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ABSTRACT

EFFECTS OF SALINITY ON THE BIOTA OF NATURAL AND CREATED
WETLAND COMMUNITIES

By
Cynthia Koppen Hodges

Natural saline wetlands are rare in the temperate regions of the United States. In
Michigan, only two high quality saline wetlands are known to exist. One of the
remaining wetlands located near the Maple River in Clinton County, Michigan was
surveyed in this study. This unique habitat supported two species of native halophytic
plant species, Schoenoplectus americanus and Eleocharis parvula, which are considered
extremely threatened in Michigan. E. parvula was present at the seep only in the second
year, but S. americanus occupied an area of 3200 m” and was positively correlated to
conductivity, Na, Cl and depth to water table, but negatively associated with reactive
phosphorus, nitrate and spring water depth.

The created saline wetland had three connected ponds with increasing salinity in
each pond. The pond with the greatest diversity of invertebrates and algae had the least
salinity. Phragmites australis was the most common emergent plant around the created
wetland and birds were the most common vertebrates present.

To increase the diversity at the created wetland, four emergent salt tolerant plants,
S. americanus, S. pungens, P. australis and Typha angustifolia were transplanted to the
created saline wetland and a control fresh water wetland (except for P. australis). All
species grew well at the control wetland, but only S. americanus increased in number of

stems at the created saline wetland.
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Chapter 1: Introduction
A History of Salt

Salt, specifically sodium chloride (NaCl), also known as table salt, or rock salt is
an integrated part of most cultures, societies and habitats on earth. Salt and its ionic form
of Na + and CI- are important physiologically, economically, environmentally and
historically.

Physiology: Na+ and Cl- both play vital roles in the human body and are two of the
major mineral elements that compose the majority of the human body (Vander et al.
1998). Sodium helps maintain water balance and is important in the normal functioning
of cell and cell membrane transport, nerve function, kidney function and digestion
(Vander et al. 1998). Chloride is important for cell homeostasis, cell transport and neural
functioning (Vander et al. 1998).

Excess sodium in the diet, which is very prevalent in the United States
(MacGregor and Wardener 1998), may partly be responsible for hypertension, which can
damage the heart, kidneys and brain (Vander et al. 1998). In addition, high sodium may
leach calcium from the bones to be used in the kidneys for balancing ions and may
increase risk of osteoporosis and kidney stones (MacGregor and Wardener 1998).
Sodium causes the bronchioles to be more reactive which may increase asthma
(MacGregor and Wardener 1998).

Economics: Salt is an important natural resource used for many purposes. Michigan is
one of the leading suppliers in the United States (Dorr and Eschman 1988, Heinrich
1976) and is estimated to have 6,000 cubic miles of rock salt (Heinrich 1976). Formerly

over 100 brine evaporation plants, where saline ground water was evaporated to obtain



salt, existed in Michigan, but only a dozen are still in operation today, the largest
occurring in Midland, Michigan. In addition, Michigan has one underground salt mine in

Wayne County, Michigan (Heinrich 1976).

Besides table salt, salt is used for chemical manufacturing, meat packing, deicing
streets, in water softeners, animal feed (Dorr and Eschman 1988) and to improve the soil
for agriculture (Winchell 1860). In addition to salt, brine waters that contain other trace
minerals are evaporated to harvest some of the less abundant chemicals such as bromine,
calcium chloride, iodine, magnesium compounds and potash (Dorr and Eschman 1988).
History: Throughout history, salt has played a role in establishing cities, causing wars,
preserving food, and was surrounded by religion and myths. Salt was believed to
empower fertility and pr‘otection. Salt packets were carried by brides and groom in
Europe to prevent impotence. Babies were rubbed with salt for protection (Kurlansky
2002).

Ancient Egyptians were the first to preserve food with salt by 2000 B.C, and salt
was the major way of preserving food until the 1800s when canning using heat was
developed followed by the development of quick freezing in the 1900s. The ancient
Chinese were reported to have the first salt works. The Roman Empire built most of their
cities near salt works, and one of the first Roman road was built to transport salt. The
Romans are the source of some common English words, such as salary, which originated
from Roman soldiers sometimes being paid in salt. Also, Romans would put salt on their
greens giving rise to the term “salad” (Kurlansky 2002).

In the Middle Ages, salt was used to preserve food, cure leather, clean chimneys,

solder pipes, glaze pottery and as medicine. Trade of salt was a major industry, and salt



taxes in France played a major role in the French Revolution that overthrew Louis XVI
and his wife Marie Antoinette (Kurlansky 2002). In more recent times, salt was an
extremely precious commodity, especially in poorer areas like the interior of Africa
where salt was a luxury of the rich and at times could only be obtained from sources 90
miles away (Winchell 1860). In India, Ghandi lead a march to the sea at Dandi to
harvest salt as part of a rebellion against British salt laws (Kurlansky 2002).

