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INTRODUCTION

The Great Lakes Indian Fish and Wildlife Commission (GLIFWC) is an organization exercising
delegated authority from 11 federally recognized tribes in Minnesota, Wisconsin, and Michigan.
These tribes retain hunting, fishing, and gathering rights in the territories ceded to the United
States through various treaties (Figure 1).
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Figure 1. GLIFWC member tribes and ceded territory boundaries.

Healthy aquatic plant and animal communities provide a foundation for the exercise of treaty
rights by providing food and habitat for culturally important game species, as well as subsistence
foods and medicines for tribal members. Non-native invasive aquatic plants and animals threaten
the health of native ecosystems and the resources harvested and utilized by tribal members, by
altering aquatic ecosystems and adversely affecting native species.
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Since the early 1800s, at least 162 species of fish, plants, invertebrates, algae, and pathogens
have been introduced into the riparian and aquatic habitats of the Great Lakes (Ricciardi 2001,
from various sources). Many of these organisms have since invaded inland lakes and rivers in the
ceded territory, and others are now poised to do so. The more destructive of these invasives have
caused major environmental and economic impacts; for example, the economic cost of zebra
mussels alone has been estimated at $100 million since its introduction (Pimentel et al. 2000).

The objectives of the 2004 GLIFWC aquatic invasive species surveys were: 1) to develop a rapid
assessment protocol, 2) to assess and document the scope of the problem, 3) to detect small
populations of the worst invasives before they become large, environmentally damaging
populations, and 4) to prioritize education and management efforts.

Unless otherwise indicated, vascular plant nomenclature and geographic origin follow Gleason
and Cronquist (1991).

OVERVIEW OF INTRODUCED AQUATIC SPECIES
Target and Nontarget Species

These surveys were designed to detect certain “target” invasive plants and animals that are listed
as aquatic invasive species in the 1837 Treaty Conservation Code for the Minnesota Ceded
Territory (the Model Code). These original target plants were flowering rush (Butomus
umbellatus), European frog-bit (Hydrocharis morsus-ranae), hydrilla (Hydrilla verticillata),
purple loosestrife (Lythrum salicaria), Eurasian water-milfoil (Myriophyllum spicatum), and
water chestnut (Trapa natans). Several additional plants were also considered target plants for
this survey: yellow iris (Iris pseudacorus), brittle naiad (Najas minor), yellow floating-heart
(Nymphoides peltata), Eurasian forms of common reed (Phragmites communis), and curly-leaf
pondweed (Potamogeton crispus). Two more plants, water hyacinth (Eichhornia crassipes) and
water lettuce (Pistia stratiotes L.) were also added to this list based on information in WDNR
(2003). A phenology of key attributes for detecting the “original” target plants was developed to
guide survey efforts (Table 1).

The target animal was the zebra mussel (Dreissena polymorpha), with quagga mussel (Dreissena
bugensis), spiny water flea (Bythotrephes longimanus), and fishhook water flea (Cercopagis
pengoi) also added to the list. Brief information on these species is presented below.

Other invasive plants and animals are also established in the ceded territory. Most of these are
considered generally less invasive, or so common as to be impractical to delineate patches on
lakes where they occurred. These were simply recorded as “present” or “absent” on each lake.



Table 1. Optimal phenology of key plant attributes used for detecting target invasive plants (May - October).

Plant May June July August September October
Early Late Early Early late FEarly Late Early Late Early Late
Brittle Naiad :
. . Near-surface vegetation
Najas minor
Common Reed (Eurasian haplotype) Stems
Phragmites australis Flower or seed heads
Curly Pondweed Near-surface vegetation
Potamogeton crispus Turions
Flower/Fruit
Eurasian Water Milfoil Near-surface vegetation
Myriophyllum spicatum Flowering
European Frog-bit Floating vegetation
Hydrocharis morsus-ranae Flowering
Flowering Rush Emergent vegetation
_Butomus umbellatus Flowering
Hydrilla Seedheads
Hydrilla verticillata .
Near-surface vegetation
Purple Loosestrife Flowering
Lythrum salicaria Seedheads

Water Chestnut
Trapa natans

Floating vegetation
Flowering
Seeds

Yellow Floating Heart
Nymphoides peltata

Floating vegetation
Flowering

Yellow lIris

Iris pseudacorus Flowering

Emergent vegetation




Nontarget plants included Eurasian marsh thistle (Cirsium palustre), Eurasian mints (generally
Mentha x gentilis), water forget-me-not (Myosotis scorpioides), reed canary grass (Phalaris
arundinacea), white and crack willow (Salix fragilis and S. alba, along with their hybrid, S. x
rubens), bittersweet nightshade (Solanum dulcamara), and narrow-leaf and hybrid cattails
(Typha

angustifolia and T. x glauca). Nontarget animals were Asian mysterysnails (Cipangopaludina
chinensis subsp. malleata), Georgia mysterysnails (Viviparus georgianus), and rusty crayfish
(Orconectes rusticus). Except for rusty crayfish, the spread and impact of these species have not
been systematically monitored or researched.

