%Imgemen(

Taylor & Francis

Taylor & Francis Group

Plants as regional indicators of Great Lakes coastal
wetland health
D. A. Albert! and L. D. Minc?

! Michigan State University Extension, Michigan Natural Features Inventory, Mason Building, 530 W,, Allegan St., Lansing,
MI 48909-79441; Fax: 517-373-6705; E-mail: AlbertD@michigan.gov
2 Phoenix Memorial Laboratory, University of Michigan, Ann Arbor, MI 48109-2100; E-mail: leahminc@umich.edu

In this paper we explore the potential for developing plant-based indicators for key dimensions of wetland
stress, including 1) hydrologic flow modification (through water-level regulation and diking), 2) water quality
degradation (through nutrient loading and sedimentation), and 3) ecological structural breakdown or physical
degradation. Based on a review of the literature, we identify species or species groups that potentially function as
indicators of individual dimensions of anthropogenic stress and propose floristic metrics for monitoring wetland
health. We then examine the utility of these metrics for evaluating wetland disturbance at both regional and local
scales, utilizing a database of wetland sites spanning the entire U.S. Great Lakes shoreline. We conclude that
multiple dimensions of wetland disturbance can be measured based on coverage values of key aquatic plants.
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Introduction

For over two decades, aquatic biologists have been
developing biotic indicators of ecosystem health, seek-
ing to identify biological measures that function over
a wide geographic region, while displaying a sensi-
tive and consistent response to specific anthropogenic
stresses. Initially these studies focused on fish and in-
vertebrates to develop widely applicable measures of
stream health (Karr, 1981; Karr and Chu, 1997). As the
search for faunal indicators expanded into Great Lakes
coastal wetlands, fish and invertebrates remained major
focal groups (Burton et al., 1999; Kashian and Burton,
2000). In recent years, there has also been an increas-
ing interest in exploring the use of plants as indicators
of the health of aquatic ecosystems, in both inland and
Great Lakes coastal wetlands (Stewart, 1995; Gernes
and Helgen, 1999; Stewart et al., 1999; Simon et al.,
2001).

To date, the development of plant indices of bio-
logical integrity (IBIs) for Great Lakes coastal wet-

lands has focused on southern Lake Michigan (Stewart
et al., 1999; Simon et al., 2001). Owing to the fairly
high levels of wetland degradation and southern lat-
itude, however, this area does not represent the full
range of natural floristic variation or the full range of
wetland quality encountered within the Great Lakes
region. In contrast, in this study, we evaluate plants,
especially aquatic macrophytes, as potential indicators
of Great Lakes wetland health, across the entire region.
We first briefly define the natural regional variability
within coastal wetland plant communities and identify
the major ecological factors generating distinct wetland
types that must serve as a backdrop for any discussion
of species distribution. Secondly, we outline the major
factors degrading Great Lakes coastal wetlands, and
based on a review of the literature, identify species or
species groups that potentially function as metrics of
individual dimensions of anthropogenic stress. Finally,
we examine the utility of several of these metrics for
monitoring wetland health at both regional and local
scales, utilizing a database that encompasses the full
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range of coastal wetland quality and diversity along
the Great Lakes shoreline.

Regional variability in Great Lakes
coastal wetlands

Great Lakes coastal wetlands form a transition be-
tween the Great Lakes and adjacent terrestrial uplands,
and are influenced by both (Minc, 1997a; Minc and
Albert, 1998; Albert and Minc, 2001). Local and re-
gional variability in aquatic system, surficial bedrock,
geomorphic context, substrate, climate, and land use,
as well as temporal variability in Great Lakes water
levels, combine to create a series of distinctive wetland
types, with predictable patterns of regional distribution
along the Great Lakes shoreline.

Our understanding of wetland types and the key fac-
tors determining their distribution is based on field sam-
pling of over 110 Great Lakes coastal wetlands along
the U.S. shoreline between 1987 and 1994 (Albertet al.,
1987, 1988, 1989; Minc, 1997a, b; Minc and Albert,
1998; Albert and Minc, 2001).! In order to provide
baseline data on both the biotic and abiotic compo-
nents of selected coastal wetlands, sampling transects
were established to include the full range of vegetation
zones present (including shrub, wet meadow or shore-
line herbaceous, emergent, and submergent zones), ex-
tending from the upland boundary lakeward to water
depths of about 2 m. Wetland transects ranged from
80 to 1310 m in length. At 10 to 20 m intervals along
the transect, depending on the transect length, the cover
value for each plant species present was recorded, along
with data on substrate, depth of organic soils, and wa-
ter depth. These data were then integrated with re-
gional and site-specific information on bedrock type,
glacial landform, latitude, aquatic system, and human
activities.

