
Fish and Wildlife IIesoeroes of
tHe Ireat Lakes Soastal Wetlands

� within Lhe Ilnited SLates
QHSU-T-80-001 c.2

Prepared for U.S. Fish and Wildlife Service, Division of Ecological Services-Region 3
Twin Cities, Minnesota. Project Officer: Herbert W. Hyatt. Crant No. 14-16-0009 � 77 � 076

The Ohio State University, Center for Lake Erie Area Research,
and Ohio Sea Crant Program. Columbus, Ohio

in cooperation with

indiana University, Environmental Systems Application Center. Bloomington, Indiana



PREFACE

This volume was prepared as an overview to the five lake volumes. This
volume contains an acknowledgement section listing all agencies and individuals
contacted during the study. A methods chapter explains the techniques used in
the study and in the preparati on of the five lake volumes. The remaining
chapters are written as overviews of the physiographic, biotic, and cultural
resources of the Great Lakes basin. The volume concludes with a master list of
corrmon and scientific names of the vegetation, fish, avifauna, reptiles and
amphibians, and mammals mentioned in the five lake volumes. Also included in
these appendices are the life histories of wetland species of fish, reptiles and
amphibians, avifauna, and marshals. A glossary and bib liography are the final
items in this volume.

The authors would like to acknowledge the Office of Hater Resources and
Technology, U.S. Department of the Interior for the use of the study "Impact of
Great Lakes Water Level Fluctuations on Coastal Wetlands", Contract No. 14-
0001-7163 prepared by the Department of Geography/Geology, Eastern Michigan
University, Ypsilanti.
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INTROOUCT I ON

Table 1

Comparison of U.S. Coastal Wetlands for
the Five Great Lakes

No. of Percent of Square Miles Total No. Percent of
Wetlands Total No. of Wetlands of Acres Total AreaLake

Lake Superior and
St. Mar ys Ri ver

Lake Michigan

Lake Huron, Lake St.
Clair, and St. Clair
River

25

30

103

189

66,175

121,230

348

417

22

40

70,245

20,038

20,797

298,485

197 110

Lake Erie and
Niagara River

Lake Ontario and St.
Lawrence River

32

312 23 32

466TOTAL 3.370 100'X 100%%d

In recent years there has been an increasing awareness of the valuable
resources of our Great Lakes coastal wetlands and of the urgent need to protect
and conserve these ecosystems. Traditionally, wetland conservation efforts
along the Great Lakes have been aimed at protecting waterfowl breeding, or to a
lesser degree, fish spawning and nursery habitat. More recent efforts toward

The coastal wetlands of the Great Lakes, as identif~ed in this report,
include all wetlands located entirely or partially within 1,000 feet of the
U. S. shore of the Great Lakes and their connecting waters. These include
wetlands directly contiguous to the lakes  i.e. at the water's edge!, as
well as wetlands lying inland  i. e. not contiguous! but located at least
partially within 1,000 feet of the lakeshore. Also, wetlands located entirely
or partially within 1,000 feet of bays, harbors, estuaries, or coastal lakes
and ponds having di rect surface water connections to any of the Great Lakes
are considered coastal wetlands. For this report, a total of 1,370 coastal
wetlands were identified along the U.S. shores of the five Great Lakes
and their connecting waters, comprising a total wetland area of 466
square miles  Table 1!. The U.S. shoreline of the Great Lakes has a length
of nearly 4,000 mi les, and a Great Lakes water surface area of 61,000 square miles
lies within U.S. jurisdiction.



Table 2. Shore Length and Ownership of U.S. Great Lakes Coast  in miles!

Public
Federal Non-Federal Private TotalLake

LAKE SUPERIOR AND
ST. MARY'S RIVER

782.2 999.0124.4Total 92.4

LAKE MICHIGAN

1116.7 l362.0Tata'I 219. 925.4

Michigan 9.5 65.0 604.5 679.0

LAKE ERIE & NIAGARA RIVER

Total F 1 71.9 338.0 416.0

258.10.0 290.0

513.1133.4GRANO TOTAL 3099.5 3746.0

Data Source: U.S. Army Corps of Engineers, 1971

Minnesota
Wisconsin
Michigan

Michigan
Wisconsin
Illinois
Indiana

LAKE HURON, ST. CLAIR RIVER,
LAKE ST. CLAIR, AND
DETROIT RIVER

Mi chi gan
Ohio
Pennsylvania
New York

LAKE ONTARIO AND ST.
LAf4RENCE RIVER

New York

20.1
56.6

15.7

13.0
0.0
3.1
9.3

0,0
6.1
0.0
0.0

35. 8
36.1
52.5

100. 2
75.2
35.8

8.7

5.0
42.5
11.6
12.8

150.3
119.3
512.6

731. 8
331.8

26.1
27.0

26. 7
216.5

36.7
58.1

206. 2
212. 0

580. 8

845.0
407.0

65.0
45.0

31. 1
265.1

48.3
70.9



preservation are based on the knowledge that wetlands provide additional
benefits, including flood control, shore erosion protection, water management,
control of nutrient cycles, accumulation of sediment, and supply of detritus for
the aquatic food web. Although some of the values of these wetland areas have
now been recognized, no comprehensive studies have been undertaken to map,
enumerate and characterize them, or to catalog the physical, biological, and
cultural data base available for each wetland. The present study attempts to
do these things. Specifically, our four objectives are to:

delineate and describe all wetland areas a1ong the Great Lakes
shorelines
inventory the fish and wildlife resources of these wetlands
describe the physi ographic and cultural, setting in wh ~ ch these
wet 1 and s ar e s i t ua ted, and
determine the voids in knowledge pertaining to the fish and wildlife
resources of the Great Lakes coastal wetlands.

2.

3.

This study is being published in six volumes, the first to provide an overview
and introduction ta the Great Lakes wetlands; the remaining five will each cover
one major lake and its connecting channel. The subject areas included in each
are:

Overview of Great Lakes Coastal wetlands
Lake Ontario and the St. Lawrence River MetIands
Lake Erie and Niagara River Wetlands
Lake Huron, St. Clair River, Lake St. Clair, and Detroit River
IIIIet 1 ands
Lake Michigan and Mackinac Straits
Lake Superior and St. Mary's River.

Volume 1:
Volume 2:
Volume 3:
Volume 4:

Volume 5:
Volume 6:

The purpose of the volumes is the compilation of information concerning
the fish and wildlife resources and other environmental factors of the United
States coastal wetlands of the Great, Lakes in such a manner that it is readily
available to professional biologists, environmental scientists, engineers,
and planners as well as to the inter ested general public.

-3-

The information in these volumes is based on an extensive literature search
undertaken by the Ohio State University's Center for Lake Erie Area Research and
the Indiana University's Environmental Systems Application Center. Major
sources of information used included referee journals and various technical and
popu'Iar publications of the state departments of natura I resources, libraries,
universities, federa1, state, and local agencies, multi-agency commissions
having Great Lakes responsibilities, and private groups and individuals
possessing knowledge of Great Lakes coastal wetlands. In some cases unpublished
open file data of various agencies and individuals were used. The sheer volume
and the unfi nished nature of unpublished i nformation prec luded its extensive
use. Many agencies, instiMtions, and individuals were contacted by letter,
telephone, or personal visit and provided valuable assistance in the
acqui si ti on and interpretation of published information. A complete listing of
agencies, institutions, and individuals contacted appears in this volume.
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METHODS AND PROCEDURES

PHYS IOGRAPHI C SETTING

Indiv1dual wetlands are identified by name, reference number, location
 lat1tude and longitude!, acreage, and classification. This information
appears in the tables included in the Introduction section for each lake section
chapter. The acr cage of each wetland has been determined using a modified
acreage grid. Measurements are reported to the nearest acre and are based on
the area delineated by wetland symbols on the most recent U.S.G.S. quadrangle
maps. Classification of the wetlands is based upon the latest version  April,
1917! of the U.S. Fish and Wildlife Service National Wetland Classification
System. Sources of 1nformation for determining wetland type 1nclude U.S.G.S.
quadrangle maps, existing aerial photographs, and aerial surveys of the coastal
wetlands conducted by The Ohio State Un1versity's Center for Lake Erie Area
Research and Indiana University's Environmental Systems Application Center.
These sources were used to determine sizes of wetlands and their locat1ons
relat1ve to the lakeshore and tributary streams. This data permitted wetlands
to be classified only to the "system" level as specif1ed 1n the National Wetland
Class1fication System.

Distances to the shoreline of the Great Lakes and to the nearest urban center
are provided for each wetland. Distance to the shorel1ne is determined using
a straight-line measurement from the lakeward edge of the wetland to the closest
poitit on the lake. Straight-line d1stance to the nearest urban center is measured
from the nearest edge of the wetland to the closest portion of the urban
corporat1on line. All distance measurements are reported in miles or in feet.

The elevation of each wetland is determined from the most recent U.S.G.S.
quadrangle maps. When a wetland extends beyond a contour line on the quadrangle
map, or otherwise appears to have some vari ation in relief, the highest and
lowest wetland elevations are recorded. Total relief of the wetland is then
determined. Elevations are given in feet above sea level as well as feet above
lake level.

The topography section provides a brief' description of the terrain in the
wetland and surrounding areas, including the type of shoreline  e.g., low bluff,
low plain! in the vicinity of the wetland as specified by the Great Lakes Hasin
Commission �975!. Topographical information is gathered from the most recent
U.S.G.S. quadrangle maps, aerial photographs, and other available sources of
inf ormati on.

Surficial Geolo

Descr1pt1ons of the major surficial formations which characterize the area
1n which the wetland is situated are based upon available state and federal
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geologic maps. Other sources of information, such as U.S. Geological Survey
bulletins, have been used when available. The extent of the surficial formation
irI the vicinity of the wetland is spec~fied.

Sa il s

Information pertaining to soils has been taken from existing county soil
surveys prepared by the U.S. Oepartment of Agriculture, Soil Conservation
Service. Soil sur veys are avai 1 able for most of the coastal counti es along the
Great Lakes shoreline. Soil associations present in the individual wetlands are
described in terms of water capacity, fertility, and the nature of soil material
present. Soil associations are also described in terms of where they are
commonly found  e.g., along streams and rivers, drainage ways, and
depressions!.

Water level influences, groundwater drainage patterns and runoff, water
quality, depth, and seasonal changes are described for each wetland, when
wetland-specific data exist. Groundwater information includes the depth of the
water below the surface of the wetland, the high and low readings, as well as
the sampling dates. Water quality data are presented for representative dates
and include any of the following parameters: nitrogen, phosphorus,
temperature, dissolved oxygen, suspended solids, pH, salinity, and hardness.
Where information on other parameterrs  e.g., pesticides, minerals! is
available, reference to the data source is made, but specific measurements are
not included in the text.

Surface water present in the wetland is also discussed. This includes a
description of any stream entering the wetland, its location, and whether the
stream is perennial or intermittent. The elevation of each stream at the mouth
and as it enters the wetland is noted. Information such as drainage area,
channel slope, maximum and minimum discharge, and stream flow is included, when
available, for each stream. Lentic water present in the wetland is also noted.

Cl im ate

Climatological data are compiled and published by the National Oceanic
Atmospheric Administration. Oata from the weather station closest to each
wetland are used in the study. Mean temperatures and precipitation figures are
based on thirty year normals; mean temperatures and precipitation are figured by
either adding or subtracting the deviations from normal. Mean annual and
monthly  January and July! data for temperature and precipitation are usually
given. Information is also presented on growing seasons, using 28 F as the
temperature for a killing frost. When the appropriate data from a given climate
station are not available, the format is adjusted to reflect as much pertinent
information as possible.
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S ecial Features

Natural features which are of special s1gnificance  e.g., baymout'h bars,
sandspits, and abandoned meanders! are identified and described. This
information is taken primarily from the most recent U.S.G.S. quadrangle maps,
existing aerial photos, and aerial surveys of the coastal wetlands.

BIOTIC SETTING

Sources of information used in the biotic setting narratives were located
using computer1zed literature searches, personal contacts, and bibliographies.

Computer1zed literature searches included: Enviroline, Nat1onal Technical
Information Service, Mechanized Informat1on Center  OSU!, Smithsonian Science
Information Exchange, and Water Resources File.

Personal contacts via telephone, letter, or personal interview were
established with persons in federal and state agencies, colleges and
universities, international and interstate commissions, and museums to locate
add1tional published sources of information. These included the U.S. Fish and
Wildlife Service, U.S. Environmental Protecti on Agency, U.S. Army Corps of
Engineers, Sea Grant offices, state universities, state departments of natural
resour ces, the Great Lakes F 1 sheri es Commi ssi on, Internati onal Joint
Corrmission, and Great Lakes Hasin Conmission. A list of al I individuals,
agencies, and institutions contacted is presented earlier in this volume.

All authors also searched professional bibliographies and abstract ser~es
perta1ning to their particular specialty. Major bibliographies 1nclude U.S.
Fish and Wildlife Service, State Fish and Wildlife, Sport Fishery Abstracts,
Wi1dlife Review, and indices to technical journals.

Since wetland-specific information was found to be scar ce, information
regarding areas inmediately adjacent to coastal wetlands was often utilized to
extrapolate biotic characteristics of the wetland. When such indirect
information was used, its use was clearly stated in the narrative in order not
to confuse it with site-specific information.

Federally-listed endangered and threatened species have been extracted
from the 1atest 1ists �977, 1978! appearin9 in the Federal ~Re ister. Species
that are being considered for inclusion on the Federal Endangered Species List
have been drawn from the Endan ered S ecies Technical Sulletin, published by the
U.S. Department of the Interi or. Speci es endangered or threatened in a
particular state have been selected from lists obtained from state departments
of natural resources.
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CULTURAL SETTING

Population information has been compiled for the county and township in
which the wetland is located. Population characteristics considered include:
�! density, �! estimated population in 1975, �! estimated percent change in
population, 1970-1975, and �! projected population for 1990. Density is
expressed in number of persons per square mile. All counties in which wetlands
are situated are described as either sparsely populated �-99 persons per square
mile!, moderately populted �00-999 persons per square mile!, or densely
populated �,000 or more persons per square mile!.

The national population growth rate for the period 1976-1990 is expected to
be .94K annually. In order to provide a basis of comparison to this national
growth rate, the following terminology has been used to describe estimated
percent change in population, 1970-1975, and projected percent change in
population 1975 -1990 for the township and counties in which wetlands are
situated:

Estimated
1970-1975

Projected
1975-1990Classification

Land Use and Ownershi

Existing land use within and adjacent to the wetland is class~fied as
either �! residential, �! commercial/industrial, �! institutional  public!,
or �! agricultural/open space. These four categories include the following
land uses:

1. Residential
1. 1 Sing 1 e f ami ly unit
1.2 Multi-family unit
1.3 Second home  recreationa1!
1. 4 Tra i 1 er park
1. 5 Hotel or motel
1.6 Abandoned residences
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over +5.0
+3.1 to +5.0
+1.1 to +3 ' 0
-1.0 to +1.0
-1.1 to -3.0
-3.1 to -5.0

over -5.0

rapid growth
moderate growth
slow growth
stable
slow decline
moderate decline
rapid decline

over +15.0
+9.1 to +15.0
+3.1 to + 9.0
-3 ' 0 to 3.0
-3.1 to - 9.0
-9.0 to -15.0

over -15.0



2. Conmerc i al /! ndu str i a 1
2. 1 Retail trade
2.2 Manufacturing
2.3 Mineral extractions
2.4 Industrial harbor facilities
2.5 Warehousing

3. Institutional  Public!
3. 1 Educational establishments
3.2 Gover nment offices
3.3 Churches
3.4 Hospitals

4. Agricultural/Open Space
4.1 Cropland
4.2 Pastur e
4.3 Orchards
4.4 Parks/recreation areas
4.5 Wildlife refuge
4.6 Marina
4.7 Forest

Wetland ownership is classified as either public  federal, state, or
local!, pr i vate, or mixed. Inf ormati on sources for ownership as well as
existing land uses include county and regional land use maps and plans, county
plat maps, existing aerial photographs, and U.S.G.S. quadrangle maps.

Development pressures on the wetland are described as either minimal, low,
moderate, high, or severe. These estimations are primarily based upon existing
land use patterns and future land use plans. !n those situations where plans
are not available, an attempt has been made to estimate possible development
based on information relating to present land use, suitability for residential,
comnercial, or industrial development, ownership patterns, and the potential
for resource development.

Recreation

Recreational usage  e.g., hunting, fishing, camping, hiking, and wildlife
observation! of the wetland is described when existing literature is available.
Wet lands lying within federal, state, or local parks are discussed in ter ms of
recreational use of the entire park. Recreational opportunities available in
wetlands si tuated within national or state forests are also described.

Mineral Ener and Forest Resources

Mineral  sand, gravel, salt, clays, shales, and limestone!, energy  gas,
oil, and coal!, and forest resources are identified for each wetland. Where
these resources are present, an attempt has been made to ascertain whether
active resource extraction industries are in operation. Primary sources for
this information include the publications of the various state geological
survey divisions, U S.G.S. quadrang1e maps, and existing aerial photographs.
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Public Util it1es and Facilities

Public utilities and facilities located w1thin a half-mile radius of the
wetland are identifi ed. Facilities consi dered include �! water treatment
plants, �! sewage treatment plants, �! electric generation plants and power
lines, and �! gas and oil pipelines. Where possible, the type  fossil fuel,
nuclear! and capacity  megawatts! of the electr1c generation plants are noted.
Major inf ormati on sources have included U.S.G.S. quadrangle maps, ex i sting
aerial photographs, and various publications of the Federal Energy Regulatory
Commission  formerly the Federal Power Commission! and the Federal Energy
Administrat1on.

Pollution Sources

National Pollution D1scharge Elimination System  NPDES! permits identify
d1scharge 1 imi tati ons f' or each po1 lutant ca vered under the Federal Water
Pollution Control Act regulations, and the locat1on of outfalls. These permits,
ava11able for public inspection at state env1ronmental control agencies, are
used to locate point sources discharging into or in the vicinity of the wetland.
The discharger and the type of discharge  e.g., wastewater! are noted. Non-
point sources of pollution are not covered under the NPDES perm1t program, and
information on non-point sources is not w1dely available. Where a spec1al study
has been done on the wetland, the informat1on is sumnarized.

Historical and Ar chaeolo ical Features

Significant historical sites within 500 feet af the wetland have been
1dentified primarily through federa'I and state histor1cal registers. While
these registers do not identify all of the existing sites, they do provide the
most comprehensive listing that is readily available. The informati on obtained
from the registers has been supplemented by contacts with state historica'I
preservation commissions.

Archaeological sites in the vicinity of the wetland have been identified
primarily through ex1sting archaeological inventories prepared by state
historic preservation divisions. Discussion of individual sites is limited to a
description of where the site is located in relation to the wetland  where
available! and a short summary of the archaeological si gnificance of the site.

RESEARCH PROJECTS

Current and impending research projects are identified for each wetland.
The following 1nformation is described, when available:  j.! the object1ves of
the project, �! the funding sources and the level of funding, and �! the
expected duration of the project and time of implementation. Research projects
have been identified through selective contact of federal, state, and local
agencies as well as public institutions {e.g., universities, research
1nstitutes!. Published reports of research projects, such as the International
Joint Commission's Director of Great Lakes Research, have also been consulted.
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PHYSIOGRAPHIC OVERYIEW

DISTRIBUTION AND OR!GIN OF COASTAL WETLANDS

The Great Lakes are located within the highly 1ndustrialized northcentral
United States. The Great Lakes drainage basin covers only four percent of the
United States land area, but 1t has 15 percent of the nation's population and
produces 50 percent of the nation's steel. The basin consists of land and water
areas of 183 counties in eight states  Figure 1!. The coastal resources of the
Great Lakes, including their wetlands, are irivaluable assets to the region and
to the nation as a whole. This section describes the general physiographic
setting of the coastal region as it relates to wetlands formation. Figures two
through six show the distribution of coastal wetlands along each of the Great
Lakes and connect1ng channels. Much of the i nformation summarized in this
section was obta1ned from the Great Lakes National Shoreline Study  U.S. Army
Corps of Engineers, 1971! .

Ori in of Coastal Wetlands

The basin occupied by the Great Lakes was created by glaciation, and its
physical features and hydrology differ greatly from regions not exposed to
Pleistocene ice sheets. In terms of earth history, the construction af the
basin has recently been completed. The five Great Lakes, with their outlets
and approximate lake levels as they are today, probably date back less than
5,000 years  U.S. Army Corps of Engineers, 1971!. The processes of stream and
shoreline eros1on/accretion have made moderate changes in the original topography,
but these slight changes are signif icant 1n the origin and development
of coastal wetlands.

Prior to the Pleistocene Ice Age, the Great Lakes were non-existent; the
area was dissected by well-developed valleys and several major streams. When
the continental ice cap developed to a thickness of several thousand feet 1n
northeastern Canada, it spread southward into the present Great Lakes region.
Tremendous amounts of bedrock were eroded and the debr is entrained in the ice
mass. As the ice sheets slowly melted and retreated progressively northward,
this entrained debris was released and vast; irregular deposits of till were laid
down on the scoured bedrock surface. Occasionally blocks of ice were also
entrained 1n the til 1 and eventually formed the kettle or bog 1 akes of the
upland areas adjacent to the Great Lakes.

Once the lakes became established, stream and shoreline processes provided
favorable sites for wetlands, The most significant processes included 1! delta
formation, 2! estuary formation, and 3! sand bar/dune formation creating coastal
lagoons. Although the gross configuration of the Great Lakes have been little
altered since their glacial development, the above processes have established
many favorable s1tes for wetlands' Except where bedrock is exposed or
protective works constructed, the glac1al or lacustrine overburden comprising
the shores is still vulnerable to changes which can work to the benefit or
destruction of coastal wetlands.

Kettle Lake Wetlands. One of the most characteristic types of lakes in the
glaciated upland areas adjacent to the Great Lakes was formed by the
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Figure 1. Great Lakes Basin
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Figure 3, Coastal Metl an4s of Lake Ni chi gan
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F1 gure 4. Coastal i!etl ands of Lake Huron
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incorporation of ice blocks in the material that washed out from a melting ice
front. The glacial outwash, consisting of sand, gravel, and silt, was derived
from the drift or moraine underlying or bordering the ice. As the mass of ice
melted, a basin was left in the drift, and if the basin penetrated below the
water table a body of water known as a kettle lake came to occupy the site of the
original ice block. The kettles are extremely variable in shape and size; some
are less than 100 feet across while others, such as Trout Lake, Wisconsin, have
a diameter of nearly three miles  Hutchi nson, 1957! . Ln general, the depth of
kettle lakes does not exceed 165 feet  Flint, 1957!. Hogs are the most common
wetlands in kettle 1akes.

Kettle lakes and other northern basins, protected from wind and poorly
drained, may become bog lakes. They first become fringed by floating mats of
sedge vegetation growing vanward to encroach upon the open water; this change is
accompanied by a drop in pH. The succession then continues as the mat covers
the lake surface and sphagnum moss and ericaceous shrubs, such as leather leaf
and Laborador tea, become established. When growth exceeds decomposition, the
lake basin begins to fill and peat deposits are formed. tJltimately a sequence
of tree species, comonly tamarack followed by spruce, leads to a climax forest
association.

Delta Wetlands. A stream reaching a body of standing water, such as the
!t C~i i i I i R . 1 i". ti 1 ild d p
composed of the stream's sediment load. These deposits are comonly the site of
extensive wetland development. Not all rivers build deltas; deltas may be
lacking at the mouths of streams which enter the Great Lakes because their
mouths are so exposed to wave and current action that sediments are removed as
rapidly as they are deposited. Some streams also lack deltas because they carry
so little 1oad. Although each delta has its own individual form, Strahler
�971! has recognized four basic outlines for' deltas: 1! arcuate, triangu1ar
outline, 2! digitate, bird-foot type, 3! cuspate, tooth-shaped form and
4! estuarine, drowned valley.

The typical arcuate delta originates at an upstream apex and radiates
lakeward by means of branched distributary channels to form a triangular shape.
Sediments reaching the lakes from the distributary mouths are swept along the
coast by wave-induced currents to form curved bars enclosing shallow wetland
lagoons; the delta shoreline is thus arcuate in p1an, bowed convexly outward.
The digitate or bird-foot delta contai ns long extensions of its branchi ng
distributaries into open water. This type of delta requires a gently sloping
lake bottom in front of the river mouth, such as Lake St. Clair, on which
natural Ievees can be built up quickly. The cuspate or tooth-shaped delta is
normally formed when the stream has a single dominant mouth. Sediment from this
mouth builds the delta forward into deeper water while wave action sweeps the
sediment away from the discharge to form a curving beach on both sides of the
mouth, concave toward the lake. An estuarine delta commonly fills a long narrow
estuary that resulted from drowning of' the lower part of the river valley
because of a rise in lake level. Estuarine deltas are characterized by
depositiona1 islands containing wetlands.

Delta growth occurs when a stream enters a standing body of water as a jet
or plume. The jet velocity is rapidly checked and sediment is deposited in

-47-



lateral embankments  natural 1evees! in zones of less turbulence on either s1de
of the jet, thus extending the stream channel into the lake. The stream
repeatedly breaks through the embankments to occupy different radii
 distributary channels! and in time produces a deposit in semi-circular form,
closely analogous to the alluvial fans found at the base of mountain ranges.
The natural levees serve to isolate shallow interdistributary pond and marshes
containing fine muds and organic detritus or peat  Stanley and Swift, 1976!.
The sediment structure of most deltas on the Great Lakes is produced by three
sets of beds: 1! bottomset, 2! foreset, and 3! topset. 8ottomset beds consist
of f1ne-grained materials  silt and clay! carried farthest offshore and la1d
down on the bottom of the lake embayment into which the delta is being built.
Foreset beds are somewhat coarser  fine sand! and they represent the advancing
front of the delta and the greater part of 1ts bulk; they usually have a
d1st1nctly steeper slope  dip! than the bottom set beds over which they are
slowly advancing. Topset beds lie above the foreset beds and are in reality a
continuation of the alluvial plain of which the de1ta is the terminal port1on.
It is on the foreset beds that delta wetlands normally develop. Un1ike deltas
formed along the ocean, freshwater deltas do not contain aggregates of fine
particles 1nduced by electrolite flocculation  due to the dissolved salts in the
sea!. Therefore, fine particles are carried offshore in lakes and are not
incorporated into the delta sediments.

Delta wetlands form a significant portion of the coastal wetlands in the
Great Lakes regi on. Delta wetlands are gradational to embayment, estuary,
river, and floodplain wetlands.

Freshwater Estuar Wetlands. The lower courses of several tributar1es to
the Great Lakes, particu ar y the more southerly lakes, are characterized by
estuar1ne-type or drowned stream mouths. The flooded flat areas adjacent to
these estuaries afford 1deal sites for wetland development. The lower 15 miles
of the Maumee River, which flows into Lake Erie at Toledo, Ohio and posesses the
largest drainage of any Great Lakes tributary, is an excellent example of a
freshwater estuary. The formati on of th1s estuary on Lake Erie is the result of
a series of geologic events related to Pleistocene glaciation. The flow of the
Maumee River was reversed from its southwestern direction when the glacial lakes
drained from the Erie Hasin as the ice sheet melted, exposing a lower Niagara
River outlet. At that time, river velocities were accelerated by the base-1evel
lowering, and the Maumee Valley was cut deeply into lacustrine deposits, glacial
tills, and bedrock. With the weight of the ice removed, the outlet eventually
rebounded and pr oduced a rise in lake level. The lake encroached up the valley
and formed the present drowned stream mouth which is analogous 1n many ways to a
marine estuary. Virtually a11 of the tributar1es enter1ng Lake Erie on the Ohio
shore have estuarine-type lower reaches and attendant wetlands, where lake
water masses affect water level and quality for severa1 miles upstream from
traditional mouths  8rant and Herdendorf, 1972!.

The Maumee River estuary begins near Perrysburg, Ohio, at the most
downstream bedrock r1ffle. As the water enters the estuary from the river, its
velocity abruptly diminishes except during major runoff events, causing
sedimentati on of suspended particles. The depos1ts have formed a series of
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elliptical islands which foster wetland format1on. Similar deposits are found
1n the Sandusky River estuary and in the tributaries along the Michigan shore of
Lake Michigan.

Coastal La oon Wetlands. In large bodies of water such as the Great Lakes,
the shifting o sediments by nearshore currents can form basins where wetlands
eventually develop. If sediments are deposited across the mouth of an
embayment, a tributary outlet or a freshwater estuary, the blockage may result
in the formation of a new pond or lagoon. Wave activity, too, has formed bars of
sand and gravel, wh1ch likewise have closed off the mouths of embayments.

The usual way in which a lagoon capable of support1ng a wetland is formed
1s by accretion of a bar across some irregularity or indentation of the
coastline. The term bar is used here 1n a generic sense to include the various
types of submerged or emergent embankments of sand and gravel built on the lake
bottom by waves and currents. One of the most common types of bars associated
with wetlands in the Great Lakes is a spit. This feature is a sand ridge
attached to the mainland at one end and terminating 1n open water at the distal
end. Spits that have extended themselves across or partially across embayments
are termed baymouth or barrier bars. Commonly the axis of a sp1t will extend in
a straight line parallel to the coast, but where currents are deflected landward
or unusually strong waves exist, growth of a spit may be deflected landward,
resulting in the creation of a recurved spit or hook. Several stages of hook
deve1opment may produce a compound recurved spit with a series of ponds
separated by beach ridges. The ponds have provided excellent sites for wetland
development along the Great Lakes.

Kormondy �969! described wetland succession in beach ponds on a four mile
long spit in Lake Erie known as Presque Is1e near Erie, Pennsylvania. Owing to
a combination of 1ts sandy shore and exposure to violent lake storms, this spit
developed as a series of hooks with the establishment of numerous, fingerlike
beach ponds over the past several thousand years. The ponds are created when an
elevated bar of sand develops, thereby isolating a small portion of the lake;
the ponds are seldom more than 330 to 660 feet long, 33 to 66 feet wide, and
three feet deep. Some of the ponds are destroyed in a few days, months, or years
by subsequent storms which either breach the sand bar or blow enough sand to
fill in the depression. The better protected ponds survive these geological
processes only to be subject to a biological fate, wetland succession. A four-
year-old pond is characteri zed by sparse pioneer vegetati on, such as stonewort
algae, bulrushes, cattail, and cottonwood seedlings. At 50 years, filling has
occurred in the basin and encroaching vegetation has reduced the open water
portion to about half of its former area. The major vegetation then consists of
water milfoil, cattail, bulrushes, bluejoi nt, willow, bayberry, and cottonwood.
After 100 years the open water portion is almost obliterated and the vegetation
has increased in complexity. The dominant forms then include water milfoil,
pondweed, ye 1 low water lily, bulrushes, bluejoint, spiker ush, bayberry, and
cottonwood. Sparseness of distribution and l~m~tation of plant species mark the
ear ly ponds; increased density and heterogeneity characterize the older ponds,
and the contrast is striking. From this analys1s of succession, Kormondy
concluded that the ponds or lagoons at the northeast end of Presque Isle are the
youngest and that the spit has growth from the southwest because the ponds are
1ncreas1ngly older in that direction.
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PHYSIOGRAPHY OF GREAT LAKES COASTS

Ph sio ra h of the Lake Su erior Coast

The Minnesota shore of Lake Superior is character1zed by steep, rocky
bluffs 1n the northernmost reaches, ranging to low-lying clay and gravel covered
banks near Duluth. Minnesota Point, a narrow, baymouth sand bar about five
miles long, separ ates the Duluth-Super i or Harbor from Lake Superior. The
protection of this bar permits the development of wetlands within the harbor
area. Bank heights vary from about 3 to 30 feet within the harbor, to 30 feet
along the shoreline just north of Duluth and over 100 feet along the rock cliffs
near the Pigeon River. The steep, exposed shore north of Duluth precludes
signif icant wetland development.

The Wisconsin mainland shoreline of Lake Super1or has widely differing
physical features, including the excellent sand beach at Kakagon Slough in
Ashland County, the steep, erodible clay bluffs along the Douglas County shore
and the low sand bluffs and spits at Port Wing, Cornucopia and Sand Bay
Bayfield County. Bluffless slough reaches along Cheguamegon Point, at the t1p
of Cheguamegon Bay, and scattered along the eastern shore of Bayfield County are
character1zed by significant wetlands. The Apostle Islands, a group of 22
islands contain1ng 175 miles of shoreline, have sandstone bluffs, sand and
gravel beaches and wetland shores. The bluffs along the Wisconsin shore range
up to 100 feet along the clay banks in Douglas County.

The Michigan coast of Lake Superior includes the rugged Keweenaw
Peninsula, Isle Royale, the Pictured Rocks of Alger County, and the shore of
Whitefish Bay. He1ghts of the Precambrian rock banks vary from 6 to 160 feet
along the Keweenaw Peninsula and rise to 200 feet at the precipitous Cambrian
sandstone cl1ffs on the Pictured Rocks reach. Wetlands are most ev1dent along
the Keweenaw waterway and at tributary mouths in Marquette and Chippewa
Counties. The Isle Royale shoreline and the islands and mainland shores of the
St. Marys River are dotted with wetlands.

Ph sio ra h of the Lake Mich1 an Coast

The Wisconsin shoreline of Lake Michigan north of Green Bay consists of low
sand banks up to five feet high, fronted by wetland along most of the reach. The
shoreline along the eastern side of Green Bay, including Door County Peninsula,
consists of sand and gravel beaches backed by bluffs up to 100 feet high. The
bluff material is composed of glacial ti 1 1 and lacustrine sediments. The Lake
Michigan shore of Door County consists of a mixture of ledge rock cliffs with
numerous narrow beaches and shallow bays. Behind the upper reaches of many of
the bays are low wetland areas. A red clay bluff ranging from 10 to 70 feet in
height characterizes the shore of southern Door County, Kewaunee County and
northern Manitowoc County. Narrow sand beaches and red clay bluffs extend from
Two Rivers south to Sheboygan. Wetlands are scarce along this reach of the
lake. The southern Wisconsin shore has areas of gently sloping, low sand banks
fronted by wide beaches. Between Port Washington and Milwaukee glacial till
bluffs reach 140 feet and decrease to 25 feet near Kenosha. The high bluffs
normally have narrow beaches and few wetlands.
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The I11inois portion of the Lake Michigan shoreline consists of
unprotected sandy beaches and glacial till bluffs in the northern part of the
state. From Gl encoe south to Indi ana, the shoreline cons i sts mostly of
protected areas. These include artificial fills, wide beaches and navigation
structures. Wetlands are very limited along this reach except for an area north
of Waukegan.

The Indi ana shoreline of Lake Mi chigan general ly consists of well
protected artificial industrial lake fills west of Gary. East of the industrial
area the shore is lined with sand dunes fronted by sandy beaches. Minor
wetlands are associated with the dunes and the Calumet River.

Generally the Michigan shoreline of Lake Michigan from Indiana north to
Grand Haven is almost continuous sand beach, bordered by occasional clay bluffs
and sand dunes. High dunes, up to 240 feet above lake level, form a series of
sand hills parallel to the shoreline and up to a mile in width. The shore from
Muskegon nor th to Empire contains clean sand beaches, with low and high dunes
behind them. Wetlands are most often associated with estuarine-type tributary
mouths that extend inland for several miles. The offshore is lands  Beaver,
North and South Fox, and North and South Manitou! have sand beaches backed by
dunes. Beaver Island has extensive wetlands. The shoreline from Empire to the
Straits of Mackinac, including Grand Traverse Bay, is characterized by narrow,
cobble beaches, backed in some stretches by high bluff. Wetlands are less
common along this reach. The Upper Peninsula shore of Lake Michigan is
gener ally irregular and contains many small bays. Typically the points and
headlands are rocky and the bay heads are sandy or marshy. This reach of
shoreline contains many excellent wetlands.

Ph sio ra h of the Lake Huron Coast

The entire United States shoreline of Lake Huron, as well as the St Clair
R~ver, Lake St. Clair, and the Detroit River lie within the state of Michigan.
The northern shore of Lake Huron from the Straits of Mackinac east to Drummond
Island generally consists of alternating erodible low plains of clay and
marshes, with occasional non-erodible outcrops of limestones and dolomites.
The Lake Huron shoreline from Mackinaw City to Harrisvi lie is mainly a rock and
boulder shore, with high bank beaches extending back into hills. From
Harrisvi lie to northern Saginaw Bay, the beaches are mostly sand, usually low,
and with some high bluffs directly behind the beach. In the southern part of
this reach the sand beaches are occasionally interrupted by wetlands. Much of
the southeastern si de of Saginaw Bay is marshy, with shallow water inshore and
without a noticeable bluff. Sand Point is a long narrow peninsula that juts
westward into Saginaw Bay. From this point to Port Austin the shore is composed
of sand beaches with a bluff of uneven sand ridges having wetlands between them.
From Port Hope southward to the St. Clair River the shore is mostly boulder-
strewn to the north and sandy to the south. There are few wetlands along this
reach. The shorelines of Lake St. Clair, the St. Clair River, and the Detroit
R~ver have been intensively developed for residential, industrial, and
recreational use. The only extensive natural areas are on the St. Clair River
delta wetlands and the wetlands on the islands at the mouth of the Detroit
River.



Ph sio ra h of the Lake Erie Coast

The Michigan shoreline of western Lake Er ie consists of low-lying marshes
and sand beaches. At Stony Point on the shoreline of Brest Bay, a brecciated
dolomite forms a ~ocky shoreland with boulders and sand,

The Ohio shore of western Lake Erie in its natural state is generally a
marsh area fronted by low barrier beaches. Earthen and rock dikes now protect
most of the shore except for the rock-bound Erie islands. East of Port Clinton
the ground elevation rises and at the headlands known as Catawba Island the
shore material is ledge rock which stands over 30 feet high. To the east, a
str ip of high ground connects to another headl and known as Marblehead.
Northeast of this crescent-shaped str ip are three open water marshes called
West, Middle, and East Harbors which are fronted by a sandy barrier beach. The
Bass Island-Kelleys Island group of 12 bedrock islands have shores similar in
nature to the headlands. Small embayments on the larger islands contain
wetlands. Sandusky Bay is separated from Lake Erie by two sand spits: Sand
Point projects south from Marblehead and Cedar Point extends northwest from
near Huron. These spits protect extensive wetlands throughout the bay. One of
the largest concentrations of wetlands on Lake Erie is found at the head of
Sandusky Bay.

East of Cedar Point, the shore characteristics change abruptly; the low
marshy backshore typical of most of the coast from Toledo to this point
disappears and is replaced by low bluffs or glacial till, lacustrine sediments
and block shale. The bluffs rise from 10 feet near Vermilion to 50 feet near
Cleveland and 70 feet at Ashtabula. The only wetland development along this
reach of shoreline is found at the estuary mouths of the tributaries. The best
wetland occurs at Mentor Mar sh, the abandoned valley and delta of the Grand
River which now enters Lake Erie several maples east of the marsh. Beaches along
this reach are narrow except where affected by large navigation structures at
the major harbors.

The Pennsylvania shore of Lake Erie contains bluffs ranging from 50 to 100
feet high and is composed of silt, clay, and shale bedrock with moderate-width
sandy beaches. However, the most promi nent feature of the coast is Presque Isle
Peninsula, a four-mile-long sand spit which encloses Erie Harbor. As discussed
earlier under Coastal La oon Wetlands the natural construction of this spit has
created numerous ponds where wetlands have developed.

The New York shoreline of Lake Erie is characterized by bluffs ranging from
40 to 100 feet high. The lower part of the bluffs, generally well above the
limit of wave uprush, is shale which has resulted in narrow shingle beaches. A
few sand beaches occur, mainly between Silver Creek and Cattaraugus Creek.
Because of the nature of the coast, wetlands are sparse along this reach.
Several small wetlands have formed along the Niagara River, particularly on
Grand Island.
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Ph sio ra h of the Lake Ontario Coast

The entire United States shoreline of Lake Ontario and the St. Lawrence
River lies within the state of New York. The shoreline of western Lake Ontario
varies from 60 foot high glacial till bluff near the mouth of the Niagara River
to low marshy shore near Rochester. Irondequoit Hay has a low marshy shore;
barrier sand and gravel beaches separate the marshes and open lagoons from Lake
Ontario. The shore east of Rochester to Sodus Bay has a continuous bluff from
10 to 70 feet high composed mainly of silt and clay. Between Sodus Bay and
Little Sodus Bay, there are a series of prominant drumlins  low, narrow hills of
glacial till! separated by wetlands that extend several miles inland along smal'I
streams that enter the fake  U.S. Army Corps of Engineers, 1971!. Narrow sand
and gravel barrier beaches have formed across the low marsh areas or open water
between the drumlins. East of the drumlins to the head of the St. Lawrence River the
shore is very uneven and contains several deep bays and prominent headlands,
particularly in Jefferson County. Long stretches of coast are barrier beaches
and sand dunes extending in nearly a straight. li ne and separating marsh areas
in the embayment from the open lake. Northward, there are outcrops of rock at
the water's edge which rise gradually to a height of 75 feet at Stony Point and
then falls gradually toward Henderson Bay. From this bay to the Tibbett's Point,
at the head of the St. Lawrence River, there is gener ally shale or limestone
rock for several feet above lake level with a few pockets of sand, gravel,
or shingle beach. Marsh areas occur at the inner end of most of the deep bays.

The mainland shoreline and is lands of the St. Lawrence River contain some
of the best wetland development in the Great Lakes region. Eastern Jefferson
County and St Lawrence County have low marshy shores with numerous embayments
and low gradient tributaries which contribute to wetland formation. The
Thousand islands are main1y rock-bound, but embayments provide sites for
marshes. The valley of Crooked Creek is one of the best examples of wetland
development along this reach.
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OVERVIEW OF FISH AND MILDLIFE RESOURCES
and

RELATED ABIOTIC FUNCTIONS OF GREAT LAKES COASTAL WETLANDS

In this chapter an overview of the fish and wildlife resources of Great
Lakes coastal wet1ands is presented. Inc1uded are discussions of the economic
values of commercial and sport fishing, waterfowl hunting, furbearer trapping,
and nonconsumptive activities carried out in the coastal wetlands. Also
discussed are abiotic values which are related to the bio1ogical values of
coastal wetlands. As a result of natural and cultural modificat1ons, many of
which are permanent, wetland values are in constant change. Because of this
dynamic s1tuation, an historical view is presented so that current values may be
assessed more accurately and future values better perceived.

Related to consideration of fish and wildlife habitat are selected abiotic
functions which also vary over time and space. Topics such as sediment
trapping, the occurrence of toxic substances, and nutrient uptake are receiving
1ncreased attent1on in the Great Lakes Basin, in part because of the1r impact on
water quality, recreation, and fish and wildlife resources. Other functions, such
as nonconsumptive recreat1on, which make signif1cant economic and aesthetic
contributions to wetland values will be discussed also.

Environmental literature suggests that wetlands have a multiplicity of
functions, but se1dom is any distinction made between inland and coastal
wet1ands 1n terms of functions. As research proceeds, it is becoming
increasingly clear that values ident1fied in 1nland wetlands are not always
applicable to coastal wetlands. Based on consideration of the selected biotic
and abiatic values suggested above, general recommendations for the development
of wetland strategies are included in this overview.
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HI STOR I CAL P E RSP ECTI VE

Definition and Classification of Wetlands

Wetlands can be defined "as land where the water table is at, near,
or' above the 1 and surface 1 ong enough to promote the f ormati on of hydr ic
soil s or to support the growth of hydrophytes"  Cowardin et al., 1977! .
The upper limit of wetlands is normally the transition into mesophytic
or xerophytic vegetation communities, or into non-hydric soils, or into lands
not flooded periodically. The lower limit, effectively the limit of aquatic
plant growth, is usually considered to be a water depth of 2 meters  Messman
et al., 1977!.

Because wetness is part of the def~nition of wetlands and is essential to
their maintenance, wetlands should be perceived as a sequence of specific
environmental types existing along a water gradient. Using vegetation to
reflect these envir onmental types, Figure 7 i 1 lustrates the continuum of
wetland types along this gradient from a well-drained upland to open, deep
water.

Note that two wetland classifications are employed in Figure 7. The new
national wetlands classification system, as described in detail by Cowardin et
al. �976! is currently being widely publicized by the Office of Biological
Services, U.S. Fish and Wildlife Service. The national inventory of wetlands,
scheduled for completion in 1979 by the Fish and Wildlife Service, will employ
the new wetlands classification. However, many users, particulat ly game
manager s and field biologists, have been accustomed to using Circular 39  Shaw
and Fredine, 1956! to identify wetland types. Moreover, many states  e.g.,
Michigan! utilize state-wide land cover/land use classifications which
i ncorporate land use concepts in addition to cover types  Michigan Land Use
Classification and Refer'encing Committee, 1976!.

Perhaps the best descriptive publication concerning the vegetation of the
glaci ated Midwest was provided by Golet and Larsen   1974!. In addition to a
discussion of species composition, water depth, and substrate type
associations, black and white photographs of deep marshes, shallow marshes,
seasonally flooded f"abets, meadows, shrub swamps, and wooded swamps were
presented. Kuchler's �964! map of potential natural vegetation provided a
regional view of the distribution of wetland plant communities in the United
States. Important source materials on inland wetlands, by state or region, are:
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Michigan
Minnesota
Missouri
Ohio
Prairie Potholes
Wisconsin

Deam �940!
Yoss �972!
Cowardin and Johnson �973!
Steyermark �963!
Braun �967!
Stewart & Kantrud �972!
Curtis �959!
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Figure 7. Diagram of Wetland Types Along a Continuum from the Upland
Environment ta Deep Water. Vegetation not to Scale.

 Cowardin et al., 1976!



For introductory purposes, a list af cotrliion wetland plant species, by
wet'Iand type, is presented in Table 3. In a recent report, G. Wilhelm �977!
provided a comprehensive list of wetland plant species. The untrained p'Iant
taxonomist may discover that the photographic cover key by the U.S. Army Corps
of Engineers �977! is very useful to identify common species. Other popular
pictorial keys have also been prepared by Hotchkiss �970, 1967, and 1965!.
Important taxonomic manuals include Gleason �952! and Fasset   1957!.

Im ortance of Coastal Wetlands

The coastal wetlands of the Great Lakes differ in several ways from inland
wet1ands. The coastal wetlands are subject to temporary short-term water level
changes. Seiches affect the wetlands adj acent to shorelines and co+sonly occur
in the coastal zones in Lake Erie, Lake St. Clair, and Green Bay, Long-term
cyclic water level changes, related to water budgets of the lake basins, also
affect the coastal wetlands. Such fluctuations, occurring over a peri od of
approximately seven to ten years, may cause vegetation dieback, erosion of the
wetlands, or lateral displacements of the vegetative zones of wetlands. Many
coastal wetlands, such as those in Tuscola County, Michigan  along Saginaw Bay!
and Oconto County, Wisconsin  along Green Bay!, are exposed to relative1y high
wave energy.

Coastal wetlands along the Great Lakes do not appear to exhibit the aging
process associated with inland freshwater wetlands. Because of the fluctuating
water 1evels of the Great Lakes, constant rejuvenation of wetland communities
occurs. As a consequence, diagrams in textbooks illustrating the gradual
senescence of freshwater wetlands are more applicab1e to inland wetlands of the
glaci ated Midwest than to the Great Lakes coastal wetlands. As outlined by
Moore and Hellamy �974!, many inland freshwater wetlands undergo senescence
and terrestrializati on as a result of the formati on of secondary and terti ary
peat deposits. Peat mining, an economic activity in which Michigan leads in
annual production, is centered primarily in senescent, inland wetlands.

Coastal wetlands often display a diversity of landforms not norma11y
encountered in other wetland environments. Owing to changes in the water levels
of the Great Lakes since the retreat of the Pleistocene ice sheets, landforms
such as coastal barriers, deltas, and natural levees have been deposited, and
represent the geomorphological heritage of the Great Lakes wetlands. The
fluctuation of water levels in the Great Lakes is an important variable in
determining many of the distinguishing characteristics and diversity of coastal
wetlands, as well as the landforms the wetlands occupy.

Wetland Al ter ati on and Des truc ti on

Within the Great Lakes Basin, increased concern for wetland preservation
may be related to wetland alterations and losses. For example, it has been
estimated that Wisconsin had approximately ten million acres of wetlands prior
to the heavy influx of European immigrants. Today this resource has dwindled to
about 2.5 million acres  Wisconsin Department of Natural Resources, 1976!. In



Table 3

Common Wetland Plant Species, by Wetland Type, in the Glaciated Midwest

Forested Wetl and
Fraxinus
~rex aTamarack

Trembling Aspen
a r 1csna

P~Pou 'us tremToides

Salix ni ra
Comus sto onifera
'liTnus ~ru osa

canadensis

Pickerel Need
Smartweed

Pontederia cordata
1~1 ~

Bur-reed
Cattails

Lemna minor
Floating Pondweed
White Water Lily

natans

orata

Chara spp.
ectinatus
spp-

americana
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Shrub Wetland
BBii T
Red Osier Dogwood
Speckled Alder

Meadow Wetland

Reed Canary Grass
Sedges
Swamp Loosestrife

Sago Pondweed
Water Milfoil

Wild Celery

a a dinacea
Carex stricta and others
Oecodon verticillatvs

~Scir us acutus, S. americanus,
S. vaTi dus

S ar an ivm spp.
UR'� '9 � "" "" � ~



Michigan, simi lar historical losses have taken place. Originally, the state
contained about 11.2 million acres of wetlands. Today approximately 3.2 million
acres af wetlands remain, of which 105,855 acres �.3 percent! occupy the
coastal zone  Jaworski and Raphael, 1978!.

Iri the 1850 's the Swamp Acts were enacted for the general purpose of
eliminating wetlands. Marshes and swamps were to be drained and diked to
provide flood protection for adjacent communities and to reduce mosquito
breeding habitat  Reitze, 1974!. Moreover, the low, flat wetlands, with their
generally fertile organic soils, encouraged cultivation, especially during
periods of low water. As rural migration into the Great Lakes Basin increased
in the 3.9th century, increasing numbers of wetlands were drained and cleared for
agriculture. The wet prairie zone along Lake Erie from Port Clinton to Detroit
was permanent ly lost, according to Bednarik   1975!, while Langlois �954!
estimated that 1,800 miles of ditches had been dug in northern Ohio by 1950 to
drain most of what had been known as the Black Swamp.

A substantial amount of alteration and loss of coastal wetlands can be
directly attributed to the impact of human activity, as in the drainage schemes
noted above. However, losses may also be related to such natural events and
processes as storm waves, high water levels, or isostatic instability of the
coastal zone. Whether changes are induced by human or natural factors, a common
element af change is a readjustment of wetland hydra logy. In a diked wetland,
for example, hydrologic regimes are controlled in order to manage the
vegetation. It is quite likely that if a particular wetland were not diked, the
open hydrologic system would produce a vegetational cove~ very diff'erent from that
of' the managed system. Furthermore, the vegetation of the open system would be
continually altered with changing lake levels.

Another factor which may cause loss or alteration of wetland vegetation is
the sediment supply. This factor is perhaps more critical in coastal than in
interior wetlands. Many coastal wetlands in the Great Lakes Basin occur in
deltas  e.g., the St. Clair delta! or behind protective sand barriers; classic
examples of the latter occur in eastern Lake Ontario and western Lake Erie. As
long as these depositional features are nourished with sediments and other
chemical and biological factors remain constant, the barr ier and the wetlands
will be maintained.

Specific causes of wetland a1teration are many and varied. Perhaps the
most evident are related to private and public dredging activities. To maintain
harbors to authorized depths, federal agencies have commonly dredged harbors
and in many cases filled adjacent wetlands with dredge spoils. Similar
acti viti es have also been undertaken by power companies and other private,
industrial and commercial contractors.

Another cause of wetland alteration is the rechannelization of rivers.
Bos ley �976 ! traced the historical changes in the Oconto River delta in
Wisconsin. Originally, the coastal wetlands of the delta consisted of
meanderi ng rivers behi nd a coastal barri er. !n the early 1900 's the river was
channelized and groins were constructed to protect the harbor entrance. As a
result of littoral current patterns, erosion of the barrier and a loss of
wetlands have occurred immediately south of the river ~ Thus, both modifications
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of hydro logy and changes in sediment distribution have led to wetland losses at
Oconto. Channel1zation also increases river flow, wh1ch in turn appears to
increase turbidity in the immediate nearshore zone. This turbidity alters or
degrades nearshore floral and faunal communities, biological diversity, and
associated econom1c values and aesthetic appeal.

Coastal wetlands are often affected by transportation corridors, including
pipel1nes, roads, and railroads. Many of the coastal wetlands along the eastern
shore of' Lake N1chigan are crossed by roads and railroads which serve as
barriers prohibiting complete communication between the wetlands and Lake
Michigan. Res~dential developers have frequently contributed to the dissection
of wetlands by develop1ng housing and canal communities.

Other wetlands appear to have been affected by subsidence of the land. The
coastal zone of western Lake Erie  Forsythe, 1975! is characterized by drowned
river valleys, and some investigators have suggested that a relative rise in the
level of Lake Erie has drowned or eroded wetlands in the western basin. These
isostatic flexures of the lake basin itself may justify the dik1ng of remaining
wetlands; an action which occurs in coastal western Lake Erie.

Additional wetlands have been lost as a result of coastal erosion. For
example at the mouth of the Huron R1ver in southeastern Michigan, approximately
900 acres of wetlands were lost to Lake Erie through destruction of the coastal
barrier lakeward of Poi nte Nouil lee between 1940 and ] 972  Sellman et al.,
1974!. Increased storm activity, especiaIly during higher water levels, may
account for destruction of the barrier. An alternative explanation, which is
mor e speculative, is that dams constructed on the Huron River may have deprived
the system of its sediment supply, thus leading to shoreline erosion.

Figure 8 depicts historical changes in land use at Monroe, N1chigan. A
pattern common to many wetlands in the Great Lakes Basin is seen here  i.e.,
development beginning on the margi ns of' the wetland and proceed1ng toward the
center!. At Monroe this is most evident north of the Raisin River. In 1915,
agricultura1 activity occupied the area west of the marsh. By 1975, development
had taken place on the coastal barrier and had spread northward from the Raisin
River, fragment1ng and isolating smaller parcels of marsh. Identifiable causes
of wetland alteration over the 59-year period include river channelization,
private development, and public filling. At Sterling State Park the barrier was
modified for recreational activ1ties which are largely oriented toward Lake
Erie, rather than toward the wetlands to the west. According to Hanink   1979!
coastal Monroe County lost approximately 7,000 acres of wetlands between 1912
and 1975. In addition to actual loss of wetland acreage, the qua11ty of
remaining wetlands has been seriously degraded.

Table 4 surmarizes wetland losses in selected areas. Included are wet lands
in urban districts  e.g.: Lake St. Clair!, agricultural areas  e.g.: Saginaw
Bay!, and more isolated regions  e.g.: Les Cheneaux Islands, Lake Huron!.
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Figure 8. Alteration and Destruction of the Coastal Wetlands
at Monroe, Michigan Between 1915 and 1974

 Jaworski and Raphael, 1976!



Table 4

Probable Causes of Coastal Wetland Losses
in Selected Great Lakes Areas

Wetlands Acres L,ost Probable Causes

Lake Erie and Detroit. River Draining, Commercial/
Residential Growth, Erosion,
Flooding.
Draining, Local Corrmercial/
Urban Expansion, Coastal
Flooding.
Draining, Coastal Erosion,
Local Cotrierical/Residential
Growth.
Coastal Flooding, Local
Draining, Local Urban
Exp ansi on.
Erosion, Loca 1 Draining.

6,240

Lake St. Clair 12,999

Saginaw Bay 19,620

1,423Bay de Noc

1,278Les Cheneaux Islands

41,550TOTAL:

a Jaworski and Raphael �978!

A co+non pattern with regard to wetland loss begins with draining for
agricultural use. Agricultural land is then overtaken by urban, residential, or
industrial users. Figure 9 documents a loss of approximately 21 percent of the
wetland habitat in Naumee Bay from 1877 to 1940. The pattern clearly suggests
that agricultural, woodland, and wetland losses are inversely related to urban and
industrial expansion. Under such circumstances the impact is irreversible and
losses are permanent.

Table 5 suomarizes shoreland use in 1970 and projected use to the year 2020
for the U.S. Great Lakes shoreline.
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Future coastal wet 1 and losses are di f f 1 cul t to project because of' a
changing public perspective on wetlands. In recent years the public and their
legislators have recognized that wetlands have intrinsic values and that their
preservation ought to be encouraged. Recent federal legislat1on  P.I . 92-500
Sec. 404! and an execut1ve directive  Execut1ve Order 11990! discouraged
indiscriminate wetland destr uct1on. On state levels, and to some degree county
levels, wetland protection bills and ordinances are being designed and discussed
 e.g., Michigan's pending Wetland Protection Bill!.



Table 5

Existing and Projected Great L~k~s Shoreland
Use in Linear Miles '

20201970 1980 2000Use

Industrial/Commercial
Residential
Pub Iic Park/Recreation
Fish and Wildlife
Agri cu 1 ture/Forest/
Unde ve 1 oped

231
1, 246

351
57

258
1,862

358
55

321
1,538

404

55

290

1.,440
391

55

1,801 1,608 1,425 1,283

2 Modified after Great Lakes Basin Commission �975!1

Includes only U.S. shore. Lake St. Clair, St. Clair River, and l3etroit River
data are included only in the 1970 column.
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If future coastal land use trends follow historical patterns, wetland
losses can be anti cipated. Industrial and residential growth is expected to
i ncrease along the Great Lakes' shorelines over the next 40 years, whereas
agricultural, forest, and undeveloped uses are expected to decline. The latter
category probably includes wetlands which will decrease as industrial and
residential growth continues. Possible mitigating factors include a public
awareness of wetland values and encouragement of wetland preservation, as well
as future energy restrictions, which may retard urban and industrial growth.
Based upon recent legislative activity, there is cause to anticipate increased
preservation efforts.
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WETLANDS AS HABITATS

Food Chain Production Ecos stem Ener Relationshi s

The ultimate source of energy for all natural ecosystems is the sun. Only
a small fraction of the total available energy from the sun enters the food
chain of living organisms ~ Even when light falls where vegetation is abundant,
as in a marsh, only I or 2 percent of that light is used in photosynthesis. Yet
this fraction, small as it is, may result in the production � from carbon,
oxygen, water, and minerals � of several thousand grams  dry weight! of organic
matter per year in a s1ngle square meter of marshland  Russell-Hunter, 1970!.

The passage of this energy from one organism to another takes place along a
particular food chain, ~hich is made up of trophic levels. In most communities,
food chains form complex food webs involving many d1fferent types of organisms,
especially on the lower trophic levels.

The first step in the food cha1n is always a primary producer, which in
freshwater aquatic ecosystems may be one of three basic tyes: 1! macrophytes
 marsh grasses, macroalgae, and terrestr1al plants!, 2! benthic microalgae, and
3! phytoplankton. Odum et al. �973! cite several studies indicating that the
macrophytes are the most 1mportant primary producers and the phytoplankton the
least important. These photosynthetic organisms use light energy to make
carbohydrates and other compounds, which then become sources of chemical
energy. Producers far outweigh consumers: 99 percent of all organic matter in
the b1osphere is made up of plants, including algae. All other organ1sms �.e.,
heterotrophs! combined account for only one percent.

Food chain production is measured by the amount of energy  in calories!
stored in chemical compounds or by the increase in biomass in a particular
length of time Net productivity represents the amount of light energy
converted to organic matter less the amount of glucose and other compounds used
in respiration.

Energy enters the animal wor1d largely through the activ1ties of the
herb1vores: animals that eat plants and algae. Of the organic material
consumed by herbivores, much is excreted undigested. Some of the chemical
energy is transformed to other types of energy -heat or motion - or used in the
digestive process itself. A fraction of the material is converted to animal
biomass.

The next level in the food chain, the secondary consumer level, involves
carnivores. Only a small part of the organic substance present in the body of
the herbivore becomes incorporated into the body of the carnivore. Some chains
have third and fourth consumer levels, but five links are usually the limit,
largely because of the waste involved in the tr ansfer of energy from one trophic
level to another.
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The decomposers, which are primarily bacteria and fungi, break down dead
and discarded organic matter, completing the oxi dati on of the energy-rich
compounds formed by photosynthesis. As a result of the metabolic work of the
decomposers, waste products � detr1tus, feces, dead plants, and animals -are
broken down to itior ganic substances that are returned to the soil or water to
enter once more into the tissues of plants and begin the cycle again.

The flow of energy through a food chain is often represented by a graph of
quantitative relationships among the var1ous trophic levels. Secause large
amounts of energy and biomass are dissipated at ever y trophic level, these
diagrams nearly always take the form of pyramids  Figure 10!. Such a pyramid
may be: �! a pyramid of numbers, showing the numbers of indi vidual organisms
at each level; �! a pyramid of biomass, based either on the total dry weight of
the organ1sms at each level or on the number of calories at each level; or �! a
pyramid of energy flow, showing the productiv1ty of the different trophic
levels. The shape of any particular pyr amid tells a great deal about the
ecosystem energy relationship it represents. It must be noted that pyramids of
numbers and pyramids of b1omass indicate only the quantity of organ1c material
present at any one time; they do not give the total amount of material produced
or, as do pyramids of energy, the rate at which it is produced.

TON

FAUNA

OM FLORA

Figure 10. Pyramid of aquatic life  Redrawn from Juday, 1943!

The studies which first introduced the concepts of trophic levels were, to
a large extent, worked out in freshwater wetlands. Among these should certainly
be mentioned Lindemati's �942! classic analysis of the events within a food
complex in terms of energy, and Juday's �943! "pyramid of aquatic 'I1fe" which
determined the various components of the aquati c population in Weber Lake,
Wisconsin, as they existed in midsumner. For this particular lake, Juday found
that the d1ssolved organic matter composed about 60 percent of the total
pyrami d; the f i s h, on I y one- half of one per cent; and the ot her an ima l s, slightly
less than 5 percent of the total pyram1d.

In freshwater systems there are often 3 major sources of energy for aquatic
consumers:   1! marsh detr1tus, �! phytoplankton production, and �! detritus
from terrestrial sources brought in by drainage. However, the contribution of
marsh detritus to freshwater ecosystems has not been determined  Keefe, 1972!.



Although much research remains to be done on food chain production and
ecosystem energy relationsh1ps, particularly of freshwater wetlands, there are
biological conclusions which seem to have a certain val1dity. For example,
�! food cycles rarely have more than five trophic levels; �! the greater the
separation of an organism fram the basic source of energy  solar radiation!, the
less the chance that it wil 1 depend solely upon the preceding trophic 1 eve'1 for
energy; �! at successively higher levels in the food cycle, consumers seem to
be progressively more efficient in the utilization of food supply; and �! in
lake succession, productivity and photosynthetic eff1ciency increase from
oligotrophy to a prolonged eutrophy and then decline in lake senescence  Reich,
1952!. Clark �974! noted that in terms of primary production, estuarine water
bodies may produce 20 t1mes as much as the deep sea and 10 times as much as
either nearshore waters or deep lakes.

The majority of current research into food chain production and ecosystem
energy relationsh1ps in wetlands centers around marine coastal marshes,
estuaries, and mangrove and cypress swamps. Although these studies deal with
the marine environment, they contain concepts and factual materials which are
important to, and in many cases directly applicable to, freshwater wetlands
systems. Among the more recent and useful works to investigators in freshwater
wetlands are Chabreck �972!, Clark �974, 1977!, Odum �961!, Odum et al.
�974!, and awaits �967!, which deal with aspects of coastal ecosystems in
general; Grosselink et al. �973!, Keefe and 8oynton �973!, Keefe �972!, Kirby
�972! and McIntire and Dunstan �975!, which deal with coastal salt marshes;
L au f f �967 ! and Odum �970!, which deal exc 1 us i ve 1 y wi th est uar 1 es; and
Kuenzler �974!, Lugo and Snedacker �974!, Odum et al. �975! and Snedaker and
Lugo �973!, which deal with cypress and mangrove swamps.

Cons1derably less resear ch has been done on food chain production and
ecosystem energy relationships in freshwater wetlands than in marine systems.
However, some recent and important studies have been conducted on inland marshes
and lake systems  e.g.: Jer vis, 1969; and Day et al., 1975!.

Fish Product1on and 5 awnin

The fisheries productivity of marine wetlands  i.e., estuaries and salt-
water marshes! are widely recognized, particularly w1th regard to spotted sea
trout, croakers, crayf i sh, shr1mp, oysters, and blue crab  Messman et al.,
1977!. In contrast, inland wetlands are much less well documented, but may also
be relatively productive, with the possible exception of shellfish. wetlands
are productive partly because they function as sinks for nutrients and organic
detritus. Like marine estuaries, inland wetlands receive nutrients and or ganic
material from land drainage. Through the stimulation of primary producers and
the activ1ty of herbivores, as well as that. of shredders and decomposers, these
inputs are transformed into living biomass which, in turn, supports the food web
of the wetland ecosystem.

In general, there is a paucity of data regar ding the abundance and density
of the fish speci es i nhabiting inland wetlands Important published materials
include general sources such as Odum �971! and Perkins �974!. Environmental
impact statements and ecological surveys provide some data concerning local
wetland areas. For example, the fisheries of southwestern Lake Erie in the

-68-



vicinity of Navarre Marsh, Ohio, were studied as a result of the construction of
the Davis-Besse Nuclear Power Plant  Reutter and Herdendorf, 1975!. Although
some regional studies were sponsored by the Tennessee Valley Authority  TVA! and
by other agencies during the preconstructi on phase of various pub 1 ic water
projects, an overview of the productivity of inland wetlands has yet to be
published.

A technical source ot data on fish abundance and density over a wide area
is contained in fish entrainment investigations of power plant intakes and other
cooling water influents. These fish entrainment studies have enab1ed the
Fisheries Division, Michigan Department of Natural Resources, to estimate
fingerling production per wetland acre for walleye, northern pike, and other
fish species in selected coastal wetlands of Michigan  Bill McClay, personal
communication, Fisheries Division, Michigan Department of Natural Resources,
Lansing!. Using the Thompson-Bell method of projecting the annual recruitment
of finger ling fish to various year classes  Ricker, 1975!, it is possible to
estimate the annual per acre production of various important species.

Most of the fish fauna inhabiting inland wetlands appears to consist of
non-salmonid, warmwater or coolwater species such as carp, northern pike,
bullheads, and buffalos. Because of the predominance of clayey and organic-rich
substrates in wetlands, there is a prevalence of bottom feeders  e.g., bullheads,
channel cat f i sh, carp, and buff al o! . Greenwood �971! suggested that
often as much as 90 percent of the standing fish crop of inland wetlands, which
~ -iy - ~ "g

species such as carp and freshwater drum. Large predator fish, such as
northern pike, rely on visual contact for locating their prey, Minnows, such as
emerald shiners, prefer clear waters with sandy bottoms, whe~eas some wet land
species, inc 1uding carp, bu 1 1 heads, and bu f f al o are tolerant of turb i di ty
and siltation  Pinsak and Meyer, 1976!.

Wetlands are important to fish production because they provide spawning
and nursery hab i tat for wetland-dependent spec i es, cover for juveni le and
forage fish, and feeding areas for predator fish. Horr all �977! stated that
the spawning grounds of important fish species occupying the Great Lakes have
been poor1y documented. Jaworski and Raphael �977! surveyed the values of
Michigan's coastal wetlands as fish spawning sites, and the Ohio Department of
Natural Resources has prepared a report  Hartley and Van Vooren, 1977! on
spawning areas in relation to future dredged spoil operations. Three general
sources oF material on fish spawning in inland wetlands are Pflieger �975!,
Eddy and Underhill �974!, and Trautman �957!.

Fish species that commonly spawn in the inland wetlands of the glaciated
Midwest are listed in Table 6. Northern pike usually broadcast their eggs in
shallow sedge marshes or in flooded fie1ds  Priegel and Krohn, 1975; Williams
and Jacob, 1971!. Carp also broadcast their eggs over vegetation and debris in
warm, shallow embayments and mar shes  Trautman, 1957!. Because many fish
species spawn only on specific substrate types, modification of wetlands
through direct habitat loss, addition of suspended solids, and alteration of
flow regime may result in the elim~nation or degradation of existing wetland
spawning environments  Darnell, 1976!.
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Table 6

Fish Species Which Commonly Spawn in Wetlands of the Glaciated Midwest

Buf f al o
Bullheads
Carp
Spottail Shiner
Blacknose Shiner
Goldenshiner

Northern Pike
Muskellunge
Yellow Perch
Smallmouth Bass
Largemouth Bass
Bluegill

Pflieger, 1975; Trautman, 1957.

The introduction of externally-derived detritus, including particulate
organic matter, along with algae, duckweeds, and aquatic p'lants such as water
hyacinth provi de food for herbivorous fish and other f orage speci es. In turn,
the abundance of these forage fish, as well as large numbers of juvenile fish
r esulting from spawning activities cited above, attract predator fish to
wetlands for feeding. Predator fish, such as northern pike, may feed at dusk
and at dawn in shallow waters, but usually return to somewhat cooler or deeper
waters for resting during the day. Thus, links between open waters and the
shallow wetlands are essential. Spring floods and other high-water periods
provide access to the wetlands for feeding and spawning fish. In contrast,
during periods of low or obstructed flow, links to adjacent wetlands are broken
and the isolated wetland populations may suffer from hi gher water temper atures,
reduced dissolved oxygen, and a concentration of incompatible chemical
effluents.

Waterfowl Wi nterin and Mi ration

Bellrose �968! provides an excellent reference on the migration corridors
which comprise the Central, Mississippi, and Atlantic Flyways. As illustrated
by Figure 11, a flyway is a complex of corridors. Each corridor, in turn, is a
web of routes as opposed to a single, narrow band rigidly followed by the
waterfowl. In general, fa11 movements of dabbling ducks  e.g., con+on mallard
 Anas lat rh nchos! and blue-winged teal, are from the northwest, across the
Great P ains, to the Gulf Coast of Texas and Louisiana. Diving ducks and
redheads exhibit a more east-west migration pattern but may winter in either the
Gulf or Atlantic coasts. Pirnie �935! and Miller �943! have documented the
arrival and departure of main waterfowl flights in Michigan for both the fa11
and spring migrations.

As waterfowl migrate between breeding grounds and wintering areas, they
stop to rest and feed in wetlands referred to as concentration areas.
Concentration areas are characterized by an abundance of waterfowl foods as well
as by 1ow wave energy and low human disturbance  Jaworski and Raphael, 1977!.
Canvasbacks, redheads, American widgeon, ring-necked ducks, and coots feed
extensively on submersed plants, whereas shovellers, oldsquaw, goideneye, and
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Figure 11. Migration Corridors of Oabbling Oucks in the Great
Lakes region  after Bellrose, 1968!
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mergansers appear to prefer crayf i sh, smal 1 f i sh, and other an1mal foods
 Pirnle, 1935! . Black ducks, common mal l ard, p inta i 1, teal, scaup, and
bufflehead, select from both plant and an1mal foods. Canada geese and common
mallard also feed heavily on waste grains in agricultural fields  Jaworski and
Raphael, 1977!. Food availability may be more important than food preference,
especially during the spring migration when food supplies are less abundant.

Concentration areas should be mapped and the waterfowl foods 1nventoried
so that waterfowl migration may be managed more effectively. Hunt and Nickelson
�976! suggested that food availability in the wetlands of concentration areas
was reduced by extreme high and low water levels, heavy siltation, turbidity,
heavy hunting pressure, and other disturbances. Bednarik et al. �975!
reported that preferred natural foods of diving ducks, such as wild celery,
appeared to be more adversely affected by turbidity and siltation than foods of
dabbling ducks or geese.

The wintering areas for ducks, geese, swans, coots, and other waterfowl
have been mapped in detail by Bellr ose �976! and Johnsgaard �975!. The
Rockefeller Refuge i n southwest Louisiana is a well known wintering area for
m1gratory waterfowl, Like concentration areas, quality wintering habitat must
provide abundant food and protection from waves and human disturbance. Over the
years, certa1n waterfowl  e. g., Canada geese! have modified their wintering
activity by stopping at sites somewhat north of their former winter areas. In
general, most state conservat1on agenc1es do not encourage the creation of
resident winter ing flock because of the problem of waterfowl starvation dur1ng
severe winters  Hunt, l957 !. Waterfowl that reach the spring breed1ng grounds
in good condition tend to exhibit greater nesti ng success than those whi ch are
undernourished.

Nestin of Ni rator Waterfowl

The dependency of waterfowl on wetlands for breeding purposes is probably
more crucial to their survival than their use of wetlands for wintering,
resting, and feeding areas during mi gration, since the former involves the
product1on of young. There are 46 spec1es of ducks, geese, brant, and swans
nati ve to North America, 39 of which are normally hunted. Since 1934, using
funds derived primarily from the sale of migratory bird hunting stamps, the U.S.
Fish and Wi ld11fe Service has purchased approximately 5.4 mil'lion acres of
wetlands in the United States for waterfowl breeding and other purposes {U.S.
Department of Agriculture, 1977!.

Two recently published texts regarding waterfowl nesting are Bellrose
�976! and Johnsgaard �975!. These publicat1ons contain detailed maps of
breed1ng grounds by species, as well as popul ation estimates, description of
migration corridors and general ecological data. General maps of waterfowl
nesting in the Great Lakes r egion are contained in the Great Lakes Basin
Commission Report �975!. Waterfowl nesting in the coastal wetlands of Mich1gan
has been reviewed by Jaworsk1 and Raphael �977!.

Generally, many North American waterfowl species nest in Canada or in the
Dakotas and Alaska, and winter in the southern portion of the United States
 U.S. Department of Agriculture, 1977!. The prime breeding grounds extend from
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South Dakota northward through the Prairie Provinces of Canada to the Mackenzie
River delta and adjacent Alaska  Johnsgaard, 1975!. However, significant
numbers of waterfowl breed elsewhere as well.

The value of the various wetland types to waterfowl breeding, as reviewed
by Shaw and Fredine �956! are listed below:

Type 1 - Seasonally Flooded Flats.

Type 2 - Inland Fresh Meadows.

Type 3 - Inland Shallow Fresh Marsh.

Type 4 - Inland Deep Fresh Marsh.

Provi des additional area for
territories of breeder s.
Some nesting of blue-winged
teal; not very significant.
Used for nesting and feeding.
Prime breeding environment.
Best breeding habitat in USA
for dabbling and pochard
ducks. With Type 3,
constitutes the principal type
of production area.
Breeding areas in late summer.
Concentration areas during
migration.
Light use f' or nesting and
feeding. Black duck nesting.
Wood duck nesting habitat.
Has lowest value for waterfowl
nesting of inland fresh types.

Type 5 - Inland Open Fresh Water.

Type 6 - Shrub Swamped

Type 7 - Wooded Swamp.
Type 8 - Hogs.

Common Mallard.

Blue-winged Teal
Bl ack Duck

Wood Duck

Ring-necked Duck

Broad, tri angul ar-shaped area, f rom
Pennsylvania to Colorado and Alaska.
Breeding area similar to Common Mallard.
Northeastern U.S. and eastern Canada,
Including the James Hay region.
Eastern half of U.S. from Louisiana to
Minnesota to New York.
Broad belt from New Brunswick, across Great
Lakes and adjacent Ontario, to northern
Alberta.
Primarily in Prairie Provinces of Canada and
Dakotas, with outliers in southeastern
Michigan, etc.

Redhead

The publication by Shaw and Fredine �956! represents the results of the
wetlands inventory conducted by the U.S. Fish and Wildlife Service in 1955.
Based on this inventory, a summarial report was prepared for each state, to
include a report on wetlands of particular importance to waterfowl. With regard
to Michigan, these reports are by Panzner �955! and Miller �958!. Since the
1955 inventory, wetlands which serve as important waterfowl breeding grounds
have been lost to competing land uses. For example, since 1964 approximately
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350,000 acres of prime prairie pothole wetl ands have been drained for
agriculture  U.S. Department of Agriculture, 1977!. At present, 27 percent of
Michigan's coastal wetlands, which produce an estimated 0.31 ducks per acre
annually, will be threatened by development fram the private sector within the
next five years  Jaworski and Raphael, 1977!.

Other Wildl ife

Primary emphasis in appra1s1ng values of wetlands is traditionally placed
on waterfowl because of the great interest in the sport of w1ldfowling and
because water fowl populations are often more affected by wetland changes than
are populations of other game species. However, many wetlands are recognized on
the basis of their values as habitat for wildlife other than waterfowl.

Wetlands serve as general habitat for many aquatic, terrestrial and avian
species in that they provide all the needs of a particular species for
complet1on of its life cycle. Cattail marshes provide excel lent food and
building mater1al for furbearers such as muskrats. Conversely, many species
occupy multiple habitats, of which wetlands may function only as one; var1ous
animals, such as raccoons and deer, may use wetlands as feeding areas, resting
areas, or shelter. The use of wetlands by game animals is often not so obvious.
Many a hunter has stalked a white-tail deer for hours, only to have 1t seek the
thick cover of an impenetrable cedar swamp. Woodcock hunters prefer alder
swamps for their shooting, while pheasant hunters find good hunting along the
wild, grassy cover of local marshes where fall and ~inter cover is available to
the birds.

In the glaciated Midwest other corrmon game and fur an1mals occupying
wetlands include the rabbit, moose, mourning dove, snipe, grouse, and gray and
fox squirrels. The value of marshes and swamps for such fur animals as
muskrats, mink, and raccoons is well known because of the cash value of wild
furs. According ta Shaw and Fredine �956!, the pelt value of furbearers was 50
million dollars annually in the United States at that time. In the Midwest,
high muskrat production occurs in Illinois, Ohio, Iowa, and Minnesota  Niering,
1966!. In the 2000-acre Magee Marsh of northern Ohio, 40,000 muskrats were
harvested in a single year  U.S. Department of Interior, 1967!.

Raccoons and muskrats occupy wetlands at the headwaters and wetlands at the
mouths of rivers, whereas the otter and beaver occupy intermedi ate areas. The
beaver deserves special menti on because of 1ts benef'ici al influence on
waterfowl, other wildlife, and water conservation. Beaver dams often impound
water-deficient wetlands such as meadows, shrub swamps, and wood swamps,
converting them inta wetlands with shallow surface water of more value to
waterfowl, especi ally black ducks and wood ducks.

A w1de diversity of aquatic birds, passerines, shorebirds, and raptors are
closely associ ated with wetlands. Many wetlands provide vital nesting sites,
feeding areas, and migratory resting sites for such species as the osprey,
eagle, rails, cranes, gulls, and terns. The Lake Erie marshes are known for
large assemblages of shorebirds  Butsch, 1954!. Shorelands such as Whitefish
Point are important staging areas for b~rds of prey, including several
threatened species such as the peregrine falcon, osprey, and double-crested
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cormorant  Kelley, 1972!. With regard to birds which occupy the perimeter of
wet1ands, Wel ty �975! notes that small marshes may be more important in terms
of nest density than larger marshes because of the greater edge effect. The
marsh itself is important as a supplier of amphibians, reptiles, and insects to
the diet of the birds.

ECONOMIC VALUE OF WETLANDS

It is generally accepted that the Great Lakes coastal wetlands contribute
to the "public good", particular1y with regard to fish, wildlife, and
recreational use. However, a lack of quantitative and site-specific data, as
we11 as methodo1ogical limitations, render the task of establishing dollar
values for specific wet1and resources, or for wet1and complexes as a whole,
prob1emati c ~

Two approaches may be employed to determine the economic value of wetlands.
One approach is to calculate the annual economic r eturn as determined from
participant expenditures re1ated to hunting, sport fishing, and nonconsumptive
recreation as well as from the do1lar value of products  e.g., pelts, commercia1
fish, and waterfowl carcasses! harvested from a wetland  Jaworski and Raphael,
1978; Leitch and Scott, 1977!. Using this approach, it has been determined that
iMichigan's 105 855 acres of' coastal wet 1ands are worth $51 8 million, or
approximately $490/wetland acre/year  Table 7!.

Table 7

Aver age Annual Return from h'lichigan's Coastal Wetlands
For Fish, Wildlife, and Recreation 1977

Economic Value~ll / «i

Jaworski and Raphael �978!

Because few economic value assessments of wet1ands have been undertaken,
it is difficu1t to compare the results in the table to those of other studies.
Nonetheless, the estimate appears to be within the range of other research.
Benson and Perry �965! reported that an average acre of marsh in New York state
has an annual net value of $20 per acre. However, if gross economic values are
employed, as in the Table 7, an average annual value of $400 is obtained  as the

-75-

Sport Fishing
Nonconsumpti ve Recreation
Waterfowl Hunting
Trapping of Furbearers
Commercial Fishing

TOTALS

$286.00/wet 1 and acr e/year
138.24

31.23
30.44

3.78

$489.69/wetland acre/year



net value was 0.05 of the gross!. Moreover, if the 1965 value is adjusted for
cost-of - living to 1977, then an average value of $780 per mars h acre is
attained.

Another method is to evaluate the investment and operating cost of a
replacement ecosystem. A natural wetland which is diked and managed for
conmercial fish production may be worth $331/acre/year, whereas a wetland
constructed artificially for commercial fish production may be valued at $849
per acre/year  Tilton et al., in press!. Since only northern pike production
and its cost have been adequately researched in Great Lakes wetlands, this
strategy has limited application to fish and wildlife production in the wetlands
in general. As renewable resources of coastal wetlands become more scarce, it
may be necessary to establish critical areas for each coastal wetland type and
to attach a finite economic value to these areas  Tilton et al., in press!.

A r'icultural Values

Compared to inland wetlands, coastal wetlands of the Great Lakes do not
support much agricultural activity. Very little economic return derives from
forestry, peat extraction, crop cultivation  e. g., blueberries and
cranberries!, or wild rice gathering in coastal wetlands. Although lumber mills
were historically located in river mouths  e.g., in the lower Betsie River, near
Frankfort, Michigan!, the adjacent wetlands, if present, generally did not
supply much of the harvested timber or lumber. Cattle were once pastured in the
coastal meadows and sedge marshes along western Lake Erie and Saginaw Bay, but
today pasturing is less widespread and generally restricted to improved
pastures. Some wild hay  probably sedge! used to be collected from coasta1
wetlands along the Misconsin coast of Lake Michigan for use in packing iced beer
for shipp~ng from Milwaukee  Johnson and King, 1975!.

However, agriculture has been encroaching upon the Great Lakes coastal
wetlands. Aided by the Swamp Acts of the 1850's and 1860's, most of the
300,000-acre Black Swamp of western Lake Erie has been cleared, drained, and
tiled for row crop agriculture  Kaatz, 1955!. Most of the 30,000 acre remnant
of the Black Swamp now consists of shallow- and deep-water marshes within
private or public waterfowl shooting areas. Similarly, during the period from
1857 to 1973, approximately 20,000 acres, or 52 percent, af' the coastal wetlands
along Saginaw Bay were drained for agriculture  Jaworski and Raphael, 1978!.

Agricultural encroachment on coastal wetlands may be limited by seiche
activity, particularly along Lake Erie, and by long-term water level
fluctuations which exhibit a general hydroperiod of 8 to 12 years. Because
Great Lakes water levels fluctuate approximately 2 to 4 feet �.6 to 1.2 m!
above the historical mean levels  U.S. Department of Commerce, 1977!, the
landward limit of coastal wetlands, and hence the lakeward limit of agriculture,
is generally delimited by the 5-foot �.5 m! contour. Current policies of the
Soil Conservation Service provide that wetland types 3, 4, 5, and perhaps 6  see
Shaw and Fredine, 1965 for wetland types! are not to be drained under federally-
subsidized programs. In some states, notably Michigan, a11 land located
lakeward of the ordinary high-water mark  OHM! is owned by the public, so most
development, including agriculture, is excluded by a permit process.
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Commercial and S ort Fishin

The economic value and total landings of corner cial fish from Great Lakes
wet'lands appears to be very low. Based on wholesale prices paid to fishermen
 approximately 22 cents per pound in 1977!, Michigan's commercial fish landings
generated a value of $3.78/wetland acre/year  Jaworski and Raphael, 1978!. The
landings, by fish species, which can be attributed to Michigan's coastal
wetlands are i ndicated in Table 8. Although the wetland catch has not been
separated from open water catch for the other Great Lakes states or in the
province of Ontario, it is believed that the fish which are either caught in
wetlands or which spawn there are primarily low value, warmwater species. The
fishing for walleye and northern pike by the Walpole Indians in the St. Clair
delta wetlands is an exception to this genera'li zation.

Table 8

Consaercial Fisn Landings From Nicnigan's Coastal Wetlancls
by Species, in Saginaw Bay and Western Lake Erie, 1977

Pounds Landed Pounds Landed
W. Lake Erie

Total
Value

$354,7501,323,847 483,879TOTALS

Jaworski and Raphael �978!

There are several reasons why the Great Lakes coastal wetlands no longer
support a significant commercial fishery. In general, the coastal wetlands are
difficult to fish with modern gear, and most of the wetland-dependent fish
species are low-value, warmwater species or have been designated as sport fish
and are protected from commercial harvest. High-value fish  e.g., the 1ake
whitefish! no longer spawn in coastal wetlands  Regier and Hartman, 1973!.
Destruction of wetlands along the Lake Erie coast oi Ohio contributed to the
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Carp
Channel Catfish
Yel 1 ow Perch
Black Crappie
Bullheads
Buff al o
Quillback
Freshwater Drum
White Bass
Bowfin
Suckers, Redhorses
Gizzard Shad

626,398
282, 148
257,203
85,451
37,354
16,468
16,468
15,937

117
2,331

0
440

422,204
13,950
1,799

0
3,221

33,965
0

2,218
4,558

0
1,964

0

$68,923
115,651
92,875
56,354
4,853

10,078
2,525
1,846
1,515

58
49
23



decline of the lake sturgeon and the muske11unge, two species formerly of
commercial importance in Lake Erie  Trautman, 1957!. According to Trautman,
those species which require clear and/or vegetated waters have been replaced by
small species tolerant of' more turbid waters.

In many coastal wetlands  e.g., along western Lake Erie, Saginaw Bay, and
Green Bay! an important factor in the fishery decline is habitat deterioration.
Excessive turbidity, substrate alteration  hence, loss of spawning habitat!,
and toxic substances may be significant factors in this decline  Stern and
Stickle, 1978; Great Lakes Basin Commission, 1975!. To mitigate the historical
loss of suitable habitat, critical fish habitats should be preserved much in the
same manner as waterfowl refuges and breeding areas were preserved. The state
of Ohio has taken the initiative in this respect  Hartley and Yan Yooren, 1977!.
However, with regard to Lake Erie the loss of wetlands, the ~ntroduction of new
species, and the emphasis on salmonid fishing suggest that restoration of a
commercial fishery in the coastal wetlands is unlikely  Regier and Hartman,
1973!.

In contrast, sport fishing in wetlands exhibits a high economic value.
Based on annual fisherman expenditures or angler day values  see U.S. Department
of Interior, 1977!, the value of Michigan's coastal wetlands with respect to
sport fishing is $286/wetland acre/year  Jaworski and Raphael, 1978!. Lake St.
C1air exhibits the highest sport fishery value for Great Lakes coastal wetlands
 Figure 12! because of its proximity to Detroit and high quality of angling for
walleye, sma1lmouth bass, and yellow perch. Curr ent estimates indicate that
the St. Clair delta wetlands average 20 to 40 angler days/wetland acre/year.

Creel censuses indicate that yellow perch probably generate more angling
demand along the Great Lakes shorelines than any other species  Jamsen, 1976!.
However, in degraded wetlands the catch may consist largely of bowfin, carp, or
bullheads. Unless northern pike, largemouth bass, channel catfish, yellow
perch, or other higher-value species are abundant, sport fishing in coastal
wetlands may not conti nue to be attractive.

