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Plant Name 'coaePlant Name

No
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I

Eurasian milfOlI 4146I 414024080464925.0IEurasian milfoil
2

Curly leafpondweed aaaaa920.02Curly]eafpondweed
3

Chara 13652 13650800743928.13Chara
4

Thmleaf pondweed 00a0a920.04Thinleaf pondweed
5

Flatstem pondweed 14 I400041920.45Flatstem pondweed

6

Robbms pondweed 252367 2523024056010559211.56Robbins pondweed
7

Variable pondweed 86782 867032016011589212.67Variable pondweed
8

Whltestem pondweed 0aaa0920.08Whitestem pondweed
9

Richardsons pond weed 3030aa30920.39Richardsons pondweed
10

Illinois pondweed 223572 22350280160812928.810IllinOis pondweed

II

Large leat pondweed 28 2800082920.9IILargeleatpondweed
12

Amencan pondweed a0aaa920.012American pondweed
13

Floatmg leat pondweed aa0aa920.013Floating leaf pondweed
14

Water stargrass '0aaa0920.014Water stargrass
15

Wild Celery I2 01080090921.015Wild Celery

16

Sagittana 00000920.016Saglttaria
17

Northern milfoil a0000920.017Northern milfOiI
18

M, vertlcll1atum 000a0920.018M. vertlcillatum
19

M. herterophyllum 00000920.019M: herterophyllum
20

Coontall 000a0920.020Coontail

21

Elodea 473 4701200]94922.121Elodea

22
Utricu]aria spp. a0000920.022Utricularia spp.

23
Bladderwort-mml 00000920.023Bladderwort-mmi

24
Buttercup 00000920.024Buttercup

25
Najas guadalupensis 85 0802000280923.025Najas guadalupensis

26

Bnttle naiad 0aaa0920.026Brittle naiad

27

Pusillus 0a0a0920.027Pusllius

28

00000920.02/1

29

000a0920,029

30
Nymphaea II 6I10O.480491925.330Nymphea

31

Nuphar 21 02040a60920,731Nuphar
32

Brasema 1I 01040050920,532Brasema

33

Lemna mInor 00aa0920.033Lemna minor

34
Splrodella 0a0aa920.034Spirodella

35

Watenneal 0a0a0920.035Watenneal

36

Arrowhead 00000920.036Arrowhead

37

Pickerelweed 00000920.037Pickerelweed
38

Arrow Arum 0a0aa920.038Arrow Arum

39

Cattails 223 02080240340923.739Cattails
40

Bulrushes. 1154I 115016080391924.340Bulrushes

41

Ins 00000920.041Ins

42
Swamp Loosestrife 35 00120400520925.742Swamp Loosestrife

43
Purple Loosestrife 1 10001920.043Purple Loosestrite

44
Water Mangold 422 420800104921.144Water Marigold

45
Sago Pondweed 623 06080240380924.145Sago Pondweed

46

M, tenellum 527 527000275923.046M. tenellum

47
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1.0 INTRODUCTORY CONCEPTS

This report describes the current distribution of Eurasian milfoil (Myriophyllum spicatum) infestation

within Bear Lake, Manistee County, Michigan (T 23N, RI5W, Sections 4-6; T24N, RI5W, Sections

28-29,31-33). The lake is approximately 1,744 acres in surface area, and has a maximum depth of

24 feet. The report discusses the common methods available for detecting the presence and

abundance of M spicatum, and presents detailed data available rrom preferred methods such as the

Point Intercept Survey. Such aquatic plant surveys are critical for locating exotic species such as M

spicatum, which may limit more favorable, native aquatic plants and consequently alter the

ecological balance and biotic integrity of aquatic ecosystems.

Bear Lake is especially sensitive to invasion rrom M. spicatum due to its low abundance of native,

submersed aquatic plants, high Secchi disk transparency (mean = 11 feet; Water Quality

Investigators, 1994), and rrequent boat traffic. All of these variables increase the potential success

and spread of this plant within Bear Lake. Management recommendations for the control of M

spicatum within Bear Lake, will be offered in a detailed Bear Lake Improvement Feasibility Study

Report.

ASI Environmental Technologies, Inc.
F: \ClientFiles/BearLake/PointJllterceptSurvey07
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Figure 1. Quadrangle Map of Bear Lake, Manistee County, Michigan (USGS, 1983)

1.1 Eurasian Milfoil Biology and Ecology

Eurasian mi1foi1(M. spicatum; Figure 2) is a non-native (i.e. exotic), invasive, submersed, perennial

aquatic plant which was introduced into the United States in the 1880's (Reed 1997), although other

reports (Couch and Nelson 1985) suggest it was discovered in the 1940's. M spicatum has since

spread to thousands of inland lakes in various states, through the use of boats and trailers,

waterfowl, seed dispersal, and intentional introduction for fish habitat.

ASI Environmental Technologies, Inc.
F: \CI;elltF;les/BearLake/Po;lltJnterceptSurvey07
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M. spicatum is a major threat to the ecological balance of an aquatic ecosystem through

causation of significant declines in favorable native vegetation within lakes (Madsen et al. 1991),

and may limit light from reaching native plant species (Newroth 1985; Aiken et al. 1979).

Additionally, M spicatum can alter the macro invertebrate populations associated with particular

native plants of certain structural architecture (Newroth 1985). Since the introduction of M.

spicatum, many nuisance aquatic plant management techniques such as chemical herbicides,

mechanical harvesting, water level manipulation, and biological control have been implemented .