The resulting Great Lakes coastal wetland classifi-
cation identifies nine regional types, reflecting not only
distinctive plant associations, but also corresponding
to differences in major physical factors (Minc, 1997a;
Albert and Minc, 2001). Physical and vegetation char-
acteristics of these regional wetland groups are sum-
marized in Table 1 (for details, see Albert and Minc,
2001). The challenge is to develop floristic indices of
wetland health that can both function across this range

I'Collaborative work with Canadian researchers will expand
this perspective with an equivalent number of wetlands along the
Canadian shoreline of the Great Lakes, but data from this sampling
has not yet been analyzed.
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of wetland types and can highlight differences in wet-
land health within a regional type.

Types of degradation within Great
Lakes wetlands

The second step in developing plant-based indica-
tors of wetland health is to identify the major types
of environmental degradation within the framework of
these nine regional wetland types, and to attempt to sep-
arate the effects of natural vs. anthropogenic influences
on species distribution, diversity, and density. Patterson
and Whillans (1985) have identified three major classes
of stresses to Great Lakes wetlands: 1) hydrologic flow
modification, 2) water quality degradation, and 3) eco-
logical structural breakdown. For each of these ma-
jor classes, we briefly identify specific stresses affect-
ing Great Lakes wetlands, and propose plant-based
metrics.’

Hydrologic flow modification

Water level regulation of the Great Lakes

Limited water level control is achieved by regulat-
ing the outflows from Lakes Superior and Ontario (U.S.
Army Corps of Engineers, 1987, 1997). Regulating the
outflow from Lake Superior (via the control station on
the St. Marys River) affects the level of Lake Superior,
Lakes Michigan-Huron, and to a lesser extent, Lake
Erie. Regulating the outflow from Lake Ontario affects
levels on that lake and on the St. Lawrence River, but
has no effect on the upper lakes. Since 1959, regu-
lation has significantly reduced the occurrence of ex-
treme high and low water levels on Lake Ontario. For
example, Lake Ontario was the only Great Lake that did
not set record high water levels in 1985/1986, largely
owing to the dredging of the St. Lawrence River chan-
nel, which allows for the release of greater amounts of
water when lake levels are high.

Reduced natural water fluctuations, through manip-
ulation of lake levels, can lead to an overall loss of both
species richness and diversity (Stuckey, 1975, 1989;
Van der Valk, 1981; Keddy, 1990; Wilcox et al., 1993),
as well as genetic diversity (Keough, 1987, 1990). Dis-
ruption of the natural cycle favors species intolerant
of water-depth change and associated stresses, and/or
excludes species requiring periodic exposure of fertile

2Major types of environmental degradation have been further
subdivided into additional classes by Yoder and Rankin (1995) and
other authors, but we chose to utilize the three broad classes of
Patterson and Whillans (1985) for this study.
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substrates. The result is frequently a monoculture of the
most light-competitive species (Keddy, 1989), partic-
ularly cat-tail (Typha spp.), at the expense of a diverse
shoreline flora. Thus, relative dominance of Typha spp.,
along with measures of species diversity, potentially
provide an index of stress resulting from water level
regulation.

Diking

Diking of coastal wetlands has been widespread
along the southern Great Lakes. Diking was necessary
to maintain coastal wetlands along the western Lake
Erie shoreline (Herdendorf, 1987; Robb, 1989). The
purpose for almost all dikes constructed in coastal wet-
lands was waterfow]l management, with water control
structures to allow vegetation to be manipulated. Large
impoundments were built elsewhere in the Great Lakes,
on Lake Ontario near Rochester, NY, on Lake St. Clair,
Saginaw Bay, the St. Marys River, and Green Bay. All of
these diked wetlands were created for waterfow]l man-
agement, often resulting in major alteration of natural
coastal wetlands and degradation of the wetlands for
other values, such as fish spawning and nursery areas.

Problems associated with diked wetlands include
1) development of monocultures, again including cat-
tails, 2) accumulation of organic material that would
have been flushed from the wetland, and 3) increased
temperatures, which result in increased emergent plant
and algal growth (Francis et al., 1979). In turn, exten-
sive algal growth reduces the amount of submergent
macrophyte growth and reduces oxygen availability,
negatively impacting a broad range of fauna (Chow-
Fraser, 1998).