The demand for Great Lakes sport fishing in 1980, in United States waters
only, has been projected at 29.8 million angler days  Table 9! . Approximately
45.5 percent of' the angling demand derives from Lake Erie and Lake St. Clair.
Note that participant demand must be exported out of five Great Lakes subareas,
including southwest Lake Michigan, southeast Lake Michigan, Saginaw Bay-
southern Lake Huron, Detroit River-western Lake Erie, and southeast Lake Erie.
In general, these five areas are characterized by urbanization and by severe
1oss of coasta1 wet lands. Much of the unsatisifed participant demand is being
redirected to quality in land lakes or to remote coastal reaches of the Great
Lakes  Great Lakes Basin Commission, 1975!.
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Figure 12. Location of Sport Fishing Areas, by Species, In
and Adjacent to the St. Clair Delta Wetlands,

Lake St. Clair  Lake St. Clair Advisory
Committee, 1975!
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Table 9

Great Lakes Sport Fishing Demand by Lake Subarea, 1980,
United States Waters Only

Total Demand
For Subarea

Demand Transferred
Out of SubareaSub areaLake

SUPERIOR

MI CHI GAN

HURON

"ST. CLAIR
ERIE

ONTARIO

TOTALS 29,806,000 man-days

* Includes Detroit River and western Lake Erie

2,234,000 man-days

Great Lakes Basin Commission �975!

Tra in of Furbearers

Although mink, otter, weasel, and skunk may be taken on occasion from
coastal wetlands, the main furbearers, in terms of total pelt value, are muskrat
and raccoon. When food resources are limited in winter, red fox may prey on
muskrat and thus be vulnerable to local harvesting by muskrat trappers. i4luskrat
densities and pelt quality are generally highest in cattail marshes, which occur
principally along southern Lake Huron, Lake St. Clair, Lake Erie, and Lake
Ontario. Raccoons commonly inhabit wooded bottomlands, near streams and inland
lakes, but may build dens and forage for food in coastal wetlands.

Table 10 indicates that muskrat and raccoon generate a value of
$30.44/wetland acre/year in Michigan's coastal wetlands. Given an average
annual harvest of three muskrats per wetland acre and a combined pelt and
carcass value of $8.70 per animal  $7/pelt and $1.70/carcass!, this furbearer
yields an average annual dollar value of $26.10/wetland acre. If 0.11 raccoons
are harvested per wetland acre and given a combi ned pelt-carcass value of
$39.40/animal  $31.40/pelt and $7.90/carcass!, raccoons generate an annual
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1.1
1.2
2.1
2.2
2.3
2.4
3.1
3.2
4.1
4.2
4.3
4.4

5.1
5.2
5.3

137,000
600,000

1,030,000
3,419,000
1,600,000
1,300,000
1,400,000
3.,350,000
2,900,000
4,250,000
4,455,000
1,965,000
1,500,000
2,900,000
1 000 000

0 0 0
869,000
300,000

0 0
150,000
700,000

0 0
215,000

0 0 0



economic return of $4.34/wetland acre. The current demand for natural furs has
resulted in exceedingly high pelt prices and intense trapping activity.

Table 10

Pelt and Carcass Value of iMuskrat and Ra<coon in
Michigan's Coastal Wetlands, 1977

$ Value Per
Wetland Acre/Yr

Average Yield Pelt
Per Wetland Acre Value

Carcass
Value

$1.70
7.90

$ 7.00
31.40

$26.10
4.32

$30.42

Muskrat
Raccoon

3.0
0. 11

TOTAL

Jaworski and Raphael �978!

The historical modification of coastal wetlands, particular ly as a result
of agricultural encroachment, may have affected the raccoon differentially,
since clearing of the swamp and shrub margins of wetlands may have eliminated
potential breeding and hibernation habitat. In contrast, the muskrat continues
to be abundant in the extant shallow- and deep-water marshes which are usually
considered too wet for agriculture. ihoreover, the hybrid cattail, ~1 ~ha glance,
a principal food item of' the muskrat, may in fact be extending its range
 Stuckey, 1971!, whereas crayfish and other aquatic foods of the raccoon may be
decreasing in abundance owing to water pollution and siltation ~ Both muskrat
and raccoon may benefit from wetland diking and water level management for
waterfowl breeding and feeding.

Waterf owl Huntin
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In 1976 over 2.1 million waterfowl hunters in the continental United States
expended 15.237 million hunter-days and harvested 15.24 million ducks, 1.69
million geese, and 0.96 million coots  Sorensen et al., 1977!. The mallard
accounted for one-third of the total national duck harvest. Of the four
continental flyways, the Mississippi and Central Flyways exhibit somewhat
higher waterfowl harvests because of slightly greater waterfowl use of these
routes  Bellrose, 1978!. The Mississippi Flyway accounts for 40 percent of the
national duck harvest,, 63 percent of the total coot harvest, and 28 percent of
the annual goose harvest. States which exhibit the highest waterfowl har vests
in the Mississippi Flyway include,  in decreasing order! Louisiana, Minnesota,
Wisconsin, Arkansas, Illinois, and Michigan  Carney et al., 1975!. Except for
New York and Pennsylvania, which are part of the Atlantic Flyway, most Great
Lakes states and the Province of Ontario are included in the Mississippi Flyway.



Waterfowl which provide most of the hunting opportunities in the Great
Lakes region include dabbling ducks, diving ducks, coots, and Canada geese.
However, waterfowl harvested from coastal wetlands ~er se consist primarily of
dabbling ducks and coots. With respect to Michigan's coastal wetlands, the most
common species harvested is the mallard, along with lesser percentages of black
duck, pintail, green-winged teal, blue-winged teal, baldpate, and ring-necked
duck  Michigan Department of Natural Resources, Wi 1 dl if e Di vis i on f i les! .
Along the Lake Erie coast in Ohio, 75 percent of the annual duck harvest is
comprised of mallard, black duck, wood duck, and blue-winged teal  Bednarik,
1976!. Because diving ducks prefer open-water or deep marshes for feeding and
resting, most divers are harvested by boat in open water. Although 77 percent
of the Tennessee Val 1ey popul ati on of Canada geese are taken in Mi chi gan,
Ontario, Pennsylvania, and Ohio  Bednarik and Lumsden, 1977!, only a small
percentage of the total Canada goose harvest derives from Great Lakes coastal
wetlands.

The total harvest of waterfowl along a given coast consists of resident
waterfowl  i.e., state-reared birds! or immigrants from other regions. In
general, hunting success increases as the proportion of' state-reared birds
i ncreases  Goldstein, 1971!. In Michigan, between 25 and 40 percent of the
annual waterfowl har vest is comprised of ducks produced within the state
 Jaworski and Raphael, 1978!. Banding data suggest that 40 per cent of all
mallards  Greis, 1971! and 82 to 95 percent of all wood ducks  Bowers and
Martin, 1975! shot annually in Michigan are state-r eared. Based on these data,
approximately one-third of al1 waterfowl harvested in the Great Lakes region as
a whole may consist of birds locally produced.

Nevertheless, a majority of the waterfowl harvested annually in the Great
Lakes region migrate into the area from outside breeding grounds, especially
from the prairie pothole region of North America. As waterfowl migrate through
Great Lakes corridors, the birds accumulate in sites referred to as
concentration areas. Along the coastal zone, concentration areas are
characterized by an abundance of preferred food i tems, relatively low water
energy, and by low hunting pressure or disturbance from boats and other traffic
 Jaworski and Raphael, 1978!. Sanctuaries and refuges are often located within
concentration areas. Lake St. Clair and the lower Detroit River, including
their associated wetlands, are perhaps the two most intensively utilized
concentration areas i n the Great Lakes coastal zone  Table 11!. In Ohio, a
coastal wetland is considered of high value to migratory waterfowl if the
waterfowl use exceeds 39 bird-days/acre/year  Weeks, ].974!.



Table 11

Waterfowl Day Use of Lake St. Clair and Lower Detroit River
Aver ages from 1948-1966, September-December Only

Lake St. Clair Lower Detroit R~ver TOTAL

Ducks
Geese
Coots

10,250,000
200,000
900,000

10,197,000
4,000

200,000

20,447,000
204,000

1,100,000

Subtotals 11,350,000 10,401,000 21,751,000 days

Michigan Department of Natural Resources, Wildlife Division Files

The economic value of waterfowl hunting in the coastal wetlands may be
estimated from the average annual waterfow1 hunter's expenditures, or it may be
based upon the value of a hunting day. Using the Michigan data base, it has been
determined that Michigan's 105,855 acres of coastal wetlands generate an
average of $31.23/wetland acre/year  Jaworski and Raphael, 1978!.
Approximately 21 percent of Michigan's total annual duck harvest derives from
counties with extensive coastal wetlands. For each wetland acr an avera e of
0.81 waterfowl are harvested annually and each bird is valued at 38.45.
Although average values are not site specific, this approach does provide an
estimation of the potential economic return from waterfowl hunting in the
coastal wetlands.

-83-

The species composition of the waterfow1 harvest in the Great Lakes region
is changing, as indicated in Table 12. Michigan was selected as a case study
because it lies along corridors of both the Mississippi and Atlantic Flyways.
Comparison of the species composition of the 1966 harvest with that of 1976
shows that a reduction in the percentage of black ducks taken, as well as a
general decline i n the harvest of most divers, is evi dent. Although some
species of divers are not esteemed by hunters, the change in species composition
probably reflects waterfowl abundance as well as hunting effort motivated by a
species point system. 8ecause lang-term lake level fluctuations influence
waterfowl food availabi lity by causing plant community succession and
retrogression, this and other factors should be examined in future studies of
harvest trends.



Table 12

Change in Species Composition of Ducks Harvested in Michigan

Percent of Total Percent of Total
1966 1976 ~Chan e

100.0 X 100.00 X

* Includes mallard X black duck hybrid

Sorensen et al. �977! and Michigan Department of Natural Resources, Wildlife
Division Files

At present there is not, sufficient high-quality coastal wetland acreage
for waterfowl hunters to utilize. A comparison of the number of applications
for reservations at three public game areas in Michigan with the number of
blinds or hunting sites avail able determined that only 26 percent of the
potential hunters could be accommodated. Even though some hunters apply for
reservations at more than one public game area, there appears to be a large
unsatisfied demand for waterfowl hunting, especially on opening day and for the
first and second weekends of the hunting season in selected wetland areas. In
f act, current projections indicate that unsatisf ied parti cipant demand for
hunting will prevail by 1980 within all subareas of the Great Lakes Basin  Great
Lakes Basin Commission, 1975 ! .
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DABBLERS'
*Mal 1 ard

B 1 ack
Gadwall
Baldpate  Am. wigeon!
Green-winged Teal
Blue-Winged Teal/ Cinnamon
Northern Shoveler
Pintail
Wood duck

DIVERS:
Redhead
Canvasback
Greater Scaup
Lesser Scaup
Ring-necked duck
Goldeneyes
Buff 1 ehead
Ruddy duck
Olds quaw
All Others

24.5
8.0
0.6
3.6
3.9

Teal 2.4
0.7

1.2
8.3

9.1
4.4
5.4

10.2
4.8
4;.1

5.0
0.8
0.2
2.8

39. 29
3. 71
0.79
2.38
7.4
5.7
0.25

1 ' 19
12.92

1. 88
0.18
2.63
8.77
3.68
2.85
4.00
0.65
0.18
1.55



A lack of accessible, high-quality waterfowl hunting sites along the Great
Lakes increases hunting pressure on existing publ ic game areas, including
national refuges. The best hunting opportunities may exist at private shooting
clubs  e.g., Erie Shooting and Fishing Club and Toussaint Marsh in western Lake
Erie! because the number of hunters is strictly limited and continuous daily
hunting is not permitted. Along the Mississippi Flyway, 22 percent of the
medium-to high-value waterfowl shooting grounds are located within private
hunting clubs  Barclay and Bednarik, 1968!. In the Great Lakes, perhaps as much
as 40 percent of the wetland resource base which affords quality waterfowl
hunting is owned by pri vate individuals, pri vate clubs, or local sportsmen's
groups.

As the huntable land resource base diminishes, and as the human population
increases, a latent or unsatisified demand for hunting will continue. Many
states are responding to this situation by purchasing additional coastal
acreages and by artificially increasing waterfowl food production through
diking and the growing of small grains at public game areas. Certain species of
waterfowl, especially the mallard and Canada goose, and perhaps the black duck
and blue-winged teal, rely on waste grains in agricultural fields or on plant
foods produced in managed wetlands. Restoration of the natural productivity of
coastal wetlands along Green Bay, Saginaw Bay, and western Lake Erie, especially
with regard to submersed aquatics such as wild celery and Sago pondweed, may
also increase the retention of migratory waterfowl, particularly diving ducks,
and thereby provide additional hunting as well as nonconsumptive recreational
opportunities.

Nonconsum tive Recreation

Because of their unique ecological character, wildlife concentr ations, and
high viewing quality, many Great Lakes coastal wetlands are playing an important
role in outdoor recreation. For example, the visitor center at Magee Marsh
Wildlife Area in Ohio attracts over 50,000 people per year  Bednarik, 1975!. In
Michigan, an interpretive center has been developed at Tobico Marsh and another
is planned for Pointe Mouillee. Urban fishing and non-motorized boating are two
acti vities frequently underdeveloped in coastal wetlands.

Assessing the economic value of nonconsumptive activities is difficult,
since it has traditionally been easier to assign quantified values to
consumptive pursui ts such as hunting and fishing  e.g., value of pelts, number
of hunting licenses sold, etc.! than to birdwatching, nature study, and other
nonconsumptive forms of recreation. However, many parks, visitor centers, and
state game areas are beginning to collect data on numbers of visitors  or cars
present! which, in turn, may be translated into numbers of recreati on days.
Based on an average recreation day value of $25.50, it was determined that
Michigan's coastal wetlands generate a mean nonconsumptive value of
$138 .24/wetland acre/year  Jaworski and Raphael, 1978!.

Projections for the Great Lakes Basin indicaie that nonconsumptive use of
wildlife and wildlife lands  including wetlands! will increase more rapidly
than hunting use and will compensate for decreases in consumptive uses wherever
they occur  Great Lakes Basin Commission, 1975!. The projections also estimate
that, in the United States, the 1980 demand for nonconsumptive use of wildlife
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habitat in the Great Lakes Basin will exceed the supply by 7.5 million man days
 Table 13!. The Chicago and Detroit urban areas already exhibit large
deficiencies. In Michigan, 72 percent of the public use of state game areas is
for nonhunting activities  Belyea and Lerg, 1976!. However, increased use of
coastal wetlands may generate conflicts between new users and traditional
users, particularly waterfowl hunters and muskrat trappers.

Table 13

Unsatisified Participant Demand for Nonconsumptive Use of
Mi1 elite Habitat in the VSA Portion ot [he

Great Lakes Basin, projected for 1980

Man-Days of
Unsatisfied DemandLake

Superi or

Michigan

1.1
1.2

2.1
2.2
2.3
2.4

Huron 3.1
3.2

*St. Clair and Vicinity

Erie

4.1

4.2
4.3
4.4

Ontario 5.1
5.2
5.3

7,486,100 man-days

Great Lakes Basin Coomission {1975!

Recreational use of the coastal wetlands of Lake St. Clair may result in
conflicts between consumptive and nonconsumptive users as participant demand
increases in the future. Because of the St. Clair delta's unique hydrology and
productivity, the quality of waterfow1 hunting and sport =-Ishing is exceedingly
high, and proximity to Detroit facilitates public access. At present much of
the delta's marsh fringe, on both sides of the international boundary, is
managed for waterfowl hunting. However, current data indicate that less than 10
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~ Includes lower Detroit River and western I ake Erie

26,000
15,000

330,000
2,507,000

504,500
202,300

16, 100
396,600

1,596,400

581,000
896,700
169,200

83,800
138,300

23,200





are found on one site, a change in water salinity is indicated. Fresh water
mussels collected from a Hopewell site in Illinois revealed changes in pH,
sediments, and river regime  i4latteson, 1966!. Archaeological sites beneath
flood plains and marshes are useful in determining rates of sedimentation and
subsistence. Such data are useful in interpreting paleogeographic settings
 Kraft et al., 1977!. The occurrence and rates of sedimentation based on
archaeological site distributions have been used as clues to past climatic
conditions in the eastern Mediterranean  Vita-Finzi, 1968!. According to
guimby �971! some of the earliest archaeological sites in the Great Lakes  the
Aqua-Piano tradition! commonly occurred on ancient glacial and post glacial
beaches in Michigan. The density of prehistoric archaeological sites is highest
in the counties having major floodplains draining into the Great Lakes, and near
the Straits of Mackinac  Peeb 1es and Black, 1976 !. Graves   1977! has
reconstructed the paleogeography of North Maumee Bay, based partly on
archaeological sites in the area.

The examination of archaeological sites, with respect to information they
yield concerning the food habits and tools used by ear1y man, may elucidate the
environmental setting of the time. Table 14 indicates continuous occupation of
the upper Great Lakes over a 2100-year period. Other cultures occupied the
region prior to 500 B.C.  e.g., Boreal Archaic Culture!. Fitting   1975! notes
that Great Lakes shorelines were very rich environments to be exploited
by late Pa1eo-!ndi an groups. However, the Great Lakes were as much as 400 feet
1ower than present day lake levels and many of the richest sites are under several
feet of water. With European contact after 1600 A.Q., tribes such as
the Chippewa, who hunted beaver, muskrat, and mink, fished for sturgeon, and
harvested wi1d rice, occupied the Great Lakes and upper midwest. Common foods
of all cultures in Table 14 indicated the Indians' dependence on wetlands.
Several fishes and other animals use the wetlands f' or at least parts of
their life cycles. Known spawners in wetlands or adjacent waters include
the northern pike and walleye, lake sturgeon, and largemouth bass. Table 14
also reveals the wide diversity of anima1s which are supported in wetlands. With
the appearance of the Hopewell Culture came the beginn ings of agriculture;
corn, squash, perhaps beans, and probably tobacco were cultivated. Although
agriculture became more important by Late Woodland times, the dependence
on wetlands remained. A late Woodland site in southeastern Michigan has revealed
that muskrats, ducks, and some fishes such as channel catfish, largemouth
bass, and yellow per ch were significant food sources  Fitting, 1965!.
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Table 14

Common Foods and Tools of Prehistoric Upper Great Lakes Cultures

Tool sCul ture Food

I ate Woodland
800-1600 A.D.

Beaver, Raccoon, Otter,
Muskrat, Deer, Walleye,
Northern Pike, Channel
Catfish, Freshwater Drum

Deer, Muskrat, Mussels
Painted turtle, Largemouth
bass, Channel catfish

Beaver, Lake sturgeon,
Suckers, Pickere'I
 Northern Pike!

Ducks, Swans, Cranes
Fish, Beaver

Mussel-shell scrapers,
shell lures for fishing

Beaver Incisors,
Mussel shell spoons

Hopewell
10QB.C.-800 A.D.

Fish spears, ShellEar ly Woodland
500 B.C.-1000 B.C.

Old Copper
pre-500 B.C.

Bird bone

0uimby �971!

Natural Landmarks

Concern for the preservation of natural and archaeological resources can
be traced back to the early 1900's, with the establishment of the Antiquities
Act of' 1906  PL 34-209!. This act empowered the President to designate national
monuments to protect sites of archaeologic, historic, or scientific interest.
Through the years addi t i ona1 poli cy was 1 egi s 1 ated to recognize the value of
such sites, specifically the Historic Sites Act of 1935  PL 74-292! and the
National Historic Preservation Act of 1966  80 Stat. 915, 16 U.S.C. 470!. More
recently the 1969 National Environmental Policy Act  PL 91-190! encouraged the
preservation of important historic, cultural, and natural aspects of our
her i tage   Sect i on 101 [ 6j L4j ! .

-89-

When evaluating the possibility that a wetland has archaeological,
historical, or important natural values, one should consult the National
Register of Historic Places and the National Registry of Natural I andmarks. The
latter agency strives to preserve sites of geological and ecological character
to enhance the scientific and educational value of the sites, to strengthen
cultural appreciati on of natural history, and to encourage the preservation of
the nation's natural heritage. Goodwin and Niering �975! collected data on 358
wetlands in the conterminous U.S. and have noted those which are registered
natural landmarks. The most recent available listing of sites in the National
Register of Historic places appears in the Federal ~Re ister, Vol. a2, Ro. 21,
Feb. 1, 1977.



Natural and Uni ue Areas

In the assessment of a wetland, its natural values, some of which influence
wildlife diversity and production, ought to be given consider ation. Larson
�976! suggests the following as important criteria for identifying wetlands
which especially merit preservation:

�! The presence of rare, restricted, endemic, or relict flora or fauna.
� ! The presence of flora of unusually high visual quality and

infrequent occurrence.
�! The presence of fIor a or fauna at, or near, the limits of their

range ~

�! The juxtaposition, in sequence, of several serai stages of
hierar'chical succession.

�! Migh production of native waterfowl species.
�! Use by great numbers of migrating waterfowl, shorebirds, marshbirds,

and wading birds.
�! The presence of outstanding or uncommon geomophological features in,

or assaci ated with, a wetland.
The availability of reliable scientific information concerning the
geological, biological, or archaeological history of a wetland.
The known presence of outstanding archaeological evidence in a
wetland.

�0! Wetlands that are relatively scarce in a given physiographic region
or that provide distinct visual contr ast.

{11! Wetlands that are integral links in a system of waterways or are so
large that they dominate the landscape of a region.

A significant portion of the public would be in favor of preserving
wetlands which have some of the above characteristics. However, one cannot
expect each decision maker to search every wetland thoroughly for outstanding
natural and cultural characteristics. Per haps through the efforts of amateur
and professional naturalists such data can be compiled and outstanding wetlands
identified.

ENDANGERED, THREATENED, AND RARE SPECIES

One approach in determining the value of a wetland is to document certain
unique characteristics identified in the field and in the literature. The most
significant criterion for wetland evaluation, according to Larson {1976!, is
the presence of rare, restricted, endemic, or relict flora or fauna. Included
under rare species are endangered, threatened, and rare plants and animals.
Some states  e.g., Wisconsin! have expanded or added categories such as a list

E~ «

Most states have definitions which distinguish the status of their unique
flora and fauna. Generally the following definitions are appropriate for most
states' flora and fauna:



A species of animal or plant which is in danger of
extinction throughout a11 or a significant part of its
range.

A species which is likely ta become endangered within the
foreseeable future throughout all or a significant portion
of its range.

A species or lower taxa that, while not "endangered" or
"threatened", is uncommon enough to deserve further study
and monitoring

Threatened-

Rare-

The federal government and each state government have developed substantial and
far-reaching programs to conserve flora and fauna for the benefit of future
generations ~ Some species, such as the American lotus and the peregrine falcon
now face difficult survival problems. They may always have been scarce, or they
may have low reproductive rates, or be highly intolerant in habitat selection,
or may be especially sensitive to man's presence.

Based on the federal list, about 101 species and subspecies of wildlife
have been identified and are now threatened with extinction in the Great Lakes
area. Threatened wildlife include the bald eagle and the peregrine falcon, both
of which utilize most of the Great Lakes region. Fishes an the federal list
include the short-nose sturgeon, the longjaw cisco, and the b'lue pike which
utilize wetlands during some part of their life cycles.

The states contiguous to the Great Lakes have implemented measures to
preserve endangered and threatened flora and fauna. In Michigan, for example,
an Endangered Species Program was organized under the authority of the
Endangered Species Act of 1973  P.L. 93-205!, The fi rst state lists were
presented to the Michigan Natural Resources Commission in February 1976.
Numerous endangered, threatened, and rare species of vascular plants have been
proposed for inclusion  Wagner et al., 1977!. According to Beaman   1977 !, 38
percent of these rare flora occur in wetland and aquatic environments.

A related parameter with regard to unique wetland values is the occurrence
of flora and fauna at or near the limits of their range. Preservation of
habitat provides both unusual educational and scientific research opportunities
which ought to be considered in an environmental impact assessment. The
nor thern habitat limit of the Indiana bat, for example, is northern Ohio  U.S.
Army Corps of Engineers, 1976!.. This marmai, which is on both state and federal
protection lists, is known to frequent the western Lake Erie wetlands. Several
important migratory shorebirds are also at the limits of their range in the
basin of the Great Lakes  Sanderson, 1977!. The eastern limit of' coot breeding
is western Lake Erie. The northern boundary breeding limit of co~on gallinule
is the south shore of Lake Superior. Although these shorebirds are not
endangered or threatened in the Great Lakes basin, they ought to be considered
in any comprehensive wetland evaluation.

Goodwin and Niering �975! have identified wetlands in the conterminous
U.ST which have unique character~st~cs  i.e., important for waterfowl
migration, threatened fauna or flora, unique morphological features, etc.!.
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RECREATIONAL VALUES OF COASTAl WETLANDS

Two of the overr iding themes of modern American society are �! an
increasing awareness of and appreciation for the values of various ecosystems
and man's role in them and �! a more urgent need for recreation and creative
use of leisure time. The interaction of these themes has meant that
recreational activities of a non-consumptive nature have grown at an
exponential rate in recent years, challenging the traditional image of hunting
and fishing as the major American outdoor pastimes  U.S. Department of
Agriculture 1977, p. 53!. By virtue of their unique character, high
productivity, and often unspoiled character, the wetlands of the Llnited States
have come to play a major role in this process, with particular reference to
certain types of activiti es . Assessing the relative value of these activiti es,
however, is more difficult, since it has traditiona11y been easi er to assign
quantified values to such consumptive recreational pursuits as hunting and
fishing  value of pelts and meat, weight of catch, license sales, etc.! than to
birdwatching, hiking, canoeing, and other non-consumptive forms of recreation.
moreover, those pract~cing these various forms of recreation are devoted,
almost by definition, to informality, spontaneity, and lack of' an
organizational structure.

In recent years, efforts have been made to utilize sociological and
economic theory in assessments of recreationa1 quality. Talhelm �973!
attempted to expand fishing experience data into general models of recreation
resource utilization, while Smardon �972, 1973! undertook a rigorous analysis
of the aesthetic values of wetlands and Shaw �974! consider ed the American
perception of wildlife . The different types of non-consumptive recreational
activities which should be considered in assessments of relative wetland values
are summarized below. It should be kept in mind that these categories are not
exclusive: a canoeist may also be birdwatching, and may even inadvertently
become a swinger. The list of activities is derived from U.S. Department of
Agriculture �977!.

Wildlife related recreational activities

As discussed el sewhere in this sunliiary, the wetlands of the gl ac i ated
midwest represent a uniquely productive ecosystem which concentrates wildlife
of all sor ts to an extraordinary degree. This means that the region's wetlands
have an enormous appeal, beyond hunting and fishing, for those interested in
such wildlife related activiti es as birdwatching, nature walks, photography,
and sketching. Horvath �974! has estimated that there were seven million
birdwatchers and over four million wildlife photographers in the United States
in 1970; it seems logical to suppose that a number proportionate to the regional
population was found in the Great l akes region. By way of further perspecti ve,
Payne and DeGraaf �975! estimated that the direct expenditure attributable to
the enjoyment oi non-game birds in the United States in 1974 was $500,000,000 or
about 1.7 times the amount spent dir ectly by waterfowl hunters.

Recognizing the significance of this trend, as well as the compatibility of
this type of use with other basic wetland values  e.g., wildlife habitat, flood
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control, nutrient recycl1ng, water quality maintenance, aesthetic
considerations!, the Mi chi gan Department of Natural Resources has proposed
creation of the St. Johns Marshland Recreation Area 1n St. Clair County, at the
doorstep of the Oetro1t metropol itan area  Michi gan Department of Natural
Resources, 1976!. Although limited fishing, hunting, and picnicking are
envisioned, the major activities will be interpretive and educational programs
and the viewing and photograph1ng of wildlife. A new interpretive center has
also been opened at Tobico Marsh, Bay County, Michigan; and under the Marine
Sanctuary Act, the first wetland sanctuary in the Great Lakes was established by
the Ohio Department of Natural Resources at Old Woman's Creek in 1978. Finally,
some 15,000 visitors annually utilize the Crane Creek Wildlife Area on Lake Erie
 Ohio! to observe waterfowl, particularly during migration seasons.

Water related recreational activities

Human aff1nity for water and water-related recreational act1vities is well
known. Periodic surveys  e.g., U.S. Department of the Interior, 1973! document
the significance of water in the overall recreational scene, and tend to show
that swimming, canoeing, sailing, other boat1ng, water skiing, and certain
winter activit1es such as ice skat1ng and snowshoeing have an 1mpressive
recreational dollar value and often put considerable pressure on facilities.
Moreover, recent projections envision that demand for certain water-related
recreation act1vities  part1cul ar'ly sai I 1ng and water skiing! wi 1 1 expand at a
more rapid r ate than that of any other form of outdoor recreation  U.S.
Department of Agriculture, 1977!. The position of wetlands in th1s scenario is
an ambiguous one. On one hand, they tend to be highly prized and intensively
utilized for certain of these recreational pursuits, particular ly where they
are contiguous to areas of open water and where they are within easy reach of
metropolitan populations  Kapp, 1969!. On the other hand, the very success of
water bodies as recreational areas, and the fact that wetlands may inhibit
access to open water, means that the wetlands themselves may be subjected to
intense developmental pressures in the form of f111ing, construct1on of marinas
and boat storage areas, access dredging, and other measures designed to
"improve" water-related recreation.

Other outdoor recreational act1vities

In addition to recreational activities specifically ident1fied with
wetland environments, many other forms of outdoor recreation are enjoyed
equally in wetlands and other types of areas. This category of activity
includes camping, picnicking, horseback riding, hiking, and walking for
pleasure, part1cularly when dry cond1tions prevail. It is extremely difficult
to different1ate the comparative value of wetlands here; but it seems reasonable
to assume that the same characteristics that make them attractive for other
purposes  wildlife abundance and diversity, scenic and aesthetic qualities, the
presence of water ! also enhance their attractiveness for these uses. Boardwalks
through wetlands or along artificial levees, as at Magee Marsh in Northwest Ohio
or in the Sarett Nature Center, Berr ien County, Michigan, incr ease the
attractiveness of these areas and at the same time channel visitor access.
Camping is an act1vity closely associated with water proxim1ty  U.S. Department
of Agriculture, Forest Service, 1977! and prov1s1on of adequate camping
fac1lities may pose additional problems for the maintenance of wetland quality
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 Lime and Cushwa, 1969!. Moreover, as areas peripheral to wetlands become more
densely occupied, these benefits become more important. As noted by Clark
�974!, the need to preserve wetlands increases with increasing development
pressure.
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PHYSICAL FUNCTIONS

GROUNDWATER RECHARGE AND FLOOD STORAGE

Wetlands exert influence on surface and subsurface water flow, especially
during extreme wet and extreme dry periods. During periods of high
precipitat~ on many wetlands absorb and store water. According to Niering
�966 !, if the water level of' a 10-acre wetland is raised just six inches, 1. 5
million gallons of water are placed into storage. Such absorption capability is
seen as an important value of wetlands in terms of flood mitigation.
Conversely, during dr'ier periods, water stored in wetlands is diffused to
stressed subsurface water bodies. O' Brien �977! noted that wetlands in
Massachusetts underlain by peat deposits recharged the regional groundwater body
in late surfer when dry periods occurred.

Field studies by Walton �970! of 109 drainage basins in Illinois and 38
drainage basins in Minnesota demonstrated the character of groundwater runoff.
During years of less than normal precip~tation more than half of the apparent
groundwater runoff was slowly released from storage within lakes and wetlands to
the adjacent subsurface areas. Basins with lake and wetland areas covering more
than five percent of the total watershed area had twice as much groundwater
discharge as watersheds with a smaller proportion of lakes and wetlands.
However, in years of greater than normal precipitation, lake and wetland cover
had no appreci able effect on groundwater.

It is important to note that, although the ground water resource in the
Great Lakes area is essentially untapped, the contribution of coastal wetlands
to groundwater recharge and flood control is probably less significant than that
of inland wetlands. The Great Lakes basin receives approximately 30 inches of
precipitation annually. This relatively high precipitation, coupled with low
relief and gentle slopes, facilitates surface water infiltration and
groundwater recharge. However, because of' the abundant precipitation and the
amount of water from flowing river's and from the Great Lakes themselves, the
groundwater recharge potential of wet lands and bottomlands in the Great Lakes
basin is not significant in the recharging of local aquif'ers  Jaworski and
Raphael, 1978!. In wester n Ohio, the pr incipal groundwater recharge areas for
the bedrock aquifers are located in the higher glacial terrain, whereas the
principal groundwater discharge areas are the streams and lowlands along the
Lake Erie coast  Norris, 1974!. Thus, the coastal wetlands of the Great Lakes
are probably receivers of groundwater rather than donors.

Because of the low-lying nature of many coastal wetlands, even small
changes in water level may lead to f'looding. Coastal flooding in such areas
occurs because of intense low pressure systems and strong onshore winds.
When periods of' high water 1evels like those which occurred in the early 1970's
prevail, the flood potential is significantly increased. During a storm on 8-9
April 1973, strong north-northeast winds raised western Lake Erie water levels
1.5 to 2.5 feet above already higher than average lake levels  Bryan, 1973!.
The town of Detroit Beach, Michigan, had 18 inches of water in its streets,
and in Monroe County most of the 10,000 beach-front residents had to be evacuated
from their homes.
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Several studies suggest that wetlands have the capacity ta store flood
waters  e.g. Niering, 1966! and thus reduce f1ood hazards in nearby developed
areas. However, such studies only consider riverine wetlands and inland bogs
rather than caasta1 wetlands. The role of coastal wetlands in relation to flood
protection is poorly documented, but the examp1e cited above c1ear ly suggests
that flooding can occur along the shoreline in spite of extensive wetlands.

SEDIMENTATION AND POLLUTION CONTROL CAPABILITIES OF GREAT LAKES COASTAL
WETLANDS

The role of Great Lakes coastal wetlands in sediment and pollution control
is not well known. However, data from other regions suggest that wetlands act
as nutrient sinks and filters which reduce turbidity and mitigate related
prob'lems. The source of sediments and pollutants, including toxic substances
and nutr ients, is primarily from land runoff and ta a lesse~ degree from
atmospheric fa11out and the nearshore zone.

Non-point pollution is a particularly signifi cant problem in areas of
intensive land use and in areas where clay and organic soils pr edominate.
Runoff from urban landscapes varies from 60 to 100 percent of the precipitation
input; runoff from agricultural land varies from 60 to 90 percent of the water
input. In many instances coastal wetlands are located at the mouths of rivers
draining ancient lacustrine plains which are now intensively utilized by man.
Clay, silt, and organic sediments from such lands adsorb nutrients and toxic
substances, which are then transported downstream. For example, the suspended
solids load of the Maumee River and its tributaries is predominantly surficial
in origin, presumably trom the upper parts of the soi1 profile  A horizon!,
which consists largely af clay and probably an organic fraction  Jones et al.,
1977; Wall and Wilding, 1977!. Nutrients are usually adsorbed to the smaller-
sized particles, especially the clay fraction. In the heavily agricultural
Black Creek watershed, over 80 percent of the phosphorus and over 70 percent of
the nitrogen in surface runoff was attached to sediments  Karr and Schlosser,
1978!. Besides transporting nutrients, clay sediments are responsible for
turbidity along the shore 1ines of the Great Lakes. Turbidity reduces light
penetration through the water and inhibits the growth of submersed plants and
biotic con@unities associated with them.

The ability of a stream to transport suspended sediments is dependent an
particle size and current velocity. As a. current flows through a wetland its
flow velocity may be impeded by emergent and submergent vegetation, resulting in
increased sedimentation. Table 15 lists critical transport velocities for
sediment particles of' various sizes. Clay particles have the smallest mean
diameter and require the lowest current velocity �.08 m/sec.! for transport and
thus are likely to be the most abundant form of suspended sediment in coastal
zones.
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Table 15

Cr itical Transport Velocities for
Particles of Various Sizes

Particle Mean Particle Diameter mm Current Velocit m/sec,
Clay
Sand
Granule
Pebble
Gravel
8oul der

0.004
0.5
4.0
7.0

54.0
409.0

0.08
0.28
0.63
0.86
1.62
4.87

modified from Ruttner �963! and Twenhofel �932!

The sediments entering coastal wetlands are derived from several sources.
Perhaps the most common source is erosion from upland areas of drainage basins.
Fluvial erosion also introduces clastic sediments into wetlands. Another
sour ce of sediment is the organic detritus produced within the wetlands
themselves. Coastal wetlands of the Great Lakes with high organic sediment
content are often protected by coastal barriers and subjected to low wave
energies, so that dispersal of accumulating sediments is minimal; the protected
embayments of eastern Lake Michigan are good examples of wetlands with high peat
content. Sediments are also introduced into coastal wetlands by storm and flood
activity. As waves break over barriers during severe storms, sediment washes
over barrier crests into the wetlands. Such washover deposits often consist of
coarse sand and fine gravel. Washover processes appear to be most prevalent on
exposed coasts with low, narrow barriers, such as the coast of North Maumee Bay.
Anthropogenic materials have been identified as a localized source of sediment
in coastal wetlands. For example, dredged spoil at Thunder Hay, Ontario, has
been found to cons~st. primarily of sawdust removed from the embayment  Raphael
et al., 1974!. At Lake Nacatawa, Michigan, dredged detrital materials have
included cinder and ash from coal burning power plants and animal hair from
early tanning operations  Anderson et al., 1978!.
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The sediment yield of the Great Lakes basin has been studied in some
detail. In general, sediment yields in the Great Lakes region are relatively
low compared to other basins in the United/tates and amount to approximate1y 1
ton/2.5 acres or 0.4 ton/acre   100 ton/km !  Walling, 1977!. Stichling �973!
suggested ttupt 1evels of 0.2 to 1.0 ton/2.5 acres or 0.08-0.4 tons/acre E20 to
100 tons/km ! were characteristic of Ontario waters of' the Great Lakes.
Rainwater �962! revealed that the area of the United States tributary to [he
Great Lakes has a sediment yield of approximately 0.36 tons/acre  90 tons/km !.
Although the sediment yields may not be excessive, the sediments are often
clays, which are biologically more degrading to the aquatic environment than
coarser sediments.



The role of Great Lakes wetl ands in the interception of sediments from
upland sources requires more complete investigation. Verduin �969! and
Stuckey �978! suggested that the loss of the coastal wetlands of western Lake
Erie  Black Swamp! appeared to be related to a decrease in submerged aquatic
plants because of turbidity. When water levels in coastal wetlands fluctuate
cyclically, sediment interception appears to be greatest at times of low or
receding water levels. In Lake Macatawa, Michigan, water flow ve1ocities
through wetlands during periods of receding water levels decrease; the increase
in residence time of water promotes sedimentation  Greij, 1976!. Conversely,
during higher water periods sediments appear to be exported from wetlands. The
wet 1ands along Saginaw Bay  e.g. Tobico Marsh! released large quantities of
organic detritus during the period of high 1ake levels between 1972-1976, which
littered many beaches along the shoreline. At Sterling State Park an western
Lake Erie, examination of sediment cores extracted from a wetland suggested that
the marsh is an efficient trap for fine-grained sediments {Jaworski and 'Raphael,
1978!.

The rate at which sediments accumulate in coastal wetlands of the Great
Lakes has not been studied. Data from marine coastal areas, although somewhat
limited in applicability because of different environmental conditions, may be
used to gain some insight into the magnitude of deposition. For example,
Harrison and Bloom �977! found that the rate of sedimentary accretion in five
tidal salt marshes in Connecticut over a ten-year period ranged from 2.0 mm/year
to 6.6 mm/year. It is interesting to note that the highest sedimentation rates
are correlated with the greatest tidal range. Thus, the greater net flooding
that occurs with greater tide ranges may cause the observed high accretion
rates. Conversely, in Saginaw Bay higher water levels suggest sediment export.
A small ~Sartina alternitlora marsh on the north shore or Long island, New York
yielded an average accretion rate of 2.5 mm/year and a maximum rate of 4.7
mm/year  Flessa et al., 1977!. Niering et al. �977! took core samples of salt
marshes in Connecticut and determined that sediment rates were as great as 16.5
mm/year in areas of human impact, whereas less disturbed areas of marsh had
acreti on rates of 3 to 6 mm/year. More recently, Richard �978! determined the
f'ollowing accretion rates on coastal flats exposed at different elevations
between mean low tide and slightly below mean high tide level:

Bare Mud Flats {low elevation!
Intermedi ate S arti na Area  intermediate elevation !
High ~Sartina arsh high elevation!

20.5 to 45.5 mm/yr
9.5 to 37.0 mm/yr
2.0 to 4.25 mm/yr

The application of these data to Great Lakes coastal wetlands is limited
because of several dissimilar factors such as vegetation type, tides, water
level changes, and land use practices. Based on geological ~nvestigations, the
materials deposited and the rate at which deposition occurs in Great Lakes
coastal wetlands are extremely variable. The sediments accumulating in the
wetlands along the eastern shore embayments of Lake iMichigan are often composed
of thick peat layers. Fluvial sands are dominant near channels and point bars.
The sediments of the St. Clair River delta are approximately 20 feet in
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The highest average sedimentati on rates appeared to be related to areas nearest
the mean low water level, whereas the lowest average was re'lated to the higher
~S artina marsh located slightly below the mean high water level.



thickness and underlain by lacustrine clay. Assuming the delta was deposited 1n
the last 5000 to 6000 years, the rate of accretion was an inch of deltaic
sediment/20 to 25 years. In Saginaw Bay and Green Bay, the lacustrine wetlands
in the nearshore zone colonize sand bars. The bars and organic substrate are
estimated to be approx~mately two feet 1n thickness. If one assumes that Lake
Huron stabil 1zed its level about 4000 years ago, sedimentary accumulation in the
coastal zones and wetlands of this lake has been much lower than that documented
elsewhere.

The sediment trapping capabilities of coasta1 wetlands have been
documented on a few marine wetlands, and there is general agreement that
wetlands are effective sediment traps. It may be assumed that Great Lakes
wettands are also trapping sediments since the principles of deposition are
similar and invo1ve currents which can be influenced by emergent and submergent
wet land plants. However, detailed sedimentation rates have not been determined
1n the Great Lakes wetlands,

NUTRIENT LOADING, HEAVY METALS, AND TOXIC SUBSTANCES

The rate of uptake, storage, and release of nutrients, heavy metals, and
tox1c substances 1n Great Lakes coastal wetlands has not been adequately
determined. The processes appear to be complex and seasonally variable.
However, wetlands in general are known to act as nutrient sinks and thus can be
important in water quality management of the Great Lakes. In add1tion to the
sediments discussed in the previous subsection, inputs of nitrogen, phosphorus,
and potassium from agricultural lands in the Great Lakes basin contribute to the
degradation of water qua1i ty. It has been determi ned that northern Indi ana,
Qh1o, and southeastern Michigan have the highest fer t1lizer application rate 1n
the Great Lakes basin. In 1964, for example, 62,719 tons of nitrogen, 37,073
tons of phosphorus, and 62,613 tons of potassium were applied to the
southeastern agricultural region of Nichigan  U.S. EPA, 1971!. This tonnage was
expected to increase 5 percent annually.

The growing volume of literature regarding nutrient uptake and
biogeochemical cyc11ng in wetlands suggests these functions are an important
wet 1and asset. Spang1er, et al. �976! reported an improvement in sewage
effluent qua1ity as it flowed through a Wisconsin marshal Phosphorus was reduced
13%, nitrate reduced l5X and co11form bacter1a reduced 86K,. Nore recently,
W1ndon �977! determined that salt marshes colonizing dredged materials removed
50% and 70% of the phosphorus and nitrogen, respectively, from effluents.
Furthermore, mean heavy metal uptake  i.e. manganese, cadmium, copper, nicke1,
and zinc! ranged between 154 and 32K. As an example of this phenomenon after 10
million gallons of secondary sewage effluent was discharged onto a 10-acre
wetland in Michigan, total dissolved phosphorus, nitrate nitrogen, and nitrite
nitrogen 1n the overland flow through the marsh had returned to background
concentrations within 129 feet �9 meters! of the discharge  Tilton, 1979!.
Furthermore, element budgets showed that 99K�, 95'A, and 71'A of the total input of
nitrate nitrogen and nitrite nitrogen, total dissolved phosphorus, and NH4
nitrogen, respectively, were immobilized within 98 feet �0 meters! of the
sewage discharge site. Fetter et al.   1978! recorded a sign1ficant improvement
f 11 p " d p «"g 'Ql S~ hin Wisconsin, including total phosphorus, amnonia nitrogen, nitrate nitrogen,
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and coliform bacteria, Also, Greij �976! found an improvement of water quality
due to the reduction of n1trates and phosphates in a cattail  T~ha! marsh in
Lake Macatawa, which flows into Lake Michigan.

Care must be taken in extending these data to coastal wetlands and viewing
the numerical ou tputs as averages. Loucks et al. �977! found that the
effic1ency of phosphorus trapping in Lake Wingra, Wisconsin, changed
seasonally. During the summers there were periods when the marsh retained 83K
of the phosphorus, but in the fall it retained only 164, and 1n winter only 14.
According to Spangler et al. �977! phosphorus retention in mar shes is highly
variable. A general overview that emerges is that wetlands are always good to
excellent nutrient traps dur1ng the grow1ng season  van der Valk et al., 1978!,
but in the spring and fall their effic1ency declines. These investigators
suggested that the major underlying causes for the variation in nutrient
trapp1ng capacity seemed to be differences in hydrology and seasonal fluxes of
nutrients within a wetland.

The plant spec1es 1n a wetland also determ1ne nutrient uptake efficiency.
Seidel and Kickuth �967! obser red that bulrushes  ~Scir us! absorbed industrial
wastes. Nore recently Tilton et. al.  in prep.! noted that emergent wetlands had
a greater capacity to absorb nitrogen and phosphorus than submergent wetlands.
Generally, the amount of phosphorus and nitrogen in plant tissue varies
depending on species compos1tion and site conditions. Ti'Iton et al.  in prep.!
have calculated that if all the plants on one hectare �.47-acres! of wetland
area in the St. Clair delta were to die off, approximately 114 to 150 pounds of
phosphorus and about 1009 to 1584 pounds of nitrogen would flow into Lake St.
Clair and its connecting channels.

Phosphorus loadings are of particular concern to the International Joint
Commission �978!. Agricultural, 11vestock, and urban contributions of total
phosphorus to the total phosphorus 1oadings of streams have been estimated and
mapped. Estimated agricultural contributions of phosphorus are highest �.01�
2.50 kg P/ha/yr! in the northern Ohio counties, so it may be anticipated that
the coastal wetlands east of Maumee Bay receive phosphorus inputs from th1s
source. Significant agricultural contribut~ons of phosphorus also occur in
streams tributary to Green Bay �.01 to 1.50 kg P/ha/yr!. Other major wetland
areas which may feel the impact of agricultural phosphorus, but to a lesser
degree, are located in eastern Lake Ontario, the northern Lake Erie shoreline,
Lake St. Clair, northeastern Saginaw Bay, and the coastal zones of Muskegon and
Ottawa Counties on Lake Nich1gan,

Inputs of phosphorus from livestock sources appear to be locally
significant. Wetlands which may be affected are those in Lake St. Clair, in
Green Bay, and in Ottawa County, Michigan. Localized wetlands in l ake Ontar1o
along southern Georgian Bay, and in southeastern Lake Huron, may also receive
phosphorus loadings from this source. Urban contributions of total phosphorus
to coastal wetlands are most apparent in Saginaw Bay �. 11 - 0.25 kg/ha/yr!,
Lake St. Clair, and the south shore of Lake Erie. Stream loadings in the latter
area have ranged from 0.11 to 2.00 kg/ha/yr; the greatest contr1butions are from
the Oetroit metropolitan area.
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Toxic substances, including heavy metals, present a serious water and
sediment quality problem in the Great Lakes basin. Many metals found in small
amounts in the basin are from natural sources, but levels of some metals  e.g.,
mercury and lead! have risen to high levels as a result of industrial activity
and growth. Pesticides and industrial organic chemicals  e.g., PCB's, Mirex!
are of major concern to the International Joint Commission  IJC, 1978! and the
Great Lakes Basi n Comni s s i on �978! .

According to Neil et al. �978! toxic substances can be classified as
follows:

 a! Industrial Organic Chemicals
Halogenated organics  i.e., organics with halide groups, primarily
chlorine and bromine!

 b! Radioactive substances
 c! Pesticides  insecticides, herbicides, fungicides!
 d! Heavy metals such as lead and mercury
 e! Petroleum products
 f! Others  e.g., asbestos!

The regional occurrence and significance of heavy metals and toxic materials in
coastal wetlands is not we/1 known. However, primary sources of entry of toxic
substances in the Great Lakes Basin inc lude urban and agricultural runoff,
domestic and industrial waste disposal, sewage, precipitation, automobile
emissions, and animal wastes  Rutherford, 1977!. Because of the sources of the
materials and sedimentation patterns, it may be assumed that these materials
enter coastal wetlands.

Tributary data suggest that several coastal wetlands may contain toxic
substances, heavy metals, and nutrients derived from upland sources. Non-point
sources of pollutants include subbasins of Lake Erie, southern Lake Huron, and
several areas adjacent to Lakes Ontario and Michigan. According to the
International Joint Commission �978! several factors affect non-point
pollution sources and include soil types, land use intensity, climate, and
degree of industrialization. Based on these factors, drainage basins with high
clay contents associated with a high degree of' urbanization and
industrialization would probably have the greatest pollutant Ioadings. In such
areas nutrient uptake and sediment trapping functions of coastal wetlands would
be most beneficial.

COASTAL PROTECT ION

A problem confronting many Great Lakes shorelines is erosion. Over the
years considerable attention has been given to this problem by the U.S. Army
Corps of Engineers and the International Joint Conmission, as well as state and
provincial agencies  e.g. Seibel et al., 1976; Great Lakes Basin Commission,
1975; U.S. Army, 1971; guigley and Tutt, 1968!. Coastal erosion is particularly
acute dur ing higher lake levels. Along inadequately protected portions of
shoreline, waves erode bluffs, beaches, and barriers. The problem is not
limited to coastal areas dominated by bluffs and cliffs composed of erodible
glaciaI sediments; low-lying shorelines composed of barriers, beach ridges, or
spits are also influenced by rising water levels and wave stress. Coakley
�978!, for example, conc Iuded that Po~nt Pelee, Ontario, had retreated
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landward at a rate of seven feet per year. Furthermore, Lake Erie littoral
currents at Point Pelee flow to the west, and these currents have caused a
nearly one foot per year westward displacement of the Point.

Coastal wetlands of the Great Lakes are most often associated with low and
protected shorelines. The major wetlands in the basin occur along shorelines
which have low-angle offshore profiles. Often subdued barriers characterize
the shoreline  e.g. Lakeview Marsh, New York; Tobico Marsh, Michigan; Kakagon
Sloughs, Wisconsin!. Other coastal wet lands are located lakeward of the
shoreline  Tuscola County, Michigan; Georgian Bay, Ontario; Oconto County,
Wisconsin! and are thus exposed to more wave acti on. Wetland vegetation may
decrease wave energy and contribute thereby to coastal stabilization. A few
studies have illustrated the effectiveness of wave energy/wetland
relationships, but more research is required before the overall impact can be
evaluated.

Naves are generated by winds blowing over a water surface; the longer the
water surface  fetch! the higher the waves. Waves move over an open water
surface until their paths are interrupted by a shore or some obstacle such as a
shoal, sand bar, or an artific~al structure such as rip-rap or a sea wall. As a
wave moves into shallower water, its steepness may increase, causing it to
eventually break an the shoreline. Two important variables with regard to wave
ener gy are the height  W! and length  L! of the wave. Nave energy may be
expressed as E = 1/8 H L �enkovich, 1967!. Another cordon expression of the
amount of energy a wave delivers to a beach is conveniently described as wave
steepness  H/L!. Steep waves with values greater than 0.03 remove sediments
from beaches and deposit offshore bars and higher berms. Less steep waves  less
than 0.03! bring sand ashore. In either case the important parameters are the
height and length of' the waves. Some data on wave paraNIeters are available.
For example, hindcast data have been determined by Cole and Hilfiker �970! for
Lakes Michigan, Huron, and Superior. Some direct wave observations have been
summarized by Bruno and Hiipakka �970!. However, these data are not from
wetland areas, and to our knowledge the relationships between wetlands and wave
characteristics have not been investigated in the Great Lakes.

Relationships between wetlands and wave action in marine environments have
been investigated in some detail, however, Stoddart   1971! noted that bays
covered with natural vegetation remained intact after the passage of Hurricane
Hattie in Belize. Teal and Teal �969! also found that marshes in Lincolnshire,
England were not severely damaged by North Sea storms. Chabreck and Palmisano
�973! reported the uprooting and removal of wetlands in the Mississippi River
delta following the passage of Hurricane Camille; nevertheless, within a year
the vegetation was reestablished to pre-hurricane abundance.

In the Great Lakes, Wall and Ludwig �975! concluded that while several
emergent plant species may have special use in low-energy areas, the Great Lakes
shorelines are not conducive to establishment of aquatic plants. A site
investigation in northern Lake Huron revealed that bluejoint grass
 Calama rostis canadensis!, great bulrush  Scir us acutus! and rush  Juncus

g
~suitab e for wave attenuation. However, the authors also observed that at Cecil
Bay  Lake Michigan!, great bulrush and sp ike rush were very eif ect i ve in
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dampening waves. Other investigations have also produced variable results.
Webb and Dodd �978! found that Gulf cordgrass  S artina s artinae!, marshhay
cordgrass  S. patens! and salt cordgi ass  Distich is ~s icata were more

G1 1 mi t t 1 ts.'
al ternif1 ora! .

Process-oriented experiments reveal that wave attenuation does occur as
waves pass over wetlands. In a laboratory experiment, Ahrens   1976! found that
wave periods and wave heights were affected by artificial seaweeds There was a
measurable leve1 of wave attenuation for only the shortest wave period �.6
sec.!, and for this wave period the reduction of wave height amounted to about
12%. Wave periods in the Great Lakes coftInonly exceed 2.6 seconds. Random
observations suggested that breaker wave periods average between 2.S and 6.8
seconds in Lakes Michigan, Superior, and Huron during the surfer months  Bruno
and Hiipakka, 1973!. A field experiment by Wayne �976! indicated that smooth
cordgrass reduced wave heights by 71% and wave energy by 92% in coastal Florida.
Common seagrass  Thalassi a testudinum!, a submerged plant, reduced wave heights
by a maximum of 42.2X and wave energy by 66.6X.

The impact af' coastal wetlands on wave energy is not clear from the
literature. Characteristics such as wave parameters, bottom topography, and
vegetation types appear to be important var i ables. Observations on many coasta1
zone wet1 ands suggest that they provide protection from low and moderate energy
waves. However, storms especially during high water conditions such as the mid-
1970's reveal that many coastal wetlands in the Great Lakes are subject to
erosion. At the mouth of the Huron River in western Lake Erie for examp1e, the
barrier has been eroded and the marsh exposed to wave action; between 1940 and
1972, approximately 900 acres of emergent marsh were 1ost  Selman et al., 1974!.
In Saginaw Bay an extensive of'fshore marsh parallels the coast of Tuscola
County. However, the shoreline is characterized by transgressive beaches and
washover deposits. Along many sectors of this shoreline, erosion has swept away
the modern beach, exposing clayey till and higher post-glacial shorelines to
wave attack. Along the western shore of Green Bay  e.g., Oconto County!, storm
berms and washover deposits commonly occur adjacent to emergent macrophytes. On
the north shore of Lake Michigan isolated bays are often colonized by rushes.
The beach deposits at the heads of the bays often consist of coarse gravels,
suggesting that high wave energy environments do occur even in protected
embayment s.

The wave-dissipation capabilities of wetlands require further
investigation. The field data from the Great Lakes suggest that some wave
protection does occur in areas of emergent macrophytes as well as areas where
submersed aquatic pl ants colonize the- nearshore zones. However, the coastal
areas adjacent to lacustrine wetlands reveal that over time wave erosion will
occur and erosi ona1 1 andf or ms wi11 be deposi ted despite the occurrence of
wetland communities offshore.
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IMPACT OF GREAT LAKES WATER LEVEL FLUCTUATIONS

INTRODUCT10N

In recent years the nation's wetlands have received much attention.
Acceptance and recognition of wetland values, supported by increased knowledge
of wetland ecology and hydrology, have led to preservation efforts at the
federal and state levels. Furthermore, several state agencies, particularly in
Wisconsin  Wisconsin Coastal Management, 1977!, Michigan  Jaworski and Raphael,
1978! and New York  Geis and Kee, 1977! have begun to develop base line wetland
data on the coastal zone of the Great Lakes. Regional studies of this kind have
suggested that our knowledge of coastal wetlands in the Great Lakes is only
beginning to emerge.

Investigations regarding the effects of water level fluctuation on
freshwater wetland cover a wide spectrum of wetland habitats. However, most of
these studies have involved inland wetlands where water levels are managed
within a confined system. For example, the investigations of Mathiak �971!,
Harris and Marshall �963!, and Kadlec �962! focused on managed marshes where
summer drawdowns and fall reflooding were used to encourage the growth of
selected aquati c plants which are most beneficial to waterfowl.

The coastal wetlands of the Great Lakes differ in several ways from inland
wetlands, especially with regard to marine and littoral processes. The coastal
wetlands are subject to temporary short-term water level changes. Seiches,
which impact the wet1ands adjacent to the shorelines, commonly occur in the
coastal zones in Lake Erie, Lake St. Clair, and in Green Bay. Longer-term water
level changes, related to water budgets of the lake basins, also impact on the
coastal wetlands. Such fluctuations, occurring over a period of approximately
seven to ten years, may cause vegetation dieback, erosion of the wetlands, or
lateral displacements of the wetlands. Coastal wetlands, such as in Tuscola
County, Michigan  along Saginaw Bay! and in Oconto County, Wisconsin  along the
Green Bay!, are exposed to wave action, a condition not normally occurring in
in1and wetlands.

Coastal wetlands along the Great Lakes do riot appear to exhibit the aging
process associated with inland freshwater wetlands. Because of the fluctuating
water levels of the Great Lakes, constant rejuvenation of wetland communities
occurs. Diagrams in textbooks illustrating the gradual senescence of
freshwater wetlands ar e more applicable to inland wetlands of the glaciated
Midwest than to Great Lake wetlands. As outlined by Moore and Be11amy �974!,
many inland freshwater wetlands undergo senescence and terrestrialization as a
result of the formation of secondary and ter ti ary peat deposits. Peat mining,
an economic activity in which Michigan leads in annual production, is centered
primarily in senescent, inland wetlands.

Coastal wetlands often display a diversity of landforms normally not found
in other wetland environments; owing to changes in the water levels of the Great
Lakes since the retreat of the Pleistocene ice sheets, landf'orms such as coastal
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barri ers, deltas, and natural levees have been deposited. These features
represent the geomorphologica1 heritage of the Great Lakes wetlands. The
fluctuating water leve1 of the Great Lakes is an important variable in
determining many of the distinguishable characteristics of the coastal
wetlands as well as the landforms the wet'Iands occupy.

Table 16

Fish, Wildlife, and Recreational Yalue of
Michigan's Coastal Wetlands, 1978

$286.00/acre/year
138.24

31.23
30.44

3.78

Sport Fishing
Non-consumptive Recreation
Waterfowl Hunting
Trapping of Furbearers
Commercial Fishing

$489.69Total

Jaworski and Raphael �978!

A wetland inventory of the coasta1 wetlands in Michigan  Michigan
Oepartment of Natural Resources 1973! has revealed that the state has 105,855
acres of' coastal wetland. Therefore, the value of Michigan's coastal wetlands,
with regard to fish, wildlife, and recreation, is $489.69 x 105,855 acres, or
$51.8 mil 1 ion annually. However, the areal extent of the wetlands changes with
fluctuating water levels and consequently economic va1ues and functi ons for
fish and wildlife change as well. It is widely known that optimum waterfowl
habitat requires approximately 50 percent marsh and 50 percent open water
 We11er and Spatcher, 1965 !. If the marsh/open water ratio increases, the value
of the wetland as waterfowl habitat will probably decrease. other functions,
such as nutrient uptake, sediment trapping and coastal protection, may also vary
as the water level s of the Great Lakes fluctuate.

In the Great Lakes area, some data have been gathered as to the economic
va1ue of the coastal wetlands. However, the ecological and hydrological
functions of wetlands are yet to be determined so that more complete values may
be documented. For example, Table 16 reveaIs that the economic value of
Michigan's coastal wetlands with regard to fish, wildlife, and non-consumptive
recreation uses totals $489.60 per acre of wet'Iand per year. 8enson and Perry
�965! reported that an aver age acre of marsh in New York state had an annual
net value of $20 per acre per year. However, if these data are brought up to
date with a cost-of-living factor, an annual value of $780 per marsh acre is
attained.
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~0b 'ecti ve

Specific objectives of the study are listed below,

1. To describe the geologic features and trends in the recent geomorphic
history of each of seven wetland study areas.

2. To survey a field bisect across the environmental gradient of each
wetland study area, with particular attention given to documentation of plant
community types, water depth, and substrate type.

3. To map the distribution of the wetland comnunities at low, average, and
high-water level conditions and to determine the areal extent of each community
at. each of these selected lake-level conditions.

4. To prepare photo transects, representing each of the time periods
under investigation, for each wetland study area which will document the dieback
and re-establishment of wetland communities in response to lake level
f'luctuations.

5. To review the effect of lake level fluctuations on the coasta1 wetlands
with regard to:

the geo1ogic frame work  coastal types! of the coast.
the area of coastal wet1ands temparari1y lost or gained as a result of
lake level fluctuations.
changes in the plant community types during periodic water Ievel
f1uctuations.
future management of the coastal wetlands.

a.

b.

C ~

d.

Seven wetland study areas in three of the five Great Lakes were selected
for investigation  Figure 13!. An attempt was made to choose wetlands which
exhibited a diversity of landform types and plant corrmunities. Table 17
~ ndicates the wetlands which were se1ected for field invest~ gation. In some
cases two wetlands were selected from one lake. However, there was enough
geomorphic and biogeagr aphical diversity to justify that selection.
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The objective of this study was to document changes in the areal extent and
plant co>munity composition of coasta't wet1ands of the Great Lakes in response
to periodic water level f1uctuations. Nore specifically, field bisect and
aerial photograph techniques were tested with regard to understanding long-term
hydrarch successional trends in the coastal wetlands. Particular attention was
given to water depth, wave energy, and substrate type in an effort to develop a
simple graphic model for predicting the extent of plant community type of
coasta1 wetlands at any lake level. Because coastal environments are slowly
changing in a geologic sense and are subject to wave action, the geomorphic
trend and the wave climate of the wetlands were also investigated.



Tab 1 e 17

Location of Great Lakes Coastal Wetlands Selected as Study Areas

Loca
Count /State Water Bod Great LakeWetland

Included in the study are deltaic coastal wetlands  Dickinson Island!,
barrier/lagoon complexes  Tobico and Toussaint Marshes!, and nearshore wetlands
 Tuscola County!. The Betsie River wetlands were also investigated. Coastal
wet1ands along eastern Lake Michigan per se are less abundant and appear
atypical compared to those found else-where in the Great Lakes. In a strict
sense, the Betsie River wetlands are estuarine and associ ated with river
floodplains rather than with coastal landforms. However, this type of wetland
is common in the Lake Michigan basin. Because the embayments are hydrologically
connected to Lake Michigan by rivers and the wetland vegetation does respond to
changing lake leveIs, the Betsie River wetlands were included in this study.

Methods

This investigation is primarily a field-oriented project. Since there is a
general lack of wetland and landform mapping, considerable effort was devoted to
acquiriing data from the field. Two field seasons were scheduled, one from June
through August, 1977, and the other from May through July, 1978. During these
times the wetland vegetation and the landforms were identified, mapped and
investigated in detail.

The landforms of the coastal wetlands were mapped in the field with the aid
of U.S. Geological Survey  U.S.G.S. ! topographi c maps and black and whi te aerial
photographs. A sign~ficant constraint on landform mapping was the qua1ity of
the aerial photography. The date and scales  which varied from 1:6000
1:25,000! were of primary importance. After the landforms were mapped, selected
features were surveyed with a transit level and borings were taken. After these
data were developed, stratigraphic cross sections were constructed and the
geomorphic framework of the selected wetland discussed.

Concurrently, with the aid of aerial photographs, the wetland vegetation
was mapped. Vegetation bisects were taken, often along the same line as the
landform survey. The plant species, water depth or depth to ground water,

Oconto River Marsh
Betsie River Wetlands
Tobico Marsh
Tuscola County Wetlands
Dickinson Island Wet1ands
Woodtick Peninsula Wetlands
Toussaint Marsh

Oconto/Wisconsin
Benzie/Michigan
Bay/Michigan
Tuscola/Michigan
St. Clair/Michigan
Monroe/Michigan
Ottawa/Ohio

Green Bay
Betsie Lake
Saginaw Bay
Saginaw Bay
Lake St. Clair
Lake Erie
Lake Er ie

Michigan
Michigan
Huron
Huron
St. Clair
Erie
Erie



elevation, and substrate types  based on megasopic field examination! were
noted and recorded. To determine wetland vegetation changes over time, older
aerial photography was used and the vegetation pattern interpreted.

An attempt was made to characterize the wetland vegetation distribution
during high, low, and " aver age" lake level conditions. However, available
aerial photography did not exactly coincide with high and low water levels. For
example, the record low lake level in Lake Erie was in 1935 �67.62 ft.!. The
only available photography of western Lake Erie which may have reflected the
low-water vegetati on of 1935 was, in fact, a fl i ght made in August, 1937.
Therefore, slight offsets between specific water levels and period of wetland
mapping do occur in this report. Once the mapping was completed and the field
bisect surveyed, two additional transects, representing higher and lower water
levels, were constructed. The constructed transects follow the path of the
field-generated bisect when the field bisect and the two photo transects are
presented together, so that dieback and re-establishment of wetland plant
communities in response to fluctuating lake levels can be analyzed.
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GEOMORPHIC FRAMEWORK OF SELECTED GREAT LAKES WETLANDS

The occurrence, distribution, and diversity of coastal wetlands is, in
part, determined by the morphology of a coast. Perhaps in no other
geographical environment is the relationship between landforms and vegetation
so evident. With the use of aerial photographs, which depict a vegetated
coastal landscape, subdued landforms and slight var1ations 1n slope can be
identified. A theme emphasizing vegetat1on and landform or phys~ographic-
ecologic relationships is not new and can in fact be tr aced back to at least
1901  Cowles!. In the coastal ocean, particularly in trop1cal zones,
interrelat1onships between wetland vegetation and landforms have been mapped
and studied  Godfrey and Godfrey, 1973; Thorn, 1967; Vann, 1959!. However,
compared to these mari ne studies, landform/vegetation associ ations in the Great
Lakes basin have largely been ignored.

Black �973! formulated a geologic framework of the wetlands of
Connecticut with the aim of plac1ng the state's wetlands in a physical
perspective. All wetlands occur in depressions created by nature or more
recently by man. These topographical laws may be erosional in origin, such as
depressions found in the glac1ated areas of the United States  including the
Great Lakes!. Other examples include wetlands of depositional origin. The St.
Cla1r R1ver delta is be1ng deposited in a depress~on and is one of the finest
wetlands in the Great Lakes . In either case, wetlands are initiated by some
geomorphic or geologic process. Other detailed studies suggest that wetland
occurrence is related to sediment types. Black �973! notes that wetlands in
which swamp deposits are underlain by glacial outwash or alluvium consisting
mostly of sand or a m1xture of sand and gravel are more widespread than wetlands
underlain by glacial till and bedrock, or by silt and clay.

There has been little concern and appreci ation, until recently, for the
physical framework of coastal wet'lands. One reason far this is the emphasis
upon wetland vegetation ~er se, or the growing interest in productivity as
viewed by b1ologists. The boundaries or margins of wetlands, for example, are
often looked upon as taxonom1c breaks and not very often related to changes in
sediment and/or slope.

A second reason is that the geomorphology of the coastal areas of the Great
Lakes has yet to be undertaken. Primary research efforts, especially during the
high water levels of the early 1970's, has been directed towards bluff erosion
and coastal flooding  Seibel et al., 1976; Bryan, 1976!. Add1tional
investigations concentrate on the nearshore zone. Fox and Davis �976!, for
example, studi ed the relationship of storm patterns to waves and longshore
currents 1n Lake Michigan. Landform investigations have generally been
confined to unraveling the problems of the glacial history of the region, but
ther e are a few exceptions to this trend  Larson, 1976; Fraser, et al., 1974;
Pezzetta, 1968; and Pi ncus, 1960!. Additional geomorphic studies are cited
throughout the text. It may be concluded however, that cons1dering that the
Great Lakes have 3,400 miles of ma1nland shoreline, coastal investigations have
been few.
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The pending Nat~onal Wetland Classification  Cawar din et al., 1977! does
recognize a need to integrate pert1nent landform and wet'tand vegetati on data.
The ecological systems  Estuarine, Palustrine, Lacustrine, and Riverine! of the
new classification consider the nature af the wetland base  i.e., bedrock or
unconsolidated sediment!. Furthermore, the character of the wet land bottoms
are subdivi ded into two subclasses and include geologic terms such as sand, mud,
and boulders. Also, the Lacustrine System includes all habitats where a wave
deposited feature  beach or barrier! or bedrock shoreline feature forms all or
part of the wetland boundary. Other s1milar subcategor 1es may be cited;
however, what is significant is that the classification considers the physical
framework of the landscape.

The geomorphic framework  sediments, slopes, and landforms! of the coast
contributes to an understanding of the areal extent, type, and seasonal floodirig
of a wetland. The distribution of landforms in a given wetland determ1nes the
boundaries of the wetland. The upland limit of a wetland may be designated as a
boundary or contact between soil that is predominantly hydr1c and soil that is
predominantly nonhydric; hydration is a factor determined largely by elevation
and slope.

The boundaries of a wetland are its greatest weakness 1n terms of
definition. Greulich �975! emphasizes that it is at the wetland boundary where
most arguments will develop and where it is most difficult to enforce
legis1ation. As noted 1n southeastern Michigan  Jaworski and Raphael, 1976!
industrial/urban encroachment in coastal wetlands develop from the edges
inward; a wetland is most susceptible to disturbance at its perimeter.

Flood1ng is not uncoamon in Great Lakes wetlands  Bryan, 1976!. Inundation
of coastal zones iri southeastern Michigan  U.S. Army, 1976! and in Green Bay
 Wells, 1977! prompted an awareness of the problem. Niering �973! refers to
flood plains as "geomorph1c safety valves" which are an integral part of the
river system. The Great Lakes wet'Iands provide a sim11ar service. As
topograph1c depress1ons, the coastal wet1ands and connected floodplains serve
as temporary water-storage areas, especially during storms. In fact, the
coastal lagoons are often looked upon as " coastal flood plains" and function
like river flood plains during shor t higher-water periods.

This report illustrates that the vegetation communiti es of a gi ven wetland
may be diverse  St. Clair River delta! or somewhat monotypic  Oconto River!,
The divers1ty at St. C1air is related to a variety of landforms associated with
the complex geomorphic history of the area. North af the Oconto River, on the
other hand, the wetland surface is composed of fewer landform types and 1s
predominantly characterized by grasses, sedges and wi1lows. The natural
divers1ty of wetland habitat 1s dependent upon topographical diversity, so a
knowledge of landforms and related physical elements such as sediment types is
essential to an understanding of wetland distributions. This is highly
significant in the Great Lakes Basin where such factors as tides and salinity
play a minor role.

Wetland occurrence in some areas is related to seasonal or periodic
flooding which, in turn, is related to slopes, hydraulic character of streams,
soil, porosity, and so forth. In fact, limits of annual flooding may be
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consi dered for a wetland boundary. The upland limit of a wetland may be
designated as the boundary between land that is flooded at some time and land
that is never flooded during years of normal precipittion  Coward1n et al.,
1977!.

Another useful relationship between wet1ands and the morphology of a coast
is related to the stability of the shoreline. Shorelines may possess similar
topographical features  barriers and lagoons!. However, when viewed in cross
section, barriers which are topographically similar may have been formed by
different coastal processes, A thin barrier beach underlain by organic
sediments usually represents a shoreline which is dominated by a history of
erosion or is transgressive. Conversely, a thicker barrier-sand sequence
interfingered with the adjacent sediments is usually indicative of a more stable
shoreline. If the coastal barrier re~ains intact over several years, the
possibility of ma1ntaining an adjacent coastal wetland is greatly increased.

Many Great Lakes wetlands are dependent upon barriers for protection. The
barr 1 er and associ ated beach in a broad sense 1s ecologically an integral part
of the wetland. Not only does it protect the adjacent wetland but supports
w11dlife which is wetland dependent. This is particularly the case with
avifauna which rest and nest on barriers and feed in the wetlands. Further, the
Conservation Foundation  Clark, 1976! concluded that barri ers contain
extraordinary high natural values for fish and wildlife habitat and for outdoor
recreati on, and are often places of rare beauty as well. I aRoe �976! concludes
that wetlands are among the most important benefits of coastal barr1ers.
Although the coastal barrier is a landform entity, it does play a significant
b1ological role in terms of wetland protection and wetland function.

Wave Processes

The transport, deposition, and removal of organic and 1norganic sediments
in coastal zones are fundamentally determined by wave energies which are
dictated by the wind. Furthermore, the severity of wave energy 1nput at a g1ven
location depends on the prevalence of strong onshore winds, open water fetch,
submar1ne topography, and the amount of natural and artifical protection
present   Brater and Seibel, 1973!. An integral factor related to wave energy
is the height of waves, which 1s pri nci pally governed by the fetch. As waves
arrive at the shoreline, the wave energy is decreased due to shoaling.

Normally, as waves arr1ve at the shoreline wave par ameters, including wave
energy, are modified by changes in bottom topography. The depth to which a wave
is effective  wave base! is dependent upon its wave length. In general, the
wave base is approximately equal to one-half of the wave length. As waves move
into shallow coastal water or pass over sand bars; the depth is less than one-
half of the wave length and several modifications occur. The velocity and wave
lengths decrease. Wave height first diminishes as the rat1o of water depth to
wave length falls below 0.5, but when this ratio becomes less than 0.06 the
crest of the wave rises  Bird, 1969!. With a corresponding decrease in wave
length and increase in height, the wave steepness  H/L! increases to a po~nt
where a wave can no longer support itself; the wave crest then breaks and falls
forward.
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Deep water energy/wave height relationships in the Great Lakes reveal that
as wave height increases the wave energy increases geometrically  Seibel,
1972!. Thus a wave height of two feet has a wave energy of 40 foot pounds per
square foot. !f the wave height is doubled  four feet! the expected wave energy
is 130 foot pounds per square foot These madifications are governed by water
depth-wave length relationships. Owing to changing water levels in the Great
Lakes, the paint at which waves break is nat constant. If we assume no changes
in bottom topography, during higher lake levels waves will break closer to the
shoreline, whereas during lower lake levels waves wil I break farther offshore or
several lines af breakers will occur, gradually diffusing the energy of the
waves over a greater linear distance. Higher water levels, such as in the early
1970's, a long fetch, and storm surges appear to be principal factors related to
coastal erosion in the Great Lakes.

Most wetlands in the Great Lakes occupy protected environments. In the
investigated areas, all wetlands are either protected by a coastal barri er
 Tobico!, occur in protected embayments  St. Clair Delta!, and/or are
characterized by gently sloping and shallow bottom topography  Tuscola County!.
It has been suggested that the nearshore wetlands protect the shorelines from
erosi on. A study in the Gui f coast of fl orion suggests that ~Sartina
alterniflora reduced wave heights by as much as 71 percent and wave energy by 92
percent aver a distance of 60 feet  Wayne, 1976!. Co+son sea-grass  Thalassia
testudinum! reduces wave heights by a maximum of 42 percent and wave energy by
67 percent. Other field studies summarized by Jaworski et al. �977! tend to
support the idea that wetlands afford some coastal protection. Conversely, wave
tank tests reveal that only with very short period waves are plants significant
in attenuating wave action  Ahrens, 1976!. For a 2.6 second period, the
reduction in wave height on passing through the artificial seaweed field was
about 12 percent.

Nearshore wetlands, such as those in Tuscola County, may offer some coastal
protection to the adjacent shoreline. However, aur investigation af coastal
landforms suggests that erosion is the dominant process even when wetlands are
present in the nearshore zone. There is an absence of depositional features
such as well-developed beaches and recent fore-dunes. In fact, the landforms on
many barriers investigated are a product of high wave energies  e.gfs washover
deposits!.

Pre-modern Lake Level Chan es

Beaches and barriers occur at the land/lake interface. In the geologic
past, the leve'I and consequently the shorelines of the Great Lakes occupied
positions which are quite different from the present. Owing to changing
outlets, a complex of shorelines was established above as well as below the
present levels of the Great Lakes. Each lake basin has a unique history, so the
location and elevation of shorelines in the Michigan-Huron Basin do not
necessarily conform to location and elevations of the shorelines in the Erie
Basin.

With the retreat af the ice during the Pleistocene Epoch, a series of
sediments was deposited. These deposits include glacial ti lls deposited
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directly by the late Wisconsin ice, as well as water-laid sediments such as lake
clays and glacial outwash sediments which were deposited by water. These
Pleistocene sediments were deposited di~ectly upon geologically older bedrock.

The thickness of the deposi ts is extremely irregular. In the Great Lakes
basin, drift thicknesses range from 0 to at least 223 feet  Flint, 1971!.
Seibel �976!, however, reports glacial dr ~ ft as thi ck as 1,100 feet in
Michigan. In the St. Clair River delta, bedrock is 150 feet beneath the delta.
Savoy �956! suggests that the lake clays and glacial till have a thickness of
about 51 feet, but in western Lake Erie and in Oconto, bedrock and large igneous
cobbles respectively are exposed at. the shoreline during lower water years,
suggesting that the glacial deposits there are thin or absent. In most of the
investigated sites, however, the shoreline features and wetlands are resting
upon vari able thickness of lacustrine clays and/or glacial till.

The Pleistocene geology of the Great Lakes is complex. However, the
studies of Leverett and Taylor �915!, Hough �958! and more recently Dorr and
Eschman �970!, present a regional overview of the history of the ice age.
Numerous, more detailed studies are noted by Black   1973!, Thwaites �959!,
Flint �971!, and Wright and Frye �965! . The progl aci al 1 ake levels listed in
Table 18 are based largely on the investigations of Leverett and Taylor �915!.
More recent investigations have refined the chronology  Bretz, 1955; Hough,
1958!; however, it remains fundamentally unchanged.

Table 18

Lake Stages of the Michigan, Huron, and Erie Basins*

Years Before
the Present Michi an 580' Hur on 580' Erie 573'

Erie 573'
Erie 560'
Erie 573'

Al goma 595 '
Nipissing 605'

Chippewa 230' Stanley 190'

3,000
4,000
9,500

* Data in feet above mean sea level
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Lakes Michigan and Huron are presently joined at the Straits of Nackinac
and are therefore at the same elevation, 580 feet above mean sea level  MSL!.
During the Algoma postglacial lake stage, lake levels were approximately 15 feet
above their pr esent levels. Ouring the Ni pissing postgl aci al lake stage,
present-day Lakes Huron and Michigan were about 25 feet above present lake
level. Levels of presumed Nipissing and/or Algoma age have been noted on the
landward side of the investigated wetlands at Qconto, Tobico, and Tuscola
County. A terrace at approximately 605 feet occurs on the perimeter of the
Betsie River wetlands.



The configurations of Lake Erie's wetlands  i.e., Woodtick and Toussaint!
appear to be less significantly affected by postglacial lake levels than the
investigated areas in the upper Great Lakes. Detail mapping in southeastern
Michigan reveals the most lakeward mappable shoreline  Elkton or Lundy
shoreline at 620 feet! is at least four miles inland from the present Lake Erie
shoreline  Bergquist and MacLachlan, 1951!. In northern Ohio  Ottawa County!
the most lakeward premodern beach deposit is pre-early Lake Erie in age  Lake
Lundy! and is located several miles inland at an elevation of 620 feet  Forsyth,
1959; Conrey, 1929!.

The western shore of Lake Erie appears to have been drowned, as many river
mouths have an estuary- like appearance. The submergence may be related to
tilting of the Erie basin, as a result of either glacial rebound or isotactic
adjustments of the earth's crust  Sparling, 1967; Pincus, 1959!. Moseley �905!
notes that the rate of crustal subsidence is rapid and has had a profound impact
on the coastal vegetation of Lake Erie and the offshore islands. Near Sandusky
Bay several square miles of what in 1820 was forest and prairie, had been
transformed into marsh by 1905. An alternative explanation is that the drowned
stream mouths are due to the rising of the level of Lake Erie from 560 to 573
feet over the last few thousand years, accompanied by synchronous down tilting
of the south shore of the lake.

Lake St. Clair has a'lso experienced lake level oscillations in the geologic
past. As with the other coastal wetland sites discussed above, the changing
lake levels accompanied by sh~fts in the position of the delta have combined to
create landforms which, in part, dictate the wetland morphology of the delta. A
more detailed analysis of the wetland/landform/lake level relationships of this
area is discussed in the St. Clair River delta subsection.

Such estuarine environments contain wet land habitat which is zoologically
and botanically diverse. The first estuarine sanctuary under the Coastal Zone
Management Act  P.L. 92-583, Sec. 315! in the Great Lakes has been recently
approved. Old Woman Creek Estuarine Sanctuary between Huron and Erie, Ohio
appears to be geomor phologically similar to the river valleys discussed above.
The estuary is considered important for fish spawning, for waterfowl migration
and for wetland plants. Pinkweed l~olyponom erma lvanicom var.

1 d 1 m!, which is included in the proposed federa endangered plant
P , also occurs in the area  LI.S. Department of Commerce, 1977!.

Another significant relationship between pre-modern lake level changes and
coastal wetlands is the age of the wetlands. Most of the Lower Peninsula of
Michigan and adjacent areas  Ohio, Wisconsin! were exposed by the glacial ice
some 12,000 years ago  Lake Calumet and Lake Lundy Stages!, but the Great Lakes
reached their present levels less than 3,000 years ago  Table 18!. This means
that the coastal wetlands are geologically young comp~red to the inland wetlands
which established themselves several thousands of years earlier . Therefore,
thick peats and plant succession are as a general rule limited to inland
wetlands.
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Moder n Lake Level Chan es

All the Great Lakes, as well as Lake St. Clair, experience changes in water
levels due to short-term and long-term weather and climatic conditions. Steep
barometric gradients may produce brief changes in water level  seiches!,
particularly 1n Lake Erie  Hough, 1958!. Wind set-up and storm surges also
cause sudden periodic changes in lake level  U.S. Army, 1975!. Although storm-
related changes of lake level may be spectacular, their impact on wetland
distribution is less sign1ficant than seasonal or longer period fluctuations.

The short-term leve1 of the lakes 1s determined by the inputs of water
derived from runoff or river flow of connect1ng channels and precip1tat1on
within the drainage basin of' each lake, and the outputs resu1ting from
evaporation. Long-term lake level fluctuations are usually thought of as
volumetric changes, predominantly climatic in origiti  Duane et al., 1975!.
Changes iri the storage of a lake may be summarized as follows:

S =  P-E! +  I-0!

S = change in storage volume
P = Precipitation in the drainage area
E = Evaporation
I = Inflow
0 = Outf1ow

Where:

Although non-cyclic, the water levels appear to have a h1gh water period and a
low water period every seven to ten years  Figure 14!. These non-cyclic water
level changes cause displacement of shorel1nes and changes 1n vegetation.

Rel1able records of water levels for aI1 of the Great Lakes date back to
1860. Since 1898, continuous data have been recorded for Lake St. Clair. A
detailed ana1ysis of levels and f1ows of the Great Lakes was compiled in 1975
 Great Lakes Basin Coneission, 1975!. Annual high 1ake levels normally occur in
mid-sutrrrier  June, July!, and seasonal lows occur during the winter months. With
regard to the investigated areas the histor ical maximum high water and minimum
low water period occurred between 1934 and 1974  Table 19!.

Tab/e 19

Record Maximum and M1nimum Monthly Lake Levels Since 1900*

Ran e Aver a eHi h ear Low ear

* Data in feet above mean sea level
Source: Nat1onal Ocean1c and Atmospheric Administr ation, 1976
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Lake Michigan/
Huron

Lake St. Clair
Lake Erie

581.1  July, 1974! 575.4  March, 1964! 5.7 578,71
576.2  June, 1973! 569.9  Jan., 1936! 6.3 573.87
573.5  June, 1973! 567.5  Dec., 1934! 6.0 570.96
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Aerial photography became availale after about 1935. Photography at that
time in Lake St. Cl air and Lake Erie ref 1 ected record low l ake levels and
maximum lakeward extent of the shorelines. The record low 1n the M1chigan/Huron
basin was in 1964 �75.4 ft.!. The aerial photography of the 1973-1974 period
reflected record high lake levels for all the coastal wetlands investigated.
Within a range of 40 years   1934 to 1974! the coastal sites investigated have
been exposed to extreme historical lake level changes.

Geomor hic Anal sis of Selected S1tes

In this subsection the coastal framework of each study area is discussed'
An attempt has been made to select wetlands which exh1b1t a divers1ty in their
physiography and wetland communities. Low-lying coasts generally consist of a
barrier and lagoon such as those at Tobico, Woodtick, Toussaint, and Oconto.
The Betsie River wetlands and the wetlands of Tuscola County are somewhat
unusual. The Betsie River wetlands occur within a river valley, but s1nce they
are affected by changing levels of Lake Michigan they are included in our
survey. Many of the wetlands of Tuscola County are not protected by a sand
barrier. The seventh s1te, the St. Clair River delta, is the largest active
delta in the Great Lakes and has a un1que framework as well.

To adequately describe each coastal wetland area, the landforms were
identified and mapped. All landforms have topograph1cal or hor1zontal as well
as vertical expression. Therefore, the 1nvestigated sites were bored so that
landform boundaries and stratigraphic relationships could be determined. In a
few areas, recorded data were available from the U.S. Army Corps of Eng1neers,
state geologic agenc1es or consulting firms, which contributed to the
geomorphic framework.

Oconto Marsh

Wisconsin's coastal wetlands total 34,088 acres, of which 18,349 acres are
on Lake Michigan and Green Bay  Bedford et al., 1976!. The remain1ng 15,819 are
scattered in small embayments on Lake Superior. In terms of area the wetlands
to the imnedi ate north and south of the Oconto River total 6,489 acres or
approximately 20 percent of the state's coastal wetland acreage  Bedford et al.,
1976!. The Oconto Marsh and other wet.lands in Green Bay, including Peshtigo and
Ridges Sanctuary, are un1que wildlife areas vis1ted by over 30,000 people each
year  U.S. Department of Commerce, 1977!. All of Oconto Marsh and its shoreline
has been classified as outstanding with respect to fish and wildlife hab1tat
 Wisconsin Coastal Management Program, 1977!.

Prior to the ice age, the Oconto River joined the Peshtigo and Menominee
R1vers to the north. The three preglacial rivers drained across Door Peninsula
at Sturgeon Bay and into an ancient river in the present-day Lake Nich1gan Basin
 Martin, 1932!. Approximately 6700 years ago   during Lake Chippewa t1me! Green
Bay was completely dra1ned  Bertrand et al., 1976!. During this time the
rivers, including the Oconto, extended outward, joining other rivers, and
flowed northward along the axis of Green Bay. With the subsequent rise in lake
level during and since the Lake Nipissing Stage �000 years B.P.! the anc1ent
channels have been drowned. However, bathymet,ry  U.S.G.S. quadrangle map,



Oconto, Wisconsin, 1956! does reveal a sinuous channel extending offshore from
the mouth of the Oconto River eastward towards the center of Green Bay.

