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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 ofthe

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 Eleocharisparvula, 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 m2 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

LBW

Salt, specifically sodium chloride (NaCl), also known as table salt, or rock salt is

an integrated part ofmost cultures, societies and habitats on earth. Salt and its ionic form

ofNa + and C1- are important physiologically, economically, environmentally and

historically.

Physiology: Na+ and Cl- both play vital roles in the human body and are two ofthe

major mineral elements that compose the majority ofthe human body (Vander et al.

1998). Sodium helps maintain water balance and is important in the normal Functioning

ofcell and cell membrane transport, nerve fimction, 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 ofosteoporosis 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 ofthe leading suppliers in the United States (Dorr and Eschman 1988, Heinrich

1976) and is estimated to have 6,000 cubic miles ofrock 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 ofthe 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 protection. 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 BC, and salt

was the major way ofpreserving food until the 18005 when canning using heat was

developed followed by the development ofquick freezing in the 19003. The ancient

Chinese were reported to have the first salt works. The Roman Empire built most oftheir

cities near salt works, and one ofthe first Roman road was built to transport salt. The

Romans are the source ofsome 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 ofAfiica

where salt was a luxury ofthe rich and at times could only be obtained fiom sources 90

miles away (Winchell 1860). In India, Ghandi lead a march to the sea at Dandi to

harvest salt as part ofa 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 ofthe 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 alter 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 ofthe 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 ofhis first

report discussed the salt springs found in the state (Houghton 1838). Houghton reported

five areas ofsalt 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 ofthe 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 ofwater to produce one bushel ofsalt, 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 ofwater, 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 ofthese 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% ofcoastal wetlands were lost between

1970 and 1990 (Hirichsen 1998). Inland wetlands ofall types have not fared much

better, many ofthem 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 afi‘ected 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-offfrom 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 ofstreams in the

Adirondack Mountains ofNew 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 Sphagnum 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 a1.

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 ofthese 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 19005 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 ofunderground brine

storage wells, such as at the Dow plant in Midland, Michigan have produced ponds

containing highly saline water with low biotic diversity.



Pom 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 ofthe few remaining natural salt seep wetlands in the state ofMichigan (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 ofthe 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 ofthe 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 ofthese four species were transplanted to a freshwater storm water retention

pond on the campus ofMichigan State University to detemrine 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 ofthe

Dow pond in Midland, it was not transplanted to the storm water retention pond.
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In the United States, saline aquatic habitats are common along ocean shores and

inlets and in wetlands in arid regions ofthe western United States. In the more humid,

inland areas ofthe 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 ofprehistoric seas that once

covered the area Seas during the Paleozoic era formed in the Michigan Basin, which

was a large depressional area covering most ofthe current state ofMichigan (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 ofthe 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 ofMichigan

(Houghton 1838). However, most ofthese natural seeps have been destroyed due to

human interference, and natural saline marshes are now critically imperiled with fewer

than 5 inland seeps left in the state ofMichigan (MNFI).
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Plants that can live some part oftheir life cycle in 0.5 ppt salinity are considered

halophytes (Chapman 1974). Based on early records ofplants and natural saline areas,

only three halophytic plants appear to be native to Michigan, Schoenoplecrus americwrus

(formerly Scirprrs olneyr'), Eleoclxm‘sparvula, and Chara spp. (Catling and McKay

1981). S. americams (Olney's three-square bulrush) is an emergent species ofbulrush

that is considered threatened in the state ofMichigan (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 fiom 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 oftheir 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 ofone ofthese salt

marshes along the Maple River in Clinton County. The other good quality saline seep is

12



located on the south side ofthe Maple River, also in Clinton County, and was the focus

ofthis study (Figure 1).

Hypotheses

I addressed the following questions for the Maple River salt seep: 1) What

environmental factors influence the distribution and abundance ofplant 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 ofthe seep, S. americanus is dominant, but the edges, which

are affected by fluctuating water levels, are dominated by Tmin mgrartifolia and 71

Iatrfolia (narrow and broad leafed cattails) and more diverse forested areas. The edge

areas receive run-offfi'om 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

amerr'canus 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 ofthe 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. americamrs, Aster Imrceolatus, and TI angustr’folia (App. B). The S. anrericamrs

patch stretches for approximately 90 m in a northeast direction and is approximately 40 m

wide (Figure 1b). At the southwest end ofthe S. americanus patch, there is an open

muddy area, believed to be the main seepage area for the saline water, approximately 10

m2 in size. On the east and west edges ofthe patch, forested wetland replaces S.

americmrus, and a steep sloping hill with upland vegetation replaces S. mnericwrus on the

southern edge ofthe patch. At the northern edges ofthe patch, S. americanus is replaced

by nearly monodominant stands of II angustzfolia (Figure 1b). Two other patches of

Typha (a mixture of TI angustifolr’a and 71 Iatrfolia) occur on the south west comer just

past the open muddy area, and near the middle ofthe S. mnericamrs at the base ofthe

upland hill (Figure 1b).

Mgthods

Adjacent circular plots with a 10 m radius (315 m2) for transect A and a 5 m

radius (79 m2) for transect B were established along two perpendicular transects (A and

B) that crossed at the center ofthe saline water seepage area. Transect A was longer than

transect B since the S. mnericmms 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 ofthe S.

wnen'canus dominated patch (Figure 1b). Plant stems were counted and identified within

0.25 nr2 quadrats at three random locations within each plot. All stems were counted at

the base ofthe plant. The plant community was sampled in early August 2000 and late
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July of2001 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 ofevery 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 N03-N, NIL-N, K, Ca, ortho-P,

Mn, Na, and Cl concentrations. Nos-N was analyzed using a colorimetric method on a

Lacbat (Balson 1988). NIL-N was determined using the salicylate colorimetric method

(Nelson 1983). K, Ca, Mn, and Na were analyzed using flame emissions (Warncke and

Brown 1998). C1 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 of2001.

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 ofthe 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

ofthe spring samples.

Statistical analyses - The stem counts were averaged for the three 0.25m2 quadrats per

plot and multiplied by four to obtain stem counts/m2 per plot. Relative abundances were

detemrined by dividing the number of stems for each species within a plot by the total

number ofstems in that plot. The dominant and common plant species (dominant

meaning those plants with >50°/o frequency ofoccurrence and relative abundance and
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common plants meaning those with >50% frequency ofoccurrence 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 ofS.

americanus were detemrined using a t-test in Systat 8.0. Abundances ofeach 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 ofthe differences between years was

used to compare the stem counts/m2 and relative abundances ofspecies per plot for 2000

and 2001. The Wilcoxon signed rank test was used because ofexpected non-normal

distribution ofthe data (Schabenberger 1999). Significant differences were determined at

p<0.05.

Beta!!!

The species found at the Maple River salt seep are listed in Appendix B. The

dominant species were Schoemplectus amerr’canus and Aster Ianceolatus in the saline

area and Typha spp. around the edges and to the north ofthe saline area (Figure 1a).
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Mentha arwnsis was also considered common; however, its relative abundance was low

(Figures 2 and 3, Table l) in most plots. Two species of endangered, native Michigan

halophytes were found at this seep (MNFI, Catling and McCay 1981): S. americanus was

abundant both in 2000 and 2001, while Eleocharisparvula 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 of41 species were found in the plant sampling. Fifteen species were

found in the S. americanus patch, but six ofthese species were found only on the edges

ofthe 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 ofthe stem counts/m2 and relative abundances for the

dominant and common plant species were the same for all species except S. americanus

and 71 latrfolia (Table 1). Both species of Twho were grouped together in 2000, but

were separated into two species in 2001. 71 angustrfolia was significantly correlated with

the grouped Typha spp. for both years since it was found more often than T. latifolr’a in

2001. Correlations comparing 2000 to 2001 showed positive r, meaning similar patterns

ofassociation for all species except 7: Iatrfolia in 2001 to Twho spp. in 2000 (Table 1).

Relative abundance per plot (Figures 2 and 3) were significantly correlated to

average stem counts per m2 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. larifolia. The number of species per plot (Figure 9) positively correlated with stem

counts ofother species (Table 2).

Conductivity data (Figure 10), chemical data for C1, 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 ofmost salinity

in this wetland, although there seems to be a secondary seepage area at a distance of

about 50-55 m fiom point 0 along transect A (Figures 11, 12 and 15). There also is a peak

in nearly all water chemistry measurements (except N03-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 ofS. americanus corresponded to the peak conductivities, Cl, Ca, and

Na concentrations (Figures 10-12).

The depth ofthe water table, conductivity, alkalinity, Ca, Na, and C1 were

significantly higher in plots where S. americanus was present (Table 3). However,

temperature and N03 were significantly higher in plots where S. americanus was absent

(Table 3). Spring water depth, pH, N114, ortho-P, K, and Mn were similar whether S.

ameriamus was present or absent (Table 3).

Conductivity was measured in both spring and summer of2001. 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 ofspring flooding. In particular, the northern
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section oftransect B was strongly influenced by the flooded Maple River in the spring,

and conductivities for this part ofthe transect were much lower tlnn 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, N03, 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). Tenrperature was negatively

correlated to conductivity, and ortho-P was positively correhted to NIL. K, Mn, and pH

had no significant correlations (Table 4, Figure 17).

Table 5 shows the correlations ofthe plant data to the environmental data. S.

amerr'canus was positively correlated with depth to water table, conductivity and Na, but

negatively correlated with spring water depth, N03, and ortho-P in both years for stem

counts/m2 and relative abundance per plot (Table 5). M. arvensis stem counts/m2 were

positively correlated with alkalinity (Table 5). Other species were negatively correlated

with depth to water table for stem counts/m2 and for 2000 relative abundance per plot

(Table 5).

Based on the principal components factor amlysis, four environmental factors

were determined to account for the majority ofvariation. These factors were depth to

water table, conductivity, pH, and alkalinity. However, since I was interested in effects

ofsalinity, I also included C1 in the analysis. Also, nutrients are important factors in
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plant communities, so N03 and ortho-P were also included. Thus, a total ofseven

environmental factors were used in the regression analysis (Table 6).

Stem counts and relative abundance ofS. americanus were positively related to

conductivity and negatively related to ortho-P for both years. S. americanus was also

negatively related to Cl, N03, and alkalinity in 2000, but not 2001. In 2000, S.

americanus stem counts were negatively related to depth ofthe water table, but in 2001,

stem counts and relative abundance were positively correlated to depth ofwater table

(Table 6). M. arvensis was negatively related to alkalinity for all but 2001 relative

abundance, and positively related to CI in 2000, but not in 2001 (Table 6). A.

Ianceolatus relative abundance was positively correlated to ortho-P for both years (Table

6). In 2001, T. Iatifolia was positively correlated to ortho-P for stem counts and relative

abundance. T. angustrfolia 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).

D ion

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 ofthe surface, and the soil remained saturated for the whole growmg season.

Chemical and environmental data confirmed that this muddy area was the primary source

ofsaline 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

(Figmes 10-12 and 15). The wetland around the primary seep maintained a fairly stable
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water level throughout the year ranging fiorn 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 fiom a S. americanus dominated community to a Twho 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 ofthe S. americanus patch were mainly flood plain wetlands, and, not surprisingly,

water level appeared to be controlled by the flood regime ofthe 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 ofa steep hill or small escarpment that

separates the adjacent upland from the floodplain. The upland area south ofthe seep

never had water near the soil surface.

Ofthe 41 species found in the seep plant sampling, only 15 were found in the S.

americamrs patch (App. B). Ofthese 15 species, 6 were at the edges ofthe patch and 9

were found within the patch. Nine species found were salt tolerant, and eight ofthe 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 ofthe species found in the patch are rare and endangered native halophytes of

Michigan (S. americanus and E parvula, Catling and McKay 1981, MNFI). Atriplex

panda, an introduced, non-native salt tolerant species in Michigan (Voss 1985), was

frequently encountered within the S. americanus patch, and T mrgusrifolia, another

introduced halophyte (Chapman et al 2001), was abundant on the edges and formed

monodominant stands on the north end ofthe S. americamrs patch (App B). The four

remaining salt tolerant species (Aster lwrceolatus, T. latrfolia, Mentha arvensis, and
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Acorns columns) are common throughout the state ofMichigan (Voss 1972, 1996).

Although the remaining seven species are not identified as salt tolerant, four ofthese

species (Eupatoriumperfoliatum, 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 (Scuttelarr’a galericulata, Phalan’s arrmdinacea and Pilea spp.

in addition to the four mentioned above) found in the S. mnefioamrs patch (App. B) are

widespread and common throughout the state ofMichigan with the exception ofFilm

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 halophyteE parvula). The four dominant and common species at the seep

were all salt tolerant, and with the exception ofS. amerr‘cmms are also very common in

the state ofMichigan.

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 ofthem dominating a large portion ofthe

seep. Wheeler (1891) reported these two species at this seep (a “deer lick” near

Hubbardston) in the late 18003. Thus, this seep appears to be a well-suited habitat for

these two rare species in Michigan.
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Abundance ofS. amen‘canus was related to conductivity. S amerr‘ccmus 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 ofgerminating at high salinities (up to 16 ppt in flooded conditions),

salinities ofonly 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 ofthis 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

Epw'vulafiomthe seepagearea Ifso, it is possiblethatEparvuIa seeds may have

required an extended period oftwo or more years ofaverage or higher than average

rainfall to lower salinities in the seep area to levels low enough for germination. This is a

possible explanation ofwhy germination was only detected in 2001 and not in 2000

despite similar level ofrainfall 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 pcn'vula is such a rare plant in Michigan (MNFI, Voss 1972), and

the seep I studied is only one oftwo areas in Michigan where both threatened species (S.

americanus and E parvula) ofnative halophytes grow, firrther 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. amen'camrs abundance was also negatively conelated 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,

Twho spp. grouped together in 2000 and T mgrrstrfolia in 2001 did not have significant

conelations with ortho-P. Since the species of Twin were not distinguished in 2000,

correlations to environmental factors may have been hindered. Twho spp. (especially T.