Water quality degradation

Nutrient enrichment

Nutrient loading is well recognized as a major
form of water quality degradation and the effect of
increased nutrient loading on aquatic plants is docu-
mented from lakes and streams throughout the north-
ern hemisphere (Kimbel, 1982; Niemeier and Hubert,
1986; Rorslett et al., 1986; Scheffer et al., 1992; Toivo-
nen and Huttunen, 1995). At least two common forms
of nutrient enrichment occur along the Great Lakes
shoreline, introduction of animal wastes, typically as
sewage effluent or untreated agricultural animal wastes,
and the introduction of fine-textured mineral soils (sil-
tation) and fertilizers from agricultural activities. The
effects of these is not easily separated, especially in the
southern Great Lakes, where both agricultural and ur-
ban land use are intense. In the northern Great Lakes,
where agricultural land use is both less extensive and
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less intensive, these two sources of nutrient enrichment
can often be distinguished.

Several species of Great Lakes aquatic macrophytes
respond with increased growth when organic nutrients
are added to wetlands. Common submergent species
known to respond to high levels of nutrients include
Myriophyllum spicatum, Potamogeton crispus, Pota-
mogeton pectinatus, Elodea canadensis, and Cerato-
phyllum demersum (Kimbel, 1982; Rorslettetal., 1986;
Scheffer et al., 1992; Toivonen and Huttunen, 1995).
Similarly, the emergent species pha spp. and Phrag-
mites australis can increase greatly in coverage in re-
sponse to nutrient enrichment (Niemeier and Hubert,
1986; Srivastava et al., 1995). Other species known to
respond to nutrient enrichment include blue-green al-
gae and several floating-leaved plant species, especially
species of Lemna, Spirodela, and Wolfia (Tubea et al.,
1981). Algae blooms and dense growths of duck weed
on the surface can greatly reduce the available light for
submergent aquatic plants, thus limiting their survival.

Sedimentation

Increased sedimentation from agricultural land use
in the watersheds adjacent to the Great Lakes is one
of the greatest source of wetland degradation in many
regions, especially in western Lake Erie, Green Bay
of Lake Michigan, and Saginaw Bay of Lake Huron.
Herdendorfetal. (1977) list three sources of suspended
sediments in western Lake Erie: run-off from the land,
resuspension of bottom sediments and erosion of shore
materials by wave action, and vessel operation, in-
cluding dredging. Satellite imagery of western Lake
Erie taken during late March, 1973, shows large sedi-
ment plumes from both the Detroit and Maumee Rivers
(Herdendorf et al., 1977). An important factor result-
ing in further turbidity is the presence of another exotic
species, common carp (Cyprinus carpio L.), which re-
suspends fine sediments both when it breeds and feeds
(Anderson, 1950; Chow-Fraser, 1998; Crivelli, 1983;
Sager et al., 1998). Subsequent widespread establish-
ment of zebra mussels into the Great Lakes has resulted
in reduced turbidity and increases in submergent plant
coverage within some coastal wetlands (Fahnenstiel
etal., 1995; Nalepa et al., 1999).

High turbidity, with light penetration of only a few
centimeters, is inadequate for most aquatic macro-
phytes and algae to photosynthesize and survive (Carter
and Rybicki, 1985). The deposition of thick sediments
can also result in loss of seed germination for both
emergent and submergent aquatic plants (Barko et al.,
1986). The result is often a severe loss of plant diversity
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within the submergent zone. However, several species
are known to be more tolerant of low light levels. Key
submergent species in the turbidity tolerant category
include Potamogeton pectinatus, Potamogeton crispus,
Potamogeton foliosus, Potamogeton pusillus, Cerato-
phyllum demersum, Elodea canadensis, Heteranthera
dubia, Ranunculus longirostris, Butomus umbellatus
and Myriophyllum spicatum (Stuckey, 1989; van Dijk
and van Vierssen, 1991).

In the wet meadow or shoreline herbaceous zone,
the deposition of thick sediments over the surface fa-
vors a suite of aggressive colonizing species. Char-
acteristic species include aggressive native annuals
(Polygonum lapathafolium, Bidens cernua, Impatiens
capensis, Leersia orizoides and Rorippa palustris) and
ahost of exotics (particularly Lythrum salicaria, Phrag-
mites australis and Phalaris arundinacea). Note that
the native species also respond heavily to interannual
water-level fluctuations and expand rapidly onto re-
cently exposed shoreline as water levels drop.