In more recent time the river has shifted its channel several times due to
sedimentation and a decrease in channel gradient. Modifications to the mouth of
the Oconto River began as far back as 1879. Prior to that time the natural
outlet of the river was approximately one-half mile south of the present outlet.
The old sinuous meander is still evident in the field and on aerial photographs
 Figure 15!. The natural mouth of the river split into three channels, forming
a small delta at the shoreline. The U.S. Army Corps of Engineers straightened
the river and continuous flow through the original channel was abandoned
 Bosley, 1976!. With the construction of jetties there appears to have been a
decrease of sediment supply to the shoreline of the Oconto River. Historical
maps  Bosley, 1976! indicate that the shoreline became more irregular and old
meander channels were truncated at. the shoreline as coastal erosion proceeded.

The distribution of wetlands in lower Green Bay is related to the regional
geology of the area. The bedrock surrounding the basin is part of the Michigan
Basin. The rocks dip to the southeast and trend or strike northeast/southwest.
Because of the regional dip of the rocks, the east shore of Green Bay  Niagara
Dolomite! is steep, the rivers are short, and the drainage basins are small.
Sedimentation is not abundant on the east shor e of the bay. In contrast, the
rivers  Little Suamico, Pensaukee, Oconto, Peshti go! on the west share f'Iow down
the dip of the sedimentary rocks of Cambrian Sandstone, Prairie du Chi en
Dolomite, Platteville-Galena Dolomite, or Limestone. The gradual slope of
these rocks out into the bay and the 1arger drainage area {hence greater
sediment source! have been important determinants for wetland establishment
along the western shore of Green Bay.

The wetlands of the Oconto River as we11 as all other wetlands in Green Bay
are located within the Eastern Ridges and Lowlands Province of Wisconsin,
Topographically the area is flat to gently rolling. The soils of the wetland
are mapped as "Narsh"  U.S. Department of Agriculture, 1972!. However medium-
size sands occur at shallow depths. Although no bedrock is exposed in the area,
wells in the vicinity have encountered dolomite bedrock between 34 and 38 feet
 Wills, personal coaeunication, Director of Public Works, Oconto, Wisconsin!.
Coarse sediments which include gravels and igneous boulders of granite are
exposed on the shoreline. This suggests that, glacial till, at 1east along the
present shoreline, occurs at a shallow depth. The landforms of the Oconto
wetlands are mapped and identified on Figure 15. Basically the wetlands occupy
the interface of a fluvial and a marine environment. That is, the occurrence of
wet1ands is directed by marine landforms such as lagoon/barrier distribution as
well as riverine landforms such as abandoned channels. The Qconto River forms a
delta with one distr ibutary channel which i s artificially maint a ined for
navigation. According to traditional deltaic classification the Oconto R~ver
forms a cuspate delta  Strahler and Strahler, 1976!. The depositional feature
is widest between the city of Oconto and the mouth of the Oconto River. To the
north and south the delta becomes narrower and eventually pinches out where the
higher surface meets the shoreline.

The landward limit of the wetland and delta is the higher terrain to the
west. The contact is delimited by the contrast in land cover  i.e. agricultural
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Figure 15. The Coastal and Fluvial Landforms oF the Oconto Marsh
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fields on a terrace and pasture or marsh on lower land!. A slight break in
topography also separates the two surfaces. Based on a detailed topographic
map, the difference in elevation between the marsh surface north of the Oconto
River and the adjacent upland at the city of Oconto is three feet  Wills, 1977!.
However, as one proceeds westward four to five miles, elevations rapidly
increase to over 660 feet above mean sea level. The higher surface is composed
of ancient beaches and glacial ti11. Existing beaches which represent Lake
Algonquin and Lake Nipissing have been reported in the county  Leverett and
Tayl or, 1915; Gol dthwait, 1906! . The data have been synthesi zed and the
shorelines mapped in Green Bay by Martin �932!. The Algonquin shoreline is 40
feet above Lake Michigan  ca. 620 feet above MSL! at Oconto and paral1els the
present shoreline. The abandoned beach of the Nipissing stage is approximately
20 feet above Lake Michigan  ca. 600 feet above MSL! at Oconto and also
parallels the present shoreline. Both ancient shorelines appear to consist of
multiple ridges.

The consistency of the sediment is sand or loamy sand and is identified as
the Tedrow loamy fine sand association  U.S. Department of Agriculture, 1972!.
North and northwest of Oconto, isolated areas of gl aci al ti1 1 consist~ ng of
loamy to clayey soil occur and can be distinguished from the sandier soil by
slightly higher elevation and gravelly surface.

The actual contact of the wetland and higher surface is at an elevation
lower than the Nipissing lake level. The crest of the higher surface at Oconto
is at approximately 586 feet above MSL, considerably lower than the Nipissing
beach which has been identified at an elevation of 600 feet above MSL.
According to Wi llman �971!, the Algoma Lake stage is the lowest terrace level
above present Lake Michigan, and Pauli and Pauli   1977! have suggested that the
Algoma surface is 10 to 15 feet above the present level of Lake Michigan. guite
possibly the higher surface on Figure 15, at an elevation between the Nipissing
level and the present Lake Michigan levels, represents the Algoma level.

As can be seen on Figure 15, the modern surface is composed of riverine
1andforms such as point bar topography and broad meanders as well as coastal
landforms  beaches and barriers! commonly observed on coastlines. Two cross
sections were constructed north of the Oconto River  Figure 16!. The most
northerly cross section, which is more detailed, reveals a series of unique
barriers lakeward of a broad lagoon. A second cross section parallels the left
bank of the Oconto River . The i ntent of the fatter cross secti on is to
illustrate, in overview, the relationship of the higher surface to the modern
surface. The elevation of the higher surface is based upon a topographic map
compiled by Wells �977!; the topography of the modern surface was determined
with a barometer. A dumpy level was used to determine the elevations of the
barrier and lagoon cross section to the north.

Casual inspection of the mapped shoreline reveals a smooth and straight
coast north of the Oconto River. South of the river the shoreline is ragged and
interrupted by embayments and abandoned channels. The immediate nearshore
topography is characterized by at least seven we11-developed sand bars. The
bars are continuous north of the Oconto River, but they extend less than one
mile south of the river. The generalized surface currents of lower Green Bay
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c1rcul ate in a counterclockwise directi on  Schruf nagel, 1966! . The wel 1-
developed barr1ers and the continuous sand bar development north of the Oconto
R1ver jetties indicate that the prevailing littoral currents are moving from
north to south. The distribution of sand bars is important to the contrasting
character of the shoreline. The shoreline north of' the Oconto River is
protected from direct wave attack by nearshore sand bars, but south of the
Oconto River less sediment is available to maintain the shoreline. Hence, sand
bars are less extensive and the shore is exposed to direct wave attack. In this
area beaches are discontinuous, narrow, and subdued compared to the barrier to
the north.. As a result, the wetland is exposed to constant wave attack and has
deteriorated over t1me.

As noted in the cross section, the shore11ne north of the Oconto River is
composed of an active and inactive barrier, and a lagoon. The active barrier 1s
apparently ephemeral since it does not appear on 1973 aerial photographs. Beach
studies on Lake Michigan {at Terry Andrae State Park, Wisconsin! indicate that
as lake levels rise beach erosion occurs, and approximately 25 percent of the
loss is due to the drowning effect of rising water level  Dubois, 1975!. North
of the Oconto River, the active bar rier wi1 1 be occasionally inundated and
eroded during periods of higher water levels.

Table 20

Sediment Prof~ le on Oconto Shoreline

Sed1ment T esInches

0-16
16-18
18-23
23-42

Medium brown sand

Black peat; loose rafted organic remains
Brown root mat; fibrous
Medium brown sand

Beneath the act1ve barrier are peat deposits. The organic layers extend
from the nearshore zone landward under the active barrier, a distance of at
least 300 feet. Although not noted 1n Figure 16, probes in the nearshore zone
suggest that the peat extends more than 50 feet beyond the beach. In the
immediate nearshore zone the fibrous peat is exposed approximate1y one foot
below present water level.
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Borings into the active barr1er reveal a ser1es of peats between layers of
medium sand {Table 20!. The barrier, composed of medium brown sands, stands
less than two feet above lake level. Although poorly vegetated, the
depositional feature is barely visible because of marsh vegetation to the east
and to the west. Along some areas of' the shore1ine, the low barrier has been
recently overtopped by waves and displaced landward 30 to 40 feet. Remnants of
older barriers or exposed bars occur between the active barr1ers and the
inactive barrier to the west. These features are subdued sand deposits now
colonized by wetland vegetation. Each may possible represent a barrier which
was active during a higher water level.



Table 20 indicates that two organic textures were identif1ed. Directly
beneath the active barrier, rafted loose organic sediments overlie a firmer
peat. What is exposed at the shoreline and occurs landward 1s only the firmer
peat; no rafted fragments have been identified. The peat is largely composed of
Scir us roots, 1ndicating that this organic depos1t represents an emergent
wet and. Since the deposit is at 578 feet above MSL and is composed of ~Scir os
it may represent a nearshore emergent wetland mainta1ned during h1gher water
levels. At the toe of the inactive barrier a well-def1ned berm has been noted
at an elevation of 580 feet above MSL. Characterized by clastic sediments,
driftwood, and large uprooted trees, the berm was probably created during the
higher lake levels of the early 1970's. During this higher-water period, the
zone east of the berm was drowned and perhaps colonized with the Scir us marsh.
With subsequently falling lake levels a series of small beaches an arriers  or
bars! were deposited lakeward of the berm.

What is evident is a distinct pattern of distribution of landforms and
vegetation. An active barrier occurs on the shoreline; lakeward is the emerging
wetland. In the past with higher lake level, the shoreline was at the foot of
the now inactive barrier and the berm developed. Lakeward of the berm an
emergent wetland colon1zed the nearshore zone. As lake levels continue to drop
the emergent vegetation will probably migrate lakeward.

To the west is the more prominent inactive barrier. The elevation and
extent of the sandy deposit 1s not entirely natural. On Figure 15 it is
represented by a broad cont1nuous sand ridge. However, its natural
conf1guration has been modif1ed and portions of it are mapped as "Made Land" by
the U.S. Department of Agriculture �972!. Borings indicate the barrier is at
least five feet in thickness and composed pr imarily of b~own medium-size sands.
The surface has a grass litter zone s1x to ten inches in thickness. The
occurrence and thickness of the litter zone is unusual since it has not been
noted on other barriers in the Great Lakes. Occasionally, six to 36 inches
down, black organic sand or sandy-silt layers one to two inches thick are
encountered, which probably represent either a surface buried by washover
deposits or the result of wind action which bur1ed the vegetation on a lower
barrier crest. Landward, the barri er is topographically and sedimentologi cally
terminated by a broad lagoon, which is delineated on the west by the higher
surface. The barrier plays an important role in that it separates two distinct
wetland types. Eastward of the inact1ve barrier a narrow emergent wetland
occurs. Westward the wetland is composed of sedges, willo~s, and other plants
and has a meadow- like morphology.

The lagoonal areas tior th of the Oconto River are approx1mately one mile
wide and are characterized by peaty surface sediments. Adjacent to the barr ier
the peat is 34 inches thick; it 1s non-woody and becomes more fibrous with
depth. Westward the peat horizon decreases in thickness.

The lagoon was leveled for a distance af 800 feet. From the inactive
barrier west, the elevat1on of the lagoon floor increased from 578.25 feet to
579 .0 feet. Oata from W1lls �977 ! reveal that the mean elevation of the lagoon
is + 582 feet above MSL. Therefore even during high water periods this wetland
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is seldom completely inundated by Green Bay. Since the surface extends well
above many Lake Michigan water levels, most of the wetland 1s probably sustained
by groundwater  Bedford et al., 1976!.

The eroded delta south of the Oconto River is not protected by barriers and
is characterized by gentle slopes at least one-half mile from the shoreline. A
si gnifi cant port~on of the area is now colonized by cattail. This is a contrast
to the wetland north of the river, which is at a higher elevation.

Flanking the north and south bank of the Oconto River are sloughs or relict
channels of the river. The scars are in var1ous stages of deterioration and
represent successive stages of abandonment by the meandering river. The older,
more subtle river1ne features are d1ff1cu1t to observe in the field but are
readily visible on aerial photographs. The features are sinuous to arcuate in
shape.

Since the meander scars are in various stages of decay their channel fills
vary in depth and hence support a variety of vegetation. The oldest meanders
appear to be the clusters north of the river since they are less discernible,
even on aerial photography. The large natural channel just to the south of the
river was the main channe'I a century ago. Rel1ct landforms of th1s kind
increase the accessibility of the wetland, particularly to fish for spawning,
and also represent maintenance-free natural access ways for recreational
activities. A unique aspect of the Oconto River meanders is that they occur at
or very c1ose to the shoreline. Normally such features occur farther inland or
within the confi nes of a valley. However, due to the eros1on of the coast, the
abandoned meanders continue to commun1cate with Green Bay, even during lower
water periods. Along the north bank the land has been fil1ed  U.S. Department
of Agriculture, 1972! and communication with open water is less coomon there.

The landward side of the wetland is term1nated by higher terr ain which is
composed of ancient shorelines and glacial till. In August, 1978, excavations
on Main Street in Oconto exposed several feet of sediment. The sediment data
were recorded and extrapolated along the north bank of the Oconto River
 Figure 16!. The surface of the h1gher terrain was composed of oxidized sand
approximately 12 feet in thickness. Thin clay lenses   1-2 inches! occurred in
the sand, but coarse to medium sand was the principal sedimentary component.

East of Porter Street, at least seven feet of organic si its were noted.
Within the black sediment 1arge tree stumps occurred, suggest1ng a swampy rather
than a marshy environment in the geo1ogic past. These sediments are a distinct
contrast to the oxidized sand to the west. Although the sedimentary sequence
here is complex, the sediments are probably fluvial in or1gin. This conclusion
is suported by the fact that the sediments are in an area of point bar
topography and are underlain by coarse grey sand. The lack of organics and the
coarseness of the sand depos1t suggests fluv1al or marine deposi tion.
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Underlying the surficial deposits is a red stiff clay mixed with gravels,
at an average depth of eight feet. It probably extends eastward beneath the
lagoon and the barrier complexes at the shoreline and is probably a glacial till
deposited by the Green Bay Ice Lobe during the late Wisconsin ice age.

In summary, the wetlands of lower Green Bay are generally confined to the
shorelines and river mouths of the western side of the Bay. Because of the dip
or attitude of the bedrock, coastal lowlands are prevalent along the western
shoreline compared to the cliffy shoreline of the Door Peninsula. In the Oconto
River area, a wide diversity of geomorphic features, some of which are longer
lasting than others, support wetland vegetation. The most extensive wetlands
are located between barriers of the shoreline and the higher surface to the
west. Barrier development is more conti nuous north of the river; the barrier
coupled with an artificial levee on the north bank results in less frequent
inundation of the area. Another important geomorphic determinant of wetland
distributi on is the deposition of an active barrier at the present shoreline.
The barrier is now protecting a linear wetland just to the west of it. Finally,
the shifting Oconto River channel has created a complex of relict channel and
point bar topography. These features, in various stages of decline, support
diverse wetland communities.

Hetsie River Wetlands

Along the west coast of Nichigan several rivers flow towards Lake Nichigan,
but instead of debouching directly into Lake Michigan they flow into smaller
lakes separated from Lake Michigan by large coastal sand dunes. Morphologically
the mouths of the rivers appear to be drowned, not unlike the river valleys
entering western Lake Erie. Since these lakes and rivers are joined to Lake
Michigan, they are affected by changing lake levels. The Nichigan Department of
Natural Resources �973! regards these embayments as coastal and includes them
in their coastal wetland inventory. Many wetlands in these embayments support a
diversity of wildlife and are important for fish spawning, muskrat trapping and
duck nesting  Jaworski and Raphael, 1978!. The Betsie River valley was selected
for our embayed wetland type because it was less altered than bays farther south
 Muskegon, Pere Narquette, Kalamazoo Rivers!.

The Betsie River embayment is delineated by landforms constructed by
marine, fluvial, and glacial processes  Figure 17!. The wetland is not situated
on an extensive lake plain as are the other coastal sites but is confined to a
linear depression between glacial moraines.

The terrain of Benzie and the surrounding counties is a result of late
Wisconsin glaciation. Glacial moraines in the area were derived from the Lake
Michigan lobe and represent the last advance  Valders stadial! of the Wisconsin
Glacier  Dorr and Eschman, 1970!. The terrain is hilly and elevations in excess
of 900 feet above MSL are commonly attained. Sediments on the per iphery of the
basi n are typical sand and gravel deposits associated with direct ice deposition
 Waterman, 1917! . The gl aci al sediments are reddi sh in col or whi ch i s
indicative of the Valders drift. The red color is due to red silt and clay
sediments transported from the Upper Peninsu1a of Michigan by the glacier.
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The lakeward  west! side of the wetland is confined by dunal topography and
a sandy beach. The dunes are parabolic in shape and are actively migrating,
since unvegetated blowouts are ev1dent. Sand for the active dunes is derived
from the beaches  Olsen, 1958!. During lower-water stages the exposed wider
beach provides sand for the formation of foredunes. Such foredunes are
significant, since prior to harbor maintenance they effectively blocked the
outlet of Betsie Lake and helped maintain the wetlands. The established dunes
are in excess of 800 feet above MSL and are related to wind and marine activity
of Algonquin and Nipissing t1me  Scott and Dow, 1937!.

The Betsie River meanders on its flood plain which has a width of about
one-half mile. The flood plain can be sub-divided into two units, marshy flood
plain and wooded flood plain, on the basis of wetland differences rather than
geomor phological variations. The river has many of the characteristics of an
old age river, including well developed meanders and the creation of ox-bows.
Where Highway 22 crosses over the flood plain a delta has been deposited,
probably dur1ng the lower water period of the 1960's. However, with changing
Betsie Lake water levels the focus of deltaic deposition shifts dramatically.

Table 21

Sediment Profile of a Betsie River Po1nt Bar

Inches Sediments

0- 2
2- 6
6-18

18-28
28-33

Clean sand
Organic stained sand
Reddish sand � rootlets
Fine textured peat, wood fragments and bulrush remains
Medium sand, traces of cattail roots but mainly ~Scir us
root fragments

Location: First point bar east of Highway 22. August 4, 1977
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The principal sed1ments 1n the flood plain are peat and sands. The peats
are locally accumulated organic depos1ts although some organ1cs are transported
by the Betsie River onto the flood pIa1n. The sand is probably derived from the
drainage basi n   glacial deposits!. During periods of low river flow the sands
are exposed on point bars. A bore 1n a point bar on the flood plain reflects the
changing sediment, and hence variable flow of the river. Table 21 reveals
alternating layers of sand and organ1c remains. Point bars are approximately at
river level and hence subject to flooding. The peat, 18 to 28 inches below the
surface, probably represents a once-vegetated po1nt bar which was submerged; it
contains bulrush remains. Through time however, sand was deposited on the point
bar and the organic horizon was subsequently buried and preserved. Since the
r1ver reg1me varies, the deposits exhibit variable texture. As point and bar
deposition continues the river channel is gradually displaced away from the bar.
Wetlands may colonize the expanding point bars, but on the opposite side  cut
bank! of the channel wetlands are being eroded by the migrating river.



Between the low, flat flood plain and the glacial and dune topography a
flat or terrace occurs. The terrace parallels and extends beyond the flood
plain into Elberta and Frankfort. The width of the terrace is highly var iable
 Figure 18! . Its elevation is approximately 5B5 to 595 feet above MSL. Profiles
of the Stony Lake shoreline north of Muskegon reveal a similar surface at an
elevation of 600 feet above MSL  Berg, 1974!.

The terrace represents a higher level of Betsie Lake and Lake Michigan. In
effect the surface is an older plain which has been dissected as the water level
dropped from the approximate level of the terrace to its present level.
According to Martin �955! only one terrace occurs in the Betsie valley.
Goldthwait �908! reported that a shoreline of Algonquin age was evident in the
Betsie valley at an elevation of 604 feet above MSL. The terrace discussed in
this subsection is probably shoreline.

Figure 18 more clearly illustrates the relationship between the different
earth materials and surfaces and puts the geomorphic framework in a linear and
vertical perspec itve. Two profiles were constructed from the approximate
center of the flood p lain  in an approximate north-south direction! across the
terrace. The datum for elevation determinations was the Betsie River; it was
assumed that the elevation of the Betsie River at the point where the profiles
were made was 580 feet above MSL. The landforms were bored along the traversed
profile and two cross secti ons were constructed.

The flood plain is very flat and varies less than a foot in relief. The
higher relief of' the flood plain on the south margin of the profile may
represent human disturbance or downslope movement of soil, si nce two feet of
relief on narrow flood plains is unusual. The flood plain surface exhibits no
natural levees, a feature co+non to most flood plains  Thornbury, 1969!.
However, Butzer �976! notes that flat flood plains occur where lateral
migration and point bar development are dominant processes and deposition on the
flood plain is not significant. A second possible cause of flat flood plains is
related to depos~tion by streams transporting an abnormally high load of
sediment. The sediment of the Betsie River wetlands is with minor exceptions
sand and peat.

Where sandy landforms occur, they are altered quickly because sand is the
easiest sediment size to erode  Hjulstrom, 1935!. The absence of finer river
transported sediments or less sediment, variation may account for the lack of
land form diversity. Normally natural levees are composed of silts and clays.
The clarity of the water, the sediments on the flood plain, both vertically and
horizontally, and the active point bar deposits reveal that silt and clay are
not abundant sediments in the Betsie River valley.

The surface of the flood plain is composed of a fibrous peat mat. Except
where river channels occur, the peat extends across the entire flood plain. The
peats with depth are more compacted and have a greasy feel and the consistency
of coffee grounds. In most instances the peats appear to be partly composed of
sedges and grasses. Localized cattail  T aha sp.! colonies exist on the flood
plain surface but cattail fragments are not particularly abundant in the peats
examined.
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Although not vis1ble in the tr ansect, tree stumps  probably cedar! are
exposed at river level on the north bank. The stumps are approximately three
feet in diameter, and are in situ. Stratigraphically they are rooted in the
peat and covered by the root mat. The trees probably represent a lakeward
extension of the wooded flood pla1n  Figure 17!. It appears that the woody
flood plain vegetation was replaced by marshy vegetation; subsequently a root
mat concealed the tree roots.

The distribut1on of the sediments of the flood plain surface provide a
model for what has occurred in the immediate geologic past. Surfici ally, sands
are concentrated on point bar s and within the channel of the flood plain, and
the organic mat represents the remain1ng flood plain sediments. At greater
depth, the peat deposits are more abundant and thicker on the flanks of the
flood plain; medium and coarase sands with thin peat lenses are more common
towards the center of the flood plain. One possible reason for the f'ewer
organic deposits is that the Betsie River might have filled the central part of
its valley with clastic or mineral sediments. If the valley was a lake, the
wetlands were confined to its margins. As alluvi at1on continued, the valley
filled with sediments to its present elevation  + 580 feet!; when the level of
the flood plain stabilized, a wetland, represented by the organic mat, was
created.

A second possibility for the 1ack of peats is that the river might have
migrated laterally, completely eroding the peat deposits in the middle of the
flood plain. What is clear is that wetlands did occupy the 8etsie R1ver when
its flood plain was at a lower level. As the flood plain was built upward by the
addition of sed1ments, the wetlands on the flanks of the landform managed to
keep pace with the upward growth and thick peat deposits were created. The
sediment data also reveal that only in recent times have the wetlands extended
over the entire flood plain surf ace.

Flanking the floodplain 1s the terrace, with a surface of black silty clay,
Beneath this horizon a coarse, shelly sand is encountered. The contact between
the ter'race and flood plain is more abrupt on the north side of the valley.
Because of human disturbance the break is less d1stinct on the south side of the
valley so the boundary is more transitional but, based on the vegetation and
sed1ments, is clearly mappable.

Beyond the terrace the glacial terrain or sand dunes are encountered. At
the contact of the terrace and glacial upland, a marly silty clay capped with a
thin layer of organic silty clay has been i dentified. Usually less than a foot
in thickness, the whitish-gray deposit is consistently found at the contact
between the two landforms. In Oceana County, Michigan, Hergquist   1927! has
1dentified similar marly deposits on sandy soils . The marls discussed here
appear to be equivalent to Bergquist's "Upland Naris", which are found in the
terr aces of former lakes and "in the upper flats, terraces and old meander
channels of streams and rivers". A vari ety of Potenti lla is commonly associated
w1th the marl in southern Michigan. In the Hetsie River area the unique deposit
is an excellent stratigraphic marker between the terrace and glacial upland.

In summary, the Betsie R1ver wetlands are geomorphologically related to a
flood plain wh1ch lacks well developed levee flank depressions and natural
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levees. Due 1n part to changing water levels, the west side  down river! of the
wetland border advances and retreats over short-time periods. The northern
boundary of the flood plain 1s rather abrupt and the change from wetland
vegetation to upland vegetation is rap1d. On the south side of the valley,
however, the slope from the flood plain to the terrace is more subtle and a
broader vegetative transit1on was observed. Based on the d1stribution of peat
in the subsurface, the wetlands today are perhaps more extens1ve than in the
past, although they appear to have occupied the flanks rather than the center of
the floodplain. Furthermore, as alluvi ation cont1nued to build up the
floodplain, the wetlands were able to build up and surv1ve as well. The
ident1ficati on of buried cedar stumps in an area now colonized by marsh
1ndicates that cedar swamps were perhaps more extens1ve in the past, especially
near the flood plain/terrace contact.

Tobico Marsh

Tobico Marsh is an enclosed lagoon bordered on the east and west by sand
ridges. The only out1et is a small creek at the south end of the marsh in the
vicinity of Bay City State Park. Most of the wetland 1s within the Tobico Marsh
State Game Area. This wetland has a diversity o$ avifauna and is also
attractive to waterfowl during migration  Jaworski and Raphael, 1978!.

The principal landforms of the Tobico Wetland are 11lustrated on
F1gure 19. On the east, the wetland is bordered by a long, straight continuous
beach and barrier. Due to longshore current direction and lang-term oscillating
1ake levels, the beach width 1s variable but generally widens to the south.
Dur1ng the 1977 surrmer field season the beach averaged 30 to 50 feet in width at
Brissette Beach.

Based on elevati ons and surface expression, two distinct sets of beach
ridges are evident. Highway 13 is on an elevated bluff overlooking the plain to
the east, consisting of an elongated ridge at an elevation of 600 to 605 feet
above MSL. According to Leverett and Taylor �915!, the altitude of the highest
Algonquin beach at Kawkawlin  on Highway i3 south of Beaver Road! is 607 feet
above MSL and this probably corresponds to the beach along Highway 13. However,
more recently Martin �955! has suggested that the Algonquin shoreline was even
further west and the beach along Highway 13 is Nipissing in age. Since Hough
�953, 1958! has shown that the Nipissing stage in the Huron basin stood at an
altitude of 605 feet, the beach ridge along Highway 13 east of Tobico Marsh is
presumably Nipissing in age.

Between Highway 13 and Tobico Marsh is a cluster of beach ridges which
roughly parallel the present shoreline. The sandy ridges are well defined on
topographic maps, on aerial photography and on soil maps of the area. At least
26 ridge crests are evident west of Tobico Beach. However, farther to the north
the ridges become less numer ous and more dispersed. In all probability the
multiple ridges were deposited at a level sl 1ghtly higher than present Lake
Huron  Lake Algoma?!. The crests of the ridges are at an approximate altitude
of 585 feet and are post-Nipissing in age. It is interesting to note that these
r1dges represent a large influx of sand, probably from farther to the south.
Beach r1dge deposit1on appears to have been more common in the immediate
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Figure 19. The Landforms of the Tobico Marsh Area
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geologic past than at present. Figure 19 indicates that Tobico Marsh occupies a
depress1on between a geologically older and wider beach-ridge complex ta the
west and a more narrow coastal barrier at Lake Huron.

Two east-west cross sections were constructed in Tabico Marsh, One cross
section paralleled Parish Road  Figure 20! and the second cross section
traversed the lagoon at the east end of River Road northwest, of Killarney Beach
 Figure 21!.

The sediment distribution and barr i er, lagoon and beach ridge
relat1onships become evident upon examination of the bore data. Basically, the
sediments fall into three categories: sand, peat, and clay. The coastal
barriers are composed of f1ne sand  Pipestone fine sand! and interfinger with
the clay and peat deposits. The sediments in the lagoon where emergent and
submergent wetlands are present are composed of peats of variable consistency or
a mixture of peat with fine sand. Clay under lies the lagoon and barriers.

The map  Figure 19! suggests that the barrier is be1ng eroded and sand
deposits are being thrown back into the wetland as washover deposits. However,
the cross sect1on paralleling Par1sh Road  Figure 20! suggests that the sand
deposits west of the active barrier are probably a series of sp1ts which were
depasited by waves as the barrier extended itself from north to south, and are
not washaver deposits. As the barrier extended southward the tail of the spit
was abandoned and the barrier, now inactive, was sheltered and ultimately sealed
from Sag1naw Bay and hence perserved. Occasionally the barriers in the wetlands
coalesce and form isolated marshes within Tobica Marsh. Such a process was
responsible for the isolated marsh north and south of Par1sh Road west of
Brissette Beach.

Borings in the inactive barrier and in the modern barrier reveal that the
barrier sands are unusually th1ck, at least six feet in the 1nactive barrier.
Several borings made on the modern barrier  Cooper, 1906! recorded 16 to 19 feet
of sand, underlain by 30 to 62 feet of clay. Underly1ng the sediments is Upper
Paleozoic bedrock. The sign1ficance of the thickness of the barrier sands is
that the barrier is a landform created by a depositional process associated with
coastal buildout. An absence of peats or clays in the barrier reveals that the
shoreline is stable and nat transgressive. Based upon our 1nvesti gati on, such
barriers are less ca+non in the Great Lakes than the transgressive type observed
at Woodt1ck, Toussaint, and elsewhere. The origin of such depositional features
is discussed by Zenkavitch �969! and Schwartz �973!. Komar �976! notes that
other barrier spits occur in the Great Lakes  e.g., Presque Isle!. At
Nayanquing Point nine miles to the north near Pinconning, s1mi lar barrier spit
development is now occurring, and there is no evidence to indicate that the
barrier is eroding sign1ficantly. The ridge is densely populated with homes,
many of wh1ch are occupied year around. Washover deposits are not evident on
the barr1er, suggesting that storm waves rarely overtop the sandy depos1t.
Furthermore, cares extracted from the peat deposits landward of the modern and
inactive barrier reveal few sand lenses, indicat1ng that washover activity is
not a frequent coastal process in this area. The significance of the barrier
with regard to Tabica Marsh is that since the barrier is stable compared to
other Great Lakes' coastal barriers, future pratect1on of the wetland from Lake
Huron appears to be assured.
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A comparison of Figure 20 and Figure 21 reveals that the lagoon floor 1s
near present lake level {578 feet! in the vicinity of Parish Road and decreases
1n elevation towards the south. The elevation of the marsh surface between the
modern and inactive barrier is higher �80 feet! than the floor west of the
inactive barrier  + 579 feet!. The higher lagoon floor is isolated from the
main lagoon by sand barriers; such isolation encourages the deposition of an
organic substrate.

The cross section one-half m11e north of' Killarney Beach  Figure 21!
reveals that organ1c sedimentation of Tobico Marsh 1s an active ongoing process.
Two distinct peat deposits are evident in the profile. Towards the center of
the lagoon, firm brown peat occurs in two to three feet of water. To the east
and west on the lagoon flanks, oozy peat co1onized by submergent aquatics is
accumulating. The peat is mucky and loosely compacted compared to the peat
beneath it. The cross sections point out one of the disadvantages of we11
protected coastal wetlands. With the passage of time, Yobico Marsh may evolve
1nto a peat bog owing to the lack of flushing action that occurs in more open
coastal wetlands. The problem is compounded during lower water levels because a
water control structure at the south end of the lagoon in effect. seals the
lagoon from Saginaw Bay.

Beneath the peat deposits, sand and clay are encountered. The sand on the
west represents the o1der beach ridges which rise abruptly from the lagoon floor
to form the landward boundary of the lagoon. The sand above the c1ay to the east
on Figure 21 probably represents the toe of the active coastal barrier along
Saginaw Bay.

In summary, the geomorphic framework of the Tobico Marsh consists of a
barrier spit. The curved configuration of each deposit has 1solated or near 1y
separated portions of Tobico Marsh into sma11er wetland units. The landward
side of the wetland 1s strai ght and abuts on the anci ent beach ri dges. The
substrate of the wetland 1s peat and clay which probably extends at least 40
feet to bedrock. The stratigraphy reveals that the modern barrier has not
eroded si gnifi cant 1y in the past, so the vi ab111ty of the wetland is assured
from a geomorphic standpoint.

Tuscola Count Wetlands

The shoreline of Tuscola County 1s approximately j6 miles in length and
trends in a southwest-northeast direction. The area investigated and discussed
in th1s report extends from the guanicassee River northeastward to Fish Point.
The northern portion is within the Fish Point Wildl1fe Area.

The present wetlands are confined to a relatively thin coastal and
nearshore zone. Pr1or to European settlement, swamps and marshes were much more
extensive. According to Davis {1909! wetlands occupied most of coastal Wisner
and Akron Townships which comprise the study area, and extended three to four
miles inland to approximately the 610-foot contour. Since the 1850 s,
approximately 9,420 acres of wetland have been lost on the southeast coast of
Saginaw Bay  Jaworski and Raphael, 1978!.
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The coastal zone of the study ar ea is composed of a linear ser i es of
beaches which parallel the present shoreline. The beaches are at elevations of
610 above mean sea level near Akron, seven mi 1 es 1nl and, and descend in
e 1 ev at i on to the p res ent S ag1n aw Bay s hore11ne  + 580 above MSL! .
Chrono log i ca 1 ly the oldest and hi ghest beach ri dges represent an Al gonquin
shoreline. Also identified in the area is the Nipissing shoreline  Bergqu1st
and MacLachlan, 1951!; both of these shorelines are landward of Highway 25.
Lakeward of Highway 25 is a series of shorelines at an elevation of about 585
feet  Figure 22!. T' he shorelines are sinusoidal and occasionally have semi-
c1rcular depressions which enclose wetlands. Some of the ridges merge with the
modern shoreline, but others run parallel with it or diverge from it at various
angles. Where the premodern ridges have not been cleared for agricultural use
and plowed, they are irregular and have a hummocky appearance. Lakeward of the
premodern ridges, narrow sand, or exposed red clays and gravel deposits prevail.
In the nearshore zones multiple sand bars have been deposited.

The wetland communities in coastal Tuscola occupy a variety of geomorphic
habitats including depressions within the premodern shorel1ne, clay flats,
'lagoons at present lake level, and sand bars in the nearshore zone. Figures 23
and 24 represent cross sections constructed for an area in the southwest reach
of the study area and in the northeast reach of the study area near the
community of Thomas. Even a casual inspection of the cross sections reveals a
diversity af modern and premodern landforms.

Figure 22, near Bradford Road, is a continuous profile subdiv1ded into a
subaerial and a submarine unit as determi ned by the July, 1977 Lake Huron level.
The subaerial profile reveals a narrow lagoon occupyi ng a topographical low
between two barriers. The premodern barrier, approximately six feet above
Saginaw Bay, is composed of f1ne sand and does not appear exceptionally thick
 + 4 feet!. The modern barrier is even thinner  + 3 feet!.

The cross section suggests that the modern barrier is an ephemer al deposit
formed during high water associated with longer-term high lake levels such as
were the case in the early 1970's, and/or storms. The thinness of the barrier
suggests that sand supplies along the shorelines are volumetrically low. Within
the barrier are coarser washover deposits separating peat layers; the washover
sands on the surface extend back into the lagoon and the lakeward perimeter of
the lagoon has been buried by the encroaching sands. Alternating peat and sand
sed1ments indi cate that washover of barri er sands into the lagoon has repeatedly
occurred in the past. Beneath the peats of the lagoon is a layer of nine to
twelve inches of sand and gravel overlying finer sand and clay deposits. Since
the premodern barrier is devoid of gravel, a logical source for the sandy gravel
is the beach, where gravels are now abundant. The coarse sediment may have been
deposited onto the lagoon by waves from Saginaw Bay during high energy
condit1ons. An alternat1ve possibility is that the deposit represents a
submar1ne nearshore zone of the premodern barr1er wh1ch was deposited at a
slightly higher lake level. However, the lack of continuity of the feature
along other sectors of the shoreline suggests that the latter concept is
speculative.

From the shoreline lakeward is a series of sand bars of variable width,
underlain by clay. At the shoreline the clay is often exposed due to the
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absence of sand beaches. However, as one proceeds into the lake the substrate
becomes sandier. Based on 1963 aerial photography, the nearshore zone from the
guanicassee River northwest for approximately four miles has much suspended
sediment debouching from the guanicassee R~ver. Skylab photography suggests
that the turbidity pattern originates at the mouth of the Saginaw River and
coalesces with turbid water from the Quanicassee River  Smith et al., 1977!.
The sand bars extend from this point to Fish Point where they are abruptly
terminated. Figures 23 and 24 represent nearshore cross sections; Bradford and
Thomas Roads, because of their similarities, are discussed together'

Sedimentologically the submarine topography of Tuscola County consists of
sand overlying peats and/or clay. One interesting exception to this widespread
pattern is at Bradford Road. There, from the beach lakeward for 550 feet, a
layer of ooze was at some time draped over the coarser sediments. The sediment
is very fine grained and appears to be calcareous in composition. The source of
the deposit is not known but it extends laterally approximately a mile towards
Fish Point.

The sand bars of Tuscola County extend one-quarter to one-third mile from
the shoreline, according to l963 aerial photography. Mithin 200 feet of the
present shoreline, sand and gravel troughs and crests char acterize the
topography. However, as one proceeds lakeward, sand is the most widespread
surfici al sediment. Beneath the sands either clays, peat, or sandy gravel is
encountered.

The most significant deposit with regard to the nearshore wetlands are the
peat deposits recorded in both cross sections. The peat is composed of dense
mats and includes cattail  Tg~ha sp.! rhizomes as well as other floral remains.
Nore lakeward, very dense living organic mats about four inches thick over lie a
darker, less fibrous peat. The peat, with some local exceptions, overlies the
extensive clay deposits of the nearshore zone.

A common distribution pattern of the peat deposits is that their linear
extent appears to be associated with water depth. On both cross sections the
organi c deposits occur at an approximate average depth of 576.5 feet . As water
depths increase and decrease the peat deposits are less abundant. This suggests
that water level is an important variable controlling nearshore wetland
distributions in coastal Tuscola County. Further lakeward, increasing water
depths, increased wave heights, and higher wave energy may discourage the
establishment of wetlands.

A second subaerial cross section was constructed near Thomas  Figure 24!.
This shoreline consists of two well-developed premodern barri ers separated by a
lagoon. The present shoreline is represented by a thin beach deposit of
gravelly sand. Basically the shoreline is the base of the barrier. Adjacent to
the barrier is a high water strand line or berm composed of r afted organic
debris.

Stratigraphically the barrier is composed of three sand units and appears
to be thin. The lower part of the barrier is composed of coarse sand and
occasional pebbles. A middle unit, approximately one foot thick, is a deposit
of black organic sand. The barrier crest is capped with fine sand and is
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similar in composit~on to the barrier near Bradford Road. The base of the
barri er 1n the lagoon is at approximatley the same elevation as the present
beach, suggest1ng that the feature is perhaps no thicker than five feet.
Beneath the barrier a yellow-brown clay is encountered.

An examination of the sedimentary sequence suggests that the barr1er was
probably formed as the shoreline eroded. The organic sand represents an old
vegetated surface which was buried by fine sand. The occasional sand str1ngers
within the lagoon sediments inmediately inland of the barrier may represent a
series of washovers which were deposited on the lagoon surface. The
conspicuously thin deposit  compared to Tobico for exemple! and flat contact
with the clay below suggests a transgressive barrier.

The lagoon floor, partially enclosed between two barriers, is composed of
two well-defined substrates. The 1'akewar d ha1f of the lagoon is composed of a
peat which thickens lakeward and is underlain by clay. Landward, the lagoon
floor, including the pond, is composed of sands which basical1y are a lakeward
extension of the older barrier. Based on one bore, the older barrier appears to
be much thicker than the barrier at the Saginaw Bay shoreline, suggesting
different process for its origin. More and deeper boring would be required to
substantiate this conclusion. The lagoon and its diverse wetland represents a
depression located between two premodern barriers s1ightly above lake level.

!n sumary, a diverse geomorphic framework has contributed ta a diversity
of wetland habitats. Fundamentally, the occurrence of coastal wetlands is
determined by the distribution of modern and premodern barriers and of nearshore
conditions. Where act1ve barriers have been deposited lakeward of an older
barrier, wetlands which include swamps have developed. Depressions of thin,
curved, and irregular configuration 1n the h1gher and older barr1ers are also
occup1ed by wetlands. The nearshore wetlands are anchored to the clay bottom of
Saginaw Bay and occupy troughs and crests of the sand bars.

It has been suggested in the literature that wetlands reduce wave energy
 Wayne, l976 !, parti cu1 arly in the case of emergent vegetat1 on  e. gf e
~S artinal. However, the shorelines of Tuscola County exhibit coasta'I features
such as washover deposits and thin barrier sands which are normally assoc1ated
with eros1onal shorelines. The coastal geomorphology indicates that the
nearshore wet 1 ands do not provi de enough protecti on to completely prevent
coastal recession.

Dickinson Island Wetlands

Located on the internat1onal boundary between Ontario and Michigan, the
St. Clair delta is the largest delta in the Great Lakes Basin  Figure 25!.
Considering its recreational significance and commercial importance with regard
to Seaway navigat1on, geographic literature on the area has not been abundant.
The first significant investigat1on was done several decades ago by Cole �903!
who determined that the delta was being deposited atop deepwater, proglacial
lake clays. Leverett and Taylor {1915! using Cole's data, briefly discussed
postglacia1 activ1ty of the area and speculated on its origin. More recently,
Wightman �961! attempted to establish a Late quaternary chronology for the
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delta formation. Detailed investigations by geologists have parti ally
documented the sedimentological composition of the delta's surface,
par t1cularly in Nuscamoot and Goose Bays  Mandelbaum, 1969; Pezzetta, 1968!.
During the 1950's, engineering studies by the U.S. Army Corps of Engineers
preceded construction of the 27-foot Seaway channel through the delta. Although
not published, much of these data, in the form of bore records, are on f1le at
the Detroit District Off1ce. Recent environmental studies associated with
flooding problems on the shores of Lake St. Clair and dredged spoil disposal
site locations have also contributed some useful data for this subsection  U.S.
Army, 1973!.

Based on flow distribution, it is clear that the most active portion of the
delta is presently confined to the western side of Lake St. Clair. Much of the
flow of the St. Clair River is carr1ed by the large distributaries on the
American side of the delta. North, Middle, and South Channels account for
approximately 95 percent of the flow volume, and the principal Canad1an
d1stributary, Chenal Ecarte, accounts for the other five percent  U.S. Army,
1968!. Although North Channel appears to have been the ma1n channel a century
ago, construction and continual dredging of the St Clair Cutoff channel has
increased the flow of South Channel.

Because the St. Clair River has few tributary streams, the source for delta
sediments is not solely fluvial. Rather, the principal source appears to be the
shoreline of Lake Huron; the sed1ment load is directly related to ~aves
impinging upon lower Lake Huron beaches  Duane, 1967!. It has been determined
that 21,700 cubic yards of sediment, pr1marily sand size, is transported by
littoral currents from the southeastern shore of Lake Huron annually
 Korkigian, 1963!, An undetermined amount of sediment is also derived from
moraines and ancient beaches along the western shore of Lake Huron. Size and
mineral composition of Muscamoot Bay sediments are similar to the glacial
sediment of the southern Lake Huron coastal zone  Sachdev and Furlong, 1973!.

The unusual transparency of the river water suggests that most of the
material is being carr ied as bed load, not in suspension. It has been estimated
 Pezzetta, 1968! that the total sediment load of the St. Clair River is about
20,000 cubic yards annually. Not only is the sediment load very low, but much
of' it may be transported through the delta into Lake St. Clair, accounting for
the lack of present subaerial delta extension. In add~tion, over the past 55
years maintenance dredging by the Corps of Engineers in The St. Clair River has
averaged 80,000 cubic yards annually  Raphael et al., 1974!. Private dredgers
have also been extracting sand and gravel for many years, particularly from
North Channel. Because dr edging removes much of the bed load and since little
material is carried 1n suspension, little subaerial delta extension and wetland
expansion are occurring.

As a lake delta, the St. Clair exhibits several of the landform
characteristics of marine deltas, such as active and inactive d1stributaries,
interdistributary bays, and crevasses or breaches which lead into
interdistributary bays. However, although the St. Clair River delta has a
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classical bird-foot morphology, as does the Mississippi River delta,
signif1cant landform differences are also apparent. Atypical landforms include
a premodern surface 1 ocated at the apex of the delta and unusually wide
distributary channels which are illustrated in Figure 25.

Dickinson Island  Figure 26! was selected as the site for our vegetation
analysis. The island is composed of the landforms noted above and is one of the
few remaining natural areas 1n the delta. The physiography of Harsens Island to
the east, including its vegetation, has been modified; the natural levees have
been urbanized and the interdistributary bays d1ked. Therefore from the
standpoint of natural vegetat1on stud1es, D1ckinson Island is more
representative of natural conditions. Much of the geomorphic data, however, are
derived from Harsens Island and its immediate area; the geomorphic framework
extends beyond Dickinson and consi ders the delta as a whole.

The active distributaries, North, Middle, and South Channels, average
1,500 feet in width and 35 feet in depth. However, widths of 2,000 feet and
depths of 80 feet are not uncommon. At the mouths of the distributaries,
channel depths decrease abruptly, indicating the presence of river mouth bars
six to twelve feet below mean fake level. As a depositional basin, Lake St.
Cla1r is relatively small, with a max1mum depth of 21 feet and a length of 25
miles.

North, M1ddl e, and South Channels exhibit submerged river shoals along
both the cutbank and point-bar sides. A similar morphology has been attributed
to periodic cut and fill associated with slight base level oscillations  Butzer,
1971!. These features may be caused by lateral erosion of the fine, sandy
deltaic sediments which overlie the lacustrine clays. On the inside bank,
especially along Middle Channel, point bar deposits characterized by ridge and
swale topography are conspicuous. Here the distributar y shoulder s pr obably
represent fill deposits which are colonized by emergent vegetation during low-
water periods.

Because of the water level fluctuates only 1.5 to 2 feet seasonally, spring
floods are not a normal occurrence within the delta, so natural levees adjacent
to modern distributaries are scarcely discernible. Even though levees are
poorly developed, averaging a few inches to 1.5 feet in elevation, flooding does
occur, associated with breaching of levees in abnormally low areas along a
levee. As a levee is breached, crevasse depos1ts are introduced into the
interdistributary bays  Goose and Muscamoot Bays! at r1ght angles to the
channels. hlith continued deposition, the openwater bay will be fi lied with
crevasse deposits and colonized by sedges and emergent aquatics.

Crevasse channels, locally known as "highways", are operat1ve for several
years but deposition into the bays is not rapid. A comparison of navigation
maps reveals that such features may be part of the delta landscape for over a
century. This suggests that crevasse channels are active intermittently and
transport little sediment into the interdistributary bays.

During the winter and early spring when Lake St. Clair is frozen, pack ice
accumulates at the mouths of distributaries. Channel flow is then diverted into
crevasses. However, because the dominant grain s1ze is sand, little suspended
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Figure 26. The Deltaic Landforms of Dickinson Island, St. Clair
County, Michi gan
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sediment is transported from the deep distr1butaries into the interdistributary
bays. Thus, in the St. Clair delta the fi lling of interdistributary bays and
delta growth is a slow process. In the Mississippi delta, in contrast, crevasse
deposits rapidly convert open interdistributary bays into mud flats which are
subsequently colonized with marsh grasses. During flood stage, the crevasse
channels are scoured deep enough to be maintained and rapid deposition occurs.
In the past 135 years, crevasse deposits have transformed the open inter
distributary bays of the modern delta of the Mississippi River into a complex of
marshy subdeltas  Coleman and Gagliano, 1964!.

Beaches on the present St. Cla1r delta shoreline are poorly developed and
appear transgressive in origin. On the Canad1an si de, where the beaches are
somewhat better developed, the berms may reach three to four feet in height and
are colonized with sumac and small trees. Our borings reveal that the principal
constituents of these beaches are coarse sand or f1ne gravel separated by layers
of organic sediments. On the Amer1can side, the beaches consist of' alternate
layers of sand and organic mater1als includ~ng rafted logs, bulrush stems, and
other debris. Coarse sands and fine gravels are not as evident, and storm berms
seldom exceed two feet in elevation. Characteristic vegetation of these
shorel1ne features consists of either sedge marsh or a complex community of
grasses, thistles, and other non-woody species.

Within the interdistributary marshes, especi ally on lower Dickinson and
Harsens Islands, are arcuate-shaped features resembling beach ridges. Our
borings through one of these ridges have revealed up to ten feet of fine sand.
The absence of washover deposits and organic sediments indicates that these
features may be regress1ve beaches and represent changing shorelines as delta
accretion took place.

A compar1son between the eastern and western portions of the St. Clair
delta illustrates two other distinct differences. On the Canadian s1de Chenal
Ecarte and Johnson Channel are narr ow, shallow distr ibutaries which do not carr y
a significant portion of the volume of the St. Clair River. Moreover, open
interdistributar y bays are few and are colonized by marsh vegetation. Delta
extension has ceased and maximum delta accretion is now occurring to the west as
evidenced by the active digital distr1butaries of North, Middle, and South
Channels and Chenal a bout Rond. In the past, Chematogan and Bassett Channels
were approximately 1500 feet in width, comparable to the modern distributaries,
but they have been alluvi ated and colonized with aquatic plants as abandonment
occurred. According to Leverett and Taylor �915!, sedges and rushes slacken
the current and induce sedimentation 1n channels.

A series of borings, cores, and exposures indicates that 1n cross section
the St. Clair delta is a thin and sandy deposit. An east-west cross section
reveals that above the shale bedrock, lacustrine clays have been deposited over
a thin depos1t of glac1al till  Figure 27!. The coarse deltaic deposits, having
a max1mum thickness of 20 feet, rest upon blue lake clays.

The north-south cross section from the apex of the delta into Lake St.
Clair illustrates -the near-surface stratigraphy  Figure 28!. Topographically,
however, this cross section reveals two distinct levels, a modern and the
equally obvious premodern surface, The premodern surface, standing about five
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feet above Lake St. Cla1r, consists of co~rse, oxidized sand and is confined to
the apex of the delta complex. It has been dissected by long, sinuous channels
which have been a1luv1ated. Occasionally during high 1ake levels these channels
have been reoccupi ed, part~ cularly in areas such as 01ckinson Is 1 and, where
human interference has been minimal. As this higher surface is topographica11y
and sedimentologically distinct, it is a surface which was deposited during a
pre-existing higher lake level. The modern delta with its finer sediment is
located at present mean lake leve1 and is represented by the act1ve crevasses
and interdistributary marsh deposits  Pezzetta, 1968; Mandelbaum, 1969!.

Since the retreat of the glacial 1ce, the southerly flow of the St. Clair
River 1nto Lake St. Clair was interrupted on 1y once  Prest, 1970!. The river
flowed south during the existence of Lake Algonquin �2,500 to I1,500 years
ago!. Due to the establishment of outlets through what is now Georgian Bay, the
level of Lake Huron dropped and flow through the St. Clair River ceased. This
period of 'lower water is equated w1th Lake Stan1ey or Lake Stanley-Nipissing and
occurred between 11,200 to 7,500 years before the present, an incredibly long
time by post-glacial standards. A subsequent rise of water level about 6000
years ago created Lake Nipissing   ancestral Lake Huron! at approximately 605
feet above MSL which flowed south and communicated with lake St. Clair via the
St. Clair River.

As noted previously, the St. Clair River delta has a premodern and a modern
level. The premodern delta was probably deposited during the ex1stence of Lake
Algonquin or Lake Nipissing. According to Leverett and Taylor �915!, during
the time of the highest Algonquin beach the elevation of Lake St. Clair was 595
feet above MSL; at the time of the Nipissing beach its altitude was 587 feet.
Assum1ng no subsidence of the beaches, the premodern delta was deposited during
the establishment of the Nipissing level. Leverett and Taylor seem to concur:

The delta head near Algonac, with surface six feet above the present
river, seems related more nearly to the time of the Nipissing Beach
 transition phase!, which was the beginning of the modern lake.

Both Mightman and Mandelbaum have obtained Carbon 14 dates from organic
material 1n the delta. Mantelbaum's dates �969! range from 6100 + 200 years
before the present whereas Mhightman's data �961! suggests that the delta
surface is less than 7,300 + 80 years B.P. Pezzetta also has radiogenic data
that reveal that the minimum age of the delta sediments is about 4,300 years B.P.
Obviously more research is required to unravel the complexities of the delta.

Abandoned channels appear to be mainly confined to the premodern surface.
They vary in width from a few feet to widths comparable to the modern channels.
As lake level dropped to its modern level the channels d1ssected the premodern
surface. Dur1ng this time the present channels were established and the modern
delta was deposited 1akeward of the premodern surface.
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Vegetation provided the first evidence for the existence of a premodern and
a modern delta. On Dickinson Island hardwoods dominate the oxidized sands,
whereas on the modern delta a complex of wetland environments includes abandoned
channels, river shoulders, crevasses, and interdistributary bays. The contact
between the premodern and modern delta is generally a broad gent1e slope and is
well marked with a shrub/grass meadow.

Woodtick Peninsula Wetlands

The coastal zone of southeastern Michigan has been a significant outdoor
recreation area for the Toledo/Detroit metropolitan area for many years.
Because of' urban pressure, land use in North Maumee Bay is diverse and of
questionable compatibility. Included are areas of ecologica1 importance as
well as areas of industrial and residential uses  U.S. Army Corp of Engineers,
1976!. Physically the area is subjected to severe flooding and many sectors of
the coast in Monroe County are recognized as high risk erosion areas  U.S. Army
Corps of Engineers, 1976!. The coastal hazards have led to the diking of many
private and public wetland tracts in southeastern Michigan as well as in
northern Ohio where similar problems occur.

The landforms of North Maumee Bay include a barrier spit  Woodtick
Peninsula! and lagoon, and are i ndi rect products of the ice age. The shoreline
is physiographically sited on the Eastern Lake Plain which is composed of lake
clays. The lacustrine clays were deposited in ancestral lakes of present-day
Lake Erie  Feldman et al., 1977!. Several 1ake stages have been identified as
the Erie ice lobe gradually retreated and new outlets for premodern Lake Erie
were created. At least 15 lake stages have been identified which span a
14,000-year history  Feldman et al., 1977!. Unfortunately the beach lines of
the ancestral 1akes are not as prominent as those observed elsewhere, as at
Green Bay or at the Betsie River. The topography is 1ow, the gradients are
gentle, and few of the ancient beaches are prominently displayed near the modern
shoreline. In f act, of the ]5 lake stages noted, only f ive shorelines,
including the present, have been identified with any precision  Feldman et al.,
1977!. These are Maumee I, Maumee III, Whittlesey, and Warren III. Of these,
Warren III is the youngest and most lakeward beach. It is located 13 miles west
of the present shoreline.

Another general characteristic of the shoreline is the drowned appearance
of the many river mouths. Within Monroe County, La Plaisance and Otter Creeks
as well as rivers entering North Maumee Bay  e.g. Ottawa River, Halfway Creek!
all have wide river mouths indicative of coastal drowning due to rising lake
levels or downwarping of the landscape  Erie and Oregon U.S.G.S. quadrangle
maps!,

Moore �948! determined from 106 stations in the Great Lakes Basin that
with the exception of northern Lake Superior, the basin is subsiding with
respect to sea level. A gage at Toledo subsided 0.72 feet between 1877 and
1944. At Monroe a gage went down by 0.63 feet from 1859 to 1937. Moor e
concludes that greater subsidence and encroachment of Lake Erie on the land is
in the western end of its basin.
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Subsidence of the Lake Erie shoreline has been noted in more detail by many
investigators  Spar ling, 1976; Pincus, 1959; Shaffer, 1951! and i s further
discussed in the Toussaint Marsh subsection. Drowning of the shoreline may lead
to the further destruction of the barriers and spits in western Lake Erie. This
in turn would lead to wave exposure and eros~on of adjacent wetlands. Thus,
diking of coastal Lake Erie wetlands does have some geological justification.

Figure 29 illustrates the landforms of the Woodtick Peninsula and North
Maumee Bay. Many of the wetlands are now diked. However, to present an
unaltered view of the natural features, aerial photographs �964! and other maps
were used to compose this map. The average water level of Lake Erie at Toledo in
1964 was 568.90, somewhat lower than the long-term average which was 569.86
between 1900 and 1976. However, because of these lower levels nearshore
features such as sand bars become more evident.

According to Forsyth �973! and Lewis et a1.   1966! lake Erie was about 35
feet below its present level 4,000 years ago, so during that time the shoreline
was located more lakeward. According to Graves �977!, 2,500 years ago the
shoreline was approximately five miles to the east. Coastal dunes developed on
the exposed flats whi ch were occupied by Woodland Indians. Gard and Indi an
Islands are dunes deposited on the exposed flats which were occupied during
early and middle Woodland times  ].,950 B.P. � 1,340 B.P.!. As lake 1evel rose
the flats were drowned and the dunes became islands. The Woodtick Peninsu1a,
according to Graves, was formed as a spit extending to the south at a much later
time. A relative rise in lake leve1 would also explain the drowned appearance
of many river mouths debouching into western Lake Erie.

The Woodtick Peninsula technically is a recurved spit. As one proceeds
from north to south the beach and barrier curves or exhibits a "recurved" shape.
The development and growth of the deposit is in the predominant direction of the
littoral current which in this case is to the south. The recurved ridges are
formed either by the interplay of sets of waves approaching the shore from
different directions or by wave refraction around their ends  Evans, 1942!.
Between the ridges of the spit linear semi-impounded wetlands have established
themselves during lower water periods. During higher water periods these
troughs are flooded.

The barrier spit was leveled and bored 5,000 feet south of the fly ash
disposal sites  Figure 30!. The barrier is composed of sand and occasionaT
lenses of peat, and it stands approximately four to five feet above Lake Erie.
As a result of the severe erosion and breaching which occurred during the higher
lake levels of the early 1970's, its width has varied.

The variability of the barri er width is evident on aerial photographs
between 1937 and the present. During lower lake levels such as those in the
1ate 1930's, the width of the barrier sands was estimated to average 60 feet.
The landfor m was colonized by large t~ees but occasionally unvegetated areas and
washover deposits were evident, particularly on the northern part of the spit.
A trail allowed access onto the barrier for a distance of 8000 feet south of the
area now occupied by the fly ash disposal sites. Since the 1930's, there has
been a net decrease in the width of the spit. As noted at the profiled locality,
the present width of the barrier is approximately 85 feet. Due to severe
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eros1on associated with storms coincident with higher lake levels, in places the
barrier is less than 10 feet in width and breaches appear as common features.
large willow and aspen trees have been uprooted and now litter the beach and
barrier. Approx1mately 150 feet east of the present shoreline a distinct line
of partially submerged trees litters the nearshore zone.

Based on 1964 aerial photography, the nearshore zone exhibits two distinct
submar1ne landforms lakeward of the beaches. Irmediate ly east of the beach are
what appear to be obscure submerged shoals extending along the length of the
spit. At the south end of the peninsula the features continue to parallel the
shore but thin out. Elsewhere a less distinctive pattern is evi dent; lakeward
of' some beaches, the shoals are discontinuous but they more or less parallel the
shoreline. Elsewhere the deposits are semi-circular and are aligned obliquely
to the shoreline.

Lakeward of the submerged shoals a complex of sand bars occurs; four bars
are evident near the south end of the spit. However, to the north the zone
increases in w1dth and at least seven we' ll-defined bars are discernible by
aerial photography.

It is not improbable that the lakeward side of Woodtick Peninsula once
extended eastward to the lakeward side of the submerged shoals. This does not
imply that the barrier was much wider than at present, but its position has
shifted landward. As the sp1t was eroded, washover sands were deposited and the
feature was gradually redeposited westward onto the North Maumee Bay wetlands.
The contact between the barrier sands and exist1ng marsh is well defined,
suggest 1ng washover activity  F1gure 29!. In many localities along the barrier
spit, fresh sand deposits overriding cattail stands have been observed.

The stratigraphy at the shoreline  Figure 30! clearly suggests a marshy
environment  silty clay; peat! which has been overridden by a transgressive
barrier. The uprooted trees in the nearshore zone also dramatically point to
recent coastal erosion. Aer1al photographs made in July, 1937 reveal a narrow
spit vegetated with trees; no trees were then evident east of the spit. The
uprooted trees in the present nearshore zone are probably trees which colonized
Woodtick Peninsula in 1937 . More recent photography by the U.S. Army Corps of
Engineers  April, 1973!, which surveyed the damage of the March 1973 storms
 Bryan, 1976! on Lake Er1e, clearly shows breaches in the barrier and large
trees littering the nearshore zone. Since the trees were present on 1964
photographs, it may be concluded that severe eros1on of the sp1t has occurred
since then, most likely during the wi nter storms of 1972-1973.

Although erosion is a si gnificant process, the Woodtick barrier has
maintained itself for at least 700 years. At North Cape, Indi an pottery
i dentifi ed and classified as M1ddle Wood land occurs on the ridges and on the
present beaches. The stamped clay artifacts found on the surface of the ridges
wer e not wave washed or abraded, suggesting that they were not transported there
by waves but rather are in situ. The intricate designs reveal that the sherds
were manufactured between ca. 1100 to 1300 A.I3. Depsite the coastal erosion
which has occurred, the archaeology suggests that at least sectors of' the spit
are exceedingly resistant to change.
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Landward of the spit the barrier sands interfinger with the organic and
inorganic sediments of the lagoon. The 1andward extent of the lagoon is the
575-foot contour 1ine. This boundary is based on soil types and land use rather
than topography, since higher than present shorelines of Lake Erie are obscure
in this area.

The soils east of' the 575-contour are with the exception of the Woodtick
Peninsula mapped as Lenawee silty clay loam, ponded  U.S. Department of
Agriculture, in preparation!. Landward of the 575-foot contour are two soil
types, the Lenawee Series and the Oel Rey Series. Both series are poorly
drained silty soils and are considered lacustrine deposits of ancient Lake Erie.

In 1901 detai1ed navigation charts indicated the 575-foot contour
approximated the landward boundary of' the lagoon  Jaworski and Raphael, 1978!.
To the west of this contour were agricultural fields. It is not unlikely that
prior to 1901, the wetlands extended farther inland. However, since then
cuItura1 modifications have occurred eastward to the 575-foot contour. East of
this point the diked wetlands of the Bay Creek Shooting and Erie Shooting and
Fishing Clubs are encountered. Thus, the land use east of the 575-foot contour
is characterized by diked wetlands whereas to the west, agricu lture is the
dominant activity, and the landward limit of the 'lagoon is determined by
cultural change as well as physical change.

The surfical lagoonal sediments are composed of clays and silty c1ays.
Immediately west of the barrier the clays are gray to b1ack in color and are
oozy rather than compacted. Beneath the soft clays a peat is encountered which
extends at least 550 feet to the west. It probably represents the surface of
the more extensive development of the North Naumee Bay wetlands during lower
1 ake levels.

An east-west cross section constructed on the west side of the 1agoon
reveats sediments derived from a variety of processes. The surface is composed
of a wedge of organic-rich greasy clay which thins to the west, Beneath the
dark clay a mottled and reddish clay is encountered. The contrast between the
silty clay and mottled clay is not sharp. The reddish clay increases in depth
1akeward. Samp1es of the mottled clay have been dredged by the hunting clubs to
reinforce their dikes, and sma11 pebbles conmonly have been encountered in this
sediment. The mottled surface is probab1y glacia1 till  Sherzer, 1900! which is
widespread throughout the county and under1ies the lacustrine clays.

Within the diked area of the Erie Shooting and Fishing Club two peat layers
are encountered. A dark brown to black root mat occurs at the surface �71
f'eet! and has a thickness of approximately eight inches. A second peat was
encountered at 569 feet and has approximately the same thickness as the peat at
the surface. The deeper peat is fine grained and consists of four inches of
brown peat over four inches of darker peat. The horizontal extent of the peats
is at best speculative. The rootmat appears to be the continuation of the
surface peat landward of the coastal barrier, suggesting that North Maumee Bay
wetlands were much more extensive in the recent past. The lateral extent of the
lower peat �69 feet! is not known. However, based on its elevation, it may be
the landward extension of the peat encountered beneath the active beach.
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Overlying this peat are clastic sediments, suggesting that the old marsh surface
was buried by a shoal or perhaps by washover beach deposits ~

In surrrnary, the North Maumee Bay wetland is a classic example of a barrier
spit and lagoon complex. The geomorphic framework here is quite similar to the
barrier/lagoon  or sound! complexes observed on the east coast of' the United
States. The barrier has been severely eroded, particularly over the past
decade. However, the archaeological data suggests that the feature has
maintained itself over several centuries. In fact in the summer of 1978 exposed
shoals began to appear in the area mapped as submerged shoals on Figure 29. The
sand shoals which were linear in shape are now located 250 feet offshore at the
southern boundary of the fly ash disposal sites. As water levels recede it is
anticipated that the barrier spit will prograde l akeward.

Another significant factor which is important to wet1and distribution here
as well as at Toussaint is the subsidence documented in western Lake Erie. If
the shoreline is si nki ng because of glacial unloading or isostacy, coastal
erosion and flooding can continue to be important processes in these coastal
areas.

The landward limit af the lagoon is not as we' ll defined as in other
wetlands we investigated. The limit is the 575-foot contour which coincides
with a soil boundary and the lakeward limit of agriculture. A disti nct change
in landforms, is difficult to perceive in the coast af western Lake Erie.

Toussaint Marsh

Some of the most continuous coastal wetlands in the Great Lakes were
formerly located on the western end of Lake Erie. From Oetroit southward to
Toledo and along the south coast of the lake to Port Clinton, Ohio, the
extensive wetland was part of the Black Swamp  Kaatz, 1955!. However, drainage
projects since the 1850's and subsequent urban growth have converted many of the
wetlands to agricultural and urban/industrial land uses.

Several beaches of the Ohio shoreline have been investigated, particularly
in the ].950's  Christopher, 1955; Savi lie, 1956; Richards, 1957! during higher
water period. Much of this body of geomorphic data has been summarized by
Pincus �960!. More recently Herdendorf �973! summarized the physical aspects
of the Lake Erie shoreline in Ohio.

Of all the coastal sites described in the present study, this shoreline
exhibits the least diversity of landforms. The coast is composed of a low
barrier and lagoon complex  Figure 31!. Toussaint Creek and its tributary Rusha
Creek drain 180 square miles of lake plain. The average discharge of Toussaint
Creek �6 cubic feet per second! is the lowest of the principal streams which
drain northern Ohio  Her dendorf, 1973!. Toussaint Creek enters Lake Erie to the
east of the newly constructed Davis-Besse Nuclear Power Plant. As the narrow
river approaches the shoreline it widens and forms an estuary approximately one-
third of a mile in width. Other rivers flowing into Lake Erie, such as the
Portage and Sandusky Rivers, exhibit a similar morphology. The widened mouths
are attributed to subsidence of the Lake Erie shoreline due to isostatic
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adjustments since the retreat of the Misconsin ice sheet  Sparling, 1967;
Pincus, 1959; Shaffer, 1951!. As the shoreline subsides the mouths of the
rivers are drowned and resemble long linear lakes or drowned valleys.

In the Erie basin the greatest measured subsidence is at Port Clinton,
about seven miles east of Toussaint River. Moore �948! determined that the
Portage River at Port Clinton 1s drowned to a depth of six feet. As noted 1n the
Lake Levels subsection, many investigators concur that the western Lake Erie
coast has submerged; they generally agree that glacial unloading  isostatic
adjustment! contributed to the morphology of the coast. Moore's data, which are
more comprehensive, do not discount post-glacial adjustment but suggest that
crustal movement is a continuation of movement wh1ch has been manifest since
before the Ice Age.

An alternative explanation for the submergence of the shoreline is related
to the outlet of Lake Erie. A bedrock sill at the Niagara River was depressed by
as much as 90 feet under glacial ice  Lewis et al., 1966!. Following the
retreat of the 1ce, the outlet gradually rebounded and the level of the lake
rose, drowning the ex1sting river valleys. According to Forsyth �973! the rate
of isostatic uplift of the Niagara outlet was init1ally very r apid �0
feet/century! and then much slower. Currently, the rate of uplift is one-half
inch per century. It is this rise of the outlet which has led to a rise in water
level and to the drowned r iver mouth morphology of many streams emptying into
the western Lake Erie basin.

The coastal barrier west of the Toussaint River is composed of five to
seven beach ridges parallel to the shoreline. The beach ridges are colonized
with aspens and separated from one another by grasses. Lower troughs, however,
do support some linear wetlands. The barr1er appears to have withstood the high
water levels of the early 1970's, as no evidence of breaching or fresh washover
deposits has been observed.

It is interesting to note that this is the only active barrier composed of
beach ridges encountered 1n our study areas. The ridges represent accretion of
the shoreline over time; this is unusual in this area for two reasons. Beach
ridges are most likely to develop where the coast is stable, not on a coast
where subsidence or rising water levels are active. Secondly, such a barrier
complex reflects a sediment surplus. Most barriers of the modern Lake Erie
shoreline reveal sediment deficiencies, as is the case east of the Toussaint
River.

Ouring our study, the shoreline east of the Toussaint River was
investigated in some detail and a cross section was constructed  Figure 32!.
The barrier was profi!ed with a dumpy leve1 and cored in two locations. The
lagoon, which is completely diked, is managed as a private shooting club and
hence is not in a natural state. However, based on topographical maps  U.S.G.S.
quadrangle map, Lacarne, Ohio, 1967!, exposed dredgings, and discussion with
the club manager, enough information is available to determine a geomorphic
framework for the lagoonal portion  southwest of the profile!.

The coastal barrier separating Lake Erie from the diked marsh is a long
linear ridge paralleling the full extent of the wetland. The barrier is
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approximately 70 feet in width and only four to f1ve feet high. Large toppled
aspens litter the narrow beach, ind1cating that erosion is currently active;
breaching of the narrow barrier and washover by waves is a common occurrence
along this shoreline. In June, 1977, five breaches were ident1fied on aerial
photographs, Tinker �960! classified the beaches of Ohio and determined that
Toussaint Beach is in constant change and hence unstab'te. Despite the current
erosion activity, however, the Ohio shoreline from Toledo  Lucas County!
eastward to Erie County, Ohio had minimum erosion r ates in terms of volumetric
contr ibution along the Lake Erie shoreline between 1877 and 1973  Seibel et al.,
1976!.

Strat1graphically, the barrier along the shoreline at Toussaint Marsh 1s
at least seven feet thick at the beach face. Compared to other barriers
invest1gated, its sediments are var1able in composition and size and consist
predominantly of medium sands  Figure 32!. Lenses of shell a few inches in
thickness, occasional coarse sand and black sand layers, as well as thicker
organic layers, also occur. The layers of black sand are natural concentrat1ons
of dark heavy minerals common along the Oh1o shoreline  House Document No. 177,
1945!. A boring on the leeward side of the barrier penetrated through the
coarse sands of the barrier to a depth of three and one-half feet. Here, the
barrier is deposited upon silty or gan1c sediment which presumably under lie the
entire barrier.

Despite its unusual th1ckness and sediment divers1ty, the barrier is
transgressive in origin. The variabi 11ty of the sediment attests to variable
wave energy conditions, and the instability of the shoreline as noted by T~nker
  1960! is verified in the wave-depos1ted sediments. The upper two organic
layers, separated by clastic sed1ments, represent vegetated surf'aces which have
been buried by sands in alternating coarse and fine layers. The coarseness of
some deposits is evidence that the sediments were probably deposited by wave
action rather than by the wind. Furthermore, washover depos1ts and breaching of
the barrier also conf1rm that the shoreline has receded.

Barriers elsewhere along the Oh1o shoreline appear to by typically
transgressional 1n origin. Saville �950! investigated a barrier on the coast
at Magee Marsh seven miles to the west and found it to be four to seven feet
thick and underlain by marsh deposits approximately two feet in thickness and
exposed at the beach. Richards �957! noted that at East Harbor near Sandusky,
a barrier had migrated landward with the relat1ve rise in lake level.

As subsidence continues in the western basin, i ncreased erosion and
coastal drowning will proceed. Shaffer �951! has surrmarized the r ates of
subsidence calculated by other resear chers, which are as follows:

Gilbert �908! 8 or 9 inches/100 years
Mosley �905! 2.14 feet/100 years
Gutenberg �933! 0.5 feet/100 miles/100 years.
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As noted previously, several investigators have recognized that the morphology
of the coast is related to the stability of the land. Nainta1nance of a coastal
barrier under subsiding conditions is difficult, especially if the sediment
budget is low. If the barrier is lost, a loss of wetlands now colonizing the
lagoons may be anticipated.

Landward of the Toussaint Harrier, Green Bay Marsh is encountered, which is
canalized and diked. The lagoon floor is composed of peat deposits a foot, or
two thick, a feature appar ently cons1stent with other wetlands to the west.
Cores taken by Pincus �960! 1ndicate that surface peats from Nagee Narsh to
Reno Beach range in thickness from two to four feet. Underlying the peats are
lake clays. The landward edge of Green Hay is approximately the 575-foot
contour. As noted by Forsyth �959!, Sparling �965!, and others, ancient
shorelines in coastal Ottawa County are not visible. Therefore, the landward
terminus of the wetland is determined by the gradual s lope of the 1ake clays.
Where the dipping lake c1ays meet the horizontal marsh sediments is the landward
boundary of the lagoon �75 feet above NSL!. The 575-foot contour also
demarcates the marsh so~is from the "upland" soils. The soil survey of Ottawa
County  Paschall, 1928! reveals that landward of the 575-foot contour the
surface soils are black silty clay  Bonosi lty clay! or silty clay loams  Danbury
silty clay loam!. Lakeward of the 575-foot contour, marsh soils with
characterist1c surface peat are encountered. Thus, the landward boundary is not
demarcated by sharp breaks as in other coastlines in this study, but a slight
increase 1n the elevation of' the lake clays and by a change in soil types
especially with regard to the upper layer  A horizon!.

In summary, the Toussaint Wetland fs protected from Lake Erie by a narrow
sandy bar rier and dikes. The landward side of the marsh is not well marked in
the field, but based on topography and on soil surveys the wetland boundary is
at or near the 575-foot contour. A sign1f1cant geologic factor which will
continue to have an impact on the marshes along this shoreline is crustal
subsidence. As subsi dence continues shoreline breaching and retreat may be
anticipated. Coupled w1th the landward migration of the barrier, a higher
coastal flooding frequency may justify the need for more diking. It must also
be noted that the lagoon sediments consist of peat.; flow through the lagoon
under present conditions 1s poor, and probably has been poor in the past, which
may account for the accumulation of the organic deposits.

Conce tual Models of Great Lakes Wetlands

The wetlands discussed in the preceding subsections exhibit a divers1ty of
form, but their distribution can be related to fundamenta'I geomorphic features.
On a broad regional scale for example, the distribution of wetlands in Green Hay
1s related to bedrock structure. Conversely, on a microscale the Betsie River
wetlands occupy a floodplain devoid of topographical variation. The forms
expressed by the coastal areas investigated include deltas, embayments and a
variety of bar riers and spits. It is interest1ng to note that coastal build out
does not appear to be active in any of the sites investigated. Rather, the
coastal areas either exh1b1t geomorph1c stability as in the St. Clair delta or
 more commonly! are erosional in character.
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Models have been designed to aid in a better understanding of the
geomorph1c framework of the areas investigated. The models in Figure 33
represent, in composite form, the morphologic framework of some Great Lakes
wetlands. Other geomorphic coastal types do occur. The wetlands of the Les
Cheneaux Islands and the wetlands in the St. Lawrence River are probably
morphologically different from the wetlands discussed in this report, but the
coastal types we have investigated appear to represent the most common
morphologies in the Great Lakes. Furthermore, the models in Figure 33 are
applicable to many marine shorelines as well. It must be emphas1zed that the
models are aer1al views, and not necessarily related to preconceived cross
sections. They represent topographic distributions and relationships of'
uplands  e. g., terraces! and lowlands  e. g., lagoons! . As noted previously,
similar topographical expression may represent dissimilar stratigraphic
expression. Figure 33e, for example, is aer1ally representative of Tobfco as
well as the wetlands of the Woodtick Peninsula. However, the barr1ers and
uplands in the two areas have quite different geomorph1c expression.

The seven coasta1 wetlands discussed fall into five geomorphic settings.
Figure 33a represents a model of a delta similar to that associated with Oconto
Marsh. The delta is unique because the lagoon is isolated or protected on all
s1des. Around the inland perimeter of the marsh, upland sediments are
encountered; they may represent older and higher terraces of Green Hay or may
represent glacial ti 11. In places the perimeter is composed of rock outcrops.
Lakeward the wetland is enclosed by a sand barrier whose continuity is
interrupted by rivers flowing through the lagoon. A smooth coastal outline
characterizes the barrier, which protrudes lakeward at the rivermouth. The
morphology of the landforms represents a classic cuspate delta; such a
configurat1on appears to be related to high wave energy. As determined by
Coleman �976!, a sign1ficant factor in delta morphology is wave power which is
governed by several factors including offshore submarine slopes. The shape of
this model indicates that the wave power is rel atively high. Dur ing lower water
levels, however, the wave energy appears to diminish, a'l lowing wetl ands to
col oni ze the nearshore zone.

A sign~ficant difference between the model and the Oconto wetlands is the
erosion and removal of the barr1er south of the river . Possibly, marine
engineering activities coupled w1th higher water levels may have been in part
responsible for this modification.

F1gure 33b is also a delta, but of a different type. The shape of the St.
Cla1r delta 1s like that of a bird foot with long distributary channels and
adjacent natural levees forming talons which extend into the lake. A dig1tate
delta shape such as this is indicative of a landform deposited by low wave
energy  Coleman and Wright, 1973!. Normally, active deposit~on and extension of
the delta occurs under such conditions, However, deltaic depos1tion and erosion
have not been significant over the past century, which is unusual. In coastal
Louisiana, the Atchafalaya Delta added 33 square kilometers of new land in three
years  Rouse et al., 1978!. The active river channels in the St. Clair delta
are flanked by natural levees and crevasse deposits which stand higher than the
general marsh surface. Over the years they have been dredged and filled for
riversi de housing . Parallel to the levees are river shoulders whi ch extend
upriver to the upland sediments. Wetlands, especially at river bends where
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igure 33. Geomorphic models of' the Coastal Wetlands in the Great Lakes
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po1nt bars have developed, colonize these clayey shallows. Wherever deltas have
been deposited in the Great Lakes, the landward sides of the wetlands are
delimited either by terr aces deposited during higher lake levels, or by higher
terr ain. The simil ar geomorphic framework identified in Figure 33a and in
Figure 33b is also evident in Figure 2Ic which is an estuarine-like delta and
actively expanding.

An apparent differ ence between the St. Clair and the Oconto delta is that
the wetlands in Figure 33a are isolated and normally well protected.
Conversely, the St. Clair wetlands located within interdistributary basins are
normally exposed to wave acti on since barriers are discontinuous and narro~,
particularly dur1ng higher lake levels. In spite of' the barrier at Oconto,
severe coastal erosion and wetland lasses have occurred. In the wetlands of the
St. Clair delta, temporary changes associated with changing lake levels have
occurred but a net wetland loss has not taken place regardless of the great
exposure to wave action.

The contrasting conditions to which the wetlands are subjected to is in
part associated with sediment supply and sediment movement which in turn are
related to nearshore currents. The protective barrier in Figure 33a derives 1ts
sediments from littoral currents flowing parallel to the shore, whereas the
sediments introduced 1nto the d1str1butaries in Figure 33b are derived from the
river  crevasse deposits!. As long as the littoral currents are undisturbed,
the barr1er will maintain itself. However, if littoral currents are altered by
construction activities and if high lake levels occur, the barrier and the
adjacent wetland may be eroded. The St. Clair delta is in a quas1-equilibrium
state and few morphological changes have occurred over the past century.
Furthermore, the shape of the delta indicates that wave energies are low.
Alt,hough the wetlands are exposed directly to Lake St. Clair, wetland losses
are less likely to occur here.

Figure 33c 1n overview is a lagoon impounded by a coastal barrier. The
morphologic condition illustrated 1n Figure 33c commonly occurs where there is a
great deal of topographical variability or change. Along many sectors of the
east coast of Lake Michigan glacial moraines, lake terraces representing former
shorelines, and sand dunes abut on the shore. In these aras, rivers excavated
deep valleys dur1ng lower sti llstands of the lake. As Lake Michigan approached
its present water level, the valleys were filled with organ1c and inorganic
sediments. Linear flood plains, colonized by elongated wetlands and protected
by barriers or sand dunes, were subsequently deposited. Presently the wetlands
are well protected from wave action and wave erosion. However, since they
coamunicate with the Great Lakes, the changing water levels dramatically affect
the distribution of wetland coneunities.

Figure 33d is a shoreline fundamentally colonized by nearshore wetlands.
The shoreline is represented by premodern hunmocky barr1ers. Modern beaches are
not well developed and are frequently pushed up the slopes of the older adjacent
barr1 er during storms or hi gh water per 1 ods . The sand budget of such shorelines
appears to be low, since clay, gravel, and small boulders are cordon in the
11ttoral zone. Nearshore sand bars are thin and underlain by similar sediments.
Also, foredunes are not begin deposited. Depressions in the hummocky topography
of the older ridges frequently support wooded wetlands.
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The nearshore zone has a ser~es of thin sandbars which support emergent
vegetation. The clay beneath the sand bars is tenacious and diff1cult to erode,
so a relat1vely stab'Ie platform has been maintained as in the case of Saginaw
Bay. The clayey surface attenuates waves, encouraging the growth of nearshore
wetlands. During lo~er water levels less wave eIiergy is expended upon the
shoreline and wetlands attain broader distributions. Since coastal barriers
are at best poorly developed, during higher lake levels coastal erosion
characterized by washover deposits and thin sandy beaches is evident. Also,
dur1ng higher lake levels the nearshore vegetation may be uprooted and the
wetland area decreased.

Figure 33e is a plan outline which characterizes many shorelines and
wetland habitats 1n the Great Lakes as well as the east coast of the United
States and the Gulf of Mexico. The lagoon is located between upland sediments
and some type of coastal barr 1er. As noted in the preceding models, the
immediate upland surface is often a terrace, often of Algonquin, Nipissing, or
Algoma lake stage. This characteristic holds true far many barrier and lagoon
complexes, especi ally in the upper Great Lakes. Conversely, the inland limit of
present-day coastal wetlands associated with the Erie Ice Lobe is
geomorphologically obscure. Well-defined older and higher post-glacial beaches
often are to be found many miles 1nland from the present shoreline, so, the
landward limit of the lagoon is more closely related to the dipping slope of the
lacustrine clays. Under these circumstances the 575-foot contour appears to be
the break between "upland" and lagoon in western Lake Erie. This limit is
further delimited by changes in soils as well as by land use.

The barrier depicted in Figure 33e may represent one of many more specific
landforms, including recurved spits, beach ridges, and transgress1ve sand
barriers. Only by probing the barrier with cores and bores can the mode of
deposition and the character of the feature be determined.

Strati ra hic Variabilit of Selected Coastal Areas

As noted 1n the preceding subsection, the geamorph1c expression of the
selected wet 1 ands areas may be represented by f 1 ve map model s. The models
represent aerial views of wetlands w1thin a geomorphic context. All landforms
have three dimensions: length, width, and th1ckness. The map models reveal the
length and width  i.e. areal extent! of the geomorphic entities of the coastal
landscape. The purpose of the stratigraphic models is to illustrate the third
dimension and subsurface relationships. As more field data are collected on
Great Lakes' coastal zones such models can be further refined.

Lt has been determined that landforms such as coastal barr1ers appear on
maps to be s1mi lar f'rom one model to the next. However, the stratigraphic
relationships which include barrier occurrence, barrier thickness, and the
nature of the contact between the barrier and the adjacent subsurface may vary
from one wetland to the next. Therefore, to present a more complete view of the
geomorph1c framework of the Great Lakes' coastal wetlands six stratigraphic
models have been developed. Figure 34 illustrates the strat1graphic models
which represent wetlands associated with the study areas.
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Figure 34. Conceptual Stratigraphic Framework of Great Lakes Met1ands



The least complex barrier and lagoon complexes are in western Lake Erie
 F1gure 34a!. Sand barriers such as the recurved spit of the Woodtick Peninsula
and the foredune of Toussaint Creek are ridges of sand resting d1rectly on marsh
or on silty organic deposits. The transgressi ve barrier is unstable and subject
to erosion, breaching and laterial displacement during higher lake levels. As
noted in the figure, the landward limit of this type of wetland is
geomorphologically poorly defined. The remaining cross sections do exhib1t an
obvious break in slope at the landward boundary of the lagoon.

Oconto Marsh  Figure 34b! has two barriers near the shoreline. The
landward barrier represents the shoreli ne during higher water levels. During
lower water levels a small incipient barrier is deposited. A linear depression
between the two barriers is created which may be rapidly colonized by emergent
marsh plants. Our investigat1ons reveal that the landward barrier is "rooted"
1n the lagoon sediments and was deposited as a prograding feature. The lower
barrier at the shoreline is thin, less stable, more ephemeral, and more strongly
affected by changing lake levels. Although Oconto Marsh is deltaic in nature�
the viability and distribution of the wet'Iands are related to barrier
development and maintenance as 1n the other coastal types; the only except1on is
the St. Clair delta.

The coastal barrier in Figure 34c is representative of a stable shoreline.
The sand barrier at the shoreline is interfingered with the adj acent lagoon
sediments. Thick barrier sequences are ususally indicative of coast stability
and hence a protected wetland. Since the stable barrier developed as a spit,
portions of it will also be interfingered in the adjacent sediments. The
landward boundary is well defined by a higher surface consisting of beach
ridges.

A fourth barrier and lagoon relationship is illustrated in F1gure 34d. The
active barrier is transgressive 1n nature and its lateral distance with respect
to the higher terrain is variable. In Tuscola County, one mile northeast of
Thomas at Fish Point, the active barrier is 1500 feet lakeward of the h1gher
terrain. As one proceeds southwest the active barrier is located closer to the
shoreline. At Yanderbilt State Park east of guanicassee the modern barrier is
abutting against the h1gher and older barrier.

Seneralized stratigraphic models of Dickinson Island  St. Clair River
delta! and the Betsie River wet lands are also included 1n Figures 34e and 34f
for comparati ve purposes. The landward limit of the wetlands on Dickinson
Island is a higher deltaic surface or terrace. The wetlands occupy
i nterdistri butary basins between natural levels. As filling of the bays
continues the marshes will prograde lakeward. However, deposition is not rapid
in the St. Clair River delta.

The geomorphic framework of embayed wetlands  Figure 34f! is represented
by a featureless f1oodplain wedged between a terrace and/or high bluffs. The
sediments are peats and sands which have alluviated the valley. The flatness of
the terrain is broken by occasional abandoned channels. Because of the flatness
of the floodpla1n the contact with the adjacent terrace is normally distinct.
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In sugary, a variety of coastal types occurs in the Great Lakes, which
includes barrier and lagoon complexes, deltas, and coastal embayments. T' he
barrier complex is perhaps the most familiar type of coast. However, barriers
although similar in shape may form in different ways, and they reflect varying
degrees of coastal stability and wetland viability. Perhaps the least secure
wetlands are those adjacent to simple transgressive barriers  Figure 34a!. In
western Lake Erie where such wetlands occur, subsidence of the land and coastal
flooding make these wetlands even less tenable. Conversely, wetlands and
barriers exposed to lower wave energies such as the types depicted in Figures
34c, 34e, and 34f are usually well protected and from a geomorphic point of view
more viable.