Iatr‘folia) are known to be highly competitive, and will take over areas that are enriched

with nutrients (Svengsouk and Mitsch 2001, Hutchinson 1975). T latrfolia was not

found in this wetland in a 1983 survey (Shaddalee 1983), and the Twha dominated stand

where this species is predominately found was also not indicated in the 1983 study

(Shaddalee 1983). T latrfolia is a very competitive species that often displaces T.

wtgus'tifolia 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 ofthe saline water seepage area.

The composition ofthe plant community did not appear to change fi'om 2000 to

2001 except thatE parvrrla was present in 2001 but not in 2000. In comparing field

notes ofthis wetland fi'om 1983 (Shaddellee 1983) with my study, the plant community

structure appears to be similar, especially in terms ofthe distribution ofthe dominant

species present. S americamrs was the dominant plant in 1983, with T angustrfolia

being locally dominant on the north, east and the eastern portion ofthe south edges.

However, I found a mixed patch ofboth T. angustrfolia and T. Iatrfolia on the south west

edge ofthe 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 ofbeing considered co-dominant. In both surveys Eupatorium

macrrlatunr, E. perfoliatum, M. arvensis, Onoclea sensibilis, Atriplex hastata, Thebpteris

palusmlr and Pilea spp. were present in lower abundances. A few ofthe 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 ofthe wetland.

Also, rare species are likely to differ between any two studies ofthe same area when

random quadrat placement within plots is part ofthe experimental design especially when

limited numbers ofquadrats 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-dorninant with S. americamrs 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 ofmarl beds

and seems to grow best on marl soil that receives runofffiom 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 ofS. americanus. However,

since E. rostellata was likely present in this seep from Wheeler’s (189]) observations to

Shaddellee (1983) study, its absence would indicate a recent disappearance. Since

Shaddellee (1983) reportedE rostellata as a codominant species with S. americrmus 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 ofa 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 ofseawater was not tested in

this study. Based on the geology ofMichigan, this wetland is very likely obtaining water

fi'om the saline aquifers that are remnants ofthe 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 ofMichigan (Cook 1914, Dorr and Eschman

1970, Winchell 1860), likely derives fiom the glacial till deposits in the lower peninsula

which tend to have high concentrations ofcalcium carbonates (Chapman et al. 1985).

Compared to the water chemistry ofbogs, swamps and fens in Northern Michigan

studied by Schwintzer and Tomberlin (1982), C1, 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 N03 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 N03

concentration were much higher than the NH4 concentrations at the Maple River salt

seep.

The Michigan Department ofEnvironmental Quality (MDEQ 2003) studied the

river water ofthe Maple River watershed. They found that the river water had ammonia

values ranging than 0.012 to 9.71 mgN/L and N03 levels ranged fiom 0.09 to 14.1

mgN/L (MDEQ 2003). The NH4 and N03 concentrations at the salt seep were within

the range ofconcentrations found in the river water. Since three edges ofthe salt seep
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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 fiom the water, whereas

Chapman et al. (1985) used dry soil samples. Calcium, magnesium and chloride were the

most abundant ions, respectively, at the Clmpman 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 ofthe unique plants it contains.

27



Works Cited

Allen, J. D. 1995. Stream Ecology. Chapman and Hall, London.

Baldwin, A. H., K. L. McKee, and I. A. Mendelssohn. 1996. The influence of vegetation,

salinity, and inundation on seed banks of oligohaline coastal marshes. Am. J. Bot.

83(4): 470—479.

Balson, J. 1988. QuickChem Method No. 10-107-04-1-A. Lachat Instruments.

Billington, C. 1952. Ferns ofMichigan. Cranbrook Institute of Science. Bloomfield Hills,

Michigan.

Broome, S. W., I. A. Mendelssohn and K. L. McKee. 1995. Relative growth ofSpartr'na

patens (Ait.) Muhl. and Sa'rpus olneyi gray occurring in a mixed stand as affected

by salinity and flooding depth. Wetlands 15: 20-30.

Catling, P. M. and S. M. McKay. 1981. A review ofthe occurrence of halophytes in the

eastern Great Lakes Region. Michigan Botanist 20: 167-179.

Chapman, K. A., V. L. Dunevitz, and H. T. Kuhn. 1985. Vegetation and chemical

analysis of a salt marsh in Clinton County, Michigan. Michigan Botanist 24: 135-

144.

Chapman, K. D., L. A. Masters, M. R Penskar, A. A. Reznicek, G. S. Wilhelm, W. W.

Brodovich, K. P. Gardiner. 2001. Floristic quality assessment with wetland

categories and examples ofcomputer applications for the state ofMichigan. 2'“l

ed. Michigan Department ofNatural Resources. \Vrldlife Division. Natural

Heritage Program.

Chapman, V. J. 1974. Salt Marshes and Salt Deserts ofthe World. 2”“ edition. Verlag

Von J. Cramer, Germany-

Cook, W. C. 1914. The brine and salt deposits ofMichigan. Mich. Geol. and Biol.

Survey Publ 15, Geo. Series 12. 188 pp.

Dorr, Jr., J. A. and D. F. Eschman. 1970. Geology ofMichigan. University ofMichigan

Press: Ann Arbor.

Fortescue, J. A. C. 1980. Environmental Geochemistry. Srpinger-Verlag, New York.

Frank, K., D. Beegle and J. Denning. 1998. Phosphorus. in Recommended Chemical Soil

Test Procedures for the North Central Region. North Central Research Publication

No. 221.

28



Gelderman, R. H., J. L. Denning and R. J. Goos. 1998. Chlorides. in Recommended

Chemical Soil Test Procedures for the North Central Region. North Central

Research Publication No. 221 .

Grace, J. B. and R G. Wetzel. 1981. Habitat partitioning and competitive displacement in

cattails (Twha): experimental field studies. Am Nat. 118: 463-474.

Houghton, D. 1838. Report ofthe state geologist. House documents 24: 96-148 in G. N.

Fuller, Geological Reports ofDouglass Houghton. Michigan Historical Society,

Lansing. 1928.

Hutchinson, G. E. 1975. A Treatise on limnology, Vol. 3. Lirnnological botany. Wiley,

New York.

Kachigan, S. K. 1986. Statistical Analysis. Radius Press, New York.

McMillan, C. 1959. Salt tolerance within a Twha population. Am. J. Bot. 46: 521-526.

Michigan Department ofEnvironmental Quality (MDEQ), Water Division. 2003. A

biological survey ofthe Maple River watershed and selected tributaries

Shiawassee, Clinton, Montcalm, Gratiot, and Ionia Counties, Michigan August

2002. MI/DEQ/WD-03/017.

' Michigan Natural Features Inventory (MNFI). Michigan State University Extension.

http://web4.msue. msu . edu/mnfi/home/cfm.

Monthly Precipitation Data Grand Rapids, Michigan (July 1997 through current).

http://www.x98ruhg.net/gttp97.html.

Nelson, D. W. 1983. Determination ofAmmonium in KC] extracts ofsoils by the

salicylate method. Communications in Soil Science and Plant Analysis. 14(11):

105 1-1062.

Reznicek, A. A. 1980. Halophytes along a Michigan roadside with comments on the

occurrence ofhalophytes in Michigan.

Schabenberger, O. 1999. Statistical Methods for Biologists 1, Course Pack. MSU Printing

Services, East Lansing.

Schwintzer, C. R. and T. J. Tomberlin. 1982. Chemical and physical characteristics of

shallow ground waters in northern Michigan bogs, swamps and fens. Am. J. Bot.

69(8): 1231-1239.

Seischab, F. K., J. M. Bernard, K. Fiala. 1985. Above and Belowground standing crop

partitioning ofbiomass by Eleocharis rostellata Torr. In the Byron-Bergen Swam,

Genessee County, New York. Am. Midland Naturalist. 114(1): 70-76.

29



Shaddellee. August 2, 1983. Field notes, N ofthe Island, Michigan Natural Features

Inventory.

Svengsouk, L. J. and W. J. Mitsch. 2001. Dynamics ofmixtures of Twha latzfoia and

Scheonoplectus tabemaemontani in nutrient-enrichment wetland experiments.

Am. Midl. Nat. 145: 309-324.

Voss, E. G. 1972. Michigan Flora, Part I, Gyrnnosperms and Monocots. Cranbrook

Institute of Science, Bloomfield Hills.

Voss, E. G. 1985. Michigan Flora, Part II, Dicots (Saururaceae-Cornaceae). Cranbrook

Institute ofScience, Bloomfield Hills.

Voss, E. G. 1996. Michigan Flora, Part III, Dicots (Pyrolaceae-Compositae). Cranbrook

Institute ofScience, Bloomfield Hills.

Waisel, Y. 1972. Biology ofHalophytes. Academic Press, New York.

Warncke, D. and J. R. Brown. 1998. Potassium and other basic cations. in Recommended

Chemical Soil Test Procedures for the North Central Region. North Central

Research Publication No. 221.

Weller, M. W. 1994. Bird-habitat relationships in a Texas estuarine marsh during

summer. Wetlands 14: 293-300.

Wheater, C. P. and P. A. Cook. 2000. Using Statistics to Understand the Environment.

Routledge, London.

Winchell, A.,1861. First Biennial Report ofthe Progress ofthe Geological Survey of

Michigan, Embracing Observations on the Geology, Zoology, and Botany ofthe

Lower Peninsula. Hosmer and Kerr, Lansing.

30



31

T
a
b
l
e

1
.
T
h
e
d
o
m
i
n
a
n
t
a
n
d
c
o
m
m
o
n

s
p
e
c
i
e
s
f
o
u
n
d

a
t
t
h
e
M
a
p
l
e
R
i
v
e
r
s
a
l
t
s
e
e
p
s
h
o
w
i
n
g
t
h
e
s
a
m
p
l
e
m
e
a
n
s
,

s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
s
(
S
D
)
,
a
n
d
r
e
l
a
t
i
v
e
f
r
e
q
u
e
n
c
i
e
s
(
R
e
l
F
r
e
q
)
f
o
r
b
o
t
h
2
0
0
0
(
n
=
1
7
)
a
n
d
2
0
0
1

(
n
-
l
8
)
f
o
r
a
v
e
r
a
g
e

s
t
e
m
c
o
u
n
t
s
/
m
2
a
n
d

r
e
l
a
t
i
v
e
a
b
u
n
d
a
n
c
e
p
e
r
p
l
o
t
.

A
l
s
o
s
h
o
w
n

a
r
e
t
h
e
p
-
v
a
l
u
e
s
f
o
r
t
h
e
s
i
g
n
t
e
s
t
t
o
d
e
t
e
r
m
i
n
e

d
i
f
f
e
r
e
n
c
e
s
i
n
m
e
a
n
s
b
e
t
w
e
e
n
y
e
a
r
s
a
n
d
t
h
e

r
1
f
r
o
m
t
h
e
S
p
e
a
r
m
a
n
r
a
n
k
c
o
r
r
e
l
a
t
i
o
n
s
.
T
h
e

*
i
n
d
i
c
a
t
e
a

s
i
g
n
i
fi
c
a
n
c
e

a
t
t
h
e
0
.
0
5

l
e
v
e
l
a
n
d

"
”
“
i
n
d
i
c
a
t
e
s
i
g
n
i
fi
c
a
n
c
e

a
t
t
h
e
0
.
0
1

l
e
v
e
l
.
T
h
e
“
-
“
i
n
d
i
c
a
t
e
s
d
a
t
a
n
o
t

r
e
c
o
r
d
e
d
f
o
r
t
h
a
t

a
r
a
m
e
t
e
r
.

 

 

Y
e
a
r
C
o
m
p
a
r
i
s
o
n
s
 

 

S
p
e
c
i
e
s

M
e
a
n

R
e
l
F
r
e
q

S
i
g
n

t
e
s
t

p
-
v
a
l
u
e

S
p
e
a
r
m
a
n

c
o
r
r
e
l
a
t
i
o
n

 

S
.
a
m
e
r
i
c
a
n
u
s

1
0
8
.
3

0
.
5
8
8

0
.
0
3
9
"

0
.
8
1
7
"
 

M
a
r
v
e
s
i
s

4
.
5

0
.
5
8
8

0
.
4
0
4
"
 

A
.
l
a
n
c
e
o
l
a
t
u
s

5
8
.
8

0
.
8
2
4

0
.
5
8
4
"
 

T
.

I
a
t
i
f
o
l
i
a
 

T
.
a
n
fl
s
n
'
f
o
l
i
a
 

8
.
4

0
.
6
9
7
 

2
6
.
1

0
.
7
6
5
 

6
.
3
 

S
.
a
m
e
r
i
c
a
n
u
s

0
3
 

M
a
r
v
e
s
i
s

0
.
0
2
 

A
.
I
a
n
c
e
o
l
a
t
u
s
 

T
.

l
a
t
i
f
o
l
i
a
 

T
.
a
n
g
u
s
t
i
f
o
l
i
a
 

T
w
h
a
s
p
p
.
 

 
 Other

s
p
p

 
 

 
 

 
 

 
 

 
 



32

T
a
b
l
e

2
.
S
p
e
a
r
m
a
n
r
a
n
k
c
o
r
r
e
l
a
t
i
o
n
s
f
o
r
a
v
e
r
a
g
e
s
t
e
m
c
o
u
n
t
s
/
m
2
a
n
d

r
e
l
a
t
i
v
e
a
b
u
n
d
a
n
c
e
p
e
r
p
l
o
t
f
o
r
d
o
m
i
n
a
n
t
,

c
o
m
m
o
n
a
n
d
o
t
h
e
r
p
l
a
n
t
s
p
e
c
i
e
s
f
o
r
2
0
0
0
a
n
d
2
0
0
1
.