Chemical pollution

Little work has been done in the Great Lakes re-
garding tolerance of specific plant species to chem-
ical pollution, although aquatic plants are known to
bioaccumulate and concentrate toxic chemicals (Lewis
and Wang, 1999; Stewart et al., 1999). Decreased wet-
land species richness and diversity have been associ-
ated generally with higher levels of pollutants (Stewart
et al., 1999), but to date, no species or species groups
have been identified as ‘a good biological indicator’
for a specific heavy metal or other toxic chemical for
the Great Lakes region. However, the question of plant
tolerance to chemical pollution has been addressed in
other parts of the world and can be used to direct further
research within Great Lakes wetlands (Phillips, 1978;
Bosserman, 1985; Greger and Kautsky, 1991; Manny
et al., 1991; Reimer and Duthie, 1993).

Work elsewhere indicates that either absence of cer-
tain species or growth characteristics of lallisneria
americana (Potter and Lovett-Doust, 1997) can be used
to characterize site quality. Several studies investigate
the uptake of toxic chemicals or metals by plants; most
of these have been conducted on streams, but a few
have been conducted in small lakes (Mayes etal., 1977;
Welsh and Denny, 1980). More commonly, the ability of
plants to bioaccumulate heavy metals and other toxic
materials over time provides the opportunity to mea-
sure pollution that may be sporadic within a system
(Vanderpoorten and Palm, 1998). However, in some
cases bioaccumulation can also be a disadvantage, as it
is difficult to document the time of pollution if the plants
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are long lived, as with aquatic mosses and some other
perennial macrophytes. Aquatic plants with floating
leaves and well-developed root systems were also found
to be useful for detection of phenols (Pridham, 1964).

In the Great Lakes, Herdendorf (1983, 1987) iden-
tifies the presence of nine heavy metals (Cd, Cr, Cu,
Pb, Mn, Hg, Ni, Ag and Zn) and six organic pollu-
tants (benzene, chloroform, methylene chloride, bis {2
ethylexyl] phthalate, tetra-chloroethylene and toluene)
in the effluents from major municipal wastewater treat-
ment plants in the Lake Erie basin, but none in alarm-
ingly high concentrations. Similarly, high concentra-
tions of some metals, including Pb, Ni, Cu, Ag, V,
Hg, Zn, Cd and Cr are known contaminants in the sur-
face sediments adjacent to tributaries in major indus-
trial areas. There have been other studies conducted
within the Great Lakes and their connecting channels
that have documented the incorporation of heavy met-
als and other chemical pollutants into the tissues of
aquatic macrophytes (Estabrook et al., 1985; Manny
et al., 1991; Wells et al., 1980). However, no Great
Lakes literature was found documenting specific re-
sponse by aquatic plants to high levels of toxic chemi-
cals, including heavy metals. Nor was literature found
that demonstrated a relationship between relative abun-
dance of aquatic plant species and chemical degrada-
tion in Great Lakes coastal wetlands, thus limiting the
use of our regional Great Lakes wetland plant database
to identify chemical pollutant metrics.

Debate continues concerning the usefulness of
aquatic plants as indicators of chemical pollution.
While several studies conducted in the Great Lakes
conclude that plants offer potential as effective indica-
tors of chemical contaminants (Stewart et al., 1999;
Simon et al., 2001; Stewart et al., 2003), other re-
searchers (Lewis and Wang, 1999) counter that the rel-
ative sensitivity of most vascular plant species to vari-
ous toxicants and hazardous substances remains poorly
understood, making it difficult to differentiate the var-
ious environmental stressors affecting the community
dynamics of aquatic plants.

Ecological structural breakdown
and physical degradation

Physical modification and elimination of coastal
wetlands is responsible for a large part of the wetland
loss in the Great Lakes (Patterson and Whillans, 1985).
Wetland elimination resulted from a broad range of ac-
tivities that hardened the shoreline or altered the sed-
iments of a wetland; these activities include dredging,
filling, diking, rip-rapping shoreline, and many others,
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all of which result in elimination or major alterations
of wetland vegetation.

The loss of coastal wetlands can be most readily doc-
umented by comparing early maps or aerial photos to
recent maps and photos. Examination of aerial photos
is a commonly used method to document changes in
wetland extent resulting from human modification of
wetlands, such as along western Lake Erie and Lake
St. Clair (Jaworski and Raphael, 1976), Green Bay
(Bosley, 1978), and Lake Ontario and the upper St.
Lawrence River (Busch and Lewis, 1984). Aerial pho-
tos have also been used to show the changes in Great
Lakes wetlands resulting from Great Lakes water-level
fluctuations on several of the Great Lakes, including
Green Bay, Lake Michigan (Harris et al., 1981), Lakes
Erie and St. Clair (Jaworski et al., 1979), the St. Marys
River (Williams and Lyon, 1997), and the northeastern
shoreline of Lake Michigan (Lyon et al., 1986). The
tremendous reduction in size of the deltaic marshes
at the mouths of the Raisin River on Lake Erie, the
Saginaw River on Lake Huron, and the Fox River on
northern Lake Michigan typify the scale of alteration
that has occurred on many of our coastal wetlands.