-172-



WETLAND VEGETATION CHANGES

Changes in the wetland plant communities in response to Great Lakes water
level fluctuations have been documented by two methods. First, vegetation
bisects across the environmental gradient of the coastal wetlands  from the open
water of the lakeshore to the upland correunity! were su< veyed. These bisects,
which were surveyed during the summer of 1�7 or 1978, provided the elevation
and substrate base for the preparation of photo transects representing the low
water- and high water-time periods. The second method involved the compilation
of maps of plant commun ity distributi ons for three time periods which
represented low water, high water, and falling stage conditions of the Great
Lakes water levels. Aerial photography, obtained from the Soil Conservation
Service, U.S. Department of Agriculture, provided data on the wetland
vegetation.

In this section wetland vegetation changes in the seven study areas are
examined. First, a 1ist of plant species, by environmental type, for each study
area is presented, followed by a detailed vegetation bisect. Vegetation maps of
selected time periods, representing various lake level conditions, are
presented, Next, a tabular analysis of wetland losses and gains, with changing
lake levels, is presented. Finally, comparative photo transects of each study
area are examined and the relationship of plant community shifts to water level
fluctuations are described.

Oconto River Mouth Wetlands

Comprising an area of approximately 1,650 acres, the Qconto wetlands
represent one of several river mouth wetlands located along the western shore of
Green Bay. Basically these wetlands are backbarrier marshes which form on the
landward side of a protective barrier beach. The Oconto River essentially
divides the wetland into two functional units.

Wetland Plant List Identification of the plant species was accomplished
by means of walkthroughs the wetland wherever roads and trails permitted and on
the basis of a vegetation bisect surveyed south of the river and a geomorphic
profile which was surveyed north of the river . Plant collections were taken of
plants not familiar to the field investigators. Because County Y and Bayshore
Drive trend parawlel to the coast north of the Oconto River, these wetlands
are regarded as culturaliy disturbed. Moreover, diking and water level management
of the Oconto Wildlife Area, which is located immediately west oi County Y, also
disrupts the natural plant succession and retrogressi on patterns. Therefore,
the wetland area south of the Oconto River was selected for the vegetation
bisect. However, the Oconto Sportsmen Club has dredged some canals, burned the
marsh in the past, and constructed a number of duck potholes in the wetlands
south of the river.

The following are the con+on and scientific names, of the plant species
generally abundant in the Oconto River mouth wetlands. The plant list is
presented by envi ronment type, begi nni ng with the shore environment and ending at
the upland boundary.
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Nearshore Marsh. Located between the open water of the Green Bay  Lake
Michigan and the modern transgressive beach.

Wa ~gi I

Trans ressive Beach. Located aIong the wetland shore of the Green Bay.

Se

Artificial Earth Dikes. Vegetation variable, depending on length of
colonization period.

Canals Channels and 0 en-Water Areas

Grass -Sed e Meadow. This wetland type may be invaded during low water by
woody shrubs and wind-dispersed forbs.

Willow Shrub
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Three square ~Scir us americanus
Hardstem bulrush Scir us acutus
Hybrid bulrush S. va idus X S.

acutus

Willows Salix fra ilis and others
E. cottonwoo8 ~ou us deltoides
Thistle Cirsium sp.
I -I remi ~ I t
Freshwater rush Juncus balticus

Willows Salix spp.
E. cottonwoa8 ~Po ulus deltoides
Sumac Rhus sp.
Gray dogwood Camus racemosa

Yellow pond lily ~Nu har advena
Sago pondweed Potamo eton t'
River bulrush ~Scir us f uvula
I lf I ll
Waterweed Elo

Softstem bulrush Scir us validus
Hybrid bulrush S. va idus X S. acutus
Sweet flag Acorus ~ca amus

Sedge Carex str icta
g ~I

canadensis
Canary grass Phalaris arundinacea

Willows Salix sericea and Others
Sedge Carex stricta
Jewe 1 weed Im at i ens sp.
Smartweed ~po onum sp,

Sweet flag Acorus calamus
lg I I 8~f8

t t

Golden rod Soli da o sp.
Nodding smartweed ~ol onum

1 thf 1

I ~gl I
Brome grass Bromus sp.
Canary gr ass~pha gris arundinacea
Cinquefoil Potentiii a sp.

Duckweed Lemna minor
Arrowhead '.~aittar ia 1 atifpl i a
Softstem bu rush cirrous va idus

I Iwt

Broadl eaved cattail T ha 1 at i f pl i a
Hybrid cattail ~Tpha auca
I 8~8

Morning glory Convolvulus se ium
I

I I «g ~f
Jewel weed ~m athens sp.

Morning glory Convolvulus ~se ium
gl I I

canadensis



Shrub Ecotone. Sometimes the term shrub carr is employed.

Service berry Amelanchier bartramiana
Gray dogwood Comus racemosa
lid F

Speckled~a der Ainus ru osa
Meadow-sweet ~S iraea a ba

Swamp rose Rosa al us t r i s
Royal fer n 0 smunda re a i s
Sen s i t i ve fern Onoc ea sen s i b i 1 i s
Dock R umex sp .

Black oak ~uercus velutina
Red oak g. rubra
Hybrid oak g. velutina X g. rubraNlit bi h I~wu ip

Trembling aspen ~po eius tremuloides
Red maple Acer rubrum
American e~m Ulmus americana

Wetland Bisect On July 3-4, 1978, when the 1evel of the Green Bay
was approximately 579wl feet above International Great L,akes Datum, a
wetland bisect was surveyed. Water depth and depth to water table served to
establish elevations along the bisect. Beginning along the bay margin at an island
in the Oconto Sportsmen Club Marsh, which is located about 5,000 feet south of the
river, the bisect trends landward toward the west-northwest. An east-west cana1
was located immediately south of the bisect. A large segment of the emergent
marsh was not sur veyed due to difficulty in traversing the wetland surface on
foot.

As shown in Figure 35, the bisect transected the entire wetland complex,
extending from the Green Bay to the upland environment. Beginning with the bay
shore, a sequence of wetland zones were encountered along the bisect. The plant
comnunities within each of these zones are described below.

Nearshore Bar Comiunities In the low troughs between the first nearshore
bar and the modern transgressive beach, and in places between the first and
second bars, some submersed vegetati on exists . This vegetati on appears as
1inear strips perpendicular to the shoreline. Most of the aquatics were Sago
pondweed, but some watermi lfoil and waterweed were also represented. Water
depths in these troughs ranged from 20 to 30 inches. Grab samples revealed the
substrate type to be fine-textured, consisting of organic-rich si its and clays.
Several nearshore bars occur along this stretch of the coast and afford
considerable wave protect~on for these submersed plants.

Barrier Beach Coaeunities Along many areas of the shoreline, including the
area north o the river a ong Bay Shore Drive, there exists a zone of three-
square. This zone, which is variable in width, appears to be confined to the lower
face of the modern beach in water depths ranging from 0 to 18 inches. Up to
three feet in height, three-square is tolerant of surf processes, even in
sandy substrates. The extensive rhizo~e mat may be rooted in a buried clayey
peat which was probably deposited during the recent low water period.

Where the clayey peats are exposed at the shoreline and where wave action
is not intense, a number of other species tend to colonize the upper beach face.
These species include hardstem bulrush, a hybrid bulrush  S. acutus X S.
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validus!, and sweet flag. Occasionally dead w1llows are observed protruding
through this exposed clayey peat,.

A diversity of plants colonize the landward side of the modern beach ridge.
These species include small eastern cottonwood, young willows thistles, Joe-pye
weed, nodding smartweed, jewel weed, goldenrods, as well as several grasses.
Smartweed and jewel weed appear more common where organic debris is incorporated
into the stormberm beach sediments.

The height of the cottonwood and willow trees is dependent on the length of
time of colonization of the beach ridge. Where 1slands and other beach ridge
environments have been stab1lized by sand accumulations which may attain 3 to 4
feet in height, 1arge cottonwood and willow trees are common. Many of these
large trees on the is'Iand, where the bisect was initiated, were dead and
uprooted. These uprooted trees document the drowning and the subsequent
undercutting by wave erosion which occurred during the recent high lake level
peri od.

North of the Oconto River, these large trees appear on an older beach ridge
which is located somewhat landward of the modern beach. Where these large
cottonwoods and willows are 1n close proximity, washover processes are retarded
as indicated by the beach sand accumulation as well as by the trapped flotsam
and organ1c debris' Partial die-back and some uprooting of the beach ridge
trees document the impact of the former high water period. Evidence of ice
gouging  removal of the bark at the base of the trees by iceshove process! was
not readily apparent.

Landward of the modern beach ridge is a corrmunity of mixed grasses, sedges,
and freshwater rushes. Washover processes have produced a sandy surface which
dips gently away from the modern shoreline. Elevations of th1s surface near the
beach average about 18 1nches above the water table. At the emergent marsh
boundary water depths of 6 inches are common. Species colonizing this sandy
surface include hybrid bulrush E~Scir us vaiidus L S. acutusI, several
freshwater rushes, several grasses, several sedges, as ween as boneset,
hardstem bulrush, and sticktights. The colorful ioosestrif'e  ~L thrum
sal i car i a! i s al so common. Grasses, sedges, and freshwater rushes appear
dominant near the beach r idge. Hybrid bulrush covers much of the surface near
the emergent marsh where standing water occurs.

0 li t 1 1 f G y,
emergent marsh zone may vary in width from a few hundred feet to nearly 3,000
feet. On July 3-4, 1978, water depths in this wetland type ranged from 0 to
12 inches, with 4 to 8 inches representing the general average depth. Ouring
high water periods, storms intr oduce washover sands into the emergent
marsh. Associated with this somewhat sandier substrate are the following plant
species: hybrid bulrush  Scir us validus Y S. acutus!, spike-rushes, and
arrowhead aiong with some broad eaved cattail and grasses. The spike-rushes and
grasses may have colonized this surface last year as water levels continued
to drop ol1owing record high levels of 1972-1974. Hybrid cattail  T ha lauca!
was observed in somewhat deeper marsh areas, and softstem bulrus en e to
replace the hybrid bulrush where sediments appeared more clayey or peaty as
opposed to being sandy.
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The substrate and plant communities of the emergent marsh are not
homogeneous. Along the landward margin of this wetland type, the investigators
observed alternating layers of clay-peat and sand, while the sand layers were
relatively thin. A root mat approximately 6 to 8 inches thick, and comprised
lar gely of grass and sedge-like macrofragments, was encountered beneath the
present surface. Abundant plant species along the landward margin included
softstem bulrush, sweet flag, and broadleaved cattail. Softstem bulrush and
sweet flag are particularly abundant along the channel and canals or where
organic-rich clays occur. Whereas the broadleaved cattail is widely dispersed,
the hybrid cattail was observed in scattered, but dense colonies in this wetland
type.

Canals Channels and Emba ents Abandoned river channels and artificial
canals are fairly common in the conto wetland complex. Sediments at the bottom
of these hydrologic features consist of several inches of organic-rich ooze
underlain by grayish-tan sand which is medium to fine textured. In general the
water color appear's to be brownish probab'ly due to staining by humic acids.
Except where carp and storms raise turbidity levels, it is often possible to see
the bottom of these waterways which average two to three feet �.6 to 0.9 m! in
depth. The movement of water in and out of the wetland as a result of wind setup
activities was observed.

Along the southeastern margin of this wetland complex where large
embayments are corrmon, large colonies of three-square and hardstem bulrush can
be observed. In smaller embayments, which are protected from wave action,
patches of hybrid cattail  T ha c  auca! are consson. Other aquatics found in
these emb ayments and in ar ge channe'I s as we 1 1 include Sago pondweed,
watermilfoil, and river bulrush.

In the canals and smaller channels the yellow pond lily is abundant along
with duckweed, Sago pondweed, watermi lfoi 1, and waterweed. Growing along the
channel banks is a mixture of sweet flag, softstem bulrush, and broadleaved
cattail. In places this mixed, emergent marsh actually forms a floating mat
over the canal or channel edge. A buried root mat comprised of grass-sedge
fragments was encountered by borings under this emergent marsh, suggesting a
recent low-water stage when a meadow type wetland flourished.

Grass-Sed e Meadow Because of water level changes, this wetland type
consists of sever a vegetation zones. The zones extend from the emergent marsh
 discussed previously! to the shrub zone situated on the landward side.
Although elevati ons generally range from 0 to 14 inches above the water table,
excessive precipitation or high evapotranspiration probably cause fluctuations
in the local water table. Infiltration of surface water appears to be
facilitated not only because of the relatively flat topography, but also due to
the substrate which consists of porous peats underlain by medium-fine sands.

Irenediately west of the canal and the emergent marsh  Figure 35! is a small
ridge which may represent a high-water strandline. This ridge is presently
colonized by several grasses including canary grass and bluejoint grass. Where
rafted organics were deposited, jewel weed, reed grass, morning glory, and
boneset are common.
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Between this ridge and the canal are two grassy surfaces. Next to the
ridge is a meadow which is comprised of well established grasses, including
canary grass and bluejoint grass, as well as some boneset and unidentified young
sedges. A number of dead sedge tussocks, which were 6 to 12 inches in height,
were found in this wetland type along with a few dead wiltow stumps and
branches. In contrast, next to the emergent marsh was another grassy meadow,
but which appeared 'tess well established. About 18 to 24 inches in height, most
of the vegetation was young grasses and sedges mixed with some sticktights and
smartweeds. Field observations taken last summer  August 28, 1977! revealed
this zone to be an exposed flat with a discontinuous cover of small grasses and
sedges on1y a few inches tall.

Landward of the ridge the well-established meadow with canary gr ass and
bluejoint grass exhibits dominance. Elevations averaged about 6 inches above
the water table. As illustrated in the bisect, some live sedge tussocks appear
near the ridge along with partially dead willoW shrubs. The sedge tussocks,
which average 6 to 12 inches in height, are produced by the sedge Carex stricta.
Bluejoint grass comnonly grows within the tussocks and may have a commensal
relationship with the sedge as it pr'ovides organic matter for the buildup of the
stools which provide a habitat for the grass above the water table.

Willow Shrub 2one This very extensive wetland type overlaps the meadow
and extends landward into the shrub ecotone or "carr". Along the bisect, this
wetland type stretches across a distance in excess of 800 feet. Elsewher e in
the wetland complex even greater widths have been mapped. E levati ons in this
willow zone generally range from 2 to 12 inches above the water table.
Basically the substrate consists oi 6 to 10 inches of black, sandy peat over
lying brown, medium-textured sand. Charred willow branches and grass stems
indicates that burning was a common practice in the. r ecent past.

Near the meadow boundary, the vegetation of the willow shrub type consists
of dead or partially dead willow shrubs along with second or third-year growth
grasses. Bluejoint grass was very abundant, with some morning glory, smartweed,
and a few iive Carex stricta tussocks. The willows often sprouted new shoots
from the base which appea~epe to be slightly elevated above the general wetland
surface. Shrub heights appeared to be 6 to 10 feet. The most abundant willow
was tentatively identified as silky willow  Salix sericea!.

Further landward the willow shrubs tended to be somewhat taller and the
die-back less complete. Under the shaded portions, jewel weed were common.
Between the willow clumps were mature grasses including canary grass and
bluejoint grass.

In the willow shrub zone north of the Oconto River, near the Oconto
Wildlife Area, the vegetation changed character dramatically approximately 750
feet west of County Y. At that distance, one abruptly encounters live Carex
stricta tussocks where none were found closer to the meadow wetland type. The
~stop s averaged 12 inches in height, whereas the stems of the sedge and
comnensal bluejoint grass attained a height of 3 feet or more. Also, e. idence
of dieback among the wiIlow shrubs was nearly absent as fully leaved shrubs were
observed. Another plant species in the community included meadow-sweet,
morning glory, and stinging nettles. Another unique feature of this wetland
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type was the presence of several dead tamarack or eastern larch trees. It is
possible that in the historical past, tamarack was once more abundant in these
coasta1 wetlands along the Green 8ay Shore.

Shrub Ecotone or Carr Located between the willow shrub zone and the upland
vegetation is a transit~on zone referred to as the shrub ecotone. This ecotone
is best established along the boundary between iilarkey muck soils and Wai nola or
Deford sandy loam soils. Elevations above present water level averaged 1 to 3
feet, while the soils were generally brown sands overlain by shallow sandy
peats.

As shown on the bisect, the shrub ecotone has been divided by an old ditch
which trends along the upland fringe. Irlnediately east of the ditch are a few
dead red ash trees, numerous dead speckled alder shrubs, dying-back red dogwood,
as well as live meadow-sweet, swamp dock, sens~tive fern, and various grasses.
Although the presence of red as, speckled alder and other shrubs suggests an
ecotone, the extensive die-back indicates this area to be a transition zone.

Irmediate 1y west of the old ditch is a slope where the ecotone is well
estab1ished. Of particular importance is the presence of numerous service berry
or mountain june berry shrubs which form a thicket-like zone along with the
other vegetation. Other abundant species are speckled alder, gray dogwood,
meadow-sweet, swamp rose, as well as an understory of royal fern, and various
grasses. A few dead American elm and black oak in this ecotone indicate that at
least infrequent flooding eliminates the tree species requiring we11-drained
soils.

U land Hardwoods At the western end of the bisect the soils have been mapped
as Wai no a fine sandy loams. Heneath the leaf litter and black, sandy organi e-
rich loam layers is a subsurface of well-oxidized orange sand ~ Field testing
revealed a pH of 5.5 in the A hori zon and a pH of 6.0 in the incipi ent 8 horizon.
Elevation above the water table at the time of the bisect was 36 inches.

Although somewhat culturally disturbed, the upland vegetation consisted
primarily of oaks, including black oak, red oak, and hybrid oak  g. velutina X
g. rubraj. Other cordon trees were red raaple, white birch, and trembling aspen.
Although a few tamarack or eastern larch were observed in the vicinity of
Oconto, this species was not encountered in the bisect. The understory
consisted of young hardwood trees, as we11 as service berry shrubs and small
aspen trees.

Wetland Distribution at Ilarious Lake Levels Using black and white aerial
photography, maps of the wet and p ant corrmunities were compiled for the years
1938, 1966, and 1973. The 1938 photography was the earliest aerial imagery for
this study area. Whereas the 1966 photography provided data on the wetland
distribution during 1ow-water conditions, the 1973 imagery was used to map the
vegetation at high water. 8ecause photography more recent than 1975, when lake
leve1s began to descend, was not available from federal sources, a map
reflecting falling stage or average lake level conditions could not be prepared.

Wetland Ve etation in 1938 As illustrated in Figure 36, the wetlands in
the Oconto River mouth marsh were most extensive in 1938. Water level of the
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METLANO VEGETATION

OCONTO RIVER, 1938

Figure 36. Distribution of Wetland Vegetation in Oconto River Wetlands
in 1938. Dashed Line Indicates Limit of Wetland Soils



Green Bay at the time of the photograph was 577.6 feet, which is slightly be1ow
the long-term mean for October of 578.6. Long-term lake level data reveal that
during the period 1932 to 1937 water levels were low, averaging around 576.5
feet. Therefore, even though a small increase ocurred in 1938, the vegetation
would reflect low-water conditions.

An examination of the 1938 vegetation map indicates broad zones of shrubs
and meadow, as well as an extensive emergent marsh. North of the Oconto River,
wi 1 1 ow shr ub s appear widespread and were pr obab 1 y i nvadi ng the meadow
vegetation. Although the scale of the photography did not permit detailed
interpretation, the meadow community probably consisted of a dense cover of
canary grass and bluejoint grass along with some sedge. Along the shoreline
near Bayshore Drive, a mixed emergent community of cattail s, bulr ushes, and
freshwater rushes as well as grasses and forbs may have been present.
Residential deve1opment and filling along Bayshore Drive and the other coastal
streets resulted in the conversion of some wetlands to developed uses.

The wetlands south of the Oconto River were also extensive, indicating a
bayward succession of communities during low-water conditions. Although
cultivation and other land usages resulted in the disturbance of the upland
vegetation and some of the shrub communities as wel't, willow shrub covered
fairly large tr acts. Most widespread, however, was the meadow vegetation which
probably included canary grass, bluejoint grass, and sedges. Along the
shoreline, in zones 500 feet or more in width, was emergent marsh. The
photography and field experience suggest cattails, bulrushes, sweet flag, and
probably arrowhead, yellow water lily, and Sago pondweed as we11.

Wetland Distribution in 1966 The vegetation map for 1966, though somewhat
more etai e , resemb es the map for 1938  Figure 37!. Water level at the time
of the 1966 photography was the same as that during the 1938 flight, �77.6
feet!. Although a low-water period preceeded the 1966 photography, as was true
for the 1938 imagery, the time period was much shorter and relatively high-water
conditions had preceded before that. Thus the 1966 wetland distribution does
not represent stable low-water conditions, but rather a more dynamic situation
which is common to the Great Lakes.

With regard to the wetland distribution north of the Oconto River, willow
shrubs interspersed with meadow covered approximately two-thirds of the surface
area. Along the shoreline there appears to be meadow-type vegetation, probably
canary grass along with freshwater rushes and sedges. Dark colorati ons on the
photography suggest a coastal strip of either three-square or hardstem bulrush.

With regard to the southern portion of the Oconto wetland, the meadow type
wetland covers over half of the total area. Burning by the Oconto Sportsmen
Club to stimulate the nesting of game birds may have retarded the colonization
of the meadow by willows and other woody plants. Tussock sedge along with
canary grass and bluejoint grass were probably the dominant meadow grasses.
Other wetland types, but of limited extent, include willow shrub, cattai1s,
mixed emergents, as well as developed-fill areas. Except for the shoreline
edges and in the large channels, open water areas were limited. Approximately
20 potholes were constructed for waterfowl during this low-water period.
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ltETLANO VEGETATION

OCOHTO RIVER, 1966

Figure 37. Distribution of Wetland Vegetation in Oconto
River Wet 1 ands, l966



1973 Wetland Oistribution The 1973 photography was flown when the water
level of the Green Hay was at a near record high level �80.3 feet!.
Shoreland recession, erosion of the emergent marsh, and die-back of the willow
shrub characterized this wetland complex at this time. Area measurements
indicate a temporar y loss of approx~mately 40 percent of the vegetated wetland
area. Other major wetland changes include the construction of a new coastal
highway, County Y, and the diking of the Oconto Wildlife Area north of the river.

With regard to the wetland vegetation north of the Oconto River, wooded
swamp and willow shrub types cover over 50 percent of the surface area  Figure
38!. Although willow die-back was very extensive, the October 1973 photography
did not per mit discrimination between dead shrubs and partial die-back areas.
Thus the shrub zone is more extensive on the map than actual field experience
supports. In contrast, the meadow wetland was of limited extent, and the
emergent marsh largely disappeared. Although several open-water areas were
present, particularly along canals and channels, the total extent was probably
underestimated. Wherever dead willow shrub or meadow grasses remained upright
in drowned areas, the area of open water was underestimated during photo
interpretation. According to local residents, extreme high water levels during
fall and spring storms produced extensive flooding which occasionally inundated
portions of the coastal highway {County Y!.

The wetland extent south of the river contrasts sharply to that north of
the river due to the lack of a protective barrier beach. Whereas the beach
along Bayshore Orive has been stabilized by filling and other structural
modifications along the highway, the wetland areas south of the river were
protected only by a thin, transgressive beach. As shown in Figure 26, the high
water 'levels have resulted in the complete destruction of the beach and erosion
of the emergent marsh. Although the shrub zone appear s to have decreased in
extent only slightly, both the emergent marsh and meadow were drastically
reduced. In many places, shoreline recession exceeded 2,000 feet �10 m!.

Wetland Area Measurements Based on polar planimeter measurements taken from
the three wet and distribution maps presented earlier the areal extent of
each wetland type corresponding to the three time periods was determined  Table
22!. To coincide with the map legends, only four general wetland types were
utilized as categories. The inland boundary of the wetland complex was delimited
on the basis of wetland soils, i.e., the boundary between marley iYucks  as
well as other saprists and aquents! and upland soils such as Wainola and Oefor d
fi ne sandy loams. As observed on the 1938 photography, the lakeward limit
of the wetland was marked by the maximum advance of the emergent marsh into Green
Bay. In order to establish a common base, the 1938 wetland area of 1,650 acres
was emp1oyed as the total area of the Oconto wetlands.

Ouring low-water conditions the Oconto wetlands have an areal extent of
1,650 acres. The woodedshrub and the meadow wetland types each occupied about
one-third of the total area. The remaining one third consisted primarily of the
emergent marsh and of developed areas, with open-water sites  excluding the
Oconto River! covering less than five percent of the total area. Thus low-water
conditions are associ ated with the invasion of the meadow by willow shrub and
the displacement of the emergent marsh by meadow grasses. Emergents  cattails
and softstem bulrushes! tend to persist only along large channels and in lagoons

-184-



'WETLAND VEGETATION

OCONTO RIVER, 1973

Figure 38. Distribution of Wetland Yegetation in Qconto
River Wetlands, 1973



Table 22

Areal Extent of Wetlands, by Vegetation Type Oconto
River Mouth Wetlands, 1938, 1966, 1973

1938 Distribution Low Water

Wetl and T e Hectares Percent of TotalAcres

1,650 668 100

1966 Distribution Low Water

Hectares Percent of TotalWetl and T e Acr es

1,650 668 100.0

1973 Distribution Hi h Water

Wetl and T e Hectares Percent of TotalAcres

668.0 100
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Wooded and Shrubs
Meadow
Emergents
Developed and Disturbed
Open Water

Wooded and Shrubs
Meadow
Emergents
Developed and Disturbed
Open Mater

Wooded and Shrubs
Meadow
Emergents
Developed and Disturbed
Open Mater

561
479
346
231

33

547
595
225
209

74

493
195

46
172
744

1,650

227
194
140

94
13

221
241

91
85
30

199.5
79.0

18.5
70.0

301.0

34

29
21

14 2

33

36
13.5
13

4.5

30

12 3
10
45



where protected from direct wave action by barrier beaches and islands. In the
nearshore environment where wave energy is attenuated by nearshore bars and
through wave diffraction, three-square, hardstem bulrush, and certain submersed
aquatics may exist under these low-water conditions. It should be pointed out
that the wet land area north of the river, which is protected from shoreline
recession and has not been periodically burned as in the Oconto Sportsmen Club
marsh south of the river, exhibits a much broader willow shrub zone, but a less
extensive emergent marsh.

Since no distribution map of wetland vegetation representing aver'age lake
level conditions was compiled, mean area measurements are not available.
However, the mean extent of each wetland type can be estimated by averaging the
1966 and 1973 areal data from Table 22. Estimated mean areas for each wetland
type are listed below.

~N1 d1 Acres Hectares Percent of Total

Wooded and Shrub
Meadow
Emer gent
Developed and Disturbed
Open Water

31
24

8
12
25

520
395
135
190
410

210
160

55
77

166

TOTALS 1,650 668 100

Com arative Photo Transects As shown in Figure 39, three transects across
the conto wet and comp ex have been prepared. Essential'ty the July 1978
 fanling stage! transect is identical to the bisect discussed above. The July
1978 bisect served as the base for the landscape profile  elevations! and
substr ate type of all the transects. Vegetation data for the other tr ansects
derived from aerial photography, and water' levels were obtained from Great Lakes
gauging stations.

Although the photo transects are arranged by water level, with the highest
level at the top and the lowest at the bottom, the discussion herein will
proceed in chronological order. Heginning with May 1966   low water!, the
transect reveals broad zones of willow shrub and sedge-grassy meadow. Emergents
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In contrast, during high lake leve'I conditions the vegetated area of the
Oconto wetland decreases to approximately 1,000 acres as much of the emergent
marsh and meadow are inundated. South of the Oconto River, where this
transgressive beaches occur, washover processes eliminate the protective
beaches and many islands as well. Destruction of huge tracts of the emergent
and meadow wetland types occurs, and the willow shrub zone is subjected to
drowning and die-back. These changes are most evident when the 1966 area
measurements are compared to the 1973 data. Note that little area't change has
taken place in the acreage of wooded-shrub and developed areas, but losses of
emergent and meadow wetlands are several fold. In contrast, the extent of open
water i ncreased substantially and accounted for 45 percent of the total wetland
area.
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appear in the nearshore zone as well as in channels and depressions where
standing water occurs. Because of the dense wetland vegetation and lack of
inorganic deposition, a blanket peat accumuIates.

Following the low-water conditions of the early 1960's, record high take
levels wer e exper ienced during the period 1972-1976. As indicated by the
October 1973 photo transect, high water was accompanied by erosion of the
transgressive beach, drowning the emergent and meadow wetland, and die-back of
large areas of willow shr ub. Sandy sediments are introduced into the former
emergent marsh as a result of washover processes, and fine-grained organics
and/or clays are deposited over much of the inundated areas due to erosion and
redeposition. Most of the emergents appear intolerant of the greatly increased
water depths and higher wave energies. A new shoreline or strandline usually
forms landward of the previous beach as ind~ cated by a thin sand r idge and/or
the deposition of organic debris. The tops of surviving sedge tussocks mark the
mean high water level along with the upper limit of die-back of the pioneering
ecotone shrubs.

As water levels drop to more average conditions, the retrogressive pattern
is reversed and plant succession occurs. A barrier beach forms in the nearshore
zone which reduces wave energy in the backbarrier marsh. Recolonization of
1 arge tracts of marsh by emer gents appears to proceed pr imari ly by means of
seeds rather than by sprouting of viable rhizomes and other vegetative parts ~
This recolonization mechanism also prevails in the meadow zone where falling
water levels expose for mer ly drowned areas. Willow shrubs which were not
continuously inundated for a year or more typically re-establish themselves by
sucker growth from basal meristems. The tag alder appears to be less capable of
such regeneration as evidenced by nearly complete dieback of alders in the
willow shrub zone.

Betsie River Wetlands

The Betsi e River wetland area includes the lowe~ Betsie River floodplain
and adjacent marshlands of Betsie Lake. Although directly connected to Lake
Michigan via Betsi e Lake and its outlet, the Betsi e River mouth wetlands are
situated 0.5 miles or more inland in Benzie County, Michigan. As defined in
this study, the wetland area consists of approximately 373 acres. The
boundaries of the study area: Highway 22 on the south, Betsie Lake and the Ann
Arbor Railroad on the north, developed lands and the city of Elberta on the
west, and an arbitrary 200-foot transition zone across the floodplain on the
east si de . Elsewhere the 590 foot contour delimits the wetland area . Much of
the wetland consists of a swampy floodplain with a meadow and emergent marsh at
the extreme lower end where the Betsi e River empties into Betsi e Lake.

Wetland Plant List Identification of' common species was based on a
vegetation bisect and a geomorphic profile which crossed the floodplain from
east to west. Walkthroughs across the environmental gradient from the edge of the
Betsie River landward into the swamp forest were conducted at four sites along
the wetland perimeter. Unknown plants were collected and pressed, with
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proper identification taking place later in the lab. The wooded floodplain did
not receive emphasis as water level changes appeared to affect the emergent
and meadow marsh more directly.

Listed below, by environmental type, are the comon plant species.

Canals and Abandoned River Channels

Emer ent Marsh on Lower Flood lain  A mi x of comuniti es! .

Sed e-Grass Meadow

Shrub Ecotone  with sedge-grass understory!

u us sp.

Old Field and Disturbed Si tes

 Swamp Forest!

Eastern hemlock Tsu a canadensis

F

Rd AF
Black as~hraxinus ~n> ra
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Softstem bulrush Scir us validus
Sweet flag Acorus ca amus
Yellow pond Tiiy ~hu har advena
Rll "" R
F» l d ~tt

Softstem bulrush Scir us validus
Hybrid bulrush S. va idus X S. acutus
Nodding smartweed ~po onum T ~th
Broadleaved cattai ha a
Hybrid cattail Ylipha g auca

Canary grass Phalar is arundinacea
Bluejoint grassSSa ama rostis sp.
Kentucky bluegrass oa j?ratensis
Canada bluegrass Poa ~com <essa
Swamp rose Rosa g~a ustr1s

R d F
Speckled~ader Aleut ~ru osa
Arbor vitae Thu a occidentalis
d fhl hg
u???ows Salix spp.
Sweet gaTe M rica gale
Swamp rose osa jia?ustris

Arbor vitae Thu a occidentalis
g

Gray dogwood~ornus racemosa
Willows Salix spp.
Sedge Carex ~sti ata

Natermilfoi? M rio h llum ~s icatum?
Ni'ld celery Ya isneria americana
W dt'Fu d

Filamentous green a gae

Spikerush Eleochar is obtusa?
A h dg~gt

Freshwater rus uncus sp.

Sedge Carex stricta
ltd g
Bonese~t u atorium sp.
Smartweed Po Ynonum ~care i or

P. coccineum

Marsh fern Thel teris alustris
Swamp buttercup anunc
Sedge Carex stricta
Sedge Carex Tacusti is
ldg~h
Kentucky bluegrass Poa j?ratensis
Canada bluegrass Poa ~com ressa

Goldenrods ~So?ida o spp,
Orange Hawkweed Hieracium

aurantiacum

'F~ ~
1 eucant hemum



Red maple Acer rubrum
Gr ay birch~etuTa sp.
Hasswood Tibia sp.

II II
Tamale act Lar~ix aricina
Arbor vitae ~The 'a occidentaiis

wetland Bisect The bisect across the Betsie wetlands was conducted on August
4. iP7. .t t 1 1 f i ig t 578.6 t . Tli
level approximates the long-term mean level of Lake Michigan for August,
but it follows a period of record high levels. Located about 2,000 feet south
of the Highway 22 bridge  Figure 40!, the bisect extends in an east-west
direction across the 'lower portion of the floodplain.

The next wetland type encountered along the bisect was a sedge meadow which
extended for 75 feet. Although the substrate was similar to the peat flat and
depth to the water table increased only slightly  from 10 to 14 inches!, live
sedge  Carex stricta! tussocks were present. The distance from the surface up
to the base of the sedge stems in the tussocks averaged 8 to 10 inches, while the
top of the stems ranged from 2.5 to 3 feet in height. Kentucky bluegrass and
Canada bluegrass commonly grew commensally in the sedge tussocks. Scattered
throughout this sedge meadow were dead red dogwood bushes as well as a few dead
speckled alder shrubs, especially near the upland margin of this zone. At the
upland end of this zone an abandoned channel of the Betsie River was traversed.
An unvegetated peat flat within this abandoned channel, which was less than 25
feet in width, exhibited the same gener al characteristics as the flat adjacent
to the present river.

As illustrated on the bisect, the next vegetation zone lies between two
abandoned river channels and extends for a horizontal distance of 110 feet.
Peaty substrates continue, but depth to water table increases somewhat  from 12
to 15 inches! beneath the surface. The vegetation consists of live and rather
densely spaced sedge tussocks with an overstory of live shrubs. Comprised of
red dogwood and sweet ga'Ie as well as a few swamp rose, the shrubs average only 6
to 8 feet in height. Near the landward end of this vegetation zone speckled
alders replace the low shrubs. Many of these alders, which attained heights up
to 20 feet and exhibited trunk diameters up to 6 inches, had succumbed to
drowning. Beneath the alder overstory were scattered sedge tussocks and various
grasses including canary grass .

-191-

Plant communities, substrate type and depth of water table along this
bisect are described starting from the Betsie River and proceeding upslope.
Beginning with the right side  east! of the river, the first wetland zone along
the river was an unvegetated peat flat approximately 15 feet, in width and 6 to 8
inches in elevation above the water table. Based on the general appearance,
including an i nci pi ent growth of sedge and grasses, it is believed that this
peat flat was recently exposed by a small drop in water level during the past
year. The substrate consisted of layered peats, the surface layer of which
supported dead sedge tussocks that ranged from 5 to 8 inches in height. Several
dead arbor vitae trees were noticed along the river's edge; these small trees
were rooted in peat approximtely one foot beneath the surface peat and may
reflect former low-water vegetation.
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East of the second abandoned channel, the speckled alder shrub zone
continues its dominance. However, dwarf birch and white birch as well as sweet
gale are also present. The understory of sedge tussocks and grasses is a1so
present, along with an occasional marsh fern. The sedge tussocks continue to be
present until surface elevations are approximately 3 feet above the water table.

At 378 feet east of the Betsie River, a decrepit fence was traversed. The
land beyond the fence was previously cultivated as evidenced by the vegetati on
which included app1e trees, young trembling aspen, red dogwood, goldenrods, and
various o1d fie1d grasses and sedges  especia11y Carex sti ata!. The substrate
changed significantly at this point also. Beneath a 0-inch layer of black,
sandy clay was a 4-inch clay layer which, in turn, was underlain by sand and
marl.

Switching now to the west side of the Betsie River, the bisect description
continues from the stream's edge toward the city of Elberta. Immediately west
of the river is a strip of willow shrubs which probably have colonized an old
spoil bank. A1though the Betsie River is transporting sand as bed 1oad, point
bar deposits and natural levees are poorly developed.

Emergent marsh occupies a wide zone in this bisect as it extends from the
patch of willow shrubs west to the sedge meadow, a distance of 1,250 feet.
Water depths in this marsh generally range from +6 to -6 inches. The substrate
of the floodplain generally consisted of 3 to 4 inches of organic-rich clayey
ooze underlain by a buried root mat which contains sedge and grass
macrofr agments.

The emergent marsh is dominated by a hybrid bulrush  ~Scir us validus L S.
acutus!, which closely resembles softstem bulrush except that the forescence is
~urger, more compact, and darker brown in coloration. Other abundant emergents
include broadl eaved cattail, spikerush, burreed, sweet flag, and duckweed.

Softstem bu1rush appears to be restricted to the shallow waters of
abandoned channels and embayments where the substrate is either clayey or
organic rich. Where mud flats have exposed for a year or more, softstem bulrush
is replaced by nodding smartweed, which may grow in rather pure stands. On
drier sites within the emergent marsh a mix of sedges, grasses, and r ushes ar e
present. P1ant species on these somewhat elevated sites include canary grass,

lg C ~hei l,b.,d I.

Three old channe1s were crossed during the surveying of the bisect in the
floodplain. Although the channel edges were difficult to traverse because of
unconsolidated peats and organic-rich clays, the channel bottoms were generally
filled with sand. Aquatics present in the channels included softstem bulrush,
hybrid cattail, burreed, and arrowhead. Sago pondweed was particularly
abundant in the water, along with watermilfoil and waterweed. Yellow pond lily
was the corrIrron floating-leaved aquatic.

At 1,250 feet west of the Betsie River an o1d fence was crossed. The water
table at this point lay 4 to 5 inches below the peat surface which extended
downward for at least three feet. The surface peat had the appearance of' an old
root mat which supported sedges, grasses, and a few shrubs prior ta being
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drowned. A number of dead sedges averaging 6 to 8 inches in height were
observed on the surface. Colon1zing this formerly drowned surface were various
grasses and sedges which were too immature to key out. Spike rushes and a
smartweed were also present.

At approximately 100 feet west of the old fence, the tussock sedge meadow
began to show less ev1dence of drowning. Many of the sedge  Carex str1cta!
tussocks were alive and contained inflorescences. The cossnensaT Kentucky
bluegrass and Canada bluegrass were present in the stools which averaged 6 to 8
inches 1n height.

The next major vegetation change encountered along the bisect was the
presence of dead red dogwood and dead willow shrubs. The change occurred 160
feet west of the old fence line or 1,410 feet west of the Hetsie River. Depth to
water table averaged 6 to 8 inches and the substrate continued to be peaty.
Hoth 11ve and dead sedge tussocks were colon as were a mix of grasses. Nany of
the dead sedge tussocks appeared to be rooted above the roots of the dead
shrubs. Thus the shrubs may have drowned first, followed by the tussock-forming
sedges.

Within 100 feet, the dogwood-willow die-back zone merges into an alder
thicket. All along the floodplain mar g1n, the speckled alder exhibited die-
back Where depths to water table were 12 inches or more, the alder exhibited
less die-back as evidenced by more complete leaf cover. In addition to alders,
the shrub thicket 1ncluded willows, dwarf birch, red dogwood, and sweet gale.
The understory was comprised of tussock sedges, along with various grasses and
swamp rose. The grasses included Kentucky b'luegrass, Canada bluegrass, and a
g!!y l!!t !!t !!~C!!! l.!.!

t ! d f! I ! !! !, ! ! !rnn'! p
small sand stringers. Hecause of the presence of woody fragments, this wetland
must have been colon1zed by woody vegetation for some time.

As the bisect continues westward, the elevat1on increased and the alder
shrub ecotone changed into a swamp forest. Depth to present water table at the
transition was approximately 22 inches. Although disturbed by logging,
cultivation and other cultural activities, the wooded vegetat1on consists of
speckled alder, arbor vitae, choke berry, trembling aspen, and a few red ash.
In p'laces, the arbor vitae was quite dense and grew in rather pure stands. The
arbor vitae  or white cedar! may be associated with a marly substrate. Field
borings reveal the following sedimentary sequence with depth: black, woody
peat, 16 inches th1ck; underlain by tan sand, medium-textured, 10 inches thick;
underlain by whitish-gray marl, coarse-textured, with numerous snail carapaces.

Heyond this forested swamp marg1n, marked by the presence of arbor vitae,
the landscape, which generally cons1sts of a terrace flat, has been impacted by
cultural disturbances. Elevations above the present water level exceeded 3 feet
and the substrate consisted of 2 to 4 feet of orange-colored sand over marl.
The vegetation is largely disturbed, with corenon species including domestic
apple treeS, arbar vitae, red dagwOOd, gray dOgwOOd, willOwS, aS well aS Orange
hawkweed, white daisy, goldenrods, and a sedge.
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wetland Distributions at Selected Lake Levels Aer ial photography flown in
July, u y 9, an u y 9 prov> e e data base for mapping the
wetland vegetation of the Betsie River mouth. The 1938 photography was the
earliest available imagery, while the 1965 and 1973 photography reflected low-
water and high-water conditions, respectively.

Wetland Ve etation in 1938 Because low lake level conditions prevailed in
July 9 , arge areas o the distal portion of the Betsie River were exposed
and consequently co1onized by wetland vegetation  Figure 41!. The water level
on July 7, 1938--the date of the photograph, was 577.9 feet, which is nearly
one foot below the 1900-1976 long-term average of 578.6 feet for July. However,
for the previous six years �932-1937! water levels had not exceeded 577 feet.

The 1938 wetland map reveals only four general categories because of' the
quality of the contact prints and the historical studi es. As expected, the
upper portion of the floodplain was covered by a swamp forest. It is the extent
of the meadow and emergent marsh, however, which is so impressive on this map.
The sedge-grass meadow extended from the shrub ecotone, near the swamp forest,
to beyond the Ann Arbor Railroad and Highway 22 bridges. Unless burning was
routinely practiced, various shrubs shou1d have been actively invading this
meadow vegetation. An old channel of the Betsie River was noted in the meadow
zone west of the present channel. Emergent marsh, as noted by darker tones on
the photographs, occupied only the deltaic portion of the river mouth where it
emptied into Betsie Lake. Coamon emergent marsh species probably included both
the softstem and hybrid bulrush, as well as broadleaved cattail and other
species.

Along the wetland perimeter, the encroachment of agricultural usages is
obvious, particularly immediately north of Highway 22 which trends along the
southern margin of the wetland. It is likely that cattle were pastured in the
meadow wetlands.

Met land Ve etation in 1965 Because of higher quality contact pr ints, the
map for 9 5 is more detai ed as compared to that for 1938  Figure 42!. However,
a comparison of the two vegetation maps reveals only small changes in
the wetlands. The water level recorded for Ju'Iy 1965 was 576,85 feet, nearly
one foot 1ower than 1938.

The floodplain vegetation appeared to be a mix of deciduous and evergreen
species. In places, mature trees are absent, including on the river point bars
where small, densely spaced deciduous trees  willows?! can be observed. A1ong
the wetland margins and extending into the cultivated fields on both the
northern and southern margi ns, is a concentrati on of arbor vitae. The marly
substrate of the flanking terraces may be a factor in the arbor vitae
distribution.

The transition from the swamp forest to the meadow is marked by the shrub
ecotone zone. As shown on the map for 1965, the shrub zone extends along the
flanks of the swamp forest and the terr aces in a northwesterly direction. The
width of the shrub zone is variable, but comnonly ranges from 100 to 200 feet
�0 to 70 m!. The only place where this transition zone is abbreviated is on
the floodplain innediately south of the Betsie River where the swamp forest
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abruptly changes to meadow. Along the western flank of the wetland, i.e., east
of the city of Elberta, the shrub zone has been impacted by canals and ditch
activity. Artificial pumping and other water level management practices, as
well as burning and shrub removal, were probably employed to keep the shrubs
from invading some of the meadow wetlands.

The meadow was a well-established wetland type in 1965. Extending for
nearly a mile along the central portion of the lower floodplain, the sedgegrass
meadow has a width of approximately one-quarter mile. In the meadow north of
the 8etsie River, various shrubs, possibly willow and dogwood, can be observed
invading the meadow. South of the river, however, where canals and human
disturbance is evi dent, there is less shrub invasi on.

Though sedges probably occur in the marsh located immediately southeast of
the Ann Arbor Railroad bridge  which crosses the floodplain!, this area has been
mapped as emergent marsh. Darker tones and small patches on the aerial
photography suggest the dominance of bulrushes and cattails, with open ~ater
showing through. A ditch separates the meadow from the emergent marsh, thus
human interference may also be influencing wetland zonation.

The emergent marsh occupies a fairly large area at the mouth of the Betsie
River. Here water depths probably range up to a foot or more in depth and the
substrate is largely unconsolidated clays or sandy peats. Aerial photography
reveals a complete marsh cover south of the Highway 22 bridge, whereas north of
the bridge the emergent marsh is discontinuous. At the point where the main
river channel bifurcates, the emergent marsh changes into an open-water
environment. Though not clear on the aerial photography, the deltaic portion
may be colonized by very small patches of emergent bulrushes, as well as by
submersed plants such as Sago pondweed. Ljnvegetated mudflats and a few
scattered wave-formed sand bars also appear to be present along the delta front.

Wetland Ve etation in 1973 On July 7, 1973, when the photograph was done,
water depths a ong Lake ichigan rose to 581 feet. This high water level was 2.4
feet above the long-term average for July. When the 1973 map of wetland
vegetation  Figure 43! is compared to that for 1965, the drowning of the emergent
marsh and large tracts of the meadow is obvious. In 1973 open water exterided
for over one-half mile south of the Ann Arbor Railroad bridge. Although some of
the open water has since been recolonized as modern lake levels have receded
somewhat, much evidence of die-back still exists in this wetland system.

The effect of high-water conditions an the swamp forest of the floodplain
was not fully investigated. Analysis of the aerial photography reveals the
8etsi e River to exhibit a bankfulI stage and standirig water appears to be more
common in the backswamp areas. Field observation near the meadow-swamp forest
boundary on the floodplain did reveal die-back of the shrub ecotone as well as
of some of the pioneering swamp trees' In addition to the willow-dogwood-alder
die-back, a number of the following trees were observed to have died very
recently from drowning: red ash, tamarack, white cedar, trembling aspen, white
birch, and red maple. Along the upper portion of the floodplain, where gray
birch and basswood were observed along with red ash, some die-back was observed,
particularly of the basswood, except where elevated above the standing water by
root platforms or by topographic irregularities.
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As i llustr ated by the 1973 map, the meadow wetland type was dramatically
aff ected by the high water. As a result of dr owning, over half of the meadow
reverted to open water or to emergent marsh. Without mechanisms for tolerating
continuous submergence, the grasses succumbed except ~here the sedge tussocks
provided habitat above the water level. Field observations indicate that in
most areas the rate and magnitude of the water level increase during the late
1960's exceeded the capacity of the tussock-forming sedge to create stools.

It should be emphasized that either the meadow vegetation drowned out
completely and reverted to open water, or survived on slightly higher sites as
tussock sedge. South of the Betsie River where canals and water level
management practices were evident, the meadow reverted to cattail and other
emergents which, in turn, underwent eventua1 dieback.

With regard to the emergent vegetation, the change initiated by the high
water was widespread. By comparing the 1965 map to the 1973 map, the nearly
complete loss by 1973 of the former emergent marsh can be visualized. Although
some small islands and thin patches of emergent marsh persisted in the open
water areas, most of this wetland type was to be found in the former meadow
areas which had been diked.

Wetland Area Measurements The maximum vegetation advance into Betsie Lake,
as mapped from the 938 aeria photographs, served as the lakeward limit of the
wetlands. Because data regarding wetland soils were not available for 8enzie
County, the inland wetland boundary could not be based on soils' Rather, the
interpolated 590-foot contour from the ].:62,250 Frankfurt topographical map, as
further delimited by the Ann Arbor Railroad line and Highway 22, formed the
boundaries. On the floodplain, the boundary was marked by an arbitrary 200-foot
wi de transiti on zone from coastal wetland swamp to floodplain swamp. Field
observations indicated that lake level effects were not detectable, in many
places, beyond 200 feet. Because it represents a historical base from which
acreage changes can be measured, the 1938 wetland area of 373 acres was adopted
as the standard area for the Betsie River wetlands  Table 23!.

No shrub zone acreage appears in the table for the period 1938 because poor
print quality did not permit mapping of that wetland type As a result, the
wooded, and perhaps the meadow category as well, exhibit slightly larger acreage
values. Nevertheless the areal data for 1938 indicates the dominance of the
wooded vegetation  over 50 percent of the total area!, and the small areal
extent of the emergent marsh and open water. The river channel appeared to
account for much of the open water category.

When the 1965 area measurements are compared to 1938, little difference is
evident, even though a shrub category was added. Both the wooded and the meadow
types occupy somewhate smaller areas. The map data suggest that a mixed
community emergent marsh in 1965 was present where meadow prevailed in 1938. It
is felt that the tussock-forming sedges and meadow grasses did not have
sufficient time to invade the emergent marsh during the short, but relatively
low-water period of 1963-1965. However, the low-water conditions were
conducive to clearing and other development along the wetland margins.
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Table 23

Areal Extent of Wetlands, by Vegetation Type Betsie
River Mouth Wetlands, 1938, 1965, 1973

1938 Historical Base Low Water

Hectares Percent of TotalAcres

TOTAL 373.0 151.0 100.0

Wetland Type Hectares Percent of TotalAcres

TOTAL 151.0 100,0373.0

Percent of TotalHectaresAcres

151 100.0373. 0TOTAL

Open Water
Emergent
Meadow
Shrub/Swamp
Developed Lands

Open Water/Submersed
Emergents
Meadow
Shrub/Swamp
Developed/Fill

Open Water
Emergents
Meadow
Shrub/Swamp
Developed/Old Field

40.0
34.5

185.5
63.0
50.0

46
74. 5

126
72
54.5

160.5
40.0
69.0
69.0
34.5

16
14
74.5
25.5
21.0

18. 5
30.5
51
29
22

65
16
28
28
14

10. 5
9.0

50.0
17.0
13.5

12.5
20.0
33.5
19.5
14.5

43.0
11.0
18.5
18.5

9.0



With the extremely high water conditions of 1973, retrogression of' the
plant communities took p1ace. Although the shrub die-back was sufficiently
extensive to map, as were small patches of cattail die-back, basically the high
water resulted in reversion to open water. South of the two bridges an open-
water embayment of approximately 75 acres appeared. The complete drowning
and reversion to open water occurred throughout nearly all of the former
emergent marsh, and over half of the meadow marsh either reverted to open water
or regressed to cattail which, in turn, subsequently drowned. With regar d to
developed areas, during the high period some of the agricultural fields were
abandoned.

Because a wetland distribution map representing average lake level
conditions was not prepared for the Betsie wetlands, mean area measurements for
each wet Iand type are not available. However, the mean areas were estimated by
averaging the areal data for 1965  low water! and 1973  high water!. Estimated
mean areas for the Betsie wetlands, as defined in this study, are 1isted below.
The standard area of 373 acres was utilized as the total wetland area.

~Nt1 d T

Open Mater/Submersed
Emergents
Meadow
Shrub/Swamp
Oeveloped/Fill Lands*

Acres Hectares Percent of Total

41.5
23
44

28.5
14

103
57

108
70. 5
34. 5

27.5
15.5
29.0
19.0

9.0

TOTAL 373.0 151.0 100.0

* The 1973 data were utilized for this category. Some adjustment of the other
categories was necessary.

Com arative Photo Transects Using the August 4, 1977, bisect as a
base transects across the same environmental gradient were redrawn  Figure
44!. Water level data was taken from the Ludington  Michigan! station, whereas
the vegetation data were derived from the 1965 and 1973 aerial photography.

As illustrated by the 1973 transect, high water conditions  up to 581 feet!
resulted in widespread inundation and drowning of the floodp1ain vegetation.
Although some floating-leaved and submersed aquatics wer e undoubtedly present,
no continuous vegetation was evident on the photographs in the open water areas.
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Beginning with the 1965 low-water stage, the drop in water level  to 576.9
feet! lowered the water table in the Betsie River wetlands to nearly two feet
below the general surface. Although there were a few wet depressions, the only
standing water was in the Betsie River channel. Based on the photography, the
central portion of the transect contained dense meadow vegetation. Grasses and
sedges established a thick root mat and a blanket peat was produced. Unless
burning was a factor or the length of the low-water period is relatively short,
woody shrubs, including wilIows, dogwood and swamp rose, would slowly invade the
tussock sedge and grass communities. All ditch and spoil areas showed enhanced
shrub growth, which was also evident in the ecotone between the meadow and swamp
forest.
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Year -round inundation caused the shrub ecotone to die back, and in the meadow
only on the highest sites were the sedge tussocks of sufficient height to
prevent drowning. Wave action, associated with increased area of open water,
caused erosion of the shorelines as well as of the stressed islands of extant
vegetation. Oeposition resulting from this erosion process, coupled with
siltation caused by overbank flow of the Betsie River, could have generated the
3 to 4 inches of organic-rich, clayey ooze which presently covers the lower
flood plain surface.

From 1973 to 1977 the water level of Lake Michigan dropped a total of 2.4
feet. Ouring the interim July 1976 to July 1977, the decrease amounted to 1.7
feet. On August 4, 1977, at the time of field bisect, the ~ater level was at
578.6 feet. Based on the complete cover of vegetation on the 1977 surface,
recolonization af' the emergent marsh and sedge-grass meadow was spectacular.
Because little of the emergent community survived the high-water period, the
pr1mary mechanism of regeneration appears to have involved seeds and perhaps
some re-sprouting of viable rhizomes. Nodding smartweed was observed actively
colonizing mudflats along with softstem bulrush. When portions of the meadow
were exposed, dense seedling growth of grasses was observed amid the dead sedge
tussocks. Farther landward, f1eld observations revealed surviving tussock
sedges under dieback shrubs. Thus, a mixed community of grasses borders the
emergent marsh, instead of tussock sedges as one mi ght expect, while live sedge
tussocks are found on somewhat higher sites.

Other patterns 1nclude the "stump regeneration" of the partially dead
willows, red dogwood, dwarf birch, and speckled alder. Based on the species
composition of the lead1ng edge of the pioneer shrubs, willows and red dogwood
appear to exhibit somewhat greater regeneration capab1lity than dwarf birch,
speckled alder, and red ash. After the shrub ecotone has f'ully re-established
itself, the thicket-like canopy will probably shade out the tussock sedges and
grasses which now commonly occur as an understory in the open-canopy shrubs. As
water levels drop, the stress on the marginal edge of the swamp forest would be
dim~nished as well.

Tob1co Marsh

Located in Bay County, Michigan, the Tobico Marsh consists of
approximately 1,260 acres of wetlands. Basically the wetland includes a
protective barrier beach and a backbarrier lagoon-marsh complex which supports
much of the wetland vegetation. Only during extremely low water levels  of
Saginaw Bay! will bulrushes and other emergents colonize the nearshore zone on
the bay s1de of the barrier beach. The barrier is generally sandy and further
characterized by intense residential development. On the landward side, the
bottomland hardwoods which border Tobico Marsh on the west have been cleared for
potato farming and other agricultural pursuits. The Tobico Marsh Interpretive
Center, formerly the Tobico State Bame Area, includes the southeast portion of
the wetland system. Water within the elongate lagoon complex generally flows
southward toward the outlet which is situated iamedi ately north of the Hay City
State Park.

Plant List The following l1st of common wetland plant species is based opi
two vegetation traverses, a geomorphic profile, and wa'Ikthroughs wherever roads
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and trails provided access. Host of the identification was accomplished in
July 1977 with some minor collecting taking place in June-July 1978. The list
is presented by environmental type, beginning at the Saginaw Bay shoreline,
then ending at the upland hardwoods along the western margin of the wetland.

~ug    dl dtll y

Shrub Frin e of Beach Rid e  on lagoon side!

Willows Salix spp ~
Red dogwood fornus stolonifera

wg ng

Mudflats  recently exposed mud or peat flats!

Jewel weed ~lm atiens sp.
g

Several grasses and sedges

Cattail Marsh

Jewel weed Im atiens sp.
Mud Lettuce nidentified species!
Buttonbush C h 1 th occidentalis

Meadow sweet ~S iraea alba
Sedge Carex stricta
Wire sedge Carex sp.

Boneset
Marsh fe

sp.

~ wl" "'
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Black oak uercus elli soidalis?
E. cottonwoo o u us de toides
Wild columbine A ui e i a sp.
St ' S t~tgil 

ltd pt
Black ash Fraxinus ni ra
Trembling ~aspen ~o u us tremuloides
Sumac Rhus sp.

Hardstem bulrush Scir us acutus
Softstem bolt ush ~c r us ~va >due
Yellow pond lily ~Nu har advene
White water lily N haea odorata
Water smartweed ~fo onum sp.
Muskgrass Chara sp.
Duckweed Lemna minor

E. cottonwood ~fo ulus deltoides
Willows Salix spp.
Smartweed PoT onus sp.
Cattails TEL ha g auca and Others

Hybrid cattail T ha 1 auca

Sweet flag Acorns calamus
P.

Silverweed Potentilla sp.
Sedge Carex stricta
Various unsd~enti ied grasses
Horsetail ~E uisetum sp.

Naiad ~Nan'aS flexiliS?
1 1 I ~ p.
Sg p d dPS
Watermilfail M r o h um sp.
Filamentous b ue-green algae
Filamentous green algae



Shrub Ecotone  between sedge meadow and upland hardwoods!

Wild raspberry Rubus sp.
Jewei weed ~Im at>ens sp.
Nightshade Solanum sp.
Sedges incl. Carex stricta

t 1 l

Red ash Fraxinus enns lvanica
Trembling aspen ~po eius tf emu oides
Speckled alder Ainus ~ru osa
Willows Sa1ix spp.
Red dogwood Comus stolonifera

White oak guercus alba
tl k kg
Red maple Acer rubrum
Wkf tf kt

Trembling aspen ~po ulus tremuloides
Cherry Prunus sp.
!1 '  ~f  lff1

Wetlands Bisect The bisect for Tobico Ma~sh extends from the barrier beach
to the upland hardwoods, a distance of approximately 4,000 feet  Figure 45!.
At the time of the bisect survey, water level in the lagoon was 579.5
feet. Beginning at the shoreline near Killarney Beach, the investigation revealed
the general absence of emergent vegetation in the nearshore zone. Only at
the extreme north end of the study area  north of Brissette Beach! was a patch
of three-square  ~Scir us americanusI observed. Although evidence of shoreline
recess~on was evident, the modern beach profile reflected some shoreline
progradation and nearshore bar development. The beach sediment consisted of
medium to coarse textured, tan-colored sands along with occasional clumps of
filamentous bluegreen algae  Oscil 1 atoria!.

Trending along the shoreline is the Tobico barrier beach which appears to
be a double ridge system. Over 250 feet in width, the barrier has been
culturally modified by residential development as well as by the coastal highway
and Oetroit-Mackinac Railroad line. Tall eastern cottonwood trees prov~de
shade for the homes and cottages, while along the transportation arteries, sumac
with a sedgegrass understory is common.

Between the bimodal-shaped barrier beach and a back-barrier spit  sand
ridge! is a depressi on approximately 200 feet in width. The substrate generally
consists of 6 to 12 inches of black, fibrous peat aver lying coarse sand. A pH of
5.0 was determined in the field at a depth of 6 inches. This depression is
further character ized by tussock sedge die-back, particularly near the center.
Measurements indicate the dead sedge tussocks to be 8 to 10 inches in height.
In areas subaerially exposed, a carpet of seedlings were observed colon~zing the
surface between the stools. Colonizing this peaty surface by means of seeds
were several unidentified grasses as well as sedges, cattails, smartweed, and
eastern cottonwood. Along the flanks of the depression, live sedges tussocks
were encountered along with dead sumac shrubs which ranged from 4 to 5 feet in
height. Most of the sedge appeared to be Carex stricta, but an unidentified

-l  l I. 1 -11k 1-f   t l  t
present.
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extreme southern end of the 'I agoon adj acent to a we ir. Thi s weir was
constructed by the Michigan Department af Natural Resources during the mid-
1960's in an effort to retain water in the lagoon at times of low water.

In contrast, considerable submersed vegetation exists along the lagoon
bottom. However this submergent vegetation is limited primarily to muskgrass, a
naiad, and a dense layer of filamentous green algae. The algae cover most of
the central portion of the lagoon where less organic ooze is being deposited,
The widespread occurrence of muskgrass may be unusual in that this aquatic is
often associated with calcareous substrates or hard water. A sticky bluish-gray
c'fay, with a pH ranging between 8.0 and 8.5, was encountered within 18 inches of
the lagoon bottom along the western side of the 'lagoon. The same clay was
located at a depth of 8 feet, 2 inches beneath a spit which crosses Parish Road.
Another possible source of soluble carbonates may have been Saginaw Bay which
would have flooded these wetlands during the recent high water period of the
early 1970's.

In patches along the eastern side of the lagoon, floating scums af
bluegreen algae were common. This algae may be associated with improperly
functioning private septic drain fields of residerits living along the Tobico
bar rier beach. Along the western margin of the lagoon, duckweeds and algae were
abundant in the vicinity of canals and drainage ditches. These canals
presumably transport nutrient-rich, minerotrophic waters from the surrounding
farmlands into the Tobico Marsh.

Along the western side of the lagoon complex a sequence of' emergent marsh,
sedge meadow, and shrub communities, similar to that of the eastern side, were
surveyed. Drowned cattails were encountered in water depths which exceeded 12
inches. A root mat was noted beneath the present cattail marsh which may have
formerly supported the now-drowned cattails. The leading edge of the cattail
marsh was also floating, which made walking difficult. Borings along the
cattail margin revealed coar se sand beneath the peat, with clay at considerable
depth.

Nearer the lagoon the cattails appeared to grow only in clumps on somewhat
elevated sites.  This gr owth habitat may reflect an adaptation to higher water
levels of the early 1970's!. Where the present water table was at or below the
surface, the cattai 1 community was more dense, the stalks taller, and
florescences more common. On recently exposed mudflats, mud lettuce and a
variety of seedlings were observed including young sedges and cattails.

Adjacent to the cattail marsh is the sedge meadow. Along the eastern side
of the Tobico Harsh, the sedge meadow occupies a rather narrow strip between the
cattail marsh and the shrub ecotone. As indicated in the bisect, the sedge
meadow was even narrower because of the presence of a sand ridge which supported
meadow sweet, as well as some red dogwood, speckled alder, and willows. The
tussock sedge {Carex trsict ! aextended under the shrubs as an understory and
exhibited iittie evidence o drowning. As suggested by the buried root mat,
which contains in situ sedge and grass roots, the sedge meadow was probably more
extensive in the pcs .
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Irregular in width, the shrub ecotone consists of red ash, speckled alder,
willows, red dogwood, and meadow sweet. Red ash was common only along the
northwest and southwest mar gins of the lagoon. Tussock sedge, accompanied by
jewel weed, marsh fern, and nightshade, formed the understory. Much die-back,
particular ly among the red ash and speckled alder was observed. The substrate
consisted of a foot or more of black peat underlain by mottled, coarse sand.

West of a small depression, which may be a topographic low between two
beach ridges, the vegetation undergoes tr ansition to upland hardwoods. Along
this rather sharp wetland boundary, trembling aspen are abundant. Sedges,
goldenrod, jewel weed, wild raspberry, and morning glory comprised the
understory.

The canopy vegetation of the up land hardwoods consists of black oak, red
maple, and white birch. White oak appears to be one af the domi nants farther
inland. Some trembling aspen and cherry was also present, in additiion to
Solomon's seal on the forest floor. Field testing of the pH at depths of 6
inches revealed the sandy soil to have a pH of 5.0. The excessive drainage and
low pH may be factors explaining why red ash and other wetland shrubs do not
colonize the edge of the upland hardwoods.

Wetland Distribution at Various Lake Levels Using black and white
aeria photography own in June 1938, Ju y 1963, and in May 1975, maps were
prepared of the Tobico Marsh wetland vegetation. Because photograph scales were
1:20,000 or smaller, only five or six general vegetation types could be
recognized. Water levels of Saginaw Bay at the time of the photogr aphs were as
follows: 1938 - 577.6 feet; 1963 - 576.9 feet; and, 1975 - 580.15 feet.

Wetland Ve etation in 1938 In 1938, Tobico Marsh was characterized by
extensive cattai marshes and re atively small areas of open water in the lagoon
{Figure 46!. Because of the relatively low water level, emergent vegetation had
completely overgrown the channel leading to the outlet on Saginaw Bay. Two
bodies of open water exist in the lagoon, separated by cattails as well as what
appears to be yellow pond lily and floating algal scums. Throughout much ot the
central portion of the lagoon, cattail marsh predominates because low water
levels during the period 1932-1937 have allowed the cattail to colonize an
extensive area.

Another extensi ve wetland type at this time period was the sedge meadow.
The meadow is well established on the flanks of the lagoon and on the backside
of the barrier beach ridge. Sedge has also invaded low-lying areas near Parish
Road as well as along the channel which leads to the outlet at the extreme
southern end of the study area.

The shrub vegetation also appears to be well established on both the beach
ridges and along the margin of the upland hardwoods. Some of the shrub
vegetation along Parish Road may have been cleared by local farmers who drained
wetlands for agriculture. However, on isolated sand ridges and along the
southeast side of Tobico Marsh, the shrub and small tree extension was not
impeded. Similarly, black oak and other hardwood trees probably extended the~r
dominance in the well-drained environments.
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Along the shoreline, wide beaches and a broad zone of nearshore bars are
evident. Lower lake levels reduce wave ener gy which, in turn, is associated
with shoreline progradation. Although no emergent vegetation was visible on the
photographs, thin patches of bulrushes may have colonized some areas af the
nearshore zone.

Wetland Distribution in 1963 Water level s in 1963 were relatively low as
in 1938. n act., as the time of the photograph Saginaw Bay was at 576.9 feet,
which is 1.72 feet below the 1900-1976 average for July. As expected,
therefore, the wetland vegetation map for 1963  Figure 47! closely resembles the
distri bution map for 1938 . The major differences appear to be in the open water
and cattail categories. Because the year 1938 was preceded by a relatively long
low-water period, cattails had colon ized more of the open waters of the lagoon
than in 1963.

In 1963 a large, isolated open-water body occupied the central lagoon area.
Large patches of floating algae, particularly on the beach side, were common in
the lagoon. The channel leading to the outlet was overgrown with vegetation,
and the outlet was relocated due to modification of the Bay City State Park.

In addition, the cattail marsh at this time was most extensive,
particularly in the ar ea immediately north of the lagoon. Some cattail, and
perhaps bulrushes as well, have even colonized the nearshore zone near the
outlet. Although the cattails tolerated the low-water conditions along Parish
Road, dark tones on the imagery suggested that the vegetation was sparse and
peaty soil was visible amid the cattail colonies. Sedge and other meadow
vegetation was probably invading some areas of the cattail marsh.

Another feature of the 1963 vegetation map is the curtai1ing of
agricultural activity in some of the low-lying areas. Apparently the high water
of the 1950's caused local farmers to abandon much of the land between Parish
Road and Boutell Road and reclamation during the low-water period of the early
1960's did not occur, As a result, sedge and cattai 1 communities have colonized
areas which were formerly drained and cultivated. Shrub corranunities also appear
more widespread than in 1938, suggesting that not only is low water conducive to
woody invasion, but perhaps marsh burning has been discontinued as well.

1975 Wetlands Distribution Water levels in 1975, though slightly lower
than in 3, exceede 58 eet. As a direct result of increased water levels,
vegetation regression occurred and open-water areas expanded  Figure 48!. The
lagoon incr eased in si ze, especi ally along the eastern flank and in the extreme
southern portion. Near the outlet, ponds appeared and the outlet channel is
clearly discernible, Elsewhere small ponds opened up within the cattail marsh,
particularly near Parish Road and immediately west of the railroad tracks at
Killarney Beach.

Although the lagoon has increased in size, pr imari1y at the expense of the
cattail marsh, a large area of dead cattails exists north of the open-water
area. Ice rafting and wave action had not yet uprooted the old stalks which
probably succumbed during the record high lake levels. The cattai 1 zone has
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shifted into the sedge meadow near Parish Road and along the flanks of the
lagoon. Hi gher water 1eve1s and subsequent anaerobic conditi ons pr obab ly
stimulated rhizome extension of' this emergent.

Other changes include the temporary abandonment of some agricultural
fields with old field succession or emergent marsh colonizing these former
cultivated areas. The shrub communities, though slightly less extensive than in
1963 due to some die-back, are still well represented. Loss of the wide, sandy
beach and some shoreline recession has also taken place. Because of the
prevailing high lake levels, the wave base shifts landward and the nearshore
bars are less effective in attenuating wave energy.

Wetland Area Measurements Using a po'lar planimeter and the three wetland
distribution maps discusse above, the area of each wetland type was determined
 Table 24!. The 1938 wetland distribution map was employed to delimit the
wetlands because not only is that map the oldest historically, water levels were
relatively low and thus the maximum wetland 1imit in the nearshore zone could be
established. The inland wetland boundary was based on the 585 foot contour of
the 1:24,000 Kawkawlin quadrangle and the limit of the ponded Bel1eville loamy
sand soil. By utilizing the 585-foot contour, the shrub ecotone was included in
the wetland complex. The wetland soil, which would have delimited the wetland
more conservatively, was employed only in the northwest corner of the wetland
where the 585-foot contour was displaced landward. Boutel1 Road on the north
and the swamp fringe along the artificial lake near the outlet on the south
completed the boundary.

In 1938, the Tobico Marsh, as defined in this study, included 1,260 acres
 Table 24!. The cattail marsh and sedge meadow each occupied one-quarter of the
wetland and together accounted for 54 percent of the entire acreage. Because
low water had persisted for sever al years, agriculture and other developments
were extensive. In contrast, little open water remained in the lagoon area.
Shrubs and hardwood vegetation shou1d have attained their maximum extent,
except where marsh burning, if any, prec1uded shrub invasion of meadow
environments.

By adopting the areal extent of the wetlands in 1938 as the standard area,
comparisons with the 1963 and 1975 tabular data sets can be made. In 1963, the
combined cattail and floating-leaved marsh constituted 35.5 percent of the
total wetland area, whereas the sedge meadow occupied only 21 percent of the
area. Inclusion of the floating-leaved vegetation, as well as the algal scums,
in the cattail marsh category inflated that category somewhat. Because patches
of cattails were mixed with the water lilies and algae, these areas were
combined into the cattail category i nstead of placing them in the open water
category. Although 1963 reflected low-water conditions, it is felt that the
sedge meadow had not yet displaced a11 of the cattai 1 marsh it would if low
water levels persisted for several more years. Both the open water and shrub-
hardwood areas changed very little since 1938. The agriculture-developed area
did decline, reflecting the abandonment of agriculture along Parish Road during
the 1950's.
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Table 24

Areal Extent of Wetlands, by Itegetation Type
Tobico Marsh, 1938, 1963, 1975

1938 Distribution Low Water

Wetland T e Acres Hectares Percent of Total

1,260 510.0 3.00. 0

1963 Distr ibution Low Mater

Wetland T e Acres Hectares Percent of Total

100 ' 01,260.0 510.0

1975 Distribution Hi h Water

Metl and T e Acres Hectares Percent of Total

1,260 510.0 100.0
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Shrubs and Hardwoods
Sedge Meadow
Cattail Marsh
Open Water
Agriculture and Developed

Shrubs and Hardwoods
Sedge Meadow
Cattail and Floating Leaved
Open Mater
Agric., Developed, Old Field

Shrubs and Hardwoods
Sedge Meadow
Cattails, incl. die-back
Open Water
Agriculture and Developed

189
321
359
126
265

189.0
264.5
447. 5
138. 5
220.5

189
107
378
391
195

76.5
130.0
145.5

51.0
107.0

76.5
107. 0
181. 0

56.0
89.5

76.5
43.5

153.0
158.0

79.0

15.0
25.5
28.5
10 ' 0
21.0

15
21
35. 5
11. 0
17. 5

15 8 ~ 5
30
31
15.5



The area measurements f' or 1975 clearly document the effect of record high
lake levels. Perhaps the most si gnificant change from 1963 to 1975 is the
dramatic increase in the extent of open water. Drowning and loss of' 1arge
tracts of cattail marsh, as well as of sedge meadow, account for most of the
increase in open water. Some loss of beach environment also occurred. Although
the cattail marsh continued to represent a large portion of the total area,
extensive areas of die-back can be identified on the 1975 photographs. Another
feature of the area measurements is the contraction of the sedge meadow from 21
percent in 1963 to 8.5 percent of the total area in 1975. Large areas of the
sedge were inundated by the high water and either reverted to open water or were
invaded by cattails. Little change, however, occurred in the shrub-hardwood
zone because shrub die-back areas were included within the shrub-hardwood
category. In contrast, the agriculture-developed category did exhibit a
decrease in area because of loss of beach envi ronments i n front of the shoreline
residences and temporary abandonment of low-lying fields by farmers during this
high-water period.

Percent of TotalHectaresAcres

189
189
403
265
214

Mooded and Shrub
Meadow
Emergent
Open Water
Developed

76.5
76 ' 5

163.0
107.0

87.0

15
15
32
21
17

1,260 510.0 100

Com arative Photo Transects By juxtaposing vegetation transects
pertaining to three different ake level conditions, the succession or
regression of the plant communities can be illustrated  Figure 49!. The July
1977 bisect served as the base for the profile elevations and substrate type for
all three transects. Water level data were taken from the gauging station at
Harbor Beach, Michigan. Photo interpretation provided the vegetation data as
well as the shoreline changes.

During the low-water period of 1963, the lagoon was approximately 850 feet
wide along the transect survey line. Patches of' scum algae and floating-leaved
aquatics were present along the eastern side and southern end of the lagoon.
Relative1y wide zones of cattail marsh and sedge meadow flanked the eastern  or
lakeward! side of the lagoon, whereas on the western flank these zones were much
narrower. Field borings in 1977 revealed that a thick root mat and a peat layer
were being established at this time beneath the emergent and meadow vegetation.
Although shrubs and small trees occupied the sand ridges and other higher
topography, invasion of the sedge meadow by shrubs was not widespread. Along
the shoreline, a wide, sandy beach was evident as the shoreline was displaced
lakeward approximately 200 feet.
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In order to generate area figures for normal lake level conditions, the
measurements for 1963  low water! and 1975  high water! were aver aged. The
average area of each vegetation type is indicated below. The 1938 wetland area
of 1,260 acres was adopted as the standard area.
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As represented by the 1975 transect, highwater was associated with the
shifting of the cattail zone into the sedge meadow zone and by the drowning of
extensive areas of tussock sedge. The lagoon expanded at the expense of both
the cattail marsh and the sedge meado~. Organic deposits were deposited in the
lagoon or transported to the outlet as the emergent marsh was subjected to
increased wave action and ice rafting. Rhizome extension probably allowed the
cattails to successfu'lly colonize the inundated sedge margins, whereas the
tussock mechanism enabled the sedge to survive where permmanent water depths did
not exceed approximately 10 inches. Although the black oak and other hardwoods
exhibited 1ittle die-back, the shrub cormunities on the backside of the Tobico
occur red on the eastern flank of the lagoon, but it appeared to be limited to
the margin of the shrub ecotone.

From July 1974 to Ju1y 1977, the 1evel of Saginaw Bay dropped 2.62 feet.
The lowering of the water 1evels diminished the size of the lagoon by exposing
former1y drowned areas along the flanks. Stressed cattail colonies then began
to expand by means of rhi zome extension, and re-establishment of drowned sedge
meadow occurred by seedling growth. Partially dead shrubs, including speckled
alder and willow, are now sprouting new sucker growth as the water table drops
to more optimum levels. In short, the successional trend has switched from
retrogression to succession. As water levels within the 1agoon continue to
fa11, less organ ic material will be transpor ted into it from the adjacent
emergent marsh. In addition, less exportation of suspended materia'l to Sagi naw
Bay wi11 occur. The deve1opment of extensive submersed algal growths as well as
the floating algal scums suggests that lower 1ake leve1s at Tobico Marsh may
result in reduced flushing and consequent eutrophication.

Tuscola Count Wetlands

Located in Tuscola County, Michigan, the Thomas Road wetlands are situated
along the southeastern coast of' Saginaw Bay. The wet'lands include the emergent
marshes in the nearshore zone as well as various wetland types in the intra-
beach ri dge depressi ons and lake plain lowlands. Because the topogr aphy gently
slopes bayward, water level changes of Saginaw Bay can drastically affect the
extent of both the nearshore and inshore wet1ands. Although most water movement
appears surficial and toward Saginaw Bay, during high water and storms the bay
water inundates portions of the coastal lake plain including the coastal
wetlands.

Former shorelines are marked by the presence of sandy beach ridges which
trend parallel to the coast. During the past 100 years, agriculture has
encroached upon the inshor e wetlands and beach ridges, and in some places the
wooded beach ridges have been leveled by the local farmer' s. However, part of
this coastal plain, including an artificial lake, is part of the pub1icly owned
Fish Po i nt Wi 1 dl i f e Area.
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Plant List This area has been visited annually by the principal
investigators since 1975. Much of the species identification was accomplished
during the July 1977 vegetation transect and geomorphic profiling. The plant
list below is presented by environmental type, beginning with the nearshore
emergent marsh and ending in the inshore wetlands near the agricultural fields.

Near shore Emer ent Marsh

Modern Beach Rid e

Washover De osits of Modern Beach Rid e

Wet De ressions between Beach Rid es  Lagoon-like features!

Old Beach Rid es  Inland of Modern Beach Ridge!

Shrub Meadow on Lake Plain  Landward of Old Beach Ridges!

Red dogwood Cornu s sto 1 on i f er a
Gray dogwood~ornus racemosa
Reed canary grass Ph~a aria arundinacea

-220-

Hard stem bulrush Sc ir u s acu t us
Softstem buIrush ~cir us ~va idus
Hybrid bulrush S. acutus 8 S. validus
Narrow-leaved cattaai 1 ha an stif
Hybrid cattail TUJvha EL auca

Red ash Fraxinus enns lvanica
E. cottonnwoo ~la u us de toides
Trembling aspen ~po ulu~s tremu oides
Willows Salix spp.

Willows Salix spp.
Red dogw~oo  .ornus stolonifera
Horsetail E uisetum sp.
Staghorn sumac hus ~t hing

R Willows ~aix spp.
Water plantavn A'liana 1anta oa uatica
Joe-pye weed Eu atorium dubium
E ~fi ! !

Pin oak ~alustr is
Bur oak macrocar a

w """ 'E
Swamp white oak iIuercus bicolor

Three square Scir us americanus
Spikerushes E eocharis spp.
! E E " R
Curly pondweed . eris us
ll !if 11 ~ER
Muskgrass Chara sp.

Red dogwood Comus stolonifera
Wild grape U>t>s sp.
Jewel weed ~im atiens sp.
Sow Thistle Sonchus sp.

Jewel weed Im atiens sp.
Smartweed ~Po onum sp.
Morning glory Convolvulus ~se ium
Virginia creeper Parthenocissus sp.

Smartweed Pol onum sp.
Swamp milkweed ~sc e ias incarnata
Golden rods Soli da o spp.
Spikerushes eocharis spp.
Duckweed Lemna minor

Sumac Rhus sp.
Wild grape Vitis sp.
Black Raspberry Rubus sp.
Horsetail ~E uisetum sp.

~ !f1

Sedge Carex stricta
Goldenrorus Sputa o spp.
Morning glory envoi vulus ~se ium



Sed e-Grass Meadow on I ake Plain

Reed canary grass P. arundinacea
Cut grass Leersia ~or soides?
Reed cane Ph mit s australis

Tussock sedge Carex stricta
g C.

Morning glory Convolvulus ~se ium

Emer ent Marsh on Lake Plain  near Artificial Lake!

t t~gt tl tl t
Hybrid cattail T ha g?auca
Hardstem bulrush ~cir us acutus
Sedges incl. Cares stricta

Mint Hentha sp.
Smartweed ~pol onum sp.
purple loosestrife ~Lthrum sp.

Disturbed Meadow  south of Artificial Lake!

t C
Wild iris iris sp.
Black-eyed susan Rudbeckia sp.

S hrubby c i nque f o i 1 P oten t i 11 a
fruticosa

t g~ ewa l..

Wetlands Bisect The wetlands bisect covers a distance of 2,400 feet
 Figure 50 . At the time of the bisect survey on July 17,1977, the water level
of Saginaw Bay was 578 l6 feet in elevation. Although the water table appeared
to be horizontal, ti ling and pumping by local farmers as well as s lowly
permeable subsoils can produce either perched or lower water levels in the
inshore zone.

The first part of the bisect description begins at the shoreline and
proceeds lakeward into Saginaw Bay. Along the eroded shoreline, uprooted rect
ash and eastern cottonwood were observed along with scattered cobble-and
boulder-sized rocks. The beach sediments at the shoreline consisted of 18
inches of gravelly sand over a pebbly, yellowish-brown clay which resembled a
dense giacial till. Field measurements revealed this dense clay to have a pH of
8.0. Little vegetation was present except for scattered patches of spikerushes
and of an unidentified ~Cer us as wel'I as some deformed three squats.

At 110 feet from shore, the first nearshore sand bar was encountered at a
water depth of 4 to 6 inches. Here some Sago pandweed and muskgrass were
observed in the rather turbid water. Patches of peat and shrub roots were also
noted in scattered locations.

Approximately 300 feet from shore the first line of emergent vegetation was
encountered. At this point, hardstem bulrush was observed growing through a few
inches of coarse sand. Beneath the sand was a dense rhizome mat which was
rooted in the clay or in compact sands. In general, the bulrushes tended to
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At 100 feet, the water depth measured 9 inches. The sediment consisted of
3 to 4 inches of gravel overlying yellowish-brown clay which contained some
~Scir us roots. However, in many places, a thin layer offine' -grained clay and
particu late organic matter covered the surface, especially during quiet-water
periods when sedimentation occurs. Little vegetation was observed, except for
filamentous algae attached to the scattered cobbles.
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exhibit linear patches parallel to the coast and were associated with the
presence of viable rhizome mats in the subsurface sediments. Although the
nearshore bars appeared to protect the rhizome mats from wave erosion, in some
places the tenacious rhizomes resisted erosion in the troughs. However, the
bulrush communities were less well-established in these topographic lows and
frequently one noticed broken stems.

Farther out along the bisect, the wave energy continued to increase.
Generally, wave energy levels were highest near the troughs and nearshore bars
as evidenced by firm sands and ripple-marked bottoms. In contrast, in between
the trough-bar complexes are flats which may be subjected to fine-grained
deposition. No Sago pondweed or other submersed aquatics were observed beyond
approximately 800 feet from shore where water depths exceeded 2 feet. In
comparison, the bulrush communities extended out to beyond 900 feet where water
depths were 2.5 feet. Patches of Scir us rhizome root mats were encountered
beyond this point, but. partially ero e roots were not supporting emergent
vegetation.

The actual traverse extended to 1,700 feet from shore. Water depth at this
poi nt was approximately 3 feet. No vegetation was observed. Basically the
sediments consisted of fine sand that was extensively ripple-marked. No pebbles
or cobbles were noticed. Occasiona't sediment probes revealed that the pebbly
clay surface may underlie the surface sands which may be 1.5 feet thick.

The next segment of the bisect extends from the modern shoreline landward
to the artificial lake and agricultural fields. Beginning with the modern beach
ridge, this feature was found to crest at 3 to 4 feet above the bay level. Based
on the diameters of the nearly mature red ash and eastern cottonwood trees, the
ridge appears to be approximately 50 years old. An understory of red dogwood,
small willows, wild grape, jewel weed, and sow thistle further characterizes the
modern beach ridge.

On the landward side of the modern beach, particularly where the beach-
ri dge trees are either uprooted or absent, washover sand deposits were common.
Based on the vegetation colonizing these features, the washovers appeared to be
only 2 to 4 years old. Host of the washover appeared to consist of coarse sand
which accumulated up to 2 to 3 feet in thickness. Horsetail and willows were
conmori colonizers of this surface, except where rafted organic matter
stimulates the growth of sumac, red dogwood, morning glory, jewel weed, vines,
and small trees.

If depressions are present between the modern beach and the older ridges,
or between sets of older ridges, a lagoon- like feature may develop. These
lagoonal wetlands are dry during low levels of the Great Lakes, but during high
water periods these lagoons may exhibit water depths of 1 to 2 feet. Although
no depression was encountered along this particular transect, lagoons are
common along the southeastern coast of Saginaw Bay. Whereas most lagoons
exhibit an overstory of drowned red ash and willows, a mix of her baceous plants
including water plaintain, Joe-pye weed, duckweeds, etc., comprised the
understory. During the late summer of 1975, the investigators noticed large
numbers of dabbling ducks feeding in these lagoons.
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At approximately 150 feet from the modern shoreline was a beach ridge which
was considerably higher in elevation and older than the modern beach ridge.
Well-oxidized soils, including yellowish-orange subsurface sands, suggest that
this ri dge may be several thousand years old. Most of the vegetation on this
well-drained ridge consisted of pin oak along with some bur oak. A hybrid oak
  uercus !sa!ustris I  !. macr pear a! was also abundant, and in some places the
Swamp w ite Oak waS ObServed. he under Stary, which waS nOt denSe where the
canopy was complete, consisted of sumac, chokeberry, wild grape, black
raspberry or blackcap, horsetail, and Solomon's seal.

At approximately 175 feet from the modern shoreline, a dirt trail parallels
the landward side of the old beach ridge. This road, which lies at about 581
feet above mean sea level, may be inundated during extreme high lake 'levels,
particularly if ponding occurs behind the beach ridges. Rafted debris and
flotsam, however, does not wash up onto the road, but this debris was noticed in
the lagoons behind the modern beach ridge and on the bayward flank of the older
beach ridge.

The vegetati on betwen the dirt road and the artificial lake consi sts of a
continuum of shrub meadow, sedge meadow, and emergent marsh. Along the landward
margin of the dirt road was a relatively narrow zone of red dogwood and wild
grape with an understory of sedges and grasses. The sediment or soil was
generally peaty and the water table lay approximately 1.5 feet below the
surf ace.

A strip of sedge meadow comprised the next vegetation type. Less than 50
feet in width, this zone was dominated by the tussock-farming sedge Carex
stricta. Tussocks begin to appear at the upper boundary next to the red dogwood
shrubs and attained 6 to 10 inches in height at the lower limit of the
community. At the time of the traverse, the water table was one foot or more
bel ow the surf ace.