*
i
n
d
i
c
a
t
e
s
p
<

0
.
0
5
a
n
d
*
*

i
n
d
i
c
a
t
e
s
p
<

0
.
0
1
.

 
r
.

 

 

2
0
0
0
a
v
e
r
a
g
e
s
t
e
m
c
o
u
n
t
p
e
r
m
2

2
0
0
0

r
e
l
a
i
v
e

p
e
r
p
l
o
t

S
.

.

a
m
e
r
i
c
a
n

l
a
n
c
e
o
l
a
t
u
s

s
p
p
.

s
p
p
.

a
m
e
r
i
c
a

a
r
v
e
n
s
i
s

‘
I
a
n
c
e
o
l
a
t
u
s

s
p
p
.

s
p
p
.

M
a
r
v
e
n
s
i
s

A
.

T
y
p
h
a

O
t
h
e
r

#
s
p
p
.

S
M

A
.

T
y
p
h
a

O
t
h
e
r

 
L
—

2
0
0
0
a
v
e
r
a
g
e

5
c
o
u
n
t
p
e
r
m
2

"
'
3

 

S
.
a
m
e
r
i
c
a
n
u
s

l

 

M
a
r
v
e
n
s
r
'
s

0
.
4
2
1

1

 

A
'

'
0
.
5
2
7
“

0
6
0
4
"

1

 
 

T
y
p
h
a
s
p
p
.

~
0
.
2
7

-
0
.
1
6
6

-
0
.
2
4
4

1

 

O
t
h
e
r
s
p
p
.

-
0
.
2
4
3

0
.
1
4
4

-
0
.
1
6

-
0
.
5
4
8
"
‘

1

 

#
s
p
p
.

 

 
-
0
.
0
7
3

0
.
3
5
7

0
.
0
2
9

-
0
.
6
1
0
"
'

0
.
7
5
9
'
"

1

 

2
0
0
0

R
e
l
a
i
t
v
e
a
b
u
n
d
a
n
c
e
p
e
r
p
l
o
t

_

S
.
a
m
e
r
i
c
a
n
u
s

0
.
9
6
9
'
”

l
—

0
.
4
1

0
.
4
1
2

-
0
.
2
6

—
0
.
2
0
6

-
0
.
0
7
4

1

 
 

 

M
a
r
v
e
n
s
r
’
s
 
 

A
.
l
a
n
c
e
o
l
a
t
u
s

0
.
3
0
.
9
5
8
M
l

0
5
6
0
*

-
0
.
1
3
4

0
.
2
1

0
.
3
7
2

0
.
3
1
1

I

0
.
2
4
5
0
5
0
2
*

0
9
1
9
*
"

-
0
.
1
4
3

-
0
.
0
6
2

0
.
0
7
7

0
.
1
5

0
.
5
4
2
“

1

 

T
y
p
h
a
s
p
p
.

-
0
.
3
6
]

-
0
.
2
2
3

-
0
.
3
(
_
)
_
?
0
.
9
7
4
"

-
0
.
5
1
0
"
'

-
O
.
6
2
6
"
'
"
'

-
0
.
3
5
3

—
0
.
1
7
7

-
0
.
1
_
9
7

1

 

O
t
h
e
r
s
p
p
.

-
0
.
5
0
5
*

l
-
0
.
1
1
3

-
O
.
4
2
2

-
0
.
3
8
0
.
9
0
6
”

0
.
6
6
6
'
”

-
0
.
4
6
1

-
O
.
1
0
2

-
0
.
2
8
4

-
0
.
3
1
1

1

 

 

2
0
0
1

a
v
e
r
a

e
s
t
e
m
c
o
u
n
t
p
e
r

1
1
1
2
 

 
 

S
.
a
m
e
r
i
c
a
n
u
s

0
.
9
0
4
"

l
0
.
5
1
4
"

0
.
7
1
1
"

-
0
.
2
6
5

-
0
.
2
8
2

-
0
.
1
5
8
0
.
8
9
2
“

0
.
4
2
2

0
.
4
7
8

-
0
.
3
3
4

-
0
.
5
5
8
”

 
 

 

M
a
r
v
e
n
s
i
s

0
.
4
5
6
0
.
6
3
6
"

0
.
2
1

0
.
1
6
_
2

0
.
0
3
5

0
.
2
0
7

0
.
5
2
7
'

0
.
5
8
2
“

0
.
1
2
3

0
.
0
3
6

-
0
.
1
5

 
 

 
 

A
.
l
a
n
c
e
o
l
a
t
u
s

 
0
.
2
9
8

0
.
3
7
2

0
.
7
6
4
“

0
.
1
3
1

—
0
.
2
3
7

-
0
.
1
9
5

0
.
1
9

0
.
3
8
6
'
0
7
8
4
“

0
.
1
1
2

-
0
.
3
5
8

 

T
.
[
a
r
I
Z
Q
I
i
a

-
0
.
0
6
9

0
.
3
4
4

0
.
1
5
9

0
.
2
8
3

-
0
.
1
0
7

0
.
0
0
9

0
.
0
1
7

0
.
5
1
5
"

0
.
3
2

0
.
2
9
2

-
0
.
1
3
4
 

 
 

 

T
.
a
n
g
u
s
r
i
f
o
l
i
a
‘

 

-
0
.
4

-
0
.
2
5
9

-
0
.
3
5
3
0
.
8
0
2
"

-
0
.
4
2
6
-
0
.
6
3
4
"

-
0
.
3
3
7

-
0
.
1
9
3

-
0
.
1
fi
0
.
7
8
5
"

-
0
.
2
7

 

T
h
a
s

-
0
.
3
8
7

-
0
.
2
1
7

-
0
.
3
2
6
0
.
8
6
9
"

—
0
.
4
7
1

-
0
.
6
4
7
“
’

-
0
.
3
1
4

—
0
.
1
1
8

—
0
.
1
4
9
0
.
8
5
4
"

-
0
.
3
2
1

 
 

 

 
 

 

O
t
h
e
r
s
p
p
.

 

 
-
0
.
4
4
1

-
O
.
3
4
-
§
-
O
.
6
4
4
"
'

-
0
.
3
1
9
0
.
6
3
1
“

0
.
5
1
5
'

-
0
.
4
2
6

-
0
.
3
5
2

-
0
.
5
9
8
‘

-
0
.
2
5
1
0
.
7
4
0
"

 
 

#
S
E
E
.
 

 

 

 
 

2
0
0
1

r
e
l
a
t
i
v
e
a
b
u
n
d
a
n
c
e

p
e
r
p
l
o
t

 

-
0
.
1
5
2

0
.
1
7
8

-
0
.
1
5
4

-
0
.
5
5
7
"

0
.
8
2
2
"

0
.
8
2
2
"

—
0
.
0
8
|

0
.
1
9

-
0
.
0
9
9

-
0
.
5
5
0
"

0
.
7
5
3
"

 

S
.
a
m
e
r
i
c
a
n
u
s

0
.
9
0
8
“

0
.
5
3
0
"

0
.
5
9
5
'

-
0
.
2
4

-
0
.
2
4
4

-
0
.
0
7
3
0
.
9
3
3
"

0
.
4
6

0
.
3
8
6

-
0
.
3
2
6

-
0
.
5
1
8
'
 

 

 

M
.

a
r
v
e
n
s
i
:

0
.
4
2
2

0
6
—
3
-
3
“

0
.
3
9
3

0
.
0
7
1

-
0
.
1
3
1

0
.
1
0
7

0
.
4
7
3

0
.
6
0
2
'

0
.
3
3
1

—
0
.
0
3
8

-
0
.
2
7
1

 

A
.
I
a
n
c
e
o
l
a
t
u
s

T
.

l
a
t
i
f
o
l
i
a

0
.
1
3
9

0
.
3
7
7
0
.
6
1
9
"

0
.
1
_
0
_
9

-
0
.
0
3
7

-
0
.
0
3
_
9

0
.
0
5
9

0
.
4
6
0
.
7
4
6
“

0
.
1
0
5

-
0
.
1
5
1

—
—
—
-
—
1

-
0
.
0
9
2

0
.
3
—
5
3

0
.
1
5
1

0
.
2
8
3

-
0
.
0
7
1

0
.
0
4
1

-
0
.
0
0
6

0
.
5
—
2
7
'

0
.
3
2
3

0
.
2
9
6

-
0
.
0
9
9

 
 

 
 

T
.
a
n

s
r
i
o
l
i
a
 

 
 

-
O
.
4
5
4

-
0
.
2
4
8

-
0
.
4
0
5
0
.
8
1
7
“

-
0
.
3
6
6

-
0
.
5
9
5
"

-
0
.
3
8
3

—
O
.
1
6
7

-
0
.
2
2
6
0
.
8
1
8
"

-
0
.
1
8
5

 
 

T
y
p
h
a

s
p
p
.

-
O
.
4
4
6

-
0
.
1
9
6
I

-
0
.
3
7
—
8
0
.
8
4
1
"

-
0
.
3
8
-
0
.
5
8
0
"

—
0
.
3
7

-
0
.
1
0
8

-
0
.
1
8
9
0
.
8
4
0
"

-
0
.
2
0
7

 

O
t
h
e
r
s
p
p
.

-
0
.
5
6
2
"

-
0
.
4
4
8
I
-
0
.
7
7
6
“

~
0
.
2
1
1

0
.
5
6
3
'

I
0
.
4
0
7

~
0
.
5
3
0
"

-
0
.
4
5
3
-
0
.
7
1
9
“

-
0
.
1
4
3
0
.
7
3
1
"
 

  
 

 
 

 
 

 
 

 
  



33

T
a
b
l
e
2
(
c
o
n
t
i
n
u
e
d
)
.

 

2
0
0
1

a
v
e
r
a
g
e
s
t
e
m
c
o
u
n
t
p
e
r
m
2

2
0
0
1

r
e
l
a
t
i
v
e
a
b
u
n
d
a
n
c
e
p
e
r
p
l
o
t
 

S
.

M
.

A
.

T
.

T
.

T
y
p
h
a

O
t
h
e
r

#
s
p
p
.

S
.

M
.

A
.

T
.

T
.

T
y
p
h
a

a
m
e
r
i
c
a

a
r
v
e
n
s
i
s

I
a
n
c
e
o
l
a

I
a
t
i
f
o
l
i
a

a
n
g
u
s
t
i
f

s
p
p
.

s
p
p
.

a
m
e
r
i
c
a

a
r
v
e
n
s
i
s

l
a
n
c
e
o
l
a

l
a
t
i
f
o
l
i
a

a
n
g
u
s
t
i
f

s
p
p
.

n
u
s

t
u
s

o
l
i
a

n
u
s

(
u
s

o
l
i
a

 

2
0
0
|

a
v
e
r
a
g
e
s
t
e
m
c
o
u
n
t
p
e
r
m
2
 

S
.
a
m
e
r
i
c
a
n
u
s

l

 

M
.

a
r
v
e
n
s
i
s

0
.
2
6
2

I
 

A
.
I
a
n
c
e
o
l
a
t
u
s

0
.
3
6
6

0
.
2
3
5

1
 

T.
l
a
t
i
f
o
l
i
a

0
.
0
7
9

0
.
2
2
1

0
.
2
0
1

I
 

T
a
n
g
u
s
t
i
f
o
l
i
a

-
0
.
4
2
2

0
.
1
1
6

0
.
0
8
6

0
.
1
1
8

I
 

T
y
p
h
a
s
p
p
.

-
0
3
9
4

0
.
1
4
3

0
.
0
9
2

0
.
2
9
9

0
.
9
7
4

1
 

O
t
h
e
r
s
p
p
.

0
6
4
2
"

0
1
3
4
-
0
5
3
9
"
l

-
0
.
4
3
5

-
0
.
0
8
4

0
1
7
9

I
 

 
 

#
s
p
p
.

-
0
.
2
9
1

0
.
3
4
4

0
1
3
1

-
0
.
0
3
4

-
0
.
2
7
6

-
0
.
3
2
2
0
.
6
6
8
”

I
 

2
0
0
1

r
e
l
a
t
i
v
e
a
b
u
n
d
a
n
c
e
p
e
r
p
l
o
t
 

S
.
a
m
e
r
i
c
a
n
u
s
O
.
9
7
0
*
*

0
.
3
5
7

0
.
2
3
7

0
.
1
5
2

0
4
1
2

0
3
6
5
-
0
5
9
6
“

-
0
.
2
4

I
 

M
a
r
v
e
n
s
i
s

0
.
3
0
.
7
3
0
“

0
4
7
8
*

0
.
2
1
5

0
.
2
1
7

0
.
1
8
7

-
0
.
3
5
5

0
.
1
8
4

0
.
3
2
4

1
 

A
.
l
a
n
c
e
o
/
a
t
u
s

0
.
2
0
5

0
.
2
7
6
0
9
2
8
“

0
.
2
5
5

0
.
1
3
1

0
.
1
4
8

-
0
.
3
7
6

0
.
0
1
3

0
.
1
3

0
.
4
3
5

I
 

T
l
a
l
i
f
o
/
i
a

0
.
0
5
9

0
.
2
2
4

0
.
1
9
7
0
.
9
9
5
"

0
.
1
1
5

0
.
2
9
3

-
0
.
4
2
9

-
0
.
0
2
6

0
.
1
4

0
.
2
3
5

0
.
2
6
5

I
 

T
a
n
g
u
s
l
i
f
o
l
i
a

-
0
.
4
6
4

0
.
1
1
9

0
.
0
4
4

0
.
1
7
6
0
9
8
5
”

0
.
9
7
6
"

-
0
.
0
6
3

-
0
.
2
6
2

0
4
3
8

0
.
1
7
3

0
.
1
2
2

0
.
I
8

l
 

n
p
h
a
s
p
p
.

