into the purple
control program
will be required. As other naturs
emics or control technlques become
avallable they will be integrated into
the research program.

loosestrile biolog

Anticipated Outcomes

Itis ated that by the end of
five years, we will have been able o
establish viable populations of the
tralerucella beetles in every purple
loogestrife—infested watershed in
Michigan and Initiated evaluation of the
Impacts of these releases. In addition,
we will have monitored the establish-
a degree thal the
reasons for success or fallure will be
clear. Perhaps more importantly we
will have Involved local stakeholder
ingful way, resulting

ment process o s

groups in a me

Project « s Handbook

In the formation of partnerships among
various interest groups involved in wet-
land management, use and conserva-
tion. These partners will take the lead
In the process of educs youth and
the public on the project, result
greater unde 2 of blologlcal
control and the desirability of its use
As Michigan faces continued chal-
L
elfective conventlonal control tactics, §
pubdic which is knowledgeable and s
portive of biological control techniques
will be a great assel. Local leaders!
development and support satisfies one
of the core purposes of the pioneer land
grant university.

 in

from exolle species and loss of

-




Section One

The Role of Project Cooperators

Students and Teachers

K-12 students and teachers provide
invaluable “horsepower” to Lthe Purple
Loosestrile Project. and they make [ all
worthwhile. There are thous
1} s and L of thousands of stu-
dents in Michigan as there
loosestrife-infested state, Because the
problem of purple loosestrife is dis-

Is of

are n every

persed in ne:
often hidden
purple loosestrile biological control

v every community and

Isolated

areas, any

project that does aol have the benefit
of local eacher and student involve-
ment is sure Lo take a long. long time,
Enlistment of thinking people who see
the gr i for
wetland habitats will dram.
crease the rate of blological control

el value In actively car

over the next few years, The Porple
Loosestrife Project is designed Lo show
{relatively) rapid Impact with biological
control

The Project also nurtures symbio-
sl8 belween resource
community change agents, Teachers
and students are looking lor hands-on,
outdoor education activities with a pur-
agers neeid

s and

manas,

pase. Habilal resource ma
caring people to help control purple
loosestrife in more locations than they
can possibly reach in a generation’s
time. The Purple Loosestrile Project
facilitates interaction of resource man-
agers and the k=12 educs
munity. and both groups benefil
Bevond the classmoom, participating
E=12 teachers and their students pro-
vide nonformal educators ar
with Iting lde:
Onee k=12 activities

tional com-

Fners

ind experie

are accepled in

¥+

the formal school system of a commu-
nity they are ripe for adoptlon {often
with adaptation) at nature cenlers, in
4-H youth programs, at vouth sur
camps ani student environmen|

ner
al
organizations. The satisfaction that
grows oul of making a real-world dif-
ference In habital managemenl makes
voung adults proud ambassadors of
blologlcal control, Increasing s
and reducing the use of e
Irendly controls throughout the com-
munity.

s earth-

Community Action

Although biological control of
purple loosestrife is not overly compli-
cated, It i quite labor-intensive, Rather
than recruiting, training and hiring a
small army of field workers, the Purple
ife Project is structured to fa-
ction by the greatest number

of community-based volunteers. Condo-
minium
erty owner groups, garden clubs,
nelghborhood associations and conser-

ssociations, lakelronl prop-

valion groups are encouraged to form

cooperative blological control pro-
grams. Publlc property managers, ulil-

Michigan's Cooperative Biological Control
Network 1999 Regional Support Sites

Ity companies, municipal goll course
agers, municipal ofMclals, and pri-
vate cltizens are all welcome particl-
pants,

The Purple Loosestrile Project not
only works for those who are motivated
by the need for an educational experi-
ence; it also works for those who are

mal

interested exclusively in loosestrife
control, Empowering voluntee:
Important long-term purposes: it lever-
ages scare public resources, Increases
adoption of biologlcal controls, and
5 responsibility for landscape
stewardship where It must ultimately
rest: In the hands of community lead-
ers,

serves
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How to Organize a Cooperative Biological Control Site

O ne of the most important goals of
the Purple Loosestrife Project al
Michigan State University Is coupling
biological control of purple loosestrife
with an innovative outreach and educa-
tion program. The project alms to re-
store the blological diversity, Integrity
and ecological function of wellands de-
graded by purple loosestrife, and offers
a unlque opportunity for youth science
and environmental education. Engaging
local communitics rocess of hio-
logleal contmol Increases the Hkelihood
of success, There will never be enough
“experts” to get the |ob done.
Volunteerism and community action

will be eritical o control of purple loos-
estrife.

e mechanism for community In-
volvement Is through the development
and suppaort of satellite cooperative bio-
logical control {CBC) sltes. A CBC site
15 intended to provide a focal point for
people who come Logether o address
the problem of purple loosestrife in
their community. Property owners ani
lake associations, goll courses and
parks are partnering with nature cen-
ters, local schools and other youth or-
ganlzatlons to form them, We hope 1o
facilltate many types of satellite CBC

165 m

sites with the commaon features belng
an Infested site, the abllity o rear and
release the natural enemies, and a will-
Ingness o actively Involve youth in the
process. The network of CBC sites will
carry the program forward,

Tests during 1997 and 1999 indi-
cated that with easily obtained materi-
als {Including three-gallon pots, tomato
cages, wading pools) and some Instroc-
tion, Interested groups should be able
Lo rear between 5,000 to 15,000

Criteria for Establishing a CBC Site

Galerveella leal beetles for release In
one to two local purple loosestrile in-
lestations. The plants and Insects are
very cooperative and nearly anyone
with a knack lor growing a garden or
caring for pets should feel comfortable
with the rearing procedures. Groups
may also consider enlisting the
assistance of biology teachers, nature
center stafl, master gardeners, or uni-
versity Extension stalf in planning and
conducting the rearing.