Located between the sedge meadow and the emergent marsh are poorly
vegetated, low-lying depressions and swales. These depressions appear to store
water following intense precipitation and probably during high lake level
periods as well. Borings reveal the following sedimentary sequence with depth:
brown, fibrous peat; coarse, gravelly sand; and dense, mottled clay. Calcium
carbonate crusts and pulmonate snails were con+only observed along the surface
of the peats. Although in some places stressed colonies of hardstem bulrush
were observed, in most depressions a mix of herbaceous plants were seen
including smartweeds, spike rushes, Boneset, and milkweeds.

The emergent cattail marsh occupied a broad area which exceeded 300 feet in
width. Generally the sediment consisted of 6 to 12 inches of peat overlying
dense, mottled clays. Water depths averaged 10 to 12 inches below the surface
as evidenced by crawfish chimneys. Most of the cattail was the hybrid cattail
�. ~lauca!, except along the margins of the marsh where the shorter, narrow-
leaved cattail was dominant. In places the cattail appeared stressed, perhaps
undergoing some physiological drought. The relatively dry, peaty surface
revealed pulmonate snails and crawfish chimneys as well as patches of smartweeds
and mint. Trails made by white-tailed deer were also observed.
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The shoreline of the artifical lake was located 770 feet landward from the
modern shoreline. Some buttonbush along with stressed hybrid cattail and reed
canary grass co1onized the lake shore. Sediments along the lake shore consisted
of 6 inches of brown, cattail peat overlying a clayey sand which was mixed with
marl. An organic-rich marl appears to be f1occulating out of the water at
present. Some evidence of the recession of the lake shore during the past year
or two was clearly visible in strand deposi ts . The depth of the lake was not
determined; this water body did support breeding populations of mallards and
blue-wing teal.

South of the artificial lake, the vegetati on appears distur bed due to
excavation of the lake at some earlier time period and perhaps due to the
deposi ti on of waste slag. The vegetati on consisted of several sedges, wild
iris, shrubby cinquefoil, black-eyed susan, and lady slipper   7! . A ridge which
is located some 1,200 feet from the modern shoreline marks the landward limit of
this wetland complex. Sumac, wild grape, and other shrubs have colonized this
art~ficial ridge.

Wetland Oistribution at Selected Lake Levels Aerial photographs taken in
June 1941, August 1963, and March 973 provided the data base for mapping the
wetland communities of the Thomas Road area. The 1941 imagery was the earliest
available photography.

Wetland Oistribution in 1941 Water level of Saginaw Hay at the time of the
June 1941 photography was 55 .3 eet. Because this level is approximately one
foot below the long-term average level for June, the shoreline of Saginaw Bay
was displaced bayward and emergent marsh colonized extensive areas of the
nearshore zone  Figure 51!. Water levels had been below mean level since 1932,
thus the photography reflects relatively stable low-water conditions.

With regard to the nearshore vegetation, three bor ad zones were identified
on the imagery. The f~rst zone is the unvegetated sand flats which support
1ittle plant life because of sun scalding as well as excessively drained
conditions or physiomogi cal drought. Beyond this zone is a broad extent of
emergent bu lrushes and cattails approximately 850 feet in width. The cattails
probably occupied the more shallow areas where peats accumulated. Butrushes, in
contrast, are often more tolerant of somewhat deeper water and sandy substrates
with higher wave energies. Farther bayward, the emergent marsh gives way to
open-water conditions. At least 5 to 6 nearshore bars can easily be counted in
this nearshore environment where wave attenuation is occurring. Some thin
patches of hardstem bulrush and perhaps Sago pondweed as well were colonizing
the lower energy habitats of the bar and trough topography.

The inshore wetlands  inland of the coastal dirt road! also exhibit zonal
patterns. The modern beach ri dge and the landward side of' the older beach ridge
support woody shrubs and small trees. It is likely that some of the trees
uprooted during the record 1ake levels of the early 1970's became established
during the low water of the 1930's. In the lagoon between the modern beach and
the older beach ridge, woody shrub vegetation was frequently dominant.
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Near the lake, a broad zone of meadow graminoids and emergent cattail marsh
was mapped. Most of the cattail was confined to a zone immediately bayward of
the lake. Much of the higher terrain a'Iong the margin of this wetland complex
supported woody shrubs.

Wetland Ve etation in l963 In August 1963, the level of Saginaw Bay was
516.9 eet, or 5 inches ower than in June 1941. Thus the shoreline and
near shore bars were displaced bayward somewhat more so than in 1941  Figure 52!.
Better print contrast enabled a more detailed interpretation of the vegetation
communities for the 1963 survey.

A comparison of the 1963 map with the 1941 map reveals little significant
difference. Basically, the nearshore vegetation exhibited the same pattern
during both time periods. With regard to the inshore vegetation, there are a
few differences. First, the beach ridge vegetation appears more mature, thus
much of it has been mapped as trees as opposed to shrubs. Second, more cattail
communities were identified within the mar ly lake. Finally, increased land
deve1opment pressure has eliminated much of the shrub fringe and other
vegetation in the coatal area west of the lake.

Wetland Ve etation in 1973 In March 1973, water levels attained 580 feet
in Saginaw Bay. During this record high lake level period, erosi on of the
modern beach ridge began to occur and most vegetation communities regressed to
more aquatic serai stages  Figure 53!.

In the nearshore zone, the nearshore bars largely disappeared as a result
of a higher wave base level. Wave energy levels increased dramatically which
resulted in the uprooting of the cattail rootstalks. Debris from the cattails
and the non-ersistent bulrush stems provided material for organic beach ridges,
washovers, and flotsam deposits. In comparison to 1941, the bayward edge of the
emergent marsh receded 400 to 500 feet. Nearly all the cattail colonies were
eliminated in the near shore zone, and hardstem bulrush and three-square
exhibited dominance. Although we expected that the sand flats in front of the
modern beach ridge would be colonized by emergent marsh during high water, this
successional change did not occur because wave energy was now being expended in
the nearshore zone.

The most significant change in the inshore wetlands was the expansion of
the cattail marsh near the artificial lake. In response to higher water levels,
the cattails invaded and displaced large areas of graminoid meadow and shrubs.
Patches of bulrushes were also identified amid the cattails. The presence of
muskrat lodges throughout the cattail marsh indicated that conditions for this
wetland herbivore were optimum.

Another change in these wetlands during the high water period was the
drowning of the lagoon between the modern beach and the older beach ridge.
Although the scale of the map did not permit mapping of this inundation, one
could easily identify open water sites on the photography. Strand lines from
flotsam and organic debris were visible in the lagoons. During the summer of
1974, the authors noticed waterfowl breeding in these lagoons. However, pumping
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and water level management by area farmers e1iminated some of the inshore
wetlands which were temporari ly restored during high-water conditions.

Wetland Area Measurements As indicated in Table 25, water level
fluctuations of Saginaw Bay do affect the area1 distribution of wetland types.
Using the 194l map as a data base, the wetland area under investigat~on
consists of a rectangular area which is 60 acres in extent. This area was
delimited by drawing lines perpendicular to the coast along both margins of the
artificial lake. The offshore boundary is the bayward 1imit of emergent
vegetation on the 1941 imagery which is situated at 1,250 feet from the modern
shoreline. With regard to the 1nland boundary, the farthest landward extent of
the artific1al lake was used to establish the wetland limit. Thus, the
rectangular study area is representative of wetland zones a1ong this portion of
the Saginaw Hay coast.

Soil ser1es descriptions from the Tuscola County soil survey data support
the wetland delimitation above. Three soil series, including Cb  flooded
port1ons of Saginaw Bay!, Es  Essexville Sands!, and Tl  Tappan Loam! comprise
the so1ls of the Thomas Road s1te. Basicai ly these so1ls are poorly drained and
consist of calcareous sands 20 to 40 1nches thick over slowly permeable,
calcareous silty clay loams.

As indicated in Table 25, in 194l the 60-acre Thomas Road wetland complex
was comprised of 48 percent nearshore wetlands and 52 percent inshore wet 1ands.
Because of the low-water conditions, emergent marsh communities occupied 69
percent of the nearshore wetlands. In addition to the strip of unvegetated sand
flats, open-water wetlands are also present, but primarily bayward of the
emergent vegetati on. A thin regressive beach along the hayward edge of the
emergent communities separates the l acustrine wetlands from the Palustrine
wetlands according to the new U.S. Fish and Wi 1dlife Service classification. In
comprison, inshore wetlands consist of tree-shrub, graminoid meadow, emergent
marsh, and open-water types. What is significant here is the relatively similar
areal extent of the meadow and the marsh vegetation.

Although the level of Sagi naw Bay was somewhat lower in 1963, there is
little difference in the areal distribution of' wetland types in 1963 as compared
to 1941. Slightly lower water levels have resulted in the hayward displacement
of the shore11ne and an increase in the width of the unvegetated sand flats. No
significant change was noted in the nearshore wetlands,

In contrast, the high water of the 1973 period generated considerable
change in the wetland distribution. In the nearshore zone, high water resulted
i n the complete elimination of the unvegetated sand f l ats and reducti on in the
extent of the emergent marsh. In the ~nshore zone, the effect, of high water was
also very evident. The increased extent of the emergent marsh and the nearly
complete elimination of the meadow wetlands are obvious. Nore open-water
habitat resulted from the expansion of the lake as well as due to inundation of
the 1ntra-beach ridge 1agoons. In general, during high water per1ods much of
the emergent marsh disappears from the nearshore zone, but it is reestablished
in the inshore wetland zone.
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Table 25

Areal Extent of Wetland, by Vegetation Type
Thomas Road Wetlands, 1941, 1963, 1973

1941 Historical Base Low Water

Acres Percent ofHectare s Total

24.360.0 100.0

60.0 24.3 100.0

100.024.360.0

Nearshore Emergent
Nearshore Flats
Nearshore Open-water

1nshore Trees and Shrubs
Inshore Meadow
Inshore Emergents
Inshore Open-water

Nearshore Emergent
Nearshore Flats
Nearshore Open-water

Inshore Trees and Shrubs
Inshore Meadow
Inshore Emer gents
Inshore Open-water

Nearshore Emergents
Nearshore Flats
Nearshore Open-water

Inshore Trees and Shrubs
Inshore Meadow
Inshore Emergents
Inshore Open-water

20.0
4.45
4.45

9.7
7.8
8.4
5.2

16.1
8.1
3.7

8.6
9.4
9.4
4.7

11.0
0.0

16.5

7.5
1 ~ 0

16.0
8.0

8.1
1.8
1.8

3 ' 9
3.2
3.4
2.1

6.5
3.3
1.5

3 ' 5
3.8
3.8
1.9

4.5
0.0
6.7

3.0
0.4
6.5
3.2

33.0
7 ' 5
7.5

16. 0
13.0
14.0

9.0

27.0
13.5

6.0

14.5
15.5
15.5

8.0

18. 5
0.0

28.0

12.0
1.0

27.0
13.5



In an effort to approximate the areal extent of the wetland types at Thomas
Road during mean lake level conditions, the average of the 1963 and 1973 data
was calculated as indicated:

Wetland T e Acres Hectares Percent of Total

TOTALS 24 ' 3 100.0

Com aratiye Photo Transects Using the July 1977 bisect as a base,
transects across the same environmental gradient were redrawn  Figure 54!.
Water level data was taken from the Harbor 8each, Michigan, gauging station, and
the vegetati on distribution was obtained from the 1963 and 1973 aerial
photography.

Heginning with the August 1963 low-water period, when the water level of
Saginaw Bay was 576.9 feet much nearshore vegetation was evident. More
favorable water levels and protection from wave energy enabled the bulrushes to
develop very extensive rhizome root mats. In the somewhat more shallow areas,
cattails established dense communities, probably by means of seeds. A thin
beach approximately 900 feet from the present shoreline marked the bayward
extent of the continuous marsh cover. Some wave-tolerant bulrushes grew beyond
this thin beach, out to perhaps 1,250 feet from the present shoreline. In the
inshore zone, tussock sedges colonized extensive areas with dogwood and other
shrubs on somewhat elevated sites. Cattails continued to survive in low-lying
environments, but physiological drought brought about by alkaline edaphic
conditions was probably a stress factor.

As exemplified by the 1973 transect, high water conditions generated water
depths and wave energy levels in excess of the toIerance of the nearshore
emergent marsh. The cattails were easily uprooted, but the tenacious rhizomes
of the bulrushes offered considerable resistance. Cobbles on the beach face
indicated the location of wave energy dissipation and some erosion of the clayey
glacial till along the coast. Pumping and other water-level management
practices by area farmers which were designed to eliminate ponding and to lower
water tables allowed the cattail marsh in the inshore zone to colonize extensive
areas. If water levels wer e not artificially lowered in the inshore zone, it is
felt that more open-water habitat would be present in the cattail marsh.

Accompanying the drop of water levels during the ].975-1977 period, the
emergent vegetation re-established itself in the nearshore zone. Although
little cattail is present at this time, hardstem bulrush and three- square are
currently extending their range by means of rhizomes. !n the inshore zone, the
emergent marsh communities are exhibiting stress, particularly physiological
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Nearshore Emergents
Nearshore Flats
Nearshore Open-Water
Inshore Trees and Shrubs
inshore Meadow
inshore Emergents
Inshore Open-Mater

13.6
4.0

10.1
8.0
5.2

12.7
6.4

60.0

5.5
1.6
4.1
3.2
2.1

5.2
2.6

22.7
6.6

16.8
13.3

8.7
21.2
10.7
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drought. Field measurements of the pH of the clayey glacial till revealed
readings of 8.0 to 8.5. Both the cattails and hardstem bulrush are exhibiting
firing of the leaves and stems. Sedges, smartweed, mint, and other herbaceous
plants are beginning to invade the marsh vegetation. Partially dead red ash and
willows are re-establishing their dominance on the modern beach ridge, and shrub
communities will probably extend their range inta the sedge meadow.

Dickinson Island Wetlands

Plant List The following list of cart+on plant species was developed during
the survey of bisects in July and October 1977. When linked together, the
bisects extend from the shoreline  from Gooseneck Pond along Lake St. Clair! to
the hardwoods at the northeast end of the island where elevations of 580 feet
are encountered. The plant list is presented by environmental type.

Coastal Emba ents  Gooseneck Pond of Fisher Bay, Goose Bay!

Three square Scir us americanus
Hardstem bulrush ~cia us acutus
Hybrid cattail 1 ha glance
Water smartweed Po yuonum ~am hibium

Muskgrass Chara sp.
8"- 8uu i ~h1

"""'" " "' "" 8"""'"
Pickerel weed onte eria cordata

Trans ressive Beaches and Island Shorelines

Sedge Carex stdicta
Jewel weed ~lm athens sp.
Thistle Cirsium sp.
Stinging~nett e Urtica dioica
Horning glory Convolvulus ~se ium

E. cottonwood ~Po ulus deltoides
Staghorn sumac Rhus ~t h>na
Willows Salix spp.
Canary grass Phalaris arundinacea
81 ' 1 8 ~61 1 8

Bulrush and 0 en-Water Marsh

Hardstem bulrush ~Scir us acutus
8«8 ~Ch

Muskgrass Chara sp.
Various emergents and submergents
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Dickinson Island is part of the St. Clair River delta wetland complex
located in northeastern Lake St. Clair. Though the international boundary
bifurcates the delta, Dickinson Island is totally on the United States' side.
Approximately 2,800 acres or 4.37 sq. mi 1es in area, Dickinson Island is
largely a natural system because human impacts  residential development and
land filling! have been restricted to the northeastern end of the island. The
inland character is a resu1t of North Channel on the north, Middle Channel on
the east, and Lake St. Clair on the south. A vegetation continuum is present as
the plant communities grade from upland hardwoods in the northeast to cattail
marsh along the southwest. The hydrology is dominated by lake level
fluctuations and by surface drainage of precipitation which falls directly onto
the island.



Cattail Marsh

Canals and Ponds

hib ium
cr 1s us

spp.
identalis

Abandoned Channels

occidentalisButtonbush
Arrowhead
Hardstem b ~s acutus

Neadow Zone
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Hybrid cattail Tl~ha lauca
I -1 I .~t
Jewel weed ~lm atiens sp.
Seedlings of grasses and sedges

Tussock Sed e Marsh

Tussock sedge Carex stricta
Oead shrubs Salix, ~po ulus
Smartweed PoT onum sp.
Scattered catta~ s and bulrushes

Yellow pond lily ~hu har advena
White water lily N haea tuberosa
Green algae  unident> ied!
Duckweed Lemna minor
Pickerel weed Pontederia cordata
tgluskgrass Chara sp.

Trembling aspen ~po ulus tremuloides
Red ash Fraxinus enns lvanica
Red dogwood Comus sto oni era
Gray dogwood Comus racemosa
Swamp rose Rosa palustris
Goldenrods ~o>da o spp.

g ~tt I I
Fowl meadow grass Poa galustris

Shrub Ecotone or Swam Mar in

Red ash Fraxinus enns 1vanica
E. cottonwood ~po ulus de toides
Trembling aspen P. tre~mu oides
tg I Ig

Mud lettuce {Unidentified species!
Duckweed Lemna minor

~ Tv~I
Con+on bl adderwort Utr i cularia

1

Nightshade Solanum dulcamara
Comnon toms~ray hhtum o Ficinale

canadensis

Waterweed El odea canadensi s
I ~t~pn
Curly pondweed Potamo eton
Other pondw
8uttonbush

Three-square Scir us americanus
I I 1 ~gt~

White water lily N~haea tuberosa

Rattlesnake grass ~G1 ceria
canadensis

Cut grass Leersia ~or zoides
Panic gras~s anicum sp.
Sedge Carex str icta
Freshwater r~ush uncus sp.
Silverweed Potentitta anserina
Swamp milkweed Ascle ias incarnata
Morning glory Convo vu us ~se ium

Gray dogwood Comus racemosa
Wild grape Vitis sp.
Understory ~p ants  see Meadow!



Deciduous Hardwoods

Pih oak guercus ~alustris
Swamp white oak iIuercus bicolor
I k s

Shagbark hickory ~Car a ovata
Silver maple Acer saccharinum
American elm Ulmus americana

The coastline of lower Dickinson island along Lake St. Clair is highly
irregular due to embayments and poorly-developed beaches. The transect begins
in Gooseneck Pond  of Fisher Bay! where shallow water and wave diffraction
reduce wave energy  Figure 55!. A't approximately 75 feet from shore, the water
depth was 22 inches and the bottom sediments consisted of soft, clayey ooze 2 to
3 inches thick over sand. The water was surprisingly free of turbidity and the
calcareous substrate supported muskgrass and Sago pondweed. Ten feet from
shore, a live bulrush rootmat was encountered which was supporting a sparse
three-squar e col ony.

The present shoreline consisted of rafted plant macrofragments and a root
mat which was 3 to 4 inches thick. Sedge tussocks grew out of the root mat, but
only some of the tussocks supported live sedges. The beach ridge, which was
about 10 to 12 inches above the lake level at that time, consisted of fine, gray
sand with rootlets. This sand extended down to approximately 24 inches and
exhibited al ternating layers of clean sand and organic- ich sands or peat.

Between the modern shoreline and a small, isolated island, which formerly
supported lar ge eastern cottonwood trees, was an open-water marsh. Hard-stem
bulrush colonized the sandy substrate of the washover area near the modern beach
and was found in scattered locations where water depths exceeded 8 to 10 inches.
Other cordon emergents inc luded pickerel weed and bur-reed. Dabbling ducks
 e.gee blue-winged teal! were observed making forage trails through the
submersed aquatics which consisted pr~mar~ly of muskgrass as well as some water
smartweed and several pondweeds including floating-leaved pondweed. A dead
sedge rootmat covered the bottom of this open-water area, but few dead sedge
tussocks were noted.

At approximately 600 feet from the modern shoreline, a zone of hybrid
cattail was encountered. Along the open-water margin, the cattails averaged 4
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Wetlands Bisect On July 26 and October 7, 1977, a two-segment bisect was
surveyed across Dickinson Island  Figure 55!. The location of the bisects are
shown on Figure 55. Because of the density of ttie wetland vegetation, surveying
instruments could not be used, thus a 100-foot tape and water level controls
were employed instead. Water level of Lake St. Clair during these two time
periods was 574.3 feet and 574.1 feet, respective Iy. Because the average level
of Lake St. Clair for July during the 1900-1976 period was 573.82 feet the
bisect water levels are just slightly above the long-term average. However,
because of the record high levels of the 1972-1975 period, the vegetation
patterns of the bisect may reflect high-water conditions. In order to document
the relationship ot the plant co~unities to the water level, the bisect is
described below in considerable detail.
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to 6 feet in height and exhibited few inf1orescences. The lack of mature
cattails and the presence of muskgr ass suggest that the cattails were actively
invading the open-water area. Mater depths averaged 4 to 6 inches in the
cattail marsh. Farther landward, a small, isolated island was encountered. A
mature eastern cottonwood, which apparently drowned during the high water of the
1972-1975 period, occupied the center of' the island. A few dead willow shrubs
were noted near the base of the cottonwood. Host of the sedge  Carex stricta!
tussocks were also dead, except for a few which were on higher sites. 8~asica ly
the sediment consisted of a foot of' rootmat, including both graminoid and woody
fragments, underlain by clean, fine sand. In the subsurface sands, numerous
CaCO> concreti ons and greenish-brawn stains along r ootlets were noted.

In between the small island and a stranded beach ridge, a distance of
approximately 1,000 feet, was an emergent marsh. Water depths generally ranged
from 6 to 12 inches while the substrate was largely a marsh rootmat underlain by

i. ii i i I i i ii.l f~ii i i iii
6 to 10 feet in height. In general, the cattail shoots emanated fr om rootstalks
which were somewhat elevated or were partially floating. Mater depths above the
rootstalks averaged 6 to 8 inches, whereas between the rootstalks the water
depths ranged from 8 to 12 inches. Nud lettuce and duckweeds were coction where
the cattails were sparse'ly distributed, whereas short-billed marsh wren nests
were numerous in the dense cattails.

Where water depths in the cattail communities exceeded about 12 inches,
colonies of dead cattai'l were noted. 8ecause the dead stalks were still upright
in many places, it was surmised that these communities had succumbed to drowning
within the past two to three years.

Where water depths were even greater, as in scattered pools and in
abandoned distributary channels, hardstem bulrush was present. Along the
mar gins of channels, occasional patches of buttonbush shrubs were observed. The
adventitious roots and lenticels of the buttonbush wer e most conspicuous just
below the water line. Open-water pools which were not directly connected to
Lake St. Clair not only exhibited higher water temperatures, but also contained
watermilfoil, common bladderwort, and green algae. At the time of the survey,
the boundary between the cooler lake water mass and the warmer marsh water was
approximately 1,600 feet from the shoreline.

The stranded beach ridge feature measured 250 feet in width, but averaged
only 2 to 6 inches above the water level at that time. Oead sedge tussocks,
ranging in height from 6 to 8 inches, were noted on both sides of the beach
ridge. Live sedge  Carex stricta! tussocks were encountered atop the highest
ridge which exceeded 55~5 feet >n elevation, Eastward  more inland! of the
highest ridge, the old beach was relatively flat. Young seedlings of tussock
sedge  Carex stricta!, bur-reed, smartweed, and other unidentified graminoids
were coTon>zing th>s recently exposed flat. Although no sedge tussocks were
observed on the central portion of this flat, at depths of 2 to 6 inches beneath
the peaty surface a dead sedge rootmat was encountered. Heneath the surface
or ganics, was light gray-colored, fine sand with abundant CaCO> concretions.

The remainder of the July 26 bisect consisted of a cattail marsh with
drowned sedge tussocks.  As indicated on Figure 55, a short segment of the
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bisect was not surveyed!. Mater depths generally ranged from 4 to 10 inches.
As in other areas, the substrate was comprised of an organic layer 2 to 6 inches
thick underlain by f'ine sands. Nuch of the organic layer appeared to be sedge
macrofragments. Because of the absence of clastic  inorganic material!
sediments within these surface peats, it may be assumed that deposition of
inorganic material did not occur during the recent high lake leve'1 period.

On October 7, 1977, the second segment of the bisect was surveyed.
Beginning with the lakeward-most end, which does not quite match the July 26,
1977, termination point exactly because of a small compass error in the traverse
direction, another ridge-like feature was encountered. This ridge exhibits
biogeographic patterns noted elsewhere along the bisect. For example, live
sedge tussocks were observed only atop the higher ridges where elevations
exceeded 575 feet, but were dead  or drowned! below that elevation. Cattail
colonies grew along the ridge margins where the water table rose above the
ground surface. As an aside, the field investigators noticed that marijuana had
been planted earlier in the year on this beach ridge.

In between the ridge described previously and another very broad ridge
 which was located 4,400 feet from the shoreline! was a cattail marsh nearly 800
feet in width. Although water levels averaged only 2 to 6 inches in depth,
patches of dead cattail were observed amid the live hybrid cattail colonies.
Although the cause of' the cattail die-back was not evident, the old stalks were
stil'I upright, suggesting recent drowning. In contrast, the live cattail c1umps
appeared to be associated with hurrmocks formed by cattail rootstalks. Toward
the landward margin of this vegetation zone, a number of dead sedge tussocks
were also noted.

The broad ridge was nearly 600 feet in width and ranged from 12 to 18
inches above the water table at that time. Live tussocks of the sedge Carex
stricta, which were 6 to 8 inches in height, further character ized the ridge.
In between these tussocks, which were widely spaced in places, a carpet of grass
and sedge seedlings was observed. A few scattered patches of freshwater rush
and of cordgr ass were also observed. Basically the substrate consisted of 0 to
7 inches of five sedge rootmat which, in turn, was underlain by 6 inches of
black, organic- ich sand. Farther down, f'ine sand with oxidation stains were
encountered. A path of' a tracked vehicle was also noted on this ridge.

Immediately east   landward! of the broad sedge-covered ridge was a zone of
dead tussock sedge. What may be significant here is that the dead sedge was at
an elevation below 575 feet, whereas the live tussocks were restricted to sites
situated above that criticaI elevation. Some graminoids and other herbaceous
plants were colonizing this recently "uncovered" surface by means of seeds.

An abandoned channel of a former distributary of the St. Clair River was
encountered 800 feet from the east end of the bisect. Although the water depth
at the time of the survey averaged only 11 inches, the channel was probably much
deeper several centuries ago. Hardstem buIrush, hybrid cattai1, and an
unidentified C erus were noted along the channel margins. Some bur-reed and
C erus were a so o served in the channel, but very little submersed vegetation
cou d be seen.
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East  landward! of the abandoned channel the vegetation becomes meadow-
like. Several white-tailed deer were observed in this zone during the field
survey. In depressions, dead sedge tussocks were encountered along with live
hardstem bulrush. On slightly higher sites the investigators observed stressed
water smartweed and patches of live softstem bulrush. The water table ranged
from 6 to 15 inches below the sur face. The sediments consisted of fibrous marsh
p'Iant macrofragments which, in turn, were underlain by fine, mottled sand.

However, much of the meadow was comprised of a 180-foot wide zone of
b luejoint gr ass. Dead sedge tussocks were observed among the bluejoint grass
along with dead or stressed smartweed. Some eastern cottonwood seedlings less
than one foot tall were also noted. Only a few small red osier dogwood bushes
and other woody shrubs were present in the meadow. Presumably, high water
conditions eliminated some of these shrubs which appeared to be more common on
the photographs taken during low-water peri ods. In general, the substrate of
the meadow consisted of a surface layer of black, greasy, or ganic-rich clay
which was underlain by oxidized, fine sand.

At approximately 225 feet from the eastern end of the bisect, a zone of
five tussock sedge was noted. The sedge was identified as  Carex stricta!. The
field investigators did not anticipate finding a sedge zone at slightly higher
elevati ons than the meadow. As obser ved elsewhere along the bisect, the live
sedge tussocks were approximately six inches in height and the tops of the
stools were generally above 575 feet. The water table at the time of the survey
lay 10 to 25 inches below the surface.

At 160 feet from the end of the bisect a dead red ash tree approx~mately 15
feet. in height was encountered. The depth to the water table near this dead ash
tree was 18 inches. This ash tree, which may have become established in a low-
water period  the early 1960's!, probably drowned during the high water of the
1972-1975 period.

The end of the traverse represents a transition into upland hardwood
vegetation. Deciduous hardwood trees  pin oak, swamp white oak, and silver
maple! were observed among the canopy specimens. Along the woodland margins, an
under story of red osier dogwood, wtld grape, bluejoint grass, and various non-
tussock forming sedges were noted. In places, a shrub ecotone of red osier
dogwood, gray dogwood, r ed ash, and eastern cottonwood was mapped. At the very
end of the bisect, the depth to the water table was 37 inches. Also at this
location the surface layer of soil consisted of 10 inches of black, sandy,
decomposed organic matter. Beneath the organic soil was moist, mottled, fine
sand which contained large tree roots. A pH of 7.6 was measured at a depth of
one foot under the hardwood vegetation, while a pH of 7.8 was measured at a
similar depth in the sedge marsh located on the broad ridge.

wetland Distr ibution at Selected Lake Levels Black and white aerial
photograp y own in ate pri -ear y ay, early July 1964, and in ear ly
June 1975 were utilized to map the wetland vegetation at three time periods.
The water levels of Lake St. Clair at the time of the photographs were as
follows: late Apr il 1949 -- 573.4 feet, July 1964 -- 572.0 feet, and June 1975--
575.6 feet. According to the gauging station at Grosse Point Shores  on I ake
St. Clair!, the 1900-1976 average level for Lake St. Clair in July is 573.3
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feet. The lowest levels recorded for the lake was 569.9 feet in January 1926
and aga~n in January 1936. In contrast, the record high of 576 ~ 2 feet occurred
in June 1973.

Because it is the oldest photograph generally available, the 1949 imagery
provides base line distribution data. Although water levels averaged near 572.0
feet in the 1932-1941 period, during the 1940 's the levels approached the long-
term mean. Thus the 1949 wetland distribution reflects average to low-water
level conditions. During the 1952 to 1964 period, water levels dropped
approximately 3 feet. Thus the 1964 photography should indicate low water, or
at 'least falling stage conditions. In contrast the 1975 imagery clearly
reflects high-water level conditions.

Distribution of Wetlands in S rin 1949 As indicated in Figure 56, the
wetlands of Dickinson Island were extensive in fate April-early Nay 1949. At
that time, the level of Lake St. Clair averaged 573.4 feet, which is
approximately the long-term mean for July. Because water levels during the
period 1931 to 1941 were below normal   at 572 feet!, many of the shrub, meadow,
and sedge communities were well established. Although water levels somewhat
above normal prevailed during the period 1943-1948, the levels apparently wer e
not sufficiently high to i nduce community retrogressi on.

Beginning with the hardwoods along the eastern end of the island, these
oaks and other deciduous trees are restricted to land elevations in excess of
577.5 feet. Immediately east of the largest area of woodland  along Middle
Channel! is a strip of vacation camps and summer homes which can only be
accessed by boat. At the extreme northeast tip of the island, much of' the land
about the scattered oak-hickory stands has recently been cultivated or mowed for
hay. The aerial photography also revealed evidence of cultivation and hay
cropping along the west and east sides of the large wooded area located at the
southern side of the island.

As illustrated in Figure 56, the meado~ vegetation west of the hardwoods
covers a large semi circular area. Although it was most difficult to
distinguish between the grass conmunities of the meadow and the sedge marsh on
the photography, the presence of small shrubs and water levels for the period
1931 to 1949 aided in the determination of vegetati on boundaries. Whereas some
tussock sedge  Carex stricta! may be present in the meadow, it is felt that
bluejoint grass~ow1 meadow grass, and panic grass, along with red osier
dogwood, swamp rose, silverweed, and so forth, probably dominated the
communities.

Where water tables were at or slightly below the surface, particularly if
the substrate was inorganic  along beaches, atop former shorelines now stranded
i n the cattai 1 marsh, and along the levees of the distri butary channels!,
tussock sedge  Carex stricta! and other sedges appeared to be dominant. On
Dickinson Island, sedge ~s~aTly comprises the ecotone between the meadow and the
cattail marsh. Sedges genera'tly colonize the narrow beaches and washovers along
the shoreline. Ridges stranded in the cattail marsh, which have irregular
shapes similar to that of the modern shoreline, are also colonized by sedges.
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Much oF the western half of the island is covered by emergent marsh. As
1nterpreted from the photography, cattail, especially the hybrid T gha lauca,
covered extensi ve areas between the shoreline and the grami noi d wetlands o the
interior. Where water depths exceed 1 to 2 feet, cattail may be replaced by
hardstem bulrush along with a diversity of floating-leaved and submersed
aquatics. Where abandoned channels occur, there is usually some water flow and
thus the substrate may be sandy as opposed to peaty or ooze-11ke. Hardstem
bulrush and buttonbush are corrrrron in such channels. Very little unvegetated
open-water areas were apparent in 1949, with the possible exception of Mud Lake
which is located irrliediately landward of Fisher Bay. In the embayments, which
are protected by d1rect wave acti on, scattered colonies of' three-square and of
submersed aquatics were presumed to be present.

Distribution of Wetlands in Jul 1964 Because water levels in July 1964
averaged on y 572 eet, it may be antic~pated that the plant cormunities would
reflect low-water conditions. Although water levels in July 1964 were 1.3 feet
below the long-term mean for July, as corroborated by the extensive beaches
 Figure 57!, previous water levels were higher and did affect the success1onal
trend of the wet land. Except for the years 1948 to 1950 and 1957 to 1960, surrlier
water levels 1n Lake St. Clair since 1943 generally averaged over 573.5 feet.
Thus, although water levels in 1964 were quite low, the p'Iant communities may
not have had time to fully colonize the available sites.

A comparison of the 1964 vegetation map with the 1949 map reveals only
small differences in wetland d1stribution. Because less cultivation was
practiced in 1964, some encroachment of the woodlands, meadow and sedge
communities on former farmland is evident. Perhaps the main difference is an
increase in the extent of the sedge, particularly at the expense of the shallow,
emergent marsh. Extensive sedge marshes were mapped a'fong both North and NiddIe
Channels. Because water levels were generally above average during the 1943 to
1962 period, it is felt that the western margin of the meadow communit1es still
1ncluded much tussock sedge. However, much of the island, particularly the
marshes, appeared to have been burned during the Fall oi' 1963 to Spring of 1964.
The burning hampered the interpretat1on between sedge and meadow  grass!
communities, and may have retarded shrub invasion oi the meadow zone.

Another difference is a decrease in the extent of the bulrush-submergent
communities w1thin the emergent cattail marsh. It is felt that hardstem
bulrush, and perhaps the hybrid cattail as well, undergo physiological drought
stress when falling lake levels lower the water table 1n the mildly alkaline
sediments of the island. The bulrush-submersed aquatic communities appeared to
have shifted to a zone along the shore11ne where sandy beaches were present.
The decrease in water level also cut off water circulation through the abandoned
distributary channel which trends across Dickinson Island from the northeast to
the southwest. Because cattails and other broad-leaved emergents were apparent
on the 1964 photography, the channel vegetation was mapped as mixed emergents.
As in 1949, very little open-water could be identified in the emergent marsh or
in Mud Lake.

Distribution of Wetland in June 1975 As indicated in Figure 58, the 1975
distribution map c ear y ref ects high-water cond1tions. During the early
1970's, water levels in the Great Lakes rose and reached record highs in 1973.
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By June 1975, the water level in Lake St. Clair had decreased slightly from a
record level of 576.2 feet in June 1973 to 575.6 feet. Even though widespread
die-back and drowning of plant communities had occurred, some of the rhi zomes
and rootstalks of the aquatics remained viable. Relatively low turbidities and
relatively high oxygen levels of the marsh water, which was dominated by Lake
St. Clair water masses, may have been a factor in the survival and
reestablishment of some of the stressed communities.

By comparing the 1975 map with the earlier vegetation maps, the changes
become evident. First, the most significant change accompanying high-water
conditions is the displacement of the shoreline several hundred feet landward.
Most of the former beach ridges were washed over by storm waves and extensive
drowning of the cattail marsh occurred. Bulrush and other aquatic communities
expanded throughout the cattail marsh. However, although there was
considerable cattail die-back and opening up of the cattail marsh, some of the
cattail rootstalks did survive the high-water' period of the early 1970's.

In addition, high water resulted in widespread sedge die-back, except
where land elevations enabled the tussock-forming sedges to remain above the
water level. Much of the mixed grass and shrub communities of the meadow
appeared to have been invaded by sedges. The meadow was restricted to higher
surfaces near the woodlands which did not undergo much die-back. The area of
the developed category increased because of the construction  by the U.S. Army
Corps of Engineers! of two dredged material disposal sites which cover 166
acres.

During the high water, cooler and probably better oxygenated water masses
from Fisher Bay can penetrate the emergent marsh when onshore ~~nds prevails
Perhaps more important, during high water stages water from the St. Clair River
 water flowing down North and Middle Channels! can move into abandoned channels
and canals. Thus, the water quality of the wetlands during high-water periods
may reflect the river and lake properties because the effect of land drainage is
diluted.

Wetland Area Measurements Using a polar planimeter and the 1949, 1964, and
1975 distribution maps of Dickinson Island discussed previously, the areal
extent of each wetland vegetation type corresponding to each of the three time
periods was determined  Table 26!. The entire mapped area shown on the 1964
vegetation map was adopted as the standard area of the Dickinson Island
wetlands. For the purpose of this study, the woodlands and developed lands were
included as wetlands, but the littoral environments in the St. Clair River and
in Lake St. Clair were excluded. As indicated in Table 26, an area of 2,800
acres was adopted as the standard arear'

In 1949, during low to somewhat average water levels, 40 percent of the
island was covered by emergent marsh  cattail!. Sedge marsh was also widespread
and occupied 23 percent of the total area. Three wetland types, submersed/
floating-leaved, meadow, and wooded  including shrubs!, each covered
approximately 10 percent of the wetland area. in contrast, open water
  unvegetated! and developed lands together accounted for only 7.5 percent on the
total area.
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Tabl e 26

Areal Extent of Wetlands, by Vegetation Type Dickinson
Island Wetlands, 1949, 1964, and 1975

1949 Distribution  Low to Average Water Level!

Hectares Percent of Total

SUBTOTALS 1,134.02,800 100.0

 Low Water!

Hectares

1964 Distribution

TotalPercent of

SUBTOTALS 1,134.0 100. 02,800

{High Water!

Hectares

1975 Distribution

TotalPercent of

SUBTOTALS 100.01,134.02,800

* Includes scattered colonies of har dstem bulrush and three-square.
** This category may be underestimated because some open water was included in

the submersed floating-leaved wetland category,
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Wooded and Shrubs
Meadow  Grassy!
Sedge Marsh
Emer gents  Cattail!

*Submersed-Floating
Developed Lands
Open Water

Wooded and Shrubs
Meadow  Grassy!
Sedge Marsh
Emergents  Cattail!

"Submersed-Floating
Developed Lands
Open Water

Wooded and Shrubs
Meadow  Grassy!
Sedge Marsh
Emergent  Cattail!

*Submersed-Floating
Developed Lands

~Open Water

Acres

252
252
644

1,120
322
154

56

Acres

280
252

1,022
1,036

140
56
14

Acres

280
112

364
784
840
210
210

102
102
260.5
453.5
130.5

62.5
23

113. 5
102
414
419.5

56. 5
22. 5

6

113.5
45.5

147.5
317.5
340

85

85

9
9

23
40
11.5

5.5
2

10
9

36.5

37
5
2
0.5

10
4

13

28
30

7.5
7.5



Accompanying the extremely low water of 1964 were several changes in the
areal extent of the wetland communities. In general, the sedge and wooded-shrub
categories increased; the emergent mar sh, submersed/floating-leaved marsh,
developed, and open-water categor ies decreased; and, the meadow exhibited no
change. Although the emergent  cattail! marsh decreased slightly to 37 percent
of the land area, the sedge marsh expanded its range considerably by displacing
either cattail or bulrush-submersed aquatics. It is likely that hybrid cattail,
hardstem bulrush, and some of' the other aquatic species experienced
physiological drought stress during the low-water period. In contrast, the
shrub and hardwood tree communities appeared to expand their range,
particularly in areas formerly cultivated. However, because much of the marsh
was burned prior to the date of the photography, shrub invasion of the meadow
communities may have been inhibited.

The record high water of the 1970's caused extensive changes in the areal
extent of all the wetland categories, except for the wooded-shrub category.
Although considerable die-back of the scattered shrub communities, which were
located within the meadow and sedge marsh, did occur, the hardwood tree stands
were generally not adversely affected by the higher water table. In contr ast,
the meadow communities were subjected to drowning and were displaced to a large
extent by sedges.

Perhaps the most dramatic impact of the high water was to increase the
extent of the submersed/floating-leaved communities at the expense of the
emergent  cattail! mar sh and sedge marsh. Even though sparse colonies of
hardstem bulrush were probably scattered throughout the submersed/floating-
leaved category, this area was not considered to be emergent marsh because of
the presumed abundance of muskgrass, pondweeds, and other aquatics. Moreover,
since there appeared to be some vegetation present, the photo interpreter could
not classify these areas as open water. Patches of open water were present in
the old channels, along the drowned shoulders of North and Middle Channels as
well as along the shoreline of Fisher Bay.

Although the 1949 map does reflect near average water level conditions, it
was felt that Dickinson Island has changed considerably since 1949. Therefore,
in order to derive the areal extent of each wetland type for mean water level
conditions, the areal data for 1964 and 1975 were averaged. As indicated below,
some adjustment of the data was necessary because of the diking of some of the
wetlands for dredged material disposal sites.
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Wet land T e Acres Hectares Percent of Total

TOTALS 100.0 X2,800 a. 1,134.0 ha.

* The 1975 figure was utilized because the development appears to be permanent,
i.e., disposa1 sites and resi dences.

Com arative Photo Transects In an effort to comprehend the processes of
plant communicty succession and of retrogression, photo transects of Dickinson
Island were prepared  Figure 59!. The July-October 1977 bisect, specifica11y
the land elevati ons and substrate types, was adopted as the base for transects
representing July 1964 and June 1975. The vegetation data were derived
principally from interpretation of aerial photography, but some interpretation
of peat fragments and of long-term water levels was also included. Water level
data were taken from the U.S. Lake Survey gauging station at Grosse Point
Shores, Michigan.

8eginning with the July 1964 tr ansect, when water levels were 1.3 feet
below the long-term mean level for July, a dense vegetation cover was evident.
Shrub and woodland resumed optimum growth and may have invaded new sites by
means of seeds. Meadow grasses, along with a mix of forbs and shrubs, dominated
a wide area immediately west of the woodlands. Throughout much of the lower-
lying wetlands, sedge and cattail marshes were extensive. Sedge generally
occupied the somewhat elevated, inorganic soil sites where physiological
drought may stress cattails and other broadleaved emergents. In contrast,
hybrid cattail tolerated the low-water conditions only in depressions and in
sites where the water table lay within approximately 1.5 feet of the surface.

I ow water is generally accompanied by peat accumulation and by water
movements through the sediments as opposed to surface water f1ow. These water
1eve1 conditions are also associated with wider beaches which tend to be
colonized by sedges, reed canary grass, and sometimes by shrubs.

As exemplified by the June 1975 transect, high water levels produce
community retrogression. Although much die-back of the cattail marsh occurred
as a result of excessive water levels, in some colonies the cattail rootstalks
survi ved but did not produce inflorescences nor dense stem growths. It is
possible that some of the cattai1 rootstalks were buoyed up by the higher water
levels and that this mechanism enabled some of the rootstalks  ~Ti~ha ~lauca! to
resist drowning.

On the aerial photography, some of the drowned cattail marsh appeared very
dark in tone. This tonation indicates that either the organic-rich bottom
sediments are visible through the semi-transparent water, or the dark-colored
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Wooded and Shrub
Meadow  Grasses!
Sedge Marsh
Emergent  Cattail!
Submersed/Floating-Leaved
Open Water
*Developed Lands

280
182
643
883
490
112
210

113.5
73.5

260.5
357.5
198.5
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har dstem bulrush is abundant. The 1977 bisect suggests that the former
~nterpretation is more likely and that much of the open cattail marsh is
actually dominated by submersed aquatics  e.g., muskgrass! as well as scattered
floating-leaved and emergent species. Because ver y little inorganic sediment
was encountered ~~thin or atop the root mat and peat deposits, it is concluded
that high water is not accompanied by excessive turbidity or s~ ltation as in
many other Sreat Lakes coastal wetlands.

The sedge marsh and the meadow comiiunities were also subjected to die-back
and displacement. The field data suggest that tussock sedge  Carex stricta!
survived if the tussocks developed height to an e1evation equal to or greater
than 575 feet. Throughout much of the emergent marsh, the investigators
observed dead sedge tussocks and peat deposits which were comprised of sedge
macr ofragments . Except for the margins of the deciduous hardwoods and the
understory of the shrub communities, the meadow grasses were displaced by
sedges. Paradoxically, within a year or two after the drowned sedge marshes
were "uncovered" by fa1ling water levels, many grasses, including bluejoint
grass, appeared to co1onize these surfaces more quickly than sedges.

The rise of lake levels was also accompanied by the recession of the
relatively thin beaches along Lake St. Clair. when storms occur, the waves push
sand and flotsam on top of' the sedges and other plants which are colonizing the
beach ridge. Thus alternating layers of in situ peat and sand characterize many
of the beaches. However, because record Take Tevels were attained, most of the
beaches were eventually washed over. Nevertheless, the loss of protective
beaches did not contribute to the wave erosion of the cattai1 marsh because the
wave climate in the shallow wetlands was relatively low.

As the water levels began to recede  see July-October 1977 transect!,
colimunity succession takes place again. Tussock sedge con+unities are
initi a11y located only where the stools survived the previous high water period.
In many places where the sedges succumbed to high water, grasses have
recolonized the bare sites by means of seeds. Thus, for a few years following a
high water period, tussock sedges may be observed on sites somewhat more
elevated than those occupied by meadow grasses. Because meadow grasses, forbs,
and shrubs may eventually shade out the sedge tussocks, this paradoxical
juxtaposition should be eliminated after several years of succession. Sedges,
in turn, may displace cattails and other stressed emergent comunities.

With the dec1ilie of water levels, the cattail marsh will re-establish
itse1f where the rootstalks are sti11 viable. Field observations revealed that
the surviving rootstalks were characterized by rootstalk mounds or by partially
buoyed root mats. As the cattails spread vegetatively and perhaps by means of
seeds as well, cattail die-back areas are re-vegetated and the submersed
coenunities are displaced. During the 1977 field survey, hardstem bulrush and
other open-water species were encountered only in the abandoned channels or in
depressions.

Falling water levels ar e also accompanied by the redevelopment of the beach
ri dges along the shoreline. Although the beach ridges do afford some protection
from wave action, wave heights in these shallow interdistributary bays are
relatively low. It is felt that during low-water periods the beach ridges and



other elevated s1tes impede the exchange of water masses between the emergent
marsh and Fisher Bay. Reduced connectivity also adversely affects the spawning
of wetland-dependent fish as well as the movements of' waterfowl broods.

Woodtick Peninsula Wetlands

Plant List The list of common wetland plant species was derived during the
y a vegetation bisect an June 8-9 and June 23, 1978. The bisect was

surveyed perpendicular to Woodtick Peninsula, beginning at approximately Og5
mile south of Consumer's Power Whiting Plant and ending in a cultivated f1eld
west of the Bay Creek Shoot1ng Club. Listed below, by environment type, are the
abundant plant species.

Barrier Beach Woodtick Peninsula

Wild grape Vitis sp.
Jewel weed T~matiens ~ca ansi s
Smartweed ~o~voonum sp.

E. cottonwood Po u lus deltoides
Willows Salix ~ra i isantnathers
Box elder Acer ~ne undo

Backshore of Barrier Beach  Washovers on barrier beach!

Bur-dock Arctium sp. Sweet clover Meli lotus spp.
Canary grass Phalaris arundinacea Small willows~So ix spp.
tl ' I t t ~~C' »g

~dd ttl d d d fit l«l

Arrowhead Sa ittag ia latifolia Softstem bulrush ~Soir us validus
II -I t I~mt if 11 � t
Hybrid cattail 1'ypha El auca

0 en-Mater of North Maumee Ba

Eg t d d~gt g«l t

~t" t El ld El tt lg Fl 1gCI Ct

Softstem bulrush ~Soir us vali dus
Spike rush Eleocharis sp.

tatifolia
~thou~ saricaria

Arr owhead
Spiked 1 oo
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Located 1n southeastern Monroe County, Michigan, along the western coast
of Lake Erie, the Moodtick Peninsula Wetland Complex consists of a barrier
1sland  Moodtick Peninsula!, a backbarrier embayment  North Maumee Bay!, and a
coastal marsh situated at the margin of the lakeward dipping lake plain. The
wetland is bounded by Lake Erie on the east, Maumee Bay on the south, Highway I-
75 on the west, and Consumer's Power Whiting Plant on the north. The Erie
Shooting and Fishing Club Marsh, a pr1vate club founded in 1857, encompasses
1,000 acres of diked marshland. Although Bay Creek and a few other small
tributaries and artific1al canals input into North Maumee Say, the hydrology of
this backbarrier wetland complex is controlled by long-term lake level
fluctuations as well as by short-term wind-generated circulation and seiches.



I .1 I «I 11 ndk ~if
Hybr id cattail T ha fliauca Jewel weed ~1 n atiens ~ca ensis
Canary grass Pha gris arundinacea

~MI ff  kfk lg� k!

Narrow-1 eaved cattail ~Tea
t f 1'

t. cottonwood seedlings ~po ulus
deltoides

Siil~ows Sa ix spp,
Jewel weed ~% atiens sp.

Hyb T ha glance
Spiked loosestri e L thrum salicaria
I defi i »r

Old Field - Abandoned Farmland

Canary grass Phalaris arundinacea
Jewel weed ~lrn at ens sp.
Sedge Carex ~str ata

Sedge Carex
Sedge Carex

Wetland Bisect In June 1978, the Woodtick Peninsula and the North Maumee
lyd~d 1 «1 1. I 1 1 f1k fl 1 I
1978 averaged 572.25 feet, which is 1.32 feet above the long-term average for
June. As indicated in Figure 60, the bisect consists of two segments with an
unsurveyed section in the middle. The central portion was not surveyed because
of the diked Erie Shooting and Fishing Club Marsh is a managed wetland and
immediately east of the Big Dike is the water i ntake canal of Consumer' s Power
Whiting Plant.

The bisect description will proceed from east to west, beginning at the
Lake Erie shore of Woodtick Peninsula. At about 325 feet from shore a well-
developed nearshore bar was encountered. This sandy, ripple-marked bar was
nearly 50 feet in width and at the crest extended upward to 1.95 feet from the
lake surface. A few scattered Sago pondweeds were noted on this bar. Farther
offshore, other nearshore bars were apparent as indi cated by para11el lines of
breaking waves in this shallow, nearshore environment.

Another bar was encountered at 124 feet from the shore. In general, soft,
fine sands or sticky clay sediments were found in between the nearshore .bars'
As indicated by uprooted trees and by roots in the subStrate, large cottonwood
trees once colonized a beach ridge which is now 100-125 feet from the modern
transgressive shoreline. Near the uprooted trees the field investigators found
clayey peats averaging 6-12 inches in thickness. At approximately 50 feet from
the shoreline the sediments became extremely soft and consisted of organic-rich
ooze. Gray, silty clays underlie all the nearshore sediments.

At, the time of the fie1d survey, Woodtick Peninsula averaged only 90 feet
in width and attained 3-4 feet in elevation above lake leveI. The total
thickness of the barrier island sands averaged 5-6 feet and were underlain by
gray, silty clays. Although the beach face was unvegetated, near the crest of
the barrier the investigators noted young cottonwood and small wi11ow trees as
well as sweet clover, wild grape, and jewel weed. Coarse sand and shell
fragments, along with some gravel, characterized the beach ridge sediments,
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including the washovers which, in places, extended across the eroding
peninsula. Cottonwood seedlings and wi'Ilow brush were colonizing the sandy
washovers along with canary grass, sweet clover, and bur-dock.

Qn the landward side of the barrier island, a narrow band of canary grass
and bluejoint grasses colonized the back shore. A layer of peat 6-8 inches
thick was associated with this plant community, but may have been formed by
cattails and sedges during the 1972-1975 high-water period. Beyond this grassy
zone was an emergent marsh which extended for a width of approximately 30 feet.
Cattails, three-square, and some arrowhead comprised this marsh. Water depths
ranged from 8 to 24 inches and the substrte consisted of soft, silty clays. ln
the deeper portions, some Sago pondweed colonized the soft bottoms. American
lotus had been identified here in previous years, but this endangered species
was not observed during the bisect survey.

The open-water area of North Maumee Bay from the edge of the emergent marsh
 described above! to the Consumer's Power intake cana1 near the Big Dike was not
surveyed in detail. A walkthrough from Woodtick Peninsula to a small, wooded
is1and located immediately east of the i ntake canal revealed water depths which
ranged from 2-3 feet. A1most no vegetation was noted in this somewhat turbid
and soft-bottom, lagoonal environment. Generally the sediment consisted of
soft, organic-rich clays under lain by a blanket peat. The b1anket peat, which
may have formed under a cattail marsh or sedge meadow during the low-water
period of the mid-j960's, was underlain by gray, silty clay.

The second segment of the bisect begins within the diked wetlands of the
northern portion of the Erie Shooting and Fishing Club Marsh. Water level
within this enc'losure was 1.16 feet lower than that of Lake Erie because of
water level management. Along the shoreline a narrow zone of softstem bulrush
was encountered which graded into a mixed softstem bulrush and spikerush
community. Farther 1andward, an unvegetated washover of cattail-bulrush
macrofragments was surveyed. This washover appears to have been deposited
during the high lake level period of the early 1970's.

Across the remainder of this diked wetland  over a distance of 300 feet!,
peat flats and emergent marsh were noted. Generally the water table 1ay 6 to l2
i nches below the surface, and the substrate consisted of 12 to 18 inches of root
mat and marsh peat.

Separating the Erie Shooting and Fishing Club and Bay Creek Shooting Club
marshes are two earthen dikes with a canal in between. The dikes were 4 to 5
feet in height and were colonized by sma11 cottonwood trees, gray dogwood,
sumac, wild grape, and smartweeds. The canal, which aver aged 100 feet in width,
contained turbid, gray-colored water. 1n contrast, the water inside the Erie
Shooting and Fishing Club marsh appeared to be somewhat less turbid and more
brownish in co1or. Erosion of the silty clay dikes may exp1ain the turbidity of
the canal water. However, in a nearby canal hundreds of carp were trapped by
low water levels. These fish create turbidity by their feeding and swimming
activities as well as by attempting to leap out over the poorly vegetated banks
of the dikes.

-255-



West of the second earthen dike, a shrub die-back was encountered. Most of
the dead shrubs were young eastern cottonwood and willo~ trees which probably
drowned during the record high water levels of the 1972-1975 period. Under the
dead shrubs were arrowhead, jewel weed, and patches of cattail. The sediments,
though somewhat peaty at the surface, were generally silty clays which became
quite dense at depths of 3 feet or so.

The next vegetati on zone encountered was a cattail marsh. This zone,
approximately 175 feet in width, was dominated by hybrid cattail with an
understory of arrowhead and jewel weed. As the cattail marsh graded into a
field meadow, narrow-leaved cattail became the dominant emergent. Along with
the narrow-leaved cattail, a number of other species were found here including
canary grass, arrowhead, and dock.

Between the cattail marsh  described above! and a small earthen dike was an
old field-wet meadow wetland type. The substrate generally consisted of black,
blocky clays and silty clays. Field pH measurements revealed alkaliine
conditions as the pH ranged between 7.0 and 8.0. Although the water table lay
only a few inches below the surface, during lower lake levels this field was
planted in corn and other waterfowl-attracting grains by the Bay Creek Shooting
Club. At present the vegetation is quite diverse and includes scattered
cattails, canary grass, arrowhead, jewel weed, dock, and several sedges.

West of the small dike, which was colonized by gray dogwood and other
shrubs, was an uncultivated old field. This o1d field was poor ly vegetated, but
did support cattails in the low-lying areas. Beyond the old field was a
cultivated rye field. The water table under the rye field averaged about 22
inches below the surface. At the surface the substrate consisted of black,
blocky c1ay which became more compact and more mottled with depth. At.
approximately 26 inches below the surface, the substrate graded into a compact.,
gray silty clay which contained numerous orange- and brown-colored concretions.
Some of the concretions were calcareous and fizzed when acid was applied.

Wetland Ye etation at Various Lake Levels Using b1ack and white aerial
photography f own on u y 27, 1937; May 27, 1964; and, on August B, 1975,
vegetation maps were generated of the Woodtick Peninsula wetlands. Water levels
of Lake Erie at the time of the photography were as follows: July 1937: 570.6
feet; May 1964: 569.7 feet; and, August 1975: 572.4 feet. Whereas the 1937
photography provides base line data, both the 1937 and the 1964 imagery reflects
low-water conditions, and the 1975 photography is indicative of high lake leve1
conditions.

Ye etati on in 1937 Although the water level in July 1937 was at 570.6
feet, ake eve s for the period 1934-1936 averaged below 569 feet. !n fact,
the historical record low-water levels of Lake Erie for the months of March
through December were recorded in 1934. Thus the 1937 imagery reflects both the
base line and extreme low lake level conditions.

Perhaps the most striking aspect of the wetland vegetation distribution in
1937 is the zones of emergent marsh located lakeward of Woodtick Peninsula
 Figure 61!. In places, this emergent marsh is B00 feet or more in width. Much
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of the vegetation appears to be cattail along with a fringe of bulrushes
 possibly hardstem bulrush! and perhaps some Sago pondweed as well. Although
the barrier beach had not exhibited much lakeward accretion, shoaling resu1ting
from lower lake levels during the 1930's permitted the emergent vegetation to
colonize the nearshore zone. At least 6 nearshore bars could be identified on
the photography of the nearshore environment.

Another feature of this time period is the extensive colonization of the
North Maumee Bay area by wetland vegetati on, including the landward side of
Woodtick Peninsula. The open-water portion of the bay was only 1,640 feet in
width. In the southern portion of Maumee Bay, the wooded islands   Indian and
Gard Islands! exhibited fringes of cattails and floating-submersed aquatics.

A large segment of the marsh, which is now contained in the Erie Shooting
and Fishing Club and Bay Creek Shooting Club marshes, exhibited dark tones on
the photography. This tonal pattern suggests disturbance resulting from some
management practice, such as burning or mowing. Although it was not possible to
key out the plant communities, it is believed that the disturbed marsh contained
sedges and grasses  canary grass and bluejoint grass! as well as mint, swamp
rose mallow, and annua1 weeds. Because of the encroachment by agriculture along
the upland margin, 1ittle shrub or wooded swamp remained in 1937.

Ye etation in 1964 Although the leve1 of Lake Erie in May 1964 was at
569.7 eet, or 0.9 feet below the 1937 level, the 1964 photography does not
reflect low-water conditions as completely as the 1937 imagery. This is because
the years previous to 1964 were associated with lake water levels that averaged
between 570 and 571 feet. Moreover, during the early 1950's, near record high
levels were measured.

The 1964 map reveals that the very little emergent marsh lakeward of
Woodtick Peninsu1a was present  Figure 62!. However, patches of bulrushes or
cattails too small to map did appear on the photography. The photographic
analysis a1so revealed exposed peats along the peninsula shoreline. Farther
south along the peninsula, near North Cape, a breach in the beach ridge was
evident.

Landward of the barrier island, the major change since 1937 involve the
Erie Shooting and Fishing Club Marsh. In 1951 dredging by Consumer's Power of
the water intake canal generated the spoil necessary for the construction of the
Big alike. Water level management of all the sections within the diked complex
was possible in 1960  Hunt and Micke1son, 1976!. Thus, vegetation changes
within the diked enclosure, as observed on the 1964 photography, can not be
directly associated with water level fluctuations of Lake Erie.

Whereas very little f1oating-leaved or submersed vegetation was evident on
the 1964 imagery, open-water environments are widespread. Likewise, bulrush
communities could not be located in 1964. Much of the wet'land vegetation
consisted of cattail marshes along with some sedge-grass meadow. Except for
Indi an Island, most of the wooded islands tended not to exhibit a fringe of
emergent or submergent marsh. As in 1937, little shrub or swamp vegetation
existed along the upland margin due to the encroachment of agricultural and
other land uses. However, except for the construction of the Whiting Plant by
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Figure 62. Oistribution of Wet1and Vegetation at Woodtick
Peninsula, 1964, Monroe County, Michigan
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Consumer's Power during the 1950's and continual development along Maumee Bay
near Toledo, Oh1o, little change in the limit of agriculture-developed lands
occurred.

Prior to the constructi on of the Whiting Plant,, the State of Michigan's
Department of Conservation leased a large ar'ea of northern Maumee Bay. The
leased area was a waterfowl refuge until about 1955 when the property owner,
Consumer's Power, initiated plans for the construct1on of the fossil-fuel power
station. The Michigan Department of natural Resources now maintains a public
hunt1ng area  Er1e State Game Area! south of the Erie Shooting and Fishing Club
Marsh.

Wetland Ve etati on in 1975 During the period 1972-1975 the coast of Lake
Erie was subjected to extensive erosion and flooding as a result of record high
water levels. In June 1973, Lake Erie attained a record level of 573.5 feet and
levels in 1974 continued to be relatively high. However, in 1975 the water
level began to drop, and by August 1975  the date of the photography used for
mapping! Lake Erie averaged 572.4 feet.

Woodti ck Peninsula, 1n 1975, reflects h1gh-water conditions as it is
breached 1n three places  Figure 63!. Not only is the beach ridge
discontinuous, in many places the barrier island has receded 150 feet and the
establ1shed beach ridge trees have been uprooted. Even the dikes enclos1ng the
fly ash pits of the Wh1ting Plant underwent erosion and some fly ash sediment
was noted as far south as North Cape. Washover deposits were pushed by waves
acr'oss the eroding barrier island, particularly during fall and spring storms.

Compared to the 1964 map of vegetati on, the main d1fference is the loss of
cattail and sedge-grass meadow wetland types. Open-water environments are more
predomi nant in 1975 than 1n 1964. In many places, open water extended 1nto
agricultural fields and developed lands. Highway I-75 as well as flood-control
dikes in the fields acted as barriers to the flooding and erosion processes.
Only in the diked wetlands and in protected embayments did cattail and meadow
communities survive. The extensive flooding caused die-back of shrub
communities, 1ncluding those along the dikes and on the wooded islands.

Wetland Area Measurements Using a polar planimeter and the 1937, 1964, and
1975 wet an vegetation maps discussed previously, the area of each plant
community was determined during the three time periods  Table 27!. The l937
wetland distribution map, because it represented extremely low-water
condit1ons, served to delimit the wetland boundary along Lake Erie. With regard
to the inland boundar y of the Woodtick Peninsula wetlands, the boundary of the
Lenawee Silty Clay Loam  Ponded! soil series was utilized. The southern lim1t
of the wetland complex is a line drawn along the southern perimeter dike of the
Erie Shooting and Fishing Club Marsh. This line was temporarily drawn on the
three vegetation maps, but was erased after the plan imetering was completed.

In 1937, the Woodtick Peninsula wetland complex included an area of 2,395
acres  Table 27!. This area has been adopted as the standard area for the 1964
and 1975 time periods as well. Because of low-water conditions, the emergent
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Table 27

Areal Extent of Wetlands, Woodtick Peninsula
By Vegetation Type, 1937, 1964, and 1975

1937 Historical Hase Low Water

Acres Hectares Percent of Total

TOTAL 2,395 970.0 100

1964 Distribution Low Water

Hectares Percent of TotalAcres

TOTAL 2,395.0 1OO.O970.0

1975 Distribution Hi h Water

Hectares Percent of TotalAcres

TOTAL 2,395 970 100.0

* Includes managed wetland within diked areas.
~ Vegetation within diked wetlands not included.
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%pen Water
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407
191

1,461
240

72
24

1,061. 5
69

610
67

265
322.5

1, 645
0

357
15

156
222

165
77.5

591.5
97
29
10

430
28

247
27

107.5
130.5

666
0

145
6

63
90

17
8

61
10

3
1

44.0
3.0

25.5
3.0

11.0
13.5

68.5
0.0

15.0
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marsh was very extensive and covered 61 percent of the total wetland area.
However, this marsh exhibited very dark tonal parterns on the July 1937
photography. The tonal patterns suggest some management of the mar sh, possibly
winter burning, mowing, or spraying.

Other features of the 1937 wet1and area measurements include the
relatively low percentage of open water  only 17 percent! and floating-
leaved/submersed aquatic beds of sufficient distribution to map and planimeter.
It is likely that wild celery, Sago pondweed, and American lotus were among the
aquatic species present. Although the sedge-grassy meadow exhibited
considerable distribution, this category may be under estimated slightly because
the managed marsh category could not be interpreted with suff1cient detail to
permit identification of meadow areas. fiery little shrub-swamp vegetation was
present because of agricultural encroachment. Though some dikes were in place
as early as 1920, it was not until 1960 that water level regulation was possible
at the Er 1e Shooting and F1shing Club Marsh.

The year 1964 was also indicative of low-water conditions. However, area
measurements reveal several important changes. First, the extent of open water
increased, perhaps due to the high-water during the 1950's and because of
increased turbidity and siltation. Second, the beds of floating-leaved and
submersed aquatics largely d1sappeared. Third, the emergent vegetation,
particular ly the cattail marsh, decreased markedly in area. Completion of the
outer dike and establishment of a partia11y closed circulat1on system may have
prevented elimination of some of the emergent, floating-leaved, and submersed
vegetation w1thin the Erie Shooting and Fishing Club Marsh. In contrast, the
diking of the shooting club marsh and of the fly ash pits resulted in the
creation of islands and of diked sites for shrub growth.

Comparison of the 1975  high water! and the 1964  low water! area
measurements reveals surpr1singly little difference in the wetland vegetation.
The main change was a sharp increase in the extent of open water  from 44 to 68.5
percent of the total area!. However, it should be pointed out that within the
1,000 acre d1ked marsh of the Er1e Shooting and Fishing Club, nearly two-thirds
of the enclosed wetland consists of open-water environments. Another important
difference is the decrease in the extent of the emergent. marsh, particularly of
cattails. The sedge-grass meadow was also reduced in extent, as was the shrub-
swamp, principally because of the erosion of the Woodtick Peninsula.

In order to approximate the mean area and percent of tota1 area of the
various plant communities at Noodtick Peninsula during average 1ake 1evel
conditions, the area measurements for 1964  low water! and 1975  high water!
were averaged as indicated below. A total area of 2,395 acres was adopted as
the standard area. In order to estimate the areal extent of each vegetation
type the plant corrInunities within the Erie Shooting and Fishing Club Marsh were
also planimetered. Therefore, the developed/f111 category is comprised of
agricultural fields, power plant complex, and fly ash sites, but not diked
wetlands. The undiked portion of this wetland may exhibit less float1ng-
leaved/submersed arId emergent vegetation than diked areas because of excessive
turbidity and substrate changes. To cause the 1964-1975 average to total 2,395
acres, the open-water category was adjusted.
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Wetl and T e Acres Hectares Percent of Total

TOTAL 100. 02,395 790.0

* Does not include the Erie Shooting and Fishing Club diked wetlands.

Com arative Photo Transects When the three time periods are studied in
profi e, by reconstructing the 978 bisect for the 1964 and 1975 periods, the
plant community successional trends are evident  Figure 64!. The June 1978
bisect served as the base for the other two time periods. Except for obvious
beach changes, it was assumed that little change in elevation took place. Some
substrate changes near the surface were surmised on the basis of short cores
taken during the bisect survey and by associating known sediment processes with
lake 1evel conditions. Water level data were taken from the Cleveland, Ohio,
and Monroe, Michigan, gauging stations.

Beginning in May 1964, when Lake Erie was at 569.7 feet, low-water
conditions prevailed  Figure 64!. At this time, a very shal1ow nearshore
environment in excess of 750 feet was evident. Although nearshore bars and Iow-
wave energy permitted the growth of a few scattered emergents in the nearshore
zone, the emer gent vegetation was not as extensive nor as dense as in the 1937
low-water period. In 1964 the barrier beach was in excess of 300 feet in width
and probably was 7 feet or more in elevation above lake level at that time. Qn
the back-barrier side, cattails and other emergents established dense colonies
and some peat accumulated. Along the upland margin of the wetland complex,
shrubs extended their range and may have displaced some of the graminoid forms.

The 1975 bisect reveals the extensive drowning and die-back which
accompanied the high-water conditions. Although water levels in August 1975
were 572 ' 4 feet, in 1973 the water level reached a record leve1 of 573.5 feet.
High water levels raise the base level of Lake Erie which, in turn, allows storm
waves to pass unattenuated over the nearshore env~ronment ~ Thus the waves break
and expend their energy on the easily erodable beach sands. The uprooting of
the beach ridge tr ees, recession of the beach, and washover of sand into the
backbarrier side accompanies high water level conditions.

The high water conditions also increased wave action in the lagoon. This
more intensive wave action in the lagoonal environments of North Maumee Bay
appears to have been associated with the blanket- like deposition of sticky,
gray, silty clays . In addition, very little cattail or meadow survived the
higher water levels and incr eased wave erosion. Die-back of the shrub
communities also occurred.

In June 1978 water levels had dropped only to 572.25 feet. Nevertheless,
the barrier beach was no longer exhibiting critical erosion as evidenced by
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Open Water
Floating/Submersed
Emergents
Meadow
Shrub/Swamp
*Developed!Fill

1,300
35

484

42
211
323

525.6
14.0

196.0

17.0
85 ' 5

131.0

54.0
1.5

20.0
20.0

9.0
13.5
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Toussaint Marsh

This wetland complex is located in Otta~a County, Ohio, along the Lake Erie
coast. Basically, the wetland is an estuary of the Toussaint River and Rusha
Creek. However, many of the shallow lagoons landward of the barrier beach
ridges, which flank the river mouth, have been diked and modified by human
activities. Because of the flat, relat1vely fertile lake plain soils  FuIton
and Lucas soils!, agriculture has encroached upon these coastal wetlands. As a
result of agricultural encroachment and 1neffective non-point water management,
turbid1ty levels are high, especially in the lower Toussaint River.

Toussaint Marsh is a backbarr1er marsh located between lower Toussaint
River and Camp Perry, Ohio. Agricultural fields and Highway 2 form the landward
boundary. Local residents refer to the Green Bay and the Huntington marsh in
the northern and southern port1ons, respectively. Toussaint Marsh is a private
shoot1ng club marsh which has been diked since the late 1800's. Because pumping
and water level management has been practiced since at least the 1940's, this
wetland can not be regarded as a natural system. Thus, a bisect was not
surveyed across this wetland, nor were photo transects constructed as in the
case of the other six study areas.

Plant List The plant list below was developed by walkthroughs and a boat
transect through the Green Bay and Huntington Marsh on June 22, 1978.
Relatively high lake levels resulted in a predomi nance of species tolerant to
inundation.

Erodin Barrier Beach along Lake Er1e.

Indian berry Parthenocissus sp?
Jewel weed Im atiens sp.
Morning glory onvolvulus ~se ium

E. cottonwood ~Po ulus deltoides
Willows Salix spp.
Gray dogwood Comus racemosa
Wild grap Vitis sp.

Backbarri er Fl ats and Marshes  of erod1ng barr1er beach!

Jewel weed ~Im atiens sp.
Sweet fl at Acorus cal amus

Pciker el weeWPont~eer>a cordata
Smartweed ~pol onum ~am nibium

Willows Salix spp.
Thistle Cirsium sp.
Canary g~rass el aria arundinacea
Sedges Carex spp.

266-

several nearshore bars forming in the nearshore zone. Although open water
cond1tions persisted throughout the open marsh as well as within the diked
enclosures, some expansion of the cattail colonies by rhizome extension began to
occur. However, because most of the floating-leaved and submersed aquatics have
been eliminated, the re-establishment of these plant commun1ties may not take
place unt1l water levels drop considerably lower. High turbidity and clayey
substrates may reduce the available habitat for many of the intolerant aquatic
species. In fact, the elimination of floating-leaved and submersed vegetation
in the Woodtick Pen1nsula wetlands may be evident in the 1964 vegetation map
which exhibits a surprisingly restricted distribution of these plants.



~gh fg g dh I"g«

Hybrid cattail Y ha glauca Water willow Decodon verticillatus
II. -I d « .~ii I lilt ~~t

g ~l» I d I l hd kg
II h f ~lh

 of Green 8ay!

River bulrush Scir us fluviatilis'|
Sweet flat Acorus ca amus
Flowering rush Butomus umbellatus
Mater shield Brasen?a schreberi
Yellow water ~i y ~Nu har advena

White water lily ~N e~haea odorata
ld ~2
Cugly-leaved pondweed P. ~eris us
Floating pondweed P. natans

Oikes and Artificial Levees

E. cottonwood ~Po ulus deltoides
Willows Sa?ix spp.
Burdock Arctium sp.

Thistle Cirsium sp.
Canary grrass Shalaris arundinacea

~gd I tl I d f I hf

E. cottonwood ~po ulus deltoides

Red osier dogwood Comus sto'tonifera
Gray dogwood Comus racemosa
Elderberry Sambucus sp.
Canary gras~spha ag is ar undinacea

Various grasses Panicum spe e Etc.
Swamp dock Rumex sp.
Water smartweed ~Pol onum ~am hibium
Jewel weed ~lm athens sp.
River bulrush ~Scir us f?uviati?is?

Metland Hisect

8ecause this wetland, like so many other extant wetlands along Lake Erie,
is diked and managed, it is felt that lake level f1uctuations do not directly
influence serai succession. Therefore, no wetland bisect was surveyed tor this
study area. Some appreciation of the substrate and plant comnunity
relationships, however, can be gained by study of the geomorphic data presented
earlier  Figure 32!.

Metland Ve etation at Selected Lake Levels The wetland vegetation was
mapped at se ecte t~me periods as in ~cated be ow.

Water Level
Feet Meters

570.6 173.92
571.2 174.10
571.7 174.26

Oate of
~fh h Lake Level Sta e

10- 6-50
6- 2-70
6-10-77
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Wetlands in 1950 Although the water level of Lake Erie in early October
-I» J

previous water levels were much lower. During the period 1931 to 1936, the
water level averaged 569.0 feet. 8ecause of these relatively low levels during
the 1930's and due to average levels for the period 1937-19942, the 1950 wetland
distribution map  Figure 65! reflects low to average water level conditions.
Only in 1943, and during 1947-1948, did the previous water levels exceed the
long-term average for July.

As indicated in Figure 65, the Toussaint Marsh was extensively diked in
1950. Therefore, this wetland system is not open, and long-term lake level
fluctuations may not cause succession and retrogression as in the other study
areas. The 1950 vegetation map reflects the wetl and communi ties whi ch were
being managed for at that time. Since many coastal wetlands are diked and have
water level regulation, the Toussaint Marsh is representative of those systems.

In 1950, much of the Toussaint Marsh consisted of dense cattail
communities, probably hybrid and narrow-leaved cattail. Hecause circular
colonies were evident on the 1950 photography, it appears that hybrid cattail
was already widespread. The other extensive emergent comaunity, which was
designated as mixed emergents, appears to be restricted to depressions and low-
lying areas. Although some cattail may have been present, this emergent zone
appeared to contain more broad-leaved species, perhaps pickerel weed, water
smartweed, sweet flag, and river bulrush. Some dark, organic-stained water may
also be showing through these mixed emergent communities.

In contrast, little open-water was evident. A section of open water,
within Toussaint Marsh, was located near the Toussaint River. This open water
may exist as a result of excessive turbidity, or may be a result of marsh
management  water level regulation!. Open-water areas were also prevalent
along the lower Toussaint River, even within diked wetlands located west of the
river channel. Again, it is felt that turbidity, and perhaps carp activity as
well, result in the absence of floating-leaved and submersed aquatics in these
sites.

The other vegetati on communities were very restricted in distribution.
Except for scattered patches, little meadow, or sedge marsh could be identified.
Likewise, the shrub and swamp fringe zones were generally absent due to the
encr oachment of agriculture. It appears that many of the perimeter dikes are
designed to keep water out of the agricultural fields and that farmers cultivate
as close to these earthen dikes as soil moisture conditions permit. The barrier
beach, in comparison, appeared to be quite stable and was cover ed with mature
trees  probably cottonwood!. 8etween the wooded barrier beach and the emergent
marsh, a linear strip of graminoid meadow or sedge marsh may have been present,
but the map scale did not permit mapping of this zone.

Along the Lake Erie shorelines  lakeward of the Green Bay! there was a
disconti nuous strip of vegetati on which appeared to be remnants of low-water
colonization. Dark tones on the photography suggest patches of bulrush and
cattails, or submersed aquatics  such as Sago pondweed!. Perhaps during low ta
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average lake levels, when nearshore wave energies are low, some emergent and
submergent vegetation colonizes selected portions of the nearshore zone.
Photographs taken of this coast during the low-water period of 1964 confirm the
presence of nearshore herbaceous vegetation.

Wetlands in 1970 Photographs flown on 6-2-70 were utilized to map the
wetland vegetation as of 1970 when the lake level was 571.2 feet. 8ecause
levels were relatively Iow during the 1963-1965 period, the wetland vegetation
in 1970  Figure 66! represents rising water 1evel conditions. However, it
should be emphasized that in July 1969, water levels reached 572.5 feet. In
fact, from July 1964 to July 1969, the average elevation of Lake Erie rose 2.8
feet. This consistent annual rise was accompanied by extensive cattail die-off.

As indicated in Figure 66, the extent of dead cattails exceeded that of
live cattail colonies. It is believed that the Toussaint Marsh pumps either
could not keep up with the rising water levels, or the lakeshore dikes began to
leak. Whatever the cause, it appears that rising water levels drowned extensive
sections of cattail marsh. Because the old stalks remained upright, the
wetlands had not yet reverted to open water or to other aquatic coamunities.

In theory, cattail communities should survive only in sites where water
depths do not exceed 18 to 24 inches. In the southeast portion of Toussaint
Marsh, cattails invaded former meadow communities. Along an old dike, which
trends east-west in Huntington Marsh, the cattails were restricted to higher
sites around two island patches of shrubs.

The extent of mixed emergents appears to have d~minished somewhat as a
result of higher water levels since 1950. Some displacement by cattails is
evident, but little reversion to open water was noted. However, after the dead
cattai1 stalks are matted down, perhaps deep-water emergents, along with
floating-leaved and submersed aquatics, will invade th se inundated areas.

Otherwise there appears to be little change from the 1950 map. The meadow
coomunities are essentially absent, but the shrub and wooded areas exhibit
little departure from earlier distributions. Although some rupturing or
leaking of the dikes may be occurring, the Toussaint River drainage did not flow
into the Toussaint Marsh. Thus, the effect of excessive turbidity and other
related factors appears to be restricted to the open portions of the lower
estuary.

Wetlands in 1977 The distribution of plant communities in 1977 represents
a culmination of record high lake-level conditions. In June 1973, a record high
level of 573.5 feet was attained. This record level is 2.6 feet above the 1900-
1977 mean 1evel of Lake Erie in July  which is 570.9 feet!. By June 6, 1977,
the level of Lake Erie had dropped to 571.7 feet. Although the wetland p1ant
communities had not sufficient time yet to recolonize much of the open-water
areas in 1977, during the field survey in June 1978 the investigators noticed
considerable recovery of the cattail marsh and other emergent communities.
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In general, the 1977 vegetation map indicated a predominance of open-water
environments as compared to vegetated areas  F i gure 67! . Open water was
extensive along the landward side of the barrier beach and along lower Toussaint
River where deep water and turbidity synergistically eliminated the marsh
communities. Because some of the vegetation in the southern portion of
Toussaint Marsh exhibited alignment, wind erosion during storms may have been a
factor in the surv1val of cattail and other emer gent corrrrrunities. According to
the St. Clair family who manage Toussaint Marsh, the marsh of the Green Bay
occasionally floats and a false bottom 15 feet or more in thickness may underlie
the flotaing mat. Although no field investigation was conducted, 1t is poss1ble
that during high water the cattail rootstalks do exhibit buoyancy and drift
about when winds are strong.

Large areas within the Green Bay and Hunti ngton Marsh exhibited dark tones
on the 1977 photography. It was felt that these patterns were a mix of
floating-leaved, submersed aquatics, and perhaps scattered emergents as well.
Water lilies may have been abundant along with sweet flag, r1ver bulrush, Sago
pondweed, and floating pondweed. Because turbidity within much of the Toussaint
Marsh appeared to be much lower than in the lower Toussaint River, submersed
aquatics probably colonized fairly extensive areas during the high-water
periods.

Breaks 1n the barr1er beach ridge were also ev1dent. Two large breaks near
Huntington Marsh were caused by storm waves wash1ng over the beach ridge.
Atterrrpts were apparently made to repair the dikes along the lower Toussa1nt
R~ver, and even along the barrier beach some levee construction was carried out
in an effort to keep Lake Frie water out. However, some exchange of Lake Erie
was established intermittently as indicated by the abundance of gizzard shad
along with freshwater drum, and buffalo f1sh 1nsi de the Toussaint Marsh.
Bullheads, carp, channel catfish, and bowfin are common residents of the Green
Bay, even during low-water periods. A large, exotic pulmonate snai 1  Yi vi arus
'a oni cus! was also fairly common, and local residents spoke of a "je y ish"

reshwater sponge! but none were observed in the field.

Wetland Area Measurements Although the Toussaint Marsh does not represent
an open sys em w ic respon s directly to long-term 'lake level fluctuations,
area measurements were determined for each plant community during the selected
time periods. The total area of the marsh complex was set at 1,766 acres. In
order to establish the lakeward wetland boundary, the outer margin of the beach
ridge in 1950, i nclud1ng the nearshor e vegetation, was utilized. In contrast,
the landward limit of the Toussai nt Marsh was based upon the landward margin of
the Toledo soil series and the 575-foot contour as 1nd1cated on the Lacarne
U.S.G.S. quadrangle map, Ottawa County, Ohio, 1967 edition  see Figures 65, 66,
and 67!. Because the soils were not mapped in the v1cinity of Rusha. Creek and
Camp Perry, the 575-contour line was adopted as the landward boundary. A polar
plan1meter was employed to determine the total extent of the wetland, whereas a
dot grid provided area measurements of the individual plant covmunities.

As indicated 1n Table 28, the areal extent of the plant conmunities changed
considerably as lake level fluctuated. In 1950, when the water level was at an
average elevation, but had been relatively low in previous years, emergent
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Table 28

Areal Extent of the Toussaint Marsh 8y
'Ltegetation Type, 1950, 1970, and 1977

 Low to Average!1950 Distribution

Acres Hectares Percent of Total

TOTALS 1,766.0 100.0

1970 Distribution  Rising Stage!

Hectares Percent of TotalAcres

1,766TOTALS 715.0 100.0

1977 Distribution  High Water!

Hectares Percent of TotalAcres

TOTALS 1,766.0 715 100.0

*Does not include the diked marsh
*" Includes the dead cattail

-27,4-

Emergent
Graminoid Meadow
Shrub-Wooded

*Agriculture-Developed
Open Water

Floating-Submersed
**Emergent

Shrub-Wooded
*Agriculture-Developed
Open Water

Floating-Submersed
Emergent
Gr ami noid Meadow
Shrub-Wooded

"Agriculture-Developed
Open Water

1,289.0
53.0

176.5
71.0

176.5

62
1,183

159
159
203

353.0
291.5

88.5
141.0
185.5
706.5

522.0
21.5
71.5

28.5
71.5

715.0

25.0
479.0

64.5
64.5
82.0

143
118

36
57
75

286

73
3

10

10

3.5
67.0

9.0
9.0

11.5

20.0
16. 5

5.0
8.0

10.5
40.0



communities, especially cattail, occupied 73 percent of the total wetland area.
The combined shrub-wooded and the open water category each accounted for ten
percent of the area, whereas agriculture-developed and graminoid meadow
contributed only four and three percent, respectively.

In 1970, as water levels began to rise, the cattail marsh began to die back
which, in turn, resulted in more open water as well as floating- leaved/submersed
vegetati on. However, because the dead cattail stalks were still standing, the
drowned cattail marsh area was i ncorporated with the emergent marsh data. Thus,
the emergent marsh still dominated the wetland cover types. Other significant
changes are the loss of the meadow communities and a modest increase in the
agriculture-developed category. Local farmers near Rusha Creek have drained
some of the wetland margin, perhaps in response to the re1atively low water of
the 1963-1965 period.

The most dramatic change in the plant communities is evidenced by the 1977
area measurements. Essentially, the emergent marsh sharply decreased in extent
and was replaced by open water as well as by some floating-leaved/submersed
aquatic communities. A diked portion of the wetland near Rusha Creek, which
contained meadow vegetation, may have been the only managed section of Toussaint
Marsh during the high-water period. Erosion of the wooded barrier beach is
ref 1 ected in the small decrease in the shrub-wooded category, and some
additional agricultural encroachment is evident in the slightly higher
percentage of agriculture-developed lands.

Photo Transects Since a bisect was not surveyed, photo transects
~l i p i I « td. H

level management of the Toussaint Marsh renders the sequential transect
analysis inappropriate regardless. It should be emphasized, nonetheless, that
Toussaint Marsh does exhibit plant community shifts as the level ot Lake Erie
fluctuates.

No doubt during low-water periods water is retained in the marsh so that
snapping turtle harvesting, muskrat trapping, and waterfowl hunting by club
members may continue. Local residents reported that bluejoint grass may invade
some of the dri er cattail marshes during these low-water peri ods. In contrast,
during high-water conditions, as in the 1970-1975 period, the emergent
vegetation drowns and open-water communities dominate. A layer of organic
detritus is probably deposited in the depressi ons as the cattail stalks are
disintegrated. Apparently the present dike and pump system of the Toussai nt
Marsh can not lower internal water Ievels sufficiently nor prevent Lake Erie
water from entering the wetland during high water.
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IMPACT OF CHANGING LAKE LEVELS ON WETLAND ENVIRONMENTS

Based upon the previous discussion, the impact of lake level oscillations
on the selected wetland sites can be analyzed, Included in this discussion is
an analysis of wetland and wave energy relationships, as well as wetland
vegetat1on changes resulting from various lake level conditions since the mid-
1930's. Because of federal, state, and local concern over wetland protection
and water-level related changes in wetland acreage, a model of plant community
shifts has been developed. The dynamic wetland changes in response to water
level changes modifies fish and wildlife uses as well as abiotic functions
 sediment trapping and turb id1ty level s! . These re 1 ati onshi ps are al so
analyzed and discussed.

Wetland and Wave Ener Relati onshi s

It is often stated that wetlands afford protection to coastal areas with
regard to wave energy dissipation and erosion. Field observations in coastal
areas suggest that wetlands do provide some coastal protection to a shoreline,
however, the data thus far do not appear to be conclusive. In th1s subsection
the wetlands are exam1ned w1th regard to wave energy and the selected coasts
discussed in the "Geomorphic Framework of Selected Great Lakes Wetlands"
section.

In the Great Lakes, Hall and ludwig   1975! conclude that while several
emergent plant species may have special use 1n low-energy areas, the Great Lakes
shorel1nes are not conducive to establishement of aquatic plants. A site
investigation in northern Lake Huron revealed that b luejoint grass, hardstem
bulrush, and rush will not withstand high wave ener gy and hence are not
recommended as suitable for wave attenuation. However, the authors also
observed at Cecil Bay  Lake Michigan!, that hardstem bulrush and spike rush were
very effective in dampening waves. Other investigations have also documented
mixed results. Webb and Dodd �978! for example found that Gulf cordgrass,
marshhay cordgrass and salt cordgrass were the more favorable stabilizers of the
Galveston Bay shoreline than smooth cordgrass.