-
0
4
4
7

0
.
1
3
3

0
.
0
4
4

0
.
2
6
0
.
9
6
8
"

0
.
9
7
9
1
M

-
0
1
2
9

-
0
2
9
4

0
4
0
8

0
.
2
0
1

0
.
1
2
4

0
2
7
0
.
9
9
1
"

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 



Table 3. The means (i SD) for environmental factors for all plots combined, plots

containing S. americamw and plots where S. wnerr'canus was absent. The t-statistics and

p-values comparing plots with and without S. americanus. Number of samples (n) in

parenthesis. A * indicates significance below .05 and ” indicates significance at or

 

 

below .001.

Environmental Means for all S amerr'oanrrs S anrerr'canus T, p values

factors plots (n=18) absent (n=5) present (n=13)

Depth to water table -11 i 8 -29 i 1 -8 i 3 -l4.47.

(cm) >0.001**

Spring water depth 24 i 37 64 i 52 9 i 9 2.35,

(cm) 0.077

Conductivity (uS) 1560 :1: 1060 534 i 3 1790 3: 1040 -4.35.

0.001”

pH 7.45 i 0.22 7.39 i 0.04 7.47 i 0.24 4.19,

0.253

Alkalinity (mg 248 :1: 82 160 i 1 268 :t 77 -5.00.

CaC03/L) >0.001**

Temperature (°C) 14.1 i 0.9 14.9 i 0.3 13.9 i 1.0 2.91.

0014"

N03 (mg NIL) 3.0i3.6 7.51 i018 1.96ir3.13 6.35,

>0.001**

NH4 (mg N/L) 0.10 :t 0.07 0.13 :1: 0.02 0.09 i 0.07 1.73,

0.105

Ortho-P (mg/L) 0.04 i 0.05 0.06 :1: 0.01 0.04 i 0.06 1.28.

0.221

K (mg/L) 5.4 :t 5.1 3.3 i 4.5 5.8 i 5.3 -0.85,

0.453

Ca (mg/L) 391 i 298 102 i 2.9 458 i 292 -4.39,

0.001"

Mn (mg/L) 0.18 i 0.29 0.05 i 0.04 0.21 :l: 0.31 -1.74,

0.104

Na (mg/L) 203 j: 191 12 i 1 247 i 185 -4.58.

0.001"

Cl (mg/L) 661 i 580 74 i 4 797 i 561 -4.64,

0.001"     
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Table 6. Regression equations and variance (R2) explained by the environmental factors

(independent variables) for the dependent (plant) variables ofabundance and relative

abundance for both summers. A dash (-) means there were no significant explanatory

variables.
 

 

 

 

 

 

 

 

 

 

 

 

    
 

 

 

 

 

 

 

   
 

 

 

 

 

 

  

Dependent Variable I IndependentVanables I R2

2000averagestemcountsim ' 1‘ i- °

S. americcmus -1 18(Cl)-46(ortho-P)-—264(NO3-N)—31(water 0.940

table) +78(conductivity) —105 (alkalinity)

M. arvensis 9.9(Cl) -—5.8Lalkalinity) 0.349

A. lanceolatus 33.0(alkalinity) 0.229

Twin spp. - -

Other species -115(conductrvrty)-152(alkalrn1ty) 0.452

2000relativeabundanceperp101 fl

S. americamrs -O.2(C1) —0.1(ortho-P) —0.5(NO3-N) 0.908

+.2(conductivity)-.3(alkalinity)

M. arvensr‘s 0.02(Alkalinity)+0.03(Cl) 0.389

A. Iarrceolatus 0.1(water table) +0.1(ortho—P) 0.388

Twin spp. 0 1(water table) 0.369

Otherspecies -0. 1(conduct1v1ty)—02(NO3-N) 0.585

2001 average stemcounts/m ..... '* ‘ " "*7: 'i- If

S. americamrs 54.4(water table) + 84.8(pH)-99.4(ortho-P) 0.895

+120.3(conductivity)

M arvensis +6.1(alkalinity) 0.248

A. lanceolatus - -

T. latrfolia 1.2(conductivity) + 1.6(ortho-P) 0.494

T angustr'folia -5.4(conductivity) 0.292

Twin spp. - -

Other species -28.4(water mble)-13.6(alkalrn1ty) 0.677

2001relativeabundanceperplot , . " H .jz,'“if."5",T‘figjf’5?fjiif335739.32,g5

S. americanus 0. 1(water table)—0.2(ortho-P)+02(conductrv1ty) 0.854

M arvensis -

A. lanceolatus 0.1(ortho-P) 0.268

71 latrfolia 0.004(water table) +0.009(ortho-P) 0.733

T angustfi'oiia -0.02(conductivity) 0.311

Twin spp. 0.02(ortho-P)+0.01 (water table) -0.02(conductivity) 0.497

Other species 0.2(water table) -0.06(a1kalinity) 0.827   
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S. americanus

patch

Forested

wetland

Agricultural

Figure 1a. Location of the Maple River salt seep. The insert shows a map of

Michigan with the ¥ indicating the location of the Maple River salt seep in

Clinton County, Michigan. The larger map is a landscape overview of the

Maple River salt seep.
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Forested MM . .

wetland wrgustlfoha

dominated
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angusrrfolia

20m

|—-l

Figure lb. The Maple River salt seep wetland indicating dominant

plant characteristics and location of transects.
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ter 3: Water Chem' and Biota o a Brine Pond Corn 1 in Midlan

Mighinn

Introduction

Human impacts have increased saline areas in the Midwest by urbanization, road

salt runoff, agricultural runoff, municipal and industrial waste discharge, and salt mining

(Waisel 1972, Ungar 1974). For example, salting ofroads in Wayne County, Michigan,

has created saline wetlands with a unique community ofnonnative salt tolerant species

(Reznicek 1980). Commercial salt mining in Michigan began in the mid 18003 (Catling

and McKay 1981, Cook 1914, Allen 1918). As a result of mining activities, saline

environments with a variety ofnon-native salt tolerant plants developed (Farwell 1916,

Brown 1917).

Another example ofa created saline habitat due to industrial use ofbrine wells is

at the Dow Chemical Company in Midland, MI. Spent brine resulting from Dow

operations has been released since the 19303 into a constructed pond complex (Figure 1).

This l30—acre pond complex consists offour interconnected ponds that are chemically

distinct; salinity is lowest in the north-south (N-S) pond and increases in salt levels to the

east-west (E-W) and main ponds. The main and outlet ponds are chemically identical

and will not be considered as separate ponds in this paper.

The main pond has a layer ofinorganic salt sediments ranging from 0 to 15 feet

thick (Hydrogeologcial study 1990) covering naturally occuning soils. These sediments

precipitated fi’om spent brine and contain NaCl, CaClz, MgCl, FeClz, FeOHCl, CaC03,

MgOl-ICI, CaSO;, and Mg(OH)z (Physical description 199]). Three colors of sediments

are present and all contain large amounts ofNaCl, and CaClz, but vary in concentration
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ofthe other salts. Fer is a major component in the dark red-brown sediments, CaC03

and CaSO3 are highly concentrated in the tan sediments and Mg(OH)2 is a main

component ofthe white sediments (Physical description 1991). A composite sample of

sediments was also tested for metals, total organic carbon (TOC), and volatile organic

compounds. The Resources Conservation and Recovery Act (RCRA) metals were all

below background levels for Michigan, the volatile organics were all below

recommended levels for cleanup, and TOC was less than 0.03% (Saxena 1990).

The spent brine water pumped into the ponds during active extraction of salts

from brine wells was composed mainly ofwater and C302 (17.6%), NaCl (6.5%),

Fe(OH)3 (4.6%), MgClg (3.2%), and Fe(OH)2 (1.6%) (Oct 29, 1971 analysis in Delaney

1989). In January 1989, the average chloride concentration was 35,933 mg/L, sodium

was 6,143 mg/L, magnesium was 1,767 mg/L, calcium was 14,567 mg/L, total dissolved

solids (TDS) was 62,321 mg/L, total suspended solids (TSS) was 27.7 mg/L, and TOC

was 6.3 mg/L (Physical description 1991). No volatile or extractable organic compounds

were found in the water (Physical description 1991). Thus, the main chemical

components ofbrines that would have affected the biota in the Dow pond complex during

active extraction ofbrines were water and salt. At the time ofthis study in 2001, brine

extraction had ceased and the brine wells were undergoing remediation by dilution with

freshwater resulting in a fi'eshening ofthe water in the ponds as remediation continued.

Because ofdifferences in salinity in the three ponds in the complex, this brine

pond complex representsa unique, highly salinated pond environment found nowhere

else in Michigan. Since highly salinated aquatic systems other than those associated with

brines resulting from industrial activities, salt mining or oil well drilling are rare in
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Michigan, the brine pond provides the opportunity to determine what types oforganisms

will tolerate and inhabit such environments.

To investigate the organisms present in this saline environment, I surveyed the

biota present in and around the brine pond complex. I identified algae, plants,

invertebrates, and vertebrates in the N-S, E-W, and main ponds. Also, I compared the

water chemistry ofeach pond.

b'ectiv and H t eses

The first objective ofmy study was to inventory the biota existing in and around

Dow pond complex to determine the nutrient and food web basis. Since the ponds were

chemically distinct, I hypothesized that the biota would be different in each pond. I

hypothesized that the pond with the freshest water (N-S pond) would have a greater biotic

diversity than the more saline ponds (main pond), since few saline environments occur in

Michigan that could provide a source ofsalt tolerant organisms (MNFI). I surveyed

rooted wetland plants along pond margins, algal communities in the pond water column

and on the sediments, and the animals (vertebrates and invertebrates) living in and around

flu:pond.

W

W

Dow pond: A detailed description ofthe history and chemistry ofthe Dow brine pond

complex is given above. Phragmites australis dominated several areas around the edges

ofthe pond, and Chara sp. dominated the N-S and grew in small patches in the E-W

ponds.
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Survey of Biota - The Dow pond complex was surveyed for benthic (bottom-dwelling)

and planktonic (water column dwelling) algae, vascular plants, invertebrates, and

vertebrates by sampling along the shores ofthe four ponds and from a pontoon boat in the

main pond. Water samples were taken once in early spring to determine nutrient and salt

concentrations in the Dow pond complex. The surface ofthe sediments in the main pond

was covered with a felt-like mat oforganic material with algae growing on or in it.

Benthic algae were sampled by taking approximately 30 cm2 sections ofthis surface mat

back to the laboratory for microscopic identification. Planktonic algae were sampled

using a standard plankton tow net (64 um mesh size). Samples were preserved in 6:3:1

(60% water, 30% ethanol and 10% formalin) for laboratory identification. Algae were

identified by Ms. Kalina Manoylova at Michigan State University.

Invertebrates were sampled using a 500 um mesh, standard D-frame aquatic dip

net. Captured invertebrates were preserved in ethanol and taken to the laboratory for

identification. Since the main pond is significantly larger than the N-S and E-W ponds,

the majority ofsampling occurred in the main pond. To standardize for sampling effort,

the average number of species per sample was calculated by dividing the total number of

species found in each pond by the number ofinvertebrate or algae samples taken per

pond.

Wetland plants were surveyed by recording the plant species present around the

pond and mapping the general distribution ofthese plants around the pond (Figure 1).

Visual observations from the shore or evidence ofanimal use or presence (e.g., deer

tracks, toad carcasses) were used to identify vertebrates at the pond.
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39m

Water Chemistry - The N-S pond was the fi'eshest ofthe three ponds in the Dow pond

complex (the main pond and outlet pond were grouped as one since they were chemically

similar), having the lowest conductivities and TDS concentrations (Table 1). However,

specific ions and nutrients were not tested on this pond. The main pond had higher

conductivities, TDS, K”, Ca“, Na+, and Cl' concentrations, and the lower nitrate and

ammonia concentrations compared to the E“! pond (Table 1). Dissolved oxygen

concentrations during the day were often greater than 100 % throughout the pond

complex, indicating supersaturation in each ofthe ponds. Compared to 12 years ago

(Table 1), the water in the main pond was fresher in 2001.

Algae - The sediments in the main pond were covered with a thick organic mat of

unknown origin. Although the origin ofthe mat was not specifically determined, it is

probable that benthic algae and bacteria accumulating over time formed the organic mat

(biofilm) on the pond bottom. The matrix was often more than 15 mm thick and cohesive

enough to be pulled up in large pieces. On the west halfofthe main pond, the mat was

textured and colored brown and black. On the east halfofthe main pond, the mat was

slightly thinner, less textured and tan colored. The underside ofthe mat had a black, felt-

like appearance, indicating anaerobic conditions.

The thick organic mat covering the sediments was primarily found in the main

pond. The N-S pond was deeper than the main pond and completely covered with Chara

sp., so no sediments were visible. The E-W pond was deeper than the main pond,

however, in shallow areas, thin patches oforganic matrix spotted the sediments.
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Sixteen species ofmicroscopic algae and one macroscopic alga (Chara sp.) were

identified in samples from the Dow pond complex (Table 2). Almost all 17 algal species

identified were benthic species associated with the organic mat covering the bottom.

Very few algae were collected in plankton tows. The main pond contained seven species

ofdiatoms (Bacillariophyta), five species ofblue-green algae (Cyanophyta), and one

species ofgreen algae (Chlorophyta) (Table 2). The main pond contained the highest

number of species, but the N-S pond contained the highest number of species per sample.