Because they are such aggressive and notorious invasives, several terrestrial plants that
sometimes occur along lakeshores, in wet woods, etc. were also recorded as present/absent.
These included Eurasian bush honeysuckles (Lonicera tatarica, L. morrowii, and their hybrid, L.
x bella), common buckthorn (Rhamnus cathartica), glossy buckthorn ®. frangula), and Japanese
barberry (Berberis thunbergii).

While these surveys focused primarily on populations of the above plants and animals on the
survey lakes, it was intended to be flexible, and occasionally other introduced plants were
recorded as well.

Target Plants

Emergent and shoreline plants

Purple loosestrife is native to Eurasia. It is now widespread and locally common throughout the
upper Great Lakes region. Flowering usually begins in July. GLIFWC, the Wisconsin
Department of Natural Resources (WDNR) and Minnesota Department of Natural Resources
(MNDNR), and citizen volunteers have been distributing Galerucella beetles [G. calmariensis L.
and G. pusillus Duft., (Coleoptera: Chrysomelidae), both USDA-approved biological control
agents] at various loosestrife-infested sites throughout the ceded territory.

Flowering rush is also native to Eurasia. It is the lone member of the plant family Butomaceae. It
is a relative newcomer to the upper Great Lakes region, and is still quite localized here.
Flowering rush typically grows as an emergent or wet-ground species, but can also form
persistent, entirely submersed patches in deeper water (Hroudova et al. 1996). For sampling
purposes it was assumed that if deepwater colonies were present, emergent plants would also be
present. Flowering rush begins flowering around late June or early July.

Common reed is both native and introduced to North America. Prior surveys conducted by
GLIFWC staff suggest that nearly all common reed colonies in northern Wisconsin and the
western Upper Michigan are of the native genotype. The non-native type is somewhat different
than the native type in appearance and habitat requirements (though there is some overlap), and



is generally much more aggressive in natural habitats (Blossey 2002). For these surveys only
colonies of the introduced type were recorded as an invasive.

Yellow iris is native to Europe. Scattered populations of yellow iris now occur across the upper
Great Lakes region. This plant can be aggressive in wetland and shoreline habitats, forming
dense colonies several meters or more in diameter. Mature plants are easy to spot in May and
June, when they produce large, bright yellow flowers. Small, non-blooming patches can be very
difficult to separate from the native blue flag iris (Iris versicolor).

Free-floating plants

Free-floating species typically inhabit quiet waters such as marshes, ponds, backwaters of rivers
and streams, sloughs, and sheltered bays of larger lakes, though they can conceivably be found
adrift anywhere in a lake.

European frog-bit was the only target free-floating plant. As its name indicates, it is native to
Europe. While not yet known from the upper Great Lakes region, European frogbit has become
abundant along portions of the upper St. Lawrence Seaway and its tributaries from Vermont as
far west as Detroit, and is also established at a site in Washington State (Jacono 2002). It begins
flowering around mid- to late June, but is distinctive enough to be easily recognized from early
June onward. Unless European frog-bit is newly introduced to a lake, it would probably form
large floating patches unlikely to be missed.

Two additional floating aquatic invasive plants, water hyacinth (native to the Amazon region of
South America) and water lettuce (native to tropical America), have recently been found in
Wisconsin inland waters (WDNR 2003). Water hyacinth was discovered in a “lagoon” in
northern Wisconsin, where eradication efforts are underway (WDNR 2003). Although these
plants are generally not thought to be cold-hardy enough to become established in the upper
Midwest (see Jacono and Richerson 2003 for water hyacinth, and Ramey 2001a and USGS 2003
for water lettuce) the discovery of at least transient populations in the upper Great Lakes region
is cause for concern.

Rooted, floating-leaved plants

Water chestnut (native of Eurasia) was the only target rooted, floating-leaved plant. Although
this plant would probably not begin to flower here until July onward, its floating rosette of leaves
is unlike anything in our flora, so this plant is likely detectable from June onward. The large,
four-spined seeds might well be obvious on the shoreline. As with European frogbit, established
colonies of water chestnut are likely to be dense and extensive.