1. Access to a purple loosestrife Infestation site that meets minimum cri-
teria, see; “Site Selectlon Guidelines for Release of Galerucella Beetles™

on page 21.

2, Asite 1o conduct beetle rearing and persons willing to devote about an
hour daily to plant watering and rearing during the approximately six-

week rearing ovele,

tons requine

3. Commitment 1o evaluate the establishment and Impact of the natural
enemles over a three-year perlod. Spring and fall ev:
aboul one day each,

4

beetles from yo

. Willingness 1o share your expertise, experlences, and in the future,
site, with other groups In your area interested in de-

veloping a beetle rearing or purple loosestrife education program of

thelr own.




Section One

Timeline for PLP Biological Control Cooperators

he following tmeline applies o
both CBC network members and
Individuals.

October-November

Determine interest in your commu-
nity regarding parti
project. Discuss the concept with com-
munity assoclations, township boarnds,
county parks and recreation depart-
ments, nature centers, ete. o deler-
mine support. Meel with landowners
and local officials W enlist their support
and obtaln any needed permission to
proceed. (Note: PLP has obtalned ap-
propriate state and national permits).

pation in the

December In vour selected wetland(s),
Submit a letter to the project office
detalling your interest and ¢ 4 August t

in beetle rearing procedures, beetle
release, and Aeld evaluation process,

An educ
currently.

ors workshop will run con-

April-May

Dig and pot up purple loosestrife
roolsiocks; prepare wading pools and
cages for rearing. Condy
lease survey In the selected wetland(s).

8 e

Late May-June
Recelve Galerucella bectles and ink-
tiate the rearing cycle,

July

Collect, count and release beetles

o participate, CRC network applicants
should develop a budget and begin o
secure resources needed o rear and
release beetles,

March

Attend the Agriculture and Natural
Resources Week PLP program. The pro-
aram agenda 15 posted on our website
(Bitpedfaww. msue. msu. edwseagrant’
pp) and will be held on the campus of
M5U in East Lansing. Cooperators will
be imvited Lo receive hands-on training

Conduct fall Impact sampling and
report your resulis.

Spring and Summer
of Following Years
Altend the ANE Week purple loose-
strife workshop to present your re- 2
sults and | of
other groups. Conduct a spring survey
to determine overwintering survival of
the beetles. Conduct an additional rear-
Ing and release cycle. Complete impact
sampling in the lale summer.

i froum the actihil







Section One

Natural Enemies to Control Purple Loosestrife

nce with the other organisms in

[n nature, all organisms live in a dynamic t
and Fall over time but typically revert

thelr environme

Population levels
Lo a long-term level that can be supported by the habitat. The maintenance of
this dynamic balance Is a fundamental part of the ecology of natural systems
and helps to preserve their integrity and function. For example, while the rabbit
population may lemporard! pand to the detriment of a Bower or vegelable gar-
den, eventually the lo g
the rabbit population back to a level typical for the nelghborhood. If this did not
oceur, rabbit disease or starvatlon would likely ensue, accomplishing a similar

al foxes, owls and cats take their individual toll, red

res

ture.” Prim
and dis
keep its popualation in check

Occasionally, something occurs
which disrupts these natural controls,
The presence of an overgrown eld may
provide the rabbils increased protec-
tion from predators. Or. an excellent
food source may Increase thelr general
health and allow them 1o hetler 5t

some common diseases. However, as
long as all the natural enemies are still
present. eventually a balance will be
restored. Bul, what would happen i the
natural enemies were o suddenly dis-
appear aliogether? In a sense, this
Is what has happened when purple
loosestrife arrived In North America.,
Because of human activity, purple
loosestrife arrived here without its
natural enemies, It Is now an estab-
lished nonindigenou:
species.

In its native Burope, purple loose-
strife llves in balance with the other
plants amd animals that share ils wel-
land habitat. While it Is a part of wel-
land ecosystems It never becomes the
dominant component as it does here in
North America. The

e nuisance

reason Is that in s

This process of natural control §s often referred Lo as the “balance of na-
actors In this play are the “natural enemies™; predators, pa
ses, which every onganism has evolved with and which serve o help

ites

native home, purple loosestrife s at-
tacked by a long list of natural enemies
Ihat keep its population in check, Over
120 Insects and several diseases have
ted o attack purple
loosestrife, of these, the Insects are
probably the most important natural

been docume

controls, Should a purple loosestrife
population arise in a given wetland
these insects soon find It. Some feed on
the Mower buds and developing secds,
redu seed production. Others feed
on the leaves

A, killing the tips of the
plant and stunting It while reducing the
amount of pholosynthetic en
produce. Flnally, others tunn
ol system, weakening It and eventu-
ally killing the plant

In part because of 8 long evolu-
tionary battle with these natural en-
emles, purphe loosestrile has developed
some Impressive characteristics of lts
oW, AS

perennial plant it is able o

persist in
years, sloring up energy in its root sys-
tem in one season that is then used for
growth in the following spring. Using

same location for many

Galerucella

Hylobius

these reserves, loosestrife can grow

very rapidly, shading out slower grow-
Ing plants nearby. It is a very tall plant
producing multiple stems (often 30 to
50) from each root crown. Stems fre-
quenthy exceed seven feed in helght and
produce multiple Nowering stalks. I a
slem should happen o break off, it o

easily sproul mools and establish a new
plant. In addition 1o this vegetative re-
prodiuction, loesestrife s also a prolific
producer of seed. One mature loose-
&trife plant can produce over 2.5
lion seeds per year, Thes
can foat on the water, blow across fro-
| 0or even be o

mil-
tny seeds

rried on Lhe

oen ma
fur or feathers of welland animals, to
5 Lhese tralts

some distant location. |

which make purple lnosestrife s
threal 1o wetland biodiversity in North
America.