While remote imagery, photo interpretation, and
study of historic documents can provide us with im-
portant information for the evaluation of the area of
wetland loss, specific plants also function as indica-
tors of wetland degradation and wetland health. In par-
ticular, several exotic plant species respond rapidly to
physically modified wetlands and thus are potentially
good indicators of disturbance.

Some of the more wide-spread exotic species in-
clude Phragmites australis, Phalaris arundinacea,
Lythrum salicaria, species of the wet meadow or emer-
gent marsh zones, along with Myriophyllum spicatum
and Potamogeton crispus, submergent species, and Hy-
drocharis morsus-ranae, a floating plant of the emer-
gent and submergent marsh zones.* These exotics can
form dense monotypic stands, often excluding the na-
tive flora (Nichols and Mori, 1972; Carpenter, 1980;
Sabol, 1983). Because they have no natural predators,
exotics often replace the native flora of wetlands, while
providing few of the benefits of the native flora to the
fauna.

3Exotic plants establish through several mechanisms, not just
physical modification of a wetland; some responding positively to
increased nutrient levels or increased sedimentation.

4There is some debate about whether Phragmites australis and
Phalaris arundinacea should be treated as exotics, as both species
also have native, less aggressive races that also occur within Great
Lakes wetlands.

239

It has been suggested that the number of exotic plant
species present at a wetland site is a good indicator of
the level of site degradation (Gerne and Helgen, 1999;
Stewart et al., 1999; Simon et al., 2001). Analysis of
regional marsh data for this study does not strongly
support this assumption. Rather, the number of exotic
species covaries with wetland size: the larger the wet-
land, the greater number of exotic species that was typ-
ically encountered. In only a few of the most degraded
wetlands was the number of exotic species high, as in
a small coastal wetland within the city of Escanaba
on Lake Michigan; in this wetland 22 exotic species
were encountered in a wetland less than 50 hectares in
area (authors” unpublished data, 2002). Most regional
marsh types contain several exotic species, from two to
seven exotic species being typical in the wet meadow
or emergent zones, with up to three submergent ex-
otic species often present. It is also not uncommon to
find a small number of exotic species in intact coastal
wetlands dominated by native plant species.

Based on our research, the total coverage of exotic
plants appears to more accurately access the present
condition of a wetland than the number of exotic species
(Minc, 1997a). Wetlands within highly modified urban
or industrial environments are often dominated by ex-
otic species even though the number of exotic species
may be relatively low. However, the coverage of exotics
is not necessarily predictable over time, as exotics may
respond rapidly to water-level fluctuations. Large ex-
panses of moist, nutrient-rich substrate can be exposed
when a low-water year follows a high-water year. These
conditions are ideal for the establishment of Lythrum
salicaria; wildlife biologists on western Lake Erie re-
port rapid expansion of Lythrum salicaria in such con-
ditions (Robert Humphreys, Michigan Department of
Natural Resources, pers. comm.).

Results and discussion

Based on the preceding discussion, we suggest
that wetland plants can be used to track four dimen-
sions of anthropogenic stress: water-level regulation,
nutrient loading, sedimentation, and physical degra-
dation/disturbance. The types of wetland degradation
(stresses) occurring in the Great Lakes and associated
aquatic species responses and potential general met-
rics based on plant response are summarized (Table 2).
‘We now examine several of these indices to determine
their utility for monitoring wetland health at both the
regional and local scales, based on our field sampling
of Great Lakes marshes.
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Table 2. Wetland species response to anthropogenic stresses.
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Responsive Species!

Stress Submergent/Emergent Zone

Emergent/Wet Meadow Zone

Proposed Metrics

Dampening of
Water-Level

Typha sp.(+++)

a. Total coverage value of Typha in
emergent and wet meadow zones.

Fluctuation b. Width of Bipha zone.
c. Algal coverage.
Nutrient Myriophyllum spicatum (++)  Tpha sp.(-+-+) a. Total coverage value for
Enrichment Potamogeton crispus (++) Phragmites australis (-++) submergent species.

Potamogeton pectinatus (++)
Elodea canadensis (++)
Ceratophyllum demersum (++)
Lemna minor (++)

algae (++)

Sedimentation and Megalodonta beckii (—)

Lemna minor (++) b. Dominance of nutrient responsive

submergent species.

c. Total coverage of Typha spp. and
Phragmites australis in emergent
and/or wet meadow zones.

d. Algal coverage.