......-..;

Figure 2. Eurasian milfoil growth habit showing dense surface canopy on a Michigan inland lake

ASI Environmental Technologies, Inc.
F: \ClielltFiles/BearLake/PointInterceptSurvey07



Bear Lake Point Intercept Survey Report
May, 2007

Page 4

1.2 The Roles of Native Aquatic Plants

Native aquatic plants generally consist of rooted submersed, free-floating submersed, floating-leaved,

and emergent growth forms. The emergent growth form (i.e. cattails, native loosestrife) is critical for

the diversity of insects onshore and for the health of nearby wetlands. Submersed aquatic plants can

be rooted in the lake sediment (i.e. milfoils, pondweeds), or free-floating in the water column (i.e.

coontail). There is evidence that the diversity of submersed aquatic macrophytes can greatly

influence ~Y5<rsity of macro invertebrates associated with aquatic plants of different structural----~-----------------

morphologies (Parsons and Matthews, 1995). Therefore, it is possible that a decline in the

biodiversity and abundance of submersed aquatic plant species and associated macroinvertebrates,

could compromise the fisheries of inland lakes.

In addition to serving as suitable habitat and food for macroinvertebrates, native submersed aquatic

plants contribute oxygen to the surrounding waters through photosynthesis, stabilize bottom

sediments (if in the rooted growth fonn), and contribute to the cycling of nutrients such as

phosphorus and nitrogen upon decay. In addition, decaying aquatic plants contribute organic matter

to lake sediments which further supports healthy growth of successive aquatic plant communities that

are necessary for a balanced aquatic ecosystem.

ASI Environmental Technologies, Inc.
F: \ClielltFiles/BearLake/PoilltlllterceptSurveyO 7
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2.0 AQUATIC PLANT SURVEY METHODS

The aquatic plant sampling methods used for lake surveys of macrophyte communities commonly

consist of shoreline surveys, visual abundance surveys, transect surveys, and Point-Intercept Grid

surveys. Other less common and more costly surveys that involve bioacoustic monitoring and/or

side-scan sonar imaging are used to determine biomass density in very large bodies of water (i.e.

Chesapeake Bay, US).

2.1 .The A V AS Method

The Aquatic Vegetation Assessment Site (AVAS) Survey method (Appendix A) was developed by

the Michigan Department of Environmental Quality (MDEQ) to quickly assess the presence and

relative abundance of submersed, floating-leaved, and emergent aquatic vegetation within and around

the littoral zones of Michigan lakes. With this survey method, the littoral zone areas of the lake are

divided into lakeshore sections approximately 100-300 feet in length. Two rake tosses are conducted

at each AVAS site, and the species of aquatic macrophytes present and relative abundance of each

macrophyte are recorded onto an MDEQ AVAS data sheet. Each macrophyte species corresponds to

an assigned number designated by the MDEQ. In addition to the particular species observed (via

assigned numbers), a relative abundance scale is used to estimate the percent coverage of each

species within the AVAS site (Table I).

If shallow areas are present in the open waters of the lake, then individual AVAS segments can be

sampled at those locations to assess the macrophyte communities in offshore locations. This is

particular important since M spicatum and other exotics often expand in shallow island areas located

offshore in some lakes.

ASI Environmental Technologies, Inc.
F: IClientFiles/BearLake/PointlnterceptSurvey07



MDEQ Species

Abundance Code

a

b

c

d

Abundance Meaning

Interpretation

Found

Sparse

Common

Dense
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% Coverage of A VAS

SUiface Area

<2

2 - 20

21 - 60

> 60

Table 1. MDEQ AVAS Species Relative Abundance codes used in AVAS surveys.

Specific information regarding calculations of the relative abundances for individual species and for

the entire lake can be found in Appendix A.

2.2 The Point Intercept Method

While the MDEQ AVAS protocol considers sampling vegetation using visual observations in areas

around the littoral zone, the Point Intercept Grid Survey method is meant to assess vegetation

throughout the entire surface area of a lake (Madsen et al. 1994; 1996). This method involves

conducting measurements at Global Positioning Systems (GPS)-defined locations that have been pre­

selected on the computer to avoid sampling bias. -Furthermore, the GPS points are equally spaced on

a map. The points should be placed together as closely and feasibly as possible to obtain adequate

information of the aquatic vegetation communities throughout the entire lake. At each GPS Point

location, two rake tosses are conducted and the aquatic vegetation species presence and abundance

are estimated. In between the GPS points, any additional species and their relative abundance are

also recorded using visual techniques. This is especially important to add to the Point Intercept

method, since M spicatum and other invasive plants may be present between GPS points but not

necessarily at the pre-selected GPS points.

ASI Environmental Technologies, Inc.
F: \ClientFiles/Bear Lake/PoilltInterceptSurveyO 7
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Once the aquatic vegetation communities throughout the lake have been recorded using the GPS

points, the data can be placed into a Geographic InfOlmation System (GIS) software package to

create maps showing the distribution and relative abundance of particular species. The GPS Point

Intercept method is particularly useful for monitoring aquatic vegetation communities through time,

and for identification of nuisance species that could potentially spread to other previously

uninhabited areas of the lake.

The GPS Point Intercept method survey for Bear Lake consisted of 430 equidistantly spaced grid

points (Figure 3). Due to the large size of the lake, the distance between individual points was

estimated at 500 feet. A combination of rake tosses and visual data accounted for each point and the

distance between points for the survey.

ASI Environmental Technologies, Inc.
F: IClielltFiles/BearLake/PointInterceptSurvey07