Another floating-leaved plant likely to show up in the upper Great Lakes region at some point is
yellow floating-heart. Native to Europe, yellow floating-heart is now locally established across
much of the central US, from Vermont to Illinois and Texas, and in several western states
(USDA-NRCS 2004), and is attaining pest status in some areas. Though it superficially



resembles the true water lilies (e.g., Nymphaea and Nuphar spp), yellow floating-heart belongs
to an entirely different plant family. It flowers from June through September.

Submersed plants

Target submersed plants included Eurasian water-milfoil and hydrilla. Native to Eurasia,
Eurasian water-milfoil (or just Eurasian milfoil) can reach the surface from as deep as 5 m, and
grow as deep as 10 m (Aiken et al. 1979). It typically branches only sparsely until is nears the
surface, where it then branches profusely, forming a “canopy” that shades out the vegetation
below. Eurasian milfoil is now fairly common across the upper Great Lakes region, and is
probably the region’s most problematic introduced aquatic plant.

Hydrilla is native to Asia. It can live in water only a few cm deep, and has been found rooted in
water as deep as 15 m, with 3 m roughly optimal (Langeland 1996). Its stems can reach 7.6 m
long, allowing the plants to reach the surface from deep water (Ramey 2001b). Hydrilla
possesses some rather unique physiological adaptations, allowing it to survive and grow at less
than 1% of full sunlight, and to colonize deeper water than almost any other aquatic plant (Van
et al. 1976, Langeland 1996). Both monecious and dioecious strains of hydrilla exist; the
monoecious form (thought to be native to Korea) appears to be more cold-tolerant and is the
form now established in the eastern US and in Washington State. While it has not yet been found
in the region, the monoecious type may be cold-tolerant enough to invade upper Great Lakes
waters. The US-ACE (2001) considers hydrilla to be the worst submersed invasive plant in
North America.

Curly-leaf pondweed (or curly pondweed) is native to Eurasia, Africa and Australia (Catling and
Dobson 1985). It is the only introduced pondweed (Potamogeton spp.) in the Great Lakes region
(FNA 1993+). It is now apparently common in lakes of northwest Wisconsin and northeast
Minnesota, but uncommon or even absent from large areas in northeast Wisconsin and western
Upper Michigan (WIS 2005, D. Blumer, pers. comm.). Its optimal depth is 1 to 3 m, though it is
known to occur in water as deep as 7 m (Bolduan et al. 1994). After living through the winter as
an immature rosette, curly pondweed grows rapidly in the spring, producing turions in early
summer and disintegrating in July (but see Results). These turions (often with attached shoots)
may be seen floating just below the surface as late as August (pers. obs.).

Brittle naiad is native to the Old World. It has been reported as colonizing water as deep as 3.7
m, and reaching the surface from 2.7 m (VT-DEC 1998). Brittle naiad is now found in the
eastern US as far north as Vermont and southeastern lower Michigan, and as far west as Illinois
and Oklahoma (USDA-NRCS 2004), and could soon begin to show up in lakes and rivers of the
ceded territory.



Nontarget Plants

Although many of these plants are usually not considered to be serious invasives (reed
canarygrass being a major exception), all of them are very likely increasing in abundance across
the region, and may eventually be viewed as serious pests. Most of these invaders (e.g.,
nightshade, reed canarygrass) are already common across the ceded territory (WIS 2005). Others
are still uncommon, but have become abundant elsewhere in the Great Lakes region. One of
these (white willow) has already become abundant along lakeshores and other suitable habitat in
southern Michigan (A. Reznicek, pers. comm.), with unknown but probably significant effects
(e.g., on native willows). Another, Eurasian marsh thistle, is well on its way to becoming a
serious pest throughout the upper Great Lakes region. Voss (1996, p. 519) related how this
aggressive invasive spread from Marquette, Michigan, where it was first discovered in the
midwest in 1934, across the Upper Peninsula to northern lower Michigan and northeast
Wisconsin.

Reed canarygrass is native to Eurasia and to western North America (Gleason and Cronquist
1991, Merigliano and Lesica 1998). It appears to have been widely established in the "Inland
Northwest" (Montana, Idaho, and Wyoming) well before widespread European settlement
(Merigliano and Lesica 1998). Collections made in the early through late-1800s indicate that it
was abundant in the floodplains of the major rivers, and occasionally present (but apparently
uncommon) in isolated meadows, lakeshores, and other wet areas in the region (Merigliano and
Lesica 1998). Whether reed canarygrass is native to central and eastern North America is
questionable. It seems likely, though, that all or nearly all midwestern populations are Eurasian
strains or hybrids with these strains (Maurer et al. 2002).