In the Americas, most Native American cultures had a salt god among their
deities. Cortez with his Spanish army took over the salt works of the Aztec Empire to
take over power. The first patent issued in America was made in the early colony of
Jamestown for a special process to make salt (Kurlansky 2002).

In Michigan Native Americans used salt seeps before white men came (Cook
1914). Soon after white men settled, attempts were made to manufacture salt on the Salt
River and Macomb County and at Saline in Washtenaw County (Cook 1914). In the
1835 convention to form a state constitution, the development of the Michigan salt
industry was begun (Cook 1914). When Michigan became a state in 1836, it was given
the power to reserve 72 sections as state salt lands (Cook 1914). In the following year,
Douglas Houghton was assigned as the first state geologist, and the major part of his first
report discussed the salt springs found in the state (Houghton 1838). Houghton reported
five areas of salt springs in Michigan, and, soon after, the state attempted to develop salt
works. However, the state salt works were a failure, and the state salt lands were sold.
The first private salt well was established in 1840 in Grand Rapids, but no others were

attempted until 20 years later (Cook 1914). The salt industry in Michigan peaked in



1905, with the state producing the most and best quality salt in the United States (Cook
1914).

Unlike the brine salts manufactured today, sodium chloride was the main product.
In the early days of the salt industry, the other constituents such as bromine, calcium
chloride, magnesium chloride, etc., were waste product called bittern and usually thrown
away (Winchell 1860). Later, bromine and calcium chloride were also manufactured
from the bittern (Cook 1914). Salt was so valuable that some early manufacturers before
1860 would use 220 or more gallons of water to produce one bushel of salt, meaning the
brine was about 2.9% salt (Winchell 1860). Later, manufacturers had wells that produced
brine with 17% to 25% salt, which only required 33 to 22 gallons of water, respectively
to produce one bushel of salt (Cook 1914, calculations from Winchell 1860).
Environment: Natural saline aquatic areas occur in oceans, coastal wetlands, inland
lakes and wetlands in arid regions, and saline wetlands in some temperate regions
(Waisel 1972), however, many of these areas are being degraded or destroyed by humans
(Ungar 1991, Hinrichsen 1998). Worldwide, coastal saline wetlands may have already
been reduced by 50%. In the United States, 50% of coastal wetlands were lost between
1970 and 1990 (Hirichsen 1998). Inland wetlands of all types have not fared much
better, many of them being destroyed for agriculture and development (Mitsch and
Gosselink 2000). In temperate regions, rare saline wetlands (Waisel 1972) have become
rarer and are extremely threatened globally (MNFI).

Although many natural saline areas are being degraded, many formerly non-saline

areas are becoming impacted by salts due to agricultural irrigation in arid regions, road



salt run-off, urbanization, sewage output and waste products from chemical
manufacturing (Waisel 1972, Ungar 1974).

In arid regions, salts are left in the soil after irrigation. In some locations, they
exist as natural deposits in fossil beds. Eventually, when enough salts build up, the land
can not produce crops. In the United States about 8 million acres are affected by salt
(Carter 1975). Due to the leaching of salt from soils, streams that drain irrigated fields
usually increase in salinity as they move down stream and some streams have salt
marshes adjacent to them due to the salt run-off (Carter 1975).

Salt run-off from icy roads has been studied by several authors for impacts on
various environmental aspects (Hutchinson 1970, Hughes et al. 1975, Wilcox 1986,
Demers and Sage 1989, Richburg et al. 2001, Pitelka and Kellogg 1979) and the invasion
of salt tolerant plants beyond their normal range (Rezinek 1980, Scott and Davison
1985). Sodium chloride, the main road salt used, can be especially problematic in clay
soils. Na+ ions bond with clay soils making it impermeable and reducing drainage
(Hutchinson 1970, Semoradova 1984). Also sodium salts seem to replace other soil
nutrients such as potassium, calcium, magnesium and phosphorus (Semoradova 1984).

Road salts have significantly increased the salt concentration of streams in the
Adirondack Mountains of New York that pass under or adjacent to salted highways, and
salinity levels remain high for six months after road salting ceases (Demers and Sage
1990). Thus, these streams could have permanently raised salt levels if salting continues
year after year. Also, road salts have contaminated drinking wells near roads so that they

have exceeded recommended limits for salt (Hutchinson 1970).



Deicing salt modified the plant community in a Sphagrum bog in Indiana by
allowing non-bog species to invade and reducing or destroying the salt intolerant species
(Wilcox 1986). In a calcareous fen community, species richness, evenness and plant
cover were reduced in areas of high road salt run-off (Richburg et al. 2001). In the New
England area, roadside maple trees have been killed by the salts (Hutchinson 1970), and,
in some areas, road salts have killed the vegetation resulting in soil erosion (Hughes et al.
1975).