Macrophytes - Several dense stands ofthe common reed (Phragmites australis) grew

along the edges ofthe ponds in the Dow pond complex. Most ofthese stands grew in soil

in the comers ofthe ponds except for one medium sized stand on the western end ofthe

main pond. The largest stand ofcommon reeds grew in the southwest corner ofthe main

pond by Overlook Park (Figure 1) in an area where soil had been pushed into the edge of

the pond during construction ofthe park. In the large stand ofcommon reed in this area,

many long rhizomes extended along the soil surface and into the pond water. The

rhizomes appeared not to grow in areas where the gel-like substrates that formed the

bottom ofthe ponds in most places were not covered with at least some soil. In other

areas, the common reed grew along the apparent high water mark established in prior

years with few, if any, stems growing in or near the water. As a result, most ofthe stands

were well away from the water in 2001, since water in the Dow pond was lower than

former high water levels during the growing season.

On the west end ofthe main pond above the water line, a few stems of

Schoenoplecruspungens (three-square bulrush) were present in one small area ofthe

pond, however, they were not very well established or vigorous. A small patch of Twha
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angusnfolr'a (narrow-leafed cattail) was also found above the water line on the west end

ofthe main pond. In the E-W pond, a stand of II angustrfolia and Juncus sp. (rush) was

also found. I angmtrfolia was very common along the edges ofthe adjacent waste

treatment pond just south ofE-W pond.

In the N-S pond, Chara sp. (a macro-alga) was very abundant throughout the

water column By late summer, it had moved into the E-W pond. Several ducks were

observed feeding in these beds ofChum. Invertebrates were also relatively abundant in

these Chara beds.

Macminvertebrates - Two families oftrue flies (Diptera), the biting midges (no—see-

ums, Ceratopogonidae) and shore or brine flies (Ephydridae), were widely distributed

throughout the pond complex (Table 3). These two families of flies were found as larvae

and pupae in all ponds, and were the only invertebrates found in the middle ofthe main

pond. Adult brine flies were also seen in large swarms around the edges ofthe pond

during rrruch ofthe summer. The biting midge larvae were very abundant in the main

pond, but were much rarer in the E-W and N-S ponds, whereas the brine fly larvae were

lower in abundances but were more evenly distributed throughout all ponds. Two other

families ofdipterans, the long-legged flies (Dolichopodidae) and midges (Chironomidae)

were found in low numbers from the main pond. Three beetle families (Coleoptera) and

one family oftrue bugs (the water boatrnen (Corixidae, Hemiptera» were found in the

main pond. Many ofthe same species were found in the NS pond, but

macroinvertebrates in this pond also included additional families oftrue bugs (back-

swimmers, Notonectidae), darnselflies and dragonflies (Odonata), mayflies

(Bphemeroptera), and seed shrimp (Ostracoda). The E-W pond contained the largest
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number ofspecies including a combination of species collected from the other ponds as

well as some additional groups ofdragonflies, beetles and water mites (Hydracarina,

Arachnida) (Table 3). However, the N-S pond had the greatest number ofspecies per

sample, followed closely by the E-W pond.

Vertebrates Observed - No plans were made to quantify use ofthe ponds by vertebrates

during 2001; however, we recorded species observed (Table 4). The most commonly

observed vertebrates at the Dow pond were birds. We observed at least 14 species using

the ponds or pond berms. These included geese (Canadian and Domestic), swans, mallard

ducks, double-crested cormorants, Great blue herons, gulls (probably Herring and Ring-

Bill), terns (Least and Common), shore birds (killdeer, dunlirr, and unidentified

sandpipers), and bank swallows. Several species ofwaterfowl and shore birds were

present throughout the summer. Mixed flocks ofbirds, especially gulls and terns, were

often concentrated on the small island in the middle ofthe main pond. Mallard ducks

with ducklings were seen in the N-S and E-W pond, indicating that this species uses the

pond for rearing young.

Mammal use ofthe Dow pond was either directly observed (woodchucks) or

physical signs (e.g. tracks, fecal deposits, decaying carcasses) ofthem indicated their

presence. Deer tracks were commonly seen around Dow pond and a decaying deer

carcass was observed along the southeastern shore ofthe main pond. In the spring,

several bloated, toad (Bigfo americanus) carcasses were seen in the water by Overlook

Park. No amphibians were seen in or around the pond any other time



We

Water Chemistry - The major ions in the Dow pond were Cl’ and Ca2+. Ca2+ ion

concentrations were approximately three times higher than sodium, and more than 10

times higher than potassium. Wetlands with high calcium ions are not uncommon in

Michigan, however, the high concentration found in the main pond ofthe Dow Brine

Pond Complex (about 100 times higher concentration) is unique (Schwintzer and

Tomberlain 1982). The Main pond had TDS concentrations (17-25 g/L) 3 times as high

as the E—W pond, and 4 times higher than the freshest N-S pond. The conductivity in the

main pond (24-38.5 mS) was twice as high as the E-W pond and four times higher than

the N-S pond.

Compared to concentrations ofnatural saline areas in Michigan such as the Maple

River salt seep (see Chapter 2), the conductivities in the N-S pond (2-9.5mS) were

comparable to the Schoenoplecms dominated areas at the seep (1.8-5mS). Ocean water

has a TDS around 35g/L, about 1/3 to '/2 times more concentration than the Dow main

pond. Similar to the Dow pond, the main anion is Cl‘, but the main cation in ocean water

is Na+ not Ca2+ (Fortescue 1980).

The chloride concentration in the E-W pond is higher than the TDS values. The

ion concentrations were measured only one time, whereas several TDS samples were

taken throughout the summer, so the individual chloride ion concentrations are

unconfirmed. Additional testing should be done to resolve this discrepancy.

Algae - Only 17 algal species were found in the Dow pond complex. This is relatively

low species richness compared to most fieshwater systems (Stewart et al. 1999). Many

freshwater systems support from 100-300 species ofalgae (Stewart et al. 1999), however,
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the diatom community in various saline habitats can range from 10 species to 100 species

(Blinn 1993, Sullivan 1975, Cumming and Smol 1993). Thus my findings of 10 diatom

species is on the low end compared with other studies.

Despite the low species richness ofalgae, they appear to be abundant enough to

supersaturate the water with oxygen (% oxygen saturation ofthe pond water exceeded

100% during the day). Such supersaturated conditions indicate high rates ofprimary

production. Oxygen produced by photosynthesis has to exceed loss ofoxygen to the

atmosphere and respiration of all organisms in the pond for supersaturation to occur.

Most ofthe diatom species identified are wide spread and inhabit a wide variety

ofhabitats, including saline habitats (Cumming and Smol 1993, Sullivan 1975, Patrick

and Reimer 1966). However, one species Eunotia incisa is often found in cool, clear

water with low dissolved mineral contents, especially low contents ofcalcium (Patrick

and Reimer 1966). Thus, this pond with high mineral contents is an atypical habitat for

this diatom species. The diatom, Cymber sp., was found in all ponds. This unidentified

species ofCymbella (Fig. 2) was an unusual species rarely found in the Midwestern lakes

or ponds. Ms. Kalina Manoylova, a PhD. student at Michigan State University who is

doing her dissertation on evolution ofthis genus, identified the algae for me. She has

never seen this species before despite having identified algae fiom around the world.

The blue-green algae found in this pond have salt tolerant species (Lyngbya spp.

and Spirulina spp., Prescott 1968) or survive in habitats such as stagnant pools or

polluted waters (Oscillatoria spp., Smith 1933, Prescott 1968). However, Chroococus

turgidus is normally found in acidic, soft water with a low Ca:K ratio such as Sphagnum



bogs ( Prescott 1968, 1978). This pond is an atypical habitat for this species ofalgae due

to the high Ca and mineral content and slightly basic pH.

Two species ofgreen algae were found. Chara spp. are widely distributed and

found both in fresh and brackish waters (Prescott 1978). Cosmcm’um is the largest genus

ofgreen algae and contains thousand of species (Prescott 1978).

Macrophytes - The species richness ofmacrophytes in the Dow brine pond complex was

extremely low (four species). All the species found are considered salt tolerant (see App.

A). Even though saline habitats generally have low species richness ofvascular plants

(Ungar 1991), four species is still lower than the species richness reported for many

saline habitats (Mitsch and Gosselink 2000, Shupe et al., 1986). Phragmites austmlis

was the dominant plant around the edges ofthe Dow pond complex. This species tends

to be an aggressive weed that is commonly found along roadsides throughout Michigan.

It can dominate an entire wetland (Hammer 1992). It is also known to tolerate salinity

levels as high as 27.5 ppt salinity (Chapman 1974). Therefore, the dominance ofthis

species in the plant community around the brine pond complex is not surprising.

The brine pond complex was not completely surrounded by vegetation (Figure 1),

and only Chara sp. (a macroalgae) was found in the N-S and part ofthe E-W ponds. No

plants, submersed or emergent, were found in the main pond even though the main pond

was 1-2 feet deep, suitable for some wetland plants. The gel-like sediments may have

inhibited plant establishment, and a t0p layer oftopsoil may be needed for plants to

inhabit the pond.

The high salt content ofthis pond limits the growth ofmost native Michigan

wetland plants (App. 1). In addition, non-native plants from coastal areas may not adjust
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to the differing salt content ofthis pond (high Cl and Ca) compared to ocean water (high

C1 and Na, Fortescue 1980). In addition, germination ofseeds, which is likely the main

mechanism by which plants have come into this area, is strongly inhibited by high

salinity such as in the Dow pond (Ungar 1991)

Invertebrates - The greatest species richness of invertebrates (12 species) was found in

the E-W pond, and lowest richness (8 species) was found in the main pond. Ifthese data

are corrected for sampling effort (number ofspecies per sample), the N-S pond had the

highest number of species per sample (4.5 species/sample) closely followed by the E-W

pond (4 species/sample). The biting midges, Ceratopogonidae, were most abundant

taxon in the main pond, but their numbers decreased as the ponds became fresher, being

nearly replaced by midges, Chironomidae in the N-S pond. In the fresher waters ofthe

N-S pond, Ephemeroptera (mayflies) started to appear. The Odonata (dragonflies and

damselflies) were found in the N-S pond and the moderately salty E-W pond.

Dipterans, and some members ofnearly every family of aquatic beetle,

Coleoptera are tolerant of salty water (Ward 1992). In contrast to my data, Ward (1992)

found that Chirononridae tended to be more salt tolerant than Ceratopogonidae.

Odonates, especially the dragonflies (damselflies are more rare) and the true bug

(Hemiptera) families ofCorixidae and Notonectidae, are moderately tolerant ofbrackish

water (Ward 1992). Tricopterans and the Ephemereoptera family ofBaetidae have a

lower tolerance ofbrackish water (Ward 1992). These salinity tolerances of invertebrate

groups fit well with my results.

The mean tolerance values for families indicated for North Carolina stream biotic

index indicated Odonates to be the most tolerant species ofenvironmental stress,
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followed by miscellaneous Dipterans, Coleoptera, Chironomidae and Ephemeroptera

(Lenat 1993). Hemipterans were not included in this study (Lenat 1993). Hilsenhofi‘s

tolerance classes developed for Wisconsin streams suggested that Chironomidae are the

most tolerant, followed by Odonata, Coleoptera, and miscellaneous Diptera, with

Ephemeroptera being the least tolerant (Hilsenhoif 1987). Not surprisingly given the

close proximity ofMichigan and Wisconsin, Hilsenhoffs (1987) tolerance classes for

Wisconsin fits my data better than do the Lenat's (1993) tolerance classes for North

Carolina. Since the tolerance classes ofI-Iilsenhoffand Lenat were primarily for stream

habitats, they may not apply to ponds and wetlands, which may have different biotic

indices than do stream habitats. Despite the fact that neither Hilsenhoffnor Lenat

worked specifically with salinity as a stress, the species that occurred in the Dow Brine

Pond complex included species listed by these authors as tolerant of stress.

The N-S pond was covered by the macroalga, Chara sp., which increases

habitable areas for invertebrates (Krecker 1939, Rosine 1955). This increased habitat

complexity and the fresher water in this pond may explain why it supported the greatest

number ofinvertebrate species per sample ofany pond in the brine pond complex.

Inundated areas ofthe EW pond had patches ofbare sediment without Chara

interspersed with areas with Chara present, whereas the main pond had no Chara present

throughout. Similarly, species ofinvertebrates present were greatest in the N-S pond,

intermediate in the E-W pond and lowest in the main pond. In the main pond,

Ephydridae and Ceratopogonidae were found throughout the pond, while all other

invertebrate families were found by the P. australis stand on the west end ofthe main

pond. This again suggests that invertebrate species richness was affected both by salinity
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and habitat complexity associated with growth ofmacrophytes in or near the margin of

the pond.

Vertebrates - In the spring, several bloated toad (Bufo americanus) carcasses were found

in the water in main pond by Overlook Park. They may have entered the water to breed

and not been able to leave because ofrapid, osrnoregulatory driven changes in body

fluids due to the salt concentrations in the pond. No live amphibians were seen in the

ponds. Thus, this habitat is probably not suitable for amphibians.

Birds and deer (deer prints were fiequently seen) use the Dow pond. Birds were

seen most often on or near the island and the berms in the main pond. Tems were seen

diving, indicating feeding most likely on the invertebrates in the pond (Robbins et al.

1983). Ducks and geese were most often seen in the E-W and N-S ponds. These ponds

had macrophytic algae, Chara sp., and a larger variety of invertebrates on which to feed.