Carex stricta (—) a. Absence of turbidity intolerant

Increased Myriophyllum exalbescens (=) C. aquatilis (—) species.
Turbidity Najas flexilis (—) Calamagrostis canadensis (—) b. Relative dominance of species
Potamogeton amplifolius (—)  Lythrum salicaria (++) tolerant of low light levels in
P, robbinsii (—) Phragmites australis (++) submergent zone.
P, zosteriformis (—) Phalaris arundinacea (++) c. Loss of submergent species
P, freisii (—) Polygonum lapathifolium (++)  diversity.
Vallisneria americana (—) d. Relative dominance of perennials
Potamogeton pectinatus (+) vs. annuals in wet meadow zone.
P, crispus (+)
P, foliosus (+)
P, pusillus (+)
Ceratophyllum demersum (+)
Elodea canadensis (+)
Heteranthera dubia (+)
Ranunculus longirostris (+)
Butomus umbellatus (4)
Myriophyllum spicatum (+)
Physical Lythrum salicaria (++) a. Major loss of species diversity.
Degradation Phragmites australis (+-) b. Elimination of natural zonation.
Phalaris arundinacea (++) c. Relative dominance of exotics and

Polygonum lapathifolium (++)

aggressive native species in wet
meadow zone.

"Species responses are coded as:— Intolerant of stress; + Tolerant of stress; -+ Positive response to stress.

Plant-based metrics of water-level regulation

The relative dominance of Bpha spp., along with
measures of species diversity, provides a strong indi-
cator of water level regulation within the Great Lakes
basin. Although Typha is a widespread genus around
the Great Lakes, mean cover values range from <5%
in wetlands along Lake Superior, to nearly 30% along
Lake Ontario and the St. Lawrence River (Figure 1). Re-
gionally, the higher dominance of cat-tail in the coastal

wetlands of Lake Ontario and the St. Lawrence River
corresponds to manipulation of outflow from these bod-
tes and the reduction in the amplitude of natural water-
level fluctuations (Wilcox et al., 1993).°

SWhile water level control is often referenced as the major fac-
tor Jeading to cat-tail dominance, nutrient enrichment probably also
plays an important role in the extremely high levels of cat-tails in
these regions, as agricultural land use in these regions is intensive.
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Figure 1. Plant-based indicators of water-level regulation: mean percent coverage value for Typha spp. vs typical wet meadow dominants,
including Calamagrostis canadensis, Carex stricta and Carex aquatilis.

As cat-tail beds expand, overall plant species di-
versity is reduced (Geis, 1979; Wilcox et al., 1993)
and the natural vegetation zonation modified. In the
open emergent marsh and wet meadow, cat-tails have
replaced typical wet meadow dominants (including
Calamagrostis canadensis, Carex stricta, and Carex
aquatilis), reducing important habitat for fish spawn-
ing habitat and waterfow! brood-raising along the
St. Lawrence River and its tributaries. The diver-
sity of the submergent marsh is similarly affected,
as cat-tail colonization along the margins replaces
wild rice and other submergent plants important
for waterfowl (Geis, 1979; personal observations by
author).

Expansion of cat-tail beds also decreases the amount
of open water and submergent marsh in the wet-
lands, resulting in major habitat modification and loss
for fish, especially northern pike (Esox lucius) (Cas-
selman and Lewis, 1996). Expansion of the cat-tail
zone has greatly decreased stream flow and increased
the amount of undecomposed organic material, both
factors reducing the oxygenation of the wetlands.
This effects the utilization by pike and probably also
greatly modifies the macro-invertebrate fauna of the
wetlands.

Plant-based metrics of nutrient enrichment

A suite of submergent and emergent species that
respond positively to increased nutrient loading are
identified in Table 2. Examination of these species

suggests that they can provide a measure of both re-
gional and more local differences in nutrient load-
ing within coastal wetlands. Regional differences in
land use create strong differences in nutrient load-
ing within the Great Lakes Basin. The southern Great
Lakes, characterized by largely urban and agricultural
environments, feature high nutrient loading, as sewage
effluent, agricultural fertilizers, and fine-textured sed-
iment are added to the Great Lakes. Nutrient loading
increases from the upper lakes to the lower lakes, in the
direction of water flow, such that western Lake Erie
(Herdendorf et al., 1977), portions of Lake Ontario
(Sager et al., 1998), and the St. Lawrence River experi-
ence high levels of nutrients. Corresponding alteration
of the coastal wetland flora by nutrient enrichment can
be seen in large portions of the southern Great Lakes.
Nutrient-responding submergents expand their mean
cover values to >40% along the St. Lawrence drowned
river-mouth, and >65% in Lake Ontario lagoon
wetlands.