Without natural enemies, North




American loosestrife populations can
expand unchecked Lo the point that
they frequently come to dominate indi-
vidual wetlands, As native plants ane
crowded out, the other organisms that
depend on them disappear as well. For
example, in some marshes
been replaced by a solid (monotyplc)
stand of loosestrife. Muskrats, which
depend on cattail but do not eat loose-
strife. are soon displaced as well. As
importantly. the mle muskrats for-
merfy played in the marsh’s ecology is
lost. For example, muskrat houses
no longer av
forms for geese. In addition. the mosale
of cattall and open water created by
muskral feeding, and the re
habitat which is favored by m
of waterfowl, is replaced by solid stands
of loosestrife.

Sclentists know that In its natlve
part of
ver be-

his

range, purple loosestrile s
wetland ecosystems, bul

comes the dominant vegelation. By
careful study. they found several spe-
cles of insects that feed only on purple
loosestrife and are largely responsible
for keeping its population in balance.
The process of identifying, studying and
Importing these natural enemies is
known as Importation biological con-
trol. Biological control is when humans
use a pests natural enemies W reduce
its density and the damage that it
causes. These natural enemies i
predators, parasites or pathogens.
Most people are famillar with the use
of predators such as lady bectles o
help control insect pests in a garden,
Fewer are aware that biological control

ay be

wom
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can also be used to help manage wet-
land plants like purple loosestrife.
Biological control has been prac-
ticed In the U.S. for over 100 years. In
this country, most of the effort has gone
Into the control of Insect pests. Farm-
ers in Michigan are very familiar with
the highly successiul control of two ex-
otie insect 5, the cereal leal beetle
and the allalfa weevil. using parasiles
Imported from Europe. The
Vil project Is estimated to save
ricultural producers $10 million every
year in reduced pesticide usage and
Increased yields, Because these natu-
ral enemies are se
benefits will continue Iong
ture, Control of Klamath weed,
pean plant that invades rangelands in
the western U5, was also highly suc-
In other
ave [al

. these
0 the fu-
1 Euro-

cessful in just a few yea

cases, natural enemies
eslablish or never bullt-up 1o sullich
mbers Lo impact the pest. Fortu-
alely, In the case of purple loosestrile,
some of these hurdles have already
been overcome and the prospects for
successiul control are quite good,
Three species of plant-feeding
beetles, Galeracella calmariensis,
Galerveella pusilla and Hylobius trans-
versovittatus show the greatest prom-
Ise as blological controls for purple
loosestrife, The Galerucella leaf beetles
feed on bud, leal and stem Ussue caus-
Ing defoliation and prevention of

Mowering and seed production, Contin-
ued defollation leads to plant death.
Hyiobius Is a weevll who's larvae mine
In root tissue weakening and ultims
g the plant. These insects have

Project » s Handb

undergone extensive lesting to deter-
mine thelr salety and elfectiveness, re-
ceiving USDA approval in 1992, Resulls
of 199 releases of Hlobius are sl
uncertaln, with most experts estimat-
515 vears may be required for
the full impact of these beetles to be
realized. However, Galerveella can im-
pact purple loosestrife infestations is
as little as three years.

Following the methods deseribed
here, cooperators will raise Galerueelia
beetles Indoors (for small local demon-
strations) or outdoors (rearing enough
beetles to share for release in an in-
fested wetland). Cooperators cannot be
guaranteed suceess in thelr elforts but
they can expect to shepherd a fascinat-
Ing ni

Because they are host-specific, the
wer of Galerveella beetles In any
expected 1o rise and [all based
on the amount of purple loosestrife
present. At first. with an almost unlim-
Ited food supply, many beetles will be
produced. As purple loosestrife be-
comes less common, the beetles will
hiave @ harder time Nnding food. they
roduce lewer offspring,

il process,

nd as a
consequence, their population will de-
cline. Over time. a new balance will
occur as purple loosestrife and 115 natu-
ral enemies again resume a stable in-
teraction. Blological control experts do
not expect Galerveedla beetles o elimi-
nate purple loosestrife but. rather, it ks
believed they may be able o reduce lis
density by about 90%. And, once
established, the beetles will continue to
ocontrol loosestrife on a long-term self-
sustalning basis.




Section One

A FEW SQUARE YARDS

LOW DENSITY DiG

HIGH DENSITY

1. Always foliow label directions

Control Options.

How does one know which contmol
Snipping. burning.
spraying, pulling—or what? The answer
really depends on local circumstances.
You should contact a local CBC
the Project office if the following Instruc-
tons don't work for you

method is best?

ile or

New or Localized Infestations

In habitats where just a few Isolated
planis exk
ized in avery small a
acre), iU is best Lo dig them up. Be sure
Lo g he roois, but try not o overly
disturb the surrounding soll or vegela-
tion. Plant cover Lal to keep loose-
strife from re-invading. All plant
material should be dried and burned,
or placed in a closed black plastic hag

sl or the infestation is local-

3 (less than one

in the sun for several davs where the
will kill the plant and seeds.
rial left in the field can

DIG, SPRAY', SNIP?