In general, the biotic diversity ofalgae, plant and animals increased as the pond

water freshened with the N-S pond having the greatest diversity in the pond complex. If

the pond complex water continues to freshen as it has since the last survey done in 1989

(Table 1), it is possible that the main pond could support a greater amount ofdiversity as

seen in the N-S and E—W ponds, especially ifthe main pond becomes fi‘esh enough to

become suitable habitat for Chara or other species ofmacrophytes.
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Table 1. Water chemistry ofthe individual ponds in the Dow brine pond complex in 2001

compared to data from January 1989 (Physical description 1991). The main pond and

outlet ponds were combined since they were chemically similar. “n.d.” indicates non-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

detectible, an “—“ indicatesparameters not sampled.

Parameters N-S pond E-W pond Main Pond Jan 1989 data

TDS (g/L) 2-6 3.5-8 17-25 61.8-62.7

Conductivity (mS) 2-9.5 5.5-16.5 24-38.5 —

N03 —N (mg NIL) —— 0.33 0.13-0.24 —

NH4 —N (mg N/L) — 2.94 0.69-0.77 —

Potassium (K, mg/L) — 329 414-441 ——

Calcium (Ca, mg/L) — 4408 5400-5795 13,600-16,300

Ortho-Phosphorus (mg/L) — n.d. n.d. —

Manganese (Mn, mg/L) — 0.2 0.2 —

Sodium (Na, mg/L) — 1377 1728-1874 5240-7860

Chloride (Cl, mg/L) —— 10,600 12,315-14,065 34,700-36,800

Dissolved oxygen (mg/L) — — 7.77-8.74 —

% oxygen saturation —— — 92.9-103 ——

Alkalinity (mgCaC03/L) — —— 67-75 —

pH — — 8 ——
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Table 2. Algal species collected from at the Dow pond complex, including the number of

samples (in parentheses), location (Main, E-W, and N-S), total number ofspecies and

average number ofspecies per sample in which each species was found. The “X” indicate

a species was present and “—“ indicates the species was absent from a location
 

 

 

 

Division Species Frequency Location

(14 Main(11) E-W(2) N-S(1)

samples)

Cyanophyta Chroococcus rurgrdus 2 X — —

(blue-green) Lyngbya Iagerheimia 1 X —- —

Oscillatoria mimesotense 5 X — —

Oscillatoria tennis 1 X — —

Spirulr'm major 5 X — —

Bacillariophyta Achnanthes minurissima 2 — X X

(diatoms) Amphora libyca l X — —

Anrphora sp. 1 X — —

Anomoeoneis vilrea 2 — X X

Cymbella microcephala 1 X —— —

Cymbella sp. 10 x x x

Denticula cf kuetzingir' 2 —— X X

Eunotr'a incisa 1 X — —

Navicula sp. 5 X X —

Navicula tn'prmctata 1 X —-— —

Chlorophyta Chara sp. (macroalgae) 1 — X X

(green) Cosmw'ium cf minor 2 X — X

Total # species 13 6 6

Avg # spp/sample 1.2 3 6
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Table 3. The orders and families ofmacroinvertebrates found in the Dow pond complex

showing the number ofsamples (in parentheses), locations (Main, E-W and NS), total

number ofspecies found and number ofspecies/per sample in which each family was

found. An “X” indicates presence an “——-“ indicates absence in a location.
 

 

 

 

Order Family Frequency Location

(13 samples) Main(8) E-W(3) N-S(2)

Diptera (true flies) Ceratopogonidae 12 X X X

Ephrydridae 12 X X X

Chironomidae 8 X X X

Dolichopodidae 1 X —— —-

Coleoptera (beetles) Dytiscidae 4 X X X

Elmidae 1 X — —-

Hydrophilidae l X — —

Haliplidae l — X —

Henriptera (true bugs) Corixidae 3 X X —

Notonectidae 2 — X X

Odonata (dragonflies Coenagrionidae 5 — X X

and damselflies) Corduliidae 2 -— X X

Aeshnidae 1 — X —

Ephemeroptera Baetidae 1 —— — X

(mayflies)

Ostracoda (seed 3 —— X X

shrimp)

Arachnid (water mites) Hydracarina 1 — X ——

Total # of species 8 12 9

Avg # spp/sample 1 4 4.5
 

76



Table 4. Vertebrates found at the Dow pond.

 

 

 

 

 

 

Birds

Bank swallow Gulls

Canada geese Killdeer

Common tern Least tern

Domestic geese Mallards (with ducklings)

Dunlin Sandpipers

Double-crested cormorant Swan

Mammals

Woodchuck Deer (tracks)

Others

Toads (deceased)
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Figure 2. Unknown Cymbella spp. of benthic diatom algae that was common found in

the Dow pond.
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Chapter 4; Growth of Salt Tflrantme in ; Bring 59d Stgrm

Water Pond in Michi an

Introduction

Environmental conditions strongly influence the composition and structure of a

plant community. In ponds and wetlands, plants must deal with the stresses of saturated

or inundated soils in which oxygen levels in the root zone are low (Sculthorpe 1967). In

salty environments such as along ocean coastlines, plants must deal with high osmotic

pressures in the external environment caused by high salt concentrations, in addition to

dealing with low oxygen levels in the root zone (Waisel 1972, Queen 1974). Plants have

developed several mechanisms to deal with high salt including: succulence (Ungar 1991),

accumulation of ions or organic compounds (Broome et al. 1995, Ewing et al. 1989),

secretion of salts by salt glands or salt hairs (Waisel 1972), and selective or restrictive ion

absorption (Queen 1974, Ungar 1991).

In the wetter regions ofthe midwestern United States, saline wetlands and ponds

are historically rare, usually only occurring over fossil salt beds or in the vicinity of salt

springs (Waisel 1972). Thus, few native halophytes occur in these areas (Catling and

McKay 1981). However, human impacts have increased saline areas in the Midwest by

urbanization, road salt runoff, agricultural runoff, and municipal and industrial waste

disclmrge (Waisel 1972, Ungar 1974, Williams et al. 1997).

The brine pond at the Dow Chemical Company in Midland, Michigan, has been

strongly impacted by salinity. Since highly salt impacted areas are relatively rare in

Michigan, this pond provided an opportunity to investigate types ofplants that could

tolerate this habitat after being transplanted into it.
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The objective ofthis study was to identify salt tolerant, native Michigan vascular

plants that could be used to create wetlands along the margins ofthe Dow brine pond

complex. I assumed that diversifying the plant community would enhance wildlife

habitat and encourage use ofthe pond by a greater diversity oforganisms. I hypothesized

that native Michigan wetland plants with a high salt tolerance could be used to establish

and expand wetland habitat in and around the Dow pond. Four species ofemergent

wetland plants: common md (Phragmites austmlr’s), narrow leaf cattail (Twin

angusrrfolia), three square bulrush (Schoenopleclusprmgens), and Olney’s three square

bulrush (S americwms) were used in the transplant study.

Megggs and Materials

Si ' i 11

Dow pond - The structure, water chemistry and biota ofthe Dow brine pond

complex are discussed in detail in Chapter 3. An open sandy bank ofthe main pond was

selected for the transplanting experiment (Figure 1). This area had been submerged by

pond water in 2000 and prior years according to Dow employees, but water levels had not

reached this area in 2001 by the time the rhizome/stem sections ofthe four selected plant

species were transplanted into plots for the experiment. Based on conversations with

DOW employees, I assumed that this area would be inundated during the growing

season. Unfortunately, this proved to be an incorrect assumption. All growth experiments

occurred in the main pond ofthe Dow brine pond complex (Figure 1). The main pond

will be referred to as the “Dow pond” in this chapter.

MSU pond - A storm retention pond, called the “MSU pond,” was constructed on

the campus ofMichigan State University (MSU) to treat runofffrom a newly constructed
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parking lot. The parking lot was constructed across Farm Lane road from the MSU

Pavilion south ofthe TurfGrass Research Facility south ofMt. Hope Road. Runofffrom

the newly constructed parking lot was routed via a grassy swale into the pond, which was

constructed east ofthe parking lot. In addition, an agricultural tile was intercepted and

water from it was routed through the swale and pond to insure that the pond had

sufficient water in it to support wetland vegetation. Since the edges ofthis newly

constructed pond consisted ofbare sediment, I was able to use the MSU pond as a non-

saline reference for the transplanting ofthree ofthe emergents planted at the Dow pond

(Figure 2). The purpose ofthis reference was to demonstrate whether these species could

successfirlly be transplanted from the source populations into a freshwater environment

following the same time schedule and procedures used for transplanting these species into

the Dow pond. I elected not to transplant the fourth species, Phragmites australis, into

this pond given its invasive nature and the desire ofproject planners to have a more

diverse population ofnative plant species around the MSU pond.

Prior to the transplanting experiment, the MSU pond had a heavy bloom ofgreen

algae and some small patches of sedges and smartweed growing around the pond edges.

Twenty feet or more ofbare soil surrounded the pond. Later, grass seed and fertilizer

were spread on the bare soil; however, very little grass had grown by the end ofthe first

season.

Selection of Salt Tolerant Plants - A literature search revealed salt tolerant wetland

plants that grow in Michigan (App. A). In addition, surveys ofa natural salt seep

community growing along the Maple River in Clinton County, Michigan (see Chapter 2),

and the existing plant community at the Dow pond were used to select four species of
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emergent wetland plants to test in the transplant experiment at the Dow pond. The

emergent plants were chosen based on four main criteria: 1) high salt tolerance, 2)

availability of source populations, 3) native to Michigan, and 4) usefirlness ofplant

structure to provide wildlife food and habitat.

Growth Studies - Two growth experiments were conducted in the Dow main pond using

plots cormtructed oftopsoil and potted emergent plants placed in shallow water (Figure

1). The four plant species chosen for the emergent plant experiments were S. pungens

(three-square bulrush), S. americanus (Olney's bulrush), Twin arrgustrfolia (narrow

leaved cattail), and Phragmires arasIralis (common reed). All ofthese except S

mn’cmms were already growing in or near the water at the Dow pond.

Plugs ofS. pungens and T. angustrfolia were obtained from wetlands along

Saginaw Bay. S americanus plugs were obtained from a natural salt seep on the Maple

River in Clinton County, Michigan. P. ausrralr's plugs were transplanted fi’om one of

several dense stands growing around the perimeter ofthe Dow pond.

Transplanting the plugs ofthe four emergent species at the Dow pond did not

occur until mid-summer (June 26, 2001 for 71 wrgusrr'folr'a, S pungens, and P. australis,

and June 27, 2001 for S americanus). Transplanting stems that late in the season

(beyond mid-summer) can prevent successful transplanting (Hammer 1992). To

determine whether transplanting could be successfully done this late in the season, plugs

ofthe two bulrushes (June 18 for S. americanus, and June 26 for S pungens) and II

wrgrzsrrfolia (June 21, 2001) were transplanted to plots set up at the MSU pond (Figure

2). The two species ofbulrush came fiom the same source populations as the plants at

the Dow pond; however, the T. arrgustrfolia came from a marsh on the MSU campus.
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The common reed was not transplanted into the MSU pond, since it is a highly invasive

species that spreads easily and is difficult to control (Sculthorpe 1985, Hammer 1992).

At the Dow pond, each ofthe emergent species was transplanted into three

replicated experimental plots constructed on shallow areas ofthe main pond that were

exposed during low water conditions (Figures 1, 3 and 4). Topsoil was obtained locally

and hauled to the site by Dow contractors. Six inches (15 cm) oftopsoil were spread out

along the shore in two areas that were expected to be inundated by rising water as the

pond was filled during the summer. The nine plots were constructed in a 3 x 27 yd area

away from thedense stands ofcommon reed that grew along the shore (Figure 2). Each

ofthe nine plots (three plots allocated to 71 angusrr’folia, three allocated to S. mnericwrus,

and three allocated to S. pungens) measured 3 x 3 yd. The treatments (species

transplanted) were randomly assigned to each ofthe nine plots. The three plots for the P.

ausrralr's were constructed in a 3 x 9 yd area with the same plot dimensions used for the

other three species (9 ydz, 6 inches topsoil depth) but were placed adjacent to an existing

reed stand (Figure 1). Each plot contained 15 plugs for a total of45 plugs for each.

species. These plugs contained one or more rhizomes and stems ofthe species being

transplanted.

The individual plots at the MSU pond were similarly designed to those at the Dow

pond (Figure 2 and 3). However, each species was not randomly assigned to plots, but

grouped in one area with an empty plot between each planted plot (Figure 2). Since the

pond was already covered with topsoil, the plots could be more widely spaced. The

plugs were planted at the edge ofthe pond under the water, and were covered by about 5

cm ofwater for most ofthe summer.



Based on my understanding ofwater depths in the Dow pond in previous

summers, I assumed that the plots would be inundated within a few weeks of

transplanting the plant plugs. However, flooding of the plots did not occur during the

2001 growing season. Since the plots at the Dow pond were not in the pond water, the

plots were watered starting July 16 with fresh water at the rate of 0.25-0.5 inches of

water/day, 5 days/wk so that the transplants could become established before being

exposed to brine from the pond. Then starting in mid-August, the plants were watered 5

days/wk with 0.25-0.5 inches of saline water pumped from the Dow Pond until

November 1, 2001.

The numbers of surviving and new stems, based on being green in color and/or

having new shoots or leaves, were recorded for each plug. Maximum stem lengths were

measured periodically from time oftransplanting until October 10 at the Dow pond. The

number of live plugs was based on the presence of live stems. Stem heights were

measured only if they were whole, upright stems (not bent or cut). The stem lengths were

not measured on the day they were transplanted, but were measured up to one week later.