In contrast, within the upper Great Lakes, low popu-
lation and relatively extensive land-use patterns result
in generally low levels of nutrient loading to coastal
wetlands. Exceptions are Green Bay (Bosley, 1978)
on Lake Michigan and Duluth/Superior on Lake Su-
perior, where numerous or large wetland areas are
heavily degraded by nutrient loading. Although mean
submergent cover values can reach 40% in the rela-
tively clean waters of the upper Great Lakes, nutrient-
responding species (including Myriophyllum spicatum,
Potamogeton crispus, Potamogeton pectinatus, Elodea
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Figure 2. Plant-based indicators of nutrient enrichment: mean percent coverage value for nutrient responsive submergent species relative to
total submergents (mean percent cover value). Coverages >100% indicate more than one layer of plants.

canadensis and Ceratophyllum demersum) are poorly
represented, with mean coverage values of <10%
(Figure 2).

Within the upper Great Lakes, however, nutrient and
sediment loading can locally impact wetland quality,
with a concomitant increase in coverage values for
submergent aquatic plants. This local response was
encountered at Cedarville within the Les Cheneaux
Island chain in northern Lake Huron, an area with low
levels of residential development along the shoreline.
Cedarville Bay, however, receives low levels of efflu-
ent from a sewage plant twice annually, in May-June
and September (Kashian and Burton, 2000). While nu-
trient levels rose during the periods of effluent intro-
duction, there was little increase in turbidity. Sampling
results indicated an enhanced growth response to the
organic-rich effluent by submergent plants, including
Elodea canadensis, Ceratophyllum demersum, Ranun-
culus longirostris, Myriophyllum spicatum, Potamoge-
ton natans, Vallisneria americana, Lemna trisulca and
Utricularia vulgaris. Lemna trisulca, Lemna minor
and Nuphar variegata also had high coverage values
on the water’s surface, along with a large algal bloom
(based on sampling by author, 1998-2002). The to-
tal submergent plant coverage was consistently 100%,
with several structural layers of densely overlapping
submergent species. The submergent coverage values
were much greater than those encountered on any other
coastal marsh sampled either in the Les Cheneaux
Islands or elsewhere in the northern Lake Michigan or
Lake Huron region. The area influenced by the effluent

was quite small, and elevated nutrient levels were only
seen within about 200 m of the effluent entry point,
but the effect of even this low level of nutrient en-
richment resulted in a demonstrable response for sub-
mergent and floating aquatic plants in this clear, cold
northern coastal wetland.

Plant-based metrics of sedimentation

The impact of sedimentation is expected to be visi-
ble within both emergent and shoreline herbaceous veg-
etation. Attributes include the severe loss of plant diver-
sity within the submergent zone, the relative dominance
of submergent species more tolerant of low light levels,
and the reduced representation of species intolerant of
turbidity (Table 2). Changes in species composition are
also expected in the emergent and wet meadow zones.

As in the case of nutrient loading, sedimentation
within the Great Lakes largely corresponds to regional
patterns of land use. Regional distributions of turbidity
tolerant and intolerant plant species agrees with these
larger scale patterns of wetland perturbation (Figure 3).
In the upper Great Lakes, sites with typical low turbid-
ity levels are marked by a relative dominance of tur-
bidity intolerant submergent species, with mean cover-
age values for this class consistently greater than those
for species tolerant of turbidity. In contrast, in Lake
Erie, Lake Ontario, Green Bay, and Lake Michigan
drowned river-mouth (estuary) wetlands, where high
turbidity levels were noted, turbidity-tolerant submer-
gent species were three or more times as abundant as
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Figure 3. Plant-based indicators of water turbidity: mean percent coverage value for submergent species tolerant and intolerant of low-light

levels.

turbidity-intolerant species, with mean coverage values
exceeding 50%. Interestingly, wetlands within drowned
river-mouths (for example, Crooked, Chippewa, and
Cranberry creeks) along the St. Lawrence River also
contained high levels of nutrient-intolerant submer-
gent species. This was in agreement with our ob-
servations that water clarity was good in most of
these wetlands, except near where the creeks entered
the larger St. Lawrence River and turbidity increased
greatly.