On British roadways, coastal salt tolerant plants are usually found where the
glycophytic plants (plants that do not tolerate salt) have been damaged allowing
halophytes to invade (Scott and Davison 1985). Coastal species have also been found on
roadsides in many European countries and the United States (Scott and Davison 1985) In
Michigan, a halophyte assemblage found in a saline roadside median contained 12 non-
native species, 6 of these new to the state, and 12 salt tolerant species often found in
weedy non-saline areas (Reznicek 1980).

The effects of industry were seen in the early 1900s where brine wells were
creating a salty enough environment for several halophytic plants to occur (Brown 1917).
Brine salt spills often occur with oil well drilling (Baveye et al. 1985). Industrial
processes to harvest trace minerals from brines and remediation of underground brine
storage wells, such as at the Dow plant in Midland, Michigan have produced ponds

containing highly saline water with low biotic diversity.



Purpose of the Study

The main question addressed in my study was an assessment of how salt affects
wetland communities. This assessment includes wetland communities in both a natural
salt wetland and a created salt pond in Michigan.

Natural saline wetlands are extremely rare in Michigan as well as globally
(MNFI). I surveyed the plant community in relation to water chemistry characteristics of
one of the few remaining natural salt seep wetlands in the state of Michigan (Chapter 2).

Secondly, I surveyed the biota and water chemistry of a created salt pond
(Chapter 3). At the Dow Chemical Company in Midland, MI, spent brine resulting from
chemical processes had been released over several decades into a created storage pond
complex. This brine pond complex consisted of four interconnected ponds with three of
them being chemically distinct; salinity was lowest in the north-south (N-S) pond,
intermediate in the east-west (E-W) pond, and highest in the hydrologically
interconnected main and outlet ponds. These differences in salinity have resulted in
unique plant and animal communities living in each section of the pond complex. This
pond provided a unique gradient of increasing salinity, which allowed me to compare
effects of increasing salinity on the biota.

Thirdly, to increase the biotic diversity of the created salt pond, I studied survival
and growth (Chapter 4) of four species of salt tolerant plants transplanted to the brine
pond in Midland. Since this transplanting experiment occurred late in the growing
season, three of these four species were transplanted to a freshwater storm water retention
pond on the campus of Michigan State University to determine if plants transplanted so

late in the season would survive and grow. Since one species, Phragmites australis, is



extremely invasive (Hammer 1992) and already occurred on site around the edge of the

Dow pond in Midland, it was not transplanted to the storm water retention pond.
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er 2: Surv. Na w in i Water
Introduction

In the United States, saline aquatic habitats are common along ocean shores and
inlets and in wetlands in arid regions of the western United States. In the more humid,
inland areas of the Midwestern United States, saline aquatic habitats are rare and usually
only occur over fossil salt beds or by salt springs (Waisel 1972). According to the
Michigan Natural Features Inventory (MNFI), inland salt seeps are extremely threatened
habitats on a global basis.

Saline seeps and wetlands in the Midwest are a result of prehistoric seas that once
covered the area. Seas during the Paleozoic era formed in the Michigan Basin, which
was a large depressional area covering most of the current state of Michigan (Dorr and
Eschman 1970). These seas were relatively isolated and became highly saturated with
salts that precipitated to the sea floor. During the Pleistocene Ice Age, a thick layer of
glacial sediments covered and isolated the salty sea sediments. Salt seeps form when
these glacial sediments are eroded away so that ground water seeping up to the surface
passes the saline sediments and carries some of the dissolved ions to the land surface
(Dorr and Eschman 1970).

In 1838, Douglas Hougthton, Michigan’s first state geologist reported over 20
natural salt seeps or springs in nine counties in the central lower peninsula of Michigan
(Houghton 1838). However, most of these natural seeps have been destroyed due to
human interference, and natural saline marshes are now critically imperiled with fewer

than S inland seeps left in the state of Michigan (MNFI).

1



Plants that can live some part of their life cycle in 0.5 ppt salinity are considered
halophytes (Chapman 1974). Based on early records of plants and natural saline areas,
only three halophytic plants appear to be native to Michigan, Schoenoplectus americanus
(formerly Scirpus olneyi), Eleocharis parvula, and Chara spp. (Catling and McKay
1981). S. americanus (Olney's three-square bulrush) is an emergent species of bulrush
that is considered threatened in the state of Michigan (MNFI). It is reportedly found in
four Michigan counties (Voss 1972), and can tolerate salinity up to 20 ppt (Broome et al.
1995). This species is ideal for revegetating salt impacted wetland areas because it is a
tall native halophyte that is used for food and habitat by birds and mammals (Weller
1994). E parvula, known as dwarf spike rush, is a short emergent and extremely rare
halophyte found in only two saline wetlands in Michigan (Voss 1973). The third
halophytic species, Chara spp. (musk grass), is actually an unidentified species of
macroalgae.