INFESTED AREA

LESS THAN AN ACRE

BUT MORE THAN A

MORE THAN AN ACRE

FEW SOUARE YARDS

DIG, SPRAY!, SNIP?

easlly re-sprout. See “Handpulling™ on
the following page W leam more about
removing loosestrile by hamd

Where permitted, plants may be
treated with an approved herbicide.
Rodeo™ is an effective herbicide e
tered for use in wetland habitats. How-
ever, it s nonselective and will kill most
vegelation It contacts, Spod sprays di-
rected at the at the early Nowering
stage are most effective. Broadeast
% ane nol recommended.

Cutting of plants can be
holding action until other o
be taken. Flowering stalks can be cul
o prevent seed formation and old
Nower heads removed as these may sull
contain viable seed,

&L

Established Infestations
Where hundreds of mature plants
exist, or t estation is spread over

several acres digging may be imprac-

BUGS, SPRAY', SNIP?

BUGS, DIG, SPRAY'

BUGS, SNIP?

tical, however, use of herbloldes and
cutting are sull options o consider. In
eslablished Infestations where millions
of purple loosestrife seeds are present
in the e must be taken not o
spread them on muddy boots or equip-
L. IMsturbance of the soil and veg-
etation should be minimized so a8 nol

o open up new areas for loosestrile
seedling ¢

Learn to recognize purple loose-
strife throughout the vear. Record ar-
eas where you see vegetative growth in
the spring, the Dowering plants in late
summer, or the dry, erect stems in the
winter. Plan ahead. In most instances
300 mature plants
oocur, blological control is likely to be
the only practical long-lerm manage-
ment aption,

ablishmenl.

where more 1




deascs

ion i reproduced b

ulling plants out of the ground by
hand is most effective in eliminat-
vung (1-2 year old) plants. Young
plants can be distinguished as follow
both the current Mowering shool an

the remains of the first year Nowering
shoot will be attached Lo the crown of
two vear old plants, while only the cur-
Nowering stalk will be present on
one vear old planis. The Nowering
stalks of older plants tend to pull loose
from the well established oot crown
which will Nower in subsequent sea-
sons. This shoot removal, however,
does eliminate seed production for the
AS0MN

Hand pulling is most eTectve
when the soll is wet {e.g. aller a rain,
when water levels are high). All the
slalks ariing from a single mol crown
should be grasped firmly neart
with both hands and pulled evenly
slowly Lo avold detachment from the
crown. Genly rocking the stem back
and forth while pulling may also help,

Flowering plants should el-
ther be dried and burned, or put |
hage bags and disposed of where there

3 no chance of the seeds or fragments
stablishing. Prior to Nowering, pulled
plants may be safely dried in open
sunny areas where thene is no chance
of plants moting or washing
ing plants up would help
to ensure that a sulliclent portion of the
ool system was removed to prevent
resprouting, but could also disturb the
soll significantly more, If herbicides
cannol be used and hand pulling did not

il

away

2zm

e loose

The Purple L

sesire control” C Kecddy: O
fie. How is this done? W are fortumnil

remove the rool crown, digging would
be appropriate for Isolated plants and

Infestations. Garden forks
Tul for loosening large rool
crowns prior to hand pulling.

Hand pulling is labour lnten-
sive. In 1990, a total of 1,200 plants
were pulled ab a rate of 600 plants/
worker hour in an area of intermediate
density in Presqu'ile Provincial Park
[Ontario], The entire oot stalk was
moved in the majority of cases, but s

low den:

can b use

cess varled because the plants ranged
in age and root crown size, In 1991,
only 123 plants were found and pulled
in the same area, In a low density
|areal), plants were pulled at a rate of
100fworker hour. Under these condl-
Hons, more time Is spent moving from
plant to plant. Handpulling is practical
on i small scale or where labour is not
limited

O.FAH. “Project Purple”
workers found hand pulling rates could
viry between 400 and over 3,000/
worker day, depending upon the age
=ity of the plants, and the mols-
ture content of the soil,

The advantages of this tech-
potentially harmful her

not added to the

anil de

nique are
bicides

are
environment and it is effective on young
plants (<2 years). ILis also a technique
an casily employ. The

that volunteers

drawbacks of this method are that soil
surface disturbance may promote fur-
ther purple loosestrife seed germina-
tion or the establishment of other alien
plant species, micro topography (pos-

Project * G 5

o Fedsration of Anglers and Hunters, 1993

dve the banafit of the Ontaro Federation of
o, The fadlowing

nd bresaty.

slble effecting seed germination of de-
sirable spocies) s altered, eMective-
ness varies with plant age, plants
pulled must be removed to prevent es-
L from fragments, and [t ks

In Presqu'lle Provinclal Park, ther ¢

WETE 10 8 2 clusters obviously
wihated with places from which
plants heeen pulled and, despite the
varlance In age of the plants (root
crowns could not be completely re-
moved in all cases), there was a great
reduction in the number of plants the
vear following pulling.