WIS (2004) describes nonnative plants according to their invasiveness, with “ecologically
invasive” being its highest ranking, followed by “potentially invasive” and then several lesser
ratings. Except for yellow iris, which is listed as “potentially invasive”, all of the target plants
that are known from Wisconsin are described as “ecologically invasive”. Of the nontarget
aquatic and wetland plants recorded during these surveys, reed canarygrass and water forget-me-
not are described as “ecologically invasive”, with narrow-leaved and hybrid cattails and
nightshade listed as “potentially invasive”. The terrestrial species (along with Oriental
bittersweet, Celastrus orbiculatus) are all listed as “ecologically invasive” by WIS (2004).

Target Animals

Zebra and quagga mussels

Zebra mussels originate from the Caspian Sea basin of eastern Europe (US-ACE 2004). Zebra
mussels were spread by boat traffic throughout Europe in the 1800s, finally reaching North
America in the mid-1980s, presumably as hitchhikers in the ballast water of a transatlantic ship.
Since their discovery in Lake Champlain in 1988, they have spread throughout the Great Lakes,



including a number of inland lakes in lower Michigan and eastern Wisconsin (see GLIFWC
2005). They have also colonized the Mississippi River system, as far north as the lower St. Croix
River (WDNR 2003). So far only a handful of inland sites are known across upper Michigan,
northern Wisconsin, and central and southeastern Minnesota (see GLIFWC 2005).

Zebra mussels are associated with a number of significant impacts on aquatic ecosystems,
including alteration of habitats, decline or elimination of native species, and changes in water
quality. They filter large amounts of water and have high population growth rates. Their shells
accumulate in windrows along beaches and shorelines. They are notorious for fouling water
intakes, boat hulls and engines, docks and navigational buoys (US-ACE 2004). Recently they
have been implicated in blooms of toxic blue-green bacteria, by feeding selectively on
competing green algae (VVanderploeg et al 2001).

The susceptibility of a lake (or other water body) to colonization by zebra mussels can vary not
only from lake to lake, but also within a lake. The US-ACE (2004) has developed a calculator
that allows the susceptibility of a lake to zebra mussel infestation to be estimated based on five
factors: pH, calcium concentration, dissolved oxygen, salinity, and temperature (number of
months above 12° C). US-ACE (2004) strongly recommends one year of reliable data collection
for these parameters before attempting to predict the sensitivity of a water body to zebra mussel
colonization. They also recommend estimating the risk of infestation of a lake before
implementing a monitoring program.

One of the best single indicators of susceptibility to invasion is pH (US-ACE 2004). Lakes with
pH of about 8.0 and above are susceptible to massive infestation. Veligers cannot survive below
about pH 6.9, and adults cannot survive indefinitely below 6.5.

Another key parameter influencing zebra mussel veliger presence or absence in the water column
is temperature (US-ACE 2004). Female zebra mussels begin to release eggs when the water
temperature reaches 10-12° C, while the slightly more cold-adapted quagga mussels start
releasing eggs at around 8-10° C. Spring sampling for veligers is generally not worthwhile
before water temperatures reach these levels.

Quagga mussels are native to an estuary of the Black Sea. They were first discovered in North
America in 1992 (May and Marsden 1992), and are now established in the St. Lawrence River
and Lakes Erie, Ontario, and Michigan. They are somewhat more cold-adapted than zebra
mussels, colonizing depths to 100 m or more in the Great Lakes (Spidle et al. 1995).

Water fleas

Spiny and fishhook water fleas are native to the Baltic Sea and Caspian Lake/Sea regions of
Eurasia, respectively (Maclsaac and Grigorovich 1999). The spiny waterflea first appeared in
North America in the 1980s, and has since colonized all the Great Lakes and scattered inland
lakes (Caceres and Lehman 2002). Adults can reach slightly over 1 cm long, including the long,



thin “tail” spine. Nearly all the summer adults are females that produce viable eggs
parthenogenically (without fertilization). Females typically produce only females until fall, when
stressful conditions (reduced food supplies, dropping temperatures, etc.) cause them to produce
eggs that hatch into males. These males then mate with the females, resulting in “resting” eggs
that pass the winter on the bottom, hatching in the spring to start the cycle over.

Spiny water fleas typically are active in the water column throughout the summer (Berg 1991).
Adults of this cool-water species are sensitive to warm waters. Adult spiny water fleas disappear
from shallow western Lake Erie in late summer, when the temperature throughout the water
column reaches roughly 25° C (Berg 1991). In other areas of the Great Lakes, spiny waterfleas
are able to escape to deeper, cooler waters in late summer. Research into the spread of the spiny
waterflea involving Michaelis-Menton type assessments of vector outflows from invaded lakes
to other invaded lakes or to other, uninvaded lakes is ongoing in Ontario (Anonymous 2004).