Although only three halophytes are native to Michigan, several non-native
halophytes from the East and West Coasts and Europe have been identified along a
roadside median in Michigan (Reznicek 1980, see Appendix A). In addition, several
species native to Michigan appear to tolerate elevated saline levels in other populations
and areas of their range (see App. A).

The Michigan Natural Features Inventory (MNFI) surveyed the wetlands in
Michigan and found nearly 40 saline wetlands, but only two were good quality (Chapman
et al. 1985). Chapman et al. (1985) described the plant community of one of these salt

marshes along the Maple River in Clinton County. The other good quality saline seep is
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located on the south side of the Maple River, also in Clinton County, and was the focus
of this study (Figure 1).
Hypotheses

I addressed the following questions for the Maple River salt seep: 1) What
environmental factors influence the distribution and abundance of plant species at the
Maple River salt seep?; 2) Did detectable differences occur in plant community
composition between 2001 and 2002; and 3) had the plant community changed since its
composition was documented by Shaddellee (1983)?

In the central areas of the seep, S. americanus is dominant, but the edges, which
are affected by fluctuating water levels, are dominated by Typha angustifolia and T.
latifolia (narrow and broad leafed cattails) and more diverse forested areas. The edge
areas receive run-off from an upland forest on the south end, and overflowing river water
on the north, east, and west edges. Therefore, I hypothesized that high halophyte
abundance would correlate with high salt concentration and stable water levels and that S.
americanus abundance would decrease due to less saline conditions as distance increased
from the seepage area. Second, I hypothesized that there would be no detectable
differences in plant community composition between 2000 and 2001. Third, I
hypothesized that the composition of the plant community in 2000 and 2001 would be
similar to the community composition described in 1983 by Shaddellee (1983).

The Maple River natural salt seep is located in the flood zone on the south side of
the Maple River in northwest Clinton County, Michigan (T8N, R4W, sec. 15)Figure 1a

and 1b). The wetland around the seep has a very distinctive plant assemblage dominated
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by S. americanus, Aster lanceolatus, and T. angustifolia (App. B). The S. americanus
patch stretches for approximately 90 m in a northeast direction and is approximately 40 m
wide (Figure 1b). At the southwest end of the S. americanus patch, there is an open
muddy area, believed to be the main seepage area for the saline water, approximately 10
m? in size. On the east and west edges of the patch, forested wetland replaces S.
americanus, and a steep sloping hill with upland vegetation replaces S. americanus on the
southern edge of the patch. At the northern edges of the patch, S. americanus is replaced
by nearly monodominant stands of 7. angustifolia (Figure 1b). Two other patches of
Typha (a mixture of 7. angustifolia and T. latifolia) occur on the south west corner just
past the open muddy area, and near the middle of the S. americanus at the base of the
upland hill (Figure 1b).
Methods

Adjacent circular plots with a 10 m radius (315 m?) for transect A and a 5 m
radius (79 m?) for transect B were established along two perpendicular transects (A and
B) that crossed at the center of the saline water seepage area. Transect A was longer than
transect B since the S. americanus dominated area was not as wide as it was long (Figure
1b). Thus, a smaller plot size was used along transect B. This design resulted in 8-11
individual plots per transect (n=10 for 2000, 11 for 2001 for transect A; n=8 in both years
for transect B). A smaller plot size was used for transect B to more precisely document
the change in plant communities expected along this axis based on the shape of the S.
americanus dominated patch (Figure 1b). Plant stems were counted and identified within
0.25 m? quadrats at three random locations within each plot. All stems were counted at

the base of the plant. The plant community was sampled in early August 2000 and late
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July of 2001 to determine changes from year to year. In addition, field notes from 1983
(Shaddalee 1983) from the Michigan Natural Features Inventory were used for
comparison to the current plant assemblage.

Water samples were collected on May 24, 2001 from the center of every plot.
Conductivity, temperature, and water depth were recorded on site, and water samples
were taken to the laboratory to test for pH and alkalinity. Samples were analyzed by the
Michigan State University Soil Testing Laboratory for NO;-N, NH4-N, K, Ca, ortho-P,
Mn, Na, and Cl concentrations. NO3-N was analyzed using a colorimetric method on a
Lachat (Balson 1988). NH4-N was determined using the salicylate colorimetric method
(Nelson 1983). K, Ca, Mn, and Na were analyzed using flame emissions (Warncke and
Brown 1998). Cl was determined by the chloride electrode method (Gelderman 1998).
Finally, ortho-P was analyzed using the ascorbic acid method (Frank et al 1998).