Section One

Site Selection Guidelines for Release of Galerucella Beetles

number of faclors are Important
AJII [« ng the greatest the polen-
1 sful establishment of
Galerucella spp. agalnst purple loose-
strife. Avoldance of sites with known
adverse ch

for sue

stics is most critical.
have the most favorable

Sites wh
combination of criteria should be fa-
vored as release sites

Unacceptable Conditions

. Sites should not be subject to direct
disturbances which remove purple
loosestrife or kill beetles. Sites
which may be developed, mowed,
dredged or recelve herbiclde appli-
catlons against purple loosestrile
ane ol 8

bl
Sites which will be sprayed with In-
secticides against adult mosquitos

are nol suitable

3

Sites with permanent Nooding are
not sultable. Occaslonal Nooding,
particularly In spring, can be loler-

ated by the beetles bul overwinter-
ing suceess will be enhanced on
sites without permanent standing
waler,

As a precaution
mixtures of purple loosestrife and
Lthe na
Lythrum alatum or swamp loose-

sltes conlaining

Ive winged loosestrife

strile, Decodon verticillatus, should

be avolded. While these beetl
idered 1o be host specific
unlikely o cau:
nontargets, avolding opportunities
for Incidental feeding on related
pla s desirable. Allernative
mezns of purple loosestrile contml
should be considered where popu-
lations of these plants occur.

Cor il

serlous damage W

Favorable Attributes

(=]

Sites should be ssible for re-

Ce
lease and continued monitoring of
beetles, Physical aco
o or
port beelles to the site, Legal access
rmission) s required

A (@ nearhy

*) i required o trans-

(landowner pe

for initial re and subsequent
maonitoring,

. Sites should contain at least 500

purple loosestrife plants in a 100
vard radius,

3. Sltes thal are open Lo SU

shine and

not shaded are more easlly estab-

lished

. Releases in mixed plant communi-

ties are encouraged as It is expected
that competition from other plants
will accelerate control. §
Laining other invasive species such
as Phragmites or reed canary grass
should receive low priority.

Establishment may be mone rellable
on sites thal contain a mixture of

young and old purple loosestrile

plants







Section One

2ot o0 Additional

Aquatic Exotics

Nnrlh American ecosysiems are
now home to dozens of non-
indigenous agquatic species. These ex-
otie organisms, which were Introduced
by human activity from thelr native
ranges, are now part of the fabric of our
environment. We are leamning to lve
with them. They are the result of bio-
Ioglcal pollution, a ype of pollution that
s, for the next few generations at least,
permanent. Unlike the phosphate pol-
Tution of the 19640s, blological pollution
cannol be diluted, wash ay by the
raing, or cleaned up. This type of pol-
lution can be avolded, mitigated, and
accommodated, but once introduced it
will never be removed. Nonindigenous
species compete with native species for
space and nutrition. They often oul-
compete native species, which have
evolved within biotic and abiotic limits,
ey become aquatic nuisance spe-

and
=5, Nonindigenous population explo-
slons and crashes have caused
immediate and langible ecologlcal and
economic dificulties, and the Incre-
mental, long-term loss of blodiversity
casts an Increasingly foreboding
shadow on the future. Preventing bio-

cle

logical pollution s now recognized as
one of the great challenges lacing the
North American environment

Many scientists and educators who
sludy and teach aboul aquatic exotics
tegin with the story of the s ey
(Petromyzon marines). The lamprey.

which symbolizes a management suc-
cess story for some, arrived in the
Great Lakes from the Atlantic coast and
was largely responsible for the crash of
ecologically and economically impor-
tant fisheries in the middle of this cen-
wury. Anyone who visited the Greal
Lakes shore In the heyday of the ale-
wifedamprey population boom and bust
cycles got avery real lesson in the value
of preventing binlogical pollution be-
cause of the decomposing alewlves
there. The composition of native sys-
tems was changed forever, and chemi-
cal control of this fish now costs Greal
Lakes taxpayers several million dollars
per year.

Most recently the zebra mussel
(Drelssena palymorpha) has captured
the exotic species spotlight. lis popu-
lation explosion has clogged municipal
and Industrial water intakes so thor-
oughly as 1o shut down entire factlities
Zebra mussels foul boat motors and
hulls. create razor-sharp docks and
mocks, plle-up on public beaches to de-

compose, decimate native clams and

contribute to algal blooms that ¢2
drinking water taste and odor prob-
lems. This phenomenal fiterer has
changed the most baskc structure of the
aguatic food web, The zebra mussel is

the poster-child of aquatic exotics:
nearly everyone knows about this nul-
sance,

Not all aguatle invaders come Into
the public spotlight. In the years be-
mprey and the zebra
mussel, there were many exotle new-
comers, but few have done as much as
these two pests o raise public aware-
s and understanding of aquatic nul-
sance species. Sclentists recorded 130
nonindigenous species intmductions
between 1885 and 1990, In the Greal
Lakes basin, round and tubenosed go-
bies (Neogobins spp.), rulle (Gymmno-
cephalus cernuus), spiny water Nea
(Bythotrephes cedarstroemi). rusty
viish (Orconectes rusticus), eurd-
sian watermilfoll (Myriophylum
spicatum), are among the most notori-
ous to establish themselves. Thelr slo-
ries are told In the reference materials
that follow,

These materials are the most
prominent avallable, but this collection
1 not complete. The Purple Loosestrife
Project Cooperators Handbook can be
a beginning point for further in-depth
I of the I and
growing body of aquatic exotics litera-
ture,

tween the sea k
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Selected Aquatic Nuisance Species Materials: 1999

ZEBRA MUSSEL
Boaters: Take Action Against Zebra
Mussals

Ohlo Sea Grant ln]lu.\ Program,
The Ohio Stal
near Road. Columbus, OH
ph: 614/292-8949; lax: 614/202-4¢ lﬂ-l
banicki, I@osu.edu [1996; 2 pages|