The fishhook water flea has been found at scattered locations in Lakes Michigan, Ontario, and
Erie, and in the Finger Lakes region of New York. Large adults can reach nearly 2 mm in body
length, with a caudal process (“tail spine”) of up to 10 mm (Anonymous 2004). In Lake Ontario,
predation by the fishhook waterflea has significantly decreased populations of three dominant
native zooplankton species (Laxson et al. 2003).

Nontarget Animals

Mystery snails

During GLIFWC’s 2003 St. Croix headwater lakes survey (Milroy 2004), two species of non-
native snails were observed to inhabit some of these lakes. The striped or Georgia mysterysnail

IS native to the southeastern United States, including the Ohio River drainage. It is apparently not
native to Michigan (Pace and Szuch 1985, Myers and Burch 2001) or the upper Great Lakes
region, though there is some disagreement about this (D. Heath, pers. comm.). To complicate
matters further, Clarke (1981, cited in Mills et al. 1993) points out that the Georgia mysterysnail
is nearly indistinguishable from the closely-related European mysterysnail Viviparus viviparus,
and that some apparent Georgia mysterysnail populations in North America might really be this
species.

The Chinese mysterysnail is native to east Asia. This snail first reached Wisconsin roughly 50
years ago, and is now well established in northern Wisconsin (D. Heath, pers. comm.). A third
snail, the Japanese mysterysnail C. japonica) is not yet known to occur in Wisconsin (D. Heath,
pers. comm.). It is very closely related to the Chinese mysterysnail, and some authors consider it
a subspecies or variety of that species (Jokinen 1982).

Asian and Georgia snails often become common to abundant in the lakes where they have been
introduced, even forming windrows of shells on the beaches and leaving shell fragments



scattered across the bottoms.

Rusty crayfish

The rusty crayfish is native to the Ohio River Basin and certain adjacent drainages, in the states
of Ohio, Kentucky, Tennessee, Indiana, and Illinois (Gunderson 2004). They have since been
introduced to much of the northeastern and midwestern US, primarily by anglers using them as
bait. Once introduced, rusty crayfish often become abundant, destroying plant beds and leading
to reduced productivity and loss of habitat for a wide variety of organisms, including native
crayfish (Lodge and Lorman 1987, Olsen et al. 1991).

In a 2003 GLIFWC surveys of northwest Wisconsin lakes, scuba diving proved an effective way
of finding rusty crayfish, at least where they were abundant. At lower infestation levels, rusty
crayfish can be difficult to detect without setting out crayfish traps for them.

Other potential regional invaders

Another invertebrate introduced into the upper Great Lakes region is the amphipod
Echinogammarus ischnus. It appeared in Lake Erie in the early 1990s, and has since been found
in Lake Superior. In Lake Erie it appears to strongly prefer rocks covered by zebra mussels (with
which it evolved) to mussel-free rocks, where it is replacing the native amphipod Gammarus
fasciatus (Dermott et al. 1998). The subtropical African waterflea Daphnia lumholtzi has become
established in scattered locations in the southeast US. It was discovered in Lake Pepin, on the
Minnesota / Wisconsin border in 1999, and in 2003 evidence of a reproducing population was
found there (MNDNR 2004). It is also established in Lake Erie (Muzinic 2000). The Asian clam
(Corbicula fluminea) is locally established across much of the US, as far north as the Mississippi
River in western Wisconsin and in northeast Minnesota (USGS 2001). This significant invader
can reach very high densities of 1000 or more per m? (Stites et al. 1995). It is likely to show up
in the ceded territory in coming years. Because of increasing global trade and overall lax federal
standards for limiting new introductions, the list of invaders (both plant and animal) to the Great
Lakes region will undoubtedly continue to grow.

METHODS

Survey Lakes

Thirteen long-term study lakes and 14 of the top wild rice and walleye harvest lakes were chosen
for survey (Figure 2). Two of these lakes were visited more than once. Based on reports of
infestation by spiny water fleas, a lake which had not originally been scheduled for survey (Sand

Lake in Sawyer County) was added to the list. Lakes sampled, along with acreage, dates
surveyed, and other information appear in Table 2.
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Figure 2. Lakes surveyed for invasive species in 2004 (numbers refer to Table 2).
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Table 2. Lakes surveyed for invasive plants and animals during the summer of 2004. Maps of

these lakes are included in the Appendix.