Process-oriented exper1ments reveal that wave attenuation does occur as
waves pass over wetlands. In a lab exper1ment Ahrens I 1976! found that wave
periods and wave heights were affected by artificial seaweed. There was a
measurable level of wave attenuation for only the shortest wave period
�.6 sec,! and for th1s wave period the reduction of wave height amounted to
about 12%. Wave periods in the Great Lakes commonly exceed 2.6 seconds. Random
obser vations suggest that breaker wave periods average between 2.5 and 6 .8
seconds in Lakes Michigan, Superior, and Huron during the summer months  Bruno
and Hiipakk a, 1973!. A field experiment by Wayne �976! concluded that smooth
cordgrass reduced wave heights by 7]X and wave energy by 92K in coastal Florida.
Common seagrass, a submerged aquatic, reduced wave heights by a maximum of 42.2X
and wave energy by 66.6'X.
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The energy of waves is derived from winds blowing across a water surface.
As the fetch or area of open water i ncreases so does the height of the waves.
Thus, the fetch and wave he ights in the Tobico Harsh for example, are quite
limited. However, on Lake St. Clair the fetch is greater and higher waves will
be generated. Of the areas investigated, the greatest fetch is related to the
wetlands bordering Saginaw Bay and western Lake Erie.

The significance of wave height is that it is one of the two parameters
which is related to wave energy. The wave energy  E! is equal to 1/8 H L where H
represents wave he1ght and L represents the length of the wave. Based on the
above formula, it can be seen that as the height of the wave increases  due to
the increase of the fetch! greater energy can be generated. Therefore wave
energy in the lagoon at Tobico is relatively low compared to the shore!inc of
Tuscola County adjacent to Saginaw Bay.

Another way of viewing the 1mpact of the amount. of energy a wave delivers
to a beach 1s canven1ently descr ibed as wave steepness  H/L!. Steep waves with
values greater than 0.03 remove sediments from beaches and deposit bars, and
sediments up the beach face in the form of storm berms  Great Lakes Basin
Cotrwiission, 1975 !. Less steep waves   less than 0.03 ! bring sediment ashore and
the beach is nourished.

Another factor related to wave energy and unique to Great Lakes coastal
zones 1s the changing water levels  Figure 68!. The fluctuating lake levels
impact upon the wave energy in two ways. As water levels change, a change in
composition and perhaps more importantly a change in vegetation density occurs.
Figure 68 illustrates the changes which have occurred in the emergent
macrophytes over a 12-year period in the study area at Tuscola County  Oickinson
Road transect!. As the level of Lake Huron rose 3.2 feet over that time period,
the vegetation density of the cattails and three-square decreased and the
wetland zone sh~fted landward.

A second factor associated with wave ener gy/wetland relationships is the
impact of' water level on the breaking waves. As waves move into shallow water,
a decrease in the wave length and an inc~ease in the height occurs. This
transformation is gradual and begins to occur at a depth of about l/2 WL. If the
water level in the lake is high, it may be anticipated that the waves will move
closer to the beach before breaking. In Figure 68 a wave breaking 1500 feet
from the shoreline in June, 1963 may break within l00 feet of the shor el1ne in
August, 1975. During higher water level conditions the wave energy is stored
until the wave is nearer to the shoreline before breaking and expending its
energy. A1so the vegetation dens1ty is lower with the higher lake levels which
also encourages the higher wave energies to be maintained.

The cumulative effect of wave energy/wetland relationships is reflected in
the geomorphic framework of the shoreline. During lower water periods, barriers
become broader as the nearshore zone becomes more and more exposed  F1gure 68!.
The Woodtick Peninsula during the 1973-1974 high water period was breached and
in many places the spit had widths of only 20 feet. However, with the lower
levels s1nce that time, exposed flats are increas1ng the width of the
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peninsula. Also, assuming that the quality of the aquatic environment has not
been further degraded, the nearshore wetlands wi11 be restored and some wave
energy dissipation may occur. A similar response occurred in 1963  Figure 68!.

During the higher water levels of the early 1970's, Woodtick Peninsula was
almost completely destroyed. Beach deposits were reworked and storm berms
developed at Woodtick and at Tuscola and Oconto. A1so, coarse washover sands
and fine gravels were deposited over the landward marshes. The type of barriers
identified at Oconto, Tuscola, Woodtick, and Toussaint are classified as
erosional or transgress1ve in origin. Also, many of the beaches investigated 1n
the St. Clair Delta are transgressive features as well.

On many shorelines rafted organic deposits commonly occur. At Oconto the
organics were most often 1ncorporated in the storm berms. In Tuscola County the
macrophytes littered broad zones of the shoreline and created organic beaches.
Also, root mats  e.g., T~ha spp.! were eroded and transported onto the adjacent
premodern beach ridge and draped at the base of the woody vegetation. During
higher water levels the emergent macrophytes lakeward of the Oconto and Woodtick
shorelines are drowned or physically removed. Th1s condition allows higher wave
energ1es to be maintained and allows the creation af transgressive landforms.
Although some wetland vegetation was destroyed in Saginaw B'ay, a continuous zone
paral le'ting the coast was maintained during the extreme high lake levels of the
early 1970 's. However, even here coastal erosion occurred 1n spite of the
presence of nearshore wetlands.

Figure 69 1s a schematic map and cross section which may represent typ1cal
shoreline/wetland relationships in the Great Lakes. The modern barrier is
usually low and thin and was deposited upon a marsh as coastal recession
occurred. In some coastal sectors, storm berms have been created which are
juxtaposed to an older or premodern barrier. Good examples have been identified
at Ocanto and along the Tuscola County shoreline. The geomorphic framework of
Woodt1ck Peninsula is composed of a transgressive barrier similar to that noted
in the cross section.

Table 29 represents an overview of the investigated sites. Also, included
are the nearshore wetland vegetation condi ti ons which occur during low,
average, and high lake levels. Based upon the previous discussion of the
geomorphic framework, the coastal barri ers may be classified as transgressive
or regressive geomorphic features. The Betsie River wet'1ands are
morphologically associated with a river rather than with a coastal system and
hence the relationships noted on the table are not applicable.

As noted, during low water levels, wet lands colonize the nearshore zone of
many coastal sites. At Oconto, Tuscola, Dickinson, and Moodtick broad emergent
bands occur parallel to the shoreline. guite possibly Toussaint may have
supported more nearshore vegetation during low water in the historical past.
However because of environmental changes  increased turbidity! the vegetation
is now less abundant in this coastal zone. As lake levels rise to average
levels the nearshore vegetation becomes 'fess abundant and a decrease in density
also occurs. Only at Tuscola and at Dickinson does the vegetation remain
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Tab1e 29

Occurrence of Nearshore Emergent Vegetation
and Coasta1 Harrier Types

Site Barri er TypeLake Level

Hi hAvera e

TransgressiveOconto

Betsie

Tobico RegressiveIII«««I««I ~ ~ «il ~

Tuscola

Dickinson

Woodtick Transgressive~ I ~ ~ ~ «l« ~ I ~ l ~ ~ ~ I 1 ~ ~

Transgressive
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~ iI««II ~ III jiI ~ 1 ~ EI

Not Applicable

Toussaint «IIEII ~ ««« ~ T T T T T T T T

Emergent vegetation present
and abundant

Emergent vegetation present

T T T T Traces of emergent vegetation

No vegetation present

«III«II«I«gI««Transgressive

~ i ~ «««««««Iu Transgressive



continuous. As lake levels continue to rise and reach high water levels, some
wetland continues to survive at Tuscola and at Dickinson whereas at the other
sites the emergents have been lost.

The survival of vegetation in coastal wetlands may be related to wave power
in the nearshore zone. As noted by Coleman �976! wave power is related to the
slope of the floor of the submarine basin. Where steep slopes are present, less
wave dissipation or fr1ctional attenuation occurs. However, low-angle
submarine slopes are character1zed by higher wave attenuation and hence lower
energies occur at the shoreline.

Figure 70 represents the submarine slopes of the invest~ gated areas except
the Betsie wetlands. The information was plotted from National Oceanic and
Atmospheric Administration navigation charts . Depths represent elevation below
low water datum. Wave attenuati on would be greatest at Dickinson and at Tobi co
followed by Tuscola. The remain1ng coastal areas would experience less
difference between the offshore and nears hore wave powers. Therefore,
relat1vely higher wave ener gy would be experienced at Toussaint, Oconto, and
Woodtick. The submarine slopes and re1atively high wave power especially during
high lake levels may account for the loss of wetlands at Oconto, Woodtick, and
Toussaint as indicated on Table 29. Conversely relatively lower energies in the
nearshore zones at Tuscola and Dick1nson may account for the survival of some
wetland vegetation during higher lake levels. The nearshore emergents at Tob1co
are sparse during low water and lost during a rising level.

As noted in the field and reflected in the schematic diagrams, it is
apparent that the Great Lakes' shorelines are not completely protected by
nearshore wetlands. Erosion and coastal recession have produced shorelines
which reflect relati ve1y high waver ener gy. It has also been noted that higher
water 'levels decrease emergent vegetat1on abundance and allow waves to come
closer to the shoreline before expending their energy. During 1ower water
levels, the macrophytes are denser and waves break farther from the shoreline.

Water levels and submarine slope appear to be factors controlling wave
energy conditions in the investigated Great Lakes' shorelines. The wetlands may
provide some protection to the shoreline expeci ally during lower water level
conditions when lower wave energies and denser wetlands may be anticipated.
During higher lake levels wetland vegetation is less abundant and wave energy
expended at the shoreline is probably higher. Under such conditions shoreline
recess1on occurs producing the transgressive landf'orms which have been
identified and discussed 1n this report.

The viability of wetlands is dependent upon the type and condition of the
barrier. Where regressive barri ers occur   as at Tobico! the landward wetland
 Tobico Marsh! 1s not likely to be eroded. However, where transgressive
barriers occur, the landward wetland is not as well protected from the lake.
Such barri ers are often breached exposing the adjacent wetland to erosion, At
Woodtick breaching of the barrier exposed the lagoon to Lake Erie and artificial
dikes of the Erie Shooting and F1shing Club adjacent to the lagoon Iiad to be
r einforced because of erosi on due to wave action. A second impact of barrier
erosion is that the washover deposits frequent1y erode or bury the emergent
marsh immediately landward of the barrier; this has been recorded in many of the
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cross sections. Based on our observations, breaching also causes increased
turbidity in lagoons due to resuspension of fine sediments which inhibit wetland
growth. This appears to be a problem in wetlands associated with clayey lake
plains such as western Lake Erie rather than with wetlands with more sandy
substrates.

Chan es in Wetland Area

Based on area measurements obtained from the seven field sites, the coastal
wetlands of the Great Lakes do expand and contract in concert with periodic lake
level fluctuations  Table 30!. As indicated in Table 30, the total area of the
wetlands under investigation decreased from 10,304 acres during low-water
conditions to 8,975 acres in high-water periods. This is a net change of 1,329
acres, or a 12.9 percent decrease in wetland area. Compared to its extent at
mean lake level, and assuming stable water-level conditions for four to five
years, a given wetland complex may increase its area by 6.7 percent during low
water, but may decrease in area by 6.1 percent during high lake levels.

Table 30

Extent of the Wetlands at Yarious Lake Levels
by Wetland Study Area

Low Stage
acres

tudy Area Average Stage
acres

High Water
acres!

TOTALS 10,304 9,604 8,975

* Computed by averaging the low- and high-water stage data.

As determined in this study, changes in the area of coastal wetlands
occurred only in the littoral or nearshore zone ~ Field observations suggest
that emergent and submersed vegetation tertd not to colonize the nearshore zone
along the Great Lakes where water depths exceed one meter. A depth of two
meters is consi dered the lakeward limit of lacustrine vegetation accordi ng to
the new U. S . Fish and Wildlife Service wetlands classification  Cowardi n et al .,
1976!. Because the fluctuation of Great Lakes water levels is approximately
three feet from the mean level for all lakes, except Lake Superior, high-water
conditions can cause die-back of the lacustrine vegetation in the littoral zone.
Not only are water depths increased, but the wave energy increases and the
shoreline is displaced landward as beach erosion artd washover ocur. Although

-284-

Oconto
Betsie
Tobico
Yusco 1 a
Dickinson
Woodtick
Toussaint

1, 650
373

1,260
60

2, 800
2, 395
1, 766

1,404*
307*

1,243"
50

2,675
2,182
1,743*

1,157
241

1,225
43

2,470
2,119
3., 720



ice rafting in spring appears not to be a major cause of wetland loss as
reported by Bosley �976!, some marsh destruction may occur in spring as blocks
of mudflats and cattail rootstalks float up and are blown out into deep water by
offshore winds. During low-water conditions, except along high wave-energy
coasts, emergent and submersed vegetation reco1onizes the nearshore zone,
especially ~here viable rhizomes and mudflats are present. The lakeward
boundary of a wetland, therefore, is marked by the maximum lakeward extent of
aquatic vegetation during low water   as obser ved on the 1937-1938 or the 1963-
1966 aerial photography!.

Because some wetland vegetation persists during high-water periods in
areas landward of the shoreline, even in openwater sites, no areal change due to
lake level fluctuations was recognized in this portion of the wetland complex.
The landward margin of a wetland should be based on the boundary of hydric soils
and/or on the presence of swamp or shrub trees which have lenticels or are
capable of anaerobic metabo1ism  Fraxinus enns 1vanica!. Because high-water
levels, during the 1972-1975 period, cause die back o t e wetland shrub mar gin,
the leading edge of the live shrub or swamp margin marks the landward limit of
flooding and/or soil water logging during the growing season. Grasses and
sedges,  Phalaris arundinacea and Carex stricta! appear to tolerate somewhat
~ fl ~g~ t i ~figdt 1 k,p
the turbidity is low and disso'lved oxygen levels of the flood waters are high.

If the total ar ea of coastal wetlands in the Great Lakes were known it
might be possible to predict the areal extent of wetlands at any lake level,
Utilizing data obtained in this investigation, an attempt to establish this
relationship is illustrated in Figure 71 ' The shape of the curve which connects
the acreage data points would reflect the rate at which succession or
retrogression occurs as water levels fluctuate. A two to three year lag between
high water and maximum die back and perhaps a somewhat longer lag between low
water and maximum recolonization are suggested by the field investigation.
Given additional data points, it may be possible to construct a regression line
for the prediction of total wetland area on the bas~s of Great Lakes water
levels.

Chan es in Wetland Plant Communities

Coastal wetlands that are open systems, and some of those which are diked,
exhibit plant community shifts in response to long-term lake level
fluctuations. In this study, the area1 changes of four wetland types, including
open water/floating-leaved/submersed, sedge marsh and meadow, emergents
 especially cattail!, and shrub/forested wetland were measured in response to
lake level fluctuations  Table 31!. In general, as water levels increase, the
percent area of sedge marsh/meadow, emergent marsh, and shrub/forested wetland
decreases and the open water   and associated aquatic communities! i ncreases.
The sedge marsh/meadow exhibits the largest percent change, whereas the shrub/
forested wetland changes very little.

Based on mean water-1evel conditions, the emergent marsh  including
cattail! is the most widespread wetland vegetati on type. Except f' or the Oconto
and Betsi e wetlands, where a more northerly climate and decreased dominance of
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Table 31

Areal Extent of Plant Comunities by Lake Level Stage
All Coastal Wetlands

OPEN WATER/FLOATING/SUBMERSED SEDGE MARSH AND MEADOW

Study Area HighAverage Average HighLow Low

22.55 8 . 9'5MEANS 15.3% 26.9X 15.5X46.6X

SHRUB/FORESTED WETLAND

HighStudy Area Average HighAverage LowLow

19.44 16.1X 15.2% 14.3X34.5% 30.0%MEANS

* Includes die-back areas
In percent of total area
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Oconto
Betsie
Tobico
Tuscola
Dickinson
Woodtick
Toussaint

Oconto
Hetsie
Tobico
Tuscola
Dickinson
Woodtick
Toussaint

4.5
12.5
16.5
14.0

5.5
44.0
10.0

13.5
20.0
30.0
42.5
37.0
25.5
73.0

25.0
27.5
21.0
27.5
21.5
54.0
11.5

8.0
15.5
32.0

43.9
31.5
20.0
45.0

45
43
31
41.5
37.5
68.5
60.0

3.0
11.0
30.0*

32.0
28.0*
15.0
16.5

36.0
33.5
21.0
15.5
45 ' 5

3.0
3.0

33.0
19. 5
15.0
14. 5
10.0
11.0
10.0

24.0
29.0
15.0
8.7

29.5
2.0
0.0

31.0
19 ~ 0
15.0
13.3
10.0

9 0
9.0

12.0
18.5
18.5

1.0
17.0
0.5
5.0

30.0
18. 5
15.0
12.0
10. 0

6.5
8.0



the hybrid cattail  T ha glaucat may be reducing the extent of cattails, many
Great Lakes coastal wet ands have 30 to 50 percent of their area in cattail and
other emergents. Some of the Upper Great Lakes may be too ombrotrophic for
optimum cattail growth  Phillips, 1970!. The Woodtick Peninsula wetlands also
have less emergents than the average, but this may be due to siltation which
could smother cattail rootstalks in the dormant season and decrease the depth of
the aerobic zone of the substrate for rooted aquatics. In contrast, certain
mudflat species, such as softstem bulrush, have aerenchyma tissue and other
mechanisms for survival in muddy substrates.

The effect of agricultural encroachment and other development on the sedge
and meadow conmuniti es of the Woodtick and Toussaint wetlands is reflected in
the tabular data. A paucity of graminoid communities reduces the habitat
diversity, especially with regard to meadow nesting ducks and northern pike
spawning. However, future agricultural encroachment on the extant graminoid
communities of the western Lake Erie lake plains and in the Saginaw Bay Lowlands
may be curbed by new Soil Conservation Service policies which preclude federal
funding subsidy of drainage and other projects which involve wetland types three
through eight  see Shaw and Fredine, 1965, for data on wetland types!. Because
wetland development usually proceeds from the landward margin inward, coastal
wetlands which exhibit a disproportionately low area of graminoid communities
also usually have little shrub or forested wetland fringe.

Table 32

Change in Composition of the Wetland Vegetation by Lake Level Stage

Low Water Avera e Leve Hi h WaterVe etati on T pe

Open Water, incl. Submersed
and Floating-Leaved

Emergent, incl. Cattail
Sedge Marsh, Meadow
Shrub/Forested Wetland

46. 6
19.4

8.9
14.3

15.3
34.5
22.5
16.1

26 ~ 9
30.0
15.5
15.2

In mean percent of total wetland area.
Note: Die-back areas were included in the live category.
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In an effort to highlight the percent composition of the wetlands at any
lake level, the means from Table 31 were extracted and presented in Table 32.
Note that even though the emergent marsh  especially cattail! may domi nate,
sedge marsh and grassy meadow communities are fairly widespread at low lake
levels. In fact, much of the diking of coastal wetlands by private and public
shooting clubs was carried out during low-water periods �930's and 1960's! when
dense cattail and widespread sedge conmuni ties reduced the quality of waterfowl
and muskrat habitat. Because 80 percent of the sedge dies back naturally each
year  Bernard and Gorham, 1978! and because the organic substrate beneath the
tussock sedges may exhibit a high C:N ratio, relatively thick blankets of
graminoid peats usually accumulate during low water.



In order to analyze changes in plant communities in response to lake leve1
fluctuations, the vegetation at Dickinson Island was studied in great detail
 Table 33!. Dickinson Island was selected because it has an intact
environmental gradient over which vegetation displacements can occur and
because seiches are of sma11 magnitude in this basin. In this case, a standard
area of 2,800 acres was adopted, thus no net loss of wet lands occurs with lake
1evel fluctuations. Only the extent of open water and of the vegetated
categories changes as water levels fluctuate.

Tail e 33

Vegetation Changes in Response to Lake Level Fluctuations,
Dickinson Island, Michigan

Avera e Level Hi h WaterLow Water

14 �.5!
140 �.0!

1,036 �7!
1,022 �6 .5 !
'252  9.0!
280 �0 !
56   2!

210 {7.5!
840 �0!
784 �8!
364 �3!
112   4!
280 {10!
210 �.5!

112   4!
490 {17.5!
883 �1.5!
643 {23!
182 �.5!
280 �0!
210 �.5!

Open Water
Floating-Leaved/Submersed
Emergents, incl. Cattail
Sedge Marsh
Grassy Meadow
Shrub/Swamp
Developed Lands

2,800 �0 C! 2,800 �0�! 2,800 �00%!

b These data were obtained by averaging the 1964 and 1975 data sets.
Data in parentheses are percent of total  i.e., of 2,800 acres!.
Data in acres.
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As shown in Table 32, when lake levels rise, open water and associated
p1ant communities increase in extent as the other communities retrogress. If
the optimum wildlife habitat is a semi-marsh, �0 percent open water and 50
percent wetland vegetation; Weller and Spatcher, 1965!, then higher lake
levels would be preferred to maintain higher wetland wildlife diversity. The
fluctuation of water levels not only precludes the formation af a dense,
senescent wetland, it also enables the wetland to export organic detritus into
the lake and to redistribute organic and/or fine-grained sediment within the
wetland. The flux of al1ochthonous suspended sediments through the ecosystem as
we11 as the resuspension of in situ clays and silts in the Woodtick Peninsula
wetlands may, however, be adversely affecting the surviva1 of floating-leaved
and submersed aquatics during high water conditions. Reduced circulation and
sediment trapping caused by the highway and railroad bridges at the Betsie River
wetlands may also be reducing the diversity of aquatic plant species which
survive the high-water periods.



A cross-section diagram is perhaps a better technique to show vegetation
changes in response to water level fluctuations. As shown in Figure 72, an
attempt has been made to model the plant community shift at Dickinson Island.
Because data for the cross section were taken from the photo transects  Figure
72!, similar models could be constructed for the other study areas as well
 except for Toussaint Marsh!. Each of the plant communities or vegetation types
have been placed at the proper elevation  Table 34!. Note the dashed lines
 Figure 72! which have been extended downward and which indicate the extent of a
given vegetation type for both low water   lakeward side! and high water
  landward side!.

Tabl e 34

E 1 ev at i on o f P 1 an t Commun i t i es, D i ck i ns on I s 1 and
at Low and High Water Level Stages

Floatin -Leaved/Submersed/Bulrush
Low Mater:
High Mater:

572.0 ft.
573.8 ft.

174.3 m.
174.9 m.

1.8 ft., 0.6 m.

Emer ent Cattail
174.6 m.
175.2 m.

Low Water:

High Water:
573.0 ft.
574.8 ft.

1.8 ft., 0.6 m.

Low Water:
High Water:

573.5 ft.
575.5 ft.

174. 8 m.
175.41 m.

2.0 ft., 0.61 m.

d
L,ow Mater:
High Water:

575.0 ft.
576.5 ft.

175.25 m.
175. 7 m.

1.5 ft., 0.45 m.

Shrub/Forested Wetland
576.0 ft.
577.4 ft.

175.6 m.
176.0 m.

1.4 ft ~, 0.4 m.ow a er:

High Water:
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On the basis of aerial photography, it was difficult to distinguish between
unvegetated open water and fl oating-1 eaved/submersed communities.
Nevertheless, an attempt was made to separate the categories for the low-water
period of 1964 and high water of 1975. The difference in water level between
1964 and 1975 was 3.6 feet. However, because the water level in 1973 exceeded
the level in 1975, the effective water level range was 4.2 feet. Except for
Lake Superior, a magnitude of 4.2 feet between low and high water levels is
quite cordon in the Great Lakes. Notice that the emegent marsh  including
cattail! dominates in area except during high water, and that the sedge marsh
and grassy meadow decrease markedly as water levels rise. The shrub-swamp
fringe exhibits little change largely because these communities lie above the
flood limits and because the die-back of the shrub zone, if any, has been
included within the shrub/swamp category.
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The p1ant community displacement model can predict vegetation changes if
future patterns are similar to historical changes. Notice that cattail
communities are genera11y located near the mean water level, whereas loating-
leaved/submersed aquatics/hardstem bulrush are generally restricted to levels
below the average water 1eve1. Sedge communities occur in sites immediately
above the mean water line, followed by grassy meadow and then shrub/forested
wet1and. As one moves up the vegetation gradient, the amount of community
displacement is less and core areas appear to persist during both low- and high-
water periods. As expected, the shrub/forested wetland zone shifts least and is
overlapped the 1east by the adjacent community. Topographic i rr egu tar ities,
ponding landward of a barrier beach, as well as ditching and tiling could alter
the distributions considerably.

The value of allowing coastal wetlands to shift during periodic lake level
fluctuations has already been discussed by Jaworski and Raphael   1976!.
However, in some instances regulation of water levels in wetlands may prove to
be beneficial to wildlife  Boss, 1976!. On Dickinson Is1and there may be little
need for artif i ci al water level management because an entire gradient of
habitats are available at any lake level. Moreover, the presence of active and
abandoned channels in the St. Clair Delta provide connectivity and circulation.
In contrast, the Toussaint Marsh and Woodtick Peninsula wet lands are boxed in by
Lake Erie and agricultural encroachment. One strategy may be to acquire
properties along the landward margin as well as to provide connections to Lake
Erie so that an open system results.

Si nificance of Wet1and Chan es

Although an inventory of fish, wildlife, and recreational values or uses of
the coastal wetlands during the various lake stages was not conducted per se,
these relationships were regarded as very important. Given the present concern
for wetlands protection and management as well as for lake level regulation
  International Great Lakes Levels Hoard, 1973!, the significance of the
changing value of coastal wetlands in response to 1ake level fluctuations is
clear. Because of the scope of this study and the authors' experience in Great
Lakes wetlands  Jaworski and Raphael, 1978!, an attempt was made to associ ate
selected wetland uses and functions with lake level stages  Table 35!. This
preliminary table of relationships was patterned after a habitat utilization
diagram by Weller and Spatcher �965!.

During low water, common wildlife users of coasta1 wetlands include the
red-winged blackbird, short-billed wren, blue-winged teal, mallard, and the
muskrat. Some feeding and breeding of dabbling ducks may occur, especially near
the remaining open-water areas. White-tailed deer, cottontail rabbits, and
sma11 rodents may also utilize coastal wetlands during low water levels.

In comparison, during high water periods the wildlife diversity increases
and may include several unique forms inc1uding black terns and yellowheaded
blackbirds. For example, Roznik �978! found that yellowheaded blackbirds
prefer a wetland with 60 percent open water and scattered robust emergents.
Increased water depths generally provide improved habitat conditi ons for
invertebrates as well as for amphibians and reptiles which, in turn, increase
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the wetland use by piscivorous birds and predator fish. High water may
facilitate the interchange between the lake and the wetland, and thus permit
fish spawning  northern pike! as well as the wetland rearing of forage Fish
 gizzard shad!.

Non-wildlife functions of the coastal wetlands may be more important than
wi'Idlife considerations, especially in reference to Great Lakes water quality.
Though poorly researched at this time, Table 35 suggests that water level plays
a major role in circulation and water quality of wetlands. In general, during
low water levels sedge and cattail communities are dense and the water tab'le
usually lies beneath the marsh surface. Peat tends to accumulate and the
absence of clastic sediments in the peat indicates that little allochthonous
material is being transported through the system. Land drainage dominates as
reflected in a lower pH and perhpas by ~educed carbonate levels as well�. Where
perhaps much of the substrate is sandy or peaty, as in Tobico Marsh, lower lake
levels may be accompanied by a tendency toward ombrotrophic conditions.

In contrast, during higher water the circulation system is improved and
lake water may enter the wetland directly through creeks or breaches in the
barrier beach. If the lake water has a somewhat higher pH, more dissolved
oxygen, lower temperature, and higher levels of carbonates, the introduction of
lake water masses may directly affect the species compositi on of the submersed
and floating-leaved communities.

During the high water of the 1972-1975 period, the authors noticed that
many of the lagoons and deltaic wetlands were exporting organic detritus from
the marsh into the lake. The die back and flotation of cattai 1 colonies may
play a large role in this regard. High-water leveIs may result in increased
turbidity levels and subsequent siltation as noticed in the deposits found in
the Woodtick, Betsie River, and Tobico Marsh wetlands. In the Woodtick
Peninsula wetlands, the suspension of in situ clays may be due to carp activity,
wave erosion of artificial levees, and the introduction of sediments from
terrestrial sources. In places, high water may result in the elutriation of
polluted bottom sediments given sufficient wetland flushing and sediment
reworking.

Water Ievel changes are important because of human reaction to wetland
losses. For example, during the 1972-1975 high water period the Pointe MouilIee
marsh at the mouth of the Huron River, western Lake Erie, underwent extensive
erosion after the protective barrier was destroyed by wave action  Sellman, et
al., 1974!. Moreover during this same period the State of Ohio lost most of its
coastal wetland except For 14,372 acres which had been previously diked by
private and public interests  Weeks, 1974 !. Ohio responded by placing boulder
revetments along its public shoreline  Hednarik, 1975!. Although such
revetments stop additional erosion, the hydralogicaI function of the coastal
wetlands is seriously impaired and multiple use of the potential resources is
not possible. In the state- and federally-owned wetlands, construction of
wetland protection structures usually proceeds without an environmental impact
statement. 8ecause few states have sufficient funds for wetland protection or
for shore line improvement, states may entertain solutions that are federally
funded, but which may not be compatible with the long-term ecology of the
coastal wetland.
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Table 35

Wildlife Use and Other Functions of Coastal Wetlancfs
At Low and High Water Levels

Use/Function of Wetlands Low Water

A.

Blue-winged teal  breeding!
Red-winged blackbird
Mallard  breeding!
Short-billed wren

Muskrat

Black tern

Yellowheaded blackbird

Great blue heron

Belted kingfisher
Crayfish
Frogs and t;urtles
Fish spawning  N. pike!
Forage fish
Dabbling ducks  feeding!
Diving ducks  feeding!

8. Other Functions:

Peat accumulation

Sediment trapping
Hemi-marsh

Water circulation

Dominance of land drainage
Dominance of lake water masses

Turbidity levels
Export of detritus
Re-suspension of in situ clay
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It is estimated that 40 percent of the extant coastal wetlands along the
Great Lakes are diked and/or subject to artificial water level management. Most
of these diked wetlands are owned by pr1vate and public waterfowl hunting
organizations who manage the wetlands for duck hunting in the fall. Barclay and
Bednar 1k �968! have deter mined that 22 per cent of moderate- to high-value
waterfowl habitat in the Mississippi Flyway is in pr1vate ownership.

Traditionally, dik1ng prov1ded protection from low water as well as from
high water and enabled marsh managers to cult1vate or stimulate preferred foods
for m1gratory waterfowl and muskrats. More recently, the practice of diking and
water level management of wetlands has been questioned  Stearns, 1978!.
Instead, emphasis is on multiple resource use and the reliance on natural
processes to generate the desired management results. Moreover, the adverse
effects of diking and other hydrological alterations on the natural diversity of
freshwater wetlands has only recently received some attention  Jaworsk1 and
Raphael, in press!.

Construction of surface drains, tiling of cultivated fields, and clearing
of marginal agricultural land in the lake plain areas have fragmented and
reduced the water quality of many coastal wetlands. The most eutrophic waters
of the coastal Great Lakes occur where the agricultural encroachment and wetland
losses have been the greatest  International Joint Comnission, 1978!. In fact,
d1king of coastal wetlands  Erie Shooting and Fishing Club Marsh and the
Toussaint Marsh!, may protect them from contaminat1on by local surface runoff.
The apparent lack of floating- leaved and submersed aquatic species along
western Lake Erie, especially in the undiked Moodtick and Toussaint wetlands,
attest ta the potent1al adverse impact of local surface runoff on coastal
wetlands. Stuckey �971, 1978! reported that siltation and excessive nutrient
loading, as well as other causes, may have elim1nated several intolerant pIant
species from the wetlands of western Lake Erie. In contrast, a pollut1on-
intolerant freshwater sponge ex1sts inside the diked Toussaint Marsh where the
water quality is superior to that of Toussaint Creek.

If sediments are transported through or around the coastal wetlands into
the nearshore zone, storms and higher wave action during h1gh lake levels may
re-suspend these fine-grained materials  Jaworski and Raphael, 1978!. Fine-
grain sed1ments accumulate along the relatively low wave-energy Great Lakes
coasts and may be associated w1th a reduction in preferred waterfowl foods
 e.g., Vallisneria americana! and fish spawning habitat  Jaworski and Raphael,
1978!. A need exists for a nonpoint water quality management strategy which
prov1des for a "green belt" of terrestrial vegetation which could protect
coastal wetlands from excessive turbidity and nutr1ent loadings. This filter
belt may be more important during high lake levels when regional precipitation
and/or runoff may be greater and water circulation in the wetlands more
efficient.
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CONCLUSIONS

Considering the national attention coastal zones have received within
recent years  Coastal Zone Management Act of 1972! literature on the morphology
of Great Lakes coastlines and wetlands is deficient. There is a lack of field-
derived baseline data on historical wetland distributions, wetland functions,
and shoreline geology, inc'Iuding studies of lake level/wetland/coastal
relationships. It was, therefore, decided in the early stages of this
investigation that data had to be obtained from the field and supplemented by
aerial photographs and available soil data. The observations and conclusions
presented here are largely based upon data gathered in the field.

The range of peri odic water level fluctuations of the Great Lakes, except
for Lake Superior, is 5 to 6 feet. Along the gently sloping wetland shorelines,
this osciIlation is approximately one meter above and below the mean water level
for each lake. In recent years, two record high-water periods, which occurred
in the early 1950's and early 1970's, were separated by a near record 1ow of the
mid-1960 's. These lake level fluctuations not only interrupt the normal
hydrarch succession, but produce the "pulse stability" and high productivity
associated with freshwater wetlands'

In terms of a topographical framework, the investigated wetlands fall into
four environmental settings. Wetland habitats are associated with deltaic
landforms, coastal embayments, barrier/lagoon comp1exes, and nearshore zones.
With a geomor phic perspective, wetland occurrence is related to structural
geology, lacustrine topography, or to a fluvial system initiated in the geologic
past. The wetlands of Green Bay, for example, are confined to the western
shoreline  e.g., Oconto!. Their occurrence is related to the regional dip of
the sedimentary rocks of this part of the Michigan structural basin  Niagara
Escarpment!. The linear wetlands, which extend perpendicular to the eastern
Lake Michigan shoreline, occupy river basins that are related to cut and fill
processes duri ng the oscillating lake level s of the geologic past . These
wet1ands occupy flood plains which are so featureless that there is even a lack
of natural levees. The absence of landform diversity here contributes to a
lower wetland diversity than in many barrier/lagoon wetland systems.

The most extensive wetlands are associated with clayey lake plains
deposited since the retreat of the Wisconsin ice sheet. These wetlands exhibit
considerable landform diversity, in terms of a geomorphic f'ramework, since they
include deltaic wetlands, wetlands protected by a diversity of coastal
barriers, and wetland colonizing the nearshore zone. Of the landscapes
investigated, the greatest diversity in landforms occurs on Dickinson Island.
Included are landforms created by the St. Clair River  natural levees old
channels, river shoulders! as well as landforms created by wave action
 beaches!. In addition to the diversity of landforms created by different lake
levels during the geologic past, the flow-through hydrology and lack of human
impact are unique. Of the seven study areas investigated, Dickinson Island has
outstanding geomor phic and ecological characteristics and is most worthy of
preservation.
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Coastal wet lands and associ ated shorelines exhibit a varying degree of
geomorphic stability. Many of the coastal barriers investigated and mapped are
erosional  transgressional! in origin and appear to have been displaced
landward, particularly during the high water levels of the mid-1970's. Such
barriers are normally less than five feet above present water level, are
composed of medium to coarse sands, and are stratigraphically a few feet
 usually less than five! in thickness and rest on finer sediments on organic
deposits normally associated with lagoons or backbarrier wetlands. The only
coastal barrier identifi ed which was not transgressional was at Tobico. Also,
the St. Clair River delta  Oickinson !sland! has exhibited little erosion over
the past several decades, The latter coastal area exhibits the gentlest
offshore slopes suggesting that wave energies here are generally low compared to
the other investigated sites. Thus erosion of the barrier and marshes of these
two sites is less extensive. Based upon the geomorphic framework, the Tobico
and Oickinson Island wetlands appear to be stable geomorphically and
biological1y productive.

Isostatic movement is another physical factor which may impact the
geomorphic stability of barriers, and hence wetlands, of selected 'localities of
the Great Lakes. According to several investigators, subsidence of the western
Lake Erie basin has caused a relative rise in lake level over the past several
centuries. Should subsidence of the basin continue, coastal wetlands may be
threatened, especially if landward displacement is prevented by competing land
uses. Over a longer period, coastal wetlands may be lost and estuarine wetlands
in drowned river mouths may become more extensive.

Although erosion is a process common to most of the barriers investigated,
total or permanent barrier destruction is uncommon. The Woodtick Peninsula has
been narrowed to a width of 20 feet during the high waters of the 1970's.
however, sediments are now being redeposited and the barrier width is
incr easing. Furthermore the archaeology suggests that the barrier has
maintained itself for at least 600 years.

A problem perhaps more serious to the wetland viability than the
destruction of the barrier and exposure of the wet'land to wave erosion is the
degradation of wetland water quality. Many of the coastal wetlands located on
lake plains appear to have been degr'aded by i ncreased turbidity and fine-grained
substrates. In many western Lake Erie coastal zones, diked wetlands are
colonized by emer gent and submergent vegetation whereas adjacent non-diked
wetland areas are devoid of sumbersed and floating-leaved corenunities.

The geomorphic framework does exert some control over the substrate type.
In general, more confined or protected wetlands are dominated by organic
substrates, whereas the more open and unprotected wetlands are characterized by
a higher mineral content in the soils. Peat accumulations of several feet were
logged in the Betsie River embayment and at Tobico--two wetland systems
completely protected from the Great Lakes. Conversely, the nearshore wetlands
of Oconto and Tuscola County have accumulated very little peat. Perhaps the
lack of thick peat accumulations at Woodtick Peninsula may be related to periods
of high turbidity which discourages dense emergent plant growth. Moreover, the
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introduction of inorganic sediment, due to breaching of the coastal barrier, and
exportation of the organics from the lagoons during high lake levels, may also
reduce peat accumulation.

Hecause of the erosiona'I character of most shorelines, the occurrence of
nearshore wetlands does not seem to provide an effective buffer against coastal
recession. It must be noted that as lake levels rise, emergent vegetation
becomes less dense and waves break closer ta the shoreline. Such conditions
encourage erosional activity observed along many shorelines. In Tuscola
County, the nearshore wetland vegetation has decreased, but has survived the
higher water leve Is of the early and mid-1970's. However, even here
transgressive beaches are characteristic, suggesting that the remaining
wetlands are ineffecti ve in retarding coastal erosion.

Using surveying instruments, including a dumpy level and a 100-foot tape,
bisects along selected wetland environmental gradients were surveyed. Analysis
of plant macrofragments  rhizomes and peat deposits! and interpretation of
sedimentary sequences permitted the partial reconstruction of recent
successional events. Low lake levels  mid-1,960's! are generally accompanied by
in situ peat accumulation, especially if sedge and cattail cormunities are
present. During high-water periods, die back of wetland communities and
redistribution of peats may occur. High water allows the introduction of Great
Lakes water masses which, in turn, may result in increased wave action, higher
wetland turbidity, and exportation of detritus from the wetlands into the
nearshore environment. Along western Lake Erie  Woodtick Peninsula and
Toussaint Marsh!, high water is accompanied by the deposition of land-derived
suspended sediment in undiked portions of the coastal wetlands.

Plant coaeunity maps, prepared for each of the seven study areas, revealed
that as lake levels change, the wetland commun~ties alternately undergo
succession and retrogression. In general, during low-water conditions the
deep-water marsh communities decr ease in extent along with the total area of
open water. In comparison, during high-water periods the open water and
floating- leaved/submersed communities expand while all other communities
 emergents, sedge marsh, grassy meadow, and shrub/forested wetland! decrease in
extent. The sedge marsh/grassy meadow exhibited the greatest net change in area
as this combined vegetation type accounted for 22.5 percent of the total wetland
area at low lake levels, but only 8.9 percent at high levels. In contrast, the
shrub/forested wetland type exhibited the least net change in response to water
level changes'

The succession or retrogression of vegetation comaunities was illustrated
by a series of photo transects which were constr ucted for each study area
 except Toussaint Marsh!. The 1977 or 1978 field bisect served as the base for
redrawing transects for time periods representing other lake level conditions.
Hy noting, for each wetland plant carmunity, the lakeward extent at low water
and the landward limit at high water, a model of plant coamunity displacement
was constructed. The distribution limits of the plant comnunities can be read
off the photo transects which were prepared for the study areas and/or from the
three vegetation maps which represent various 1ake level conditions.
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A plant community displacement mode! for Dickinson Island indicates that
the floating-leaved and submersed communities are generally found in sites
situated below the mean water level whereas cattail  emergent marsh! is usua'lly
located approximately 15 inches above and below the mean lake level. A sedge
marsh is typically located on the landward side of the emergent marsh, followed
in order by a grassy meadow and then a shrub/forested wetland fringe. The model
also indicates that a narrow zone of sedge marsh persists as sedge at any lake
level, but that deep-marsh cormunities, including cattail, floating-leaved, and
submersed aquatics, may be completely displaced by other comnunities or by open
water. In contrast, the grassy meadow and shrub/forested wetland communities
exhibit an even larger core area than the sedge marsh. Moreover, field
observations suggest that complete die back of plant communities may lag behind
the time of high water by two to three years, whereas the lag between low water
and maximum reco1onization is even longer, especially for woody species.

Because lake level fluctuations may determine the presence or absence of
wetland vegetation in the nearshore or littoral zone, the total area of wetland
changes as Great Lakes water levels oscillate. Data from our seven study areas
reveal that the coastal wetlands increase in total area by 12.9 percent as water
levels drop from high levels to low levels. The percent loss or gain is
greatest in those wetlands, e.g., Tuscola County, where non-persistent
lacustrine vegetation is present in the littoral zone. In contrast, permanent
wetland loss has occurred historically as a result of agricultural and other
land use encroachments along the landward margin, as well as due to dredging and
filling, and to a lesser extent, due to the continual decline of lacustrine
vegetation in the nearshore zone.

Although little emergent vegetation along western Lake Erie survived the
record hi gh water of the early 1970's, increased water depths and increased wave
energy climates are not the only causative factors. A map comparison pertaining
to Woodtick Peninsula, covering the time period 1938 to 1975, documented the
steady decline in the extent of floating-leaved and submersed communities as
well as the simultaneous increase in the area of unvegetated open water.
Because the species diversity and percent cover of plant communities located
within diked wetlands exceeds that of open wetlands, it is felt that surface
runoff in the coastal zone is degrading the water and substrate quality of many
open coasta'l wetlands. In wetlands where turbidity levels were low and where
deposition of land-derived sediments did not occur, as at Oconto, Betsie,
Tobico, Tuscola, and Dickinson Island, re-establishment of wetland communiti es
following the high-water of the 1970-1975 period was most impressive. Thus,
factors which influence the displacement of wetland communities in response to
lake level oscillations include water depth  or depth to water table!, wave
energy, substrate type, and turbidity levels.

As plant commun~ties change with the oscillation of lake levels, so does
the mix of' wetland uses and functions. Although each wetland is somewhat
unique, certain preliminary statements can be made. During low-water periods,
wildlife such as redwinged blackbirds, short-billed wrens, and muskrats are
abundant. In contrast, during high 'lake levels, aquatic and open-water
communities become more abundant including fish, frogs, turtles, piscivorous
birds, and diving ducks. Because a hemi-marsh tends to exist at high lake
levels, and because wildlife di versity is highest when the open water-wetland
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vegetation cover ratio is approximately 50;50, some wetland managers may prefer
h1gh lake levels over low levels. Dickinson Island, which has an intact
environmental gradient and thus permits vegetation shifting during lake level
changes, may consistently exhib1t the highest habitat diversity of all coastal
wetlands in the Great Lakes.

1Aater levels also influence other wetland functions as well. During low
lake level periods, the coastal vegetation may complement streamside,
f1oodplain, and other terr estr1al "green belts" 1n the region which are
providing some sediment trapping and nutrient uptake capacity. Land drainage
may dominate the wetland hydrology at this time, and if the water table lies
beneath the surficial wetland deposits, little land-derived sediment or
nutrient may be transported through the wet lands into the Great Lakes. During
high water, in contrast, water depths 1ncrease 1n the wetlands and thus influent
drainage waters may be dispersed throughout the inundated wetlands. Turbid1ty
levels may rise due to allochthonous inputs and because increased wave action
may entra1n some of the in situ organ1c matter. In some wetlands, where breaches
in the barrier beaches permit the exchange of water between the lake and the
wet land, 1mproved circulation may facilitate red1stribution and elutriation of
wetland bottom sed1ments, as well as flushing of some detritus and suspended
sediments out of the lagoon into the nearshore environment. Although diking may
protect wetlands agai nst erosi on duri ng high 1 ake levels and prevent
contam1nation from polluted land drainage, structural management strategies
usually reduce the diversity of wetland uses and functions, part1cularly with
regard to fish habitat and hydrologic functions.
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CULTURAI SETT ING

POP ULAT ION

Tables 36 through 41 provide figures on estimated population for 1975, and
changes in population from 1970 to 1975, for the coastal counties of the Great
Lakes. The total population of the coastal counties is 15,304,171. As
reflected in Table 41, the counties have, overall, experienced rapid population
growth between 1970 and 1975, with growth averaging about 55 during the five
year period. The coastal counties of Lake Michigan and Lake Huron, in
particular, showed very rapid growth rates �.7X and 9.6X,, respectively!
between 1970 and 1975. Lake Superior, Lake Erie, and Lake Ontario exhibited
slower growth rates of 3.7%, 1.4X, and 2.74 for the same period.

Several trends can be noted for the growth that took place between 1970 and
1975. Most rapid growth generally occurred in the less populated counties along
the shoreline, while stable growth or some population decline occurred most
often in those counties containing urban areas. Figures 73 through 77 show the
major urban areas along the shoreline of the Great Lakes. Each of these urban
centers has a population of 25,000 or more.

It should be noted that the population figures provided in Tables 36
through 41 do not accurately reflect the seasonal population of the lakeshore
counties, since seasonal populations are not reported in the census data.
Figures that are available for Lake Michigan indicate that the relative amount
of seasonal housing may be as high as 47% in some coastal counties. Thus, a
number of the counties along the shoreline of the Great Lakes are likely to have
summer populations in excess of what is reflected in Tables 36 through 41.

Future population projections for the coastal counties vary consider ably,
and in many cases, different methods of projection have been utilized. This
lack of uniformity in methods makes it difficult to reach any general
conclusions about future population changes in the coastal counties. However,
it may be noted that some consistent projections for 1990 are available for the
coastal counties of Lake Michigan. These figures indicate that the rapid
population growth that has been occurring along the Lake Michigan shoreline will
gradually taper off to slow growth.

LAND USE AND OWNERSHIP

Table 42 provides information on land use along the shorelines of each of
the Great Lakes. The two major land use categories along the shoreline are
r esi denti al-comaerci al-industri al structures, and forested lands. These two
categories comprise approx~mately 72K, of the total shoreline mileage.
Shoreline land use patterns tend to vary considerably from those of the Great
Lakes Basin as a whole. Consideration of land use patterns of the entire basin
indicates that agricultural land use is much more prominent, while urban and
built-up land use is considerably less prominent. Table 42 also provides
information concerning shoreline ownership by lake. Approximately 83% of the
total shoreline mileage is under private ownership. States and localities are
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Table 36 . Population of Coastal Counties - Lake Superiora

st mated population
1975

X Change
1970-1975Count

516,787Total 3.7

-302-

Lake, Minnesota
Gook, Minnesota
St. Louis, Minnesota
Iron, Wisconsin
Doug]as, Wisconsin
Bayfield, Wisconsin
Ashland, Wisconsin
Gogebec, Michigan
Ontonagon, Michigan
Houghton, Michigan
Keweenaw, Michigan
Baraga, Michigan
Marquette, Michigan
Alger, Michigan
Luce, Michigan
Chippewa, Michigan

U.S. Hureau of the Census �977!

13,780
3,688

216,220
6,627

44,379
12,565
16,616
20,810
11,357
36,960
2,173
8,060

69,467
8,977
7,115

35,993

3.2
7.7

-2. 0
1.4

-0.6

7.5
-0.8

0.6
7.7
6.7

-4.0

3.5
7.4
4.8
4.8

11.0



Table 37. Population of Coastal Counties - Lake Michigan

hange
1970-1975

st mate popu at an
1975Count

9,192,467 7.7Total

U.S. Bureau of the Census �977!
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Mackinac, Nfchigan
Schoolcraft, Michigan
Delta, Nf chigan
Nenomfnee, Nfchf gan
Mari nette, Wisconsin
Oconto, Wisconsin
Brown, Wisconsin
Kewaunee, Wisconsin
Door, Wisconsin
Nanftowoc, Wisconsin
Sheboygan, Wisconsin
Ozaukee, Wisconsin
Nf lwaukee, Wisconsin
Racine, Wisconsin
Kenosha, Wisconsin
Lake, Illinois
Cook, Illinois
Lake, Indiana
Porter, Indiana
LaPorte, Indiana
Berrfen, Michigan
Van Buren, Michigan
Allegan, Hichfgan
Ottawa, Michigan
Nuskegon, Michigan
Oceana, Michigan
Mason, Michigan
Manfstee, Michigan
Benzie, Michigan
Leelanau, Michigan
Grand Traversa, Michigan
Antrfm, Michigan
Charlevoi x, Mi chf gan
Emmet, Nichigan

10,714
8,659

39,358
25,563
37,555
27,356

169,467
20,} 38
22,469
82,560
99,814
64,519

1,0]2,335
175,781
122,621
407,373

5,369,328
546,757

96,327
105,857
170,549

61,734
71,501

140,556
156,971

20,663
24,517
21,766

9,870
12,527
44,875
15,314
18,467
21,211

10. 9
5.3
9.6
4.0
4.9
7.1
7.1
6.2

11.8
0.3
3.3

18. 5
-4 ~ 0
2.9
4.0
6.5

-2.3

0.1
10.6

0 ' 5
4.0
9.9
7.4
9.7

-0.3
14.9

8.4
6.7

14.9
15.2
14.6
21. 4
1 1. 6
15.7



Table 38. Population of Coastal Counties - Lake Huron

sensate Papu at on
1975

ange
1970-1975Count

3,810,866 9.6Total

U.S. Bureau of the Census �977!
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Cheboygan, Nichigan
Presque Isle, Nichigan
Alpena, Ni chigan
Alcona, Michigan
Iosco, Nichigan
Arenac, Michigan
8ay, Michigan
Tuscola, Michigan
Huron, Nichigan
San! lac, Michf gan
St. Clair, Michigan
Nacomb, Michigan
Mayne, Nichigan
Monroe, Michigan

19,419
14,000
33,293
8,640

28,218
13,179

120,099
53,776
35,879
38,981

130,749
669,813

2,517,726
127,094

17. 2
9.1
8.4

21.5
13.3
18.2

2.4
10.6

5.3
10.8

9.6
7.0

-5.7
6.6



Table 39. Population of Coastal Counties - Lake Erie

st mated popu at on
1975

ange
1970-1975Count

4,335,723 1.4Total
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Lucas, Ohio
Ottawa, Ohio
Sandusky, Ohio
Erie, Ohio
Lorain, Ohio
Cuyahoga, Ohio
Lake, Ohio
Ashtabula, Ohio
Erie, Pennsyl vani a
Chautaqua, New York
Erie, New York

aU.S. Bureau of the Census �977!

476,657
38,828
63,019
77,327

268,579
1,592,613

206,881
101,940
273,396
147,156

1,089,327

-1.4
4.7
3.3
1.9
4.6

-7.5
4.9
3.8
3.4

-0.1
202



Tab'le 40. Population of Coasta1 Counties - Lake Ontarfoa

s t mated pop u at on
1975

C ange
1970-1975Count

Nfagara, New York
Orleans, New York
Monroe, New York
Mayne, New York
Cayuga, New York
Oswego, New York

Total 1,254,518 2.7

U.S. Bureau of the Census �977!

Table 41. population of Coastal Countfes - Total by Lake

st mate popu at>on
1975

ange
1970-1975Lake

Total 15,304,! 71 5.0
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Superfor
Nfchigan
Huron
Erfe
Ontario

237,521
38,328

708,642
82,543
77,833

109,651

516,787
9,192,467
3,810,866
4,335,723
1,254,518

G.8
2.7

-0. 5

4.0
0.5
8.7

3.7
7. 7
9.6
1.4
2.7
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Green Bay

Hanft

Sheboyg

Hf 1 waakee

Racf ne

Kenoaha
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Hf ghland Park
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Based on U.S. Geological Survey 'f:250,000 scale maps
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Figure 74. Urban Areas Along the Lake U.S. Lake Michigan
Shoreline Having Populations

of 25,000 or Nore



Figure 75. Urban Areas Along the U.S. Lake Huron Shoreline
Having Populations of 25,000 or More

a 8ased on lJ.S. Geological Survey 1:250,000 scale maps
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the largest public holders of lakeshore mileage �3%!; the federal government
holds approximately 4% of the total shoreline mileage.

Table 43 provides informat1on on shoreline land use by state. Although the
states show some vari ance in the overall composition of land use types, the
primary land use is by res1denti al, cormercial, and 1ndustri al structures.
Private owner ship is predominant in all of the states, followed by state and
local ownership and federal ownership.

In most cases, it, is difficult to obtain information relating to future
land use plans for the Great Lakes coastal wetlands, particularly for wetlands
which are privately owned. Th1s lack of information makes it d1fficult to reach
any quantitative conclusions about the developmental pressures faced by the
coastal wetl ands. It is possible, however, to specul ate about these
developmental pressures based on present land use patterns and ownership. Land
use information presented in Tables 42 and 43 suggests that the greatest
development threats to the coastal wetlands come from the expansion of urban
areas and residential development af the shoreline. To a lesser extent, natural
resource development also poses a threat, especially to those port1ons of' the
shoreline where the wetlands are in conjunction with several types of
commercially exp1oitable resources.

A major deterrent to wetland development is pub11c ownership. Many
wetlands are located in either national or state forests, game areas, natural
areas, or national, state, or local parks. In general, it might be assumed that
such ownership of wetlands serves as a protective mechanism owing to the overall
management goals of' these units to maintain the natural environment. Although
the extent of protection varies with each public agency, all of these units
provide some degree of protection to wetlands. Another protective mechanism
having vary1ng levels of effectiveness is land use planning, particularly at the
state and local governmental levels. Many land use plans contain provisions
relating to the protection of wetlands as unique or natural environments. This
is particularly true in terms of the Coastal Zone Management Programs developed
by the various states.

R EC R EAT ION

Tables 42 and 43 provide 1nformation concerning the total amount of Great
Lakes shoreline that is being ut111zed for recreational areas. This constitutes
about 10% of the total shoreline.

Relatively little 1nformation was identified through the literature search
pertaining to recreational usage of the coastal wetlands along the Great Lakes
shorelines. In most instances, information is available only when a wetland
lies within the boundaries of a federal, state, or local park. Where this is
the case, available information tends to reflect recreational usage w1thln the
entire park rather than specific activities within the wetland,

A significant number of wetlands along the Great Lakes shoreline lie within
state or national forests. These forested lands provide various recreational
opportunit1es 1ncluding hunting, fishing, camping, hiking, off-road vehicle
trails, and nature and wildlife observation. Site-specific information on the
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recreational usage of wetlands lying within state and national forests is
gen era 1 1 y not ava i 1 ab 1 e.

Reer eat i on a 1 use and demand al ong the Great Lakes shore 1 i ne wi 1 1
undoubtedly increase in the future. In fact, the Great Lakes Basin Commission
�975! concludes that recreation requirements are expected to increase at a much
faster rate than population. The population of the Great Lakes Basin is
expected to increase 84 percent between 1970 and 2020. Recreational
requirements during the same time period are expected to increase 193 percent.
It is likely that this increase in recreational requirements wi 1 1 lead to
greater utilizati on of coastal wetlands along the Great Lakes shoreline for
r'ecreational purposes.

MINERAL, ENERGY, AND FOREST RESOURCES

Metals, non-metals, and fuels are produced in large quantities throughout
the Great Lakes Basin  Great Lakes Basin Commission, 1975!, and many of the
wetlands along the Great Lakes shoreline are situated within areas containing
mineral deposits. Miner al resources present include sand and gravel,
limestones, dolomites, Silurian and Devonian salts, clays, shales, and possibly
some magnesium. Other mineral resources may also be found in the wetlands.
Although many of the wetlands lie within areas of potential mineral resources,
relatively few have been invaded by active resource extraction operations. For
example, 360 of the 413 wetlands along the Lake Michigan shoreline are situated
in areas of potential mineral resources, but only 16 of these wetlands contain
active extraction operations. The number of resource extraction operations
within wetlands may become greater in the future should available supplies
become limited elsewhere.

A large proportion of the wetlands along the Great Lakes shoreline contain
forest resources. In most instances, it was not possible to determine through
the literature search whether these forest resources are of commercial value.
However, the Great Lakes Basin Commission   1975! notes that almost all of the
forested land in the Great Lakes Basin is capable of producing commercial crops
of timber. A number of the wetlands containing forest resources are located
within national or state forests, particularly along the Lake Michigan and Lake
Superi or shorelines. Although the official policy in regard to wetland timber
varies with jurisdiction, virtually all of the policies developed for publicly
owned forested areas provide protecti on against indiscriminate timber cutting
within wetlands.

PUBLIC UTILITIES AND FACILITIES

Figures 78 through 82 show the principal existing and authorized electric
generating plants along the Great I akes shorelines as of January 1978  East
Central Area Reliability Coordination Agreement Power Systems, 1978!. The
majority of the plants use fossil fuel. Several nuclear plants are present or
are planned along the shorelines of Lake Michigan, Lake Erie, and Lake Ontario.
Hydroelectric plants are relatively few in number and are limited to Lake Huron
and Lake Ontario. Of the five Great Lakes, Lake Michigan has the greatest
number �3! of plants along its shoreline. Several of the wetlands included in
this study are situated within one-half mile of a generating plant.
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Ffgure 79. Ex1stfng and Authorfzed Electrfc Generatfng Plants Sftuzted
Along the Shorelfne of Lake f1fchfgan - January 1978a
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Adapted f'rom East Central Area Reltabflfty Coordfnat1on Agreement Power
Systems �978!

-317-

Ed &ate

Port washington

PT1vavkae
Lakes de

Oak Creek

2<on

Vaekegan

a a

Ã1 tche11

OSSA' FUEL
UCLEAR

UYiPED STOfV GE



Figure 80. Existing and Authorized Electric Generating Plants Situated
Along the U. S. Shoreline of Lake Huron

January 1978

Adapted from East Central Area Reliability Coordi nation Agreement Power
Systems �978!
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Information concerning ownership, installed capacity, average annual
generation, and fuel type for each of the plants located along the Great Lakes
shoreline is available from the Federal Energy Regulatory Commission  formerly
the Federal Power Commission!. Of particular value are Gas Turbine Electric
Plant Construction Cost and Annual Production Ex enses, team E ectric P ant

onstruction ost an nnua roduction x enses ro e ectric ower
Resources o the nite tates eve o ed an Undeve o

ant onstruction ost an nnua roduction x enses. p p p y
the e era nergy Administration, entit e nventor of Power Plants in the
United States, is also of particular value for > enti ying existing an propose

POLLUTION SOURCES

Information concerning point sources of pollution in the wetlands along
the Gr eat Lakes s hore11ne 1s pr imar1ly ava i 1 ab 1 e f rom National Pollution
D1scharge Elimination System  NPDESj permits. These are housed in the Michigan
Department of Natural Resources, Mater equality Division, in Lansing; the
Indiana State Board of Health, Water Pollut1on Control D1vision, in
Indianapol1s; the Illinois Environmental Protection Agency, Division of Water
Pollution Control, in Springfield; the Wisconsin Department of Natural
Resources, Industrial Discharge Section, in Madison; the Minnesota Pollution
Control Agency, Permit Sect1on, in St. Paul; the Ohio Environmental Protection
Agency, Technical Records Section, in Columbus; the New York Department of
Environmental Conservation, Pure Waters Division, in Albany; and ihe Erie
County Department of Health, Division of San1tary Engineering, 1n Erie,
Pennsylvania.

The NPDES permits usually do not pinpoint the exact location of the po1nt
source discharge. As a result, it is often impossible to determine whether the
polluter is discharg1ng d1rectly i nto the wet land or into an area near the
wetland. Wetland-specific information on non-point sources of pollution is
virtually non-existent. A strong need exists for research on both point and
non-point sources of pollution as they pertain to the wetlands along the Great
Lakes shor el ines.

HISTORICAL AND ARCHAEOLOGICAL FEATURES

Historical sites along the Great Lakes shorelines are well documented in
The Nat1onal Re ister of Historic Places as well as in state and local historic
registers, uch o the reat Lakes shoreline has not been systematically
surveyed for archaeological sites. However, several extreme1y helpful sources
of information are available for portions of the shoreline. The Wisconsin
Historic Preservation Div1sion has an on-going file of h1stor1c and
archaeologic sites for the coastal counties along the Lake M1chigan and Lake
Superior shorelines in Wisconsin. The Illinois Department of Conservation has
available records an archaeological sites, particularly in the vicinity of
Illinois Beach State Park, along the Lake Michigan shoreline. The Minnesota
Historical Society, Division of Historic and Archaeological Sites, and the
Indiana Department of Natural Resources, Division of Historic Preservation,
should be contacted regarding sites along the Lake Superior shoreline in
Minnesota and the Lake Michigan shoreline in Indiana.

-321-



In Michigan, the History Division of' the Michigan Department ot Natural
Resources has published a report entitled The Distribution and Abundance of
Archaeolo ic Sites in the Coastal Zone of Michi an Peebles and Black, 1976 .
This report summarizes existing know edge o archaeologic sites along the Lake
Michigan, Lake Superior, Lake Huron, and Lake Erie shorelines in Michigan. The
Ohio Historic Preservation Center and the New York State Parks and Recreation
Department, Historic Preservation Field Services, should be contacted regarding
sites along the Lake Erie shoreline in Ohio and the Lake Ontario shoreline in
blew York.

While there are few known archaeological sites in the vicinity of many of
the wetlands along the Great Lakes shoreline, there is reason to believe that
more archaeological sites may be present. Sites are commonly f'ound on barriers
adjacent to the wetlands rather than in the wetlands per se. Such relationships
occur, for example, on barriers in Bay, Tuscola, and Monroe Counties in
Michigan. Undoubtedly, this pattern also occurs in other coastal zones of the
Great Lakes. Since much of the shoreline has not been systematically surveyed,
a professional archaeologist should be consulted prior to initiation of any
action that might affect the wetlands.
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FUTURE PROJECTIONS AND RECOf&ENDATIONS

Until recently, the future of coastal wetlands around the Great Lakes was
uncertain. Since they represent a transitional zone between land and water,
coastal wetlands are sensitive to the pressures of change 1n their natural
environment, as well as to modification by human act~vity.

The frequent and substantial var1ations in water level corrrnon to the Great
Lakes have resulted in changes in size, character and use of many coastal
wetlands, as well as the period1c loss of wetland areas. Localized short-term
changes in water level, such as storm surges, are apt to have serious impacts on
wet lands. This makes future projections diffi cult.

H1storically, wetlands have had a negative image. Only the hunting/
trapping function of wetlands and their potential for agriculture were
considered legitimate values. Like the "forest", the "swamp" was viewed as a
place to be modified, exploited, casually destroyed, or ignored if utilization
was not feasible.

The Great Lakes coastal wetlands frequently occupy sites that are subject
to intensive development pressure. While isolated spruce bogs and other
interior wetlands of the glaciated Upper Lakes states have low development
pressure, where lumbering is the on'Iy major economic value, coasta'I wetlands
often occupy land suitable for urban expansion, siting of transportation routes
and other infrastructure, or intensive market-garden agriculture for urban
markets. A simple comparison of population distribution around the lakes with
the locations of major areas of coastal wetlands suggests the severity of the
problem. Pressure for water-oriented recreation facilities has grown steadily
as urban populations, disposable income, and leisure time have increased in
recent years. In their natural function as buffer zones, wetlands inhibit easy
movement between land and open water and so are often viewed as inconveniences.

Most of the functions dependent on the maintenance of wetlands as integral
ecosystems have either been considered trivial or have only recently acquired
signif1cance as a result of current scientific analysis. Most of the latter
functions are not readily visible or comprehensible to the public.

The future picture for wetlands is not entirely negative, since the
numerous values of wetlands are gaining wider and more influential recognition.
The enhanced level of public environmental awareness over the past decade,
successful legal challenges to environmental degradation, and increasing
comnitment to rational development by government agencies at various levels
have changed the atmosphere in which decisions are made. Around the Great,
Lakes, the particularly vulner able character of coastal wetlands has been
recognized, and various steps to ensure preservat1on or enhancement of
remaining wetlands are being taken or cons~dered. In a study of attitudes
toward wetlands in Michigan Jaworski et al.   1978! noted a direct relationship
between population density, threatened wetlands, and active concern on the part
of various groups. Also indicative of heightened awareness of the values and
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problems of wetlands is the amount of investment now being made in research on
various aspects of wetland environments. For the past few years wetlands have
been receiving an increasing share of available research funds.

Considerable scientific effort is being devoted to the quantification of
wetland values, as awareness grows that the surv1val of wetlands w111 ultimately
depend on economic competition with uses and activities that might destroy them.
Thus, while substantial data now exist on hunting, f1shing, and trapping
act1vities in wetlands, identificat1on and quantification of abiotic,
biolog1cal, and aesthetic functions of great potential value may be crucial.
Moreover, close quantitative attention to actual values of wetlands reveals
changes in emphasis and in relative economic significance over t1me. Table 7
suggests that traditional activit1es  notably hunting! are now much less
economically productive than sport fishing and non-consumptive recreation uses.

Two basic wetland policy objectives that might be considered are to enhance
the status of wetlands in the land use hierarchy, and to optim1ze wetland use in
the light of conflicting interests. Specific strateg1es that m1ght be uti11zed
to achieve these objectives include:

Enactment of significant wetland legis1ation in the Great Lakes
states'
guantify further the economic values of wetlands.
Improve the wetland image through educational programs.
Provision of data and assistance to all wetland interest groups.
Steps to increase corwunity awareness of and involvement in wetland
decisions.

Coordination of definitions and enforcement policies among various
state and local agencies concerned with wetland environments.
Considerat1on of active measures to resolve problems of wetland
deterioration.
Accumulation of site-specific data.
Modification of land use practices in order to m1nimize wetland
degradation.
Art1cu 1ation, possibly through one or more of the existing agencies
concerned with the Great Lakes, of overall pl ann1ng, development, and
preservation strategies for wetlands based on the perspective of the
Great Lakes basin as a single functional unit.

2!
3!
4!
5!

7!

8!
9!

10!
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Coastal wetlands by their nature will always remain vulnerable to
modification by natural elements, and it still seems doubtful that they can ever
be truly cost-effective in competition with other more intensive land uses.
Specifically, the preservation of wetlands as integral environmental units, not
subject to any sort of selective improvement or augmented use pressures, seems
unlikely. Nonetheless, increas1ng awareness of the unique character of
wet'andS,, and of the incalculable losses that their total disappearance wouId
entail, may lend suffic1ent urgency to various initiatives that may lead to
preservation of remaining wetlands.



APPENDICES

The following life histories include a11 fish, repti les and amphibians,
avifauna, and mamma 1s that utilize the coastal wetlands habitually . The 1ife
histories are preceeded by a list of comon and scientific names. Many
species often occur in coasta'I wetlands but are not strictly c1assifable as
wetland species. These species have not been included.

The following sources were consulted in the preparation of life
histories:

Fish - Trautman   1957!, Scott and Crossman �973, Hubbs and
Lagle~r 19S8!, Smith   1979!, Becker   1976!, Eddy and Llnderhi ll
  1974! .

Am hibians and Re tiles - Conant �951, 1975!, Walker �946!,
Ruthven et a .  T998 , mit �961!, Bishop �941!, Pope and
Dickinson �928!, Pentecost et al.

Avifauna - Bent �919 - 1968!, Bull and Farrand �977, Pa1mer
�976~carson �923!, Robbins et a'I. �966!, Sanderson �977!,
Snow �973!, and Zarm �974!.

Mammals � Jackson   1961! and Burt   1972!.

These sources summarize a wide range of literature. For additional
information on any of the wet'fand species included in t' he appendices or non-
wetland species which have not been discussed, these sources can be
consulted.



APPENDIX A

Cotrloon and Scientific Names of' the Vegetation
of the Coastal 4fetlands of the Great Lakesa

Scientific NameCorinon Name

Abies balsamea
Acer sp.
~rubrum
X. saccharinium
A. saccharum
Acorus calamus

is erennans

A isma subcor atum
A. triv
Ainus sp.
AC incana
A. ~ru osa
Amaranthus sp.
~h'

n romeda ~h

Ascle ias incarnata
Asc e ias incarnata

ster
A. vrmineus

B. ~aifera
Bidens sp.
B. cernua
B. coronata
B. ~non osa
Boehmeria c lindrica

~aki e ed~entu a

Ca tha alustris

Carex sp.
C. ~auatilis
Z. aurea
C. comosa

-continued-
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balsam fir
maple
red maple
silver maple
sugar maple
sweet flag
upland bent grass
water -plantin
water-plantin
alder
tag alder
speckled alder
pi gweed
beach grass
bog-rosemary
little bluestem
little bluestem
bearberry
whorled milkweed
swamp milkweed
upland white aster
small white aster
birch
yellow birch
paper birch
begger's ticks
begger's ticks
tickseed sunflower
begger 's t~cks
log-hemp
water shield
sea rocket
bluejoint grass
starwort

beach reed
orchid
marsh marigold
marsh bluebell
marsh bluebel l
sedge
sedge
golden fruited sedge
sedge

A d o o on ~seo prius
Anemone canadensis
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Common Name

V. canidum

-continued-
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sedge
sedge
sedge
sedge
sedge
sedge
sedge
sedge
sedge
sedge
sedge
sedge
greenish sedge
shagbark hickory
American chestnut
hackberry
centuary
buttonbush
coontail
leather leaf
1 cather leaf
stonewart
stonewart

stonewart
water hemlock
water hemlock
thistle
twig rush
gol dbr ead
virgins bower
thistle

lance leaved coreapsis
dogwood
dogwood
bunchberry
flowering dogwood
gray dogwood
red osier dogwood
hawthorns
sedges
sedges
umbrella sedge
schweintz cyperus
moccasin flower
yellow lady slipper
orchid

cienti >c Name

C. crinita
C. cristatella

t;. lacustris
r. f~
f. ~l

C. ri aria
V. sartwe lii

stricta
stricta var. strictior

C. virescens
f . ~vi r I du a
Ear a ovata

astanea dentata
~e tis occIdentaiis

hara contvaria
I.. kukens>s
C. ~vu aria
1'.icuta u bifera
I.scuMa ~manu ata

s um sp.
Vadium mariscoides

ornus sp.
~amomum

ca~acaensis

C. racemosa
sSto unifier a

~ra ae s spp.
C erus diandrus

. odoratus
C. stI i usus
C. scIIvfeinItzii
C ri ed um acaule



ommon Name

orchid
orchid
swamp loosestrife
narrow-leaved sundew
round-leaved sundew
marsh fern
Walter's millet
wild cucumber
needle spike rush
spike rush
spike rush
spike rush
spike rush
elodea
fireweed
purp1e-leaved wi11ow herb
heath family
daisy fleabane
duck grass
cotton grass
spotted joe-pye weed
strawberry
white ash
ash

red ash
bed straw
fringed gentian
purple avens
manna grass
grasses
clubspur orchid
orchid
orchid
orchid

witch hazel
water-stayrass
marsh mallow
Klam's St. John's Wart
marsh St. John's Wart
winterberry
black alder
touch-me-not
jewelweeds
j ewe1wee d s
blue flag

Scientific Name

arietinum var.
e m var. ~ubescens

OeCOdpn vertiCCi CTatuS
Drosera intermedia

E. Em ~obata
c~icu aria

I. ~I
F. intermed>a
E. u
'f. sa~a ST1
Elodea canadensis

~ ~ lum sp.

. co oratum
fricaceae
~ri aron annuus

raxsnus americana

al>um obtusum

V ceria sp.
ramineae

II I
~H. di atata
H.
H. x media

ertcum~ta m1anum
Telex sp.
I. verticillata

~l ~ ~ibff
t. isa111da
Tris versicolor

-continued-
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Corenon Name

Flores a l~a
~Nr i c a~~aTe

er ni f 1 orum

mucronatus

-continued-
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rush
baltic rush
short-tailed rush
soft rush
common juniper
red cedar
creeping juniper
mints
European larch
tartar ack
tamarack
labrador tea
rice cut-grass
cut grass
duckweed
duckweed
twin flower
tul i p tree
Kalm's labeli a
Loese's twayblade
shining clubmoss
American bugle-weed
loosestrife
purple loosestrife
monkey flower
white mulberry
sweet gale
water milfoil
mi 1 f oil
mi1 foil
mi 1 f oi1
slender niad
Amer i can 1 ot us
aquatic 1 otus
mountain ho1ly
stonewart
yellow water lily
spatterdock
yellow pond lily
bullhead lily
white water lily
white water lily
evening primrose
sensitive fern
pri ck 1 y pear
cinnamon fern

Scientific Name

Juncus sp.
ba ticus var. littoralis

Zuni erus comrmnis

J. is
Labiatae
Larix decidua
~L. ar icina
Lath rus mari timus
e um roeen aen icum

Leersia lenticu gris
L. ~or zoides
Lemna minor
L. tri~scu ca
Lamina borea is
I I I ~fi If

11

~Li aria loeseTii

~L co us americanus

L thrum salicar ia

~Nu har advena
Nu har ~a vena
~Nu ar ~vu ro iscum
II. ~if
RZm~ihaea odorata
N. tuterosa
Uenothera biennis
Onoclea se~nsibu is

sp.

smunda cinnamonea



cienti ic Name

royal fern
hop hornbeam
switchgrass
arrow arum

ditch stonecrop
reed canary grass
reed grass
pokeweed
spruce
white spruce
black spruce
jack pine
Austrian pine
red pine
pitch pine
white pine
scotch pine
foul meadow grass
orchid
water heart's ease
water smartweed
mild water-pepper
nodding smartweed
smartweed
smartweed
arrowhead tearthumb
pickerel weed
silverweed
cottonwood
bigtooth aspen
quaking aspen
thin leaved pondweed
slender pondweed
pondweed
curly leaf pondweed
pondweed
pondweed
vari able pondweed
pondweed
pondweed
pondweed
sage pondweed
slender pondweed
red head pondweed
pondweed
pondweed

Osmunda ~re alis

0 Panicum ~vir atum
~e tan ra ~vier tnica
Penthorum sedoides
~Pha aria arundivacea

cormun>s

amer icana

l . ~Tauca
P. mariana
Pinus banksiana
P. ~n> ra
L. resinosa
P. ~ri ida
P. str obus
P. ~sestri
Poa

Po o onum
. coccineum

P. ~hro i er aides
P. a athifo ium

F. 2unctatum
P. sa ittatum
Ponte eria cordata

Po ulus deltoides
d d t t

~nus var. tenuifolius

P. eris us
o iosus

l. 7r iesii
r aamineus

P. i inaoensis
P. natans
P. nonuosus
P. ectinatus
P. usi us
P. richar soni
P. robbinsii
P. strictifolius

-continued-
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cient»c Nameomnon arne

Potentilla ~alustris
P 1

P. enns lvanica
P. ~umi a
P. serot1na

~P rus coronaria
I

i 1 i s

%usa g~austris
R. ~acti era
Fumex eris us

ver tici atus
'tt cuneata

Eabatta ~an ularis
~5a ix spp.

Y. candida
K. corcuata
Y. interior
Y. ni ra

ucida

S. sericea

Yambuscus canadensis

aururus cernuus

-331-

pondweed
marsh cinquefoil
mermaid weed
cherry
pincherry
sand cherry
black cherry
choke cherry
crabapple
slender mountain mint
oak

white oak
swamp white oak
red oak
bur-oak
pin oak
black oak
white water crowfood
white water crowfood
white water crowfood
smooth sumac
swamp rose
prarie rose
dock
dock
arrowhead
arrowhead
arrowhead
arrowhead
arrowhead
rose pink
willow
peach-leaved willow
willow
heart-leaved willow
sand bar willow
black willow
willow
willow
silky willow
willow
common elder
pitcher plant
sassafras
1 i zards tail

uercus sp.~ ~g. a ba

-continued-

zosterif ormi s



c>ent»c i arneommon arne

nutans

adum

korea alba
at, i7aa7a

Y. tomentosa

-cont i nued-
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hardstem bu1rush
American bulrush
darkgreen bulrush
wool grass
river bulrush
slender bulrush
bulrush
soft-stem bulrush
skullcap
water parsnip
horse nett1e
cattail nightshade
tall goldenrod
Indiana grass
American burreed
burreed
burreed
grass
prarie cord grass
meadow sweet
meadow sweet
hardhack
Sphagnum moss
grass
big duckweed
sand dr opseed
common comf'rey
marsh fern

star flower
arrow grass,
hemlock
hemlock
narrow leaved cattail
cattail
cattail
elm
s li ppery e'Im
nettle
tal 1 nettle
horned bladderwart
bladderwart
blueberry
large cranberry
wild celery
north mullein

Scir us acutus
. americanus

Y. atrovirens
Y. c erinus
S. f uviati is
S. heterochaetus
Y. torre i
Y. va idus

biff
P

~oanum carol inense

~~oii3a o' canacaensis var. scabra

T. ~~ance
Ulmus americana
U. rubra
Urtica sp.
U. rocera
Ijtrlcu aria cornuta

acc>nudum sp.
i

aaaisneria americana
Verbascum blattaria



Viburnum
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oamon Name

bl ack haw
witherod
arrow-wood

wild grape
sueraer grape
wild grape
water meal
horned pondweed
wild rice

G1eason, 1968

Sci enti i c Name

7. cassin
V. ~it
Vitis sp.
V. gest>val~s
V. almata
Wolf ia columbiana



APPENDIX B

Phylogenetic List of Common and Scientific Names of Fishes
in the Great Lakes Basin

Scientific Nameommon Name

Class Agnatha
Order Petromyzontifarmes

Class Osteichthyes
Order Acipenseriformes

lake sturgeon

paddl ef i sh

Order Semi onotif ormes

spotted gar
longnose gar
shortnose gar

bowf in

American eel

Order Clupeiformes

-continued-
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ches tnu t lamprey
northern brook 'lamprey
silver lamprey
American brook lamprey
sea lamprey

skipjack her ring
al ewi f e
American shad

gizzard shad

Family Petromyzontidae  Lampreys!
llhh I

h h f
Ichth om ton ~unites is
Lam etra atmnotei

Family Acipenseridae  Stur geons!
~Aci enser fulvescens

Family Polyodontidae  Paddlefishes!
~Pol odon ~sathul a

Family Lepisosteidae  Gars!
hI f
L ' t osseus

~~h

Order Amiiformes

Family Amiidae  Howfins!
Amia calva

Order Anguil1iformes

Family Anguil 1 i dae  Freshwater Eels!
~An ui i i a rostrate

Family Clupeidae  Herrings!
Rlosa chr sochloris
~os a
itTos a
0 I hi ~



Common Name Scientific Name

mooneye

~ai enae
ar tedii

~ho 1
~ohannae

Core onus rei hardi
rennet icus~ore onus

obuscha

1sutc
nerka

Proso ium
Sa m a>

Sal vel inu s

rainbow smelt

-continued-
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longjaw cisco
lake herring  cisco!
lake whitefish
bloater
deepwaer cisco
kiyi
blackfin cisco
shortnose cisco
shortjaw cisco
pink salmon
coho salmon
sockeye salmon
chinook salmon
pygmy whitefish
round whitefish
rainbow trout  steelhead!
At 1 ant i c salmon
brown trout
brook trout
lake trout
arctic grayling

central mudminnow

grass  redfin! pickerel
northern pike
muskellunge
chain pickerel

Order Osteoglossifarmes

Family Hiodontidae
Hiodon ~ter isus

Order Salmon i f ormes

Family Salmonidae  Trouts!
Core onus
~ore onus
Cor e onus
orecronus

~Core onus
Core onus

o rdneri
~amo sa ar
~amo trutta
Sal ye 1 inus f ontinal i s

Family Osmeridae  Smelts!
Osmerus mordax

Family Umbridae  Mudminnows!
Umbra limi

Family Esocidae  Pikes!
Esox americanus

E
E
Esox ~ni er



Common Name

anomalum

~car io

~Nocomi s

~Notre is

~Notre is
~l

otro is

Phenacob1 is

neo acus

notatus

-cont inued-
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stoneroller

goldfish
redside dace
lake chub
carp
silverjaw minnow
cutl i ps minnow
brassy minnow
silvery minnow
bigeye chub
streamline chub
silver chub
gravel chub
hornyhead chub
river chub
goldenshiner
pugnose shiner
popeye shiner
emerald shiner
bridle shiner
b1geye shiner
ghost shiner
ironcolor shiner
striped shiner
common shiner
bigmouth shiner
pugnose minnow
blackchin shiner
blacknose shiner
spottail shiner
silver shiner
rosyface shiner
spotfin shiner
sand shiner
weed shiner
redf1n shiner
mimic shiner
suckermouth minnow
northern r edbelly dace
southern r edbelly dace
finescale dace
bluntnose m1nnow
f athead minnow
bullhead minnow

Scientific Name

Order Cypriniformes

Family Cyprinidae  Hinnows!

u auratus

C1 inostomu~s~eon atua
Couesius iilumbeus

Eric ba buccata
~l

~ll l l«
~Ill l
H bo sis ambTo s

bo sis issim>lis
o sis storer>ana

t t

N t l

~Notre is ariommus
~Notre is atherinoides
~Notre is bifrenatus
~Notre is ~boo s
~Notre is buchanani
II

Notro is cornutus

~~etreis hete~oBon

~Notre is hudsonius
N t

Notro is stramineus
~Notre is texanus
Notre is umbratilus

Phox>nus eos
l



Scientific NameCommon Name

blacknose dace
longnose dace
creek chub
f al lf i sh
pear 1 dace ~mar arita

Ictiobus ni er
acera

~Min trema melano s
Moxostoma anisurum
Moxostoma cari natum
Moxostoma ~du uesnei

-continued-
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r iver carpsucker
quillback
highfin carpsucker
longnose sucker
white sucker
creek chubsucker
lake chubsucker
northern hogsucker
smal lmouth buff alo
bigmouth buffalo
black buffalo
harelip sucker
spotted sucker
silver redhorse
river redhorse
black redhorse
golden redhorse
shorthead redhorse
greater redhorse

white catfish
channel catfish
yellow bullhead
brown bullhead
black bullhead
stonecai

tadpole madtom
brindled madtom
northern madtom
flathead catfish

Family Catostomidae  Suckers!
Car iodes ~car io
~ar >o es c r>nus
Car iodes ve ifer

atostomus catostomus

Erim zon sucetta
t ' n~ ricans

I

Order Sil urif ormes

Family Ictaluridae  Freshwater Catfishes!
Ictalurus catus
~ca urus punctatus
Ictalurus natalis
~cta urus nneunosus
TcCta urus ~me as
Noturus flavus
Noturus ~r>nus
Noturus miurus
Noturus ~st mosus
~Pdictis o ivaris



Scientific NameCommon Name

Order Percopsiformes

pirate perch

trout-perch

burbot

Order Atheriniformes

mosquitofish

brook si lversi de

Order Percif ormes

white per ch
white bass
yellow bass

-continued-
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banded killi fish
blackstripe topminnow
starhead topminnow

brook stickleback
threespine stickleback
ninespine stickleback

rock bass
green sunfish
pumpkinseed
warmouth

orangespotted sunfish

Family Aphredoderidae  Pirate Perches!

Family Percopsidae  Trout-Perches!
~oerco sis omiscom

Order Gadi f ormes

F ami 1 y Gad i dae   Co dii s hes !
Lota iota

Family Cyprinodonti dae  Killifishes!
Fundulus dig hanus
~un u us nota us

Family Poeciliidae  hivebearers!
Gambusia affinis

Family Atherinidae  Silver sides!
I abidesthes sicculus

Order Gasterosteiformes

Family Gaster ostei dae  Sticklebacks!
Culaea inconstans
i

F ami 1 y Pere i cht hyi dae  Temper ate Basses !
Morone americana
%prone chrono is
Mar one msssiss7 iensis

Family Centrarchidae  Sunfishes!
~b
~te amis ~cane us
~Le amis ibbosus
~Le ames gu osus
~Le amis humiiis



Scientific Nameommon Name

bluegill
longear sunfish
redear sunfish
smallmouth bass
largemouth bass
white crappie
black crappie

~Le omis macr ochirus
L ' 1 t'

u1

M~i ~in
Pomoxis annularis

 Perches!Family Perci dae

vitreum vitreum

Family Sci aeni dae  Drums!
A 1 d ~rune lensfreshwater drum

 Sculpins!
Cottus bairdi

Cotton ~co natus
Cottus ri cei

Family Cottidae
mottled sculpin
slimy sculpin
spoonhead sculpin
fourhorn sculpin

Bailey et al., 1973; Scott and Crossman, 1973; Hubbs and Lagler, 1964;
Trautman, 1957; Van |bIeter and Trautman, 1970; Becker, 1976.
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western sand darter
eastern sand darter
greensi de dar ter
rainbow darter
bluntnose darter
iowa darter
fantail darter
least darter
johnny darter
orangethroat darter
banded darter
yellow perch
logperch
channel darter
gilt darter
blackside darter
slenderhead darter
river darter
sauger
blue pike
walleye

Ammoc ta cl ara
eeeucida

eo o a b enn~oides
Etheostoma caeruleum

E Etheostoma Pl abel 1 are
E h
Etheostoma ~ni rum
Etheostoma s ectabile
Etheostoma zona e

Percina ~ca rodes
Per cina ~co elandi

e

Percina macu ata

Percina shumardi
Ytt zosteBion canadense
Stizostedion vitreum cilaucum



FISH � LIFE HI STOR I ES

Habitat - The spotted gar is found only in very clear, base gradient waters,
wWit  profuse aquatic vegetation, such as glacial lakes, shelter ed bays, and
estuaries of the Great Lakes. The species is highly dependent on vegetation,
where it spawns, seeks shelter as young and adult, and feeds. It disappears
entirely from waters that are devegetated.

Distribution - This species is primarily southern in range, occurring in the
  »    f  d  ,  
the Great Lakes region. It is unreported in Lakes Super ior and Ontar io and rare
in Lakes Erie, Huron, and Nichigan.

S awnin and Mi ration - The spotted gar has not been intensively studied. It
spawns in spring in shallow, densely vegetated margins of lakes and bays.

Food - Limited data indicate the food of this species to be primarily small
Pish, such as yellow perch and cyprinids.

Recreati onal and Commerci al Value - The spotted gar has no present major
recreationa or comercia va ue. ars in general are regarded by f'ishermen as
a nuisance due to their alleged voracious consumption of romare valuable fish and
tendency to tangle nets.
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Habitat - The longnose gar, like the spotted gar, prefers very clean, base
gradient waters with some aquatic vegetation. However, it tolerates greater
current and turbidity, as well as less vegetation than the spotted gar. In the
Great Lakes it conmonly occurs in sheltered bays, tr ibutaries, and estuari es
having these characteristics.

Distribution - The species occurs from Montana and quebec to the north,
throughout the entire Mississippi-Missouri-Ohio River drainage basin, the Rio
Grande basin, along the eastern coastal drainage from New Jersey south, and
along the Gulf Coast. The longnose gar is cordon in the Great Lakes except in
Lake Superior, where it is restricted largely to the south shore.

d M t' � The longnose gar spawns in late spring and early suiirtier
ually two feet!, over submerged vegetation. Upstream

migrations may occur. Adults spawn in clusters, sometimes constructing crude
nests, but usually broadcasting eggs randomly. Eggs adhere to vegetation, and
after hatching young also adhere to vegetation using an adhesive pad near the
tip of the snout.