Zebra Mussel Distritstion Along
Michigan's Great Lakes Coastine
Michlgan Sea Grant College Pro-
gram, University of Michigan, 2200
Honisteel Blvd., Ann Arbor. M1 48109-
2000; ph: T34T64-1118; fax: 734647-
0768; msgpubs@engin. umich. edy

Safie Lise of Zetra Musssl in Classroom
ard Laboratones

Michigan and Ohio Sea Grant Col-
lege Programs, University of Michigan,
4116 LST. Bullding, 2200 Bonisteel
Blvi., Ann Arbor, M1 48109-2099; ph:
T64-1118: fax: T34/647-0768

Zebra Mussel Distribution in the Infand
Waters of Michigan

Michigan Sea Grant College Pro-
gram, University of Michigan, 2200
Bonisteel Bivd., Ann Arbor, M1 48109-
99; ph: T34TE4-1118; fax: 734647-
0768; msgpubs@engin. wmich. edu
[Updated regulariy]

Standard Frotocols for Marnitoring and
Sampling Zebra Mussals

Ilinols Natural History Survey, Lake
Michigan Biologlcal Station, 400 17th
St., Zion, IL 600949: ph: 847/872-8676;

fux: B4T/BT2-B679; jmarsden@uiue.
odie | 1992; 40 pages|

Detecting Zebra Musseks: A Monitaring
Program for Citizens

Michigan Sea Grant College Pro-
gram. University of Michlgan, 2200
Bonisteel Bivil., Ann Arbor. MI 48109-
2009; ph: T34/764-1118; lax: 734/647-
0768: msgpubs@engin.umich, edy
[1996; brochure describing loanable
equipment and instructions|

Control of Zebra Mussels in Resdential
Water Systems

New York Sea Grant, Zebra Mussel
Information Clearinghouse, Morgan 111,
State University College, Brockport, NY

zmussel@cce.cornell.edu [1996; 10
pages|

The Zebra Mussel (Dreissena polymor-
phal: An Urwelcome North Amenican
fmvader

New York Sea Grant, Zebra Mussel
Information Clearinghouse, Maorgan 111,
State University College, Brockport, NY
ph: 1-B00-285-2285 or
i fax: 716/395-2729,;
#mussel@cce. cornell.edu [1991: 12
pages|

T16/305-25

Present and Expected Economic Costs of
Zebra Mussel Damages to Water Users
with Great Lakes Water ntakes

Ohio Sea Grant College Program,
The Ohilo State University, 1314 Kin-
near Road, Columbus, OH 43212-1194;

ph: 614/202-8049; fax: 614/292-4364;
banicki, 1@asu.edu | 1995; 2 pages|

Aquetic Exotics: Sea Grant Resources on
Zebra Mussels

University of Wisconsin Sea Grant
Institute, 1800 University Ave,, Madi-
son, Wi 53705-40 ph: BOB/263-
3259; fax: G08/263-2063; lecampbe@
seagrant. wisc.edy [1995; 23 pages|

The Spread of Zabea Mussess to infand
Lakes-implications and Actions

Michigan Sea Grant College Pro-
gram, University of Michlgan, 4116
L.S.T. Building 2200 Bonisteel Blvd.,
Ann Arbor, MI 48109-2099; ph: 734/
TE4-1118; fax: 734/647-0768;
msgpubs@engin.umich,edu [1994; 66
slides and 10-page scripl; approximate
duration 3040 min|

Zebra Mussel Expert System

LS. Army Corps of Engineers, Ze-
bra Mussel Research Program, Water-
winys Experiment Station, 3909 Halls
Ferry Rd., Vicksburg, MS 39180-6199
Halls Ferry Ril., Vickshurg, M
61594; ph: 601/634-2976;
2398; sander!@exl.wes.a
[1996; CD-ROM|

Zebra Mussels, The Sient invader

Electric Power Rescarch Institute,
Distribution Center, 207 Coggins Dr.,
523: ph: 510/M34-
S le@eprinel.
-minute video on
large power-generating facilities, for
grade levels 7 and up|




Section One

Dreissenal

Zebra Mussel Information Cles
house, New York Sea Grant Ex
Morgan 11, State University College at
Brockport, Brockport, NY 14420-2028;
ph: 1-B00-285-2285 or 716/395-2516;
fax: 716/, T729: zmussel@cee,
cormell. edu [Published bi-monthly; 8-
16 pages]

Ivason of an Exotic Species.
Stop the Zebra Mussell

Virginla Sea Grant communications,
Virginia Institute of Marine Science,
P0. Box 1346, College of William &
souster Point, VA 23062 ph:
2-T170: fax: 804/642-T161;
velark@vims.edo [1994; Facl shecls
and classroom activitles for grades B-
12, Written for Virginial

Aliern Invadiers: A Ze
Issue Investigation
The Rivers Project, Southern [Hinols
University, Box 2222, Edwardsville, 1L
62026 ph: 618/692-3788; fax: 618/
BO2-3355; rivers@sive.edu [1994: 100
pages; Currlculum unit Tor middle

school students)

Zetva Mussel Mama Travaling Tunk

inois-Indiana Sea Grant Program,
University of Hlinols, 65 Mumford Hall,
1301 West Gregory Dr,, Urbana, 1L
G1801; ph: 2177 148; Tax: 217/
333-2614: rgoetlel@uinc.cdu [1996;
Science kit and currlculum to teach
children ages 8-14]