Water depth and/or depth to the water table was measured in the fall of 2001.
Where there was no standing water, a pit up to 76 cm deep was dug every 10 m along
transect A and every 5 m along transect B. Water was allowed to fill the pit, and the
distance of the water surface to the soil surface was used as depth to water table.
Conductivity and water temperature were also taken at this time and compared to results
of the spring samples.

Statistical analyses — The stem counts were averaged for the three 0.25m? quadrats per
plot and multiplied by four to obtain stem counts/m? per plot. Relative abundances were
determined by dividing the number of stems for each species within a plot by the total
number of stems in that plot. The dominant and common plant species (dominant

meaning those plants with >50% frequency of occurrence and relative abundance and
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common plants meaning those with >50% frequency of occurrence but <50% relative
abundance) were analyzed individually, and all other plants were grouped into an “other
species” category. Averages and standard deviations for environmental variables were
determined and differences in these variables based on the presence or absence of S.
americanus were determined using a t-test in Systat 8.0. Abundances of each plant
species were correlated to the environmental variables and to abundances for each year
using a Spearman’s rank correlation in Systat 8.0, since the data were not normally
distributed (Wheater and Cook 2000). To determine environmental variables that could
be used in a regression analysis, a principal components factor analysis was run using
Systat 8.0 to remove the collinear data in the set of environmental variables (Kachigan
1986). Environmental factors that were chosen based on factor analysis were
standardized and used in forward stepwise multiple regression analyses for dominant,
common and other plant species for each year using Systat 8.0, although the
environmental factors were only recorded in 2001. To determine changes in plant
community over time, a Wilcoxon signed rank test of the differences between years was
used to compare the stem counts/m’ and relative abundances of species per plot for 2000
and 2001. The Wilcoxon signed rank test was used because of expected non-normal
distribution of the data (Schabenberger 1999). Significant differences were determined at
p<0.05.
Results

The species found at the Maple River salt seep are listed in Appendix B. The
dominant species were Schoenoplectus americanus and Aster lanceolatus in the saline

area and Typha spp. around the edges and to the north of the saline area (Figure 1a).
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Mentha arvensis was also considered common; however, its relative abundance was low
(Figures 2 and 3, Table 1) in most plots. Two species of endangered, native Michigan
halophytes were found at this seep (MNF]I, Catling and McCay 1981): S. americanus was
abundant both in 2000 and 2001, while Eleocharis parvula was found only around the
seep area in 2001. In 2000, a few dead Chara spp. plants, the third native Michigan
halophyte, were found at the seep area, but none were found in 2001.

A total of 41 species were found in the plant sampling. Fifteen species were
found in the S. americanus patch, but six of these species were found only on the edges
of the patch. Fifteen species were also exclusively found in the upland forest, six species
were exclusively found in the forested wetland and one species was exclusively found in
the Typha patch (see App. B).

The means for all plots of the stem counts/m? and relative abundances for the
dominant and common plant species were the same for all species except S. americanus
and T. latifolia (Table 1). Both species of Typha were grouped together in 2000, but
were separated into two species in 2001. 7. angustifolia was significantly correlated with
the grouped 7ypha spp. for both years since it was found more often than 7. latifolia in
2001. Correlations comparing 2000 to 2001 showed positive r, meaning similar patterns
of association for all species except 7. latifolia in 2001 to Typha spp. in 2000 (Table 1).

Relative abundance per plot (Figures 2 and 3) were significantly correlated to
average stem counts per m” for each dominant plant species within the same year (Table
2). Correlations for stem counts (Figures 4-8, Table 2) and relative abundance (Figures 2

and 3) comparing 2000 to 2001 were also significant for all the dominant species except
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T. latifolia. The number of species per plot (Figure 9) positively correlated with stem
counts of other species (Table 2).

Conductivity data (Figure 10), chemical data for Cl, Ca, and Na (Figures 11 and
12) and depth to water table measures (Figure 15) confirm that the open muddy area
assumed to be the primary salt seep (0 point in the graphs) is the source of most salinity
in this wetland, although there seems to be a secondary seepage area at a distance of
about 50-55 m from point 0 along transect A (Figures 11, 12 and 15). There also is a peak
in nearly all water chemistry measurements (except NOs-N, Figure 13) at -40m on
transect A (Figures 11-14), however, this peak is not seen in the conductivities (Figure
10) that were performed in the field.

The peak stem counts and relative abundances for S. americanus were near the
open muddy seep area, and 60 to 80m from the muddy area on transect A (Figures 2-4).
These high counts of S. americanus corresponded to the peak conductivities, Cl, Ca, and
Na concentrations (Figures 10-12).

The depth of the water table, conductivity, alkalinity, Ca, Na, and Cl were
significantly higher in plots where S. americanus was present (Table 3). However,
temperature and NO; were significantly higher in plots where S. americanus was absent
(Table 3). Spring water depth, pH, NH,, ortho-P, K, and Mn were similar whether S.
americanus was present or absent (Table 3).