The number of surviving stems and stem lengths were also recorded periodically

at the MSU pond until August 8. Counting of stems was stopped at the MSU pond

because the stems became so numerous and spread out that they were difficult to count

and made the individual plugs indistinguishable. Toward the end ofthe summer, a

random sample of over 50 plant heights for all three species was taken at the MSU pond

to compare to the Dow pond populations. Random samples were taken by tossing a stick

into the plot and measuring heights of the nearest three stems. Also, measurements of
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stern height from the S maerr'cams population at the salt seep on the Maple River were

randomly sampled to compare to the MSU and Dow pond populations.

Pot experiment - Since pond water depth never increased enough to inundate the plots

during the summer, a second experiment was initiated in late July with three ofthe

emergent plants (excluding P. australis). Six pots per species with one plant plug per pot

wereplaced intheedge ofthe mainpond sothatthebaseoftheplant was inundatedbut

the stem extended above the water line. An additional six pots were placed in a wetland

pond on the MSU campus as a control. The condition ofthe transplanted stems (live and

growing, dead, senescent) or grth ofnew stems in each pot was recorded periodically

until October 10, 2001.

Statistical analyses - Statistical analyses on species specific data were performed using

Systat 8.0. Paired Student’s t-tests were used to determine differences between number

of live stems per plug and stem lengths per plug for all plots combined on each sampling

day within the same population (Dow or MSU). Differences between the Dow and MSU

pond populations for the average number of live stems per plug and average stern lengths

per plug were determined using a two-group independent t-test. Differences among the

three plots within the same population on the same sampling date were determined using

ANOVA Finally, the difi‘erent stem lengths between S americanus populations (Dow,

MSU, and Maple River salt seep) were detemrined using a two-group independent t-test.

Significant differences were determined at p<0.05.

Benita:

Water Chemistry - The results ofthe water chemistry are shown in Table 1. The MSU

pond had higher dissolved oxygen and % saturation than the Dow pond, although both



were supersaturated. Conductivities were the highest at the Dow pond, followed by the

Maple River salt seep, from where the S. wrrericarms plant plugs were taken. The MSU

pond had the lowest conductivity ofall three areas. The Dow pond had very low

alkalinity indicating low buffering capacity, but the MSU pond and Maple River seep

were comparable. The pH and chloride ion concentration was also highest in the Dow

pond, whereas the other two sites were lower. Nitrate concentrations were much higher

attheMSUpond, thanattheothersites, butammoniumwas higherattheDowpond.

Several ion concentrations were not measured at the MSU pond; however, the Dow pond

had much higher ion concentrations than the Maple River salt seep (Table 1).

Plot experiment - The results ofthe plot growth experiments are presented in Figures 5-

19 and Tables 2-4. The results for T. angusnfolia are shown in Figure 5-6. At the Dow

pond, this species did send up new shoots while the plots were being watered with

freshwater (57% increase), even though 8 ofthe 45 plugs appeared dead (Table 2).

However, the total number ofstems declined after the plots were watered with saline

water from the main pond and an additional 6 plugs appeared dead (see Table 2, Figure

5). Average maximum stem length decreased while being watered with fresh water but

increased after being watered with pond water (Figure 5).

Twin angustifolia at the MSU pond significantly increased the total number of

living stems by 284% over the summer and only one plug appeared dead (Figure 5, Table

2). Stem lengths decreased over the summer (Figure 6). In comparing the two

populations on similar sampling dates, the population at MSU had higher average

numbers ofliving stems initially and at the end ofthe summer. Initial stern lengths were
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significantly longer at the MSU pond. Stem lengths were significantly shorter at the Dow

pond both after fresh watering and salt watering (Table 3 and 4).

Results for S. americanus are shown in Figures 7-9. Live stems at the Dow pond

increased 16% over the entire summer, even though the number oflive plugs decreased

by 7 (Table 2). The total number of live stems continued to increase although live plugs

decreased by 3 even after the first sampling with pond salt water. Only in the final

sampling did total number of live stems decrease and two more plugs appeared dead

giving a total of38 live plugs at the end ofthe summer (Table 2, Figure 7). Stem lengths

also increased over most ofthe summer after an initial decrease. (Figure 8).

At the MSU pond, S americanus live stems and stem lengths increased over the

summer (Figures 7 and 8). This species had the highest growth rate of all the species

with an increase of 1444% in total number oflive stems over the summer and only one

plug appeared dead (Table 2). Initially, the average number of live stems and stem

heights were similar for the populations at both ponds (Table 3). Later in the summer,

the MSU pond had significantly more live stems and taller stem lengths than at the Dow

pond both before and after watering with salt water (Table 4). Comparing the stem

lengths to the source population by the Maple River, the MSU pond had similar stem

lengths, but the Dow pond had significantly shorter stem lengths both before and after

salt watering. Stem lengths were significantly longer at the Dow pond alter watering with

salt water than before salt watering. (Figure 9).

S. pungens responded poorly to transplanting at the Dow pond plots. The total

number of live stems decreased after the first two samplings, but remained stable the rest

ofthe summer, until it decreased again in the final sampling (Figure 10, Table 2). The



number of live plugs decreased greatly with this species, from an initial transplanting of

45 plugs to 7 plugs by the end ofthe summer (Table 2). Stem lengths decreased

significantly after the first sampling; but began to lengthen after being watered with pond

water (Figure 1 1).

The number of stems increased by 477% over the summer for S pungens at the

MSU pond (Figure 10, Table 4). Average stem lengths maintained the same length

except for a small dip in the third sampling (Figure 11). The number of live plugs

decreased by four (to 41 live plugs) over the summer (Table 2). The initial average

number of live stems was higher at the MSU pond than at the Dow pond, but stem

lengths were similar when comparing both populations (Table 3). The number oflive

stems and the stem lengths were much greater at the MSU pond than at the Dow pond

later in the summer (Table 4).

Despite being well established in many stands around the Dow pond complex, P.

ausrralis responded poorly to transplanting. The total number of live stems decreased

greatly after transplanting and decreased by 85% over the summer (Figure 12). The

number of live plugs also had a large decrease of41, only 4 live plugs remained at the

end ofthe summer (Table 2). The average number oflive stems decreased even more

after being watered with saline pond water (Table 2, Figure 12). The average stem

lengths were not significantly different throughout the summer (Figure 13).

The average number of live stems per plug in each ofthe three plots per plant

species were not significantly different for most sampling dates. However differences

were seen on a few sampling dates for T. angusrrfolia at both the Dow and MSU ponds

(Fig. 14 and 15, respectively), for S. amen'cmrus at the Dow pond (Fig. 16), and for S
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pungens at the MSU pond (Fig. 17). The only significant differences in average stem

lengths per plug for the three plots per plant species was seen in the T. wrgustrfolia plots

at the Dow pond (Fig. 18) and in S wnericanus at the MSU pond (Fig. 19).

Pot experiment - Because ofproblems with the transplanting experiment (i.e., pond

water not reaching the plots at the Dow pond), a pot growth experiment was set up. This

experiment was conducted very late in the growing season (late July). After the first

weeks at the Dow pond, above ground stems ofall three species appeared dead.

However, a week later S. americanus had a new shoot appear. After four weeks, S.

americanus had two new shoots per pot (12 shoots total) and T angustrfolia had one new

shoot for all six pots. S pungens had no shoots and appeared to be dead.

Six pots of all three species were also set up at the MSU pond to see ifthe

transplants would grow so late in the summer. However, animals ate the rhizomes on all

the S. pungens and on three ofthe T. angustrfolia. The pot experiment was run with the

remaining three I angustrfolia and six S. americanus pots. Nearly all the original stems

appeared dead, but T. angustr‘folia had one new shoot per pot (three total) and S

americanus had an average of four new shoots per pct (24 total).

D' .

Plot experiments - The plants at the Dow pond grew worse overall than the plants

transplanted to the MSU pond in every experiment. The MSU pond is much fresher than

the main pond at Dow (see Table 1). T. angum'folia and S americarms were transplanted

5 days and 9 days earlier, respectively, at the MSU pond than at the Dow pond. Although

this may have had some impact on establishment and growth, other factors likely

contributed as well to their lower growth such as water levels, salinity and grazing. At



the MSU pond, a few centimeters ofwater covered the plots for nearly the entire summer,

whereas water never reached the Dow pond plots without manually watering by a hose.

All the species at the Dow pond and T. wrgusrrfolia and S americanus at the

MSU pond showed none or very few reproductive seed heads. However, S. pungens

produced many seed heads in the MSU pond. T angusrr'folia and P. australis were

already starting to flower at the time oftransplanting. Due to transplanting shocla above

ground shoots often die and new grth from shoots occurs, (Hammer 1992) thus the

transplants may have put more effort into establishing themselves and vegetatively

growing instead of sexually reproducing.

The plants at the MSU pond were successful at establishing and greatly

proliferated. Although they continued to grow after the early August sampling, they

became so numerous it was difficult to count. At the Dow pond, however, few new

shoots were added after watering with salt water, but stem length did increase. S

americanus continued growing the first sampling after watering with pond water because

the number oflive stems increased, but the number ofstems decreased in the final

sampling at the Dow pond. For both S prmgens and T. argustr‘folia, the number of live

stems decreased after watering with salt water.

The average maximum stem lengths were significantly taller at the MSU pond

than at the Dow pond. In poor environmental conditions, such as at the Dow pond, plants

do not grow as well as was seen in this experiment (Begon et al. 1990). At the Dow

pond, stem lengths continued to increase after being watered with salt water, although in

most cases no new stems were added.
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The most salt tolerant species was P. auslralis (Hellings and Gallagher 1992),

which was found growing in several areas around the Dow pond perimeter. This species

had the worst transplanting record ofall four species. As with all the species, they were

transplanted late in the season. In temperate regions, the best time to plant is early

spring, although planting can occur up until mid-summer (Hammer 1992). Some species,

such as cattails and bulrush can be planted later than mid-summer (Hammer 1992), but P.

ausnulis does not appear to be as tolerant.

S. pungens has the second highest salinity tolerance (App. I), however this species

had the second worst growth record at the Dow pond. Although this species is reported

to tolerate high salinity, different populations have varying tolerance levels (Ungar 1991).

Therefore, the source population ofS. pungens may have not had a high salt tolerance.

This species' low salt tolerance is also seen in the pot experiment, in which all pots ofS

pungent had no new growth, while the other two species produced new shoots. In

addition, this species suffered the greatest amount ofgrazing at the Dow pond. On

several occasions, the entire stem and rhizome appeared to be removed.

Ofall the species, S americarms grew best at both ponds. S americanus had the

second lowest salinity tolerance ofall the plants tested (App I). This species may have

been more successful partly because the phrgs had more soil than the other species. The

source populations of T. angustrfolia, S pungens and P. ausrralis were all in sandy, loose

soils that fell away from the rhizomes upon extraction ofthe stems. S. americanus

populations however, were in more clay-like organic soil that held together upon

extraction ofthe plant plugs. Thus, a clump of soil, stems, rhizomes, and possibly seeds

were transplanted, whereas the other species only had the stems and rhizomes being
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transplanted. In addition, the plugs may have prevented the fighly damaging grazing that

was done to S pungens by making the rhizomes more difficult to remove. Although the

stems were often cut, indicating grazing, the plugs and rhizomes were rarely removed.

Even though species with soil plugs grew better, all three species transplanted were

successfully established at the MSU pond with only the stem and rhizome.

S americanus was also successfirl in the pot experiment. This species produced

an averageoftwonewshootsperpotattheDowpondwhenitwassaturatedwith salt

water. Although it only grew halfas well as pots at the MSU pond (producing an average

of4 new stems per pot), it still was able to grow successfully. Thus, this species would

be a good candidate to plant at the Dow pond.

The least salt tolerant species was T. angustifolia, however, it was the second best

grower in the transplant experiment. The highest salt tolerance reported for this species

is near 20 ppt (McMillan 1959), which is near the highest salinity reported for the 2001

summer at the Dow pond. T. angustrfolia was abundant on the edges ofan adjacent

pond, thus as the Dow pond becomes fresher, this species will likely become more

abundant at the pond since it is an aggressive invader ofopen wetlands (Hammer 1992,

Prach and Wade 1992).

Differences between plots within populations on the same sampling dates were

probably mostly affected by wind and grazing. For T. angumfolr‘a at the Dow pond, the

middle plot consistently had more live stems and taller stem lengths. The middle plot

may have been partly protected by the wind by the first plot of T. wigustrfolia that was

directly west ofthe middle plot (Figure 4). The first S mnericams plot at the Dow pond

may have been affected by grazing. This plot was between two S pungens plots, which
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were the most heavily grazed species in this experiment (Figure 4). In addition, this plot

had one plug that was completely pulled out by grams, and it was also the only plot for

several samplings that had any dead plugs (2 out of 15).

At the MSU pond, the plot farthest east consistently had fewer stems or shorter

stems lengths for all three species. This would also indicate that wind my have caused

the differences between the plots within this population. Based on the blueprints ofthe

MSUpond, theeast endofthepond is most exposedwithaless steep slopeofahill and

no trees.

Unfortunately, this transplant study was not continued into a second year since

funding fiom Dow was not renewed. Had the study continued, I would have done

additional studies to determine ifthe plants that were transplanted in the first year were

well enough established to survive the winter. Tracking the stem counts and stem heights

would have been continued into the second year to determine over-winter survival rates.

Furthermore, growth studies ofthese four species should be conducted in the N-S

and E-W ponds, which have fresher water. Part ofthe project goals for the Dow pond

was to decrease the salinity ofthe pond water. Conducting these growth studies in the N-

S and E-W ponds could indicate the desired salinity level for the main pond at which

successful oftransplanting and revegetating ofthe main pond could occur. Other

variations ofthis transplant study would be to find additional plant species (see App. A)

that may tolerate this salinity and conduct similar growth experiments.