Waterbody County State Acres Dates Surveyed Map
Totagatic Bayfield wi 538.1 6/15 1
Pacwawong Sawyer wi 147.9 6/16 2

6/17, 6/21, 8/22,
Round Sawyer wi 3324 9/13-9/14, 9/30 3
Squaw Oneida - Vilas wi 735.5 6/22,9/9 4
Sherman Iron wi 126.3 6/23 5
Allequash Vilas Wi 405.5 6/24 6
Aurora Vilas wi 82.8 6/24 7
Phantom Burnett wi 932.1 6/29 8
Long Burnett wi 329.2 6/30 9
Clam River Flowage Burnett Wi 411.9 7/1 10
Clam Lake Burnett wi 1337.6 7/7-7/8 11
Spur Lake Oneida wi 112.6 7112 12
Thoroughfare Oneida wi 174.9 7/13 13
Pelican Oneida wi 3544.8 7/14-7/15 14
Metonga Forest Wi 2038.5 7/16 15
Rice River Flowage Lincoln / Oneida Wi 559.6 7120 16
Bearskin Oneida wi 402.7 7/21 17
Upper Nine Mile Vilas/Forest Wi 107.7 7122 18
Lac Vieux Desert Vilas / Gogebic Wi/ Ml 4017.3 7/26-7/27 19
Kentuck Vilas / Forest wi 1001.1 7/28 20
Butternut Forest wi 1246.3 7129 21
Bass Washburn wi 187.4 8/2 22
Chippewa Flowage Sawyer wi 14377.9 8/3-8/5 23
Annabelle Vilas Wi 194.5 8/9 24
Turtle Flambeau Flowage Iron Wi 12942.3 8/10-8/12 25
Gogebic Ontonagon / Gogebic MI 13120.3 8/16-8/17 26
Gile Flowage Iron wi 3137.6 8/18-8/19 27
Nelson Sawyer Wi 27159 8/23-8/24 28
Gull Burnett wi 178.3 8/24 29
Loon Burnett wi 56.5 8/24 30
Briggs Burnett wi 53.6 8/24 31
Namekagon Bayfield Wi 2607.1 8/25-8/26 32
Siskiwit Bayfield wi 284.8 8/30 33
Mille Lacs Aitkin/Crow Wing/Mille Lacs MN 127221.9 8/31-9/2 34
Squirrel Oneida wi 1309.5 9/7-9/8 35
Sand Sawyer Wi 928 9/15 36

* Acreages obtained from a 1:24,000 map coverage, using ArcView 3.1 (ESRI Corp., Redlands, California)
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Data Collection

Data were recorded directly into a GIS spatial database using a handheld Trimble GeoXM GPS
receiver/data recorder (Trimble Navigation Ltd., Sunnyvale, CA) running ArcPad GIS software
(ESRI Corp., Redlands, CA)(Figure 3). Customized data entry applications were developed for
each data category (invasive species, boat landings, and water quality) using ArcPad Application
Builder (ESRI Corp., Redlands, CA)(Figure 4). The customized data entry applications speeded
data entry in the field and reduced the potential for error during data entry by providing
standardized nomenclature, required fields, and an integrated environment to display the real-
time GPS location overlain on existing GIS layers such as lakes, local roads, and invasive
species locations.
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Potential “Hotspot” Areas

Boat landings

Because nonnative aquatic species are often transported on boats, trailers, and associated
equipment, boat landings are high-probability locations for introduction and establishment of
many invasive plants and animals (Skogerboe et al. 2003). The likelihood of invasives being
introduced to each lake is probably directly proportional to user intensity (the number of boats
entering per unit time) as well as the proximity to already-infested lakes. All public and some
private boat landings on each lake were surveyed for invasives.

Boat landing names and locations were recorded using the hand-held GPS receiver. The presence
and types of informational signs (if any) posted at each landing warning boaters about invasive
species were also recorded. This data will be combined with similar information collected by
GLIFWC electroshocking crews and the WDNR, to identify any landings lacking signs.
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At each landing, submersed plants were sampled using two garden rake heads clamped together
back-to-back, and attached to a rope (e.g., Skogerboe et al. 2003, see also Bednarz and Wandell
2002, p. 16 for illustration). The area out from and on each side of the boat landing was sampled
by choosing a point in about 1 to 2 m of water. At each point the landing name and water depth
was recorded. The rake was thrown 6 to 9 m from the boat and dragged back along the lake
bottom. Two throws were made at each point, one towards shore and the other away from shore,
in order to sample the greatest depth gradient from that point. The material retrieved by each
throw was dumped into a pan and searched for introduced plants and animals.