Conductivity was measured in both spring and summer of 2001. The trends in
conductivity for spring and summer 2001 were similar for both transects (Figure 10).
Conductivities were generally lower in the spring than in the summer, perhaps due to a

higher water table and/or the influence of spring flooding. In particular, the northern
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section of transect B was strongly influenced by the flooded Maple River in the spring,
and conductivities for this part of the transect were much lower than those recorded in the
fall (Figure 10).

Environmental factors indicated strong positive correlations between Na, Cl, Ca
and alkalinity (Table 4, Figure 17). Spring water depth, NO;, and ortho-P (Figures 13,
14) were also positively correlated to each other, but negatively correlated to Na, Cl, Ca
and alkalinity (Table 4, Figure 17). Spring water depth was also negatively correlated to
conductivity and depth to water table, but conductivity and depth to water table were
positively correlated to each other (Table 4, Figure 17). Temperature was negatively
correlated to conductivity, and ortho-P was positively correlated to NHy. K, Mn, and pH
had no significant correlations (Table 4, Figure 17).

Table S shows the correlations of the plant data to the environmental data. S.
americanus was positively correlated with depth to water table, conductivity and Na, but
negatively correlated with spring water depth, NO;, and ortho-P in both years for stem
counts/m’ and relative abundance per plot (Table 5). M. arvensis stem counts/m> were
positively correlated with alkalinity (Table 5). Other species were negatively correlated
with depth to water table for stem counts/m’ and for 2000 relative abundance per plot
(Table 5).

Based on the principal components factor analysis, four environmental factors
were determined to account for the majority of variation. These factors were depth to
water table, conductivity, pH, and alkalinity. However, since I was interested in effects

of salinity, I also included Cl in the analysis. Also, nutrients are important factors in
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plant communities, so NO; and ortho-P were also included. Thus, a total of seven
environmental factors were used in the regression analysis (Table 6).

Stem counts and relative abundance of S. americanus were positively related to
conductivity and negatively related to ortho-P for both years. S. americanus was also
negatively related to Cl, NO;, and alkalinity in 2000, but not 2001. In 2000, S.
americanus stem counts were negatively related to depth of the water table, but in 2001,
stem counts and relative abundance were positively correlated to depth of water table
(Table 6). M. arvensis was negatively related to alkalinity for all but 2001 relative
abundance, and positively related to Cl in 2000, but not in 2001 (Table 6). A.
lanceolatus relative abundance was positively correlated to ortho-P for both years (Table
6). In 2001, T. latifolia was positively correlated to ortho-P for stem counts and relative
abundance. 7. angustifolia was negatively correlated to conductivity in 2001 (Table 6).
Other species were negatively related to alkalinity in all but relative abundance for 2000.
Other species were also negatively related to conductivity in 2000, but not 2001, and
negatively related to depth to water table in 2001, but not 2000 (Table 6).

Discussion

The water levels at the muddy open area were never deeper than a few
centimeters. Even when the area was not flooded, the water table was always within a
few cms of the surface, and the soil remained saturated for the whole growing season.
Chemical and environmental data confirmed that this muddy area was the primary source
of saline water into the wetland, although a secondary seepage area appeared to be likely
about 50 to 60 m to the southeast along transect A (Figure 1b) based on chemical data

(Figures 10-12 and 15). The wetland around the primary seep maintained a fairly stable
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water level throughout the year ranging from 5 cm above to 17 cm below the soil surface.
The areas down slope to the north, east, and west, where the plant community visibly
changed from a S. americanus dominated community to a Typha dominated or forested
wetland community, had much greater fluctuations in water depth, ranging from nearly
one m deep in the spring to 30 cm below the soil surface in late summer. The areas down
slope of the S. americanus patch were mainly flood plain wetlands, and, not surprisingly,
water level appeared to be controlled by the flood regime of the Maple River. The seep
was more dependent on ground water, as was indicated by its more consistent water
levels. This seepage area is near the base of a steep hill or small escarpment that
separates the adjacent upland from the floodplain. The upland area south of the seep
never had water near the soil surface.