Mussel Menace! Zebra Musseds and Yoo,
Instrucior’s Training Package
Minnesola Sea Grant Exolic Specles
Information Center. University of Min-
nesola-Duluth, 230 st Filth St
Duluth, MN 55812-1445: ph: 218726+
AT12; fax: 218726 : diensen@
mes. mn.edy | 1996: Training package.
i al, fact sl
materials]

and other educations

EURASIAN WATERMILFOIL
How to Icdentiy and Search
for Eurasian Watermifod

Vermont Department of Environ-
mental conservation, Water Quality
Division, 103 South Main St., Building
10-North, Waterbury. VT 0567 1-0408;
ph: BOZ241-3777: fax: BO2241-32487;
mikeH@E@wateny.anrsiatevi.us | 1996; &
pages|

Eurasian Watermol
Pressed Ded Specimens
Vermont Department of Environ-

) 567 1-0408;
ph: BO2241-3777: Tax: BO241-3287;
mikeH@waterq.anr.state.vi.us
[Mounted on heavy paper and encased
in a waterproofl covering|

Ovpasition Speaficly and Bahavor

Minnesota
Information C

pa Grant Exotic Specles
University of Min-

nesota- Duluth, 2305 East Fifth St.,

Duluth, MN 55812-1445; ph: 218726-
B712; fax: 218726 : ifensen@
o urnn.edu | 1996, 8 pages)]

Imvestigations on the Potential Lise of an
Aguatic Weew to Control
Waterruliod

Michigan Grant College Pro-
gram, University of Michigan, 2200
Bonisteel Bivd., Ann Arbor, M1 48104
20099; ph: 7T34764-1118; fax: T34/647-
0768: msgpubs@engin. umich, edu
11997; 10 pages|

-LIFBSiaN

SEA LAMPREY
a Five Lamprey of the Great Lakes
Michigan Sea Gran
University of Michigan,
Bonisteel Blvil., Ann Arbor, M1 481
2009; ph: T34T64-1118; lax: 7346
0768; msgpubs@engin. umich.edu
[1997; 10 pages]

-
200
)

Great Lakes Fishery Commission
Fact Sheet Senes

Great Lakes Fishery Commission,
2100 Commonwealth Blvi., Suite 209,
Ann Arbor, M1 48105; ph: 313/662-
3209; I FTA1-2010:  mgaden@
areat-lakes.net | 1996; 8 pages]

Sea Lamprey Anniversary Colonng Book
Department of Fisheries & Oceans,
Bayfield Institute, 867 Lakeshore Rd.,
PO, Bax 5050, Burlington, Ontario L7R
! wh: HOGAB6-6240; fax: BO5A36-
4819; Colleen.OMeara@c-a.dfo. dfo-
mpo.x400gc.ca [1996]




Great L akes fvader

Great Lakes Fishery Commission,
2100 Commonwealth Bivil., Suite 209,
Ann Arbor, MI 48105; ph: 313/662-
3208; fax: 313/741-2010: mgadend
areal-lakes.net [1984]

Great Lakes fnvader: The Sea Lamprey
Battie Continaes

Great Lakes Fishery Commission,
2100 Commaonwealth Bhvd., Suite 209,
Ann Arbor, Mi 48105; ph: 313/662-
3209; fax: 313/741-2010; mgaden@
great-lakes.net | 1993; 25-minute videa]

EURASIAN RUFFE
Ruffe : A New Threat to Our Fhenies
Minnesota S ant Exotic Species
Information Center, University of Min-
nesota-Duly
Duluth, MN 3
8712; fax
o.umn.edu [1997: 4 pages|

Intemational Symposum on the Biology
of Ruffe

i Grant Exotic Specles
Information Center, 1n|\vr>.||u of Min-

I)nlum. M :
BT1Z; Tax: 218/726- dfensen@d.
wmm.edu [1997; 76 pages (Proceed-
Ings)|

Ther Ruffe: A Small Fh - Big Problems
Minnesola Sea Grant Exolle Species
Information Center, University of Min-
nesola- Duluth, 2305 East Fith St.,
Duluth, MN 55812-1445; ph: 218/726-

The Purple L

BTIZ; fax: 216726 ¢ diensend
o gy, e | 1993; 17-minute video]

ROUND GOBY

Round Gobies mvade North America
Hiinois-Indiana Sea Grant Program,

University of llinels, 65 Mum/ford .

1301 W. Gregory Dr., Urbana. IL

B1801; ph: 217/333-9448; fax: 217/
a3

6i14: rgoeltel@uluc. edu | 1993 2
pages|

Gobées in the Great Lakes

Ontarlo Ministry of Natural Re-
sources, Natural Resources Informa-
tion Center, Box 7000, 300 Water S1.,
Peterbomugh, Ontario K9J 8M5; ph: 1-
B00-563-7711 In Ontarlo or TOR/755-
; for requests In French 705/
1674; fax: TOTS
@epo_gov.on.ca | 1996;

Gabées: Cyberish of the '90s

Michigan Sea Grant College Pro-
gram and the Center for Great Lakes
and Aquatlc Sclences, University of
Michigan, 4116 L5.T. Bullding. 2200
Bonisteel Blvil., Ann Arbor, M1 48109-
2099; ph: TI4T64-1118; fax: T34/647-
0768; msgpubs@engin.umich.edy
[1996; 4-page fact shect aboul impact
on native benthie fish]