An additional study would be to push topsoil into the pond, especially near areas

where P. austmlis patches were well established. This plant was growing along the

edges, mainly where soil had been pushed into the pond, but it did not appear to be
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growing on the pond sediments. Although in some areas, P. austmlis had sent horizontal

shoots into the pond water, suggesting this species is tolerant ofthe saline pond water. If

P. australis expanded to the topsoil, it would help determine ifP. australr's is prohibited

firom growing in the pond because ofthe sediments or due to the some other factor.

Additionally, the chemistry and engineering groups working on this project suggested

that a topsoil cap be placed over the gel-like pond sediments to decrease the diffusion of

salt into the pond water in order to freshen the ware: This experiment ofcapping the

sediments would be beneficial to both reduce the salt content ofthe pond water and to

help establish plant growth.
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Table 1. Water chemistry data from the Dow pond, MSU pond, and the Maple River salt

seep, the source ofthe S americanus population. “n.d.” indicates non-detectible, an “—

“ indicates parameters not sampled.
 

 

 

 

 

 

 

 

 

 

 

 

 

     

Parameter Dow pond MSU pond Maple River

Dissolved oxygen (mg/L) 7.8-8.7 10.7-14.8 -

% oxygen saturation 92.9-103% 120%-165% -

Conductivity (uS) 24,000-38,500 720-747 531-3471

Alkalinity (mg CaC03/L) 67-75 180-194 159-361

PH 8 7.76-7.85 6.98-7.89

N03 —N (mg N/L) 0.13-0.24 12 n.d-7.95

NH4 ~—N (mg N/L) O.69-0.77 0.0001 1-0.00015 n.d.-.27

Potassium (K, mg/L) 414-441 - n.d-l3.5

Calcium (Ca, mg/L) 5400-5795 - 67-1110

Ortho-Phosphorus (mg/L) n.d. 3.9x10"-4.2x10“ 0.01-0.08

Manganese (Mn, mg/L) 0.2 - 0.02-0.9

Sodium (Na, mg/L) 1728-1874 - 11-666

Chloride (Cl, mg/L) 12,315-14,065 29 68-1800
 

Table 2. Total number of live stems for all 45 plugs at the initial and final sampling for

both the Dow and MSU ponds. Also shown is the total number of live stems before

watering with salt water at the Dow pond. The number in parenthesis indicates the

number of liveplugs, indicated by the presence ofliving stems.
 

 

 

 

 

 

      

Dow MSU

Species Initial Before salt Final Initial Final

P. australis 124 (45) 29 (7) 18 (4) - -

T. angustg’folia 58 (45) 91 (37) 57 (31) 79 (45) 303 (44)

S americanus 307 (45) 413 Q13) 356 (38) 314 (45) 4849 (44)

Springer”: 119 (45) 47 (18) 28 (7) 162 (45) 934 (41)
 

Table 3. Initial average stem number per plug and stem lengths per plug with standard

deviation at the Dow and MSU ponds with the t and p values. A " indicates a significant

 

 

 

 

 

 

 
 

difference betweenpopulations .05).

Species Dow MSU t p

T angustrfolia # stems 1.29 i0.458 1.76 10933 2.96 0005*

Stem lengths 136 i203 173 i303 6.48 >0.001*

S. americwrus # stems 6.82 13.68 6.98 i272 0.25 0.807

Stem lengths 45.8 i242 55.8 $16.14 2.08 0046*

S prmgens # stems 2.64 i103 3.60 i159 3.54 0001*

Stem lengths 60.3 i187 61.9 21:18.9 0.71 0.483      
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Table 4. The average number ofstems per plug and stems lengths per plug with standard

deviations comparing the Dow and MSU plant populations before (Aug 14) and after

(Oct 10) watering with salty pond water at the Dow pond plots with the t and p statistics.

All number ofstems and stem lengths were significantly different in the two populations

 

 

 

 

 

 

 

 
 

(p=0.05).

Species Dow MSU t, p

Dates Aug 14 Oct 10 Aug 8 Aug 14 Oct 10

T. # stems 2.02 i1.45 1.27 11.07 6.73 2122.93 10.4, 11.5,

angustifolia >0.001 >0.001

Stem 42.2 i372 63.7 i182 173 i303 15.6, 9.49,

lengths >0.001 >0.001

S # stems 9.17 11:5.83 7.91 i626 108 i387 17.5, 17.4,

americanus >0.001 >0.001

Stem 17.4 21:10.6 29.7 i158 87.1 19.54 31.1, 20.9,

lengths >0.001 >0.001

S pungens # stems 1.04 21:1.86 0.622 20.8 i168 7.88, 7.82.

i165 >0.001 >0.001

Stem 11.3 i808 34.0 $18.3 64.8 i237 3.31, 0.94,

lengths 0.016 0.014       
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Test plot No. l
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Test Plot No. 3 Test Plot No. 2 I I

3x6 pcts\ 9 plots, 3x27 yds. . 

  

OvEr'iBok Pak " '

Figure 1. Experimental plot locations at the brine pond complex showing the four

interconnected ponds with the inlet source (*), outlet pump (x), and direction of water

flow indicated by the thick black arrows (9) From the pump station pond outlet (x),

the water is pumped into the Tittabawassee River. The Raw Brine Pond is not connected

to the brine pond complex and was not examined in this study. The dark gray boxes

show the locations of the experimental growth plots (test plots no. 1 and 2) and pot

experiment (test plot no. 3).
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Figure 2. The MSU pond with location of plots and species planted. Grey plots indicate

plots that were planted and white plots indicate empty or unplanted plots.
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Figure 3. The individual plot design for the Dow and MSU ponds showing the locations

ofeach ofthe 15 plant plugs (black dots) and the spacing (in yards) between each plug.
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Figure 4. Plot layout showing the random placement ofthe TWangustrfolia (Twin),

Schoenoplectuspungens (S. pun), and S americanus (S am) at the Dow pond. Plot 1 is

facing west and plot 9 is facing east.
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Figure 5. Total number of living stems per sampling date for Twin angusrifolia at the

MSU and Dow ponds. Arrows indicate where watering occurred with fresh water and

salt water at the Dow pond.
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Figure 6. Average stem lengths per plug for the whole population of T. angustifolia at the

MSU and Dow ponds. Different capital letters of indicate significant differences in stem

lengths between sampling dates at the MSU pond and different lower case letters indicate

significant differences in stem length between sampling dates at the Dow pond. Arrows

indicate where watering occurred with fresh water and salt water at the Dow pond
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salt water at the Dow pond. Note: the y-axis is in log scale so differences in the number

of stems in the Dow population can be seen more clearly.
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Figure 8. Average stem lengths per plug for the whole population of S. americanus at the

MSU and Dow ponds. Different capital letters indicate significant differences in stem

lengths between sampling dates at the MSU pond and different lower case letters indicate

significant differences in stem length between sampling dates at the Dow pond. Arrows

indicate where watering occurred with fresh water and salt water at the Dow pond.
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Figure 10. Total number of live stems per sampling date for Schoenoplectuspungens at

the MSU and Dow ponds. Arrows indicate where watering occurred with fresh water and

salt water at the Dow pond. Note: the y—axis is in log scale so differences in the number

of stems in the Dow population can be seen more clearly.
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Figure 11. Average stem lengths per plug for the whole population ofS. pungens at the

MSU and Dow ponds. Different capital letters indicate significant differences in stem

lengths between sampling dates at the MSU pond and different lower case letters indicate

significant differences in stem length between sampling dates at the Dow pond. Arrows

indicate where watering occurred with fresh water and salt water at the Dow pond.
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Figure 12. Total number of live stems per sampling date for Phragmites australis at the

Dow pond. Arrows indicate where watering occurred with fresh water and salt water at

the Dow pond.
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Figure 13. Average stern lengths per plug for the whole population ofP. australis at the

Dow pond. No differences were seen in the average lengths per sampling date. Arrows

indicate where watering occurred with fresh water and salt water at the Dow pond.
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Figure 14. Average number of live plant stems per plug per plot for T. angustifolia at the

MSU pond. Significant differences in number of stems per sampling are indicated by

different letters above the bars.
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Figure 15. Average number of live plant stems per plug per plot for T. angustr'folia for

the Dow pond. Significant differences in number of stems per sampling are indicated by

different letters above the bars. Solid bars indicate watering with fresh water and striped

bars indicate watering with saline pond water.
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Figure 16. Average stem lengths per plug per plot of T. angustifolia for the Dow pond.

Significant differences in number of stems per plot per sampling are indicated by

different letters above the bars. Solid bars indicate watering with fresh water and striped

bars indicate watering with .saline pond water.
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Figure 17. Average stem lengths per plug per plot for S. americanus at the MSU pond.

Significant differences in number of stems per plot per sampling are indicated by

different letters above the bars.
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Figure 18. Average number of live plant stems per plug per plot for S. americanus for

the Dow pond. Significant differences in number of stems per sampling are indicated by

different letters above the bars. Solid bars indicate watering with fresh water and striped

bars indicate watering with saline pond water.
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Significant differences in number of stems per plot per sampling are indicated by

different letters above the bars.
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Chapter 5: Conclgsions

Salt has played a major role in human physiology and history. It has been used

for preserving food, has influenced economics and history, and has affected the

environment through natural and anthropogenic processes (Chapter 1). In the

environment, many naturally saline environments have been impacted or destroyed by

human influences, whereas new saline habitats have been created by human activities.

These new saline areas are often a problem because they replace natural fieshwater

habitats (i.e. from road salting or sewage), prohibit the intended use ofthe land (i.e.

agriculture and irrigation in arid regions), or are waste products that pose problems for

disposal (i.e. from chemical processes in industry).

In this thesis, I examined the effects of salts on the plant assemblage ofa rare

natural salt seep wetland in Michigan (Chapter 2). These seeps result from salt deposit

from Paleozoic seas that covered Michigan, but few salt seeps remain. Due to their

unique environment, they contain rare and endangered halophytic species, Olney's three-

square bulrush (Schoenoplectus mnericanus) and the spike rush, (EIeocharr'sparvula),

which should be preserved and protected. The abundance ofthese rare species is

correlated with high conductivity and low levels of soluble reactive phosphorus.

The second area I examined was the effects of salt on the biota ofan unusually

saline pond (for the state ofMichigan) that was created to contain spent brine at the Dow

plant in Midland, Michigan (Chapter 3). The Dow pond had four ponds that were

sequentially connected along a salinity gradient from the input area in the N-W pond to

intermediate levels of salinity in the E-W pond to the highest levels of salinity in the main

and outlet ponds with salinity varying from less than one fourth the salinity ofsea water
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in the N-W pond to two-thirds the salinity ofseawater in the main/outlet pond. However,

the ion concentrations were different from seawater with less magnesium than seawater

with ionic concentrations in decreasing order dominated by chloride, calcium, sodium,

and potassium. The diversity ofalgae, plants, and invertebrates was low in the pond.

However, algae, plant and invertebrate diversity decreased along the salinity gradient

with highest diversity in the fieshest pond and lowest diversity in the pond with highest

salinity. Much ofthis increase in diversity appeared to be correlated with invasion ofthe

fresher NS and E-W ponds by Chara, a macroalga, which provides food and cover for

invertebrates, waterfowl and other wildlife. Ifdilution ofthe ponds continues as a

consequence ofthe fieshening ofbrine well inputs as these wells are remediated,

establishment ofa more complex and diverse food web may follow.

Finally, I conducted experiments on the effects of saline water from the Dow

Main Pond on transplant survivorship and growth offour wetland plants (Chapter 4) (S.

americanus, S. pungens, Tmin angusrrfolia, and Phragmites australis). These four

emergent plants were transplanted into growth plots at the Dow pond in mid June. Since

transplanting occurred later in the season than was idea], a transplant experiment

(excluding P. ausrralis) was set up at a nearly fresh water storm retention pond on the

campus ofMichigan State University as a reference in order to document that these

species could be successfirlly transplanted at such a late date in the season. Only S.

americarms (Olney's three-square bulrush) increased in number of live stems (by 16%)

and showed potential for establishment and growth when irrigated or transplanted into

Dow brine pond water. All other species decreased in number of live stems from the

initial planting when irrigated or transplanted into brine pond water. In contrast,
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survivorship and growth was high in the flesh water storm water retention pond at MSU.

No species grew as well at the Dow pond as at the MSU pond. All species grew well and

more than tripled their original number oflive stems at the MSU pond. Problems at the

Dow pond included the fact that the plots were not inundated late in the season as I had

expected them to be and problems with geese eating the transplanted plants. The fact that

S. wnericanus(01ney's three square bulrush) was able to add some shoots under such

harsh conditions, suggests that this species may have some promise for establishment if

sediments can brought in to cover the margins ofthe pond and establishment experiments

can be conducted so that the plots are inundated soon after transplanting. Experiments to

confirm this and that P. ausrralis can be encouraged to colonize such areas by sending

rhizomes from existing stands should be the next line of investigation. P. auslralis is

successfully colonizing areas where soil existed or was pushed into the wetlands

suggesting that it is also a viable species for providing cover around the edges ofthe

ponds. However, establishment ofS. americanus, a less invasive species, would be a

preferred option if further experiments confirm that it will grow in the pond.
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APPENDIX A

SALT TOLERANT WETLAND PLANTS OF MICHIGAN
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p
p
e
n
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P
l
a
n
t
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o
u
n
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t
t
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e
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a
p
l
e
R
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e
r
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e
e
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n
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c
i
e
n
t
i
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n
a
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e
s
t
a
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e
n
f
r
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n
d
i
c
a
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l
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o
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c
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e
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i
n
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r
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p
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p
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p
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n
t
i
o
n
e
d

i
n

t
h
e
c
o
m
m
e
n
t
s

s
e
c
t
i
o
n
,
t
h
a
t
s
p
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c
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