Of the 41 species found in the seep plant sampling, only 15 were found in the S.
americanus patch (App. B). Of these 15 species, 6 were at the edges of the patch and 9
were found within the patch. Nine species found were salt tolerant, and eight of the salt
tolerant species were found in the S. americanus patch (Peltandra virginica, an
introduced species in Michigan, was only found in the forested wetland, App A and B).
Two of the species found in the patch are rare and endangered native halophytes of
Michigan (S. americanus and E. parvula, Catling and McKay 1981, MNFI). Atriplex
patula, an introduced, non-native salt tolerant species in Michigan (Voss 1985), was
frequently encountered within the S. americanus patch, and 7. angustifolia, another
introduced halophyte (Chapman et al 2001), was abundant on the edges and formed
monodominant stands on the north end of the S. americanus patch (App B). The four

remaining salt tolerant species (Aster lanceolatus, T. latifolia, Mentha arvensis, and
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Acorus calamus) are common throughout the state of Michigan (Voss 1972, 1996).
Although the remaining seven species are not identified as salt tolerant, four of these
species (Eupatorium perfoliatum, E. maculatum, Onoclea sensitiva, and Equisetum spp.)
were found in another salt seep in Michigan (Chapman et al 1985) and are often found
along roadsides (Voss 1996, Billington 1952) indicating possible salt tolerance. These
remaining seven species (Scuttelaria galericulata, Phalaris arundinacea and Pilea spp.
in addition to the four mentioned above) found in the S. americanus patch (App. B) are
widespread and common throughout the state of Michigan with the exception of Pilea
spp. which is found mostly in southern Michigan.

In most cases, the plants that were found at the seep are common species found
throughout Michigan, but were found in low numbers in the seep (except for the
endangered halophyte E. parvula). The four dominant and common species at the seep
were all salt tolerant, and with the exception of S. americanus are also very common in
the state of Michigan.

Based on my literature search, 88 native plant species in Michigan and numerous
introduced species have salt tolerant populations at some point in their habitat range
(Chapman et al 2001, Winchell 1860, Voss 1972, 1985, and 1996, Reznicek 1980, App.
A). However, only nine salt tolerant species were found at the seep, two introduced and
the other seven native Michigan species (App A and B). Furthermore, two endangered
Michigan halophytes (MNFI) were found, one of them dominating a large portion of the
seep. Wheeler (1891) reported these two species at this seep (a “deer lick” near
Hubbardston) in the late 1800s. Thus, this seep appears to be a well-suited habitat for

these two rare species in Michigan.
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Abundance of S. americanus was related to conductivity. S. americanus is a
halophytic plant, and as expected was associated with high ion concentrations. E.
parvula, another native Michigan halophyte, was very rare and found only in the open,
non-vegetated seep area in 2001. E. parvula seedlings emerge in greater densities from
non-vegetated areas (Baldwin et al. 1996) as was supported by this study. Although this
species is capable of germinating at high salinities (up to 16 ppt in flooded conditions),
salinities of only 2 ppt can greatly reduce germination (Baldwin et al. 1996). Although
this wetland is predominately ground water fed, rain can reduce the salinity of surface
layers by 1% salinity (Chapman 1974). The annual precipitation (based on monthly
precipitation data) from Grand Rapids, MI (July 1997-current) for both years of this study
were nearly the same, but a few years before 2000, the precipitation was much lower.
Perhaps, salinity in this low precipitation period rose to levels high enough to eliminate
E. parvula from the seepage area. If so, it is possible that E. parvula seeds may have
required an extended period of two or more years of average or higher than average
rainfall to lower salinities in the seep area to levels low enough for germination. This is a
possible explanation of why germination was only detected in 2001 and not in 2000
despite similar level of rainfall in both years. Since I did not collect chemical data in
2000, my data were not sufficient to document that salinities were indeed lower in 2001
than in 2000. Since E. parvula is such a rare plant in Michigan (MNFI, Voss 1972), and
the seep I studied is only one of two areas in Michigan where both threatened species (S.
americanus and E. parvula) of native halophytes grow, further studies should be
conducted on its life cycle and habitat needs in order to develop a management plan to

preserve the species in Michigan.
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S. americanus abundance was also negatively correlated with ortho-P. This
species is a sub-climax species (Broome et al. 1995), meaning it is easily out-competed
by other species. In 2001, T. latifolia abundance was correlated to ortho-P; however,
Typha spp. grouped together in 2000 and 7. angustifolia in 2001 did not have significant
correlations with ortho-P. Since the species of Typha were not distinguished in 2000,
correlations to environmental factors may have been hindered. T)pha spp. (especially T.
latifolia) are known to be highly competitive, and will take over areas that are enriched
with nutrients (Svengsouk and Mitsch 2001, Hutchinson 1975). T. latifolia was not
found in this wetland in a 1983 survey (Shaddalee 1983), and the 7ypha dominated stand
where this species is predominately found was also not indicated in the 1983 study
(Shaddalee 1983). T. latifolia is a very competitive species that often displaces 7.
angustifolia to less desirable deep water (Grace and Wetzel 1981) and high salinity
habitats (McMillan 1959). Maintaining this S. americanus population may depend on
maintaining low P levels in and down slope of the saline water seepage area.