Inlets

Though not as high-priority as boat landings, tributaries are another possible entryway for
invasives into lakes, especially if these tributaries pass through developed areas or are fed
directly by other lakes and ponds. The inlets of these streams and rivers, and any associated
wetlands, were searched for invasive plants. At least one source (VT- DEC, no date) also
recommends paying special attention to outlets.

Other “hotspots”

Lakeshores in close proximity to roads seemed to be higher-probability spots for finding purple
loosestrife and perhaps Eurasian marsh thistle. These areas also were a search priority, at least
for emergent and shoreline plants. Developed shorelines were also considered “hotspots”,
especially for invasive plants.

Invasive Plant Surveys

Because of their need for light and corresponding affinity for relatively shallow water, invasive
vascular plants are most likely to become established along shorelines and in near-shore areas
(the littoral zone). Shorelines (including island shorelines) were surveyed from the outer edge of
or occasionally within the littoral zone from a slow-moving boat, checking any suspicious-
looking patches of vegetation. Small, shallow rice lakes were sampled from a canoe, while the
larger lakes were sampled from a small motorboat. Adjacent wetland areas, including inlets and
outlets of streams and rivers, were also surveyed. Locations of target invasive plant patches were
recorded at about the center of the patch, along with basic information on patch size and habitat.
Nontarget aquatic and terrestrial invasives were recorded as present or absent for each lake. Only
the location of the first patch was recorded for these nontarget species, however.

Whenever purple loosestrife patches were discovered, evidence of damage (if any) by loosestrife
beetles (Galerucella spp.) was recorded. Similarly, whenever Eurasian milfoil was discovered an
attempt was made to find milfoil weevils [Euhrychiopsis lecontei Dietz (Coleoptera:
Curculionidae)]. While this native weevil’s natural host is northern milfoil (Creed and Sheldon
1993), it performs as well or even better on Eurasian milfoil (Newman et al. 1997). Typically the
terminal 0.25-0.50 m of the branches were collected and later examined for weevil larvae, by
looking for damage on the plants and slicing stems lengthwise with a razor blade.
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Specimens of invasive plants were collected whenever a target plant was found in a new lake, or
when the species was a “county record”, or thought to be regionally uncommon. These
specimens were pressed and sent to public herbaria, along with a label giving the location and
appropriate notes. Duplicates of several collections were deposited in the GLIFWC herbarium.
Finally, an informal list of native emergent and aquatic plants observed on each lake was kept,
for future reference.

Zebra Mussels

Sampling for veligers

Sampling for veligers is probably the most efficient and sensitive method for detecting zebra
mussel infestation, particularly if the settled population is small and/or localized in a lake (US-
ACE 2004). An attempt was made to obtain at least three samples per lake, in representative
habitats and locations. Typically at least one sample was taken near a busy boat landing, and
one or two additional samples in other areas of the lake, with the number of samples based on
lake size. More than three samples were taken in the large lakes and flowages, while several of
the smaller “rice lakes” only had one spot that was deep enough for a tow. The very shallow
lakes were not sampled for veligers.

Sampling was accomplished using a 64 pm (size 25, or 200 meshes per inch) mesh plankton net
with a 30 cm opening and a plankton collection cup with 64 um mesh over the holes. [The water
volume sampled then equals r2(h), where r is the radius of the net opening and h is the distance
through which the net traveled.] The net was lowered cup-down into the water, allowed to sink
to the appropriate depth (typically 5 m), and then slowly pulled vertically back to the top
(WDNR 2004a). When the sampling point was too shallow for a 5-m tow, two 2.5-m tows were
taken instead. In the more oligotrophic lakes, two 5-m tows were taken for each sample. After
removing the net from the water, all net contents were flushed into the cup. The samples were
then transferred to plastic sample bottles, labeled, and preserved with 4 parts 95% ethanol.

Zebra mussel plankton tow samples were kept refrigerated until they could be taken to the
WDNR Service Center in Plymouth, Wisconsin for analysis. Cross-polarized light was used to
aid in veliger detection.