Food - Adults are almost entirely piscivorous, utilizing a variety of small
Flashes.

Recreational and Commercial Value - Like the spotted gar, the longnose has no
major recreational or cormercial use and is regarded by fishermen as a nuisance.

bowfin  Amia calva!

Habitat - The bowfin is almost identical in habitat with the longnose gar,
preferring shallow base gradient, vegetated waters, such as the margins of
glacial lakes, river backwaters, marshes, swamps, and bays and estuaries of the
Great Lakes. The species tolerates some turbidity and current, and it is often
found in waters lacking vegetation. However, it is corrmon only where aquatic
vegetation is relatively abundant.

Distribution � The species ranges from Minnesota to the Lake Champlain drainage
on the north, throughout most of the Mississippi River basin, the eastern
seaboard drainage from the Susquehanna River south, and the Gulf Coast drainage.
It is relatively common in all of the Great Lakes except Lake Superior, where it
is restricted to the southeastern shore.

S awnin and Mi ration - The bowfin spawns in nests constructed in submerged
aquatic vegetation in warm shallow water, usually in late April to late May.
Adult males form protective colonies guarding the young after hatching.

Food - Young feed on plankton, while adults chiefly utilize fish, crayfish, and
molluscs.

Recreational and Commercial Value - The bowfin has no major recreational or
cormercial value in the Great Lakes, and it is generally regarded by fishermen
as a nuisance.
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~ gizzard shad  Dorosoma d' !

Habitat - The gizzard shad is found in base or low-gradient waters such as
lakes, large imnoondments, and large streams. It is highly tolerant of warm
temperatures, muddy bottoms, and turbidity, provided phytoplankton is abundant.
In the Great Lakes it occurs in almost all bays, estuaries, and shallow open
nearshore waters' Although not dependent on aquatic vegetation, it is usually
common in the warm shallow waters associated with coastal wetlands.

Distribution - The gizzard shad is found in larger waters throughout the eastern
United States excluding New England, throughout most of the Mississippi basin,
the eastern and Gulf coastal drainages, and the Rio Grande. It is common in the
lower Great Lakes and southern Lakes Michigan and Huron. In the northern
regions of the latter two lakes and Lake Superior it is uncorreon.

S awnin and Mi ration � The gizzard shad spawns in early June to early July in
warm sha ow water, apparently broadcasting eggs at random. At this time a
general concentration and inshore migration of adults occurs.

Food - Young and adults are largely planktivorous, utilizing both phytoplankton
and zooplankton. Adults also utilize benthic and periphytic algae and
invertebrates  including those growing on rocks, piers, pilitigs, and
vegetation}, which is harvested by long sweeping movements against such
substrates.

Recreational and Commercial Yalue - The gi zzard shad has no major recreational
or cormercia use in the Great Lakes, although it may be sold to rendering
plants or used as animal feed or fertilizer when taken in sufficiently large
quantities. Young gizzard shad are important forage for larger predators.
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~ redfin pickerel  Esox americanus americanus! and
I i i l

S t t N t - Of the two r ecognized subspecies of Esox amer icanus, the grass
i i Ii .~i ii

is found in the Canadian lower St. Lawrence River and will not be considered
here.

Habitat - The grass pickerel is found in shallow, clear, densely vegetated
waters of base or low gradient streams, lakes, and marshes. It is tolerant of
some turbidity. In the Great Lakes it occurs in such areas in bays, tributary
mouths, and coastal wetl ands. It is generally rar e or absent when aquatic
vegetation or overhanging terrestrial sedges and grasses are absent ar removed.

Distribution � Whereas the redfin pickerel is primarily found in the eastern
a inage of the United States and Canada, the grass pickerel is

primarily distributed west of the Allegheny plateau, including the Mississippi
River basin, Lake Erie, Lake Ontar io, and southern Lakes Huron and Michigan. It
is absent or rare in Lake Superior and northern Lakes Huron and Michigan.

S and M tio - The grass pickerel spawns soon after ice-out in early
p g, y a e March to early May. Some fal t spawning may also occur.

Adults migrate upstream or inshore to shallow water with submerged vegetation,
often utilizing temporarily inundated flood plains, pastures, meadows, and
woods. No nest is built. The eggs are broadcast, abandoned, and adhere to
vegetation. Young shelter in the vegetation, apparently clinging ta it in some
manner.

Food - Young feed on zooplankton and small invertebrates, and adults are largely
piscivorous but also consume crayfish, tadpoles, and insects.

Recreational and Commercial Value - The grass pickere1 has no major recreational
or coomercia use in the Great Lakes.
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~ norther n pike  Esox lucius!

Habitat - The northern pike prefers lakes, low gradient streams, and bays and
estuaries of the Great Lakes. The species requires abundant aquatic vegetation,
particularly submersed types and emergent grarrminoid types, and relative'Iy
clear, cool or cold water, although the adults are moderately toler ant of
turbidity. It is one of the more coomon fishes of Great Lakes coastal wetlands.

Distribution - The northern pike is holarctic in distribution. In North America
it occurs from extreme northern Alaska and Canada, south to the Missouri and
upper Mississippi River drainages, and eastward through the Great Lakes basin to
the Lake Champ lain and Hudson River drainages. !t is relatively abundant in all
the Great Lakes but Lake Erie, where it has greatly decreased in abundance due
to siltation and marsh drainage.

S a nin d M' t'on - Like the grass pickerel, the northern pike spawns at
y May! in shallow vegetated waters of marshes, streams,

lakes, or temporarily inundated pastures, woods, and meadows. Adults migrate
upstream or inshore to such areas, where eggs are broadcast and adhere to
vegetation. Highly turbid, saline, or stagnant waters are poor spawning
habitat, with relatively clear waters, gramminoid vegetation, and sandy or
detrital substrates preferred. Adults usually return to deeper waters after
spawning and remain there during summer.

Food � Young feed on large zooplankters and small insect larvae, and adults are
primarily piscivorous, although waterfowl, frogs, and snakes may also be
consumed.

Recreational and Cormercial Value - The northern pike is one of the more
important game fishes in the Great Lakes. Prior to 19GO it was also
commercially important but is of minimal comnercial importance at present. The
species is the primary game fish of coasta1 wetlands.
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Habitat - The muskellunge prefers deeper waters than the northern pike and
appears to be more common in submersed aquatic vegetation in larger bays, lakes,
and deep rivers. Few sympatric populations of northern pike and muskellunge
ex1st, and it is believed the more numerous northern pike has a competitive
advantage over the muskellunge in many habitats. The muskellunge also requires
relatively clear, cool or cold waters, and abundant aquat1c vegetation.

Oistribution - The muskellunge is found primarily in the Great Lakes basin, the
Ohio River drainage, and the Lake Nipigan region of southeastern Manitoba,
northern Minnesota, and western Ontario. 1t is not coomon in the Great Lakes
except in certain areas of intensive stocking. Re lat1vely large native
populations ex1st in some coastal areas such as the upper Niagara River and Lake
St. Clair.

S awnin and Mi rati on - Spawning occurs just af ter ice-out, usual ly after
northern pike spawning, from early April to early May. Adults migrate upstream
or inshore from deeper-water wintering areas. Eggs ar e broadcast without
nesting activ1ty and adhere to vegetation. Young gradually migrate to deeper
water by summer.

Food � Young feed on zooplankton, fish larvae, and young fishes, and adults are
primarily piscivorous, although waterfowl, frogs, snakes, or aquatic mammals
may also be consumed.

Recreational and Commercial Value � The muskellunge is an important game f1sh in
the Great Lakes region, a though it is not as numerous as the northern p1ke and
1s maintained largely by supplemental stocking. Prior to 1900 it was
commercially important, but such importance is currently m1nimal.
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~ central mudminnow  Umbra limil

Habitat - Mudminnows prefer clear, generally cool waters of small ponds,
marshes, lakes, acid bogs, and low gradient streams, where aquatic vegetation is
relatively abundant and the bottom consists of detritus, under which the fish
burrows.

Distribution - The central mudminnow is distributed much like the muskellunge.
I « t I 1 A i f » g y gi
Tennessee, west to Missouri, and northwards to southeastern Manitoba, along the
south shore of Lake Superior through the Great Lakes to the Lake Champlain
region. It is relatively common in all the U.S. waters of the Great Lakes.

S ' d M' t' � Spawning occurs in fate March to early April in aquatic
vege a on a o g am or lake bottoms and margins. No nests are constructed,
and eggs adhere to aquatic vegetation.

Food � Young feed on small invertebrates, such as ostracods and young snails,
and adults utilize 1arger invertebrates, such as isopods, amphipods, and
molluscs.

Recreational and Commercial Value � Aside from its value as a forage fish, the
mudminnow is o no current recreational or commercial value.

~ goldfish  Carassius auratus!

Habitat � The goldfish prefers warmer waters in lakes, low gradient streams, and
bays and estuaries of the Great Lakes. The species also prefers dense aquatic
vegetati on and is less tolerant of silt and cultural pollution than the closely
related carp.

Distribution - The goldfish is endemic to eastern Asia and was introduced widely
throughout the North America for ornamental purposes. Although present
throughout the United States, it, is primarily corrmon in the Midwest and reaches
its greatest abundance in western Lake Erie. It occurs sparsely in the other
Great Lakes.

S awnin and Mi ration � Goldfish spawn in May and June in warm shallow water in
su ersed an emergent vegetation. Eggs are broadcast randomly and adhere to
vegetation. No migration except gradual inshore movement for spawning occurs.

Food - The species is omnivorous in feeding habits, utilizing a variety of plant
and animal material depending on availability.

Recreational and Commercial Value - A limited ornamental market for wi"td
go ish exists, but the species is largely of no economic or recreational value
at present.
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~ car p l ~cr i nu 5 ~car i o !

Habitat - Like the goldfish, the carp prefers warmer waters of lakes,
reservoirs, low gradient rivers and streams, and bays and sheltered nearshore
waters of the Great Lakes. The carp prefers dense aquatic vegetation and is
highly tolerant of low dissolved oxygen, silt, cultural pollution, and high
temperatures. It is usually absent from cooler, clearer, higher gradient
waters.

Distribution - The carp is endemic to temperate Europe and Asia and was
introduced widely in North America for food . Although present throughout the
continental United States, the carp is most abundant south of the Great Lakes
regi on. It is present and locally common in all the Great Lakes, but it is most
abundant in western Lake Erie.

S in d M t' - Carp spawn in 1ate spring and early surlier in warm,
y in aquatic vegetation. Eggs are broadcast r andomly and

adhere to vegetation. A gener al migration into shallow water usually occurs
prior to spawning.

Food - Carp are scavengers and are omnivorous in feeding habits, utilizing a
variety of plant and animal material. They do not deliberately ingest mud and
sewage as is commonly believed.

Recreationa1 and Commercial Value - Recreational fishing for carp is common
throughout its range. though the value per pound is low, the total commercial
har vest of carp is sufficiently large to make it a valuable conmercial fish.

I i  ~HI tl 1 ti

Habitat - The brassy minnow is usually found in small, clear, cool- or cold-
water streams and acid bogs, often in association with vegetation.

Distribution - The brassy minnow occurs from the upper St. Lawrence River and
Lake Champlain region, westward through the Great Lakes region, the Missouri
River basi n, and southern Manitoba and Saskatchewan. It is relatively common in
all the Great Lakes except Lake Erie.

S awnin and Mi ration - Spawning is largely undocumented but probably occurs
during May in quiet pools over silt, sand, or aquatic vegetation. Eggs are
adhesive and are attached to submerged substrates. No migration has been
documented.

Food - The species probably feeds on algae, zooplankton, and small aquatic
insects.

Recreational and Cormercial Yalue - Other than its value as a forage fish, the
brassy minnow has rio economic or recreational va1ue at present.
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Habitat - The goldenshiner is most abundant in clear waters of lakes, ponds,
mmarsmes, and 'low gradient streams. The species prefers submersed aquatic
vegetation or filamentous algae and substrates of sand or detritus.

Distribution - This species is restricted largely to eastern North America from
southeastern Saskatchewan and the Maritime Provinces south to Florida and
eastern Texas. It is common in a11 the Great Lakes.

S awnin and Mi rations � The goldenshiner spawns in June or July in quiet
sha ow water over i amentous algae, submersed vascular vegetation, or among
the stems of emergent. vegetation. Eggs are broadcast and abandoned, apparently
adhering to the vegetati on. No large scale migrations have been documented.

Food - The species feeds on a variety of insect larvae and adults,
microcrustaceans, and reportedly filamentous algae in late summer .

Recreational and Corrrnerci al Value - Although the goldenshiner is an important
bait an orage ish, it has no current recreational or economic value.

~ pugnose shiner  ~Notre is ~ano anus]

Habitat - The pugnose shiner occurs in clear, quiet, vegetated waters of glacial
Bakes, low gradient streams, and sheltered nearshore water a of the Great Lakes.
It is strongly dependent on aquatic vegetation and requires a substrate of sand,
marl, or detritus.

Distribution - The species is restricted to the Great Lakes basin except Lake
lf I f lf f Ill f

and decreasing in abundance in Lakes Ontario, Erie, Huron, and Michigan,

S awnin and Mi rations � Few studies of the species have been made. It
presuma y spawns ln spring.

Food - Feeding habits are also largely unknown, a1though the species probably
ut~Tizes small plant and animal material.

Recreational and Comnercial Value - The pugnose shiner, due to its scarcity, is
of little forage importance and has no other economic or recreational value.
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~ pugnose minnow  ~Notro is emiliae!

Habitat � The pugnose minnow occurs in clearer generally warmer waters of lakes,
bays, estuaries, and low gradient streams with abundant aquatic vegetation and
substrates of of sand or detritus. It is highly dependent on vegetation, and
its extinction in many areas is attributed to devegetation of its habitat.

Distribution � This species is primarily southern in distribution, occurring in
the Mississippi basin and northwards in to the Great Lakes region only to
southern Lake Michigan and Lake Erie. It is generally r are in the areas of the
Great Lakes in which it occurs.

- The pugnose minnow is primarily a spring spawner, but
its spawning activity or migrations, if any.

Food - The pugnose shiner feeds on microcrustaceans and small insect larvae.

Recreational and Commercial Value - Aside from its possible use as a forage
fish, the pugnose minnow has no recreational or commercial importance.

~ blackchin shiner  ~Notre is heterodon!

Habitat - The blackchin shiner prefers clear, heavily vegetated waters in
~gacia lakes and the bays and estuaries of larger lakes, such as the Great
Lakes. It is highly dependent on aquatic vegetation and its extinction in some
areas of its range  e.g., Lake Erie! has been attributed to devegetation of its
habitat.

Distribution - The species occurs primarily in glaciated regions, from the
pothole region of the Dakotas and Minnesota, south through the glaciated Midwest
to northern Kentucky, and east through the Great Lakes region to the upper St.
Lawrence region. It is absent from northern Lake Superior, which is north of
its range, common in Lakes Michigan, Huron, and Ontario, and probably absent
from Lake Erie due to siltation and the decline of aquatic vegetation.

S awnin and Mi ration - The blackchin shiner probably spawns in June, although
its spawning habits and migrations, if any, have received little study.

Food - Microcrustaceans and small insects appear to comprise the majority of the
diet.

Recreational and Coaeercial Value - Although it is important as a forage fish in
many areas, the blackchin shiner has no current recreational or commercial
importance.
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Habitat � The blacknose shiner occurs in very clea~ water of glacial lakes,
streams, and sheltered embayments, and estuaries of the Great Lakes. It
requires profuse aquatic vegetation substrates of sand, gravel, hard mud, or
detritus, and is highly intolerant of siltat~on.

Distribution - This is primarily a northern species occurring from central
 « ii    k l.  l     t  

regions of the Dakotas to Missouri, and northeast through Tennessee and the Ohio
River drainage to New England. The species is comon in Lakes Ontario, Huron,
Michigan, and Superi or, but is increasingly rare in Lake Erie due to marsh
removal and siltation.

S awnin and Mi ration - The biology of the species is poorly documented, but it
probab y spa~ns in spring or summer in quiet waters over sandy bottoms. No
migrations are known.

Food � Microcrustaceans, algae, and small insects are the probable diet of the
species.

Recreational and Cormercial Yalue - The blacknose shiner is probably an
important for age item for predaceous fishes in its habitat. It has no present
recreational or commercial value.

~ redfin shiner  ~Notro is u nor atiiis!

Habitat - The redfin shiner occurs in clear, quiet waters of pools, streams,
ditches, and probably small stream mouths in coastal wetlands. It often occurs
around submersed aquatic vegetation and is generally intolerant of siltation.

Distribution - The species occurs in the Mississippi basin from Minnesota, south
to Texas and Mississippi and northeast along the Ohio River drainage and
southern half of the Great Lakes region to New York. It is largely absent from
Lake Superior and northern Lakes Huron and M~chigan.

S awnin and Mi ration � The redfin shiner spawns in slow riffles on sand or
gravel substrates and often in the occupied nests of green sunfish and longear
sunfish. Eggs may be broadcast over submersed vegetation. No migr ations have
been documented.

Food - Feeding habits of the redfin shiner have not been studied, but it
probably feeds on microcrustaceans and small insects.

Recreational and Coomercial Value - The redfin shiner has no present
recreationa or coamercia impor ance.
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Habitat - The fathead minnow is found in slow-flowing streams, ponds, sma11
fakes, and marshes. It is tolerant of both clear and turbid water and extremes
in pH. It is usually absent in habitats where the bluntnose minnow occurs.

Distribution - The species occurs throughout central North America from the
Great Slave Lake and Hudson Bay drainage to New Brunswick in the north and
south through the St. Lawrence-Great Lakes, Ohio River, and Missouri River
drainages, to the Rio Grande drainage. It is cornrron to abundant in all the
Great Lakes.

S awnin and Mi ration - The fathead minnow spawns on the undersides of rocks,
logs, vegetation, and other submerged objects, usually over a prolonged period
from April to August depending on location. Adhesive eggs are deposited in a
nesting site selected by a single male, often by several females consecutively.
Males remain after spawning and actively defend nests. There are no true
migrations.

Food - The food of the fathead minnow consists of algae, detritus, and
zooplankton.

Recreational and Commercial Value - The fathead minnow is widely cultured as a
bait fish, and in many coastal areas, including wetlands, it is an extremely
abundant, and valuable natural forage fish.

~ white sucker  Catostomus commersoni!

Habitat - The white sucker prefers sandy or gravelly areas in clear streams,
rivers, and lakes. It is highly tolerant of s~ltation, cultural pollution, and
dense vegetation, and it consequently occurs in a wide variety of pristine and
degraded habitats, including coastal wetlands, throughout the Great Lakes
region.

Oistribution - The white sucker occurs widely throughout northern North
America, from the Yukon region, east to Labrador in the north and south through
the Great Lakes-St. Lawrence, eastern coastal, Ohio River, Missouri River, and
Mississippi River drainages as far as northern Texas and east to northern
Georgia.

S awnin and Mi ration - The species spawns from early May to early June,
usually migrating in large numbers from deeper wintering waters to sandy or
gravelly areas in streams and along lakeshores. Adhesive eggs are broadcast
over the sand or gravel and abandoned.

Food - Young feed on plankton and small invertebrates. Larger individuals
uti Tize a variety of benthic invertebrates.

Recreational and Commercial Value - Angling, spearing, and dip-netting for
w ite suckers, particu ar y during spawning migrations, is popular in severa1
tributaries of the Great Lakes. Commercially, the species is not heavily
utilized. Young and adult white suckers are important natural forage fishes and
are often used for forage in fish culture.
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~ lake chubsucker  ~Erim zou sucetta!

Habitat � The lake chubsucker prefers clear, well-vegetated waters of lakes and
ponds and is found in sheltered, vegetated nearshore waters of the Great Lakes.
It is intolerant of siltation.

Distribution - The lake chubsucker is restricted primarily to eastern North
America, occurr ing from southern Minnesota in the west to southern New York in
the east, south to southern Florida and southern Texas. It is appar ently absent
from 1 ake Superior and northern Lakes Michigan and Huron. Its abundance in the
Midwest is steadily decreasing due to si 1tati on and devegetation of its habitat.

S awnin and Mi rati on - The species spawns in March to April, usually migr ati ng
to tributary streams. Non-adhesive eggs are scattered in a nest cleared by the
male in a sand or gravel substrate, generally in association with aquatic
vegetation, filamentous algae, or submersed terrestrial vegetation.

Food � Young feed on copepods, cladocerans, and chironomid larvae, and adults
utilize a variety of benthic invertebrates.

Recreational and Conmercial Value - The lake chubsucker has no present
recreational or commercial value, although it may serve as for age for many
predatory fishes.

~ black bullhead  Ictalurus melas!

Habitat - The black bullhead occurs in lakes, ponds, marshes, and low-gradient
streams. It prefers warm, turbid water, a muddy bottom, and aquatic vegetation,
although it is not as dependent on vegetation as the brown or yellow bullheads.
It is also highly tolerant of low dissolved oxygen and cultural pollution.

Distribution - The black bullhead occurs throughout central North America,
including the entire Mississippi basin, the western Gulf Coast drainage, and the
southern Great Lakes. It is abundant in Lake Erie and Lake Michigan but is
uncommon in Lake Superi or, Lake Huron, and Lake Ontario.

S awnin and Mi ration - The species spawns in May to June, usually in nests
consisting of a sha low depression or burrow under a stream bank or among logs,
stumps, and aquatic vegetation. Parents guard the eggs and young, which form
dense schools, until several days after hatching. No true migrations occur.

Food - The black bullhead is primarily a benthic feeder, utilizing crustaceans,
~olfuscs, leeches, oligochaetes, aquatic insects, plant material, and sometimes
small fish.

Recreational and Conmercial Value - The species is locally popular for angling
in the Midwest, and it comprises a variable portion of the fish marketed as
bullheads or catfish fram Lake Erie. Lake Michigan, and the Mississippi River
basin fisheries. It is of limited forage value except as young.
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~ yellow bullhead  Ictalurus natalis!

Habitat - The yellow bullhead requires dense aquatic vegetation in shallow,
~cear waters of lakes, ponds, bays, r ieers, and low g-radient streams. It is not
as tolerant of si 1 tati on and pollution as the bl ack bul lhead and requires a
firmer substrate of clay, detritus, or gravel.

Distribution - The yellow bullhead occurs in eastern North America from North
Dakota across the southern half of the Great Lakes region to New York and south
to Florida and central Texas. It is common in Lake Ontario, Lake Erie, Lake
Huron, and Lake Michigan but is uncommon to r are in Lake Superior.

S awnin and Mi ration � Spawning is simi1ar to the black bullhead.

Food - Food is similar to the black bullhead.

Recreational and Coranerci al Yalue � Recreational and coeoercial use are similar
to the black bullhead.

4 brown bullhead  Ictalurus nebulosus!

Habitat - Habitat is similar to the yellow bu11head.

Distr ibuti on � The brown bullhead occurs in eastern North America along the
entire Atlantic coastal drainage from New Hrunswick to Florida, west through the
Great Lakes to the northern tributaries of the Missouri River, and most of the
eastern drainage of the Mississippi basin. It is genera1ly more common than the
yellow bullhead and black bullhead in the Great Lakes and occurs in all but Lake
Superi or.

S awnin and Mi ration - Spawning is simi1ar to the black and yellow bullheads.

Food � Food is similar to that of black and yellow bullheads and also includes
eggs of other fishes.

Recreational and I;omnerci al Yalue - Recreational and commercia1 uses are
similar to those of black and yellow bullheads.
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~ tadpole madtom  Noturus ~rlnus!

Habitat - The tadpole madtom occurs in marshes, lakes, bays, and low gradient
streams. It is highly intolerant of pollution and siltation and requires clear
water, abundant aquatic vegetation, and substr ates of mud, clay, or detr itus.

Distribution � The species occurs only in low gradient waters of the Great Lakes
basin, the U.S. eastern and Gulf coastal drainages, and extreme lowland portions
of the Mississippi basin. It has been introduced, apparently with bullheads,
into Oregon, Idaho, Connecticut, and New Hampshire. It occurs in lake Ontario,
Lake Erie, southern Lake Huron, southern Lake Michigan, and the northwestern
Lake Superior tributaries. Siltation is causing decreasing range and
abundance.

5 awnin and Mi ration � The tadpole madtom spawns in June to July in much the
same manner and habitat as the bullheads.

Food - The species feeds on small aquatic invertebrates, including cladocerans,
ostracods, and chi ronomid larvae.

Recreational and Comnercial Value - Mhere common this species may be an
important forage item for arger predaceous fishes, but it has no other
recreational or commercial value.

~ P P

Habitat � The pirate perch occurs in swamps, marshes, and pools of low gradient
streams. It prefers some emergent vegetation and substrates of muck and
detritus.

Distribution - The species is restricted to the eastern United States, occurring
in the north from southeastern Minnesota along the southern edges of the Great
Lakes to northern New York, south between the western Appalachians and
Mississippi River to the Gulf Coast, and westward to eastern Texas and Oklahoma.
It is uncommon in the Great Lakes region and apparently absent from the lakes
themselves.

S awnin and Mi ration - The pirate perch probably spawns during May in nests
bui t and guarded by the spawning pair. No migrations are known to occur.

Food � Aquatic insects and small fishes are apparently the primary food source.

Recreational and Cortmercial Value - The pirate perch may be used as forage by
predaceous fishes, but it has no present economic value.
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~ banded killifisb  f ~ ndulus ~dia banus!

Habitat - The banded killifish is found only in glacial lakes, ponds, mar shes,
and low gradient vegetated streams, prima ily on substrates of marl, sand, or
detritus.

Distribution - The species occurs in the pothole region of the Dakotas and
Minnesota, eastward across the Great Lakes region to the Atlantic coastal
drainage between the Maritime Provinces and South Carolina, It is generally
common in the Great Lakes, although Lake Superior is beyond its northern range
limit, and it has been virtually extirpated in Lake Erie due to siltation and
devegetation of waterways ~

S awnin and Mi ration - The banded killifish spawns in May. Males select and
defend breeding areas in dense vegetation, pursuing gravid females and spawning
directly against submerged plants. Adhesive threads attach extruded eggs to the
vegetation. No true migration occurs.

Food - Juveniles utilize chironomid larvae, ostracods, cladocerans, and
copepods, while adults utilize similar items in addition to small newly hatched
Odonata, Ephemeroptera, molluscs, and Turbellaria.

Recreational and Commercial Yalue - Aside from limited use as bait, the banded
killifish has no present economic value.

~ startiead topminnow  Fundulus notti!

Habitat - The star head topminnow apparently prefers densely vegetated pools and
backwaters of streams.

Distribution � This prairie species occurs in the Mississippi River tributaries
of Iowa and southern Wisconsin, east to the extreme southern tributaries of Lake
Michigan, and south to northern Arkansas, eastern Oklahoma, and western
Tennessee. It is probably absent from the Great Lakes.

S awnin and Mi ration - The life history of the starhead topminnow has been
poorly documented, but it probably spawns in late May.

Food - The primary f'ood items include small aquatic and terrestrial insects,
mrna Tuscs, crustaceans, and delicate portions of aquatic vegetation.

Recreational and Commercial Value � The starhead topminnow may serve as forage
for larger predaceous fishes, but it has na present economic value.
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~ brook stickleback  Culaea inconstans!

Habitat - The brook stickleback is a coldwater species occurring in small
springs, brooks, ponds, and shallow margins of larger lakes with abundant
submersed aquatic vegetation and substrates of marl, muck, sand, or detritus.

Distribution - The speci es occurs throughout g laciated central North Amer~ca
from eastern British Columbia to Nova Scotia in the north and from Montana to
New York on the south, including the Great Slave Lake, Hudson Bay, Missouri
River, upper Mississippi River, Great Lakes-St. Lawrence, and Ohio River
drainages. It is generally common in the Great Lakes basin, but probably occurs
only in tributaries.

S awnin and Mi ration - The brook stick leback spawns from April to July,
depending on temperature, in shallow quiet water. Males construct and defend
nests made from stems of aquatic vegetation. Females are enticed to the
nests, and adhesive eggs are extruded, fertilized, and guarded by the male until
hatching.

Food - Aquatic larvae of many insects, small crustaceans, fish eggs, snails,
oligochaetes, and algae are utilized.

Recreational and Commercial Value - Although occassionally used for bait, the
brook stickleback has no present economic value.

~ brook silverside  Labidesthes sicculus!

Habitat. � The brook si lverside occurs in glacial lakes, ponds, low gradient
streams, and bays and harbors of the Great Lakes, usually in clear water with
some aquatic vegetati on and substrates of sand, gravel, or muck.

Distribution - The species occurs in the Great Lakes basin, the Gulf Coast
drainage, and the Mississippi basin from its easternmost reaches westward to
southern Minnesota and south to eastern Texas. It occurs in bays of ' ake Erie
and Lake Ontario, is absent from Lake Superior, and probably occurs only in
tributaries of Lake Michigan and Lake Huron.

Food - Food of this surface feeder consists mostly of Cladocera, smal1 flying
insects, and Chaoborus.

Recreational and Commercial Value - In locations where it is abundant, the brook
si verside is an ideal forage fish, but it has no other economic va1ue.
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~ k 1 [~A1 1i ~t

Habitat - The adult rock bass is primarily an inhabitant of streams and littoral
waters of 1akes with rocky or gravelly bottoms and clear water  including the
Great Lakes!, having little dependence on aquatic vegetation. However,
juveniles of ten utilize vegetated embayments on the Gr eat lakes as nursery
areas.

Distribution - The rock bass occurs throughout the Great Lakes basin, the Red
River of the north drainage in North Dakota and Manitoba, and the Mississippi
basin from its easternmost reaches west to Minnesota and south through Iowa,
Arkansas, and Louisiana. It is common in all the Great Lakes.

S awnin and Mi ration - Spawning occurs in May to June, in gravelly areas of
streams or nearshore reefs and beaches. Ma1es construct depressional nests,
spawn with females, and guard eggs and young until shortly after hatching.

Food - Rock bass feed on aquatic insects, crayfish, small fishes  especially
minnows and young ye11ow perch!, and sometimes their own young,

Recreational and Commercial Value - The rock bass is a highly popular game fish,
particular ly in streams and ake gravel bars, where it often occurs in abundance
with the sma1lmouth bass. It is harvested commercially on a limited basis in
some parts of the Great Lakes.

~ green sunfish  ~Le omis ~cane11us!

Habitat � The green sunfish inhabits pools of small and large streams, lakes,
and marshes. It utilizes a var iety of substrates and is generally more tolerant
of turbidity and siltation than other sunfishes. Although it has no strong
dependence on aquatic vegetation, its versatility in habitat, requirements leads
to its abundance in many coastal wetlands.

Distribution - The species is restricted to east-central North America. It
occurs west of the Appalachian Mountains from New York to Georgia and east to
the Rocky Mountains from northern Mexico and Texas to North Dakota, throughout
the southern Great Lakes region and in parts of the Red River of the North and
Hudson Bay drainages. It is uncommon in Lake Superior and Lake Huron but cordon
in the remaining Great Lakes.

S 'n a d Mi atio - Multiple spawnings occur at 8-9 day intervals from May
9 ep r. Males are territorial and build shallow nests in

various substr ates, usually among sheltering rocks, logs, or vegetation. After
courtship and spawning, males guard nests and fan the eggs for aeration until
hatching. No true migrations occur.

Food - Green sunfish consume molluscs, insects, crustaceans, and small fish.

Recreational and Commercial Value - Green sunfish are among a variety of panfish
at are oca y popu ar or angling and are widely stocked, but they have no

significant commercial use.
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~ pumpuioseed  ~le omis gibbosus!

Habitat � The pumpkinseed inhabits lakes and low gradient streams with abundant
aquatic vegetation and substrates of sand, muck, or detritus. It occurs in
vegetated bays and estuaries of the Great Lakes.

Distribution - The species occurs in the eastern coastal drainage of North
America from Georgia to Maine, throughout, the Great Lakes basin exclusive of
Lake Superior, and in the northern drainages of the Ohio, Mississippi, and
Missouri Rivers as far west as the Dakotas. It has been widely stocked and is
locally common elsewhere in North America and Europe.

S awnin and Mi ration - The pumpkinseed is highly territorial, with nesting,
spawning, courtship, and nest guarding behavior similar to the green sunfish.
Nests are shallow depressions and are constructed among aquatic vegetation in
substrates of clay, sand, gravel, or rock. Multiple spawnings occur from late
spring to late surfer.

Food - The pumpkinseed feeds primarily on insects and a variety of small aquatic
and terrestrial invertebrates, but it will consume small fish and other small
vertebrates such as salamander larvae.

Recreational and Commercial Value � The pumpkinseed is a locally popular game
ish, and in some areas of the Great Lakes, particularly in Canada, it is

commercially harvested on a limited scale.

~ bluegi	  ~Le omis macrocbirus!

Habitat - The bluegill occurs primar ily in low or base gradient waters of
streams, natural lakes, marshes, and artificial impoundments, preferring
relatively clear water, substrates of sand, gravel, or muck, abundant cover, and
scattered beds of aquatic vegetation. Hays and estuaries are its principal
habitat in the Great Lakes.

Distribution - The bluegill occurs in eastern North America throughout the
Mississippi-Ohio River drainage, the lower Missouri River drainage, the Gulf
coastal drainage, the eastern coastal drainage from North Carolina to Florida,
and the Great Lakes basin exclusive of Lake Superior. It is generally common in
all the Great Lakes except Lake Superior. It has been stocked widely outside
its natura! range.

S awnin and Mi rati on � Spawning times and behavior are similar to the
pumpkinseed and green sunfish, although the bluegill is less dependent on
aquatic vegetation than the former. No true migrations occur.

Food - Blugi lls are primarily insectivorous, but they also consume crustaceans,
annelids, molluscs, and plant materials. They are very rarely piscivorous.

Recreational and Commercial Value � The bluegi'!t is an extremely important game
ish in inland waters, a though it is probably locally popular in the coastal

waters of the Great Lakes. It, like the pumpki nseed, is harvested corrmercially
in the Great Lakes on a limited scale.
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Habitat � The habi tat of the smal lmouth bass is nearly identical with that of
the rock bass, and the two species are usually found together. The smallmouth
bass occurs in streams with moderate to fast current, relatively clear water,
and substrates of rock, boulders, or gravel with abundant cover such as logs,
undercuts, and artificial structures. It also occurs commonly on gravel bars
and she Itered gravel-bottom embayments of the Great Lakes. Adults are not
dependent on aquatic vegetation, although they often feed in it, but young in
the Great Lakes often utilize aquatic vegetation as nursery habitat.

Distribution - The smallmouth bass occurs throughout the Great Lakes basin, the
Ohio River basin, the eastern coastal drainage from Nova Scotia to Georgia, and
westward as far as southern Saskatchewan to the north and central Oklahoma to
the south. It is corrmon to abundant in all the Great Lakes. It has been widely
introduced outside its natural range, including Europe, Asia, and Africa.

S ' d M' t - The smallmouth bass spawns from Nay to July. Males
P ts on bottoms of' sand, gravel, or cobbles, usually near

cover as described above. After courtship and spawning, males guard the eggs
and young until several days after hatching. No true migrations occur.

Food - Food changes with age, usually consisting of plankton in young-of-the-
year, insects, and crustaceans in yearlings, and small fish and crayfish in
older adults.

Recreational and Commercial Value � The smallmouth bass is an extremely
important game fish in the Great Lakes. It is also harvested commercially on a
limited scale.
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salmoides!~ largemouth bass  

Oistribution - The 1argemouth bass occupies most of North America east of the
Rocky Mountains as far north as southern Manitoba, quebec, and Ontario and south
to the Rio Grande drainage and southern Florida. It is common in the Great
Lakes exclusive of Lake Superior.

S awnin and Mi ration - The largemouth bass spawns in late spring to mid-summer
in depressional nests in shallow water, usually on substrates of sand, or soft
mud among emergent vegetation. Territoriality, nesting, courtship, and nest
guarding are similar to the smallmouth bass.

Food - Food habits are similar to the smallmouth bass.

Recreational and Eonmercial Yalue - Although extremely important as a game fish
ininland waters, the largemouth bass is also of local recreational importance
in coastal waters of the Great Lakes. It is harvested commercially on a limited
scale.
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Habitat - The largemouth bass occupies habitat similar to the bluegill, usually
base or low gradient waters of lakes, streams, and mar sacs. It prefers clear
water, abundant aquatic vegetation, and substrates of mud, muck, clay, sand,
graveI, or detritus. It occupies sheltered areas of bays and estuaries of the
Great Lakes.



~ b p i   i ~i« 

Habitat - The black crappie is found in low or base gradient waters oF lakes,
   vers, and bays, estuaries, and I ar ge  sar shes on the Great Lakes . It requires
abundant aquatic vegetation, relatively clear water, and substrates of sand,
muck, hard clay, or detritus. It is generally uncommon in waters with an
abundance of white crappies.

Distribution - To the north the species occurs from iNorth Dakota and southern
Nanitoba to the Lake Champlain drainage, south along the western slope of the
Appalachian Mountains to the Gulf Coast in Alabama, along the eastern coastal
plain from Florida to Virginia, and west. to central Texas and eastern Oklahoma,
Kansas, Nebraska, and the Dakotas. It 1s common to abundant in all the Great
Lakes except Lake Erie, where loss of extensive coastal marshes and ubiquitous
siltation are apparently causing a decrease in abundance. It has been widely
introduced outside its natural range in North America.

S ' d M' t - Spawning occurs 1n late spring to early summer.
gs y, courtsh1p, spawning, and protection of young are

similar to other centrarchids. Nests are usually constructed among vegetation,
stumps, or other protective cover. No true migrations occur.

Food � Young generally feed on plankton and small aquatic 1nsects. Adults are
largely piscivorous, but also consume crustaceans, molluscs, and 1nsects.

Recreational and Commercial Value - The black crappie is an extremely important
game fish 1n both inland and coastal waters of the Great Lakes. It is harvested
commercially on a limited scale.
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~ white crappie  Pomoxis annularis!

Habitat. - The white crappie prefers warm waters of base or low gradient in
iakes,r ivers, marshes, and bays and estuar les of the Great Lakes. It also
prefers abundant aquatic vegetation and clear waters, but it is tolerant of a
wi de variety of sheltered habitats, including turbid waters, muddy substrates,
and sparse vegetation. It is generally comnon in habitats unfavorable to the
less tolerant black crappie.

Distribution � The species is largely sympatric with the black crappie in the
f . b i 1 f 1 I 0

Michigan, Wisconsin, and Minnesota. It is most abundant in Lake Erie, southern
Lake Michigan, and eastern Lake Huron along the Canadian shore. In Lake
Superior, northern Lake Michigan, western Lake Huron, and Lake Ontar io it is
less cormaon or absent.

S awnin and Mi ration - Spawning time, nesting, territoriality, courtship,
spawning, an protection of young are similar to the black crappie. Ilo true
migrations occur.

Food - Feeding habits of the white crappie are similar to those of the black
crappie.

Recreational and Cormercial Value - The white crappie is an extremely important
game ish in both in and waters and coastal Great Lakes waters. It is harvested
conmercially on a limited scale.

~ Iowa darter  Etheostoma exile!
4

Habitat - The Iowa darter occurs in cool, clear lakes and low gradient streams.
it requires abundant aquatic vegetation and substrates of sand, mud, muck, or
detritus, but it is highly intolerant of siltation.

Distribution � The species occurs from the Creat Slave Lake drainage in the
northwest, along the southernmost Hudson Bay drainage, to Vermont in the
northeast, southwest through the lower Great Lakes basin, central Ohio, Indi ana
and Illinois, the upper Missippi River drainage, and the northern Missouri River
drainage.

S awnin and Mi ration � The Iowa darter spawns in April to May, depending on
water temperature. Adhesive eggs are deposited on fibrous root mater~ al in
shallow water, often under undercut banks. Males establish spawning
territories, and females move from one territory to another. Eggs and young are
not guarded. Spawning adults move from deeper waters to spawning territories in
shallow water, but no true migrations occur,

Food � Iowa darters feed on midge larvae, mayfly naiads, snails, amphipods, and
corixid nai ads.

Recreational and Commercial Value - The Iowa darter may serve as forage in
oca ities where it is abun ant, but it has no present recreational or

commercial value.
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~ yellow perch  Perca f1avescens!

Habitat � The yellow perch occurs in clear waters of' lakes, marshes, and low
gradient streams with substrates of muck, detritus, sand, or gravel. Although
the degree of dependence of yellow perch on aquatic vegetation is unclear,
abundant vegetation seems to be favorable, particularly for spawning. In the
Great Lakes the species inhabits r~ver mouths, bays, and both shallow and deep
water in the nearshore and offshore zones, far from any aquatic vegetation.

Distribution � The yellow perch occurs in subarctic and temperate regions of
eastern and central North America. To the north it occurs from Nova Scotia
northwest through the southern Hudson Bay drainage to the Great Slave Lake
drainage. From the latter region its range extends southeast through Alberta,
most of the Missouri River drainage to southern Illinois, northeast through the
northern tributaries of the Ohio River to the Hudson River drainage, and south
along the eastern coastal plain to northern Florida and the extreme eastern Gulf
Coast. It is abundant in all the Great Lakes.

S awnin and Mi ration - The yellow perch spawns from mid-April to early May but
may spawn as late as July in some areas. Adults in lakes migrate inshore to bays
and tributaries to spawn. Spawning occurs during night and early morning,
usually among rooted aquatic vegetation, logs, stumps, submerged brush, or
artificial structures  e.g. piers, pilings, boats, and fish nets!, but
sometimes on reefs or bars of sand and gravel. Eggs are extruded in long,
adhesive, gelatinous masses which adhere to various substrates. No nests are
constructed, and adults do not guard eggs or young.

Food - The young feed on a variety of small aquatic insects and zooplankton,
~Adu ts utilize larger aquatic invertebrates, primari 1y insects and crustaceans,
as well as small fish and fish eggs.

Recreational and Commercial Value - The yellow perch is one of the most
accessible, abundant, pa atab e, and thus one of the most important commercia1
and game fishes in the Great Lakes, Depending on varying year-class strengths,
market prices, and other biological and climatic variables, it often dominates
corrmercial production in one or more of the Great Lakes. It is widely popular
as a game fish and it supports on intense ice-fishery during the winter.
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APPENDIX C

Phylogenetic List of Common and Scientific Names of
Amphibians and Reptiles Found in the Great Lakes Basfna

onmon Name Scientiffc Name

Class Amphi b i a
Order Caudata  Salamanders!

Fami ly Necturidae  Mudpuppfes!
mudpuppy Necturus maculosus maculosus
Lake Winnebago mudpuppy Siecturus maculosus ~st ctus

Fami ly Cryptobranchi dae  He I lbenders!
hellbender

Family Sirenidae  Sirens!
western lesser siren Siren intermedia nettincli

Salamanders!
opacum

texanum

tf rinum ti rinum

Family Ambystomatidae  Mol e
marbled salamander Amb stoma
small-mouthed salamander ~Am s toms
eastern tfger salamander Amb stoma
Jefferson salamander stoma
Tremblay's salamander stoma
silvery salamander stoma
blue-spotted salamander stoma
spotted salamander ~ms tome

Je fersoni anum

atineum

atera e
m~acu atum

Family Salamandridae  Newts!
red-spotted newt ~lt hh
central newt id

Family Pl ethodontfdae  Lungless Salamanders!
northern dusky salamander 0 mo th f s s fscus
mountain dusky salamander
northern spring salamander
northern red salamander
slimy salamander
red-backed salamander
ravine salamander
four-toed salamander
northern two-lined salamander

Plethodon cinereus cinereus
Fletfia~an rircrmon 'i
RemidacM~ium scu atum
~Eur cea >slineata Osslineata

-'c anti nu ed-
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Common Name Scienti ic arne

Order Anura  Toads and Frogs!

Family Bufonidae  Toads!
Bufo americanus americanus
Bufo w

American toad
Fow1er's toad

Family Ranidae  True Frogs!
Rang catesbeiana
Rana
Rana t t
Rana «ens
Fang a us ris
Kana t

lanota

Class Reptilia
Order Testudines  Turtles!

Family Chelydridae  Snapping Turtl es!
snapping turtle ~Chal era t'

Family Kinosternidae  Musk and Mud Turtles!
Sternotherijs odoratusstinkpot

Fami1y Emydidae  Box. and 'Rater Turtles!
Clemm s uttata

~Clemm s ioscol ta
Terra ene caro iaa carolina

ra temys
r sem s

C r sem s oicta mar inata

Fami 1 y Tr i onychi dae   So f t s he 1 l Turtles!
eastern spiny softshe11 ~Trice x ' t

-continued-
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Family Hyl idae
Blanchard's cricket frog
northern spring peeper
gray tree frog
western chorus frog
boreal chorus frog

bul 1 frog
green frog
mink frog
northern 1eopard frog
pickerel frog
wood frog

spotted turtle
bog turtle
wood turtle

eastern box turtle
map turtle
red-eared turtle
midland painted turtle
western painted turt1e
81anding's turtle

 Treefrogs!
Acris cre itans b1anchardi

~a ~vers>co or
Pseudacris triseriata triseriata

Pseudacris triseriata maculata



Common Name Scientific Name

Order Squamata {Lizards and Snakes!

Family Scincidae  Skinks!
five-lined skink Eumeces fasciatus
coa1 skink Eumeces gant irac1nus

Family Teiidae  Mhiptails!
six-1ined racerunner C 'd sexlineatus sexlineatus

Family Anguidae  Glass Lizards!
t 1 d 11 11* d uttt i« t

sirtalis

~ia o~s punctatus edwardsi
~eo r s ~verna is v~erna is
0 heodr s vernalis blanchardi

~o uber constrictor constrictor
Pituo his melanoleucas ~sa i

E a e vu >na vul inaE~Eae oocso eta ouuso eta
Fami 1y Vi peridae {Pit Yipers !

timber rattlesnake Crotalus horridus
eastern massasauga aliis rurus catenatus catenatus

aConant, l975
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Family Col
northern water snake
Lake Erie water snake
northern copperbelly
queen snake
Kirt1and's water snake
Graham's water snake
northern brown snake
midland brown snake
northern red-bel'ii ed snake

eastern garter snake
Chicago garter snake
8utler's garter snake
short-headed garter snake
eastern plains garter snake
northern ribbon snake
western ribbon snake
eastern hognose snake
northern ringneck snake
eastern smooth green snake
western smooth green snake
blue racer
northern black racer
bullsnake
eastern milk snake
eastern fox snake
western fox snake
black rat snake

ubridae {Co1ubrids!
Natrix si edon si edon
Hatrix si e on insu arum
1st ~ ~l
~atrix seotemvittata
t t
'fiatrix ~~ra ami
Storeria deka i deka i
ittorerra a i torum
Storeria



REPTILES AND AMPHIBIANS � LIFE HISTORIES

~ mudpuppy  Necturus maculosus maculosus!,
ssp. Lake Winnebago mudpuppy ih. m. stiotus!

Habitat � This species is wholly aquatic, occurring in base or low gradient
waters of lakes, streams, bays, and estuaries. A variety of turbidity and
temperature conditions are tolerated. Hays, estuaries, and sheltered nearshore
waters with logs, stumps, or submersed aquatic vegetati on are the preferred
Great Lakes habitat.

Distribution - N . m. maculosus occurs coInTIon ly throughout the Ohio River, upper
Wississippi River, Lakk~~amp lain, Lake-of-the-Woods, and Great Lakes basins,
exclusive of northern Lake Superior. N. m. stictus occurs only in the Green 8ay
area.

Breedin and Life C cle - Mating occurs in autumn, with oviposition occurring
the following spring. Eggs are laid on undersides of submerged rocks and logs,
and hatch in mid-summer. Mudpuppies are active throughout the year.

Food - Small invertebrates, such as crustaceans, molluscs, annelids, as welf as
small fishes and fish eggs, are utilized.

Recreational and Cormercia1 Value - Aside from occasional catches by anglers and
commer cia fishermen, the mudpuppy has no recreational or conmercia1 value.
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viridescens!,~ red-spotted newt  N t
ssp. central newt

Habitat - The red-spotted and central newts are similar in habitat requirements.
The aquatic phase of' the species inhabits small, permanent lakes, ponds,
ditches, and quiet streams with clear water and abundant submersed aquatic
vegetation. The terrestrial eft phase occurs in moist woodlands adjacent to the
aquatic phase habitat, usually in rotten logs or under dense leaf litter. Newts
probably inhabit only the more sheltered coastal wetlands, such as those behind
beach ridges and barrier beaches or small ponds and tributaries.

    ~     i    �        
in ear y spring. Eggs hatch in two to three weeks, and larvae transform into
terrestrial efts in two to three months. Efts mature in two to three years and
metamor phose into aquatic adul ts. Aquatic adul ts are apparently acti ve
throughout the year, whereas efts hibernate deep in logs and under leaf litter.

Food - Larvae have been observed eating green algae. Aquatic and terrestrial
newts consume a variety of food items, including small crustaceans, insects,
molluscs, and tadpoles.

Recreational and Commercial Value � The newts have no major economic value,
a though they serve as food for fish, reptiles, birds, and mammals where they
are common.
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Distribution - N. v. viridescens r anges from Lake Nipigon to Nova Scotia in the
 ,   I   ~i            «   

northern South Carolina, Georgia, and Alabama, north through eastern Tennessee,
Kentucky, Indiana, and Michigan to Saginaw Bay, and along the northern shores of
Lakes Huron and Super~or to Lake Nipigon. N. v. louisianensis ranges west from

l  
Iowa, Missouri, and eastern Kansas, Oklahoma, and Texas, and including
Louisiana, Mississippi, southern Alabama, Georgia, South Carolina, and northern
Florida. Both are common in the Great Lakes region.



~ Jefferson salamander  Amb stoma jeffersonianum!
blue-spotted salamander ~Amb stoma atera e
Tremb lay's salamander  ~Amb stoma tr~embla i
silvery salamander  ~Amb stoma g1atineum

S t t N t - This complex of closely related salamanders consists of two
dip oid species, A. 'effersonianum and A. laterale, with largely disjunct
ranges. Where these ranges over ap, primary y in the Great Lakes reg1on,
triplo1d hybrids  A. ~trembla i and A. plat1neum!, cons1sting almost entirely of
females, have arisen

Habitat � All four forms are similar in habitat requirements. These are
primarily woodland salamanders which burrow deeply into or under logs, rocks,
soil, and tree roots. They often occur in swamps and lowland woods and may
utilize the waters of coastal wetlands adj acent to such wooded areas for
breeding.

Distribution - A. laterale is the northernmost diploid form, occurring from
southeastern Manitoba, east through the Great Lakes region and extreme southern
Hudson Bay drainage, to New England, Nova Scotia, and southern quebec. A.
' ff ' occupies a range to the south and largely disjunct of A.
a e, e nding from southwestern New England through southern New York,

Pennsylvania, northern Virginia, IAIest Virginia, north-central Kentucky,
southeastern Indiana, and most of Ohio. A. trembla i occurs in isolated
concentrations in new England and in larger areas a ong the upper St. Lawrence
River, in northwestern Ohio, southern Michigan, northeastern Indiana, and in
northern Wisconsin. A. plat1neum occurs similar'ly 1n New England and in a
larger area of western Ohio, southern Michigan, and eastern Indiana.

Breedin and Life C cle - Eggs are laid singly or in small clumps attached to
odland ponds, usually in early spring. Eggs hatch

approximately one month later, and transformation of 1arvae to adult form occurs
in mid-sumpter. Hibernation occurs deep in rotten logs or in crevices among tree
roots.

Food - Adults feed on small crustaceans, annelids, and insects.

Recreational and Commercial 'Ltalue - Although the larvae and adults may serve as
ood or a variety o is es, other amphibians, reptiles, birds, and mammals,

these salamanders have no major economic value.
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~ spotted salamander  ~Amb stoma maculatum!

Habitat - This salamander occurs in damp deciduous woodlands under leaf' litter,
Togs, and rocks. It may occur in wooded coastal wetlands along the great Lakes
or emerge fram upland woods to breed in coastal wetlands.

Distribution - The spotted salamander occurs throughout eastern North America,
from the Lake Nipigon region to Nova Scotia in the north, south along the
Atlantic seaboard to southern Georgia, west through southern Alabama,
Mississippi, Louisiana, and eastern Texas, and north through eastern Oklahoma,
Kansas, central Missouri, southern Illinois, most of Wisconsin, and extreme
northern Michigan. It is common throughout the Great Lakes region.

Breedin and Life C cle - Breeding occurs in early spring in shallow woodland
ponds. Eggs, which are deposited on forest litter, hatch in less than one
month, and larvae transform to adult form by mid-summer. Hibernation occurs
deep in or under rotten logs and crevices among tree roots.

Food - Adults feed on arthropods, molluscs, and annelids.

Recreational and Commercial Value - Aside from its value as food for other
vertebrates, the spotted sa amander has no major economic value.

~ small-mouthed salamander  ~Amb stoma texanum!

Habitat - The small-mouthed salamander is primarily a lowland woodland species,
~a though it occurs under logs, rocks, tree roots, and boards in prairies,
pastures, marshes, and cultivated land as well. It may occur in the marshes of
wester n Lake Erie.

Distribution � This is primarily a species of the central Mississippi basin,
occurring in most of lowland Ohio, Indiana, Illinois, Kentucky, ennessee,
Louisiana, Mississippi, western Alabama, southern Iowa, most of Missouri and
Arkansas, and eastern Kansas, Oklahoma, and Texas. It occurs in the Great Lakes
basin only along the south shore of western Lake Erie.

Breedin and Life C cle - Breeding occurs in 1ate February and most of' March, in
a most any availab e standing water. Eggs are deposited on sticks or submersed
vegetation and hatch in only a few days. Larvae transform to the adult form
during late May through July. H~bernation occurs deep in or under rotten logs
and the crevices among tree roots.

Food � A vari ety of terrestri a'I arthropods, molluscs, and oli gochaetes are eaten
by adults.

Recreational and Commercial Value � Aside from its possible value as food for
other vertebrates, the sma -mouthed salamander has na economic value.
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~ eastern tiger salamander  ~arne stoma ticirinum ~ti rinum!

Habitat � The eastern tiger salamander occupies a variety of habitats, including
woods, pastures, prairies, marshes, and cultivated or urban areas. It is
fossor ial and se1 dam encounte. ed except under logs, rocks, boards, or other
cover. It probably occurs in a variety af coastal wetland types.

Distribution - The eastern tiger salamander occurs from southeastern Manitoba
to southeastern Texas in the west, east through the southern Great ! akes region
to western Ohio and along the Gulf Coast to northern Florida, north from Florida
along the coastal plain to Long Island, excluding most of the Allegheny uplands.
It occurs along western Lake Erie, southern ! ake Michigan, and the north shore
of Lake Superior.

Breedin and Life C cle � Breeding occurs early in spring, and a variety of eggs
are deposited on objects in shallow water. Hatching occurs in about three
weeks, and larvae transform to adult form in mid-summer. Hibernation occurs
deep under matted vegetati on, rotten logs, rocks, and the crevices among tree
roots.

Food - This large voracious salamander consumes a variety of' invertebrates and
wilT ingest tadpoles, small frogs, and other salamanders.

Recreational and Commercial Value - Aside from its possible value as food for
other vertebrates, the eastern tiger salamander has no major economic value.

d k 1 4 f~D

Habitat - This salamander occurs primarily in wooded hilly areas adjacent to
small springs and brooks. It generally burrows under logs and rocks. It is
probably not found extensively in coastal wetlands, but it may be abundant in
adjacent woods.

Distribution - This upland salamander occurs from Maine and southern quebec,
southwest through the Allegheny region to easten Tennessee and western North
Carolina. It occurs in woods along the southern shores of Lake Erie, Lake
Ontario, and the upper St. Lawrence River.

Breedin and Lif C cle - Eggs are deposited in nests near running water in
spr ng and a . Eggs are protected by the female, although they are sometimes
devoured by her. Hatching occurs in one to two months, and lar vae apparently
overwinter in water and transform to adult form in about one year. Adults
hibernate in or under rotten logs, leaf litter, or crevices among tree roots.

Food - A variety of arthropods, annelids, and molluscs are consumed, as well as
o~Ter sal amander s.

Recreational and Commercial Value - Aside from its value as food for other
verte rates, the nort em us y sa amander has no major economic value.
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~ four-toed salamander  scutatuml

Habitat � This salamander is restricted lar gely to boggy habitats, usually
associated with sphagnums and found under leaves or logs. It may occur in
coastal bogs in the Great Lakes region.

Oistribution - The species has a spotty distribution from Nova Scotia to
Misconsin in the north, southern Ontario and all the Great Lakes states, the
Atlantic seaboard and Allegheny states, as well as disjunct locations in the
deep South and Mississippi River states. It occurs throughout the coastal
regions of Lake Ontario, Lake Erie, L ake Huron, Lake Michigan, and southern Lake
Superior.

Breedin and Life C cle - Breeding apparentty occurs in fall, but oviposition
does not occur untit the following spring. Eggs are laid in clusters near
water, attached to sphagnum and roots of other vegetation. Hatching occurs in
one to two months, during which time the female remains with the eggs. Larvae
transform to adults in about six weeks. Hibernation occurs deep under mosses,
matted vegetation, rotten logs, and tree roots.

Food � Small arthropods are apparently the primary food.

Recreational and Commercial Value - Aside from its possible value as food for
other vertebrates, the our-toed salamander has no known economic value.

~ red-backed salamander  Plethodon cinereus cinereus!

Habitat - The red-backed salamander is a ubiquitous woodland species, occurring
in moist areas in or under rocks, logs, roots, and leaf litter. It is not a
wetland form, but it is common in woodlands adjacent to coastal wetlands of the
Great Lakes.

Distribution - The range is similar to that of the four-toed salamander and
I . i Ill i . t tt t It

common throughout the Great Lakes region.

Breedin and Life C cle � Breeding occurs in late fall. Eggs are deposited in
cavities of rotten logs and guar ded by the female unti 1 hatching the following
summer. Larvae transform rapidly to terrestrial adult form, usually within one
day, without an aquatic stage. Hibernation occurs deep in or under rotten logs,
leaf litter, or among corevices of' tree roots.

Food - Small arthropods, particularly mites and Collembola, as well as annelids,
and molluscs are the primary food.

Recreational and Commercial Value - Aside from its value as food for other
vertebrates, the red-backed salamander has no economic value.
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~ Amer ican toad  Bufo americanus americanus!

Habitat - The american toad occurs in a variety of habitats, including woods,
prair>es, marshes, swamps, and cultivated or urban lands. It is primarily
terrestrial and nocturnal, but occurs both as larvae and adults in virtually
every coastal wetland in the Great Lakes.

Distribution - The American toad occurs from the Lake Manitoba region to New
n the north, south along the Atlantic seaboard to Virginia, west

through western north Carolina, and the northern parts of Georgia, Alabama, and
Mississipp~, and north through Tennessee, Kentucky, Missouri, Iowa, Minnesota,
and southeastern Manitoba.

Breedin d Lif C 1 - Breeding and egg deposition occur in early spring in
a most any type of qu~et water. Long strings of eggs are attached to submersed
objects and hatch in about one week. Larvae transform to adult form by early
June. Adults hibernate in a variety of fossori al habitats .

Food - Insects, annelids, and molluscs are the primary food.

Recreational and Commercial Value - This species is food for a vari ety of other
vertebrates, and its abundance is sufficient that it becomes economically
important as a garden insectivore.

~ Fowler's toad  Bufo woodhousei fowleri!

Habitat - Fowler's toad occurs chiefly in sandy areas of lakeshores and river
bottoms and is particularly common in the Great Lakes region around wetlands
associated with beach ridges, barriers, and dunes.

Distribution - This toad occurs from lower Michigan to New Hampshire in the
north, south along the Atlantic coast to North Carolina, inland and westward
through Georgia and the Gulf Coast states to eastern Texas, and north through
eastern Oklahoma, Arkansas, Missouri, Illinois, and Indiana. It occurs along
the eastern shore of Lake Michigan and the Chicago vicinity, almost all of Lake
Erie, and western Lake Ontario.

Breedi d Lif C 1 - Breeding occurs later than for the American toad,
usua y a e p 1, b otherwise the life histories are similar, with hatching
and larval transformation occurring about two weeks after those of the American
toad. Adults hibernate in a variety of fossorial habitats.

Food - Insects and earthworms are the primary foods

Recreational and Commercial Value � Aside from its possible value as food for
ot er vertebrates, ow er s toa has no major economic value.
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~ glanchard's cr ictet f'rog  Acris ~cre itans blanchardi!

Habitat � This tree frog is largely non-arboreal and occurs near permanent or
semi-permanent streams, lakes, ponds, and marshes, usually among bordering
terrestrial vegetation or emergent and floating aquatic vegetation. It is
probably common in many Great Lakes coastal wetlands iri its range..

Distribution - This subspecies occurs from Nebraska to the Lower Peninsula of
Michigan in the north, southeastward through Ohio, Kentucky, northern
Tennessee, Arkansas, and Texas, and north through Oklahoma and Kansas.

Breedin and Life C cle � Breeding and egg deposition occur in late April to
July, depending on ocation and temperature, in a variety of quiet waters,
usually as large surface films. Eggs hatch in sever al days, and larvae
transform to adult form from July to September. Adults hibernate deep under
matted vegetation, leaf litter, in or under logs, and in hollow trees.

Food - Small insects are apparently the major food item.

Recreational and Commercial Value � Aside from its value as food for other
vertebrates, Blanchard's cricket frog has no economic value.

~ northern spring peeper  ala crucifer crucifer!

Habitat - Spring peepers are primar ily woodland and semi-arboreal in habitat.
~hey requent moist woods, clinging to the lower parts of trees and shrubs, or
moving on the ground among leaves and along borders of woodland ponds. These
frogs are common in wooded margins of emergent wetlands or coastal swamps of the
Great Lakes.

Distribution - This subspecies occupies in most of eastern North America from
the Lake Winnipeg region to Nova Scotia in the north, south along the Atlantic
and Gulf Coasts  excluding most of Florida! to eastern Texas, and north through
the Mississippi River states to Minnesota. !t is abundant throughout the Great
Lakes region.

Breedin and l ife C cle � Breeding occurs from early March to late June,
depending on ocation and temperature. Eggs are deposited singly on submersed
objects in shallow temporary or permanent woodland ponds. Hatching occurs in
one to two weeks, and larvae transform to adult form in May or June, about two
months after hatching in most areas. Adults hibernate under leaves, mosses, or
in hollow trees.

Food - Small arthropods are the primary food.

Recreational and Commercial Value - Aside from its possible value as food f' or
other vertebrates, the spring peeper has no economic value.
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~ gray treefrog  ala versicolor and ~H1a

S t ti N te - These two species are largely sympatric and barely
g so that deli~cation of the separate ranges of each is

incomplete due to lack of detailed field observations. Both are generally
included indiscriminately under the name gray treefrog  ~H la versicolor!.

Habitat - These treefrogs are primarily arboreaI,occarit4ng in mesic woods on
treeS, vines, stumps, and wooden structures. They pre.-probab1y common . in
wooded margins of emergent coasta,]. wet1ands or in coastal swamps and bogs.

Distribution - The gray treefrogs occupy most of eastern North America f'rom the
Lake Winnipeg region to New Brunswick in the north, south along the Atlantic
Coast to northern Florida, west along the Gulf' Coast to eastern Texas, and north
through the eastern parts of Oklahoma, Kansas, Nebraska, and the Dakotas. They
are common throughout the Great Lakes region.

Breedin and Life C c e - Breeding occurs from late April into August, depending
on ocation and temperature. Eggs are deposited in small clusters on plant
litter and vegetation in temporary or permanent pools, ponds, and streams.
Hatching occurs in four or five days, and larvae transform to adult form from
May into August. Hibernation occurs in ho11ow trees or among tree roots.

Food - Sma11 terrestrial arthropods comprise the major food source.

Recreational and Commercial Value � Aside from its possible va1ue as food for
other vertebrates, the gray treefrog has no economic value.
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~ western chorus frog  Pseudacris triseriata triseriataj,
ssp. boreal chorus frog .. macu ata

Habitat - P. t. triseriata is an inhabitant of wet prairies, woodlands, meadows,
I I 111 li«td

terrestrial, usually occurring in dense vegetation, often far from open water.
P. t. maculata is a far northern subspecies which inhabits heavily vegetated
margi n~sop ends, lakes, streams, and marshes. P. t. tr iseriata occurs widely
in coastal wetlands of the Great Lakes, but P. t. maculata is important, only in
western Lake Superior wetlands.

Distribution - P. t. triseriata occurs from South Dakota and Minnesota in the
northwest, east through Wisconsin, the Lower Peninsula of Michigan, and
southern Ontario, and southwest through western New York and Pennsylvania,
Ohio, Indi ana, Illinois, Iowa, Missouri, Nebraska, eastern Kansas, and central
Oklahoma. It occurs along the coasts of Lake Ontario, Lake Erie, Lake Huron,
eastern and southwestern Lake Michigan, and extreme western Lake Superior. P.
t. maculata occurs from Alberta, south through the northern mountain states, and
eastward through the prairie provinces and northern prairie states to western
Ontario and northern Minnesota. Its range touches northern and extreme western
Lake Superior.

Breedin and Life C c les � Habits of these tree frogs are apparently not well
known. Breeding occurs early in spring for both subspecies  early March into
May!. Eggs are attached in masses to aquatic or submerged terrestrial
vegetation and probably to plant litter as well. Hatching occurs in about two
weeks, and larvae metamorphose to adult form in about two months. Hibernation
is probably similar to other hylid frogs.

Food � Small arthropods are the primary food source.

Recreational and Corrmercial Value � Aside fram their possible value as a food
source or other vertebrates, these frogs have no economic value.
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~ bullfrog  Rang catesbei ana!

Habitat � The bullfrog is largely aquatic and inhabits any type of permanent
water, including ponds, lakes, streams, r ivers, marshes, and swamps. It is one
of the dominant amphibians of a variety of coastal wetlands along the Great
Lakes'

Distribution - The bullfrog occurs throughout eastern North America, from
Wisconsin to Nova Scotia in the north, south along the Atlantic coast to central
Florida, a'long the entire Gulf Coast to northern Mexico, north through Texas,
eastern New Mexico, eastern Colorado, southeastern Wyoming, and east aga~n
through southern Iowa and South Dakota to Wisconsin. It has been widely
introduced in the mountain states and along the Pacific Coast.

B eedin and Life C cle � Breeding occurs from late April to early August. Eggs
p ug 1 oating surface masses in quiet water. Hatching occurs

in about one week, and larvae generally overwinter, metamorphosing the
following July or,"August. Hibernation occurs - in soft mud
or leaves on the bottoms of streams, lakes, and ponds.

Food - The large, voracious bullfrog consumes any available aquatic or
terrestrial invertebrate as well as small fishes, other amphibi ans, turtles,
snakes, and small mammals.

Recreational and Commercial Value - The bullfrog is harvested intensively for
human consumption on a commercia and recreational basis.

~ green frog  Rang clamitans melanota!

Habitat - The green frog is largely aquati c and inhabits the same waters as the
b~blfrog. It is more often encountered in small running waters and temporary
pools and ponds than is the bullfrog. It is one of the dominant amphibians in a
variety of Great Lakes coastal wetlands.

Distribution - The green frog occurs from southeastern Manitoba to Nova Scotia
in the north, south along the Atlantic coast to North Carolina, west through the
northern parts of South Carolina, Georgia, Alabama, Mississippi, and Arkansas
to eastern Oklahoma, and north through eastern Kansas, most of Missouri, and
eastern Iowa and Minnesota. It is abundant throughout the Great Lakes region.

Breedi and Life C cle - Breeding begins in late Apr il or ear'ly May and may
exten throughout the summer into September. Egg deposition is similar to that
of the bullfrog. Hatching occurs in less than one week. Larvae, like those of
the bullfrog, overwinter and metamorphose to adult form during the following
summer. Hibernation is similar to that of the bullfrog.

Food - The green frog, like the bullfrog, feeds on a variety of aquatic and
terrestrial invertebrates, as well as small vertebrates.

Recreational and Commercial Ltalue � The green frog is harvested intensively for
human consumption on both a recreational and cottliercial basis.
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~ picker e I frog  Rang ]salostr is]

Habitat � The pickerel frog is largely aquatic and occurs in waters that are
either cold or running. It is absent from warm, sluggish waters. It inhabits
small spr ings, brooks, and streams, as well as cooler quiet waters, such as
spring-fed ponds, generally lying concealed in bordering vegetation. It occurs
only in coastal wetlands with cool water or associated small flowing streams.

Distribution - The pickerel frog occurs from Wisconsin and the Upper Peninsula
of Michigan to New Brunswick and Nova Scotia in the north, south along the
Atlantic Coast to South Carolina, west through northern Georgia and Alabama to
west-central Mississippi, northern Louisiana, and eastern Texas, and north
through eastern Ok1ahoma, southern Missouri, and eastern Iowa, to southeastern
Minnesota.

Breedin and Life C cle - Breeding occurs during April or May. Eggs are
deposited in globu ar masses attached ta sticks and hatch in one to two weeks.
Larvae metamorphose to adult form from late July to August. Hibernation is
similar to that of the bullfrog and green frog.

Food - Aquatic and terrestrial arthropods and molluscs are the major food.

Recreational and Commercial Value � This frog is small and is not harvested
extensive y for human consumption, but it probably comprises a valuable food
source for other vertebrates.

~ northern leopard frog  Rang ~iiens]

Habitat - The leopard frog is largely aquatic and occupies habitats similar to
those of the pickerel frog, but it is more tolerant of warm, sluggish waters.
It often wanders far from water through open fields and prairies. It is one of
the dominant amphibians of a variety of Great Lakes coastal wetlands.

Distribution - The northern leopard occurs from eastern Alberta to Labrador in
the north, south through New England and the Gr eat Lakes states, westward
through the northern prairie states and mountain states as far south as northern
New Mexico and Arizona, and north through Nevada and northeastern California to
disjunct areas of Idaho, Washington, and Oregon.

Breedin and Life C cle � Breeding generally occurs prior to the pickerel frog
rom March to ear y May. Egg deposition, incubation period, and larval

transformation time are similar to but one to three weeks earlier than those of
the pickerel frog. Hibernation is similar to the bullfrog and green frog.

Food � Earthworms, insects, and small frogs are the major foods.

Recreational and Commercial Value - Leopard frogs are extensively harvested or
cu tured as aboratory anima s, and the larger individuals may be harvested for
human consumption. It is also an abundant and important food item for other
vertebrates.
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~ mink frog  Rana

Habitat - This subarctic frog is largely aquatic, occurring in cold flowing
water and the vegetated borders of lakes, especially at the mouths inflowing
streams. It is especially comon on floating leaves of aquatic plants. In the
Great Lakes it occurs in a variety of the more northern coastal wetlands.

Distribution - The mink frog occurs from southeastern Manitoba to Labrador in
the north, south and westward through the Maritime Provinces, northern New
England and northern New York, southern Ontario, the Upper Peninsula of
Michigan, northern Wisconsin, and northeastern Minnesota. It occurs along the
entire St. Lawrence River, eastern and northern Lake Ontario, eastern Lake
Huron, all of Lake Superior, and northwestern Lake Michigan. It is absent from
Lake Eries

Breed n and L'fe C 1 - The mink frog breeds in late spring or early sulilier.
ggs are deposited on aquatic plants and hatch in less than one week. Larvae

overwinter and metamorphose to adult form the following sumer. Hibernation
occurs under mud and plant litter on the bottoms of 1akes, ponds, and pools of
streams.

Food - Aquatic insects and probably other aquatic and terrestrial
invertebrates, as well as small fish, are eaten.

Recreational and Commercia1 Value � Aside from its possible value as food for
other vertebrates, the mink frog has no major economic value.

~ wood frog  Raoa ~a1vatica!

Habitat - The wood frog is primarily a terrestrial woodland species. It occurs
on the forest floor among mosses, moist leaf litter, and rotten logs, usually
not far from permanent or semi-permanent pools. It occurs widely in lowland
woods adjacent to coastal wetlands and in coastal swamps and bogs.

Distribution � This species is largely subarctic, occurring from Alaska to
Labr ador in the north, south a1ong the Atlantic coast to Virginia, west and
south through the roid-Atlantic states, West Virginia, western North Carolina,
eastern Tennessee, most of Ohio, Kentucky, Indiana, and Michigan, eastern
Illinois, most of Wisconsin and Minnesota, eastern North Dakota, Manitoba,
Saskatchewan, Alberta, and northern British Columbia. It. occurs throughout the
Great Lakes region.

Breed n and L fe C 1 - Breeding occurs primarily in March and early April.
gg e ep e globu1ar masses on objects in woodland pools. Hatching

usually occurs in less than one week, and larvae metamorphose to adult form by
May or June. Hibernation probably occurs under leaf litter, rotten logs, hollow
logs, and deep crevices among tree roots.

Food - A variety of terrestrial arthropods and molluscs are consumed.

Recreational and Commercial Value - Aside from its value as food for other
vertebrates, the wood frog has no economic value.
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Habitat - The snapping turtle is primarily aquatic and occurs in lakes, low
gradient streams, r~vers, marshes, and swamps, often buried in mud or hidden in
vegetation and other cover. In the Great Lakes it occurs in sheltered bays,
tributary mouths, and coastal wetlands.

Distribution - The snapping turtle occurs throughout North America east of the
ins, from southern Saskatchewan to Nova Scotia in the north and New

Mexico to northern Florida in the south. It is abundant in the Great Lakes
region of the United States.

Breedin and Life C cle - Mating occurs primarily in late spring or early
summer. ggs are buried in unguarded nests on land, often far from water, and
hatching occurs in September. These turtles hibernate in mud or leaves
underwater, but they may be active well into winter or early in spring.

Food � Snapping turtles are both predators and scavengers, consuming almost any
invertebrate or vertebrate that. can be captured.

Recreational and Commercial Value � Snapping turtles are widely harvested for
human consumption in the Great Lakes. The digging activities of these turtles
are often destructive to earthen dikes and dams.

~ stinkpot  Sternother us odoratus!

Habitat - The stinkpot is primarily aquatic, occurring in a variety of low or
base gradient waters with or without aquatic vegetation. In the Great Lakes it
occurs in bays, tributary mouths, ditches, and marshes.

Distribution � The stinkpot occurs in eastern North Amer ica from southern
Wiscons>n to southern Maine in the north and from eastern Texas to southern
Florida in the south. It occurs along southern I ake Michigan, southern and
eastern Lake Huron, all of Lake Erie, and all of Lake Ontario exclusive of the
extreme eastern end and the St. Lawrence River.

Breedin and Life C cle - Mating usually occurs in early spring, but some autumn
mating may occur. Eggs are buried on land in sand, matted vegetation, rotten
logs, or muskrat houses during late spring ar early summer, and hatching occurs
in early fall. Hibernation probably occurs buried in mud or leaves under water.

Food - Molluscs, crustaceans, annelids, fish, and a variety of aquatic
arthropods are utilized.

Recreational and Commercial Value - The stinkpot is a useful scavenger and
predator, but it is not genera y harvested for human consumption.
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~ midland painted turtle  Chr sem s icta mar inatal,
ssp. western painted turt e . p. be i

Habitat � painted turtles are primarily aquatic but often roam far on land.
They occur in almost any permanent water with sufficient food, including lakes,
marshes, wet meadows, large or small streams, bogs, ditches, and the bays and
estuaries of the Great 'Lakes, often in association with aquatic vegetation.

Distribution - The midland subspecies occurs in eastern North America from the
eastern parts of Illinois, Wisconsin, and the Upper Peninsula of Michigan
eastward through the Great Lakes basi n and Ohio River basi n to the Atlantic
coastal drainages of New England, New York, and Pennsylvania. !t occurs along
the coasts of all the Great Lakes exclusive of Lake Superior, where it is
restricted to the extreme eastern end. The western subspecies occurs in western
and central North America from southern British Columbia, Washington, and
northern Oregon eastward through northern Idaho and the Missouri River basin to
Illinois, Wisconsin, Minnesota, and the Upper Peninsula of Michigan, where its
range overlaps with that of the midland subspecies.

B d ' d L 'f C 1 - Mating occurs in early spring, and eggs are deposited
ted from soft soil near the water during dune. Hatching

generally occurs in late summer or early fall. Hibernation occurs under mud or
leaves in water, but individuals may be active all winter under ice cover.

Food - Insects, molluscs, crustaceans, amphibians, small fish, carrion, and
aquatic vegetation form the diet of this species.

Recreational and Commercial Value - Aside from its value as a predator and
scavenger, the painte turt es have no major economic value.
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~ spotted turtle  ~Clem s guttata!

Habitat - The spotted turt'le generally occurs in bogs and shallow, often
running, vegetated waters. In the Great Lakes it may occur in shallow marshes,
tr ibutary mouths, and coastal bogs.

Distribution - The spotted turtle occurs in eastern North America from southern
Michigan and northern Indiana eastward to southern New England and south along
the Atlantic coastal plain to eastern Georgia and several d1sjunct localities in
northern Florida. It occurs along eastern Lake Michigan, eastern Lake Huron,
all of' Lake Erie, and southern Lake Ontario, but it is rare in many areas within
its range.

Breedin and Life C cle - Little is known of the habits of this species. Mating
probab y occurs in ear y spring. Eggs are buried on land in sand or soi 1 during
late spring or early summer and hatch in early fall. Hibernation is probably
similar to that of other aquatic turtles.

Food - A variety of terrestrial and aquatic molluscs, crustaceans, insects,
arachnids, diplopods, annelids, and plant material 1s consumed.

Recreati onal and Commercial Value - Aside from its value as a scavenger and
predator, the spotted turt e has no major economic value.

gg 1  ~C1 ~gg 1

Habitat - The bog turtle prefers sphagnum bogs, swamps, and clear low gradient
streams with mud bottoms. It may occur in cer tain coastal streams, swamps,
bogs, and marshes of Lake Ontario.

Distribution � The bog turtle is rare and has a spotty distribution in eastern
north Amer1ca, with disjunct areas of occurrence in New York, Pennsylvania, New
Jersey, Maryland, Del aware, Virginia, Tennessee, and North Carolina, In the
Great Lakes it occurs only along southern Lake Ontario.

Breedin and Life C cle - Little 1s known of the habits of this species. Mating
probab y occurs in ear y spring, with eggs being laid during June and hatching
in early fall. Hibernation probably occurs buried under mud, leaves, or grass
under water or in wet. areas.

Food � A variety of terrestrial and aquat1c invertebrates are probably utilized.

Recreational and Corrmercial Value - This turtle has no present economic value.
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~ pl ending's turtle  ~Em doidea hlan~1nq1!

Habitat - Blanding's turtle is largely aquatic, but individuals may roam far
Prom water, It appears to prefer sha'liow, qu1et, vegetated waters of rivers,
lakes, marshes, bogs, swamps, wet meadows, ditches, and bays and estuaries of
the Great Lakes.

Distribution - Blanding's turtle occurs in central and eastern North America
ro caste n Nebraska eastward through northern !owa, southern Minnesota,

southern Misconsi n, northern Illinois, southern Michigan, northern Indiana, and
Ohio, southern Ontario, and extreme northwestern Pennsylvania. It occurs along
the coasts of northern Lake Ontario, northern Lake Erie and the Ohio and
Pennsylvania shores, most of Lake Huron and Lake Michigan, and a small section
of southern Lake Superior.

Breedin and Life C cle - Little is known of the habits of Blanding's turtle.
Mating appears to occur in spring with egg deposition during June or July.
Nests are dug in sand near water and hatchi ng probably occurs duri ng August or
September . Hibernation occurs under mud or debris in or near water.

Food � A variety of crustaceans, molluscs, anneli ds, small fish, vegetation, and
carrion are utilized.

Recreational and Commercial Value - Aside from its value as a predator and
scavenger, Blanding's turtle has no present economic value.

Habitat - The map turtle is largely aquatic, occurring in lakes, marshes, and
Tow-gradient streams, general ly in associat1on with aquatic vegetation. In the
Great Lakes it occurs in sheltered bays, estuaries, and coastal wetlands.

Distribution - This species occurs in eastern North Amer~ca from eastern
Minnesota to western Vermont in the north and from eastern Kansas and northern
Arkansas to the western regions of Pennsylvania, Nest Virginia, Virginia, North
Carolina, and Georgia in the south. It occurs along the coasts of Lake Ontario,
Lake Erie, southern Lake Huron, southern and eastern Lake Michigan, and extreme
western Lake Superior.

Breedi and Life C l - Mating occurs in early spring, and eggs are deposited
on and in nests dug in soil or dry sand during June. Hatching occurs generally
during late August or ear ly September. Hibernation occurs in water under mud or
leaves, but individuals may remain active under ice all winter.

Food - Molluscs and crayfish are the major foods, although a variety of other
aquatic invertebrates, small fish, and carrion may be used.

Recreational and Commercial Value - Aside from its value as a predator and
scavenger, the map turtle has no economic value.
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r f«11  ~Ti ui if

Habitat � The eastern spiny softshel1 is essentially an entirely aquatic turtle,
occurr>ng primer ily in large ri vers but often encountered in smaller streams.
It often lies bur~ed in sand or mud under water. This species probably occurs
in many estuaries and associated wetlands of the Great Lakes, although it has no
parti cul ar af f ini ty for vegetati on.

Distribution - The eastern spiny softshell occurs in eastern North America from
the Mi ssi ss i ppi River eastward through Wisconsin, Illinois, Kentucky,
Tennessee, southern Michigan, Indiana, Ohio, and southern Ontario to the
western parts of New Yark, Pennsyl vani a, West Virgini a, Virgini a, and North
Carolina. It occurs along the coasts southern Lake Michigan, southern Lake
Huron, all of Lake Erie, and southern Lake Ontario. It is absent from Lake
Superi or.

Breedin and Life C cle � Mating takes place in early spr~ng, and eggs are laid
during June in nests excavated in sand or soil near water. Hatching occurs in
late August or September. Hibernation occurs in water under mud or sand.

Food - A variety of aquatic crustaceans, snails, insects, and small fish are
utiTized.

Recreational and Commercial Value - The eastern spiny softshell is harvested
wide y or human consumption.

~ eastern fox snake  ~Ela he ~vul ina ~1o di!

Habitat - This subspecies of E. ~vul ina is almost entirely restricted in habitat
to the marshes of western Lake Erie and southern Lake Huron.

Distribution - The eastern fox snake occurs only in low, marshy areas
ineediately adjacent to western Lake Erie, Lake St. Clair, and Lake Huron south
of Georgian Bay and Saginaw Bay.

Breedin and Life C cle � Mating occurs in early spring, and clutches of eggs
are deposited under matted vegetation, logs, bark, and other loose cover .
Hatching occurs in September or October. Fox snakes hibernate in burrows under
logs, rocks, and similar cover.

Food � The eastern fox snake feeds primarily on small mamnals, birds, and eggs,
~a though larger invertebrates and perhaps frogs, salamanders, and snakes are
also eaten.

Recreational and comnercial Value - The eastern fox snake is a valuable predator
in rodent control.
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~ Graham 's water snake  Natr ix ~rahami !

Habitat � This semi-aquatic species occurs in sluggish waters of river s, lakes,
~s oughs, swamps, bayous, and marshes. It may be found in coastal wetlands of
Illinois.

Distribution � Graham's water snake occurs in the lower Mississippi River basin,
and in the Great Lakes it occurs only in the Illinois coastal region.

Breedin and Life C cle - See northern water snake.

Food � Newly-molted crayfish are a primary item in the diet, but sma'tI fish and
aa~ aibians are also eaten.

Recreational and Commercial Value - Aside from its value as a predator, Graham's
water snake has no economic va ue.

~ Kirtland's water snake  Natrix kirtlandij

Habitat - This species is primarily terrestrial, but it occurs in predominantly
mo>st habitats in woodland pools, wet meadows, and the borders of marshes,
swamps, lakes, and streams. It is probably a peripheral species in the coastal
wetlands of the Great Lakes.

Distribution - Kirtland's water snake occurs only in Illinois, Indiana, Ghio,
and extreme northern Kentucky and western Pennsylvania. !t is tound in western
Lake Erie and southern Lake Nichigan.

8reedin and Life C cle � See northern water snake.

Food � Terrestrial invertebrates such as snails, slugs, insects, and
earthworms, as well as small salamanders, are utilized. Earthworms appear to be
the primary food item.

Recreational and Commercial Value � Aside from its value as a predator, this
species has no economic va ue.
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~ northern water snake  Natrix ~si edon si coon!,
ssp. Lake Er ie water s~nake N. s. insu arum

Habitat - The northern water snake is largely aquatic and occurs abundantly in
~amost any wet habitat, including 1akes, ponds, marshes, swamps, r i vers,
streams, ditches, wet meadows, and a wide range of coastal habitats along the
Great Lakes. It has no great affinity for aquatic vegetation but ',s
nevertheless abundant in wetlands.

Distribution - ll. s. ~si edon occurs in eastern and central North America from
g

Illinois, through most of the Great Lakes basin and upper Ohio Rier basin to the
eastern coastal drainage between southern /!aine and northern North Carolina. It
is abundant along the coasts of a11 the Great Lakes but is absent from the
northern shore and Keweenaw region of Lake Superior. The Lake Erie water snake
occurs only on the islands of western Lake Erie.

B ~igpigl l �. ig i Bill
occurs during 1ate August or early September. Hibernation is terrestrial, oc-
curi4ng in deep burrows and crevices among rocks and logs,

Food � This species is predatory, feeding on crayfish, fish, frogs, tadpoles,
~sa amanders, other snakes, and occasionally small birds and marshals.

Recreational and Cormercial Value � Aside from its va'lue as a predator, this
species has no economic va ue,
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~ northern brown snake  Storeria ~deka i deka i!,
d

Habitat - This is a very secretive species, occurring under rocks, logs, loose
tree bark, and similar cover in a variety of moist locations. Moist woods,
meadows, marsh and swamp borders, farmlands, urban areas, and the perimeters af
1akes and streams are frequented.

Distribution - S. d. ~deka i occurs in eastern Nor th America from the Lower
Michigan to southern Maine in the north and from eastern Indiana

southeastward to South Carolina in the south. It occurs along the coasts of the
upper St. Lawrence R1ver and Lake Ontario, Lake Erie, Lake Huron, and eastern

k Ill hi . S. d. ~it i t Ill i«ippi Ill
Wisconsin to Louisiana and eastward to overlap the range of S. d. ~deka i in
southern Ontario, Ohio, Kentucky, western V1rginia, and the Carolinas. It
occurs along the coasts of northern Lake Ontario, Lake Erie, Lake Huron, and
Lake M1chigan.

B d' d L'fe C cle - Mating occurs in early spring, and ovoviviparous birth
p p y uring August. Hibernation occurs under logs, rocks, and

woody debris or in deep rock crevices.

Food - Earthworms and s1ugs are the primary food 1tems, but a variety of'
terrestrial and aquatic 1nvertebrates are eaten.

Recreational and Commercial Value - As1de from its value as a small predator,
t e brown snake has no economic importance.

d-b 1!i a k f5«

Habitat - The northern red-bellied snake resembles the brown snakes in its
habitat preferences and is very generally distributed in moist habitats.

Distribution � This spec1es occurs in eastern North America from southern
Manitoba to southern Ma1ne in the north and from eastern Texas to Georgia 1n the
south. It occurs throughout the Great Lakes exclusive of southwestern Lake Erie
and northern Lake Super 1or.

Breedin and Life C cle - See northern brown snake.

Food - See northern brown snake.

Recreational and Coririerical Value - See northern brown snake.
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butleri!~ Butler's garter snake  

Habitat - Butler's garter snake is semi-aquatic and prefers open, moist habitats
sa~c I as marshes, wet meadows, and the margins of lakes and streams, It occurs
along the borders of coastal marshes of the Great Lakes.