The composition of the plant community did not appear to change from 2000 to
2001 except that E. parvula was present in 2001 but not in 2000. In comparing field
notes of this wetland from 1983 (Shaddellee 1983) with my study, the plant community
structure appears to be similar, especially in terms of the distribution of the dominant
species present. S. americanus was the dominant plant in 1983, with 7. angustifolia
being locally dominant on the north, east and the eastern portion of the south edges.
However, I found a mixed patch of both 7. angustifolia and T. latifolia on the south west
edge of the S. americanus dominated patch that was not indicated in Shaddellee’s notes

(1983). In both studies, Aster lanceolatus (called A. simplex, see Voss 1996) was
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abundant to the point of being considered co-dominant. In both surveys Eupatorium
maculatum, E. perfoliatum, M. arvensis, Onoclea sensibilis, Atriplex hastata, Thelypteris
palustris and Pilea spp. were present in lower abundances. A few of the rarer species in
both surveys did not correspond (Shaddellee 1983). However, being rare, those species
could have escaped notice or recently immigrated into or emigrated out of the wetland.
Also, rare species are likely to differ between any two studies of the same area when
random quadrat placement within plots is part of the experimental design especially when
limited numbers of quadrats are sampled per plot (e.g. 3 in this study).

The greatest difference between the two surveys was that Shaddellee (1983)
found Eleocharis rostellata to be co-dominant with S. americanus in this wetland, and
that species was not found in my study 17 years later. Wheeler (1891) also found this
species at the seep over 100 years ago. E. rostellata is an early colonizer of marl beds
and seems to grow best on marl soil that receives runoff from glacial till (Seischab et al.
1985). Since this wetland is groundwater fed, E. rostellata may have been less hearty and
unable to compete with the abundant and dense population of S. americanus. However,
since E. rostellata was likely present in this seep from Wheeler’s (1891) observations to
Shaddellee (1983) study, its absence would indicate a recent disappearance. Since
Shaddellee (1983) reported E. rostellata as a codominant species with S. americanus it is
unlikely that my survey would have missed this species even though I did not sample the
entire wetland. This species absence may be an early indicator of a changing
environment at the seep, and the seep should be continually monitored for changes in the

plant assemblage.
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Cl, Ca, Na, and K were the four highest concentrated ions, respectively, at this
seep. Cl, Na, and K ion concentrations were similar to those found in seawater
(Fortescue 1980). Unfortunately, Mg another common salt of seawater was not tested in
this study. Based on the geology of Michigan, this wetland is very likely obtaining water
from the saline aquifers that are remnants of the Paleozoic seas that covered Michigan
(Dorr and Eschman 1970). Ca, which tends to be in low concentrations in sea water
(Fortescue 1980) and in the brine waters of Michigan (Cook 1914, Dorr and Eschman
1970, Winchell 1860), likely derives from the glacial till deposits in the lower peninsula
which tend to have high concentrations of calcium carbonates (Chapman et al. 1985).

Compared to the water chemistry of bogs, swamps and fens in Northern Michigan
studied by Schwintzer and Tomberlin (1982), Cl, Ca, Na, K, conductivity, and pH were
all higher at the Maple River salt seep. The alkalinity and ortho-P (reactive-P) at the
Maple River salt seep wetland were comparable to those found by Schwintzer and
Tomberlin (1982) for northern Michigan wetlands. However, the NO3 and NH4
concentrations at the salt seep were more similar to river water (Allen 1995) than to
Northern Michigan wetlands (Schwintzer and Tomberlin 1982), since the NO3
concentration were much higher than the NH4 concentrations at the Maple River salt
seep.

The Michigan Department of Environmental Quality (MDEQ 2003) studied the
river water of the Maple River watershed. They found that the river water had ammonia
values ranging from 0.012 to 9.71 mgN/L and NO3 levels ranged from 0.09 to 14.1
mgN/L (MDEQ 2003). The NH4 and NO3 concentrations at the salt seep were within

the range of concentrations found in the river water. Since three edges of the salt seep



were flooded by river water, the river water likely contributes its nutrient concentrations
to the salt seep wetland.

Compared to the salt marsh studied by Chapman et al., (1985), my seep had
weaker brine, however, I determined ion concentrations from the water, whereas
Chapman et al. (1985) used dry soil samples. Calcium, magnesium and chloride were the
most abundant ions, respectively, at the Chapman et al. (1985) marsh, where as chloride,
calcium, and sodium had the highest concentrations, respectively, at my seep. Also pH
had a greater range in their study (Chapman et al. 1985), than in my salt seep.

This unique and rare salt seep wetland appears to support a healthy population of
rare and endangered halophytes in Michigan (MNFI). However, compared to a survey
from 17 years ago (Shaddellee 1983), some changes in plant assemblages have occurred.
This seep should continue to be monitored and protected to maintain its integrity and to

preserve the diversity of the unique plants it contains.
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