Surveys for juveniles and adults

Because of time and resource limitations, systematic surveys for settled individuals (juveniles
and adults) were not possible. However, beach debris, boat pier supports, rocks, and shorelines at
each public boat landing were checked for evidence of zebra mussels (live animals or shells).
Shoreline debris and aquatic macrophytes were occasionally examined visually for small zebra
mussels, as the lakeshore and littoral zones were being surveyed for invasive plants.
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Waterfleas

Horizontal plankton tows were used to sample for spiny and fishhook water fleas, following the
protocol of Johnson (2004). A 0.5 m-opening, 253 pum mesh net with a 64 pm mesh cup was
used for waterfleas. A suitably deep portion of the lake was chosen to sample (typically 5 m or
more), and the net was towed through the water at low speed for approximately 100 m. This
distance was measured using a hand-held GPS receiver, aided later on with 2 small, anchored
plastic floats. Just before the starting point, the net was dropped into the water cup-first (to allow
air to escape), immediately followed by the mouth of the net. Typically the net was allowed to
sink to a depth of 3-5 m during the first part of the tow and then raised slowly, removing it from
the water at the end point. The net contents were then washed into the cup, transferred to a
plastic bottle, and preserved with 95% ethanol.

As with the veliger tows, one sample from each lake was typically taken in the vicinity of a busy
boat landing, and 1-2 additional samples in other areas of the lake. Shallow “rice” lakes were not
sampled for waterfleas. Waterflea tow samples were kept refrigerated until they could be
analyzed by personnel at the WDNR Plymouth Service Center.

Rusty Crayfish

While rusty crayfish were not systematically sampled or searched for, (usually dead) crayfish in
shallow water were examined, and “rusties” were recorded as present when found. Recently-
dead rusty crayfish in reasonably good condition were preserved in alcohol for future reference.
Because they are of major concern, data on these animals is included with the target species
below.

Nonnative Snails

In conjunction with the plant surveys, shorelines and shallow-water areas were searched for
evidence of Georgia and Asian mysterysnails, and these animals recorded as present if found. A
few shells of each target species were collected from each lake where they were found.
Occasionally shells of other snails were also collected. Live individuals were occasionally
collected also - these were either preserved in 95% EtOH or kept alive in aquaria. Shells were
keyed using the keys in Strayer (1990) and Brown (2001). Specimens of the Asian mysterysnails
were examined to verify that they were indeed C. chinensis, and not the closely related C.
japonica. These shells and samples were retained for future reference.
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Water Quality

Water Clarity

Secchi disk readings were taken in all but the shallowest lakes, following the protocol of
WDNR-LMP (2002). As is common practice, these readings were generally taken at the deepest
part of the lake. In several very large lakes more than one reading was taken, typically at the
deepest point in different bays. Readings were taken between 10 AM and 2 PM, on the
downwind, shaded side of the boat. Calm, sunny days were chosen whenever possible. The disc
was lowered until it just disappeared from sight, then raised until it reappeared. The average of
these two depths was then recorded.

Unfortunately weather conditions were sometimes not optimal for secchi disk readings, so
readings were only recorded to the nearest 0.25 m. During visits to a few lakes it was overcast
the entire time, and readings were not taken. Water color was estimated by viewing the white
part of the disk when held under 30 cm of water.

Secchi disk readings were used as a rough estimate of the maximum rooting depth (MRD) of
submersed plants in each lake, using the equation MRD = 0.832104 + 1.22(MSD) meters, with
MRD = maximum rooting depth and MSD = mean secchi disk depth (Nichols 1999).

Water temperature and pH

At each veliger sampling point, pH and temperature were measured in order to obtain some idea
of the likelihood of zebra mussels establishing and spreading in each lake. Except for the first
few lakes, where a thermometer was used, pH and temperature were measured with a YSI pH
100 pH/ORP/temperature meter. Readings were taken at a depth of 1 m and 4 m (or about 30 cm
above the bottom, if the point was less than 4 m deep) at each zebra mussel sampling point.

Whenever sample size allowed, basic statistical parameters were calculated using Statistix
version 4.1 (Analytical Software, Tallahassee, FL). For each lake, pH values were converted to
H* concentrations, the mean and 90% confidence interval (not reported) was calculated using the
t-distribution, and then these values were converted back to pH values. Mean temperatures and
95% confidence intervals (also not reported) were calculated using the normal distribution.

Decontamination

After leaving each lake, the boat and all equipment were disinfected thoroughly. All equipment
was removed from the boat, and plant fragments and other debris were removed by hand. The
boat, trailer and equipment were then treated with vinegar or chlorine bleach solution. Plankton
nets were soaked in vinegar for 20-30 minutes. Everything was then rinsed off with a power
sprayer. Lakes known to be infested with zebra mussels (Metonga), heterosporis (Heterosporis
spp., an introduced fish pathogen), and other hard-to-detect and easily-carried invasives were
surveyed at the end of the week, so the boat could dry over the weekend. The two lakes known to
have spiny water fleas (Gogebic and Gile) were surveyed the same week.
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