The Round Goby Neogobius Melano-
stomus (Pallas): A Review of European
and North Amenican [ terature
INinols-Indiana Sea Grant Program
University of llinois, 65 Mumford Hall,
1301 West Gregory Dr., Urbana, 1L

thlII ph: 217/7333-9448; fax: 217/
y : rgocttel@uivc.edu [1997;

SPINY WATER FLEA
Effects of Spiny Taled Bythotrephes on
Great Lakes Fish

Michigan Sea Grant College Pro-
gram. University of Michigan, 4116
L5.T. Building, 2200 Bonisteel Blvd,,
Ann Arbor, M1 48109-20889; ph: 313/
T64-1118; fax: 614/292-4364 [1997. 2
pages|

The Spiny Water Fles, Byrhotrephas
cadersioami: Another Uinwelcome
lewcomer to the Great Lakes
rant College Program,
State University., 1314
Kinnear Road, Columbus, OH 43212-
1194; ph: 614292-8040; G14/292-
4364; banicki 1 @asu.edy |1997; 2
ey

s)

Spiny Whter Flea Distribution

Ontario Ministry of Natural Re-
sources. Natural Resources Informa-
tion Center, Box 7000, 300 Water St
Peterborough, Ontario K9J BMS; ph: 1-
BOO-563-7711 in Ontario or 705/
0: for requests in French
301674 fax: T05/755-1201;
al@epo.gov.on.ca [1995;
dated annually|




OTHER AQUATIC NUISANCE
SPECIES, GENERAL MATERIALS
Great Lakes Sea Grant Network Exotic
Species Graphics Library Calalogue
Michigan Sea Grant College Pro-
gram, University of Michigan, 4116
I.5.T. Bullding, 2200 Bonisteel Blvd,,
Ann Arbor, MI 48109-2099; ph: 734/
T64=1118; fax: TIGAT-068; msgpubs
@engin.umich.edu [1993)

A Field Guide to Aquanic Exabc Plants and
Animials

Minnesota Department of Natural
Resources, Exotic Species Program,
500 Lafayette Rd., Ste. Paul, MN
§ ph: 612/296-2837
6127206-1811; debble.hunt@dnr.state.
mn.us [1992; 12 pages|

Biological invasions, How Aguatic
Nusance Species Are Entening Narth
Amenican Waters, the Harm They Cause
and What Can Be Done to Sohe the
Frobiem

Great Lakes Panel on Aquatic Nul-
sance Species, ofo Greal Lakes Com-
mission, The Argus Il Bullding, 400
Fourth St., Ann Arbor. M1 48102-4816;
ph: 3166 135; fax: 31 W665-4370:
gle@greal-lakes.met [1997; 8 pages]

Rusty Crayfish: A Nasty Imader
Minnesola Sea Grant Exotle Specles
Information Center, University of Min-
nesota- Duluth, 2305 East Filth St.,
Duluth. MN 5581 ph: 218726~
B712; fax: 218/726-
d.umn. echt [1995: B pay

diensend@

Agquatic Nusance Species Information and
Eotucanon Matenals Relevant to the Great
Lakes Basin: Recommendations and
Deseriptive inventory

Great Lakes aPanel on Aquatic Nui-
sance Spec /o Great Lal
mission, 400 Fourth Streel, /
MI48103; ph: T34/665
G65-4370 [1997: T0 pages plus appen-
dices)

Aquatc Exatics

Minnesota Department of Natural
Resources, Exotic Specles Program,
L MN

500 Lafayette Rd., St Pa
4025; ph: 612/296-283

127206-
1811; debbiehunt@dar.state.mn.us
11996; 22-minute videa|

Exnbic Aquatics Tavedng Tunk

Minnesota Sea G
Information Cente
nesola-Duluth,
Duluth, MN 55812-1445: ph: 218726-
B712; fax: 218721 i diensen@
o umn.edu [1996; Sclence kit and cur-
riculum]

nt Exotic Species
versity of Min-
Finh 5t.,

ANS Digest

Freshwater Foundation, 2500
Shadywood Road, Navarre, MN 55331;
ph: 612/471-9773; fax: 612/471-7685;
nhalker@freshwater.org |Published
gquarterly]

Fishwanys - Primary/Junior

Ontario Ministry of Natural Re-
sources, Natural Resources Informa-
ton Center, Box 7000, 300 Water St.,

74; fax: T05/755-1201: dextraal
@epo.govon.ca | 19971: Aquatic ecosys-
tem curriculum]

Exciic Species Compendiurm of Actrties
Io Protect the Ecosystem (ESCAPE)

inois-Indiana Sea Grant Program,
University of lllinols, 65 Mumfond
1301 West Gregory Dr., Urbana, II
G1801; ph: 217/333- x 217-
333-2614, rgocticl@uluc.edu [2000;
approx, 50 pages|

Integrated Pest Management for Exate
Species in Michigan Iniand Lakes

Michigan State University Extension
Bulletin Office, Room 10b Agri
Hall, East Lansing. M1 48824 [
A53-T168; Mipfecenel. msuve.msy, edy’
bulletindctigmast htmi [2000; approx.
30 pages|

BALLAST WATER
Balast Wter: Canadian Coast Guard
Transport Canada, Ship Safety, 201
N. Front 5t
ph: 519383
wilevef@ie.ge.ca | 1995,

No Room at the Intake: Review of the
Great Lakes Ballast Witer Management
Flan

Lake Carrlers’ Assoclation. 614
Superior Ave., West, 8915 Rockefeller
Building, Cleveland, OH 4 1383;
ph: 216B21-1107; fax: 216/241-8262

3: 20-minute video]
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