Distribution - This species occurs only in southeastern Misconsin, eastern
Michigan, northeastern Indiana, northwestern Ohio, and extreme southwestern
Ontario. it is found along the coasts of western Lake Erie, Lake St. Clair,
southern and western Lake Huron, and west-central Lake Michigan.

Breedin and Life C cle - Mating occurs in early spring, and ovoviviparous birth
occurs during u y or ear ly August. Hibernation is terrestrial, generally in
burrows under woody debris or under matted vegetation.

Food � Small frogs, earthworms, fish, and leeches are utilized.

Recreational and Commercial Ilalue - Aside from its value as a predator, this
spec es has no economic value.

Habitat � This species is markedly aquatic and occurs around swamps, marsh
~e ges, bogs, and small lakes and ponds, including those of Great Lakes coastal
wetlands'

Distribution - The western ribbon snake occurs in the central United States from
southeastern Colorado and northeastern New Mexico eastward through Texas,
Oklahoma, Kansas southeastern Nebraska, southern Iowa, Missouri, Arkansas,
Louisiana, western Mississippi, western Tennessee, western Kentucky, western
and northern Illinois, western Indi ana, and southern Misconsi n. It occurs along
the southwestern coast of Lake Michigan.

Breedin and Life C cle - Mating occurs in early spring, and ovoviviparous birth
occurs in u y or August. Hibernation is similar to that of other Th h
species'

Food - Frogs, small fish, crayfish, and other small snakes are eaten.

Recreational and Commercial Yalue - Aside from its value as a predator, the
western ribbon snake has no economic importance.
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k  ~ti li

Habitat � This semi-aquatic species frequents mo1st, open areas such as wet
meameows, pastures, prairies, f1oodplains, sloughs, marsh bor ders, and bogs. It
occurs 1n the borders of coastal wetlands within its range.

Distribution - The eastern plains garter snake occurs 1n southeastern
Minnesota, eastern Iowa, northwestern Missouri, southern and western Misconsin,
northern Illinois, northwestern Indiana, and disjunct locations in southern
Illinois, northern Arkansas, and central Ohio. It occurs along the southwestern
coast of Lake Michigan.

Breedin and Life C cle � Mating occurs in mid-spring and ovoviviparous birth
occurs 1n August. Hibernation is similar to that of other garter snakes.

Food � Earthworms and small amphibians are the primary food items, but a variety
~o invertebrates may be eaten.

Recreational and Cormercial Value - Aside from its value as a predator, this
species has no economic value.

~ northern ribbon snake  Tham o hi

Habitat � See western ribbon snake.

sauritus

Distribution � The northern r1bbon snake occurs primar1ly in the lower Great
Lakes region, from the Lower Peninsula of Michigan and nor them Indiana eastward
through northern Oh1o, southern Ontario, northern Pennsylvania, northern and
western New York, and parts of Vermont, New Hampshire, and Maine. It occurs
along the coasts of Lake Ontario, Lake Erie, western and southeastern Lake
Huron, and eastern Lake Michigan. A record also exists for the Green Bay
region.

Breedin and Life C cle - See western ribbon snake.

Food - See western ribbon snake.

Recreational and Cottliercial Value - See western ribbon snake.
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sirtalis sir talis!,~ eastern garter snake  
ssp. Chicago garter sn ~semr asci~ata

Habitat � These subspecies are similar in habitat requirements. Moist habitats
are preferred, but a wide range of terrestrial and aquatic habitats are
occupied. These snakes are common in virtually all Great Lakes coastal wetlands
within their respective ranges.

Distribution - T. s. sirtalis occurs in eastern North America from eastern
Sianitoba and the hir'ssissai~~r' Sr'sec states eastward to the At1antic coast. between
eastern quebec and northern Florida. It is abundant along the coasts of all the
Great Lakes. The Chicago garter snake occurs only in southeastern Wisconsin and
northeastern Il 1inois and is common al ong the coast of southwestern Lake
Michigan.

Breedin and Life C cle - See Butler's garter snake.

Food � A variety of terrestrial and aquatic invertebrates are eaten, as well as
smaTl vertebrates such as fish, frogs, toads, tadpoles, salamanders, other
snakes, and small birds and marshals.

Recreational and Commercial Value - Aside from its value as a predator, this
species has no major economic importance.

~ eastern massasauga  Sistrurus catenatus catenatus!

Habitat - This is essentially a snake of moist prairie regions, and it occurs in
bogs, wet meadows, prairie marshes, sloughs, swamps, and swales. It occurs in
coastal habitats of this type in the Great Lakes region.

Breedin and Life C le � Mating occurs in early spring, and ovoviviparous birth
takes p ace in August or September. Hibernation occurs deep in rock crevices,
tree roots, and under logs or stumps.

Food - Small marrrnals are the primary food item, but birds, snakes, and frogs are
paso eaten.

Recreational and Commercial Value - Eastern massasaugas are valuable as
predators o rodents, but they have no other economic importance.
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Distribution - The eastern massasauga occurs in midwestern North America from
eastern Iowa and northeastern Missouri eastward through southern Wisconsin,
Illinois, Indiana, the Lower Peninsula of Michigan, southern Ontario, northern
Ohio, northwestern Pennsylvania, and central New York. It is found along the
coasts of southwestern and eastern Lake Michigan, Lake Huron, northern and
southwestern Lake Erie, and western Lake Ontario.



APPENDIÃ D

Phylogenetic List of Common and Scientific Names of Birds
in the Great Lakes Basin

Scientific NameCommon Name

Class Aves
Order Gaviiformes

coction loon
red-throated loon

Order Podicipediformes

red-necked grebe
horned grebe
eared grebe
pied-billed grebe

Order Pelencaniformes

Family Pelecan idae
Pelecanuswhite pelican

Family Sul i dae
chorus bassanusgannet

double-crested cormorant

Order Ciconiiformes

~ex 1 1 s

-continued-
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great blue heron
green heron
little blue heron
cattle egret
great egret
snowy egret
Louisiana heron
black-crowned night her on
yellow-crowned night heron
least bittern
American bittern

Family Gaviidae
Gavi a immer
~avia sate Tata

Family Podicipedidae
Podice s ~rise eoa
~o>ce s aur actus
P d' ' ll'

Family Phalacrocoracidae
Phalacrocorax auritus

Family Ardeidae Ardea herodias
Butorides striatus
E retta ca~ere ea

Casmerodius albus
~Er etta thol a

N t' t



cient~ ic Nameommon Name

wood stork

glossy ibis

Order Anseriformes

ni ra

us

~er us serr ator

-continued-
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mute swan

whistling swan
Canada goose
brant

white-fronted goose
snow  blue! goose
Ross' goose
mallard
black duck
gadwall
pintail
green-winged teal
blue-winged teal
cinnamon tea1
American wigeon
northern shoveler
wood duck
redhead
ring-necked duck
canvasback
greater scaup
lesser scaup
common goldeneye
Harrows' goldeneye
buff l ehead
oldsquaw
harlequin duck
cormrron eider
king eider
white-winged scoter
surf scoter
black  common! scoter
ruddy duck
hooded merganser
common merganser
red-breasted merganser

Family Ciconii dae
~N cteria americana

Family Threskiornithidae
~Ple adis falcinellus

Family Anati dae Cygnus olor
I!Ter columbianus

Anser a~bi runs
~hen c~aeru escens
Chen rossii
jinns ~at rh nchos
Xnas ~ru rr es
Anas ~stre era
Anas acuta

~nas crecca
Anas discors

~nas americana
Anas ~cl cata
Aix ~sensa
A thya americana
A'fth'fa ~col gris
~A ~th <a vali siner ia
«Arith fa maril a
~Ath a affinis
Buce bala ~clan ula
Buce ha a islandica

Buce ha a aabaeo a
amnu a ~heeaes

Histrionicus h>strionicus
Somateria mo1
! ~b1
~Ne anitta fuses
~Ne anitta ' 'l l t



Scientific Nameommon Name

turkey vulture
black vulture

e halus

osprey

gyrf a icon
peregr ine f alcon
merlin
American kestrel

Order Gruiformes

Family Gruidae
Grus canadensissandhill crane

-continued-
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goshawk
sharp-shinned hawk
Cooper's hawk
red-taH ed hawk
red-shouldered hawk
broad-winged hawk
Swainson's hawk
rough-legged hawk
golden eagle
bald eagle
marsh hawk

ruffed grouse
sharp-tailed grouse

bobwhite
ring-necked pheasant

Order Falconiformes

Family Cathartidae
Cathartes aura
Coraigi~s atratus

Family Accipi tri dae
~Acci iter gentili s
~Acti iier tsrl at us
~Acci iter ~coo erii
Buteo 'amaicensis
Buteo ineatus

I Buteo swainson>
Buteo ~la o us
A 1 h t

Family Pandionidae
Pandion haliaetus

Family Falconidae
Falco rusticolus

Order Gal 1 if ormes

Family Tetraoni dae
Honasa umbel 1 us
pdi «u

Family Phasi anidae
Colinus
~hasi aou



Scienti ic Nameommon Name

king rail
Virginia rail
sora

yellow rail
black rail
purple gallinule
common gallinule
American coot

martinica
cocherous

~u ica americana

umenius americanus

Numenius haeo us

ctiti 5 m
~Trin a solitar ia

aim atus

semi palmated pl over
piping plover
thrilSOn'S plover
killdeer
American golden plover
black-bellied plover

ruddy turnstone
Amer~can woodcock
common snipe
long-billed curlew
whimbrel
upland sandpiper
spotted sandpiper
solitary sandp~per
willet
greater yellowlegs
lesser yellowlegs
red knot

purple sandpiper
pectoral sandpiper
white-rumped sandpiper
Saird's sandpiper
least sandpiper
dunl in
short-billed dowitcher
long-billed dowitcher
stilt sandpiper
semipalmated sandpiper
western sandpiper
boff-breasted sandpiper
marbled godwit
Hudsonian godwit
ruff

Family RaIlidae Rallus ~ele ans
Rallus limicola
Porzana~caro ma

I
Laterallus m ' s

Order Charadriiformes

Family Charadriidae
II I

d
~ll

Pl

Family Scolopacidae
Arenaria ~inter res
Fhhi oheTa minor

alidris canutus
~a idr'is maritime
~Ca idr1s ~me anotos
Cali dr is fuscicollis
Cal i dr i s baird i i
~a>drys mrnutrTla

~~ai n a
Lrmnodromus riseus
I d

h' t

Calidr1s ~us
~aidr1s mauri
T~r n ites suhruficoliis
Limosa redoa
Lrmosa liaemastica
lrhhr oommachus ~unax

-continued-
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Scientific NameCommon Name

sander ling
red phalarope
Wilson's phalarope
northern phalarope obatus

pomarine jaegar
parasitic jaegar
long-tailed jaeger Stercororius

Family Lari dae
Larus

r1 il
I grus marinus
Larus ar enta
Larus ~tha eri
Larus delawarensis
Larus ridibundus

Lar us r ixcan

Larus minutus
Ill ~t"id t. t
Sterna forsteri
sterna hirundo

~~dau a ii
Sterna albifrons

~cas ra
~h~rronras ~n> er

rock dove
mourning dave

Order Cuculiformes

Order Strigiformes

barn owl

-continued-
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glaucous gull
Iceland gull
great-black-backed gull
herring gull
Thayer's gull
ring-biIled gull
black-headed gull
laughing gull
Franklin's gull
Bonaparte's gull
little gull
black-legged kittiwake
Forster's tern
coo+an tern

roseate tern
least tern
Caspian tern
black tern

yellow-billed cuckoo
black-billed cuckoo

Family Scolopacidae  continued!
Calidr is alba
lrhh ~ulicarius

Family Stercarariidae
Stet corar ius ~omar inus

Order Columbiformes

Family Columbidae
Columba livia
Zertaida macroura

Family Cucul i dae Coccgzus americanus
~uocc zus th th

Family Tytonidae
~Tto alba



Scientific Nameommon Name

whip-poor -wi 11
common nighthawk

voci f erus
inor

Or der Apodi f ormes

chimney swift

Order Coraciiformes

Family Alcedinidae
belted kingfisher

Order Picifarmes

Family Picidae
co+eon  yellow-shafted! flicker
pileated woodpecker
red-be 1 1 i ed wood pec k er
red-headed woodpecker
ye 1 1 ow- be 1 1 i ed s aps uck er
hairy woodpecker
downy woodpecker
black-backed three-toed woodpecker
northern three-toed woodpecker

~Cola tes auratus
Orvroco us~pi eatus
M 1

ubescens

Pi id

Order Passeriformes

-continued-
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s creec h ow 1
gre at horned ow 1
snowy owl
barred ow 1
long-eared owl
short-eared owl
boreal owl
saw-whet owl

ruby-throated hummingbird

eastern kingbird
great crested flycatcher

Family Stri gi dae Otus asio

~Nctea scandiaca
Strix varia

Asio otus
Asio Pammeus
Ae olius funereus
~e o ius acadrcus

Order Capr imul g i f ormes

Family Caprimulgidae
C

Family Apodidae
Chaetura ~ela ica

Family Trochilidae
Archi lochus colubris

Family Tyrannidae
f rannus ~trannus
~iarcnus crinitus



Scientific NameCommon Name

Family Alaudidae
horned lark

Family Hirundinidae

TI u I
~Pro ne subis

gray jay
blue jay
common raven

comion crow

Family Paridae

Parus hudsonicus
I ~bi

brown creeper

~~atens> s
-continued-
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eastern phoebe
yellow-bellied flycatcher
Acadian flycatcher
willow flycatcher
alder flycatcher
least flycatcher
eastern wood pewee
ol i ve-si ded flycatcher

tree swallow
bank swallow
rough-winged swallow
barn swallow
cliff swallow
purple martin

black-capped chickadee
boreal chickadee
tufted titmouse

white-breasted nuthatch
red-breasted nuthatch

house wren

winter wren
Bewicks' wren
Carol~ na wren
long-bil led mar sh wren
short-billed marsh wren

Family Tyrannidae  continued!
~Sa ornis boebe
Em idonax f aviventris
~m idonax virescens
~Em idonax ttraiti
~Em idonax ~quorum
Em idonax minimus
~onto us vvrens
Nuttal 1 ornis boreal i s

I i o e bicolor
Ri aria ~ri aria

te ido ter x ruficollis

Family Corvi dae Perisoreus canadensis
C anocitta cristata

orvus corax

I ~bv I I

Family Sittidae
Sitta carolinensis

Family Certhiidae
Certhia familiaris

Family Troglodytidae
I I

~1111 ~11«
Thr om bewickii

~udovicianus



Scientific NameCommon Name

Family Mimidae
mockingbird
gray catbird
brown thrasher Toxos t orna

Family Turdidae

Catharus uttatus

Si al i a si al i s

Family Sylviidae
caerulea

water pipit
Sprague's pipit

~arrulusBohemian waxwing
cedar waxwing cedrorum

northern shrike
loggerhead shrike

starling

riseus

bel ii
7Tavi7rons
sol i tari us

~il vus

-continued-
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American robin
wood thrush
hermit thrush
Swainson's thrush
gray-cheeked thrush
veery
eastern bluebird

Blue-gray gnatcatcher
golden-crowned kinglet
ruby-crowned kinglet

white-eyed vireo
Sell's vireo
yellow-throated vireo
solitary vireo
red-eyed vireo
Philadelphia vireo
warbling vireo

black and white warbler
prothonotary warbler
worm-eating warbler
golden-winged warbler

Mimus ol loitos
Dumete a ca~ro inensis

Catharus ustu ata
~atharus minimus
Catharus ~uscescens

tra a
~eu us ca endula

Family Motacilli dae
Anthus 1 tt
canthus ~sr a uellt

Family Sombyci llidae

Family Laniidae
Lanius excuhitor
Lanius iudovicianus

Family Sturnidae
Sturnus ~vu1 aria

Family Yireonidae
Vireo

Vireo
Vireo
Vireo
Vireo
Vireo
Vireo

Family Parulidae
Mniotilta varia
Protonotaria citrea
tm



cient» c arneommon Name

0 orornis

Veto ha a

house sparrow

Family Icteridae

-continued-
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blue-winged warbler
Tennessee warbler
orange-crowned warbler
Nashville warbler
Northern parula
yellow warbler
magnolia warbler
Cape May warbler
black-throated blue warb'ier
yellow-rumped warbler
black-throated green warbler
Cerulean warbler
81ackburni an warbler
yellow-throated warbler
chestnut-sided warbler
bay-breasted warbler
blackpoll warbler
pine warbler
Kirtland's warbler
prairie warbler
palm warbler
ovenbird
northern waterthrush
Louisi ana water thrush
Kentucky warbler
Connecticut warbler
mourning warbler
cormon yellowthroat
yellow-breasted chat
hooded warbler
Wilson's warb1er
Canada warbler
American redstart

bobolink
eastern meadowlark
western meadowlark
yellow-headed blackbird
red-winged blackbird
orchard oriole
northern  Haltimore! oriole
rusty blackbird

Family Parulidae  continued!
Yermivora Dines
Vermivora ere ring
Vermivora ce ata

traaru a americana
Dendroica etechia
Dendroica ~ma no ia
Dendroica ti rona
Dendroica caeru escens
Dendroica coronata
Uendroica virens
~en roice ~cero ea
Dendroica fusca
Dendroica dominica

Denceroica castanea
Dendroica striata
Dendroica ~nus
Dendroica k rt, andii
D d d ~d

e oic ~amarum

Seiurus noveboracensis

~0orornis ~ai is
h' d

Icteria virens
711sollla ci'triflil
~wi sonia us~uua
~Wi soni a cana ensis

Family Ploceidae
Passer domesticus

u e amanaSSturne Sa ~ne ecta

Icterus s ur ius
ce a ua

~Eu ha us caro inus





AVIFAUNA - LIFE HISTORIES

GREBES  Podicipedidaej

i d- ili I 1 f~tdi1 1 ~di«t

Habitat - Ponds with much shore and emergent vegetation, marshes with areas of
open water and marshy inlets and bays are util1zed for breed1ng by this species.
Nests are usually floating, built around or anchored to dead or growing reeds,
rushes, or bushes. In shallow water, nest platforms are bu1lt up from the
bottom. They are generally placed at an opening in the vegetation to allow
under'water approach. Grebes prefer exposed situations on lakes arid rivers, or
brackish and salt waters for winter habitat.

Distribution - The breeding range extends from British Columbia, quebec, and New
Brunswick southward to Texas. The northern 1imits of the wintering range extend
from Washington state southward 1n an arc to Texas, then north to the Potomac
Valley. The southern limits 1nclude Central America. Migration corridors are
utilized.

Habits - Pied-bi'Iled grebes associate closely with marshbirds such as coots and
gallinules, but otherwise are not gregarious.

Food - An animal diet consisting of fish, crayf1sh, other crustaceans, molluscs,
insects, frogs and salamanders is consumed. Aquatic plants are occasionally
eaten.

~ horned grebe  ~Podice s auritus!

Habitat - Ponds and marshes hav1ng areas of open water, and sheltered portions
oaaakes and streams are utilized for breeding. iuests are placed in shallow
water, well within the fringe of vegetation. Some are exposed, but others rest
on submerged plants or tussocks, or are anchored to and suppor ted by bushes
growing 1n the water. The horned grebe winters primarily 1n marine waters.

Distribution - The brgeding range extends from Alaska across the United States
p rallel 45 to Maine. The species formerly nested along the Great

Lakes and St. Lawrence River, but now breeds only sporadically there. The
wintering range extends from southern British Columbia, southern Ontario and
Maine south to the Gulf Coast, and 1ncludes the Great Lakes. The main migration
routes go directly to and from the Atlantic and Pacific coasts; the Mississ1ppi
flyway is also used.

Habits - Horned grebes are usually observed as scattered singles. They feed in
water 5-25 feet deep.

Food - Diet consists mainly of fish and insects but larger crustaceans, small
frogs, salamanders, leeches, and tadpoles are also utilized'
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HERONS, BITTERNS  Ardeidae!

~ great blue heron  Ardea herodias!

Habitat � Salt and freshwater environments are used for breeding, particularly
saha Tow waters and shores of lakes, ponds, marshes, streams, and bays. Nests
are platforms of sticks, placed high in trees.

Distr1bution - The breeding range extends from southeastern British Columbia
and northern Ontario south to California, Texas, and the south Atlantic states.
The wintering range extends from Oregon through the Ohio valley and the middle
states south to the West Indies. Following the nesting season the heron
migrates south.

Habits - Nest1ng is colonial, often mixed with other heron species. The bird
fe~fes by stalking prey in shallow waters, on shore or along watercoorses.

Food - Diet cons1sts of fi sh, frogs, snakes, small matrrnal s, crustaceans,
leeches, and aquatic and land insects.

~ great egret {Casmerodius albus!

Habitat � Birds forage in open water situations in swamps and along streams and
ponds. Nests are placed in nearby woods and thickets, e1ther singly or in
colonies. Nests are made of twigs, placed high in tall trees.

Distr1buti on - The breeding range extends from Oregon to Wisconsin and
d«h h i h i . i ig

north to South Carol1na and south to the Gulf Coast. Post-breeding dispersal
extends into the lower Great Lakes and the St. Lawrence River before b~rds move
southward for the winter.

Habits - The species is h1ghly gregarious and it is primarily a diurnal feeder.

Food - The great egret feeds largely 1n freshwater marshes and ponds on fish,
frogs, salamanders, snakes, snails, crustaceans, insects, and small mamnals.
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~ green heron  Hutorides striatus!

Habitat � These b~rds uti 1ize a variety of habitats along streams, swamps, or
~shore ines for breeding. They may nest in d y woodlands or open marshes, or
build a structure of reeds and cattail s on a low tussock or muskrat house.
Nests are close to water.

l3istribution - The breeding range is limited to eastern North America from South
Oakota, northern Wisconsin, southern Ontario, and Nova Scotia south to the West
Indies and inc'ludes the St. Lawrence River, Lake Ontario, Lake Erie, Lake
Huron, most of Lake Michigan, and western Lake Super~ or. The wi ntering range
extends from the West Indies southward.

Habits - These herons are solitary nesters, occasionally occurring in smal1
groups. Food is obtained by stalking prey in shal1ow water.

Food - Small fish, amphibians, reptiles, crustaceans, leeches, arachnids, land
and water insects, and mo1luscs are taken.

~    -«g  ~ll

Habitat - The type of habitat used for breeding is variable. Nests have been
found in trees in wooded areas, in swamps, on the ground in cattail marshes, or
in clumps of tall grass on dry land. Nests are constructed of coarse twigs,
reeds, and sticks.

Distribution - The breeding range extends from Oregon through Wyoming,
ebec, and Nova Scotia, and south to Patagonia. This includes the

lower Great lakes and the St. Lawrence River region. The wintering range
extends from northern California and Gulf states southward, and excludes the
Great Lakes region. There is general movement southward following the post
breeding dispersa1.

Habits - This heron is high1y gregarious at a11 seasons, but exhibits
territoriality on its feeding areas. It feeds actively at night by stalking
prey or agitating the water with its bi1'l to attract prey.

Food � Fishes, frogs, tadpoles, snakes, salamanders, mo11uscs, crustaceans,
insects, vegetable matter, and sometimes young birds and mammals are taken.



violacea!~ yellow-crowned night heron  

Habitat - Tidal flats, waterless areas on islands, cr lush river swamps are
~ut» ted for breeding. Nests, constructed of twigs, are placed in trees in low
wet areas, in small to large colonies.

Distribution � The breeding range extends from lower Ca1ifornia through Kansas,
IITi I . I C

Peru. The northern limits have recently been extended to include northern
Illinois and Ohio. The wintering range extends from southern California and
southern Florida southward; there is general movement southward to the Gulf
Coast. Post breeding dispersal extends north to the >ower Great Lakes.

Habits - This heron is shyer, less gregarious and more diurnal than the black-
crowned night heron.

Food � The diet consists mainty of crustaceans, but occasionally frogs,
mrna TuScS, and aquatic inseCtS are inCluded.

Habitat - Harshes, swamps, bogs, or areas of wetness with tall growths of
cattails and bulrushes are utilized for breeding. The nest site may be on
floating islands of vegetation on a lake. Birds usually nest singly.

Habits - Birds remain solitary, and feed by stalking prey. They have been
observed perching on the ground or on logs or stumps, but rarely in trees.

Food - Fishes, eels, frogs, salamanders, snakes, crayfish, molluscs, land and
aquatic insects, spiders, and small rodents are taken.

4Q4

Distribution - The range extends from central British Columbia to Newfoundland
and south to California, the Ohio Valley and North Carolina, inclusive of the
Great Lakes region. The wintering range extends from California, Arizona,
Texas, the Ohio Valley, and Virginia south to Cuba and Guatemala.



~ least bittern  exili s!

Habitat - Stands of cattails and other semi-aquatic or dense aquatic vegetation
are used. The bi rds prefer marshes with scattered bushes or other woody growth
and have been found in swamps of buttonbush, sawgrass, and smartweed. Sedge
bogs and areas with tussocks of tall grass provide good habitat. Nests are
located in dense stands of robust emergent vegetation, 8-14 inches above shallow
water. The birds usually nest singly.

Oistribution - The breeding range extends From lower California, kansas, and
southern Indiana north to Colorado, Ontario, Maine, and Nova Scotia, inclusive
of the Great Lakes and St. Lawrence River . The wintering range extends from
southern California through southern New Mexico and Arizona. The southern tip
of Florida is also utilized.

Food - Small fishes, frogs, tadpoles, salamanders, leeches, slugs, crustaceans,
insects, and occasionally small mammals are taken.

-405-

Habits - The least bittern is a timid and retiring species which is generally
~so itary; it stalks its prey in pools from within the vegetation.



DUCKS  Anatidaej

d IA

Hab1tat - Mall a, ds are pr1marily found in small, shallow waters, but will use
large fakes aod rivers if food is plentiful. Nests are usually built on
uplands, farm lands, or in grasslands in proximity to ~ater, but occasionally
are found 1n marshes, on tussocks of grass or weeds.

Distribution - The species breeds thr oughout the Great Lakes region. The
wintering and breeding ranges overlap along Lake Qntar io, Lake Erie, and lower
Lake Michigan. Yarious migration corridors are utilized.

Habits - Drakes move to larger lakes and extensive wetlands to molt in late May.
MaMMards feed in unharvested and harvested crop fie'I de, and by tipping in
shallow waters.

Food - The mallard diet includes stems and seeds of aquatic plants, cultivated
grains, mast, aquat1c 1nsects, molluscs, tadpoles, frogs, small fish, and fish
eggs.

~ black duck IAnas ~rubri es!

Habitat � Black ducks utilize wooded areas more than other Anas spp. Nests are
~paced in tussocks of grass or clumps of bushes in marshes or swamps, but also
occur on wooded or grassy s1op1ng shores and banks, under cover of gr asses,
bushes, and conifers in proximity to water . In winter preferred habitat is
brackish marshes border1ng bays and estuaries' Freshwater marshes, swamps,
rivers, creeks, reservoirs, and ponds are also used.

Distribution - The breeding range extends from Northwestern Alaska across to
AC i Clif i « « It i II« l

37 parallel. It includes the lower Great Lakes and the St. Lawrence River.
The wintering range extends from Montana and Wyoming to southern Wisconsin,
Oh1o, and Maryland, and south to Mex1co. Black ducks use five recognizable
migration corridors. Birds from eastern Ontario move southwest across the west
end of Lake Erie to the confluence of the Wabash and Ohio Rivers.

Habits - The black duck apparently does not associate closely with other ducks,
but it prefers to travel and assemble with its own species in small flocks. It
1s predominantly a s urf ace f eeder.

Food � Plant matter comprises the bulk of food items for black ducks, but the
diet contains a larger percentage of animal matter than that of mallards.
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~ gadwall  Anas ~stre era!

Habitat � Uplands, grasslands, brushy areas, and coastal salt marshes are used
for nesting but extensive freshwater wetlands support higher breeding
densiti es. In wi nter, birds wi'I 1 utilize any open water which offers adequate
food, including brackish and interior marshes and coastal lagoons and bays.
During migration birds stop over on very shallow waters, parti cular1y in spring.

Distribution - The breeding range extends from Alaska and Nova Scotia south to
North Carolina and California. 8irds winter as far north as southern New
England and the lower Great Lakes.

Habits - The gadwall readily associates with other species. It feeds on
TToating plant mater ial, or by diving, and r arely comes ashore.

Food - The diet is composed mainly of leaves and stems of grasses, sedges,
pondweeds, and other aquatic plants. Insects, molluscs, crustaceans,
amphibians, and fish are also taken.

~ pintai 1  Anas acuta!

Habitat - Harshes, prairie ponds, and tundra provide suitable breeding
habstat. The nest is located in open dry areas of short vegetation, often far
from water. The pintail stops on shallow waters which are sheltered from the
wind ~

Distribution � The breeding range extends from Alaska and Greenland south to
C i«"i . Tt i i1 d

south to Central America and the West Indies, Westward bound birds from the
Maritime provinces and Quebec travel through the St. Lawrence region and the
Great Lakes.

Habits � The species is quite wary and readily associates with other dabblers.
Tt feeds in very shallow waterat , the surface by up-ending but rarely
submerging. The pintail will also fly to feed on grain fields. It rests on
fairly exposed places, particularly on mud or sand at the water's edge.

Food - The diet consists largely of seeds of pondweeds, sedges, grasses, and
smartweeds. Molluscs, crustaceans and insects are also taken.
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~ green-winged teal  Anas crecca!

Habitat - This species prefers a mixture of grassy and sedgy vegetation for
nesting, with brush or scattered trees, not far from water. It winters in
brackish tidal marshes, estuarine areas, and shallow inland fresh waters, and
these types of habitat are also preferred during migrat~on.

Distribution - The main breeding range includes northern Alaska, Manitoba, and
quebec and extends south to New York, Nebraska, and California. The northern
wintering limits include the southern tips of Lakes Michigan, Erie, and western
Ontario. Flight corridors are used for migration.

Habits - Individuals associate in small groups of family units. They feed
~regu arly at night but are also active and mobile in daylight.

Food - The diet is composed largely of vegetable matter such as seeds of
pondweeds, bulrushes, sedges, grasses, waste grain, berries, wild grapes, and
mast. Insects, crustaceans, and molluscs are also taken.

~ blue-winged teal  An as di scors!

Habitat - The speci es util i zes the shore'line of marshes, sl oughs, and ponds for
breebring. Nests are dryin ,fairly tall coarse grasses away fran water. The
vegetation often forms a canopy over the nest.

Distribution - The breeding range extends from central British Columbia to
~fl I, I« II i,Id',0li.N 1k,
It includes the Great Lakes and the St. Lawrence region. The northern limit for
over-wintering is 36 parallel and the range extends south to the West Indies
and South America. A large percentage of the breeders from the Great Lakes and
upper St. Lawrence move to the Atlantic coast.

Habits - This teal is highly social, forming large assemblies along migration
corridors and on the winter range. Teals readily assoc~ate with other
waterfowl. They prefer to feed in very shallow water where floating and
submerged vegetation and small animal life are abundant. They sometimes glean
the surface but seldom dive. They favor fallen trunks, stumps, or mudflats for
perching.

Food � Items are largely vegetable matter, consisting of seeds of grasses and
sedges, and seeds, stems, and leaves of pondweeds. Iglolluscs, insects, and a few
crustaceans are also taken.



~ American wigeon  Anas americana!

Habitat � This species prefers to breed in marshes with open waterways and some
exposed shoreline. The nest is usually dry, well concealed, ashore, or on an
island in herbaceous or sedge cover. Inland fresh water is used in the winter
until it is frozen, then the bird moves to salt water. Large inland marshes
with extensive open water areas and lakes are utilized during migration. iMarsh
edges and s loughs are used for feeding.

Distribution � The breeding range extends from northwestern Alaska to Oregon,
through Kansas and southern Wisconsin, and includes the St. Lawrence River, Lake
Ontario, and eastern Lake Erie. The wintering range extends from southern
British Columbia, southern Illinois and Delaware south to California, the West
Indies, and Costa Rica.

Habits � This species occurs in large assemblies in the winter range, along
migration corridors and when molting. It spends a considerable amount of time
grazing ashore. It commonly associates with diving ducks, coots, swans, and
geese.

Food - Items are largely vegetable matter, consisting of pondweeds, grasses,
~a gae, sedges, wild celery, and other aquatic plants. A few snails and insects
are also taken.

~ northern shove !er  Anas cly!seats!

Habitat - Open marshy areas with shallow waterways, abundant aquatic vegetation
and surrounding dry meadows are suitable for nesting. The nest site is usually
in low grass, often with little concealment early in the season.

Distribution - The breeding range extends from Alaska to southern California,
New Mexico, Texas, and northern Indi ana. The eastern limits include extreme
western Lake Superior. The wintering range extends from southern British
Columbia south to the West Indies, Colombia, and Hawaii. It does not include
the Great Lakes and upper St. Lawrence region. Migration is through the main
corridors as described by Bellrose �968!.

Habits - Shovelers are gregarious, but remain in small groups. They commonly
associate with blue-winged teal  Anas discors!, cinnamon teal  AD c ano tera!,
gadwa11  A. stre era! and American pigeon A. americana!. They eed most
actively early and ate in the day in very shallow waters. Birds seldom up-end,
dive, or fly to grain fields.

Food - Plants of many f amil ies including grasses, sedges, pondweeds,
waterlilies, algae, and smartweeds are consumed. Motluscs are also taken.



~ wood duck  Aix ~sonsa!

Habitat - Shallow, quiet inland waters in or near deciduous or mixed woodlands
are utilized for breeding. Preferred nest sites are natural cavities in trees,
5-40 feet above ground or water, or within 200 yards of water. Brood rearing
habitat may consist of brushy understory  concealment!, floating and emergent
vegetation  food sources!, small open-water passages  mobility! and fallen
limbs and stumps  perching!. In general, sheltered waters such as open to
wooded swamps, flooded lowland forest, ponds, and expanses of open water in
marshes are used.

Distribution - The bregding range extends from southern British Columbia
eastward on about the 46 parallel to New Brunswick and Nova Scotia, and south
to California, Texas, and Florida, including the Great Lakes region.

Habits � This species is often found in assemblies with black ducks  Ands
~ruhr> es! and ga!!inules. Females often return to the same locale to nest. The
wood duck is a surface feeder with a pronounced daily feeding pattern.

Food - Seeds and vegetative parts of aquatic and land plants, aquatic insects,
and crustaceans are taken. The young consume primarily insects and i nsect
larvae.

Predators - Raccoons, fox squirrels, bull snakes and rat snakes destroy numerous
eggs. Snapping turtles and bullfrogs may take ducklings.

~ redhead  Aittht!fa americana!

Habitat � Extensive wetland areas with shallow water openings bordered by
emergents  bulrushes, sedges, cattail, and reed! are preferred habitat for
breeding. Nests are made of dried vegetation and are placed over shallow water
near the shore, or occasionally on dry ground. Vegetation is pulled over the
nest for concealment.

Distribution - The main breedi ng range covers the western and central Canadian
provinces and Alaska. There has been increased nesting in scattered localities
along Lake Huron, Lake Erie, and to a lesser extent along Lake Ontario. The
wintering range encompasses the continental interior from southern British
Columbia to Mexico and Florida. The northern limits include Lakes Michigan,
Erie, and Ontario. Migration is overland to the Gulf of Mexico.

Habits - This species is highly gregarious and associates with canvasbacks
~A ~thea va!isineria!, lesser scaup  A. affinis!, and American coot  Fulica
americana during the nesting season. There is no well defined feeding period
during the day. Food is obtained by diving or swimming submersed in water less
than six feet deep.

Food - Items consist of vegetable or animal matter. The composition varies with
the season and according to the age of the birds.



~ ring-necked duck  ~A th a cc11aris!

Habitat - For breeding, freshwater marshes, especially sedge marshes and bogs,
with shallow water and qu1te dense vegetation are utilized. Small potholes,
sloughs, and beaver flowages are also used for nesting if they are near a lar ger
body of water. Nests are placed on floating islands, among hummocks or on
brushy clumps. The nest foundation is dry to semi-dry but in proxim1ty to open
water. Nests are seldom placed in emergent vegetation over open water, but open
water areas are used during the molting season.

Distribution - The main breeding range extends from northern California, North
lid...l,,�;...d. lk,,d
extends into the Great Lakes and includes Lake Superior and most of Lakes
M1chigan and Huron. The wintering range extends from southern Brit1sh Columbia,
southern Illinois, and New Jersey south to New Mexico, northern Texas, Puerto
Rico, and Guatemala. Ring-necked ducks migrate north to Newfoundland, Nova
Scotia, and quebec. A minor fall corridor occurs diagonally southeast from the
Great Lakes region to Chesapeake Bay and south to the wintering grounds along
the Atlantic coast. I ake Erie is a m1nor spring m1gration route for birds
coming north through Indi ana to the Maritime provinces in Canada.

Habits - The species is highly gregarious, often attaining high breeding
densit1es. 81rds feed regularly in early morning, mid-afternoon, and evening.

Food - Items are pr1marily vegetative and include seeds, bulbs, succulent parts
~o waterli lies, pondweeds, sedges, grasses, and smartweeds. Some aquatic
insects and molluscs are also included 1n the diet.
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~ lesser scaup  As thya affinis!

Habitat - The lesser scaup nests, often semicolonially, along grassy margins of
ponds, lakes, floating shorelines, in river deltas and on mud flats. Nests
consi st of a slight depression among standing or sheltering vegetation.

Distribution � The lesser scaup has been reported nesting outsi de of its main
range in the Canadian provinces and Alaska along the shorelines of Lake
Michigan, lower Lake Huron and western Lake Erie. Birds from the northwest move
southeast through the Great Lakes region to the Atlantic coast. Wintering
concentrations of birds head east from the Mississippi Valley to Lake Erie and
proceed down the interior to Florida.

Habits - The lesser scaup is one of the most numerous divers. It feeds most
actively in early morning, either in shallow water or by diving in deeper water.
It rests offshore in large rafts.

Food � The diet includes both vegetable and animal matter, but its composition
varies with locale and according to age of the birds.

~ ruddy duck I~Ox ura ' ' ' !

Habitat - Freshwater marshes are utilized for breeding. Nests are built over
sS~a iow water in dense stands of emergent aquatic plants such as cattails,
bulrush, and reeds. Open water areas are used for display, feeding, and
resting. Birds frequent sheltered, saltwater coastal areas in the winter but
they are also carrion in ice-free inland waters. During migration birds occur in
shallow fresh and brackish water where aquatic plants and small molluscs are
abundant.

Distribution - The breeding range extends from central British Columbia to
northern New Mexico, western Nebraska, southern Michigan, and Ontario to Maine.
Scattered records exist for the lower Great Lakes. The wintering range extends
from southern British Columbia to New Mexico, southern Illinois, and Maine. The
upper limits of occurrence include Lakes Erie and Ontario.

Habits � The ruddy duck occurs in small groups on open water as well as weedy
areas. It coneon ly associates with the American coot  Fulica americana!. It
usually dives and feeds on the bottom but will also surface eed.

Food - Vegetable matter such as pondweeds, sedges, wild celery, and algae are
taken, Animal items in the diet are mainly insects, molluscs, and crustaceans.
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EAGLES, HARRIERS  Accipitridae!

0 bald eagle  Hali aeetus

Habitat - Lakes, rivers, marshes, and seacoasts are utilized for bt ceding and
wsntering. The stick nest 1s placed 1n the largest tree in a nearby stand of
timber. A body of water is usually within half a mile and the area must be free
of human disturbance.

Distribution - The breeding r ange formerly extended throughout North America,
but is now restricted to Alaska, northern and eastern Canada, the northern
United States, and Florida. Northern birds winter south to northern Mexico,
primarily in the Mississippi Valley and the northwest.

Habits - The species is highly territorial during the nesting season but roosts
communally on wintering grounds. It hunts by f'lying low over water, by swooping
from the air or a perch or by fishing in sha'liow water.

Food - The diet consists mainly of fish, but waterfowl and rabbits are taken
depending on locale and availability. Carrion is also readily consumed.

~ marsh hawk  Circus ~c @nous!

Habitat - Birds are found in any open country, particularly marshes, open
grasslands and shrubby meadows. Nests are placed in a mound of dead reeds and
grass, in the open or under shrubs.

Distr~but~on - The breeding range extends from Alaska to Newfoundland, and south
to Virginia and northern Mexico. Birds winter as far north as British Columbia,
Misconsin, and New Brunswick.

Habits - The marsh hawk is the only North American harrier. It hunts prey by
Flying close to the ground, quarteri ng wi de open spaces. It seldom pursues prey
in the air or from perches.

Food - Diet consists mainly of mice, rats, frogs, small snakes, and insects, but
this hawk will also take small birds.



OSPREYS  Pandionidae!

~ osprey  Pandion haliaetus!

Habitat � Lakes, rivers, mar shes, and seacoasts are used for breeding and
wintering. The nest is constructed of sticks and debris and may be placed in a
dead or live tree, on rocks, flat ground, or on a te1ephone po'1e. The ideal nest
site is on top of a tall dead snag surrounded by water.

Oistribution - The breeding range extends from Alaska and Newfoundland south to
h Elf C t. i ldigLkSp', "i"'9"

Birds winter regularly from the Gulf Coast and California south to Argentina.

Habits � An abundant food supply must be available in suitable nesting habitat
in order for ospreys to attain high breeding densities. Nest sites are chosen
in proximity to perches. Ospreys hunt 1S-30 meters above the water and strike
the water and prey feet first. They may completely submerse themselves in the
process.

Food - The diet consists primarily of fish but mammals, birds, reptiles,
amphibians, and invertebrates are occasionally taken.
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CRANES  Grui dae!

~ sandhill crane  Grus canadensis!

Habitat - Large freshwater marshes, tundra and prairie potholes are used during
the breeding season. The nest, a slight depressi on lined with grass, is placed
in a large mound of grass on the ground. Open prairies and grainfields are used
during migration and as wintering grounds.

Distribution - The breeding range extends from northeastern Siberia, Alaska,
and the Arctic Islands south to Michigan, Minnesota, and California. The
species is also found along the Gulf of Mexico from Florida to Texas. The birds
winter in Texas, Mexico, and California.

Habits - Birds occur singly, in pair s, or occasionally in smal1 flocks on the
feeding grounds. They often feed on dry prairies and plains.

Food - The diet is composed of roots, bulks, and grains but insects, fr ogs,
Tizards, snakes, and mice are also taken.
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RAILS, GALL INULES, COOTS  R al 1 i dae j

~ king rail  Rallns ~e3e ansi

Habitat � Freshwater marshes and roadside ditches are used for breeding. The
nest is a deep bowl of grass, with surrounding marsh grass woven overhead into a
dome.

Distribution � The breeding range extends from Minnesota and Massachusetts
south to Florida, Texas, and northern Mexico. It includes Lakes Ontario and
Erie, and the lower portion of Lakes Huron and Michigan. Birds winter from the
Gulf Coast southward.

Habit - The species is nongregar ious and secretive. King rails are known to
return to the same marsh for several consecutive breeding seasons, where
territories are established and maintained, usually by the male. They feed in
very shallow water, usually no more than two to three inches deep.

Food - Main items are aquatic animal life, particularly crustaceans. Plants are
sometimes taken.

~ Virginia rail  Rallus limicola!

Habitat - Both salt and freshwate~ marshes are used. Nests are usually placed
in the shallow water sedge or cattail zones. The nest is a shallow saucer woven
into the surrounding plant growth.

Distribution - The breeding range extends from British Columbia, Minnesota, and
G . 1 It. L Ill 1 L k

Ontario, Erie, Huron, and Michigan are areas of high breeding density. The
birds winter from Virginia south along the Atlantic coast and the Gulf of'
Mexico.

Habits - The Virginia rail seldom flushes but will escape easily by running
through marsh vegetation. The species is readily identified by its call. Food
is obtained by probing in mud.

Food - The diet consists mainly of animal matter such as coleoptera, larval
diptera, and snails, but duckweeds are also eaten.
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~ sora  Porzana carolina!

Habitat - Freshwater marshes are preierred habitat for breeding and during
migration. The nest basket is suspended severai inches above water and is well
hidden in clumps of grass.

Distribution - The breeding range extends from British Columbia and
'NNNI i i i i ii . i i, Oii I . d Bi
Cal i f orni a.

Habits - Soras wil 1 not readily flush but maneuver by foot through the
vegetation if disturbed.

Food � Primary items are small molluscs and insects, but soras wil1 feed heavily
upon wild rice in the autumn.

~ ii ii I~c i

Habitat - High margins of marshes and grassy or sedge meadows are used for
nesting. The nest is cup-shaped and weii-conceaied in the vegetation.

Distribution � The breeding range extends from central Canada south to North
Dakota, and to New Brunswick, Quebec, and Maine. Birds winter from the
Carolinas, Florida, and the Gulf Coast to California.

Habits - The species is the most secretive of the rails. If approached, it will
not readily flush, but prefers to conceal itself in the vegetation.

Food - Freshwater snails provide the diet of yellow rails.

~ black rail  Laterallus ' ' ' !

Habitat - Inland marshes with a dense, mixed growth of rushes, sedges, or
grasses and a wet gr ound surface are preferred breeding habitat. Rank old
growth is used instead of younger stages. Nests are placed directly on the
ground, and subsequently affected by f1uctuations in water levels They are
often reconstructed and built up, but are well concealed.

Distribution � The species is limited to the eastern United States. The
~gg " i i O«i dii I «h i
Illinois, and South Carolina. Birds w~nter fr om Texas east through the Gulf
states to Guatemala.

Food - The diet has not been documented thoroughly; however, invertebrates and
some plant materials may be important.



~ common gallinule  Gal 1 i hula ~ch1oro us!

Habitat � Freshwater marshes and ponds with growths of cattails and other
aquatic vegetation are uti'Iized. Nests are shallow platforms constructed of
dead cattails, rushes, and other marsh plaudits; they are usually built up just a
few inches above water level, or may be partially floating.

Distribution - The overall range extends from southern Canada to southern South
America and includes the lower Great Lakes and the St. Lawrence River.

Habits - The gal1inule swims well and feeds along the edges of open water.
Occasionally, it will dive for food. If disturbed it will seek cover in dense
vegetation.

Food - The diet includes seeds, roots, and the soft parts of succulent wate~
~p ants, as well as snails, small molluscs, grasshoppers, worms, and other
insects.

~ American coot  Fulica americana!

Habitat - Preferred habitat is shallow ponds and marshes with good interspersion
~oreeds or cattails. Nests consist of a sha'llaw p1atform, usually on the water
anchored to a c'Iump of reeds.

Distribution - The overall range extends from southern Canada to northern South
lild ii il111|Ihl y«g

Lakes Michigan and Huron, and western Lake Erie.

Habits - Movement and feeding behavior among coots is similar to that of ducks.
TEey swim and dive for food but will also feed ashore in grain fields during the
winter.

Food - The diet consists of vegetable matter such as pondweeds, sedges, algae,
and grasses.
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PLOVERS  Charadriidae!

~ killdeer  Charadrius vociferusp

Habitat - Marshes, fields, gardens, and dry uplands are used for nesting. The
nest, a shallow depression on the ground, is often away from open water.

Distribution - The breeding range extends from British Columbia, Mackenzie, and
'NNd8 t II«Id.l4i,dP.Rid
from New Jersey and Ohio southward.

Habits - This species feeds along the wet margins of open marshes and meadows,
and in cultivated cropfields.

Food - The diet is composed of grubs, earthworms, mosquitoes, grasshoppers,
weevils, horseflies, crayfish, diving beetles, and other insects.
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ht000COCK, SNIPE  Scolopacidae!

~ American woodcock  Philohela minor!

Habitat - Moist older thickets along banks of meandering streams, spring-fed
boggy runs, rich bottomlands and scrubby edges of damp, second-growth woods
provide suitable nesting areas. The nest is among the litter on the ground.

Distribution - The overall range inc1udes the eastern United States. The
I I I d " « . I I. "I lid dd
Quebec, and Nova Scotia south to Kansas and northern Florida. Birds winter from
southern Missouri, the Ohio Valley, and New Jersey south to Texas and Florida.

Habits - The species is nocturnal or crepuscular in its habits, remaining in
cover during the day. It feeds at night and during dusk and twilight.

Food - The diet consists principally of earthworms but grubs, s1ugs, and insects
are also taken.

~ consnon snipe  ~Ca ella ~aiiina o!

Habitat - Freshwater mar shes, ponds, flooded meadows, and fields are used for
breebring and wintering. The nest consists of a grass- lined depression concealed
in a clump of grass.

Distribution - The breeding range extends from Alaska, Hudson Bay, and Laborador
Ihdd«,fdd.dd.ddd I

Columbia and Virginia.

Habits - Migration is at night, usually in flocks. Birds feed early in the
morning and late in the afternoon, and are more active during days with overcast
skies.

Food - The diet is made up large'Iy of insects, earthworms, cr ustacea, arachnids,
and molluscs.
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GULLS, TERNS  Laridaej

~ franklin's gu11  taros ~iixcan!

Habitat - Net prairies, marshy lakes, and sloughs are utilized for breeding.
3'irMsbreed in large, dense colonies and construct nests of dead plant material
on the ground, or semi-floating platforms among reeds and other vegetation,

Distribution � The breeding range extends from southern Canada to South Dakota
and southwestern Minnesota. The species migrates to the Gulf Coast and winters
south to Chile.

Habits - This gu11 is highly gregarious on the nesting and feeding grounds. The
specses wi11 breed only if the colonies are large. The birds taigrate in large
flocks often feeding in cultivated fields.

Food - The species is primarily insectivorous, including grubs, earthworms,
grasshoppers, and insect larvae.

~ Forster's tern  Sterna forsteri!

Habitat - Salt marshes along the east coast and freshwater marshes in the
interior are used for breeding. The nest is constructed of dead reeds and is
placed on a muskrat house or is a floating platform. The species prefers to
nest in small groups ~

Distribution - The breeding range extends from Maryland to Texas along the
~At t 1 t df Alt 1 Atilt 1 1111 1 1 tt
The species winters from South Carolina to Guatemala.

Habits - The species is sociable and gregarious but actively defends its nest
and young.

Food - Insects are taken on the wing or from the surface of the water. Fish are
taken but to a lesser extent than other tern species.
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~ black tern  Chlinnnias ~nl er]

Habitat � Freshwater marshes, marshy lakes, sloughs, and wet meadows are used
for breeding. Nests are bui1t of dead reeds on hunmocks of mud or debris or on a
mass of f1oating vegetation in shallow water. The black tern nests in small
colonies in openings among tall, thick growths of reeds or cattails.

Distribution - The breeding range extends from Nova Scotia and Alaska south to
Pennsylvania, Missouri and California. Wintering grounds are in South America.
In the spring, the black tern moves up the coast across the Great Lakes to the
interior.

Habits � The species is gregarious to a limited extent. 8irds glean insects
from grasses, reeds, flags, and bulrushes by flying over meadows, marshes, or
open water.

Food - Black terns are primarily insectivorous, taking dragonflies, moths,
grasshoppers, crickets, beetles, water scorpions, flies, and an occasional
mollusc or crustacean.
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TRUE OhJLS {Strigidae!

~ short-eared owl {Asio Flammeus!

Habitat - Preferred habitat is in Freshwater and salt marshes, but open
~grass ands, prairi es and dunes are also used. The nest is a sha11ow depression
on the ground in grass clumps or beneath bushes.

Distribution � The breeding range extends from Alaska and northern Canada south
to New Jersey and across the northern U.S. to northern California. Birds winter
in the southern part of the breeding range and south to Guatemala, and the
winter range includes the entire UPS.

Habits � The species is highly gregarious in the winter and during migration.
Birds commonly hunt by skimming low over the ground, by hovering, or by
surprising prey from a low perch. Birds are nocturnal but may begin hunting
late in the afternoon.

Food - The diet consists mainly of mice and other small mammals, but birds are
occasionally taken.
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WRENS  Trogl odyti dae!

~ long-billed marsh wren  Cistothorus ~aiustr1s!

Habitat. � Freshwater and brackish marshes of cattails, bulrushes, sedges, or
other tall grasses are utilized during the breeding season. The nest is a
globular mass of reeds and cattails with a side entrance, and is anchored to
vegetation.

Distribution - The breeding range includes British Columbia, Manitoba and New
Brunswick south to Florida, the Gulf Coast and northern Mexico. Birds winter
from New Jersey south to the Gulf and Pacific Coasts.

Habits - The species is shy and elusive.

Food - The diet is composed mainly of insects.

~ short-billed marsh wren  Cistothorus g!atensis!

Habitat - The species is found in the drier parts of grassy freshwater marshes.
!sense tufts in sedge meadows are the preferred breeding habitat. The nest is a
globular mass of marsh grass with a side entrance.

Distribution � The breeding range extends from Saskatchewan, Manitoba, and New
Brunswick south to Delaware, Missouri, and Kansas. Birds winter very locally as
far north as New Jersey and Illinois.

Habits - The species is shy and elusive.

Food - The diet is composed mainly of insects.
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WOOD WARBLE ERS  Parulidae!

~ prothonotary warbl er  Protonotari a ci trea!

Habitat - The species is found in wooded swamps, f1ooded bottomland forests and
~aong streams. It nests in a tree cavity, or a hole in a stomp 5-10 feet high.
Deserted holes of woodpeckers and chickadees are favorite sites.

Distribution - The breeding range is restricted to the south-eastern states
north to Minnesota, Michigan, and New York, including the lower Great Lakes.
Birds winter from southern Mexico to northern South America.

Habits � The species is highly territorial during nesting season. Food is
obtained from trunks and branches of trees and shrubs, fallen logs, or on the
water.

Food � The species is insectivorous, with a diet consisting of spiders, beetles,
may71ies, caterpillars, and water insects.

~ ye'liow warbler  IIendroica getechia!

Habitat - The species occurs abundantly in moist thickets of willow and alder,
especially along streams and swampy areas. The nest cup is placed in an upright
f ork of a sma 1 1 s ap 1 i ng.

Distribution - The breeding range extends from Alaska, northern quebec and
south to the Carolinas, Missouri, Texas, and South Amer~ca. Birds

winter north to southern Mexico.

Habits - The yellow warbler is a rather tame species, Its nest is often
parasitized by cowbirds.

Food - The diet consists mainly of' insects.

~ northern waterthrush  Seiurus noveboracensis!

Habitat - Cool bogs, wooded swamps and lake shores are used in the breeding
season. Ground nests lined with moss are set in a bank, at the base of a tree or
among the roots of an upturned tree in thickets bordering swamps and ponds.

Distribution - The breeding range extends from Alaska and Canada to the northern
UUii . i ii i ii.i ii . Iii
wi nter from Mexico to northern South America.

Habits - The northern water thrush is a timid bird that lives on or near the
ground in the inmedi ate vicinity of water. It feeds by turning up 1eaves and
litter looking for food,

Food - The diet consists mainly of aquatic insects, beetles, and moths.
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Habitat - The species occurs abundantly in moist thickets and grassy meadows.
It prefers the margins of swamps and woodlands for nesting, although drier
upland situations are also used. The nest is a loose mass of grass and sedges,
concealed on or near the ground in tussocks of grass, reeds, cattails, or
briars. The nest is often placed near shrubbery.

Oistributi on - The breeding range extends from Alaska, Ontario, and
Newfoundland south to Florida, the Gulf Coast, and Mexico. Birds winter
regularly as far north as the Carolinas, Louisiana, and central California.

Habits - These birds are secretive and shy, They do not flush readily from the
nest but silently creep away. Food is gleaned from vegetation close to the
ground, or on the ground.

Food - The diet consists mainly of insects such as beetles, grubs, larvae,
moths, butterflies, flies, ants, spiders, caterpillars, and leafhoppers.
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BLACKBIRDS  Icteridae!

yel 1 ow-headed bl ackbird  

Habitat - The species is found in freshwater mar shes with dense stands of
cattaiT. Birds prefer to nest over water that is 2-4 feet deep, and form small
to large colonies. A basket nest is woven around several strong stalks of
vegetation.

Distribution � The species is basically a western bird extending into the
prairie states and provinces. The present range includes Lake Superior and the
west shore of Lake Michigan.

Habits - This blackbird is a conspicuous species which frequently engages in
~d sp ay flight or mobbing behavior. It often nests in association with red-
winged blackbirds  ~A elaius hoeniceus!. It feeds close to water among plants
and in mud or shallow water a ong the shoreline.

Food � The diet is composed of animal and vegetable matter.

 - d    i  ~A  e

Habitat - The speci es occurs in marshes, swamps, wet and dry meadows, and
pastures in proximity to water. Extensive thick stands of cattails, bulrushes,
sedges, and reeds are preferred nesting habitat. This species often nests in
water-loving bushes such as buttonbush, alder or willow. The nest is a well-
made cup of marsh grass or reed, either attached to growing vegetation or in a
bush.

Distribution - The breeding range extends from Alaska and Newfoundland south to
Florida, the Gulf Coast, and central Mexico. Birds winter regularly north to
Pennsylvania and British Columbia.

Habits - Individuals are highly territorial during nesti ng but will congregate
in large flocks in 1ate summer. They feed on the ground, often in grairI fields.

Food � The diet consists of animal and vegetable matter, including small insects
and weed seeds.
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SPARROWS  Fringillidae!

~ LeConte's sparrow  ~Ammos iza !econteii!

Habitat - The drier margins of wet marshes, moist meadows, and sloughs are used
during the breeding season. Shrubby areas in these habitat types are also
pr eferred. The cup nest is placed on the ground in a tuft of gr ass . Ory fields
are utilized in the winter.

Distribution � The breeding range extends from south-central Canada to north-
Ii dt«.g i it i t i d t

Habits - The species is secretive and elusive. It will not readily flush but
~pre ers to run tht ough the vegetat on to escape detection. !t prefers to sing
from an exposed perch on taller vegetation.

~ sharp-tailed sparrow  ~Amnos i za caudacuta!

Habitat � The dry, grassy areas of coastal salt mar'shes and inland freshwater
marshes are used for breeding. The cup-shaped nest is placed in a grassy
tussock or in marsh grass above the high-water mark.

Distribution - The breeding range extends from central Canada to the middle
P « t i ti d i g

Gulf of Mexico.

Habits - Birds spend much time down in the marsh grass foraging for food.

Food - The diet is composed of insects but grass seeds are also eaten.

~ l.incoln's sparrow  ~me!os iza !inco!nii!

Habitat � Willow and alder thickets and shrubby areas in bogs and wet meadows
are used for nesting. The nest, a cup made of grass, is placed on the ground in
herbaceous vegetation. Woodland thickets and scrubby pastures are used in the
winter .

Oistribution - The breeding range extends fr'om Alaska, northern quebec,
Labrador, and Newfoundland south to northern New England and California. The
species winters along the Gulf of Mexico and California south to Guatemala.

Habits - The species is secretive and spends much time concealed in the
vegetation.

Food - The diet is composed mainly of plant seeds but insects are also eaten.
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~ swamp sparrow  ~lselos sza ~eor lama]

Habitat - The species is found in freshwater marshes, open wooded swamps, bogs,
and wet meadows. Mixed stands of grasses are preferred as nesting habitat,
because they offer an overhead canopy as protection. The nest is a grassy
cup with a side entrance, usually well hidden in a dense clump of vegetation.

Distribution - The breeding range extends from east-central Canada south to
eas ce a United States. Birds winter south to the Gulf of Mexico.

Habits - The species nests semi-colonially. Indivi duals rarely fly long
distances except during migration. Birds forage on the ground singly, or wade
in shallow water for insects and seeds.

Food - The diet is composed of insects including beetles, ants, caterpillars,
grasshoppers, crickets. Seeds of sedges and smartweeds are often utilized
during the fall.
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APPENDIX E

Phylogenetic List of Common and Scientific Names of
Mammals in the Great Lakes Basin

ommon Name

Virginia opossum

star-nosed mole

Order Chiroptera  Bats!

snowshoe hare
eastern cottontail

beave~
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artie shrew
masked shrew
water shrew
short-tailed shrew

little brown bat
Indi ana bat
silver-haired bat

woodc huc k
Franklin's ground squirrel
fox squirrel
red squirrel

Scientific Name

Order Narsupialia  Marsupials!

Family Didelphidae  Opossums!
~ki 11

Order Insectivora   Insectivorous mammals!

Family Soricidae  Shrews!
Sorex articus
Sorex cinerus
Sorex p~austris
L8 amia brevicauda

Family Talpidae  Moles!
~Cond lura cristata

Family Vespertilionidae  Common Bats!
~Metis 1ucifu us
M otis soda is
t t t

Order Lagomorpha  Hares, Rabbits, and Allies!

Family Leporidae  Hares and Rabbits!
Le us americanus

danus

Order Rodentia  Rodents or gnawing mammals!

Family Sciuridae  Squirrels and Allies!
Narmota monax
~kkn f 11
Sciurus ~ni er
Tamiasciurus hudsanicus

Family Castoridae  8eavers!
Castor canadensis!

Family Cricetidae  Deer Nice, Harvest Nice,
Muskrat, Voles, and others!



cienti ic Nameomnon Name

Subfamily Cricetinae  Deer Mice and Allies!
~P
Peromvscus leuco us

woodland deer mouse
white-footed mouse

Subfamily Microtinae  Voles and Allies!
~�
Microtus
Undatra z

Family Muridae  Old World Rats and Mice!
II «Norway rat

Family Kapodidae  Jumping Mice!
~Za us hudsonius
N

Family Erethi zonti dae  Porcupines!
Erethizon dorsatumporcupine

Order Carnivora

Family Canidae  Wolves, Coyotes, and Foxes!
Canis latrans

t~uus
coyote
gray wolf
red fox

Family Ursidae  Hear!
Ursus americanusblack bear

Family Procyonidae
~Proc on laterraccoon

Family
and

short-tailed weasel or ermine
least weasel
long-tailed weasel
mink
skunk
river otter

Family Felidae  Cats and Allies!
~L nx canadensis
~Lnx rufus

Canada lynx
bobcat
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Gapper's red-backed mouse
meadow vole
muskrat

meadow jump i ng mouse
woodland jumping mouse

Mustelidae  Weasels, Skunks, Otters,
Allies!

Mustela erminea
~fiuste a rixosa
~aiuste a fr enata
~usta a vinson
Me hitis me hitis

utra cana ensis



cienti ic NameCommon Name
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white-tailed deer
moose

Order Artiodactyla  Even-toed Hoof'ed i41ammals!

Family Cervidae  Deer and Allies!
od
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MAMMALS - LIFE HISTOR! ES

Hreedin Characteristics � The breed1ng period extends from March to April, One
to three itters, usua y one, ranging from 5-25 per litter are produced. The
gestati on per iod is 12-13 days. Sexual maturity is reached at one year.

Adult Character istics - The preferred hab1tat is wooded pastures adjacent to a
stream, lake, marsh, or swamp. The den 1s typically iri a wooded area near
water. The home range is 15-40 acres. Life expectancy is 5-7 years. The
opossum is nocturnal. Major food items are: carrion, insects, fish, amphibians,
reptiles, eggs, fruits, vegetables, and nuts. The opossum is both terrestrial
and aboreal. Natural enemies are foxes, hawks, and owls. The opossum is hunted
and trapped for food and sport ~ The pelt 1s not h1ghly valued.

~ Arctic shrew  Sorex arcticusl

Breed1n Characteristics � The breeding season extends from March to September.
Three itters may be produced per year with an average of 6-7 young per litter.
The gestation per1od is 18 days.

Adult Char acteristics - The preferred habitat is tamarack and spruce swamps.
The moor oo items are insects, vertebrates, and centipedes. The life
expectancy is less than two years. Major predators are owls and hawks. The
shrew is considered to be economically beneficial due to its destr uction of
harmful insects.

~ masked shrew  Sorex cinerus!

See artie shrew.

~ water shrew  Sorex ~alustrisI

Breedin Characteristics - The breeding season extends from March to August.
he gestation per1od is 21 days. Litter size is probably 6 or less. Nore than

one litter is probab'ly produced dur1ng a season.

Adult Characteristics - This shrew is rIear ly aquatic or. at. least amphibious. !t
in a its marshes, ogs, and borders of lakes and streams. Their life expectancy
is less than two years. Major food items are insects, snails, leaches, and
planarians. Natural enem1es are hawks, owls, trout, bass, pickerel, and
walleye.
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~ shorttail shrew  Blarina brevicauda!

Breedin Characteristics � This shrew breeds spring-fall. Litters range in size
from 5 to 8. The gestation period is 21 days.

Adult Characteristics � The shorttail shrew inhabits heavy forests, low damp
swampy areas but may be found in every land habitat in the Great Lakes area.
They have a home range of 4 acre. Major food items are: insects, worms,
crustacea, small vertebrates, molluscs, centipedes, arachnids, miIIipids, and
plant material. The shrew is economically important as an insect killer.

~ star-nosed mole  ~Cond lura cristata!

� The breeding period extends from April to June. A
ys produces a litter of 3-7.

Adult Characteristics - The mole's habitat is swamps and low wet meadows. The
star-nosed mo e ives in an established colony with a territory of 10-12 acres.
It is active day and night during all seasons of the year. It is an excellent
swimmer spending much time in the water. The mole eats aquatic worms and
insects. The life span is from 3-4 years.

~ litt'le brown bat  ~metis ~uci~ucuus!

- The young are born from late May to early June. One
ough two are born occassionally. Sexual maturity is

reached at eight months'

Adult Characteristics - The bat makes its home in hollow trees, beneath loose
bark, in caves, and about buildings. It flys over lakes, fields, and forests at
night. The major food item is flying insects. The bat migrates south or
hibernates in late fall. The bat is a carrier of rabies but is beneficial as an
insect destroyer.

~ Indiana myotis  ~N otis sodalis!

Little is known, but it is probably similar to the ~!i otis lucif~cuus.

~ silver haired bat  

It usually has two sometimes one young in June or
litter per year.

Adult Characteristics - Habitat is wooded areas, parks, and orchards especially
near streams and lakes. The bat feeds exclusively on nocturnal insects. The
bat has few natural enemies although an owl catches one occassionally.
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~ snowshoe hare  ~Le us amer I canus!

Breedin Characteristics - The breeding season is from April to September. The
usual is 2 or 3 'litters per season consisting of 3-5 young. The gestation
period is 36 days.

Adult Characteristics - The preferred habitat is spruce and cedar swamps. It
has a home range o ten acres. Major food items are succulent vegetation,
twigs, birds, and bark. The snowshoe hare has been known to swim, however, it
is considered a rare occurrence. The hare is considered a game animal. Major
predators are the coyote, lynx, fox, weasel, owl, eagle, and hawk.

1 I I~!1 1 1

Breedin Characteristics - The breeding period extends from February to
eptember with the greatest activity in April to Nay. The gestation period is

28-30 days. There are 2-5 litters � average! per year with an average litter
size of five{2-10!. Females reach maturity at three months; males at six
months.

Adult Characteristics - Life expectancy is less than one year; maximum 4-5
years. he fema e has a home range of four acres, the male ten acres. The
rabbit feeds in early morning and early evening. Typical foods are a wide
variety of succulent plants such as clover, dandelion, plantain, lambs-quarter,
and rag weed. Winter foods include ear corn, dry hay, and bark of tree
saplings. The cottontail is a game species,

~ woodchuck  Narmota monax!

8reedin Characteristics - The breeding period extends from Narch to May. The
gestation period is from 31 to 32 days. A litter of 2-7 is produced once a year.
Sexual maturity is reached at one year.

Adult Characteristics � The woodchuck burrows in bushy fence rows along creeks
and in any other undisturbed cover in farming country. Dikes surrounding
marshes are a favorite habitat. The woodchuck has a life expectancy of 2-3
years. The home range is 40-160 acres. The woodchuck feeds mostly in early
morning and late afternoon. Najor food items are grasses, clover, alfalfa, soy
beans, peas, lettuce, and apples. The woodchuck may cause significant economic
damage due to its fondness for farm crops and damage caused by the den holes.
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fi' I i t ~Sii f tlat

8reedin Characteristics - Each female has one litter annually between the 1ast
of Nay and mid-June. Litter size varies from 5-8. The gestation period is 28
days.

Adult Characteristics - Preferred habitat is the edge ot wooded areas, nearby
marsh ands and dense marsh grass. The squirrel hibernates from November to
April. Major food items are seeds, green vegetation, insects, bird eggs, birds,
and mammals. The squirrel is detrimental because it eats the eggs of ground
nesting birds and destroys farm crops. !t is beneficial because it also
destroys insects and mice.

~ fux squirrel  Sciurus ~ui er !

8reedin Characteristics - The fox squirrel has two litters per season after its
first breeding season. Usually four young are produced per litter. Sexual
maturity is reached at age one. The gestation period is 44 days.

Adult Characteristics - Preferred habitat is open hardwood woodlands. The home
range is 3-4 acreas. Life span in the wild is about four years. Major food
items are nuts, fruits, birds, and seeds. Natural enemies are the hawk and owl.

~ red squirrel  Tamiasciurus hudsonicus}

- There are normally two litters  May and August! of 4-
period is about 38 days'

Adult Characteristics - Preferred habitat is coniferous and hardwood forests.
e re squirre is active all year. Life expectancy is 6-7 years. It is a

proficient swimmer. The home range is 200 yards. Major food items are nuts,
pine cones, mushrooms, meat, and sap. Natural enemies the are hawk, owl, snake,
bobcat, fox, and large fishy

~ Heaver  Castor canadensis!

8reedin Characteristics � The breeding per iod is January to February. The
gestati on period is 128 days. Litter size varies from 1-8 with an average of 4.
The breeding age is 24 years.

Adult Characteristics � The adult beaver weighs from 39-70 lbs., average 35-40
bs. Adu t body ength is from 25-30 inches. The life expectancy is 9-11 years

with a maximum of 19 years. The beaver feeds primarily at night. Typical foods
are bark and twigs of softwood trees such as aspen, poplar, birch, willow,
maple, cottonwood, and alder; aquatic and marsh plants such as duckweed,

cattail, sedge, and bulrush. The beaver is a valuable fur bearer.
Hesides man the beaver has few natural enemies. They are occasionally kilted by
dogs.
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8reedin Characteristics - The breeding season is April to August. The usual
itter size is 4-5. The gestation period is 25-27 days. Four of five litters

may be raised by one female during the breeding season.

Adult Characteristics - Preferred habitat is mixed tree growth, particularly in
og stream timber or along river or lake banks. The mouse is active all year

around. The major food items are seeds and fruits. Major predators are the
hawk, owl, and ma~mal.

~ white-footed mouse  ~leuco ue!

Breedin Characteristics - Multiple litters are born beginning in March. Litter
size varies rom 2 ta 6. The gestation period is 21 days. Sexual maturity is
reached in 10-11 weeks.

~aieri j~ Gapper's red-backed mouse  

Breedin Characteristics - Three or four litters may be raised between April and
ctober. Litter size varies from 3-8. The gestation period is 17-19 days.

Sexual maturity is reached at four months.

Adult Characteristics - Preferred habitat is moist woodland and forests. Life
expectancy is probab y less than three years. The major food of the red-backed
mouse is green vegetation. Also eaten are nuts and seeds. Economically
Gapper's red-backed mouse is of little importance.

I 1  Ill t

Breedin Characteristics � The meadow vole breeds throughout the year. Litter
size varies rom 2-9. he gestation period is 21 days. Females are sexually
mature at 25 days, males at 45 days.

Adult Characteristics � Habitat is lowland fields and meadows, grassy marshes,
along rivers and lakes, and sometimes in flooded marshes ar on high grasslands
near water. Life expectancy is less than one year. Major food items are roots
and bulbs. It is prey for predatory mammals, birds, reptiles, and fish.

438-

Adult Characteristics � Preferred habitat is forest and brushy areas. Major
oo items are seeds, nuts, and insects. The female home range is 4 acre. The

male home range is 1 to 14 acres. The average life span is 3 years. The white-
footed mouse is prey for the fox, weasel, and owls.





~ red fox  ~Uu! es ~vu! es!

Breedin Characteristics - The breeding period is January and February. The
gestation period is 51 days. One litter per year with an average of 4-9 young is
produced. Sexual maturity is reached at one year.

Adult Characteristics - Farm lands with wood1ots and brushy areas near marshes
an swamps are idea habitat. The den may be a natural rock shelter or an
excavation in sandy soil ~ The life expectancy is 6-8 years. The home range is
5-10 square miles and may increase to 20 square miles during winter. Feeds
mostly at night, dusk, and dawn. Major food items are. mice, rats, rabbits,
and other small mammaIs; birds, frogs, snakes, lizards, eggs, insects, fruits,
and some grasses.

~ black bear  Ursus americanus!

Breedin Characteristics - The black bear has one or two cubs in alternate
years. he gestation period is 1 to 74 months. The young are born in January or
February.

Adult Characteristics - Preferred habitat is heavily wooded areas and swamps.
The home range can extend as far as 15 miles� . The black bear is omnivorous
eating carrion, fresh berries, and tender roots. It is still an important game
animal. The black bear hibernates from November/Oecember to March/April.

~ raccoon  ~Proc on 1otor!

Breedin Characteristics - The breeding period extends from late January to
ear y ebruary. he gestation period is 63 days. One litter with 3-7 young is
produced per year. Sexual maturity is reached at one year.

Adult Characteristics - Wooded areas near streams and lakes are excellent
raccoon habitat. The raccoon seldom ranges more than one mi le from the home
den. It feeds primarily at night. Major food items are: nuts, fruits, grains,
insects, crayfish, mice, frogs, and bird eggs. It is a valuable fur-bearing
game animal.

~ long-tailed weasel  Mustela frenata!

Breedin Characteristics - The breeding period is July-August. The gestation
period is variab e due to delayed implantation of the embryo; average is 280
days. One litter per year is produced with a litter size of 4-8; average 6. The
breeding age for females is 3-4 months; males one year.

Adult Characteristics - The life expectancy is from 1-2 years; maximum 4-5
years. The home range is 30-40 acres. Feeding period is usually at night.
Typical foods are small mammals up to rabbit size, birds, eggs, and insects.
Major predetors are eagles, hawks, owls, and mink. The pelt is small but of
high quality.



~ mink  Nustela vison!

Breedin Characteristics - The breeding per~ad extends from February to April.
The gestation period varies from 40-75 days  average 51 days!. I itter size
varies from 2-17  usually 3-6!. Sexual maturity is reached at ten months.

Adult Characteristics - The mink is both terrestrial and aquatic. The den is
typica y under a og, in a bank cavity, or muskrat burrow. The den is always
near streams, lakes, or marshes. The fife expectancy of the mink is two years
or less. The mink feed at night. Major food items are: mice, muskrats, fish,
frogs, rabbits, crayfish, birds, eggs, and insects. The male mink has a home
range of up to five miles, the female range is about 200 acres. Mink fur is
valuable and eagerly sought.

~ striped skunk  ~hie hitis ~me hitis!

Breedin Characteristics - The breeding period extends from February to March.
ege o p 63 days. The skunk has one litter per year varying in

size from 2-10. Sexual maturity is reached at one year.

Adult Characteristics - The skunk prefers a semi-open habitat of mixed woods,
brush, and open grass land within twa miles of water. The home range is ten
acres. The skunk feeds at night. Major food items are: mice, lizards, frogs,
fish, crayfish, insects, grubs, eggs, fruits, and carrion. Life expectancy is
from 8-10 years. The skunk is an important furbearer and an effective predator
of small rodents and insects. The skunk has few predators. The great horned
owl takes more skunks than any other natural predator.

~ river atter  Lutra canadensis!

Breedin Characteristics � The breeding period extends from January to May. The
gestation period is from 11-12 months. Two young per litter is typical.

Adult Characteristics - The otter lives on rivers, larger creeks, sloughs, and
akes. It makes a burrow in the bank of a lake or stream. The entrance is below

water. The otter has a home range of 15-100 miles of shoreline. Major food
items are forage fish, amphibians, panfish, and crayfish. The otter is valued
for its pelt and aesthetic value. It does, however, eat some forage and
panf ish.

~ Canada lynx  ~Lnx canadensis!

- Four or five young are born in March or Aprir. The
t 62 days.

Adult Characteristics - Habitat is heavy and dense forests and woodlands. Major
foo items are snowshoe hare, small mammals, and birds. It is a strict
carnivore. The lynx was once a valuable fur bearer but is now reduced in
numbers.

-44-1�



~ bobcat  ~Lnx rufus!

Breedin Characteristics � One to four young are born in late April or early
ay. he gestation period is about seven months. The bobcat matures in one

year.

Adult Characteristics - Preferred habitat is swamps, broken country with
adequate brush cover . Major food items are birds and mammals. The bobcat is
nocturnal. The bobcat is considered by some hunters to be good sport. Life
expectancy is 8-10 years.

d Iod

Breedin Characteristics - The breeding period extends from late October
through mid- anuary. The gestation period is 190-210 days. The deer has one
litter consisting af one or two young. Males reach sexual maturity at 1$ years;
females between six and eight months.

Adult Characteristics - Marshes prov~de a foraging area for the deer. Typically
deer eed at dawn and dusk. Typical food items are: wild cr abapples, corn,
sumac leaves and stems, grasses, clover leaves, and soybean leaves and beans.
The white-tailed deer is a popular sport animal providing recreation for
naturalist and hunter alike.

~ moose  Alces alces!

Breedin Characteristics - One or two young are born in June. The gestation
period is eight months. The moose is full grown when 15 to 18 months old.

Adult Characteristics � Preferred habitat is forests in the vicinity of lakes
and ri vers. The moose is a brouser feeding primarily on the leaves of trees and
shrubs. The timber wolf is probably the only serious natural enemy.
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APPENDIX F

Gl OSSARY

anthropogenetic sediments � sedimentary by-products wh1ch are derived from
man's activties. Examples include saw dust from past lumber1ng activity
and fly ash from urban/industrial sources.

anticyclone - a system of winds that rotates about a center of high pressure
clockwise in the northern hemisphere and counterclockwise in the southern
hemisphere.

clastic - made up of fragments of pre-existing rocks.

coliform bacteria � rod-shaped bacteria found in soil, on plants and in
insects, in old sewage, and in waters polluted some time in the past.
Coliform bacteria should be carefully distinguished from fecal coliform
bacteria which are inhab1tants of warmblooded animal intestines and are
indicators of recent fecal pollution and hence of dangerous contamination
and pollution. The presence of other coliform organ1sms suggests less
recent pollution or contr1butions from sources of non-fecal origin.

commercial fish - fish which are caught in large quantities and sold primarily
for profit by licensed commercial fishermen. Cocoon species include
carp, white bass, freshwater drum, and yellow perch.

ecosystem - A unit of biological organization made up of all the organisms,
plant and animal, in a given area and the environment in which they live.
It is characterized by interactions between the 11ving and nonliving
components that result in a flow of energy from the sun through plants and
animals and a cycling of minerals and other inorganic materials.

or: All organisms in a coo+unity plus the associated environmental factors
with which they interact.

ericaceous - low much-branched evergreen shrub

fluvial - produced by stream action

food chain - A sequence of organisms, including producers  plants!, herb1vores
 plant eaters!, and carnivores, through which energy and materials move
within an ecosystem.

geomorphology � a science that deals w1th the land and submarine relief features
of the earth's surface,

ground water - wateroccurring in the spaces within sediments, soils, and rocks
in the subsurface, and moving under the force of gravity
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heavy metals - Those metals having high specific gravity and considerable weight
in relation to volume. Heavy metals are a special form of pesticide
pollution. The four heavy metals of most concern are arsenic, lead,
copper, and mercury. Such heavy metals are persistent, since
biodegradation of arsenic, mercury, or copper does not occur .

hydric soil � A soil which exhibits chemical and/or vi sible signs of water-
logging or seasonal inundation including gleying and mottling
 alternating reduction and oxidation!. Histosoils  i.e., organic soils!
are generally regarded to be hydric. Hydric soils may be used to define
wetlands in operational terms.

hydroperiod - The time duration between the occurrence of cyclic hydrologic
events. For example, high water levels in the Great Lakes generally occur
ever y 8 to 12 years.

littoral process � a process which includes the movement of currents and
sediments adjacent to the shoreline. The process is, in general, governed
by wave refraction at or near the shoreline. Included are littoral
currents and beach drifting.

marine process - a process of or belonging to or caused by a water body.
Included are wave action and current movements generated by waves.

mesophytic vegetation - A vegetation type found on intermediate sites, that is,
in between dry  xerophytic! and wet  hydrophytic! sites. Nesophytic
vegetation characteristically lacks structures and mechanisms necessary
to invade dry and wet environments.

nonconsumptive recreation - Humari recreational activities that do not damage or
deplete natural systems. Examples include nature study, birdwatching,
and photography.

nonhydric soil � a zonal soil characterized by adaquate drainage and usually
colonized with mesophytic vegetation.

nutrient loading � the volume of any one of a number of inor ganic or organic
compounds or ions used primarily in the nutrition of primary producers.
Nitrogen and phosphorus compounds are examples of essential nutrients.

ordinary high water mark � in the state of Michigan the ordinary high water mark
 OHM! is a specific elevatio~ along the Great Lakes coasts as established
by the Submerged Lands Act of 1955. All lands lakeward of the OHM, except
where patented, are in public ownership. Other states may have similar
leg isl ation.

photosynthesis � the process of synthesizing carbohydrates from carbon dioxide
and water, utilizing the radiant energy of light captured by the
chlorophyll in plant cells.

sediment - solid mater ial both mineral and organic that has been transported and
deposited within a river channel or basin.
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seiche - a periodic, rapid, and often violent fluctuation in the water level
within an embayment or a lake often due to onshore or offshore winds and
low barometric pressure.

senescence � an ecological concept usua11y employed to describe a stage of
wetland succession wherein dense vegetation growth occurs in otherwise
semi-open wetland environments.

sport fish - fish primarily of importance for the sport they afford to anglers.
They are comrlonly regarded as game fish, and/or have been designated by
appropriate agencies as being sport fish and hence may not be harvested by
commercial fishermen. Examples include northern pike, walleye, and
smal'Imouth bass.

suspended sediment � solid material being carried by moving water or solid
material in more or 'less still water that is suspended in a turbid or
colloidal condition.

ter restr iali zati on - an ecological concept used to describe a trend i n wetland
succession wherein the wetland vegetation communities are beginning to
resemble terrestrial or upland communities.

toxic substances - poisonous substances which produce harmful and/or lethal
effects on organisms by physical contact, ingestion, or inhalation.

turbidity � reduced water clarity resulting from the presence of' suspended
matter. As turbidity increases, light penetration is reduced and plant
growth is inhibited.

wave energy - the capacity of a wave to erode, transport sediment or to do work.
The energy of a wave is half potential and half kinetic and the amount of
energy is related to the height and period of the wave

wetlands � areas which are periodically or permanently inundated and which are
character ized, under normal conditions, by vegetation that requires
satur ated soils for growth and reproduction.

xerophytic vegetation - a vegetation type found in arid climates or in
excessively drained environments. Because water is the limiting factor,
these plant species possess xeric mechanisms and adaptations, including
reduced leaves and stomata, a capacity to become dormant, and so forth.
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APPENDIX G

ABBREVIATIONS

-.446

Abst. - abstract
Acad. - Academy, Academician
Admin. - administration
Adv. - advancement
Agri. � agriculture  -al !
Agron. - agronomy
Amer. - America  -n!
Anal. � analysis
Anat. - anatomy
Anim. � animal
Ann. � annals
Annu. - annual
Anthropol. - anthropology
App1 . - app 1 i ed
Arch. - archives
Archaeol. - archaelogy  -ical }
Assoc. - association
As tron . - as tronomy
Atmos. - atmosphere
Bienn. - bienni a1

Biochem. - biochemistry
Biol. � biology
Biophys. - bi ophysics
Bot. - botany  -ical!
Brit. � Britain, British
Bull. - bulletin
Bur. � bureau
Can. - Canada  -ian!
Cat. - catalog
Chem. � chemistry, chemical
Climatol. - climatology
Co. - company
Coll. - college
Comm. - commission
Conch. - conchology
Conf. - conference
Congr, - congress
Conserv. � conservation
Contrib. - contribution
Corp. � corporation
cm. - centi meter
Cult. � cu1tural  -ist!
Dept. - department
Oev. � development
Dir. - director

Oi ss. - di ssertati on
Oi st. � di stri ct
Oiv. - division
Doc. - document
Ecol. � ecology
Econ. - economics
Ed. - editor
Educ. - education
Eng. - engineering
Entomol. - entomology  -ical!
Environ. - environment  -al!
Evolut. - evolution
Exp. - experiment
Ext. - extension
Fac. � faculty
Fed. � federal  -ation}
Fish. - fisheries
Found, - foundation
For. - forestry
g ~ gram
gaz. - gazette
Geochem. - geochemistry
Geogr. � geography  -ic!
Geol. - geology  -ical!
Grad. - graduate
Herb. - herbarium
Hered. - heredity
Hist. - historical, history
Hort. � horticulture  -al!
Hydrobi ol. - hydrobiology
Hydrogr. - hydrography
Hydrol. � hydrologic  -al!
Ichthyol. - ichthyology
Ill. - Illinois
Ind. - Indiana
Inc. - incorporated
Info. � infor~ation
Inorg. - inorganic
Inst. - institute  -ti on!
Internat. � international
Invest. - investigation
J. � journal
kg. - ki togram
1. - liter
Lab. - 1 aboratory



1 Survey
charge Elimination System

Let. - letter

Lib. � library
Limnol. - limno1ogy
LWD - low water datum
m. � meter

Malacol. � calacological
Mammal. - mamma1ogy
Manu. - manuscri pt
Math. � mathmat1cs  -i cal !
Med. - medi cine  - i c al !
Mem. - memoirs. memorandum
Meteor. - meteorology  -ical!
Method. - methodology
Mich. - Michigan
Microbiol. - Microbiology
u. � micron
Micros. - miscroscopy
Mineral. - mineralogy
M1nn. � Minnesota
Misc. - miscellaneous
Mol. - molecule
Monogr. - monograph
Morph. � Morphology
Mus. - museum

Mycol. � mycology
Nat]. � national
Natr. � natural
N. S. � new series
N ~ Y. - New York
Nucl. - nuclear
Observ. - ovservatory
Oceanogr. - oceanography  -ic!
Oceanol. � Oceanology
Ohio - Ohio
Ont. - Ontario
Opt. � optical
Org. - organic
Pa. � Pennsylvan1a
Paleontol. - pa1eonotology
Parasitol. � parasitology
Path. � pathogen
Pathol. - pathology
Pediat. - pediatrics
Petrol. - petroleum
Pharm. - pharmacy
Phil. - ph i 1 os op by
Phys. � physics
USGS - United States 6eologica
NPDES - National Pollution D1s

Physiol. - physiology
Phytol. - phytology
Poll. � pollution
Proc. - proceedings
Prof. - professional
Prog. � program
proj. - project
Prot. � protection
Pub. - publication
Publ. - publ1shers
quart, - quarterly
Radiat. - radiation
Radioact. � radioactive

Radiobiol. - radiobiology
Radiol. - radiology
Rep. - report
Res. � research
Rev. - review
Sci. - science
Sed. � sedimentary
Ser. - series
Serv. - service
Soc. society
Sociol. - sociology
Spec. - special
Sta. - station
Stat. - statistics
Suppl. � supplement
Surv. - survey
Symp. � sympos1um
Taxonom. - taxonomy
Tech. - technical
Technol. � technology  -ical!
Topo - topography  -ic!
Toxicol � Toxicology
U, K. - United Kingdom
U. N. - United Nations
U, S. - United States
U, S. A.- Un1ted States of America
U. S. $. R. - Russia
Univ. - university
Verein.- Vereinigung
Verh. � Verhandlungen
Vol. - volume
Wise. - Wisconsin
Zool. - Zoology
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