The effects of high sedimentation rates in the south-
ern Great Lakes wetlands (along with Great Lakes wa-
ter level fluctuations), are also apparent in the emergent
and wet meadow zones. In the emergent marsh zone,
Schoenoplectus acutus, Schoenoplectus pungens, and
Typha spp. are absent from shallow water of the most
turbid marshes. An open, low diversity submergent
marsh is often all that remains of the emergent zone,
and this is typically reduced to less than 50 meters in
width. In contrast, maps of some of these same Lake
Erie coastal marshes drawn by early surveyors show
extensive wetlands that were several hundred meters
wide and thousands of hectares in area.

Structural change

Regional differences in substrate, shoreline config-
uration, climate, and vegetation result in differential
wetland loss and alteration (Minc and Albert, 1998).
Along the Lake Superior shoreline, where the preva-
lence of rock or steep gravel substrate greatly limits

the amount of wetland occurring along the shoreline,
almost all wetlands occur behind a barrier beach. As
a result, few of these wetlands have been eliminated,
although these wetlands can still be degraded by shore-
line residential development, or by alteration of water
quality. In contrast, the silty, nutrient-rich soils along
western Lake Erie are ideal for agricultural manage-
ment. As a result, the coastal wetlands along Lake Erie
have been heavily degraded, both by conversion of the
wet meadow zones to cropland through ditching and
diking, or by the heavy deposition of agricultural sed-
iments in shallow coastal wetlands.

"Two species most often seen in highly modified wet-
lands are Phragmites australis and Lythrum salicaria,
which seed or spread by rhizomes into recently dis-
turbed sediments. During our field data collection, we
encountered these species growing on a wide variety
of wetland sediments (including fly-ash from a power
plant on Lake Erie). Along with the presence of na-
tive colonizing species, exotic plants provide a sensitive
measure of mechanical wetland disturbance, especially
in the wet meadow or shallow emergent zones.

Total coverage of exotic plants within wetlands dif-
fers greatly between regions (Figure 4). Total coverage
of exotics is greatest in those regions with the highest
levels of urbanization and agricultural development,
including western Lake Erie, Green Bay on northern
Lake Michigan, and Saginaw Bay on Lake Huron,
areas where mean coverage can exceed 35%. How-
ever, exotics are widely present throughout the Great
Lakes, with mean cover values of ca. 3% even in the
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Figure 4. Plant-based indicators of physical degradation: mean percent coverage value for exotic shoreline species and native colonizing

species.

relatively pristine wetlands of the upper Great Lakes.
There are also native colonizing species whose pop-
ulations can expand rapidly in response to sedimen-
tation or rapid drops in water level in a manner sim-
ilar to exotic species. Among these native colonizers
are Polygonum lapathifolium, Bidens cernuus, Impa-
tiens capensis, Leersia orizoides and Rorippa palustris.
However, unlike the exotics, these colonizers are typi-
cally soon replaced by diverse native wetland commu-
nities as the water-level regime in the wetlands change.

Conclusions

Using existing literature, we identified species con-
sidered to be sensitive to specific dimensions of wetland
degradation. We then evaluated the distribution and
density of these species within our Great-Lakes-wide
wetland database to determine if these potential indi-
cator species or groups showed identifiable relation-
ships to known variability in anthropogenic stress. The
analyses demonstrated that types of disturbance varied
regionally and that our proposed indicators showed pre-
dictable regional response to disturbance. These same
indicators are also sensitive to variations of disturbance
level within regions, as illustrated by the submergent
species response to local effluent in the Cedarville wet-
land in northern Lake Huron.

While the species groups that we evaluated showed
responses consistent with the wetland literature, sev-
eral species were considered indicators for more than
one type of disturbance. For example, Potamogeton

pectinatus, Potamogeton crispus and Ceratophyllum
demersum were considered indicators of both nutri-
ent enrichment and increased turbidity and sedimenta-
tion. Likewise, Typha spp. were considered indicators
of both nutrient enrichment and dampening of water-
level fluctuations. Having a species or group of species
that indicates more than one type of disturbance com-
plicates a specie’s value as an environmental indicator.
This may reduce an indicator’s usefulness for making
specific mitigation and restoration decisions.

While species groups were identified that indicated
dampening of water-level fluctuations, nutrient en-
richment, increased sedimentation and turbidity, and
mechanical disturbance within Great Lakes wetlands,
effective indicators for chemical pollution were not
identified. Reduced species richness and diversity may
reflect high levels of contaminants; however, we have
yet to identify indicator species or species groups sen-
sitive to heavy metals and other chemical pollutants
within the Great Lakes region. Thus, a future challenge
for Great Lakes wetland studies will be the identifica-
tion of plant-based metrics for chemical pollutants as
separable from other dimensions of stress on aquatic
plant communities.
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